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Abbreviations and definitions 

APV Variant proposed by the Applicant 

AWAC Acoustic Wave and Current (Profiler) by Nortek 

Baltica OWF CI Area The area of the planned connection infrastructure of the Baltica-2 and Baltica-3 OWFs  

BHD Backhoe dredger 

DHI Danish Hydraulic Institute 

Forcing Forcing (impact) applied in numerical models 

HD The hydrodynamic module of the Mike model 

HIROMB High-Resolution Operational Model for the Baltic Sea 

JTU Jackson Turbidity Unit 

MBES Multi-beam echo-sounder 

MT Mud Transport module of the MIKE model 

OWF Offshore wind farm 

PMSP 

The Polish Maritime Spatial Plan adopted under the Regulation of the Council of Ministers of 
14 April 2021 on the adoption of the Maritime Spatial Plan for the Internal Sea Waters, 
Territorial Sea, and Exclusive Economic Zone at a scale of 1:200 000 (Journal of Laws 2021, 
item 935) 

RAV Rational alternative variant 

SW Spectral wave module of the Mike model 

The Investor 
Elektrownia Wiatrowa Baltica-2 sp. z o.o. (the Baltica-2 Wind Farm LLC) and Elektrownia 
Wiatrowa Baltica-3 sp. z o.o. (the Baltica-3 Wind Farm LLC) 

TSHD Trailer Suction Hopper Dredger 

UM Unified Model ς a numerical model of the atmosphere used for weather forecast 

UMPL Unified Model for Poland ς a model used for forecasting the weather for Poland 
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1 Introduction 

This report has been prepared on commission of the Baltica-2 Wind Farm LLC (Elektrownia Wiatrowa 

Baltica-2 sp. z o.o.) and Baltica-3 Wind Farm LLC (Elektrownia Wiatrowa Baltica-3 sp. z o.o.) with the 

registered office in Warsaw. The goal of the report was to determine the concentration of suspended 

solids in the water deep and the manner of its distribution and deposition on the seabed during the 

works associated with the implementation of the Connection Infrastructure of the Baltica Offshore 

wind farm (Areas B-2 and B-3). The sea area covered by the surveys extends from the directed drilling 

exit points through the coastal zone and the backshore to power stations in the areas of the Baltica  

B-2 and B-3 OWFs. It concerns the entire Connection Infrastructure (Baltica OWF CI). At the stage of 

creating the numerical model and performing calculations, the technology of works was not clearly 

defined, therefore, the environmental impact assessment took into account the technology of 

dredging works (excavation works), as well as the technology of laying and embedding power cables. 

The basic task was to create a numerical model allowing for computational simulations taking into 

account different ways of laying and embedding the power cable(s) in the seabed for both assumed 

speeds of the cable-laying vessel and the use of diversified dredging fleet to perform excavations in 

the seabed.  

During the implementation of the Connection Infrastructure of the Baltica Offshore Wind Farm (Baltica 

OWF CI), most of the underwater works generate suspended solids in the marine environment, the 

spreading parameters of which are the subject of this study. The works interfering with the marine 

environment include: 

¶ excavations at the directed drilling exits; 

¶ preliminary clearance of stones and boulders from the seabed; 

¶ removal of sand in the area intended for aggregate collection for the purposes of the sea 
coast protection; 

¶ excavations in places where subsea power cables are to be connected;  

¶ pre-lay grapnel runs along the cable embedding routes in places with identified objects 
preventing the laying of power cables; 

¶ pre-lay ploughing of trenches for cable laying; 

¶ laying and embedding power cables; 

¶ necessary backfilling works in the areas of the excavations. 

Two variants of the Baltica OWF CI are considered, which differ in relation to the number of cable lines, 

while the Baltica OWF CI corridor has the same route in both solutions. These variants are, respectively, 

the variant proposed by the Applicant (APV) and the rational alternative variant (RAV). 

Within the framework of works implementation, the following tasks were carried out: 

¶ analysis of hydrological and hydrodynamics conditions; 

¶ preliminary analysis of soil conditions in the area of the planned cable route based on 
available materials; 

¶ construction of a numeric model using the MIKE 21 software; 

¶ model verification based on the available measurement data; 

¶ preparation of calculation scenarios; 

¶ calculations for the scenarios assumed; 

¶ work on the results; 

¶ summary of the carried out calculations.  
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In the implementation of most projects, an important role is assigned to the environmental impact of 

a given investment. In many cases, the environmental impact assessment of the investment makes it 

necessary to present a proposal and then implement measures to mitigate the negative impact of the 

project implemented. Where the physical processes that affect the environment during the works are 

sufficiently well known and mathematically described, numerical modelling is often used in practice to 

simulate the phenomena necessary for environmental assessments.  

This work is devoted to the analysis of the hydrodynamic processes occurring during the 

implementation of underwater works related to the construction of the Baltica OWF CI, related to the 

generation of suspended solids in the marine environment. A wide range of works is being considered, 

from the pre-lay clearing of the seabed in the boulder areas, through making excavations with dredgers 

on the CI route, proper laying and embedding of power cables in the seabed, up to backfilling works. 

The primarily studied phenomenon is the process of spreading fine-grained sediments suspended in 

the water depth. Important from the point of view of assessment are both the value of the suspended 

solids concentration, their spatial extent, distribution and amount of suspended solids deposition, and 

the duration of the deteriorated conditions in the water depth. The main purpose of the calculations 

is to present the works that interfere with the environment the most and to estimate and present the 

maximum parameters of the disturbance. 

In the modelling, great importance was placed on the most reliable definition of the boundary and 

initial conditions, as well as on the size of the computation area and the accuracy of its mapping. It 

should be emphasised that the compaction of the computational grids in the areas subject to more 

detailed analysis (the area of the OWF connection infrastructure corridor and its nearest surroundings) 

must automatically involve a reduction in the time step, which in turn extends the duration of 

calculations. Hence, the creation of a numerical model for most of the analysed issues is subject to the 

optimisation process.  

The impact of the suspended solids in connection with the anthropogenic activity, i.e. laying and 

embedding the power cables in the seabed, will occur during the construction stage, while in the 

operational stage, it may only be of a local range and occur during the possible repair of cable failures. 

After the wind farm is in operation, the power cables can be left in the seabed or decommissioned. 

The decommissioning would consist in removing them from the seabed mechanically, which could 

generate suspended solids in the marine environment at a much lower level than in the construction 

phase. If it turns out necessary to leach the cables out at the decommissioning stage, this would only 

apply to limited sections and the disturbance level would not exceed the levels calculated for the 

construction phase for excavation. 

Each numerical model requires verification. In the issues considered in this paper, the results of the 

measurements performed concerning the variability of the water table levels, wind-generated wave 

motion as well as the speed and directions of sea currents were used to verify the numerical model.  

The basic issue surveyed was the process of dispersion of fine-grained sediments suspended in the 

water depth; they are crucial both in terms of the assessment of suspended solids concentration as 

well as its range. Another important aspect is the assessment of the suspended solids' sedimentation 

impact on the benthic habitats and benthic fauna. While creating models, various meteorological and 

hydrological conditions which map the actual impact on the marine environment were taken into 

account. As a result of such impact, the current field, which is the cause of suspended solids transfer, 

is also characterised by a high variability (speeds and directions) in the periods considered during the 

simulations. A slight underestimation of the calculated current velocities in the numerical model 
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concerning the values measured in situ, as a result, the values of the suspended solids concentration 

and the thickness of the newly-formed sediment layer may be slightly overestimated. Therefore, the 

results obtained from the model are conservative (preservative). 

In Poland, there are no standards or recommendations for the interpretation of suspended solids 

concentrations in the marine environment. Therefore, several concentration thresholds were selected 

and used in the interpretation of the results obtained in the calculations according to the following 

scheme: 

¶ п ƳƎϊƭ-1 ς this is the background of the suspended solids recorded under normal conditions 
in the environment; 

¶ мл ƳƎϊƭ-1 ς concentration insignificant for the environment; 

¶ ол ƳƎϊƭ-1 ς the most frequent level of suspended solids according to the best practices 
developed in Denmark and Germany, considered acceptable for both breeding and 
recreational areas with the condition not to exceed 90% of the time; 

¶ млл ƳƎϊƭ-1 ς the level of visible turbidity of the water (however, higher concentrations may 
occur in stormy and post-storm periods). 

In the numerical modelling developed, a two-dimensional model by the Danish Hydraulic Institute 

(DHI) ς MIKE 21, was used. In the report, the results of calculations regarding hydrodynamic issues and 

the transfer of fine sediments, such as current velocities and suspended solids concentrations, take 

into account their spatial variability within the sea area analysed averaged over the depth.  

2 Survey area 

The area of model surveys is a sea area within the potential range of spreading of the suspended solids 

ǿƛǘƘ ŀ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ŜȄŎŜŜŘƛƴƎ п ƳƎϊƭ-1 (this concentration corresponds to the natural background 

value of the suspended solids in the survey area) for all types of underwater works during the 

implementation of the CI. Power cables will be laid and embedded in a so-called corridor thus forming 

a connection infrastructure (CI) route to enable the transmission of energy generated by the planned 

Baltica offshore wind farm (Baltica OWF) to the national power system. The model studies assumed 

the CI route adopted both in the APV and RAV. In addition, in the OWF area, connections between 

energy stations will be made,i.e. the so-ŎŀƭƭŜŘ άLƴǘŜǊƭƛƴƪǎέΦ ¢ƘŜ ǘƻǘŀƭ ƭŜƴƎǘƘ ƻŦ ǘƘŜǎŜ ŎŀōƭŜǎ ƛƴ ōƻǘƘ 

variants is 62 km. The cable laying technology s identical to the technology of laying inter-array cables 

of the connection infrastructure. The source of the resulting suspended solids is the anthropogenic 

effect associated with the underwater works mentioned in Section 2 along the CI route, which consists 

of the internal area (within the boundaries of the wind farms including interlinks) and the external area 

(outside the boundaries of the farms). The model survey area includes the CI area with an extension 

to the sea areas where the suspended solids concentration exceeds the natural background value. 

Landwards, the Baltica OWF CI corridor starts at the point where cables are led through the backshore 

and shoreface zones, at a distance of at least 700 m from the seawards base of the dune, extending 

along the southern boundary of the Baltica OWF area and further branches leading to individual power 

stations. If the drilling exit point is located more than 700 m from the seawards base of the dune, the 

concentrations of the agitated suspended solids will be lower. Therefore, the model uses a worst-case 

scenario in terms of the amount of agitated suspended solids. The external section (concerning the 

Baltica OWF area) is 41 km in length and includes:  
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- the exit points of tunnels through the backshore and shoreface zones; 

- sections where power cables will be embedded to a maximum depth of 3.0 m below the 

current seabed level (depending on the identified ground conditions and the level of risk of 

their damage); 

- ŀ ǎŜŎǘƛƻƴ ǇŀǎǎƛƴƎ ǘƘǊƻǳƎƘ ǘƘŜ ŀǊŜŀ ƻŦ ǇǊƻǎǇŜŎǘƛǾŜ ǎŀƴŘ ŘŜǇƻǎƛǘǎ ǘƻ ƴƻǳǊƛǎƘ ǘƘŜ _Ŝōŀ м ǎŜŀǎƘƻǊŜ 

section, where the cables can be embedded to a depth of 6.0 m below the current seabed 

level. This area was indicated in the PMSP as sub-area 34.628.C, with the implementation of 

technical infrastructure limited to methods that do not affect the sand accumulations 

intended for artificial nourishment of the sea shore. 

- the section of crossing with the navigation route in which, due to the presence of cohesive 

soils and the increased risk of cable damage at the operational stage, it is considered 

(if traditional cable insertion methods are not possible) to lay cables in previously made 

trenches, with the dredging fleet. 

The internal section of each cable line starts from the point joining the outer section. Internal sections 

of individual cable lines are located inside the Baltica OWF area and provide the connection with 

offshore power stations within the Baltica OWF area.  

Cable connections between power stations, the so-called interlinks, with a total length of 62 km, are 

maximally immersed into the seabed to a depth of 3 m in each variant. The process of laying and 

embedding such a cable in the seabed is analogous to embedding other cables in the internal section, 

which means that it causes the same level of suspended solids concentration to increase during the 

cable-laying.  

The longest export cable in the internal areas of offshore wind farms leads to the power station on the 

Baltica OWF (B-2). Within the wind farm areas, the cables of the Baltica OWF CI will be sunk to 

a maximum depth of approx. 3 m. Greater cable insertion depths may be applied only along limited 

sections, where the average depth exceeds 3.0 m. Knowledge of the length of the longest cables of the 

connection infrastructure and their maximum depth is necessary to determine the conditions used in 

the calculation of the so-called worst-case scenarios where the marine environment will be most 

adversely affected by the suspended solids. The layout of the Baltica OWF CI corridor along with the 

areas of this infrastructure within the Baltica OWF, in relation to the planned spatial development of 

Polish marine areas, is shown in the figure below (Figure 2.1). 

Based on the assumptions, it is planned to build up to nine offshore cable lines to carry electricity from 

the Baltica OWF to land in the APV and up to eleven offshore cable lines in the RAV. Each line will 

consist of one three-core subsea cable. At the boundary of the Baltica OWF, there will also be cables 

connecting offshore power stations, i.e. the so-called interlinks, the total length of which is 62 km. 

Outside the OWF boundaries, up to a depth of approx. 22 m (measured from the water surface to the 

seabed), cable lines will be laid at a maximum distance of approx. 200 m from each other.  
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Figure 2.1. The location of the Baltica B-2 and B-3 OWF Connection Infrastructure area [Source: internal data 

based on the PMSP (2021)] 

3 Survey methodology 

3.1 Numerical model 
The numerical calculations were carried out using a licensed, Danish software package MIKE 21 

Coupled Model FM 2020. This computational package has been developed at the Danish Hydraulic 

Institute (DHI) over many years to calculate water flows, wave motion, and sediment transfer within 

the coastal zone as well as in the open sea. The Coupled version enables the dynamic simulation of 

hydraulic aspects with the reciprocal interaction of all the modules used. This software is widely used 

all around the world (e.g. Lambkin et al., 2009; Burcharth et al., 2007). 

For the purpose of calculations regarding the transfer of sediments suspended during the works 

related to the inserting of power and telecommunication cables in the seabed, the following modules 

were used: 

¶ hydrodynamic module (HD); 

¶ spectral wave module (SW); 

¶ mud transport module (MT). 

The hydrodynamic module (HD) allows simulating the changeability of a current field and the water 

table level depending on various functions of forcings in marine areas. This module allows the following 

hydraulic effects to be taken into account in the calculations (MIKE 21/3, 2020): 
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¶ friction at the waterςseabed boundary (seabed roughness) and waterςatmosphere boundary 
(impact of the wind); 

¶ discontinuities in the form of sources and releases; 

¶ geometric variability of the submerged area, caused by the variability of the water table level; 

¶ radiating strains caused by wave motion. 

The spectral wave module (SW) calculates the field parameters of waves (height and periods as well 

as directions) generated by the wind, with the direction and speed changing in time. In the case of 

moderate wave motion, the impact of wave-induced currents is not very significant, however, keeping 

to the assumption to represent the environmental conditions most reliably, the interaction of all three 

modules mentioned above was taken included in the constructed model. The experience gained so far 

with laying and embedding power cables for the wind farms constructed in the Baltic Sea shows that 

these works can only be performed with moderate waves, limited to a height of HS º1.5 m. Therefore, 

the maximum height of the significant wave HS = 1.5 m was assumed in the numerical calculations 

conducted to assess the impact of wave motion on  

The mud transport (MT) module describes the seabed erosion, sediment (suspended solids) transport, 

and sedimentation of the finest soil fractions, caused by the sea currents and wave motion impact. The 

MT module may be used both for silty and clayey sediments and for a mixture of these sediments with 

sand, with fine fractions prevailing, and cohesion is a significant feature that characterises such 

a mixture (MIKE 21/3, 2020). 

The following was taken into account in the simulations run: 

¶ sea currents ς as the main factor forcing suspended solids movement in the water depth; 

¶ wind-generated wave motion ς as a factor that slightly modifies the dispersion of suspended 
solids;  

¶ the process of sedimentation due to the physical structure of sediments: settling of single 
particles and settling of floccose particles. 

Numerical simulations of physical processes in the marine environment taking into account the actual 
impact of this environment (variability of water levels, the impact of sea currents, the impact of wind 
at the boundary of the atmosphere and water reservoir, the impact of wind-generated waves) in 
practice refer to a finite period. This often applies to a full storm, possibly successive storms, or in the 
case of modelling activities performed in calm or moderate conditions (e.g. spreading of suspension 
caused by underwater works) for 1ς2 months. Exceeding the above period in modelling is not 
recommended due to the accumulation of numerical errors and the decreasing accuracy of the 
calculation results.  

3.2 Methodology of creating a numerical model 

3.2.1 Numerical computational grid 

The hydrodynamic model was built based on the Flexible MESH numerical grid (various triangular 

elements connected with square elements). The calculations concerning the formation and spreading 

of the suspension formed as a result of driving power cables were carried out on a model consisting of 

89 641 elements and 63 546 nodes. The constructed model reflects the method of laying/embedding 

the OWF Baltica connection infrastructure in the seabed and underwater works accompanying the 

construction of this infrastructure in terms of the spread of suspended solids in the marine 

environment. The basic IP area in both considered variants, i.e. APV and RAV, is the same; these 

variants are differentiated by the maximum number of export cables (9 for the APV and 11 for the 
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RVA). The area considered in the model, along with the maximum compaction of the numerical grid 

on the designed routes of power cables, is shown in the figure below (Figure 3.1). When generating 

the computational grids, it was assumed that the size of a single element does not exceed 

5 000 000 m2, and in the area of the power cable route, the grid was compacted in several spatial 

sequences, from 300 000 to approx. 5000 m2 of the maximum grid area, using square elements. 

The bathymetric conditions assigned to the numerical grid elements in the Baltica OWF area and the 

area of the external IP were derived from measurements carried out by the consortium of the Maritime 

Institute of the Gdynia Maritime University and MEWO S.A. In the remaining area, data was held by 

the Maritime Institute of the GMU. To build the model, extensive data sets obtained from MBES 

measurements were digitally processed to the recording density required by the MIKE 21 software 

package. The bathymetry of the problem under consideration against the background of the numerical 

grid is shown in the figure below (Figure 3.1). 

 

Figure 3.1. The discretisation of the calculation area using a mesh of triangular and quadrilateral elements 

of the Flexible MESH type, compacted in the area of the Baltica OWF CI 

3.2.2 Boundary conditions 

The reliability of the numerical model largely depends on the correct definition of the boundary 

conditions. To obtain the highest reliability of the numerical model, it is necessary to adopt boundary 

conditions as close as possible to real conditions. Their determination requires the use of data from 

operational regional numerical models. As part of the hydrological monitoring of the OWF CI area, 

measurements were carried out at measuring stations, on the external section of the connection 

infrastructure in the coastal zone. Measurements were also carried out in the Baltica B-2 and B-3 OWF 
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areas. However, building a model requires conditions on all its open boundaries (see Figure 3.1). At 

each of the sea boundaries of the created model, the values from the regional models are given for 

several points. In turn, the data measured during monitoring (see: Appendix 1 ς Inventory Report) was 

used both to verify the assumptions made in the local model being built and, at a later stage, to verify 

the results of the model calculations. The results of in situ surveys carried out in the area for which the 

numerical model was created allowed for a more accurate recreation of environmental features. This 

applies to both hydrodynamic conditions as well as the characteristics of the marine sediment in which 

underwater works will be carried out. 

Sea currents are the main factor responsible for the dispersion of suspended solids in the marine 

environment. The parameters of the current (velocities and directions) are impacted also by the wind 

above the surface of the analysed sea area and the variability of the water table levels. For the Baltic 

Sea, parameters such as the variability of the water table level and the current field system during the 

measurement period were calculated operationally by the HIROMB regional hydrodynamic model, the 

grid of which has a resolution of 1 NM. Surface wave motion is described by the WAM spectral model 

ό/ƛŜǏƭƛƪƛŜǿƛŎȊ ŀƴŘ tŀǇƭƛƵǎƪŀ-Swerpel, 2005). These models have been verified repeatedly, which 

ǇǊƻǾŜǎ Ƙƻǿ ǇǊŀŎǘƛŎŀƭƭȅ ǳǎŜŦǳƭ ǘƘŜȅ ŀǊŜό/ƛŜǏƭƛƪƛŜǿƛŎȊ ŀƴŘ tŀǇƭƛƵǎƪŀ-{ǿŜǊǇŜƭΣ нллрΤ tŀǇƭƛƵǎƪŀ, 1999). The 

results from the Baltic Sea Wave Analysis And Forecast ƳƻŘŜƭ ŀǘ ŀ ǊŜǎƻƭǳǘƛƻƴ ƻŦ н ƪƳ Ҏ н ƪƳ ƘŀǾŜ ōŜŜƴ 

available under the Copernicus Program in operational mode from 4 May 2019 to the current date, 

and from the Baltic Sea Wave Hindcast model, in the same resolution, calculated using backward 

analysis, were available between 1 January 1993 and 3 June 2020. In the hydrodynamic module at the 

model boundaries, a combined Flather boundary condition was introduced, which takes into account 

the variability of the water table level and the change in sea current speed over time, presented in the 

form of velocity components (u, v). To verify the results from the HIROMB regional model, they were 

compared with the results of the measurements carried out as part of the annual hydrological 

monitoring for the Baltica OWF CI. The PM_1 measuring station was located at the coordinates 

рпϲрлΩлΦлрέ bΣ мтϲрмΩмлΦтуέ 9Φ ¢ƘŜ ŎƻƳǇŀǊƛǎƻƴ ƻŦ ǎŜŀ ŎǳǊǊŜƴǘ ǇŀǊŀƳŜǘŜǊǎ όǎǇŜŜŘ ŀƴŘ ŘƛǊŜŎǘƛƻƴύ ŀǘ ǘƘƛǎ 

point for the entire measurement period is shown in the figure below (Figure 3.2). In the vast majority 

of cases, the parameters of sea currents calculated in the models are characterised by a lower level of 

compliance with the values measured in situ, especially in coastal areas (water depth at the location 

ƻŦ ǘƘŜ taψм Ƙ Ғ мр Ƴ ǎǘŀǘƛƻƴǎύΦ ¢ƘŜ ŎƻƳǇŀǊƛǎƻƴ ƻŦ ǘƘŜ ǘƛƳŜ ŎƻǳǊǎŜǎ ƻŦ ŎǳǊǊŜƴǘ ǾŜƭƻŎƛǘƛŜǎ ŦƻǊ ŎƻƴŘƛǘƛƻƴǎ 

occurring at a greater depth of approx. 25 m in the area of the MEW12 measuring station located on 

the southern boundary of the Baltica-2 Offshore Wind Farm is shown in the figure below (Figure 3.2). 

The figure shows the recorded (AWAC) and model (HIROMOB) current velocities at the average depth 

level in this location. The compliance of the presented velocities is definitely better than for the limited 

depth conditions in the coastal zone at station PM_1. 

Waveforms of water table level variability obtained based on the measurement made with the AWAC 

current profiler and the results from the HIROMB regional model for the same period and location are 

presented in the figure below (Figure 3.4). It should be noted that the pressure measured with the 

AWAC sensor, defining the water depth above it, requires a correction to take into account the 

variability of atmospheric pressure in the measurement period.  
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Figure 3.2. Sea current parameters (velocity, direction) measured with the AWAC profiler and results from 

the HIROMB regional model for the period from April 2016 to April 2017 at station PM_1 

όрпϲрлΩлΦлрέ bΣ мтϲрмΩмлΦтуέ 9ύ 

 
Figure 3.3. Sea current velocities measured with the AWAC profiler and results from the HIROMB regional 

ƳƻŘŜƭ ŦƻǊ ǘƘŜ ǇŜǊƛƻŘ ŦǊƻƳ !ǇǊƛƭ нлмс ǘƻ CŜōǊǳŀǊȅ нлмт ŀǘ ǎǘŀǘƛƻƴ a9²мн όррϲллΩомΦтрέ bΣ 

мтϲллΩннΦфлέ 9ύ 

 
Figure 3.4. Waveforms of water table level variability from the measurement conducted using the AWAC 

current profiler (blue) and the result from the HIROMB regional model (orange) for the period 

ŦǊƻƳ !ǇǊƛƭ нлмс ǘƻ !ǇǊƛƭ нлмт ŀǘ ǎǘŀǘƛƻƴ taψм όрпϲрлΩлΦлрέ bΣ мтϲрмΩмлΦтуέ 9ύ 

The boundary condition implemented in the wave module of the local MIKE 21 model are parameters 

describing wave spectra with 1-hour resolution, obtained from the WAM wave model. In this approach, 
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wave motion is described by the following parameters: significant wave height Hs wave peak period 

Tp, the basic wave direction , including the wave spreading factor n. A comparison of the waveforms 

of the significant wave height Hs variability for the period from April 2016 to April 2017, i.e. the time 

of measurements conducted using the AWAC sensor, at the location of the measuring equipment 

όрпϲрлΩлΦлрέ bΣ мтϲрмΩмлΦтуέ 9ύ ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ ŦƛƎǳǊŜ ōŜƭƻǿ όFigure 3.5). The first (blue) represents 

the measurement, and the second (green) presents the result obtained from the regional WAM model. 

Additionally, the arrows in the figure show the directions of wave propagation.  

 

Figure 3.5. Significant wave heights HS and directions of wave propagation measured with the AWAC profiler 

(blue) and results from the WAM regional model (green) for the period April 2016ςApril 2017 at 

station PM_1 όрпϲрлΩлΦлрέ bΣ мтϲрмΩмлΦтуέ E) 

The cross-correlation function was used for the comparisons and studies of the similarity of the two-

time series. The cross-correlation function shows the similarity of two discrete-time series x and y ς of 

the first series and a time-shifted (delayed) copy of the second series as an m shift function. Generally, 

the cross-correlation function of two random stationary processes with sample lengths n is expressed 

as: 

Ã Í % Ø ʈ Ù ʈ
ᶻ

 

where: ˃ x and ˃ y ς the average values of the two random stationary processes analysed 
asterisk (*) ς the complex conjugate; 
E ς the value expected. 

The result of using the cross-correlation function to analyse the similarity of the current parameters 

measured with a profilometer and obtained from the HIROMB model is shown in the figure below 

(Figure 3.6). The maximum value of the cross-correlation function for the waveforms representing the 

velocities of currents (Figure 3.6) is 0.64, which proves a strong correlation. In the case of waveforms 

concerning the directions of sea current, the maximum of the correlation function takes a slightly lower 

value of 0.48, which indicates a moderate correlation. 

Analogous calculations were carried out to determine the similarity of time series representing the 

variability of the water table levels obtained from the measurement made with the AWAC current 

profiler and obtained from the HIROMB regional model. The maximum value of the cross-correlation 

function for the time series presenting fluctuations in sea levels was 0.97, which means practically full 

correlation of the time courses studied (Figure 3.7). 
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Figure 3.6. Cross-correlation function between the waveforms of the current parameters measured with the 

AWAC profiler (blue) and those obtained from the HIROMB model (red) at station PM_1 station; 

current velocity (top), current direction (bottom)  

 

Figure 3.7. Cross-correlation function between the time courses of water levels: measured with the AWAC 

profiler (blue) and obtained from the HIROMB model (red) at station PM_1 

The result of the analyses of compliance of the parameters characterising sea currents (velocities and 

directions as well as the variability of the water table level indicating the levels of correlation from 

good to practically full) allowed the use of the results from the HIROMB model on a regional scale 

(Baltic Sea) in numerical simulations performed for the project. Time courses with 1-hour resolution 

from the regional model were used in the local MIKE 21 model to define the boundary condition in the 

hydrodynamic module at all its open boundaries. An example diagram of the Flather boundary 

condition description for a point on the northern boundary of the local model is presented in the table 

(Table 3.1).  

Table 3.1. Layout of the data set entered for the points selected on the numerical model boundaries, 

representing the Flather boundary condition [Source: internal data 

Date Water level [m] ¦ ώƳϊǎ-1] ± ώƳϊǎ-1] 

2016-08-30 00:00 -0.11 0.07 -0.1 
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Date Water level [m] ¦ ώƳϊǎ-1] ± ώƳϊǎ-1] 

2016-08-30 01:00 -0.1 0.08 -0.12 

2016-08-30 02:00 -0.09 0.07 -0.14 

2016-08-30 03:00 -0.08 0.05 -0.14 

2016-08-30 04:00 -0.06 0.02 -0.14 

2016-08-30 05:00 -0.05 -0.01 -0.12 

2016-08-30 06:00 -0.04 -0.03 -0.09 

2016-08-30 07:00 -0.03 -0.05 -0.05 

2016-08-30 08:00 -0.03 -0.04 -0.02 

2016-08-30 09:00 -0.04 -0.02 0.01 

2016-08-30 10:00 -0.05 0.01 0.03 

2016-08-30 11:00 -0.06 0.04 0.04 

2016-08-30 12:00 -0.06 0.08 0.03 

2016-08-30 13:00 -0.06 0.11 0.01 

2016-08-30 14:00 -0.06 0.14 -0.01 

2016-08-30 15:00 -0.05 0.15 -0.05 

2016-08-30 16:00 -0.04 0.14 -0.08 

2016-08-30 17:00 -0.04 0.12 -0.1 

2016-08-30 18:00 -0.05 0.09 -0.12 

2016-08-30 19:00 -0.05 0.06 -0.12 

2016-08-30 20:00 -0.07 0.03 -0.1 

2016-08-30 21:00 -0.08 0 -0.08 

2016-08-30 22:00 -0.09 -0.01 -0.05 

2016-08-30 23:00 -0.1 -0.01 -0.03 

2016-08-31 00:00 -0.1 0 0 

2016-08-31 01:00 -0.09 0.02 0.02 

2016-08-31 02:00 -0.09 0.04 0.03 

2016-08-31 03:00 -0.08 0.07 0.02 

2016-08-31 04:00 -0.08 0.1 0.01 

2016-08-31 05:00 -0.08 0.12 -0.02 

2016-08-31 06:00 -0.07 0.13 -0.05 

2016-08-31 07:00 -0.07 0.12 -0.08 

2016-08-31 08:00 -0.11 0.07 -0.1 

2016-08-31 09:00 -0.1 0.08 -0.12 

2016-08-31 10:00 -0.09 0.07 -0.14 

2016-08-31 11:00 -0.08 0.05 -0.14 

2016-08-31 12:00 -0.06 0.02 -0.14 

2016-08-31 13:00 -0.05 -0.01 -0.12 

2016-08-31 14:00 -0.04 -0.03 -0.09 

2016-08-31 15:00 -0.03 -0.05 -0.05 

2016-08-31 16:00 -0.03 -0.04 -0.02 

2016-08-31 17:00 -0.04 -0.02 0.01 

2016-08-31 18:00 -0.05 0.01 0.03 

*Positive component u ς directed eastwards; positive component v ς directed to the north 

In the case of examining the similarity of time series regarding the significant wave heights obtained 

from the measurements during the monitoring and from the regional model WAM, there was obtained 

the value of the cross-correlation function at the level of 0.96, which proves an almost full correlation 

of the studied quantities (Figure 3.8). For the directions of wave propagation, the calculated maximum 

value of the correlation function equal to 0.79 proves a very strong correlation. The conducted analysis 

of compliance proves that the assumption of the boundary condition at the model boundaries from 

the results of the regional wave model WAM is correct. 
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Figure 3.8. The function of cross-correlation between the time courses of the significant wave height HS 

measured with the AWAC current profiler (blue) and those obtained from the WAM model (red) 

at station PM_1 

Experience related to the construction of wind farms and the laying of power cables in the Baltic Sea 

has shown that these works can be carried out with a significant wave height not exceeding the value 

of Hs = мΦр ƳΦ !ǇǇǊƻȄƛƳŀǘŜƭȅΣ ǘƘƛǎ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ ǿƛƴŘ ǎǇŜŜŘ ǎƘƻǳƭŘ ƴƻǘ ŜȄŎŜŜŘ ǘƘŜ ǾŀƭǳŜ ƻŦ мл Ƴϊǎ-1. 

Referring this assumption to the wave recording in the course of the annual monitoring (Figure 3.5), it 

can be assumed that the best time of the year for the implementation of works will be from February 

to September, although the appearance ƻŦ ǎǳŦŦƛŎƛŜƴǘƭȅ ƭƻƴƎ άǿŜŀǘƘŜǊ ǿƛƴŘƻǿǎέ ŀƭƭƻǿƛƴƎ ŦƻǊ 

underwater works to be carried out in other months cannot be ruled out.  

In all the numerical simulations carried out, the influence of wind-wave on the dispersion of the 

suspended solids was taken into account, despite the results of the tests carried out by the authors, 

which showed minimal changes in the current field caused by moderate waves (height of the significant 

wave HS up to 1.5 m). 

In this study, the results obtained in the Hydrometeorological Monitoring carried out for the Baltica 

OWF CI Area in the period from 14 April 2016 to 30 April 2017 were consistently used to test the 

compliance of the measurements and the results obtained from the models. 

3.2.3 The initial conditions 

The initial condition determines the physical state of the mathematical model at the start of the 

numerical simulation t0.  

In the issues under consideration, the initial conditions are: 

¶ in the hydrodynamic module (HD) ς the spatial distribution of the water table level, the speed 
distribution of the current field; 

¶ in the spectral wave module (SW) ς the spatial distribution of wave motion; 

¶ in the mud transport module (MT) ς concentration of various fractions of suspended solids, 
thickness and erosion parameters of all mobile layers of the seabed sediment. 

In the simulations carried out, the water table level at time t0 for the entire sea area corresponds to 

the value of the water level from the boundary condition for the same moment, while the initial 

condition of the wind-wave assumes peace on the entire surface of the sea area. The concentration of 

various fractions of suspended solids, as unknown in the analysed sea area, was assumed to be zero. 

The task analyses the increase and variability of the suspended solids concentration (Excess model), 

disregarding the natural background concentrations, caused by a specific action ς in this case, the 
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implementation of underwater works generating suspended solids formation, related to the 

construction of the Baltica OWF Connection Infrastructure. 

3.2.4 Environmental extortion 

In the conducted numerical simulations, the environmental forces are sea currents, water table level 

variations, sea waves, as well as the action of wind over the sea area. The first three factors are 

specified in the form of boundary conditions adopted in the model configuration. The impact of the 

wind defined by time-varying velocities and directions is defined in the model as forcings. In the 

ŎŀƭŎǳƭŀǘƛƻƴ ǎŎŜƴŀǊƛƻǎΣ ƛǘ ƛǎ ǘŀƪŜƴ ŀǎ άǊŜŀƭέ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ ŀ ǘƛƳŜ ŎƻǳǊǎŜ ƻŦ a two-dimensional variable 

(wind velocity and direction), which is the result of calculations of the UMPL atmospheric model. The 

wind speed profile from the UMPL model for the monitoring period is shown in the figure below (Figure 

3.9ύΦ Lƴ ǘƘƛǎ ǇŜǊƛƻŘΣ ǘƘŜǊŜ ǿŜǊŜ ǘǿƻ ǎǘƻǊƳǎ ƛƴ ǿƘƛŎƘ ǘƘŜ ǎǇŜŜŘǎ ŜȄŎŜŜŘŜŘ ǘƘŜ ǾŀƭǳŜ ƻŦ нл Ƴϊǎ-1 at the 

ŀǇƻƎŜŜ ŀƴŘ ŀ ŘƻȊŜƴ ƻǊ ǎƻ ŜǾŜƴǘǎ ǿƛǘƘ ǾŜƭƻŎƛǘƛŜǎ ŜȄŎŜŜŘƛƴƎ мр Ƴϊǎ-1. Comparing the wind velocities 

from the regional model during the monitoring surveys with those from the same model for the multi-

year period 2009ς2021 (Figure 3.10), it can be concluded that the speed distribution in the analysed 

period was not characterised by any anomalies. The period adopted in the MIKE model marked with 

the yellow rectangle in the figure below (Figure 3.9) meets the condition of a continuous, sufficiently 

long period with light to moderate winds. Additionally, the winds in this period blow from different 

directions (Figure 3.11). At the PM_1 and PM_2 measurement stations in the coastal zone, no wind 

velocity measurement was performed during the hydrological monitoring. Nevertheless, the results 

obtained during the implementation of other projects in the Baltic Sea indicate that the compliance 

with the wind parameters was high. 

 

Figure 3.9. The actual forcing condition in the MIKE model in the form of a time series of wind velocity 

ŎƘŀƴƎŜǎ ώƳϊǎ-1] (yellow rectangle) in relation to the time series representing the entire monitoring 

period. Data obtained with the use of the UMPL profiler 
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Figure 3.10. ¢ƛƳŜ ǎŜǊƛŜǎ ƻŦ ǿƛƴŘ ǾŜƭƻŎƛǘȅ ŎƘŀƴƎŜǎ ώƳϊǎ-1], 1-hour resolution for the multi-year period 2009ς

2021, UMPL regional model 

 
 

 

Figure 3.11. Wind directions adopted for numerical simulations in the summer period [degrees] 

It should be emphasised that the works related to the embedding of a power cable are carried out in 

the conditions of the sea not exceeding the boundary conditions for the given floating equipment. As 

ŀ ǊǳƭŜΣ ǎǳŎƘ ŀ ōƻǳƴŘŀǊȅ ƛǎ ǘƘŜ ǎŜŀ ǎǘŀǘŜ Ŝǉǳŀƭ ǘƻ пϲ ƻƴ ǘƘŜ 5ƻǳƎƭŀǎ ǎŜŀ ǎŎŀƭŜΣ ƛΦŜΦ ǘƘŜ wind velocity in 

the range 8.0ςмлΦт Ƴϊǎ-1. This is why the low or moderate levels of environmental forces accepted for 

the performance of works are absolutely correct. 

3.2.5 Ground conditions 

Surveys of ground conditions at the point of embedding linear structures (cables, pipelines) in the 

seabed are important from the point of view of selecting the appropriate technology and equipment. 

It also provides valuable information required for numerical modelling of the suspended solids' 

dispersion. In the modelling, the key issue is to assume what percentage of the soil volume disturbed 
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ŘǳǊƛƴƎ ǘƘŜ ǿƻǊƪǎ ŀǊŜ ŦƛƴŜ ŦǊŀŎǘƛƻƴǎ όŜǎǇŜŎƛŀƭƭȅ ǘƘƻǎŜ ǿƛǘƘ ŀ ǇŀǊǘƛŎƭŜ ŘƛŀƳŜǘŜǊ ōŜƭƻǿ со ˃Ƴύ ŀƴŘ ǿƘŀǘ 

percentage of the displaced material will get resuspended in the water column.  

For the survey area, the results of geophysical surveys are available, which made it possible to 

distinguish the types of the seabed presented in the figure below (Figure 3.12) and prepare a map of 

surface sediments based on sonar data (Figure 3.13). The area discussed is a fragment of the north-

eastern slope of the {ƱǳǇǎƪ .ŀƴƪ ŀƴŘ Ǌǳƴǎ ǘƘǊƻǳƎƘ ǘƘŜ ŀǊŜŀ ƻŦ ǘƘŜ {ǘƛƭƻ .ŀƴƪ ǘƻ ǘƘŜ ǎƘƻǊŜ ƛƴ ǘƘŜ ŀǊŜŀ 

of KP 162.5 of the shoreline (according to the chainage suggested by the Maritime Office). Its seabed 

is located at various depths, from several meters to approx. 50.0 m.  

Based on the analysis of variations in depth and character of the seabed relief in the survey area, a map 

of seabed surface types has been drawn. The following forms have been distinguished here: an area 

of a morainic plateau, the plateau slope, a plain of kame terraces, a flat abrasive-accumulative 

platform, an area of relict hills of old tills modified by the glaciotectonic activity, an accumulative 

platform, a shore slope, and a sandbank zone. 

The northern part of the Baltica OWF CI covers a seabed of various nature. Much of the area is the 

plateaus of kame terraces. They cover the seabed from approx. 32.0 to approx. 38.0 m b.s.l. The 

bottom surface is slightly undulated, with slight height differences related to the presence of sandy 

forms and outcrops of older sediments. In the centre of the northern part of the Baltica OWF CI, the 

seabed is an abrasive-accumulative platform. The seabed in this area is at a depth of approx. 33.0 to 

approx. 50.0 m b.s.l. The seabed surface is levelled, with height differences of 0.5ς1.0 m, up to 

a maximum of 2.0 m. In this part of the Baltica OFW CI, there are also fragments of the seabed with 

a character of a morainic plateau with the plateau slope and an area of relict hills of old tills modified 

by the glaciotectonic activity. Towards the land, the Baltica OWF CI route passes through a seabed area 

of an abrasive-accumulative platform with fragments of the seabed presenting the character of an 

accumulative platform ς areas of the sandy seabed with a level, in places slightly undulating surface 

with traces of movement of sandy material to the east. There is a shore slope in the southern part of 

the analysed area. It covers the seabed from approx. 12.0ς13.0 to approx. 24.0ς25.0 m b.s.l. In the 

southern and central part of the shore slope, the seabed surface is at a depth of approx. 12.0ς13.0 to 

19.0ς20.0 m b.s.l. In the northern part, it gently lowers from approx. 17.0ς18.0 m to a depth of approx. 

24.0ς25.0 m. The shallowest part of the seabed on the Baltica OWF CI route is the sandbank zone. It 

covers a strip of the sandy seabed of 1200ς1300 m in width, spreading from the shore into the sea, to 

a depth of approx. 12.0ς13.0 m. Three sandbanks have developed in this area. 

The recognition level of the seabed allows the formulation of the following characteristics of surface 

sediments. Almost the entire seabed surface of the area analysed is covered with a discontinuous layer 

of fine- and medium-grained sands. In places, accumulations of multi-grained sediments, boulder 

clusters and cohesive sediment outcrops occur on the surface. The cohesive sediments are mainly 

Pleistocene glacial tills and ice-marginal lacustrine deposits (Pleistocene/Holocene).  

The fine- and medium-grained sands form firm covers with flat (or undulated in places) surfaces. Sand 

thickness in this area reaches several metres. Below the sandy sediments, there are ice-marginal 

lacustrine sediments as well as glacial and fluvioglacial sediments (mainly clay, sand and gravel) in 

places. The presented map of surface sediments (Figure 3.13) shows that on the Baltica OWF CI route, 

there is a slight predominance of cohesive sediments. Consequently, in the constructed model, it was 

assumed that the cable deepening process takes place either in cohesive or cohesive soil for the entire 

depth of the trench according to the scheme below (Figure 3.13). This assumption is conservative 

(preservative) and generates the results of model calculations while maintaining a safety margin on 
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the sections of cohesive soils. If in the places of the established cohesive sediments, up to the cable 

burial depth, there will in fact be found sand layers, the number of fine soil fractions (smaller than 

0.63 ˃ Ƴύ ōŜŎƻƳƛƴƎ ǊŜǎǳǎǇŜƴŘŜŘ ƛƴ ǘƘŜ ǿŀǘŜǊ ŎƻƭǳƳƴ ǿƛƭƭ ōŜ ƭƻǿŜǊ ǘƘŀƴ ƛǘ ǿƻǳƭŘ ōŜ ƛƴŘƛŎŀǘŜŘ ōȅ ǘƘŜ 

calculations. This procedure meets the criterion of adopting the most unfavourable calculation 

scenarios. 

 

 

Figure 3.12. Map of the seabed surface types in the survey area (Source: internal data) 
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Figure 3.13. Map of surface sediments (Source: internal data) 

Moreover, it should be remembered that in real conditions along the entire cable route, certain 

sections of the route may be subject to conditions that make it impossible to embed the cables. This 

will make it necessary to secure the cables by covering them with a stone rip-rap or mattresses, which 

in turn will also reduce the amount of suspended solids in the water column during underwater works.  

The behaviour of various fractions of soil during works carried out on the seabed related to the 

embedding of the linear infrastructure is diverse. Coarser soil fractions, such as gravel and sand (coarse 

and medium-grained), despite becoming agitated during works, settle in a very short time near the 

embedded structure. The smallest fractions: silt and clay, as well as the smallest grains of sand, may 

remain suspended for a long time, moving under the impact of currents over long distances. It should 

be emphasised that the most cohesive soils, i.e. soils with the highest content of clay particles, such as 

tills or clays, will not become suspended under the impact of hydro-jetting as much as silty soils of 

much lower cohesiveness. Tills and clays in a ductile and firm state when cut, will partially loosen 

themselves in the form of lumps and nubs that are heavy enough to fall right next to the work site. The 

structure of silts at the time of cutting is much more disturbed and the grains are released into the 

water column. 

In the numerical model, based on the previous experience with the implementation of this type of 

work (Jenner et al., 2013; Lech-Surowiec et al., 2015) and information from the suspension modelling 

ǿƻǊƪǎƘƻǇ ŀǘ ǘƘŜ 5IL ƛƴ IǄǊǎƘƻƭƳΣ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŀǎǎǳƳǇǘƛƻƴǎ ǿŜǊŜ ƳŀŘŜ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ŦƛƴŜ 

fractions of soil moving to a suspension state depending on the type of soil and cable embedding 

technology, as well as for other types of underwater works: 

¶ ground milling method (jetting): 

- for non-cohesive soils, the level of solids becoming suspended is 3% of disturbed soil; 
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- for cohesive soils, the level of solids becoming suspended is from 5% to 12% of disturbed 
soil, depending on soil consistency (it is the highest for soft and very soft plastic soils); 

¶ method of ploughing without forced displacement: 

- for non-cohesive soils, the level of solids becoming suspended is 1.5% of disturbed soil; 

- for cohesive soils, the level of solids becoming suspended is 2% of disturbed soil; 

¶ the pre-lay ploughing method with forced displacement: 

- for non-cohesive soils, the level of solids becoming suspended is 2% of disturbed soil; 

- for cohesive soils, the level of solids becoming suspended is 3% of disturbed soil; 

¶ pre-lay boulder clearance in the boulder areas: 

- for non-cohesive soils, the level of solids becoming suspended is 3% of disturbed soil; 

- for cohesive soils, the level of solids becoming suspended is 5% of disturbed soil; 

¶ making trenches with a trailing suction hopper dredger (TSHD): 

- in non-cohesive soils, the level of solids becoming suspended is up to 3% (drags and 
overflow system); 

- in cohesive soils, the level of solids becoming suspended is up to 5% (drags and overflow 
system); 

¶ making excavations with a backhoe dredger (BHD): 

- in non-cohesive soils, the level of solids becoming suspended is up to 4%; 

- in cohesive soils, the level of solids becoming suspended is up to 6%; 

¶ backfilling works, as for pre-treatment works and works performed with dredgers: 

- in non-cohesive soils, the level of solids becoming suspended is from 3% to 4%; 

- in cohesive soils, the level of solids becoming suspended is from 5% to 6%. 

3.3 The main calculation assumptions and scenarios 
During the implementation of the Connection Infrastructure, several types of underwater works will 

take place, which will re-suspend the solids into the marine environment. It is difficult to determine 

a priori which of the activities will cause the most unfavourable environmental agitation level. 

Therefore, computational simulations were performed for a large range of underwater works that may 

occur during the implementation of the Baltica OWF CI project. The assumptions taking into account 

the geometric parameters adopted in the calculations for the underwater works causing the 

suspension are presented below:  

¶ making of excavations at the drilling exit points for each cable in the coastal zone. Dimensions 
assumed in the model: 50x10 m in the seabed, 5 m in depth, underwater slope inclination 
1:5; 

¶ preliminary boulder clearance along the cable route in the place of boulder occurrence 
(approx. 61% of the entire route). Assumed dimensions: corridor width 25 m, depth 0.3 m; 

¶ making of excavations with dredgers in the area intended for aggregate collection for the 
protection of sea shores. Assumed dimensions: width in the seabed 25 m, excavation depth 
3 m, underwater slope inclination 1:3, length depends on the dimensions of the area; 

¶ execution of excavations in places where subsea power cables are connected. Assumed 
dimensions: 25x20 m in the seabed, 3.5 m in depth, slope inclination 1:3;  

¶ making of excavations for cable laying, in places where cable laying technology is used in 
previously prepared trenches. Assumed cross-section with an area of 6.8 m2, V-shaped; 

¶ laying and insertion of power cables. Assumed cross-sections: 3.0 m2 in the jetting method, 
4.8 m2 in the non-displacement ploughing method; 

¶ necessary backfilling works in the areas of the excavations. Dimensions specified for the 
trenches 
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The dimensions assumed above were adopted for the estimated determination of the total volume of 

the soil disturbed in both considered variants of the CI construction. The introduction of 

a computational reserve for the length of the cable route and the adoption of the longest of all cable 

routes within the area of each wind farm results in the fact that the computational volume of the 

agitated soil is conservative (preservative), in line with the methodology used to select the worst-case 

scenarios for the environment. The results of the calculations of the above-mentioned volumes of the 

disturbed soil with the division into OWFs Baltica B-2 and B-3 and interlinks between the power 

stations, including all underwater works according to the worst-case scenario method, are presented 

below: 

¶ Connection infrastructure of the Baltica Offshore Wind Farm (B-2) (APV) ς the maximum 

length of the cable route: 89 km; the number of cable lines: 5; total volume of soil disturbed: 

7 093 460 m3; 

¶ Connection infrastructure of the Baltica Offshore Wind Farm (B-3) (APV) ς the maximum 

length of the cable route: 53 km; the number of cable lines: 4; total volume of soil disturbed: 

4 020 570 m3; 

¶ Connection infrastructure of the Baltica Offshore Wind Farm (B-2) (RAV) ς the maximum 

length of the cable route: 89 km; the number of cable lines: 6; total volume of soil disturbed: 

8 512 152 m3; 

¶ Connection infrastructure of the Baltica Offshore Wind Farm (B-3) (RAV) ς the maximum 

length of the cable route: 53 km; the number of cable lines: 5; total volume of soil disturbed: 

5 030 122 m3; 

¶ Connection Infrastructure of the Baltica Offshore Wind Farm (B-2) (APV and RAV) ς interlinks 

between the offshore substations; the maximum total length of the cable route: 31 km; total 

volume of soil disturbed: 349 990 m3; 

¶ Connection Infrastructure of the Baltica Offshore Wind Farm (B-3) (APV and RAV) ς interlinks 

between the offshore substations; the maximum total length of the cable route: 31 km; total 

volume of soil disturbed: 349 990 m3. 

Particular types of underwater works agitating the sediments are performed at considerable time 

intervals. At the current stage of the Baltica OWF project implementation, it is impossible to present a 

ǎŎƘŜŘǳƭŜ ŦƻǊ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǿƻǊƪǎ ŀǎ ƛǘ ǿƛƭƭ ŘŜǇŜƴŘ ƻƴ ǘƘŜ LƴǾŜǎǘƻǊΩǎ ǊŜǎƻǳǊŎŜǎΣ ǘƘŜ ǳǎŜ ƻŦ 

vessels, the assumed cable embedding method, experience and the so-ŎŀƭƭŜŘ /ƻƴǘǊŀŎǘƻǊΩǎ ōŜǎǘ 

practices, as well as other possible external restrictions.  

However, due to the proximity of the B-2 and B-3 areas of the Baltica Offshore Wind Farm, it cannot 

be ruled out that some of the underwater works may be performed simultaneously, and for such cases, 

the possibility of cumulative effects of suspended solids from different sources should be investigated. 

In the analysis of possible scenarios, it was assumed that the dredging works related to excavation on 

one route may occur simultaneously, while excavations using the ploughing method may be made to 

lay a cable on a different route, and backfilling of the excavations may be conducted on the next route 

in the area of aggregate collection for the protection of seashores. It is also possible to carry out the 

following works at the same time in the Baltica OWF area (in the immediate vicinity of the B-2 and  

B-3 areas): jetting of the export cable and clearing the seabed of stones and boulders along the interlink 

route in the B-2 area and installation of cables connecting wind farms in the B-3 area. To ensure safety, 

the distance between the operation of vessels performing various operations cannot be less than 

500 m. When selecting the second scenario, the preparation for the foundation of the supporting 

structure (gravity-based structure) was also considered interchangeably in the B-3 OWF area, but the 
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assumption regarding the arrangement 3 connections between WTGs during the day introduces 

a greater load of suspended solids into the marine environment.  

In addition, the possibility of the cumulative impact of suspended solids from works carried out 

simultaneously within the framework of various investment projects but implemented nearby was also 

considered. In the preliminary analysis, to select the situation that has the most negative impact on 

the environment, the works carried out in the following neighbouring areas have been considered: 

¶ laying cables connecting the Baltica wind farms (B-2) and work in the ground for supporting 

structures in the OWF Baltic II area; 

¶ laying export cables on OWF Baltica (connection of B-2 and B-3) and work in the ground for 

ǎǳǇǇƻǊǘƛƴƎ ǎǘǊǳŎǘǳǊŜ ƛƴ ǘƘŜ .ŀƱǘȅƪ LLL h²C ŀǊŜŀ; 

¶ laying export cables on OWF Baltica (zone of entry of the external CI into the farm area), and 

work in the subsoil ŦƻǊ ǎǳǇǇƻǊǘƛƴƎ ǎǘǊǳŎǘǳǊŜǎ ƛƴ ǘƘŜ ŀǊŜŀǎ ƻŦ ǘƘŜ .ŀƭǘƛŎ tƻǿŜǊ ŀƴŘ .ŀƱǘȅƪ LLL 

OWFs. 

In the first case, due to the choice of the method of the foundation of wind farms on monopiles, OWF 

Baltic II (the level of suspension generation by monopiles is negligible) does not meet the criterion of 

the worst-case scenario for the environment. In the case of the third of the cases considered, despite 

the potential possibility of carrying out three types of works emitting suspended solids at the same 

time, the criterion beneficial for the environment is the fact of carrying out the works on the seabed 

made of non-cohesive (sandy) soils. Works carried out in non-cohesive soils are responsible for a lower 

level of suspended solids agitated. As a result, the second of the analysed cases was considered to be 

potentially the least environmentally friendly scenario in terms of the negative impact of the 

suspended solids generating the highest negative environmental impacts in terms of the amount of 

suspended solids and was qualified for numerical analysis. 

The sequences of events concerning: a.) a deep-water sea area at the junction of the Baltica OWF CI 

area and the Baltic III OWF area, and b.) a shallow-water sea area, in the near-shore zone, where, in 

the planning assumptions, the connection infrastructures of the Baltica, Baltic Power and BC-Wind 

OWFs are located close (the list includes only the investments that are already subject to 

environmental procedures). In the first case, it was assumed that the works related to embedding the 

export cable by jetting it in the area of the B-2 and B-3 connection on the Baltica OWF as well as the 

levelling and replacement of the soil for the supporting (gravity-based) structure in the Baltic III OWF 

field were carried out. To demonstrate the greatest possible impact, it was assumed that the gravity-

based foundation is located closest to the boundary of the Baltica OWF CI. In the second case, the 

parameters characterising the disturbance of the marine environment in the area of the Baltic Power 

CI and BC-Wind CI caused by the excavation work in the drilling zone in the area of the Baltica OWF CI 

are estimated.  

For the above-mentioned sequences of events, in which the cumulative effect of the suspension was 

assumed, meeting the conditions of the most unfavourable scenarios for the environment, numerical 

models were built to allow for computational simulations. These sequences are related to 

comparatively short periods when certain types of work are performed simultaneously, the possibility 

of their occurrence and the manner of impact is analogous in both variants (APV and RAV). In these 

cases, the cumulative effect will be analysed in terms of the increase in suspended solids concentration 

in the water column. It can be assumed that in the analysed water depth conditions, the period of 

24 hours from the completion of one underwater work to the commencement of the next task is a 

time interval that practically excludes the accumulation of the effects of suspended solids in terms of 
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summing up of their concentrations. On the other hand, for works that will be carried out close to each 

other, but not at the same time, the cumulative effect will apply to the thickness of the sediment 

newly-formed on the seabed, however, it should be emphasised that the estimation of the total 

thickness of the sediment layer should concern only those activities that are carried out in a short time 

(on the order of several weeks). In the long run, newly formed sediments that are weakly bound to the 

native seabed will be subject to redistribution due to the natural dynamics of the marine environment 

(sea currents). 

Factors influencing the level of disturbance of marine sediments during the laying of power cables are 

schematically shown in the figure below (Figure 3.14). In the performed calculations, using the 

assumptions of the worst-case scenario method, all the essential factors influencing the level of the 

agitation were taken into account. 

 
Figure 3.14. Factors determining the level of sediment agitation during cable laying  

The route analysed in the built calculation model, on which the structure of seabed sediments is 

disturbed, includes all sections designed for use by the Baltica OWF CI. In modelling, it is necessary to 

define geographically the path of movement of vessels carrying out underwater works causing the 

formation of suspended solids, taking into account the speed of the vessel. Along the entire route of 

the connection infrastructure, during underwater works (excavation/filling, seabed clearing, power 

cable insertion, etc.), a load of suspended solids is introduced into the marine environment using the 

so-ŎŀƭƭŜŘ άƳƻǾƛƴƎ ǎƻǳǊŎŜέΦ ¢ƘŜ direction of movement of vessels carrying out underwater works is not 

significant from the point of view of the suspended solids spread. The amount of suspended solids 

depends directly on: the type of the dredging fleet employed, the technology of the cable embedding 

process, the speed of work and the types of sediments in the ground where the work is carried out. 

The area in which the Baltica OWF CI project is implemented is presented in the figure below (Figure 

3.15).  
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Figure 3.15. Schematic representation of the modelled area of the Baltica OWF CI with the location of the 

PM_1 measurement station [Source: internal data] 

Cable laying and accompanying underwater works are performed under favourable environmental 

conditions, slight wave motion, and limited wind conditions. This condition has to be met due to the 

limitations of cable embedding equipment and dredging fleet.  

In all scenarios, in the meteo- and hydrological sense, the boundary condition is adopted, reflecting 

the actual situation that occurred during the calculation period, i.e. from 01.08.2016 to 30.09.2016. 

For the computational period, a wind force was implemented into the model, variable in time, acting 

ƻǾŜǊ ǘƘŜ ǎŜŀ ŀǊŜŀ ŀǎ άǊŜŀƭέ όǎŜŜ ǎŜŎǘƛƻƴ 3.2). In the period selected for the modelling, both wave motion 

with a significant wave height HS = 1.5 m and lower occurs. The main goal was to select a sufficiently 

long, continuous period to simulate the works related to the Baltica OWF CI. In conditions of wave 

motion often exceeding the level of HS = 1.5 m, in the simulated operation of cable-laying and dredging 

equipment, work breaks should be introduced frequently. The relatively long adopted time allowed 

for the simulation of the analysed operation several times for different hydrodynamic conditions, 

creating the material for an envelope analysis. This way, the results of the most unfavourable impact 

of the suspended solids on the environment in the tested water were obtained for the full simulation 

period. 

The type of land and the places of occurrence of boulders along the route of the Baltica OWF CI, where 

underwater works related to the construction of the connection infrastructure will be carried out, were 

adopted in the model based on geophysical explorations. The scenarios assumed the weight of soil 

becoming suspended. The subject of numerical modelling is the smallest soil fractions, which are the 

source of suspended solids forming during the implementation of the Baltica OWF CI. 

The dispersion of the suspended solids, their concentration and sedimentation methods depend on 

the speed and direction of the sea current, the amount of turbulence and the speed of re-

sedimentation. The particles of suspended solids descending onto the seabed can be subjected to 
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erosion again and re-set into motion in the process of re-suspension if the hydrodynamic conditions in 

the sea area exceed the critical level. The material re-suspended in the model is represented by the 

fraction for which the velocity of its falliƴƎ Řƻǿƴ ƛǎ ŀǎǎǳƳŜŘ ǘƻ ōŜ лΦр ƳƳϊǎ-1, i.e. the velocity 

characteristic for medium-grained silt (Becke, 2018; Pruszak, 1998; Van Rijn, 1993). For a suspended 

material defined in this way, the critical shear stress that initiates the erosion process is 0.1 Pa. The 

limit shear stress below which the sedimentation process begins is 0.07 Pa. 

When modelling the spread of suspended solids, only the silty fractions are taken into account, 

because the sandy fractions sink immediately onto the seabed, in the immediate vicinity of the 

worksite, without forming suspended solids.  

The adopted scenarios reflect the actual works performed as part of the implementation of the 

connection infrastructure.  

Before the computation phase, a wide variety of cable-insertion technologies were investigated. For 

variants of calculations carried out on the numerical model, three technologies were adopted ς hydro 

jetting, non-displacement ploughing, and displacement ploughing technology. 

In the first two methods, the excavation is carried out simultaneously with the laying of the cable. The 

ŦƛǊǎǘ ƳŜǘƘƻŘΣ ŎŀƭƭŜŘ άƧŜǘǘƛƴƎέΣ ǳǎŜǎ ǘƘŜ ŜƴŜǊƎȅ ƻŦ Ƴǳƭǘƛ-point water jets to make the soil to hydrated or 

liquefied. It is currently the most widely used method. In this method, out of the three mentioned 

above, the highest percentage of fine fractions turns into suspended solids. The second method, 

assessed in the literature as the least invasive, i.e. the non-displacement ploughing, causes the smallest 

volume of agitated soil per cable length, with the lowest percentage of fine fractions turning into 

suspended solids. The plough works by creating a furrow in marine sediments and sinking the cable 

into it, with the immediate natural covering of the cable with these sediments. This method re-

suspends slight amounts of sediments. The third method differs from the previous ones in that the 

excavation is carried out during a pre-lay run, i.e before the cable is laid. In this method, the largest 

volume of soil per unit length of the cable is moved, but with a smaller percentage of the finest 

fractions becoming suspended. The ploughing method is used in sandy, silty and even soft clayey soils, 

while it is much less effective (often impossible to apply) in the case of cohesive soils in a compact 

state, especially if the level of cable insertion is significant. All the above-considered methods of 

inserting the cable into the seabed generate suspended solids in the water column to varying degrees. 

In the adopted calculation scenarios, the jetting method and the ploughing methods were modelled.  

Another factor influencing the level of the suspended solids in the water column is the speed of the 

device which inserts the cable into the seabed. Different speeds of the insertion operation will be 

associated with a significantly different load of soil material becoming suspended at a given time. In 

numerical simulations, two operating speeds of the cable inserting equipment were assumed:  

р ƪƳϊŘΦ-1 (~210 ƳϊƘ-1) and 8 ƪƳϊŘΦ-1 (~340 ƳϊƘ-1), to estimate the impact of this factor on the level of 

disturbance to the marine environment. Due to the ground conditions and the cable embedding 

technology, the literature indicates both lower and higher speeds than those adopted for the 

calculations (see: DǼƴǘŜǊΣ нллнΤ wŜŀŎƘ, 2007), as well as technical materials from the Global Marine 

System, X Subsea and others). For the speeds assumed, the time of cable embedding along the route 

of approx. 90 km will be, respectively, 18 and 12 days of undisturbed work. The speed of movement of 

the equipment during the works related to clearing the seabed of stones was assumed to be slightly 

higher than 10 ƪƳϊŘΦ-1 (~450 ƳϊƘ-1), while for the works related to the excavations, the time needed to 

perform the task was determined based on the following assumptions: 
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¶ excavation in the area of the drilling exit point ς 2 days; 

¶ excavation with a suction hopper dredger in the aggregate sampling zone ς 8 days; 

¶ excavation with a mechanical backhoe dredger in the aggregate sampling zone ς 10 days;  

¶ excavation with a dredger in the zone of crossing with a navigation route ς 30 days (this 
option is considered alternatively (may apply to sections) in the event that traditional 
methods of cable insertion will not be applicable due to specific soil conditions. 

The calculation scenario assumes the time, place and weight of each load of suspended mater 

introduced into the water column in a continuous form so that the simulation reflects the operation 

of a cable inserting device/dredger. Depending on the technology adopted, various ground volumes 

get disturbed/moved. On the entire route of the Baltica OWF CI, as part of the scenario 

implementation, a cable laying depth of 3.0 m was assumed. An exception was also taken into account, 

in which cable lines at the point of a crossing with the areas containing aggregate resources /sediments 

for artificial shore supply must be inserted to a greater depth, up to a maximum of 6 m. It was assumed 

that obtaining such a level of embedment could be achieved in two stages. In the first one, the dredger 

makes a trench of 3.0 m in depth, with a cross-sectional size that allows for the cable inserting device 

to be placed in it. In the second stage, the cable is inserted another 3.0 m into the seabed. The 

geometrical parameters of the soil moved in the course of the specified underwater works included in 

the numerical modelling are presented at the beginning of this section. For the purposes of 

determining the dispersion method of the suspended solids and quantitative estimation of the 

disturbance of the marine environment with underwater works related to the implementation of the 

Baltica OWF CI, numerical models were built to allow for the simulation of individual operations 

including the adopted technologies. The full scope of the implemented calculation scenarios is 

presented below: 

¶ Execution of excavations at the drilling exit points for each cable in the coastal zone, taking 
into account the technology of work implementation:  

- type of dredger used: trailing suction hopper dredger (TSHD) and backhoe dredger 
(BHD), 

- in the APV ς 9 cable lines and in the RAV ς 11 cable lines.  

¶ Initial boulder clearance along the route of the cable lines in the place of boulder occurrence 
(approx. 61% of the route length). 

¶ Execution of excavations in the area intended for the collection of aggregates for the 
protection of sea shores, taking into account: 

- type of dredger used: trailing suction hopper dredger (TSHD) and backhoe dredger 
(BHD). 

¶ Installation of power cables, taking into account the adopted technologies and locations: 

- cable insertion method: jetting, non-displacement ploughing, 

- two speeds of work;  

- OWF Baltica B-2 cable lines, OWF Baltica B-3 cable lines (jetting). 

¶ pre-lay trenching (the displacement ploughing method) in the places where the cable laying 
technology is used, in the prepared trench, taking into account: 

- two speeds of work. 

¶ Making of cable-laying trenches with a dredger in the navigation route area, assuming 
a technology that is more intrusive to the marine environment (worst-case scenario method).  

Scenarios for the cumulated impact:  

¶ Works carried out simultaneously in the area of aggregate dredging: a.) excavation on one 
cable line with a dredger, b.) execution of the excavation using the ploughing method on 
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another line, c.) backfilling work on the next line. The distances between the vessels involved 
in the tasks exceed 500 m. 

¶ Works carried out simultaneously in the Baltica OWF area: a.) sinking the export cable by 
jetting in the area of B-2, b.) seabed clearing of stones and boulders on the interlink route in 
the area of B-2, c.) installation of cables connecting wind farms in the area of B-3. The 
distances between the planned sampling stations exceed 500 m. 

¶ Works carried out in parallel in the Baltica OWF area and in the area of Baltica III OWF area: 
a.) deepening of the export cable by milling on the line connecting areas Baltica OWF B-3 and 
B-2, b.) levelling and replacement of the soil for a gravity support structure in the Baltica III 
OWF field. 

¶ Assessment of the level of parameters of the marine environment disturbance at the Baltic 
Power CI and BC-Wind CI locations caused by the excavation works in the drilling zone in the 
area of Baltica OWF CI. 

The figure below (Figure 3.16) shows examples of the devices used: for the jet trenching tool, using 

high water pressure (method 1), and the device used in the ploughing method (method 2). 

(A)  (B) 

  
Jet trenching tool Plough 

Figure 3.16. Equipment for submerging submarine cables in the jetting method (A) [ETA, Ltd.], in the ploughing 

method (B) (Source: 4AllPorts) 

3.4 Numerical model verification  
After performing numerical simulations using the local MIKE model (in which the data obtained from 

the regional, HIROMB and WAM models were applied as boundary and forcing conditions), the results 

of these simulations were compared with the actual data obtained from measurements during the 

annual monitoring. The study used the measurements recorded at the PM_1 station with the 

ŎƻƻǊŘƛƴŀǘŜǎ рпϲрлΩлΦлрέ bΣ мтϲрмΩмлΦтуέ 9Φ ¢ƘŜ ǇǳǊǇƻǎŜ ƻŦ ǘƘƛǎ ŎƻƳǇŀǊƛǎƻƴ ǿŀǎ ǘƻ ǾŜǊƛŦȅ ǘƘŜ 

constructed model and its possible calibration.  

A set of comparisons of the results of numerical calculations and measurement data is presented 

below. The figure below (Figure 3.17) shows the time series of sea-level changes recorded at the PM_1 

measurement station for the period corresponding to the calculation period in the model, compared 

with the analogous time series calculated with the model at the same point. Changes in sea levels 

affect changes in the speed field of currents. Compatibility analysis was performed using the cross-

correlation function. As a result of this analysis, the maximum value of the correlation function was 
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obtained at the level of 0.98, which proves an almost complete correlation of the values studied (Figure 

3.18).  

The water levels calculated in the model very well reflect the changes recorded on the measuring 

device. 

 

Figure 3.17. Comparison of short-term changes in sea levels in time (28.08.2016ς30.09.2016) between the 

results of the calculations from the MIKE model and the measurement data (PM_1 measuring 

station) [Source: internal data] 

 

Figure 3.18. Cross-correlation function between the sea levels measured with the AWAC profiler (blue) and 

those calculated with the MIKE 21 model (red) at station PM_1 [Source: internal data] 

The figure below (Figure 3.19) shows a comparison of the characteristics of the velocity vectors of 

currents (in the sense of two-dimensional variables ς speed and direction) at the AWAC device 

deployment point. The signal compliance level was assessed as good both in terms of the speed of the 

currents and their directions.  
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Figure 3.19. Comparison of sea current parameters (speed, direction) measured with the AWAC current 

profiler and calculated in the MIKE 21 model for the simulation period 28.08.2016ς30.09.2016 at 

station PM_1 [Source: internal data] 

The figure below (Figure 3.20) additionally contains information obtained from the analysis of the 

cross-correlation of both studied waveforms. The maximum of the cross-correlation function takes the 

values of 0.50 for the current speed and 0.52 for the directions, respectively. However, given that the 

comparison concerned the zone of a limited sea depth, where it is extremely difficult to correctly 

determine the shear stresses on the seabed, the obtained conformances should be considered fully 

acceptable with regard to both parameters. 

 

Figure 3.20. Comparison of the current speed waveforms measured with the AWAC current profiler (blue) and 

calculated in the MIKE 21 model (red) for the simulation period at station PM_1 [Source: internal 

data] 

The last quantity used to verify the numerical model was wind-generated wave motion, in particular 

the waveforms of significant wave height changeability for the period of numerical simulation. 

Although moderate wave motion has a slight impact on the way the suspension spreads in the marine 

environment, it is a value that contributes to the verification (validation) of the numerical model to 

a very good extent. The figure below (Figure 3.21) presents the time series of changes in the significant 

wave height recorded at measurement station PM_1 (blue) with the use of the AWAC profiler for the 

calculation period and the result of the calculations with the MIKE 21 model (red) at the same point. 

In addition, the figure shows a graph of the cross-correlation function of both studied waveforms. The 

maximum of the correlation function is 0.85, which proves a very good correlation of the studied 

values.  
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Figure 3.21. Comparison of waveforms of significant wave heights (HS): measured with the AWAC current 

profiler (blue) and calculated in the MIKE 21 model (red) during the simulation period 28.08.2016ς

30.09.2016 at station PM_1 [Source: internal data] 

4 Calculation results 

4.1 Data development methodology  
The calculation results obtained from the numerical model for each of the adopted scenarios are full 

simulations presenting two-month periods with 0.5-h time step. The analysis proposes a method of 

comparing the results in such a way that they are unambiguous and allow the comparison of important 

criteria with each other. For each of the scenarios, the moments for which the impact of the suspended 

solids on the environment is the highest were selected in the results presented graphically. Since the 

works related to the construction of the connection infrastructure are carried out in various ground 

conditions, the presented simulation snapshots describe the types of soils (non-cohesive or cohesive) 

that illustrated maximum (spatially) disturbances of the environment caused by suspended solids are 

related to. The first is soil with a vast majority of the sandy fraction, and the second is the cohesive 

fraction. To present the above-defined moments of underwater works more clearly, the basic drawings 

showing the distribution of the averaged concentrations of suspended solids both in the area of the 

entire model and in an enlarged view are shown together with the main forcing factors (sea current 

distribution and wind parameters). All the above representations show the instantaneous results of 

the simulation and provide the basis for estimating the range of impact of suspended solids and their 

concentration value. 

The resulting drawings are of a different nature: they show the thickness of the sediment layer formed 

in the re-sedimentation process as a result of the defined underwater works, the duration of exceeding 

the specified suspension concentration threshold and the maximum value of the suspended solids 

concentration at each point of the adopted calculation area. The thickness of the sediment layer 

represents the state after the simulation of the studied type of underwater works is completed, but it 

should be emphasised that this does not apply to a stabilised situation. Each exceedance of the critical, 

erosive shear stresses in sediments caused by currents and sea waves in the re-suspension process will 

reconfigure this system, leading to a reduction in the determined thickness and redistribution of 

sediments. A situation of this kind corresponds to the natural phenomena that occur during storms. 

On the other hand, the drawings showing the duration of the exceedance of the assumed suspension 

concentration threshold and the maximum concentration of suspended solids do not relate to 

a specific moment but are maps showing the distribution of these values at each point of the grid 

during the full simulation. Maps constructed in this way are a useful tool for assessing the 

environmental disturbance caused by embedment of power cables. This assessment concerns several 
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aspects: exceeding the defined concentrations of suspended solids, the areal (spatial) range and the 

duration of the disturbance. 

The concentration levels of the suspended solids caused by the works related to the construction of 

the CI must be related to the levels found in the natural environment. During the hydrometeorological 

monitoring (see: Appendix 1 ς Inventory Report), water turbidity was measured with optical turbidity 

sensors (Optical Backscatter Sensor) at stations MFW11 and MFW21 located in offshore wind farm 

areas, at depths of 47 and 35 m, respectively. Monitoring results for these stations in optical units NTU 

(nephelometric turbidity unit) are shown in the following figures (Figure 4.1 and Figure 4.2) and the 

table (Table 4.1). They show that under natural conditions (during the storm apogee and in the phase 

of its disappearance), the measured levels of water turbidity may exceed the mean turbidity levels in 

these locations by about 20 to over 40 times. In addition, water samples were taken periodically (under 

calm conditions) as part of the monitoring. The conclusion from the observatioƴ ǿŀǎ ǘƘŀǘ άƛƴ ǘƘŜ 

shallower coastal waters of the CI Area, slightly higher average concentrations of suspended solids 

(2.8ςпΦн ƳƎϊƭ-1ύ ǿŜǊŜ ƻōǎŜǊǾŜŘ ƛƴ !ǳƎǳǎǘ нлмс ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǘƘŜ h²C !ǊŜŀέΦ ¢ƘŜ ŀōƻǾŜ ŎƻƴŎƭǳǎƛƻƴ 

applies to the period of calm, however, it can also be concluded that during storms in the re-suspension 

process, greater concentrations of suspension will arise at shallower depths, where the shear stresses 

due to higher near-seabed velocities will reach greater values. The results of the conducted research 

do not give an unambiguous answer regarding the extreme concentrations of suspended solids under 

strong dynamic excitations (storms), however, they allow us to estimate these concentrations at over 

40 times higher than the average values. In the literature (Jenner et al. 2013), the results of 

measurements of suspended solids concentration were presented, concerning natural (stormy) 

conditions, but related to tidal seas. For sea areas with depths of up to 16 m, concentrations of up to 

250 ƳƎϊƭ-1were measured, while in shallower areas of up to 10 m in depth, concentrations were up to 

рлл ƳƎϊƭ-1. 

 
Figure 4.1. Water turbidity at measurement point MFW11 in the period from 14 April 2016 to 30 April 2017 

[Source: internal data]  
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Figure 4.2. Water turbidity at measurement point MFW21 in the period from 14 April 2016 to 30 April 2017 

[Source: internal data]  

Table 4.1. The mean, minimum and maximum values of water turbidity in the near-seabed layer obtained 

from the continuous measurements at measurement stations MFW11 and MFW21 [Source: 

internal data] 

Name of the measurement point 
Value [NTU] 

Mean Min. Max. 

MFW11 0.89 0.49 39.32 

MFW21 0.68 0.14 21.48 

In accordance with the diagram adopted in the Introduction, several levels of suspended solids 

concentrations were adopted, which were used when interpreting the results obtained from the 

calculations performed on the numerical model: 

¶ п ƳƎϊƭ-1 ς this is the background of the suspended solids recorded under normal conditions 
in the environment; 

¶ мл ƳƎϊƭ-1 ς concentration insignificant for the environment; 

¶ ол ƳƎϊƭ-1 ς the most frequent level of suspended solids according to the best practices 
developed in Denmark and Germany, considered acceptable for both breeding and 
recreational areas with the condition not to exceed 90% of the time; 

¶ млл ƳƎϊƭ-1 ς the level of visible turbidity of the water (however, higher concentrations may 
occur in stormy and post-storm periods). 

The main aim of the performed calculations was to show the results for the works and the methods 

causing the greatest disturbances associated with suspended solids, in accordance with the principle 

of the worst-case scenarios for the environment. For selected underwater works and cable insertion 

methods, the results of calculations of the averaged suspension concentration value in the area of the 

entire model are graphically presented, in defined time steps, in the form of the following 

comparisons: 
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¶ waveform charts of wind speed and direction changes over time, above the sea area (the black, 
vertical line represents the simulation moment presented simultaneously on the current field 
maps and the suspended solids concentration map); 

¶ current circulation map in the cable insertion modelling area (directions and averaged speeds); 

¶ a map of the suspended solids dispersion with an enlarged image of the area under 
consideration (or its most important fragment). 

The defined time step illustrates the momentary extreme situation and may concern:  

¶ t1 ς of the moment of maximum dispersion of the suspension cloud during the performance 
of works on the section of the seabed with a definite predominance of the non-cohesive 
fraction; 

¶ t2 ς the moment of maximum spread of the suspension cloud during the performance of 
works on the section of the seabed with the predominance of cohesive fraction; 

¶ t3 ς of the moment of maximum spread of the suspension cloud caused by several types of 
work carried out at the same time (cumulative effects). Cumulative effects of suspended 
solids are analysed in specific places for which the type of soil has been determined from 
geophysical exploration and entered into the model. 

Another presented calculation result presented in the form of a map is the thickness of the sediment 

layer consisting of the finest fractions of soils in the process of sedimentation during the 

implementation of specific works on the seabed. The figures show the distribution and thickness of 

the seabed sediment layer formed after the entire operation under study (excavation, seabed clearing, 

cable insertion, etc.). It should be emphasised that sediments consisting of sands and coarser fractions, 

which will always be deposited in the immediate vicinity of the buried cable, are not taken into account 

here and are not transported in suspended form.  

The next graphic representation included in the presented results is the maximum concentration of 

the suspended solids at each point of the assumed calculation area. As mentioned earlier, the maps 

do not show a specific moment, but they are an envelope of the concentration values for the full 

duration of the simulation.  

The last result of the simulation, also presented in the form of a map, for specific types of work is the 

duration of exceeding a specific concentration threshold for suspended solids at each point of the 

adopted calculation area. The adopted concentration threshold presented on the discussed maps for 

ŜŀŎƘ ƻŦ ǘƘŜ ǎŎŜƴŀǊƛƻǎ ƛǎ ол ƳƎϊƭ-1. It is the most frequently presented threshold in foreign studies, 

related to the best practices applied in countries such as Denmark and Germany (Becke, 2019; 

{ǳǎǇŜƴǎƛƻƴ ƳƻŘŜƭƭƛƴƎ ǿƻǊƪǎƘƻǇ IǄǊǎƘƻƭƳ ƛƴ 5ŜƴƳŀǊƪΣ нлмрύΦ ¢ƘŜ ǘƘǊŜǎƘƻƭŘǎ ŦƻǊ ǘƘŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴ 

and thickness of sediments analysed in the environmental impact assessment reports are defined by 

biologists, ecologists and ichthyologists depending on the field under consideration. In the case of 

stationary or almost stationary dredging works (excavations in the drilling zone, work with a BHD), the 

time disturbance parameter is defined as the time the suspended solids remain in the water after the 

equipment stops working. 
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4.2 Calculations 

4.2.1 Excavations at the directed drilling exit points 

a.) The technology of performing work using a trailing suction hopper dredger (TSHD), in the APV 
with the assumed number of 9 cable lines, works carried out in non-cohesive soil.  

The presented calculation results correspond to the simulation moment t1 (described in section 4) 

(Figure 4.3ύΦ !ǘ ǘƛƳŜ ǘмΣ ǘƘŜ ǎǳǎǇŜƴǎƛƻƴ ŎƭƻǳŘ ǿƛǘƘ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ŀōƻǾŜ нл ƳƎϊƭ-1 spreads over 

a distance of approx. 0.5 km, and with concentrations above 4 ƳƎϊƭ-1 (i.e. background 

concentration) ς over approx. 2.8 km. The highest concentration value at a distance of 150 m from 

ǘƘŜ ǾŜǎǎŜƭ ǿƻǊƪǎƛǘŜ ƛǎ нн ƳƎϊƭ-1. 

The second figure (Figure 4.4) shows a map of the thickness distribution of the sediment layer 

formed in the sedimentation process after the simulation of excavations in the seabed is 

completed. The maximum thickness of the new sediment layer formed after all excavations have 

been made (over the assumed 150 m from the extreme excavation site) is 18 mm, while at 

a distance of 500 m it does not exceed 6 mm; the maximum range of sediment with a thickness 

>1 mm is 1.8 km.  

The third figure (Figure 4.5) shows a map of the maximum suspended solids concentrations at each 

point of the assumed calculation area during the entire simulation period. Temporary 

concentrations in places approx. 150 m from the site of extreme excavations, reach the value of 

80 ƳƎϊƭ-1, and at a distance of 500 m, they are 12 ƳƎϊƭ-1. In the majority of the area where the 

agitation appears, the concentration ranges frƻƳ п ǘƻ рл ƳƎϊƭ-1. In the coastal zone, where the 

longitudinal current plays a predominant role, the suspension moves in a direction parallel to the 

coastline. In each of the directions (west, east), the maximum range of suspended solids spread can 

occur and it depends on the environmental forces (wind, waves and currents). 

¢ƘŜ ƳŀȄƛƳǳƳ ǘƛƳŜ ǘƘŜ ǎǳǎǇŜƴŘŜŘ ǎƻƭƛŘǎ ǿƛǘƘ ŀ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ŜȄŎŜŜŘƛƴƎ п ƳƎϊƭ-1 remains in the 

marine environment after the completion of dredging works (referring to the generation source of 

the quasi-stationary suspended solids) in the discussed scenario is approx. 5ς6 hours. 
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Figure 4.3. The results of the simulation of trenching works under real hydrodynamic conditions in the time 

step t1 for the technology of work performance with a trailing suction hopper dredger (TSHD, 

APV- with 9 cable lines) [Source: internal data] 
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Figure 4.4. The results of the simulation of trenching works ς the distribution of the thickness of the sediment 

layer after the works ς for the technology of work performance with a trailing suction hopper 

dredger (TSHD, APV- with 9 cable lines) [Source: internal data] 

 

Figure 4.5. The results of the simulation of trenching works ς the maximum temporary value of the 

suspended solids concentration during the works ς the technology of work performance with 

a trailing suction hopper dredger (TSHD, APV- with 9 cable lines) [Source: internal data]. 
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b.) The technology of performing work with a backhoe dredger (BHD), in the APV with the 
assumed number of 9 cable lines, works carried out in non-cohesive soil.  

The presented calculation results correspond to the simulation moment t1 (Figure 4.6). At time t1, 

the suspension cloud with concentrations above ол ƳƎϊƭ-1 spreads over a distance of approx. 0.5 km, 

ŀƴŘ ǿƛǘƘ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ŀōƻǾŜ п ƳƎϊƭ-1 ς over approx. 5.8 km. The highest concentration value at 

a ŘƛǎǘŀƴŎŜ ƻŦ мрл Ƴ ŦǊƻƳ ǘƘŜ ǾŜǎǎŜƭ ǿƻǊƪǎƛǘŜ ƛǎ оу ƳƎϊƭ-1.  

The second figure (Figure 4.7) shows a map of the thickness distribution of the sediment layer 

formed in the sedimentation process after the simulation of excavations in the seabed is 

completed. The maximum thickness of the new sediment layer formed after all excavations have 

been made (over the assumed 150 m from the extreme excavation site) is 40 mm, while at 

a distance of 500 m it does not exceed 19 mm; the maximum range of sediment with a thickness 

>1 mm is 3.4 km.  

The third figure (Figure 4.8) shows a map of the maximum suspended solids concentrations at each 

point of the assumed calculation area during the entire simulation period. Temporary 

concentrations in places approx. 150 m from the site of extreme excavations, reach the value of 

145 ƳƎϊƭ-1, and at a distance of 500 m, they are 17 ƳƎϊƭ-1. In the majority of the area where the 

agitation appearsΣ ǘƘŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ǊŀƴƎŜǎ ŦǊƻƳ пп ǘƻ сл ƳƎϊƭ-1.  

In the discussed scenario, the maximum time the suspension with a concentration exceeding  

п ƳƎϊƭ-1 remains in the marine environment, is approx. 7ς8 hours after completion of the dredging 

works. 
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Figure 4.6. The results of the simulation of trenching works under real hydrodynamic conditions in the time 

step t1 for the technology of work performance with a backhoe dredger (BHD, APV -with 9 cable 

lines) [Source: internal data] 
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Figure 4.7. The results of the simulation of trenching works ς the the seabed sediment thickness distribution 

after the works ς for the technology of work performance with a backhoe dredger (BHD, APV - 

with 9 cable lines) [Source: internal data] 

 

Figure 4.8. The results of the simulation of trenching works ς the maximum temporary value of the 

suspended solids concentration during the work implementation along the entire route ς the 

technology of work performance with a trailing suction hopper dredger (TSHD, APV - with 9 cable 

lines) [Source: internal data] 
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c.) The technology of performing work using a trailing suction hopper dredger (TSHD), in the RAV 
with the assumed number of 11 cable lines, works carried out in non-cohesive soil.  

The presented calculation results correspond to the simulation moment t1 (Figure 4.9). At time t1, 

ǘƘŜ ǎǳǎǇŜƴǎƛƻƴ ŎƭƻǳŘ ǿƛǘƘ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ŀōƻǾŜ нл ƳƎϊƭ-1 spreads over a distance of approx. 0.6 km, 

ŀƴŘ ǿƛǘƘ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ŀōƻǾŜ п ƳƎϊƭ-1 ς over approx. 2.8 km. The highest concentration value at 

a ŘƛǎǘŀƴŎŜ ƻŦ мрл Ƴ ŦǊƻƳ ǘƘŜ ǾŜǎǎŜƭ ǿƻǊƪǎƛǘŜ ƛǎ но ƳƎϊƭ-1.  

The second figure (Figure 4.10) shows a map of the thickness distribution of the sediment layer 

formed in the sedimentation process after the simulation of excavations in the seabed is 

completed. The maximum thickness of the new sediment layer formed after all excavations have 

been made (over the assumed 150 m from the extreme excavation site) is 20 mm, while at 

a distance of 500 m it does not exceed 6 mm; the maximum range of sediment with a thickness 

>1 mm is 1.9 km.  

The third figure (Figure 4.11) shows a map of the maximum suspended solids concentrations at 

each point of the assumed calculation area during the entire simulation period. Temporary 

concentrations, locally approx. 150 m from the site of extreme excavations, reach the value of 

77 ƳƎϊƭ-1Σ ŀƴŘ ŀǘ ŀ ŘƛǎǘŀƴŎŜ ƻŦ рлл ƳΣ ǘƘŜȅ ǊŜŀŎƘ мф ƳƎϊƭ-1. In the majority of the area where the 

agitation appears, the concentratioƴ ǊŀƴƎŜǎ ŦǊƻƳ п ǘƻ пл ƳƎϊƭ-1.  

In the scenario discussed, the maximum time the suspension with a concentration exceeding  

4 ƳƎϊƭ-1 remains in the marine environment, is approx. 5ς6 hours after completion of the dredging 

works. 
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Figure 4.9. The results of the simulation of trenching works under real hydrodynamic conditions in the time 

step t1 for the technology of work performance with a trailing suction hopper dredger (TSHD, RAV 

- with 11 cable lines) [Source: internal data] 
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Figure 4.10. The results of the simulation of trenching works ς the distribution of the thickness of the sediment 

layer after the works ς for the technology of work performance with a trailing suction hopper 

dredger (TSHD, RAV - with 11 cable lines) [Source: internal data] 

 

Figure 4.11. The results of the simulation of trenching works ς the maximum temporary value of the 

suspended solids concentration during the works along the entire route ς the technology of work 

performance with a trailing suction hopper dredger (TSHD, RAV- with 11 cable lines) [Source: 

internal data]  
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d.) The technology of performing work with a backhoe dredger (BHD), in the RAV with the 
assumed number of 11 cable lines, works carried out in non-cohesive soil.  

The presented calculation results correspond to the simulation moment t1 (Figure 4.12). At time 

ǘмΣ ǘƘŜ ǎǳǎǇŜƴǎƛƻƴ ŎƭƻǳŘ ǿƛǘƘ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ŀōƻǾŜ ол ƳƎϊƭ-1 spreads over a distance of approx. 

лΦнр ƪƳΣ ŀƴŘ ǿƛǘƘ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ŀōƻǾŜ п ƳƎϊƭ-1 ς over approx. 5.9 km. The highest concentration 

value at a distance of 150 m ŦǊƻƳ ǘƘŜ ǾŜǎǎŜƭ ǿƻǊƪǎƛǘŜ ƛǎ ол ƳƎϊƭ-1.  

The second figure (Figure 4.13) shows a map of the thickness distribution of the sediment layer 

formed in the sedimentation process after the simulation of excavations in the seabed is 

completed. The maximum thickness of the new sediment layer formed after all excavations have 

been made (over the assumed 150 m from the extreme excavation site) is 47 mm, while at 

a distance of 500 m it does not exceed 19 mm; the maximum range of sediment with a thickness 

>1 mm is 3.4 km.  

The third figure (Figure 4.14) shows a map of the maximum suspended solids concentrations at 

each point of the assumed calculation area during the entire simulation period. Temporary 

concentrations, locally approx. 150 m from the site of extreme excavations, reach the value of 

148 ƳƎϊƭ-1, and at a distance of 500 m, they reach 37 ƳƎϊƭ-1. In the majority of the area where the 

agitation appears, the concentration ranges from 4п ǘƻ сл ƳƎϊƭ-1.  

In the scenario discussed, the maximum time the suspension with a concentration exceeding  

п ƳƎϊƭ-1 remains in the marine environment, is approx. 7ς8 hours after completion of the dredging 

works. 
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Figure 4.12. The results of the simulation of trenching works under real hydrodynamic conditions in the time 

step t1 for the technology of work performance with a backhoe dredger (BHD, 11 cable lines) 

[Source: internal data] 














































































































































































































