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Abbreviations and definitions

APV
AWAC

Baltica OWF CI Area

BHD

DHI
Forcing
HD
HIROMB
JTU
MBES
MT
OWF

PMSP

RAV
SW

The Investor

TSHD
UM
UMPL

Variantproposed bythe Applicant

Acoustic Wave and Current (Profiler) by Nortek

The area of the planned connection infrastructure of the BalfiGand Baltice8 OWFs
Backhoe dredger

Danish Hydraulic Institute

Forcing (impact) applied in numerical models

The hydrodynamic module of the Mike model
HighResolution Operational Model for the Baltic Sea
Jackson Turbidity Unit

Multi-beam echesounder

Mud Transport module of the MIKE model

Offshore wind farm

The Polish Maritime Spatial Plan adopted under the Regulation of the Council of Ministe
14 April 2021on the adoption of the Maritime Spatial Plan for the Internal Sea Waters,
Territorial Sea, and Exclusive Economic Zone at a scale of0D@@urnd of Laws 2021,
item 935)

Rational alternative variant
Spectral wave module of the Mike model

Elektrownia Wiatrowa Baltica sp. z 0.0. (the Balti€aWind Farm LLC) and Elektrownia
Wiatrowa Baltica3 sp. z 0.o(the Baltica3 Wind Farm LLC)

Trailer Suction Hopper Dredger
Unified Modelg a numerical model of the atmosphere used for weather forecast

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

This report has been prepared on commission of the BaRiwdind Farm LLEIektrownia Wiatrowa
Baltica2 sp. z 0.9.and Baltica8 Wind Farm LLEIektrownia Wiatrowa Baltic8 sp. z 0.9.with the
registered office in Warsaw. The goal oéttreport 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 and B3). 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 B3 OWFs. It concerns the entire Connectinfrdstructure (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 (ecavation 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 theeddab both assumed
speeds of the cablaying 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
OWEF CI), most of ehunderwater 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:

i excavations at the directed drilling exits;

1 preliminary cleaance of stones and boulders from the seabed;

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

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

1 prelay grapnel runs along theable embedihg routes in places with identified objects
preventing the laying of power cables;

1 pre-lay ploughing of trenches for cable laying;

1 laying and embedding power cables;

1 necessary backfilling works in the areas of the excavations.

Twovariants of the Baltica OWF Cl are considered, which differ in relation to the number of cable lines,
while the Baltica OWF ClI corridor has the same route in both solutions. These variants are, respectively,
the variant proposed by the Applicant (APV) &mel rational alternative variant (RAV).

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

1 analysis of hydrological and hydrodynamics conditions;

1 preliminary analysis of soil conditions in the area of the planned cahlée 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.

= =4 =4 =4 -8 =9
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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 preent 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 modea8inften 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 BalOWF ClI, related to the
generation of suspended solids in the marine environment. A wide range of works is being considered,
fromthe pre-lay clearing of the seabed in the boulder areas, through making excavations with dredgers
on the Cl route, properling and embedding of power cables in the seabed, up to backfilling works.
The primaily studied phenomenon is the process of spreading-fireened sediments suspended in

the water depth. Important from the point of view of assessment are both the vaiitiee 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 intére 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 asn the size of the cmputation 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 solidsdannection 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 ohdatds.f

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 environmerd atuch 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
constructon 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,-gemérated wave
motion as well as the speed addections of sea currents were used to verify the numerical model.

The basic issue surveyed was the process of dispersion efrfiiveed sediments suspended in the
water depth; they are crucial both in terms of the assessment of suspended solids taticenas

well as its range. Another important aspect is the assessment of the suspendedsadidsentation

impact on the benthic habitats and benthic fauna. While creating models, various meteorological and
hydrological conditions which map the actualpact 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 consideredhguring
simulations. A slight underestimation of the calculated current velocities in the numerical model
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concerningthe valuesmeasuredn situ, as a result, the values of the suspended solids concentration
and the thickness of the newfprmed sediment layemay 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. Thesed, several concentration thresholds were selected
and used in the interpretation of the results obtained in the calculations according to the following
scheme:

1 n YR thik is the background of the suspended solids recorded under normal conditions

in the environment;

M n  Ycontentration insignificant for the environment;

on ¥Ydathd most frequent level of suspended solids according to the best practices

developed in Denmark and Germany, considered acceptable for both breeding and

recreationalareas with the condition not to exceed 90% of the time;

T mnn e level of visible turbidity of the water (however, higher concentrations may
occur in stormy and posgtorm periods).

T
1

In the numerical modelling developed, a t@anensional model byhe Danish Hydraulic Institute
(DHI 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 patial 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
gAGK | 02y O0Sy i NI ti(thig goncéhitafioh SdRdsyoRds o the'rturkl 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 ircalkad corridor thus forming
aconnection infrastructure (Cl) 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 additiothe OWF area, connections between
energy stations will be made,i.e. the-6bl f f SR aLYUGSNIAylaeéd ¢KS (201 ¢
variants is 62 km. The cable laying technology s identical to the technology of layirgriatecables

of the canection infrastructureThe source of the resulting suspended solids is the anthropogenic
effect associated with the underwater works mentioned in Section 2 along the ClI route, which consists
of the internal area (within the boundaries of the wind farmeliiding interlinks) and the external area
(outside the boundaries of the farms). The model survey area includes the Cl area with an extension
to the sea areas where the suspended solids concentration exceeds the natural background value.
Landwards, the Btica 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 brateheisg 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 aas#st
scenario in terms ofhe amount of agitated suspended solids. The external sectioncgrningthe

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 marmdepth of 3.0 m below the
current seabed level (depending on the identified ground conditions and the level of risk of
their damage);

- I aSOlAz2y LI aairayad GKNRdAAK GKS FNBIF 2F LINRa&aLISC
section, where the cablesan be embedded to a depth of 6.0 m below the current seabed
level. This area was indicated in the PMSP asasei® 34.628.C, with the implementation of
technical infrastructure limited to methods that do not affect the sand accumulations
intended for artficial 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 cableinsertion 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 insittee Baltica OWF area and provitlee connection with
offshore power stations within the Baltica OWF area.

Cable connections between power stations, thecatied interlinks, with a total length of 62 km, are
maximally immersed into the seabed to a depth3m 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 concenti@iiocrease during the
cablelaying.

The longest export cable in the internal areas of offshore wind farms leads to the power station on the
Baltica OWF ®). Within the wind farm areas, the cables of the Baltica OWF CI will be sunk to
amaximum depth of approx. 3 m. Greater cabledrtion 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 cdculation of the secalled worstcase 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 relatmthe planned spatial development of
Polish marine areas, is shown in the figure belbigyre2.1).

Based on the assumptions, it is planned to build up to nine ofésbable 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 threeore subsea cable. At the boundary of the Baltica OWF, there will also be cables
connecting dfshore power stations, i.e. the smalled 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 app@@r2from each other.
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Figure2.1. The location of the BalticaBand B3 OWF Connection Infrastructure area [Source: internal data
based on the PMSP (2021)]

3 Survey methodology

3.1 Numerical model

The numertal calculations were carried out using a licensed, Danish software pabkikde 21
Coupled Model FM 2020 his computational package has been developed at the Danish Hydraulic
Institute (DHI) over many years to calculate water flows, wave motion, antheadiransfer within

the coastal zone as well as in the open sea. Thepledversion 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.d-ambln et al,, 2009; Burchartket 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:

1 hydrodynamic module (HD);
1 spectral wave module (SW);
1 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 aféss module allows the following
hydraulic effects to be taken into account in the calculations (MIKE 21/3, 2020):
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9 friction at the wategseabed boundary (seabed roughness) and wgtnosphere boundary
(impact of the wind);

9 discontinuities in the form ofources and releases;

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

1 radiating strains caused by wave motion.

The spectral wave module (SW) calculates the field parameters of waves (height and periodls as we
as directions) generated by the wind, with the direction and speed changing in time. In the case of
moderate wave motion, the impact of waareduced currents is not very significant, however, keeping

to the assumption to represent the environmental catnwhs most reliaby, 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 waks can only be performed with moderate waves, limited to a heighis8fL..5 m. Therefore,

the maximum height of the significant wa¥& = 1.5 m was assumed in the numerical calculations
conducted to assess the impact of wave motion on

The mud transporMT) 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 amnist these sediments with

sand, with fine fractions prevailing, and cohesion is a significant feature that characterises such
amixture (MIKE 21/3, 2020).

The following was taken into account in the simulations run:

1 sea currentg as the main factor foiinog suspended solids movement in the water depth;

1 wind-generated wave motiom as a factor that slightly modifies the dispersion of suspended
solids;

1 the process of sedimentation due to the physical structure of sediments: settling of single
particles andsettling 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 ofthe atmosphere and water reservoir, the impact of wigeherated 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 conditierg Gpreading of suspension
caused by underwater works) forg2 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 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 suspensin formed as a result of driving power cables were carried out on a model consisting of
89641 elements and 6346 nodes. The constructed model reflects the method of laying/embedding

the OWF Baltica connection infrastructure in the seabed and underwabeksnaccompanying 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 RAYV, is the same; these
variants are differentiated by the maximunumber 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 cablésshown in the figure belowHigure3.1). When generating

the computational grids, it was assumed that the size of a single element does not exceed
5000000m?, and in the area of the power cable route, the grid veasmpacted in several spatial
sequences, from 300 000 to approx. 50000f 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 derivedm measurements carried out by the consortium of the Maritime
Institute of the Gdynia Maritime University and MEWO S.A. In the remaining areaydateeld by

the Maritime Institute of the GMUTo buildthe 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 belowigure3.1).

[m]
840000

835000
830000
825000
820000
815000
810000

805000

770000
765000
760000
755000

750000

(1] [ LEERE

745000

350000 360000 370000 380000 390000 400000 410000 420000 430000 440000 450000 460000
[m]

1899-12-30 0:00:00 Time Step 0 of 0.

Figure3.1. The dscretisation of the calculation area using a mesh of triangular and quadrilateral elements
of the Flexible MESHpe, 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 necessagoiat 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 meas\gistations, on the external section of the connection
infrastructure in the coastal zone. Measurements were also carried out in the Baltican® B3 OWF
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areas. However, building a model requires conditions on all its open boundarieki(gge3.1). 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 (sppeAdix 1¢ 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 resultsndditusurveys carried out in the area for which the
numericalmodel 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 maifiactor 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 waterléafels. For the Baltic

Sea, parameters such as the variability of the water table level and the current field system during the
measurement period were calculategerationallyby the HIROMB regional hydrodynamic model, the

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

60/ AST £ A1 A S A-Buerpel, YUR5). Thesdf nfodels have been verified repeatedly, which

LINE S& K2g LINF OGAOITf & dza$sS Fd#&SNIKSRS | iNBave) IRt I LUt MBS
results from theBaltic Sea Wave Analysis And Fore¥a®tR St | G | NBaz2f dziAz2y 27F H
available under the Copernicus Program in operational nfool® 4 May 2019 to the current date,

and from theBaltic Sea Wave Hindcastodel, 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 carriedt as part of the annual hydrological

monitoring for the Baltica OWF Cl. The PM_1 measuring station was located at the coordinates
pncpnQn®npé b MTcpMOQMADPTYE 9@ ¢KS O2YLI NRAazy 27
point for the entiremeasurement period is shown in the figure beldwigure3.2). In the vast majority

of cases, the parameters of sea currents calculated in the models are charactsrigédvizer level of

compliance with the valuesmeasuredn sity especially in coastal areas (water depth at the location

2F GKS taym K F mMp Y adldAz2yaod ¢KS O2YLI NRaz2y 2
occurring at a greater deptbf approx. 25 m in the area tfie MEW12 measuring station located on

the southern boundary of the Balti€aOffshore Wind Farm is shown in the figure bel&wg(re3.2).

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 statiBM_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 belowF{gure3.4). It should be noted that the pressure measured with the
AWAC sensor, defining the water depth above it, requires a correction to take intumicthe
variability of atmospheric pressure in the measurement period.
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Figure3.2. Sea current parameters (velocity, direction) measured with the AWAC profiler and results from

the HIROMB regional mobéor the period from April 2016 to April 2017 at station PM_1
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Figure3.3. Sea current velocities measured with the AWAC profiler and results from the HiRGibtl
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Figure3.4. Waveforms of water table level variability from the measurement conducted tisendWAC

current profiler (blue) and the result from the HIROMB regional model (orange) for the period
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The boundary condition implemented in the wave module of the local MIKBO2IEI are parameters
describing wave spectra withHour resolution, obtained from the WAM wave model. In this approach,
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wave motion is described by the following parameters: significant wave heighive peak period
Ty, the basic wave direction, including the wave spreading factor A comparison of the waveforms
of the significant wave heights 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 measuripgenqui

opncpnQnonpé

b X

MT CpPpMQMA ®T FigureR5). The first (bldepraptegedtS R A Y

the measurementandthe second (green) presents the tdtsobtained from the regional WAM model.
Additionally, the arrows in the figure show the directions of wave propagation.
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Figure3.5. Significant wave heights HS and directions of warepagation measured with the AWAC profiler

(blue) and results from the WAM regional model (green) for the period Aprik2@ti6 2017 at
stationPM 10 pncpnQnodnpée EbEI mTcpmMQmMandTyE

The crosgorrelation function was used for the comparisons and studfede similarity of the twe
time series. The crogmrrelation function shows the similarity of two discretme series x and g of

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

the crosscorrelation function of two random stationary processes with sample lengtksempressed

as:

A

% @

{

U

{

where:>,and>y ¢ the average values of the two random stationary processes analysed
asterisk (*)c the complex conjugate;

E¢ the value expecte.

The result of using the cros®rrelation 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
(Figure3.6). The maximum value of the cressrrelation function for the waveforms representing the
velocities of currentsKigure3.6) 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.

Analogus 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 maximaloe\of the crosgorrelation
function for the time series presenting fluctuations in sea levels was 0.97, which means practically full
correlation of the time courses studieBigure3.7).
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Figure3.6. Crosscorrelation function between the waveforms of the current parameters measured with the
AWAC profiler (blue) and those obtained from the HIROMB model (red) at $2Mioh station;
current velocity (top), current direction (bottom)
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Figure3.7. Crosscorrelation function between the time courses of water levels: measured with the AWAC

profiler (blue) andbtained 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 athe variability of the water table level indicating the levels of correlation from
good to practically full) allowed the use of tihesults from the HIROMB model on a regional scale
(Baltic Sea) in numerical simulations performed for the project. Time courses ‘\wighirlresolution

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
(Table3.1).

Table3.1.  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] O (- + w¥Yi
2016:08-30 00:00 -0.11 0.07 -0.1
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Date Water level [m] A (- + o¥i a
2016-08-30 01:00 -0.1 0.08 -0.12
201608-30 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
201608-30 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
201608-31 00:00 -0.1 0 0
201608-31 01:00 -0.09 0.02 0.02
2016-08-31 02:00 -0.09 0.04 0.03
201608-31 03:00 -0.08 0.07 0.02
201608-31 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
201608-31 07:00 -0.07 0.12 -0.08
201608-31 08:00 -0.11 0.07 -0.1
2016-08-31 09:00 -0.1 0.08 -0.12
201608-31 10:00 -0.09 0.07 -0.14
201608-31 11:00 -0.08 0.05 -0.14
201608-31 12:00 -0.06 0.02 -0.14
201608-31 13:00 -0.05 -0.01 -0.12
201608-31 14:00 -0.04 -0.03 -0.09
2016-08-31 15:00 -0.03 -0.05 -0.05
201608-31 16:00 -0.03 -0.04 -0.02
201608-31 17:00 -0.04 -0.02 0.01
201608-31 18:00 -0.05 0.01 0.03

*Positive component ¢ directed eastwards; positive component directed to the north

In the case of examining the similarity of time series regarding the significant wave heights obtained
from the measurements ding the monitoring and from the regional model WAtKere was obtained

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

of the studied quantitiesKigure3.8). 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 thassumption of the boundary condition at the model boundaries from
the results of the regional wave model WAM is correct.
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Figure3.8. The function of crossorrelation between the time courses of thgnificant 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 thesworks can be carried out with a significant wave height not exceeding the value

of k=M ®p Y& ! LIINPEAYI (Sféz (KA& YSIya (KIFIG WKS gAYy
Referring this assumption to the wave recording in the course of theamanitoring Figure3.5), it

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

to September, although the appearanc@¥ adzZFFAOASy Gt e f2y3 as6SIGKSI
underwater works to be carried out in other months cannot be ruled out.

In all the numerical simulations carried out, the influence of wivalle on the dispersion of the
suspended solids was taken indocount, 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
waveHsup to 1.5 m).

In this study, the results obtained in the Hydrometeorologhahitoring carried out for the Baltica
OWEF 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 dtermines the physical state of the mathematical model at the start of the
numerical simulatioro.

In the issues under consideration, the initial conditions are:

1 in the hydrodynamic module (HRQ}the spatial distribution of the water table level, tispeed
distribution of the current field;

T in the spectral wave module (S\Wjhe spatial distribution of wave motion;
1 in the mud transport module (M19 concentration of various fractions of suspended solids,
thickness and erosion parameters of all mohalgdrs of the seabed sediment.

In the simulations carried out, the water table level at titgdor 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 windwaveassumes peace on the entire surface of the sea area. The concentration of
various fractions of suspended solids, as unknown in the anass@reawas assumed to be zero.
The task analyses the increase and variability of the suspended solids coricentEatcess model),
disregarding the natural background concentrations, caused by a specific gdtiothis case, the
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implementation of underwater works generating suspended solids formation, related to the
construction of the Baltica OWF Connectiondsfructure.

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 fom of boundary conditions adopted in the model configuration. The impact of the

wind defined by timevarying velocities and directions is defined in the model as forcings. In the

Ot OdzAf A2y aOSylINAR2aAX Al Aa (btivEdimensianal aNdble f ¢ Ay
(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 bieiguré

390 Ly (GKAA LISNA2R>X GKSNBE 6SNB G(Gg2 adzNmMEe Ay oK
F'L23SS YR + R21 Sy 2N a2 S @3 Comparidgihe €inddy&des OA G A S &
from the regional model during the monitoring surveys with those from the same model for the multi

year period 20082021 Eigure3.10), it can be concluded thahe 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 belowi@ure3.9) meets the condition of a continuous, sufficiently

long period with light to moderate winds. Additionally, the winds in this period blow from different
directions Figure3.11). 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 tBaltic Sea indicate that the compliance

with the wind parameters was high.
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Figure3.9. The actual forcing condition in the MIKE model in the form of a time series of wind velocity
OK I y 3 §jayeltowreciangle) in relation to the time series representing the entire monitoring
period. Data obtained witthe use of the UMPL profiler
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Figure3.11.  Wind directions adopted for numerical simulations in the summer pédiegrees]

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

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

I NHzZ ST &dzOK I+ 062dzy RFNE A& GKS aSI windveloByirSlj dz £
the range 8. n ® 1. THi$ isiwhy 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 embgudglinear structues (cables, pipelines) in the
seabedareimportant 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 modellinghé key issue is to assume what percentage of the soil volume disturbed
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RdZNAY3 (GKS 62NJa INB FAYS FNIOGA2ya O0S&ALISOALT e
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 bekigufe3.12) and prepare a map of

surface sediments based on sonar dafig(re3.13). The area discussed is a fragment of the north

eastern slope ofth¢ OdzLJA1 . Fy{1 YR NHzya GKNRdzZAK GKS F NBI 2
of KP162.5 of the shoreline (according tiee 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 surveyraapa, a

of seabed surface pes 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 abeasiuenulative
platform, an area of relict hills of old tills modified by the glaciotectonidviigt 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 thetheea
plateaus of kame terraces. They cover the seabed from approx. 32.0 to approx. 38.0.rHes
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 ClI, the
seabed is an abrasivcumulative platformThe 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 differencescaf00r, up to
amaximum of 2.0 m. In this part of the Baltica OFW CI, there are also fragments of the seabed with
acharacter of anorainic 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 abrasiveaccumulative platform with fragents of the seabed presenting the character of an
accumulative platfornt, areas ofthe 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.cl3.0 to approx. 24€25.0 m b.s.l. In the
southern and central part of the shore slope, the seabed surface is at a depth of appra.31Q.t
19.0c20.0 m b.s.l. In the northern part, it gently leve from approx. 17€18.0 m to a depth of approx.
24.0¢25.0m. The shallowest part of the seabed on the Baltica OWF CI route is the sandbank zone. It
covers a strip othe sandy seabed of 12QQ@300 m in width, spreading from the shore into the sea, to

a depth of approx. 12.§13.0 m. Three sandbanks have developed in this area.

The recognition level of the seabed allothe formulation of the following characteristics of surface
sediments. Almost the entire seabed surface of the area analysed is coveheal digicontinuous layer

of fine- and mediumgrained sands. In places, accumulations of rgrdined sediments, boulder
clusters and cohesive sediment outcrops occur on the surface. The cohesive sediments are mainly
Pleistocene glacial tills and ioeargiral lacustrine deposits (Pleistocene/Holocene).

The fine and mediumgrained sands form firm covers with fi@r undulated in placg)surfaces. Sand
thickness in this area reaches several metres. Below the sandy sediments, there-arargoeal
lacustrire sediments as well as glacial and fluvioglacial sediments (mainly clay, sand and gravel) in
places. The presented map of surface sedimdriguie3.13) shows that onhie Baltica OWF ClI 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 accoiidg to the scheme belowF{gure3.13). 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 sails. If in the places of the established cohesive sediments, up to the cable
burial depth, thee will in fact be found sand layers, the number of fine soil fractions (smaller than
063>Y0 06SO02YAy3a NB&dzZALISYRSR Ay GKS gl SN O2f dzvy

calculations. This procedure meets the criterion of adopting the mosawmurable calculation
scenarios.
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Figure3.12.  Map of the seabed surface types in the survey area (Source: internal data)
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Figure3.13.  Map of surface sdthents (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 sare the cables by covering them with a stonemp 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 theeseedlated to the
embedding of the linear infrastructure is diverse. Coarser soil fractions, such as gravel and sand (coarse
and mediumgrained), despite becoming agitated during works, settle in a very shortrnizaethe
embedded structure. The smallesactions: silt and clay, as well as the smallest grains of,saag
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 conteaygfatticles, such as

tills or clays, will not become suspended under the impact of hjettong 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 lumpnd 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 ifdementation of this type of

work (Jenneet al, 2013; Lectsurowiecet al,, 2015) and information from the suspension modelling

g2N)] aK2L) 4G GKS 51 L Ay | DNERK2fYX (G(KS F2ft26Ay3 |
fractions of soil moving t@ suspension state depending on the type of soil and cable embedding
technology, as well as for other types of underwater works:

9 ground milling method (jetting):
- for noncohesive soils, the level of solids becoming suspended is 3% of disturbed soil;
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- for cohesive soails, 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);
1 method of ploughing without forced displacement:
- for noncohesive soils, thkevel of solids becoming suspended is 1.5% of disturbed soil;
- for cohesive soils, the level of solids becoming suspended is 2% of disturbed soil;
1 the prelay ploughing method with forced displacement:
- for non-cohesive soils, the level of solids becomingpanded is 2% of disturbed soil;
- for cohesive soils, the level of solids becoming suspended is 3% of disturbed soil;
9 pre-lay boulder clearance in the boulder areas:
- for non-cohesive soils, the level of solids becoming suspended is 3% of diskeoilied
- for cohesive soils, the level of solids becoming suspended is 5% of disturbed soil;
9 making trenches with a trailing suction hopper dredger (TSHD):
- in noncohesive soils, the level of solids becoming suspended is up to 3% (drags and
overflow system);
- in cohesive sails, the level of solids becoming suspended is up to 5% (drags and overflow
system);
1 making excavations with a backhoe dredger (BHD):
- in noncohesive soils, the level of solids becoming suspended is up to 4%;
- in cohesive soils, the level aflgls becoming suspended is up to 6%;
1 backfilling works, as for preeatment works and works performed with dredgers:
- in noncohesive soils, the level of solids becoming suspended is from 3% to 4%;
- in cohesive soails, the level of solids becoming susperglgdm 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 rsuspend the solids into the marine environment. It is difficaldetermine
apriori 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 BalticAMB CI project. The assumptions taking into account
the geometric parameters adopted in the calculations for the underwater works causing the
suspension are presented below:

1 making of excavations at the drilling exit points for each cable in the coasil Ramensions
assumed in the model: 50x10 mtime seabed, 5 m in depth, underwater slope inclination
1:5;

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

1 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 dgls on the dimensions of the area;

1 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;

1 making of excavations for cable laying, in places where dapieg technology is used in
previously prepared trenches. Assumed crssstion with an area of 6.8 in\~shaped,;

1 laying and insertion of power cables. Assumed csesions: 3.0 rhin the jetting method,

4.8 ntin the nondisplacemenploughing method;

1 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 vanmits of the CIl construction. The introduction of
acomputational reserve for the length of the cable route and the adoption of the longest of all cable
routes within the area okach 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 thecasest
scenarios for the environment. The results of the calculations of the abwrmioned volumes of the
disturbed soil with the division into OWFs Baltic2 Bnd B3 and interlinks between the power
stations, including all underwater works according to the waeste scenario method, are presented
below:

1  Connection infrastructure of the Baltica Offshore Wind Farr2)(BAPV); the maximum
length of the cableaute: 89 kmthe number of cable lines: 5; total volume of soil disturbed:
7093460 n;

1 Connection infrastructure of the Baltica Offshore Wind Fars3)(BAPV); the maximum
length of the cable route: 53 krthe number of cable lines: 4; total volume dafikdisturbed:
4020570 n;

1  Connection infrastructure of the Baltica Offshore Wind Farr2)(BRAV) the maximum
length of the cable route: 89 krthe number of cable lines: 6; total volume of soil disturbed:
8512152 n;

1 Connection infrastructure of #n Baltica Offshore Wind Farm-88 (RAVY, the maximum
length of the cable route: 53 krthe number of cable lines: 5; total volume of soil disturbed:
5030122 n;

1  Connectiorinfrastructure of the Baltica Offshore Wind Farm2BAPV and RAY)nterlinks
between the offshore substations; the maximum total length of the cable rout&n®ltotal
volume of soil disturbed: 34990 n¥;

1  Connectioninfrastructure of the Baltica Offshore Wind Farm3BAPV and RAY)nterlinks
between the offshore gbstations; the maximum total length of the cable route:k3i; total
volume of soil disturbed: 34990 n?.

Particular types of underwater works agitating the sediments are performed at considerable time
intervals. At the current stage of the Baltica OW8&jgct implementation, it is impossible to present a
d0KSRdzS F2NJ 0KS AYLX SYSyidlidAz2y 2F 62NJa Fa Ad
vessels, the assumed cable embedgdmethod, experience and the €0 ft t SR / 2y (i NI O 21
practices, a well as other possible external restrictions.

However, due to the proximity of the-Band B3 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 excavatiosiag 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 of2henB

B-3 areas): jetting of the export cable and clearing the seabed of stones and boulders along the interlink
route in the B2 area and installation of cables commtiag wind farms in the B area. To ensure safety,

the distance between the operation of vessels performing various operations cannot be less than
500m. When selecting the second scenario, the preparation for the foundation of the supporting
structure (gavity-based structure) was also considered interchangeably in tBeOBVF area, but the
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assumption regarding the arrangement 3 connections between WTGs during the day introduces
agreater load of suspended solids into the marine environment.

In addition, the possibility ofthe cumulative impact of suspended solids from works carried out
simultaneously within the framework of various investment projects but implemengsathy was also
considered. In the preliminary analysis, to select the situation thattha most negative impact on
the environment, the works carried out in the following neighbouring areas have been considered:

1 laying cables connecting the Baltica wind farm&)Bnd work in the ground for supporting
structuresin the OWF Baltic Il area

1 laying export cables on OWF Baltica (connection-?faad B3) and work in the ground for
ddzLILR2 NI Ay 3 adNHOGIINE Ay GKS . lFovdél LLL hz2zcC |

91 laying export cables on OWF Baltica (zone of entry of the external Cl into the farm area), and
work in the subsoif 2 NJ & dzLILI2 NI Ay 3 &G NHzOGdzNBa Ay GKS | NX
OWEFs.

In the first case, due to the choice of the methodtoé foundation of wind farms on monopiles, OWF
Baltic Il (the level of suspension generation by monopiles is negligitds) bt meet the criterion of

the worstcase 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 baeficial for the environment is the fact of carrying out the works on the seabed
made of norcohesive (sandy) soils. Works carried out in-aohesive soils are responsible for a lower
level of suspended solids agitated. As a result, the second of thgsaobtases 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 qualdifor numerical analysis.

The sequences of events concerning:aedeepwater sea area at the junction of the Baltica OWF CI
area and the Baltic Il OWF area, angashallowwater sea area, in the neahore zone, where, in
the planning assumptionshé connection infrastructures of the Baltica, Baltic Power and\R
OWFs are locatectlose (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 embeaddi
export cable by jetting it in the area of theZBand B3 connection on the Baltica OWF as well as the
levelling and replacement of the soil for the supporting (grabiiged) structure in the Baltic 11l OWF
field were carried out. To demonstratedlgreatest 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 Baltc Pow
Cl and B@Vind CI caused by the excavation work in the drilling zone in the area of lieaBaWF ClI
are estimated.

For the abovanentioned sequences of events, in which the cumulative effect of the suspension was
assumed, meeting the conditions dfe 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 asatlywater 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 teir concentrations. On the other hand, for works that will be carriedobageto each

other, but not at the same time, the cumulative effect will apply to the thickness of the sediment
newly-formed on the seabedhowever, it should be emphasised that thestimation 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 beubject 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 belowigure 3.14). In the performed calculations, using the
assumptions of the worstase scenario method, all the essential factors influencing the level of the
agitation were taken into account.

Figure3.14.  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 aflections 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 #ie 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
soOl f £ SR @ Y 2 @ Adifedtiorio? ndaddéng ofvesbeis $arrying 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 eafibedding
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 ClI project is implemented is presented in the figure Figlow (
3.15).
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Figure3.15.  Schematic representation of the modelled areahsf Baltica OWF CI with the location of the
PM_1 measurement station [Source: internataj

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 dredgingtflee

In all scenarios, in the meteand 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 fa&revas mplemented into the model, variable in time, acting
2O0SNJ GKS aSlt I NB3.2.Inthe perddbselécted for th&nSodedigy it veaye motion
with a significant wave heighis= 1.5 m and lower occarThe main goal was to select a sufficiently
long, continuous period to simulate the works related to the Baltica OWF CI. In condifiores/e
motion often exceeding the level k= 1.5 m, in the simulated operation of catdsing and dredging
equipment,work breaksshould be introduced frequently. The relatively long adopted time allowed
for the simulation of the analysed operationvezal 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 geophysicaplerations. The scenarios assumed the weight of soil
becoming suspended. The subject of numerical modelitige smallest soil fractions, which are the
source of suspended solids forming during the implementation of the Baltica OWF CI.

The dispersion othe 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 bxesute
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erosion again and rset into motion in the process of 1muspension if the hydrodynamic conditions in

the sea area exceed the critical level. The materiegdugpended in the model is represented by the
fraction for which the velocity of its faffid R2 6y A& | & & dzAS.R thé feloaityS n dp
characteristic for mediungrained silt (Becke, 2018; Pruszak, 1998; Van HipB). For a suspended

material defined in this way, the critical shear stress that initiates the erosion process is. 0.thiePa

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 immedgitéty 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 calbkeertion technolgies were investigated. For
variants of calculations carried out on the numerical model, three technologies were adoptatio
jetting, nondisplacement ploughing, and displacement ploughing technology.

In the first two methods, the excavation is carrigat simultaneously with the laying of the cable. The
FANBG YSUK2RXZ OI f f SR a&-Bdhiwateryed fo hakdzacSsail tochyd@tedSoy S NH &
liquefied. It is currently the most widely used method. In this method, out of the three mesdion
above, the highest percentage of fine fractions turns into suspended solids. The second method,
assessed in the literature as the least invasive, i.e. thedigplacement ploughing, causes the smallest
volume of agitated soil per cable length, with tlmvest 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 methed re
suspends sligg amounts of sediments. The third method differs from the previous ones in that the
excavation is carried out during a giay 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 witsnaaller percentage of the finest
fractions becoming suspended. The ploughing method is used in sandy, silty and even soft clayey sails,
while it is much less effective (often impossible to apply) in the case of cohesive soils in a compact
state, especiallyf the level of cable insertion is significant. All the abovesidered methods of
inserting the cable into the seabed generate suspended solids in the water column to varyingsdegree

In the adopted calculation scenarios, the jetting method and the gihing 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 signifantly different load of soil material becoming suspended at a given time. In
numerical simulations, two operating speeds of the cable inserting equipment were assumed:
p 1 ¥YF2RON 1 ¥Kand 8] YitR&0Y i K to estimate the impact of this faot on the level of
disturbance to the marine environment. Due to the ground conditions and the cable erimgedd
technology, the literature indicates both lower and higher speeds than those adopted for the
calculations (seeD £y (i S NE  H 2007), &s wib & lteChilical materials from the Global Marine
System, X Subsea and others). For the speeds assumed, the time of cable imignbkxid) the route

of approx. 90 km will be, respectively, 18 and 12 days of undisturbed work. The speed of movement of
the equpment during the works related to clearing the seabed of stones was assumed to be slightly
higher than 10, Y it R4B0Y 1 ¥ while for the works related to the excavations, the time needed to
perform the task was determined based on the following assiong:
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excavation in the area dhe drilling exit point; 2 days

excavation with a suction hopper dredger in the aggregate samplingg8ruays

excavation with a mechanical backhoe dredger in the aggregate sampling 20rgays
excavation with a dredger in the zone of crossing with a navigation rQ@ 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 dondit

E R

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 acable inserting device/dredger. Depending on the tealogy 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 thgoint 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 stagt® first one, the dredger
makes a trench of 3.0 m in depth, with a cresgtional 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 parametersfdhe 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 estimafidheo
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 ad implemented calculation scenarios is
presented below:

1 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 dreddTSHD) and backhoe dredger
(BHD),
- inthe AP\ 9 cable lines and in the RA\.1 cable lines.
1 Initial boulder clearance along the route of the cable lines in the place of boulder occurrence
(approx. 61% of the route length).
1 Execution ofexcavations 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).
91 Installation of power cables, taking into aceduhe adopted technologies and locations:
- cable insertion method: jetting, nedisplacement ploughing,
- two speeds of work;
- OWF BalticaR cable lines, OWF BalticeB8Rcable lines (jetting).
1 pre-lay trenching (the displacement ploughing method) in thecpk where the cable laying
technology is used, in the prepared trench, taking into account:
- two speeds of work.
1 Making of cabldaying trenches with a dredger in the navigation route area, assuming
atechnology that is more intrusive to the marine envirsent (worstcase scenario method).

Scenarios for the cumulated impact:

1  Works carried out simultaneously in the areaagfyregatedredging 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.

1 Works carried out simultaneously in the Baltica OWF area: a.) sinking the export cable by
jetting in the area of B, b.) seabed clearirgf stones and boulders on the interlink route in
the area of B, c.) installation of cables connecting wind farms in the area-8f Bhe
distances between the planned sampling stations exceed 500 m.

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

1 Assessmentfathe level of parameters of the marine environment disturbance at the Baltic
Power Cl an@CGWind ClI locations caused by the excavation works in the drilling zone in the
area ofBaltica OWF CI.

The figure belowRigure3.16) 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)

/

v
e
_z{l’u’:'

Jet trenching tool Plough

Figure3.16.  Equipment for submerging submarine cables in the jetting method (A) [ETA, Ltd.], in tHengoug
method (B) (Source: 4AllPorts)

3.4 Numerical model verification

After performingnumerical 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 measents during the
annual monitoring. The study used the measurements recorded at the PM_1 station with the
O22NRAY Il G S&b Zp nempoipm@vpdty ¢ 9d ¢KS Lldz2N1L}2asS 27
constructed model and its possible calibration.

A set ofcomparisons of the results of numerical calculations and measurement data is presented
below. The figure belowHgure3.17) shows the time series of séevel changesecorded 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 ofrments. 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 valuésdsteidjure
3.18).

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

Water level - measurement (AWAC) [m]
Water level - measurement (MIKE) [m]
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Figure3.17. Comparison of shotterm changes in sea levels in time (28.08.2{R0609.2016) between the
results of the calculations from the MIKE model and the measurement data (PM_1 measuring
station) [Source: internal data]

0.8

086

04

02

Sea Level SL[m]
Cross-correlation function

-02

| a2 2l =]
0\% -600 -400 -200 0 200 400 600

45 & * o 0 2

1 o 1 o Time delay 6t[h
o a8 8 & o v
Date [dd.mm.yyyy]

Figure3.18.  Crosscorrelation 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 belowKigure3.19) shows a comparison of the characteristics of the velocity vectors of
currents (in the sense of twdimensional variableg speed and direction) at the AWAC devic
deployment point. The signal compliance level was assessed as good both in terms of the speed of the
currents andheir directions.
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Figure3.19. Comparison of sea current parameters (speed, directmeasured with the AWAC current
profiler and calculated in the MIKE 21 model for the simulation period 28.0&20108.2016 at

station PM_1 [Source: internal data]

The figure belowRigure3.20) additionally contains information obtained from the analysis of the
crosscorrelation of both studied waveforms. The maximum of the ci@®selation function takes the
values of 0.50 for theurrent 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 conformancesdshewonsidered fully
acceptable with regard to both parameters.
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Figure3.20.  Comparison of the current speed waveforms measured with the AWAC current profiler (blue) and
calculated in the MIKE 2hodel (red) for the simulation period at station PM_1 [Source: internal
data]

The last quantity used to verify the numerical model was wgaderated wave motion, in particular

the waveforms of significant wave height changeability for the period of nuwaksimulation.
Although moderate wave motion ka 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
avery good extent. The figure belowigure3.21) 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
calalation 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 crassrelation function of both studied waveforms. The
maximum of the correlation function is 0.85, which pesva very good correlation of the studied
values.
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Figure3.21.  Comparison of waveforms of significant wave heighty: (Measured with the AWAC current
profiler (blue) and calculated in the MIKE24del (red) during the simulation period 28.08.2016
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 twanonth periods with 0.5h 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 motséor which the impact of the suspended
solids on the environment is the highest were selected in the results presented graplSoadigthe

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¢obasive 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 safidgtion, and the second is the cohesive
fraction. To present the aboveefined 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 anl 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 impastspended solids and their
concentration value.

The resulting drawings are of a different nature: they show the thickness of the sediment layer formed
in the resedimentation 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 typaunflerwater 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 isukpersion process will
reconfigure this system, leading to a reduction in the determined thickness and redistribution of
sediments A stuation of this kind corresponds to the natural phenomena that occur during storms.
On the other hand, the drawings showing the duration of the exceedaf the assumed suspension
concentration threshold and the maximum concentration of suspended solids do not relate to
aspecific moment but are maps showing the distribution of these values at each point of the grid
during the full simulation. Maps commacted 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 Cl must b related to the levels found in the natural environment. During the hydrometeorological
monitoring (see: Appendix d Inventory Report), water turbidity was measured with optical turbidity
sensors (Optical Backscatter Sensor) at statdif$V11l and MFW21 located in offshore wind farm
areas, at depths of 47 and 35 m, respectively. Monitoring results for these statiopgdal units NTU
(nephelometric turbidity unitiare shown in the following figured={gure4.1 and Figure4.2) and the

table (Table4.1). They show that under natural conditions (during the storm apogee and in the phase
of its disappearance), the @asured 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 obsewati®s I & GKIF G aAYy
shallower coastal waters of the Cl Area, slightly higher average concentrations of suspended solids
(2.8n o1 WABENLE 20aSNIBSR Ay ! dz3dzad wnmc Ay NBEFGAZ
applies to the period of calm, howevércan also be concluded that during storms in thesuspension
process, greater concentrations of suspension will arise at shallower depths, where the shear stresses
due to higher neaseabed velocities will reach greater values. The results of the cdeduesearch

do not give an unambiguous answer regarding the extreme concentrations of suspended solids under
strong dynamic excitations (storms), however, they alimto estimate these concentrations at over

40 times higher than the average values. the literature (Jenneret 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
250Y I-twere measured, while in shallower areas of up to 10 m in depth, concentrations were up to
pnn y3ai f
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Figured.1. Water turbidity at measurement point MFW11 in the period from 14 April 2016 to 30 Apiil 2
[Source: internal data]
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Figure4.2. Water turbidity atmeasurement point MFW21 in the period from 14 April 2016 to 30 April 2017
[Source: internal data]

Table4.1.  The mean, minimum and maximum values of water turbidity in the-seabed layer obtained
from the continuous measurementsmeasurement stations MFW11 and MFW21 [Source:
internal data]

) Value [NTU]
Name of the measurement point -
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:

1 n Y& thik is the background of the suspended solids recorded under normal conditions
in the environment;

1 wmn Yc&ontentration insignificant for the environment;

1 on M3Hthé most frequent level of suspended solids according to the best practices
devdoped in Denmark and Germany, considered acceptable for both breeding and
recreational areas with the condition not to exceed 90% of the time;

1 mMnn e level of visible turbidity of the water (however, higher concentrations may
occur in stormy angost-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 worstcase scenarios for thengironment. 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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1 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).

= =4

The defined time step illustratebé momentary extreme situation and may concern:

1 tl ¢ 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 ofnihrecohesive
fraction;

1 t2 ¢ the moment of maimum spread of the suspension cloud during the performance of
works on the section of the seabed with the predominanceasfesivefraction;

1 t3 ¢ of the moment of maximum spread of the suspension cloud caused by several types of
work carried out at the samtime (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 ir tltorm 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 sedient 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 ofltiueied 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 solidat each point of the assumed calculation arés 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 ofwioek
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
SIOK 2F (KS aa§&slthanéstrequently presenteIhirebhold in foreign studies,
related to the best practices applied in countries such as Denmark and Germany, (Bet&g
{dza LISy aArz2y Y2RSttAy3d 62N) aK2L) | DNAK2ftY Ay 5S8SyYl I
and thickness ofediments 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 grilime, 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 worksing a trailing suction hopper dredgd@SHLD, in the APV
with the assumed number of 9 cable lines, works carried out inrcadresive soil.

The presented calculation results correspond to the simulation moment t1 (described in séction
(Figured30 @ ! G GAYS (mx (GKS adzalLlSyaAaA?2y?!spréadsdaier ¢ A U K
adistarce of approx. 0.5 km, and with concentrations aboveY&At (i.e. background
concentration) over approx. 2.8 km. The highest concentration value at a distance of 150 m from
0KS ©@SaasSt ¢2NJaAdS A& ww Y3IIf

The second figureF{gure4.4) 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 thickee 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
adistance of 500 m it does not exceed 6 mm; the maximum range of sediment with a thickness
>1mm is 1.&m.

The third figure Figure4.5) shows a map of the maximum suspended solids concentrations at each
point of the assumed calculation area during the entire simulatiogriqu. Temporary
concentrations in places approx. 150 m from the site of extreme excavations, reach the value of
80Y 3, &nd at a distance of 500 m, they are MAt. Inthe majority of the area where the
agitation appears, the concentration range@ v n  { 27 Ip the c¥astal 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).

¢KS YIFEAYdzY GAYS G(GKS &dALISYRSR aztranRissingha i K | O
marine environment after the completion of dredging works (referring to the generation source of
the quasistationary suspended solids) in the discussed scenario is apm@icbirs.
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Figure4.3.

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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Figured.4. The results of the simulation of trenching wockbe distribution of the thickness of the sediment
layer after the workg; for the technology of work performance with a trailing suction hopper
dredger (TSHD,PV- with 9 cable lines) [Source: internal data]
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Figure4.5. The results of the simulation of trenching workshe maximum temporary value of the

suspended solids concentration during the warkthe techrology of work performance with
atrailing suction hopper dredger (TSHD, ARNth 9 cable lines) [Source: internal data].
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b.) The technology of performing work with a backhoe dredgBHD, in the APV with the
assumed number of 9 cable lines, works carriediouton-cohesive soil.

The presented calculation results correspond to the simulation momergitlife4.6). At time t1,

the suspension cloud with concentrations abaven  Yspriedds over a distance of approx. Rrb,

YR gAGK 02y 0Sy (i*Nbvéraphrdd 5.8 km 2T EeShighest adacentration value at
aRAad0FyOS 2F mpn Y FTNRY.L 0KS @SaasSt 2Nl aAiridsS Aa
The second figureF{gure4.7) 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
competed. 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

adistance of 500 m it does not exceed 19 mm; the maximum range of sedimenawhibkness
>1 mm is 3.&m.

The third figure Figure4.8) shows a map of the maximum suspended solids concentrations at each

point of the assumed calculation area rig the entire simulation period. Temporary
concentrations in places approx. 150 m from the site of extreme excavations, reach the value of

145Y 31, &nd at a distance of 500 m, they are L At. khthe majority of the area where the

agitation appears G KS O2y OSy i NF GA2y.L NI y3ISa FTNBY nn G2 c

In the discussed scenario, the maximum time the suspension with a concentration exceeding
n  Yldeiméins in the marine environment, is approx8mours after completion of the dredging
works.
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Figure4.6.

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,vAfP\O cable

lines) [Souwre: internal data]
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Figured.7. The results of the simulation of trenching wogkhe the seabed sediment thickness distribution
after the worksg for the technology of work performance with a backhoe desd BHD, APY
with 9 cable lines) [Source: internal data]
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Figure4.8. The results of the simulation of trenching workshe maximum temporary value of the

suspended solids concentration during the work implementation along the entire ¢ote
technology of work performance with a trailing suction hopper dredger (TSND,wiEh 9 cable
lines) [Source: internal data]
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c.) The technology of performing work using a trailing suction hopper dredg8H(), in the RAV
with the assumed number dfl cable lines, works carried out in n@ohesive soil.

The presented calculation ressiicorrespond to the simulation moment tEigure4.9). At time t1,

0KS adzalLlSyaAirzy Of 2dzR ¢ Alispteadd Pwr@ Sistandedpirdx20y&in, I 6 2 @S
YR gAGK 02y 0Sy (i*Nbvérapbrdd 2.8k 2T EeShighest adacentration value at
aRAad0FyOS 2F mpn Y FTNRY.L 0KS @SaasSt 2Nl aAiridsS Aa

The second figureF{gure4.10) 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 oktthew sediment layer formed after all excavations have
been made (over the assumed 150 m from the extreme excavation site) is 20 mm, while at
adistance of 500 m it does not exceed 6 mm; the maximum range of sediment with a thickness
>1mm is 1.%km.

Thethird figure Figure4.11) shows a map of the maximum suspended solids concentrations at

each point of the assumed calculation area during the entimukition period. Temporary
concentrations, locally approx. 150 m from the site of extreme excavations, reach the value of
77Y3tE FYyR G | RAAaGE YOS -“2Iathepnajority ¥fIhe drda Q/BereMiB I OK M
agitation appears, the concentrago NJ y3Sa FNRBY n G2 nn Y3if

In the scenario discussed, the maximum time the suspension with a concentration exceeding
4Y Ftrdmains in the marine environment, is approxgshours after completion of the dredging
works.
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Figure4.9. 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 @ble lines) [Source: internal data]
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Figure4.10.  The results of the simulation of trenching wogkke distribution of the thickness of the sediment
layer after the works; for the technology of work pesfmance with a trailing suction hopper
dredger (TSHD, RAWvith 11 cable lines) [Source: internal data]
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Figured.11. The results of the simulation of trenching worksthe maximum temporary value of the
suspended solids concentration during the works along the entire tite technology of work
performance with a trailing suction hopper dredger (TSHD,-R#iti 11 cable lines) [Source:
internal data]
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d.) The technology of performing work with a backhoe dger BHD, in the RAV with the
assumed number dflcable lines, works carried out in n@mohesive soil.

The presented calculation results correspond to the simulation momerfitjufe4.12). At time

Gm> GKS adzallSyairzy Of 2dzR “‘spdads ovoraydiStéhgeloNdppiok.2 y & |
noup 1YZI FYR gA0K O2dgotedappronds5id kn2 Yhé highésec@nBentratioy 37 f
value at a distance of 150 MN2 Y (KS @SaaSf ¢g2NjJarAdsS Aa on Y3Iif

The second figureF{gure4.13) 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 oktthew sediment layer formed after all excavations have
been made (over the assumed 150 m from the extreme excavation site) is 47 mm, while at
adistance of 500 m it does not exceed 19 mm; the maximum range of sediment with a thickness
>1 mm is 3.4 km.

Thethird figure Figure4.14) shows a map of the maximum suspended solids concentrations at
each point of the assumed calculation area during the entire simulation pefiechporary
concentrations, locally approx. 150 m from the site of extreme excavations, reach the value of
148Y 31, énd at a distance of 500 m, they reachY3A*. lihnthe majority of the area where the
agitation appears, the concentration ranges from4 12 & n Y 3i f

In the scenario discussed, the maximum time the suspension with a concentration exceeding
n  Yldeiméins in the marine environment, is approx8mours after completion of the dredging
works.
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Figured.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]
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