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This report provides an assessment of the potential effects of the proposed
Dogger Bank Teesside A & B development on marine physical processes. In
order to assess the potential effects of the wind farm (including all associated
infrastructure), the export cable corridor and the landfall site, relative to
baseline (existing) conditions, a combination of expert geomorphological
assessment, empirical evaluation and detailed numerical modelling has been
used. These effects have been assessed using the worst case
characteristics of the proposed development as provided by the project and
presented, in part, within Chapter 5 of the Environmental Statement.
Considerations of the proposed effects upon the wave, tidal current and
sediment transport regimes have been made for the construction, operation
and decommissioning phases of the development.

Construction

Over the period of construction there is the likelihood for discrete short-term
disturbances of the offshore seabed as the wind turbine foundations are
installed and the export and inter-array cables are laid sequentially across
the development site. Seabed sediments have the potential to be released
into the water column resulting in the formation of sediment plumes. At the
landfall site, construction activities may result in short-term changes to the
sediment budget, as infrastructure causes temporary blockages to
alongshore sediment transport. The decommissioning phase is generally
considered to have a similar or lesser effect than the construction phase.

In this assessment, the effect on sediment transport of foundation and cable
installation was modelled together over a 30-day installation period that
included a one-year storm. A worst case total of 24 foundations were
assumed to be installed sequentially at the same time as the laying of a
single export cable and 20 inter-array cables. The foundations that were
tested were located close to sensitive sandeel habitat. Two types of
foundation installation were modelled to determine the worst case for plume
dispersion. These were conical GBS foundations, where sediment is
released through seabed preparation and scour, and 12m pile foundations,
where sediment is released through drill arisings and scour. The cable laying
process and sequencing was the same for both types of foundation
installation.

The results show that the worst case sediment plume is generated by the
installation of the 12m monopole. For this foundation, maximum suspended
sediment concentration at any time throughout the 30-day simulation period
was predicted to be elevated above natural background levels (2mg/l) by two
orders of magnitude (greater than 200mg/l) within the 24-foundation layout
and along the in-Zone section of the cable route. Maximum concentrations
reduce away from the foundations and the in-Zone section of the cable route
until they are at background values, up to 40km north and south. Along the
Dogger Bank Teesside A & B export cable corridor outside the Dogger Bank
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Zone, suspended sediment concentrations are typically less than 100mg/l,
reducing to the background of 2mg/I up to 50km to the north and south.

Maximum bed thickness change (sediment deposition from the plume)
throughout the 30-day simulation period was predicted to be 10-50mm within
the boundary of the layout, decreasing to less than 5mm along the Dogger
Bank Teesside A & B export cable corridor, and then reducing to 0.5mm up
to 35km away from the corridor. The highest average deposition was
predicted to be 1-5mm within the foundation layout and up to 10km away
from its centre to the north and in small patches along the Dogger Bank
Teesside A & B export cable corridor. Predicted average deposition is less
than 0.5mm along most of the Dogger Bank Teesside A & B export cable
corridor.

Time series of bed thickness at several discrete points show that within the
foundation layout, deposited sediment was predicted to persist at thicknesses
greater than 1mm for a continuous period of up to 174 hours (7.25 days) at
any time throughout the 30 days. Thicknesses of greater than 10mm could
persist for a maximum continuous period of 32 hours (1.33 days). Along the
Dogger Bank Teesside A & B export cable corridor, deposition at any one
time throughout the 30-day simulation period was predicted to not exceed
1.5mm. The predicted bed thickness at the end of the 30-day simulation was
equal to or less than 0.1mm across the whole of the footprint.

At the coastal landfall site, physical processes have the potential to be
affected by the temporary construction of infrastructure. The worst case
scenario for changes to sediment transport is considered to be construction,
over a continuous period of 14 weeks, of two 15m-long cofferdams across
the intertidal (beach) zone. These structures offer partial barriers to
alongshore sediment transport, which is to the southeast. The results of
expert geomorphological assessment showed that potential alongshore
sediment transport rates at Redcar to Marske-by-the-Sea are low. Hence,
although the coastline to the southeast may be affected by construction
works, the magnitude of change is likely to be low and temporary.

Operation

The greatest potential for changes to the wave and tidal current regimes
occurs during the operational stage of the wind farm. In this assessment, the
effect of operation on these processes was modelled using layouts of
foundations across Dogger Bank Teesside A & B. The worst case scenario
was determined to be a perimeter of BMW conical GBS*1 foundations at their
minimum 750m spacing with a wider spaced grid of foundations across the
rest of each project, including platforms, meteorological masts and vessel
moorings. No potential effects are considered for the inter-array cables and
most of the length of the export cables because, during operation, they will
be buried. However, there is the possibility that in the nearshore subtidal
zone the export cables will be on the surface and covered by remedial
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protection), which could potentially create a partial barrier to sediment
transport.

The results show predicted changes to both waves and tidal currents would
be relatively small. The maximum change to depth-averaged current velocity
is predicted to be +/-0.006m/s with the greatest effect occurring at the project
boundaries. The maximum change in current velocity is approximately 2%
within 2km wide areas along the western boundaries of the projects.

Predicted maximum changes (worst case) in significant wave height were for
one-year waves from the north and northeast. Significant wave heights
change by up to +/-0.04m immediately outside the boundaries of the projects.
The predicted pattern is a maximum increase in wave height of 1% along the
northern boundary of Dogger Bank Teesside A due to up-wave reflection and
a maximum decrease in wave height of 1% along the southern boundary of
Dogger Bank Teesside B due to down-wave blocking.

The predicted changes in wave heights and tidal current velocities are so
small that they would not translate into changes to regional sediment
transport pathways and morphology.

Over the period of operation, there is the potential for creation of sediment
plumes caused by seabed scour around non-scour protected wind turbine
foundations after they have been installed. In this assessment, the effect of
scour on sediment transport was modelled using the same gridded layout as
that used to model changes to waves and tidal currents. Two scenarios were
tested as the worst case for plume dispersion using a minimum construction
period of two years. These are a scenario after one year when half the
foundations are operational and subject to a 30-day simulation including a
one-year storm, and a scenario after two years when all the foundations are
operational and subject to a 30-day simulation including a larger 50-year
storm.

The results show that the maximum suspended sediment concentration after
one year of operation at any time throughout the 30-day simulation period
was predicted to be 50-100mg/l above natural background levels (2mg/l).
Maximum concentrations reduce to background levels up to approximately
37km from the project boundaries. The highest average suspended
sediment concentration was 10-20mg/l reducing to background levels up to
approximately 28km from the project boundaries.

After two years, the maximum concentration was predicted to increase to
greater than 200mg/l in areas up to 20km long and 6km wide along the
boundaries of the projects. Across the whole of both projects, maximum
suspended sediment concentrations were greater than 20mg/l reducing to
background levels up to approximately 54km from the project boundaries.
The highest average concentrations after two years were 10-50mg/l within
the projects and up to 19km outside their boundaries. Average
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concentrations reduce to background levels up to approximately 36km from
the project boundaries.

After one year, maximum sediment deposition of 0.1-0.5mm occurs within
both projects during the 30-day simulation period, reducing to 0.1mm up to
approximately 30km outside the project boundaries. Average deposition was
predicted to be mainly less than 0.1mm. Time series of bed thickness show
that throughout the footprint the maximum within the foundation layout
doesn’t exceed 0.7mm. The predicted bed thickness at the end of the 30-day
simulation period was effectively zero across much of the depositional area.

After two years, maximum deposition of 0.5-5mm occurs across each project
with deposition reducing to less than 0.1mm up to 35km from the boundaries.
Average deposition is predicted to be 0.5-5mm between the projects
reducing to less than 0.1mm up to approximately 23km outside the project
boundaries. Time series of bed thickness show that the thickness within the
foundation layout may exceed 1mm continuously for up to 72 hours (3.00
days). The predicted bed thickness at the end of the 30-day simulation
period was less than 0.1mm across much of the depositional area.

A comparison of operational scour volumes with naturally occurring release
of sediment during a one-year storm shows that predicted scour volumes are
five times less than half the volume that would be suspended without the
foundations in place. For a 50-year storm, scour volumes are six times less
than the volumes that would be suspended without the foundations in place
during a storm of the same magnitude.

In the nearshore, remedial protection is anticipated to be up to about 15m
wide and stand 1.5m above the surrounding seabed and could potentially
affect longshore sediment transport processes in the active transport zone
(about 2km wide offshore from mean low water spring along the cable route).
Longshore sediment transport rates are low and although some sediment
would be trapped on the ‘updrift’ side of the remedial protection, it is
anticipated to be a small volume. Therefore, the magnitude of changes
‘downdrift’ of the cable corridor due to the remedial protection is likely to be
small.

Cumulative Effects

Modelling of the cumulative effects on tidal currents, waves and sediment
transport of Dogger Bank Teesside A & B with Dogger Bank Creyke Beck
and Dogger Bank Teesside C & D, assuming simultaneous operation, have
been completed. The effect on tidal currents is greatest along the project
boundaries where the maximum change is about 0.01m/s. Predicted
maximum changes of up to 0.004m/s occur across all projects. The
maximum change in current velocity is approximately 3% along the western
boundaries of the projects.

Teesside A & B Physical Processes -iv - 9X5889/R06/303996/PBor
Final Report 12 March 2014



b
Royal
Haskoning_DHV

Predicted maximum changes (worst case) in significant wave height were for
one-year waves from the north and northeast. Predicted maximum changes
are up to +/-0.06m at the southern/southwestern and northern/northeastern
boundaries of the projects. The maximum change in significant wave height
is approximately up to 1.5% along the southern and southwestern boundaries
of Dogger Bank Creyke Beck A.

The percentage changes in tidal current velocity and wave height are within
their natural variation across Dogger Bank and surrounding sea areas and
are unlikely to affect the form of recent sediments over and above the natural
processes.

Maximum suspended sediment concentrations after one year of operation
are predicted to be 50-100mg/l above natural background levels (2mg/l)
reducing to background levels up to approximately 48km from the project
boundaries. The highest predicted average suspended sediment
concentration was 20mg/l reducing to background levels up to approximately
28km from the project boundaries.

After two years, the maximum concentration was predicted to increase to
greater than 200mg/l in areas up to 22km long and 7km wide along the
boundaries of the projects. Across all projects, suspended sediment
concentrations are generally greater than 50mg/l, reducing to the background
of 2mg/l up to approximately 55km from the project boundaries. Average
suspended sediment concentrations are 50-100mg/l across the boundaries of
Dogger Bank Creyke Beck A & B, reducing to the background of 2mg/l up to
approximately 39km from the project boundaries.

After one year, maximum sediment deposition of 0.1-0.5mm is predicted to
occur across all the projects and up to approximately 23km from the project
boundaries. Average change in deposition is predicted to be less than
0.5mm. Time series of bed thickness demonstrates that the maximum
thickness of sediment never exceeds 0.7mm across the footprint of
deposition. The predicted bed thickness at the end of the 30-day simulation
period was effectively zero across much of the depositional area.

After two years, maximum deposition of 5mm occurs across all project areas
with deposition reducing to less than 0.1mm up to 43km from the boundaries.
Average deposition is predicted to be 0.1-0.5mm reducing to 0.1mm close to
the southern boundaries and up to approximately 32km north of the northern
boundaries. Time series of bed thickness show that it in places it may
exceed 3mm continuously for up to 244 hours (10.17 days). Over most of
the deposit footprint the thickness only exceeds 1mm for several days
continuously. The predicted bed thickness at the end of the 30-day
simulation period was less than 0.1mm across the depositional area.

Cumulative effects of Dogger Bank Teesside A to D and Dogger Bank
Creyke Beck with other offshore wind farms, aggregate license areas and
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potash mining dredge disposal have been considered with respect to
sediment plume interaction. It is unlikely that the construction plumes of
other wind farms will interact with the Dogger Bank plumes. Plumes from
aggregate dredging areas and potash mining dredge disposal would be small
and short-lived in comparison to the Dogger Bank plumes and no cumulative
effects are anticipated.
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GLOSSARY
Abbreviation Full description
2D Two Dimensional
3D Three Dimensional
ADCP Acoustic Doppler Current Profiler
AGDS Acoustic Ground Discrimination
ATL Advance the Line
BERR Department of Business, Enterprise and Regulatory
Reform
CIA Cumulative Impact Assessment
CPT Cone Penetration Test
cSAC Candidate Special Area of Conservation
dso Median Particle Diameter
DHI Danish Hydraulic Institute
EIA Environmental Impact Assessment
ES Environmental Statement
GBS Gravity Base Structure
GW Gigawatt
HD Hydrodynamic
HDD Horizontal Directional Drilling
HTL Hold the Line
in-Zone Inside the Dogger Bank Zone
IPCC Intergovernmental Panel on Climate Change
JNCC Joint Nature Conservation Committee
kg/m?® Kilograms Per Metre Cubed
km Kilometre
km? Kilometre Squared
LAT Lowest Astronomical Tide
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Abbreviation Full description

m Metre

m? Metre Squared

m? Metre Cubed

m/s Metres Per Second

mg/I Milligrams Per Litre

mm Millimetre

mm/s Millimetres Per Second

MR Managed Realignment

MT Mud Transport

MW Megawatt

N/A Not available/Not applicable

NAI No Active Intervention

NECAG North East Coastal Authority Group

ODN Ordnance Datum Newlyn

RIGS R_egionally Important Geological and Geomorphological
Sites

S Second

SMP Shoreline Management Plan

SPA Special Protection Area

SSSI Site of Special Scientific Interest

SW Spectral Waves

UK United Kingdom of Great Britain and Northern Ireland

UKCIP UK Climate Impacts Programme

UKCPO09 United Kingdom Climate Projections 2009

ZAP Zone Appraisal and Planning
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1.1.1

1.1.2

1.1.3

1.1.4

1.1.5

Dogger Bank is a large and isolated positive bathymetric feature located in
the central North Sea. The bathymetric high is approximately 300km long
and is elongate east-northeast to west-southwest. It occupies approximately
17,600km? of United Kingdom (UK), Dutch, German and Danish waters
(Figure 1.1). In UK waters, Dogger Bank forms a plateau about 30m above
the surrounding seabed. The shallowest areas are in less than 20m of water
along its southern edge.

Forewind has been awarded development partner status by The Crown
Estate for Zone 3: Dogger Bank, as part of the third round of offshore wind
licensing arrangements (Round 3). The Dogger Bank Zone outlined for
development, occupies an area of 8,639km? across the UK part of Dogger
Bank (Figure 1.1). It is bordered by deeper water to the north, by the
shallowest part of Dogger Bank to the south and by the median line between
the United Kingdom and European waters to the east.

Forewind has agreed with The Crown Estate a target zone capacity of nine
Gigawatt (GW) by 2020. The development at Dogger Bank is anticipated to
be taken forward in four tranches (A to D) with each tranche containing up to
two projects. The location of Tranche A covering 2,000km? of seabed across
the southwestern part of the Dogger Bank Zone (Figure 1.1) was identified
through the Zone Appraisal and Planning (ZAP) process undertaken in 2010
(EMU Ltd, 2010). The first project areas identified were Dogger Bank Creyke
Beck A & B; these projects are collectively referred to as Dogger Bank
Creyke Beck and have a proposed installed capacity up to 2.4GW (up to
1.2GW in each) (Figure 1.1). Following the identification of Tranche A in
2010, Tranche B (approximately 1,520km?) was identified in 2011 as the
second area for development. Forewind’s priority is to secure the first six
projects, each up to 1.2GW, or a total installed capacity of 7.2GW.

The second application by Forewind will cover two further project areas;
Dogger Bank Teesside A & B (Figure 1.1). These two projects are also
anticipated to have a combined installed capacity of up to 2.4GW. Two
further projects which are to be identified within Tranche C of the Dogger
Bank Zone, which lies north of Tranche A are also planned. Collectively,
Teesside A & B and the two other planned projects are referred to as the
Dogger Bank Teesside projects.

Electricity from Dogger Bank Teesside A & B will be transferred to shore by
export cables, which will be routed to landfall sites between the coastal towns
of Redcar and Marske-by-the-Sea on the Borough of Redcar and Cleveland
coast. The proposed works to install the cables will be both offshore and
onshore, as the cables run from the wind farms to the coast. A 1,500m wide
export cable corridor has been delineated with the flexibility to place the
cables anywhere within the corridor). The corridor exits the westernmost tip
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1.2.1

1.2.2

1.3.1

1.3.2

of Tranche A and is 157km long from its connection with Tranche A to the
beach at Redcar and Cleveland (Figure 1.1). The location of the landfall
corridor is shown in Figure 1.2.

Royal HaskoningDHV and its sub-contractors Danish Hydraulic Institute
(DHI) and Richard Swift (Independent Consultant) have been appointed by
Forewind to undertake the Marine Physical Processes Assessment as part of
the Environmental Impact Assessment (EIA) process for the Dogger Bank
Teesside A & B offshore wind farm application. This report provides an
assessment of the potential changes to prevailing hydrodynamic and
geomorphological conditions arising as a result of the construction, operation
and decommissioning of Dogger Bank Teesside A & B, both alone and
cumulatively with other plans and projects. The assessment of effects, in
turn, informs the assessment of direct, indirect and cumulative impacts on a
range of parameters (e.g. benthic ecology) that will be studied as part of the
EIA process.

This report presents an understanding of the existing marine physical
processes across Dogger Bank Teesside A & B summarised in three
conceptual models; Dogger Bank Zone, the Dogger Bank Teesside A & B
export cable corridor and the landfall site located between Redcar and
Marske-by-the-Sea (Appendices A, B and C, respectively). This is followed
by the definition of realistic worst case scenarios for each element of the
development in terms of their potential effects on marine physical processes,
which are then numerically modelled and compared to the existing
conditions.

The key components of the offshore wind farm development, in the context of
potential effects on marine physical processes, are the type and size of
foundations and their layout pattern, the installation of the export and inter-
array cables and construction works at the landfall site.

A number of wind turbine foundation types are being considered, including
monopoles (monopiles and mono-buckets), multilegs (jackets, tripods) and
gravity base structures (GBS), including flat and conical base options. A
range of different foundation types could be combined to create the up to
2.4GW capacity for Dogger Bank Teesside A & B. Forewind is considering
two wind turbine sizes:

o a minimum size six Megawatt (6MW), of which a maximum of 200
wind turbine foundations could be installed in each Dogger Bank
Teesside A & B project, to reach the 1.2GW capacity; and

° a maximum size 10MW, with a maximum installation of 120 wind
turbine foundations in each project.

Teesside A & B Physical Processes 9X5889/R06/303996/PBor
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1.3.3

1.3.4

1.3.5

1.3.6

1.3.7

The 6MW and 10MW are the minimum and maximum turbine sizes being
considered by Forewind so that any turbine between these two sizes will be
covered by the assessment of effects.

The maximum number of each size of turbine excludes any platforms (seven
per project), meteorological masts (five per project) and moorings (ten per
project). Foundation options for the meteorological masts include monopoles,
multiple leg structures or GBS. The worst case equivalent foundation is
considered to be a 4MW conical GBS.

Minimum wind turbine spacing parameters have been defined by Forewind
for Dogger Bank Teesside A & B. The minimum permitted spacing will vary
with the size of the wind turbine, and is defined as whichever is the greater of
two stated limits (Table 1.1). The 750m absolute minimum spacing limit is
stated in order to provide clarity for the smallest turbines and avoid the need
to consider unrealistically small spacings. The majority of turbines with larger
rotors would be limited by the variable ‘six rotor diameter’ value. It is also
noted that the indicative likely turbine spacing range is seven to 15 rotor
diameters.

For EIA purposes a set of ‘realistic worst case’ minimum spacing values have
been developed by Forewind in line with these rules (Table 1.1). The
smallest known turbines in each size category were identified, and their
minimum spacing was calculated based on six times their rotor diameter,
then rounded down to the nearest 50m. For the 6MW and 10MW turbines,
this methodology is considered by Forewind to provide robust and highly
conservative results, since the turbines have been assessed as being
‘outliers’; with unusually small rotors for their capacity.

Table 1.1. Minimum spacings of foundations for 6MW and 10MW wind
turbines.

Minimum Turbine Spacing

Wind Turbine Size

Absolute Minimum Centre to Centre Realistic Worst Case for EIA
EMW 750m (based on a 126m diameter
750m (six rotor diameters if greater 6MW turbine)
1OMW than 750m) 1,080m (based on a 180m diameter
10MW turbine)

Forewind has indicated that the Dogger Bank Teesside A & B export and
inter-array cables could be buried by one or more different techniques, based
on industry practice. The listed techniques include jetting, ploughing,
trenching, cutting, mass flow excavation and pre-sweeping (dredging). If
there is a need to lay cables on the seabed, they would be protected by a
variety of methods, including, but not limited to, rock armour, concrete
mattressing, piping, half piping and cable clipping.
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1.3.8

1.4.1

1.4.2

1.4.3

The main aspect of the landfall, in the context of potential effects on physical
processes, is the method that will be used to construct the connection
between the offshore export cables and the onshore cable. A variety of
methods could be adopted that are likely to involve one or more cofferdams,
open trenching and the use of horizontal directional drilling (HDD). A
cofferdam is a temporary enclosure located across the intertidal or subtidal
zone to create a dry working area in which construction can proceed. HDD
will provide passage for the cables from the coastal zone, under the beach
and up behind the cliffs to connect to the onshore portion of the cable.
Beach trenching may be required as an exit from the cofferdams.

Bathymetry Data

The two key datasets collected by Forewind for input into the numerical
models are bathymetry and metocean. These are described in detail in
Appendix A and summarised here.

Gardline (2011a) collected bathymetric data across the Dogger Bank Zone to
provide a broad characterisation of the potential development area. This
survey was carried out between May 2010 and August 2010 and deployed
single and multibeam echo sounder covering about 15% of the Dogger Bank
Zone’s surface. GEMS (2011) carried out a bathymetric survey of Tranche A
between July 2010 and December 2010 to support development of Dogger
Bank Creyke Beck within this area. Gardline (2012a) carried out a
bathymetric survey of Tranche B between June 2011 and October 2011, and
between March 2012 and May 2012. These surveys deployed single and
multibeam echosounders and side scan sonar achieving 100% coverage of
bathymetry.

Metocean Data

Currently, there are three locations where Forewind has deployed
instruments to collect time series metocean data; the northern limit of the
Dogger Bank Zone, inside Tranche A and inside Tranche B (Figure 1.3). At
all these locations, wave and tidal current data has been collected using
waveriders and Acoustic Doppler Current Profilers (ADCPs) and is listed in
Table 1.2.

Teesside A & B Physical Processes 9X5889/R06/303996/PBor
Final Report -4 - 12 March 2014



.
R

1.5.1

1.5.2

1.5.3

oyal
HasI(oning_DHV

Table 1.2. Metocean data available from the deployments in the Dogger
Bank Zone.

Location Coordinates (and Currents Waves

(and type) water depth) Start End Start End

Tranche A | 54° 51.72', 01° 59.83'

- = 2 201 1 201
Waverider (22m) 3/09/2010 31/03/2013

Tranche A | 54° 51.61', 01° 59.64'

ADCP (22m) 29/02/2012 31/03/2013 = =

Tranche B | 55° 05.90', 02° 42.04'

- - 29/02/2012 31/03/2013
Waverider (26m)

Tranche B | 55° 05.90', 02° 42.04'

ADCP (26m) 29/02/2012 31/03/2013 - -

Northern 55° 29.54', 02° 09.71"'

Waverider (45m) - - 06/11/2011 31/03/2013

Northern 55° 29.54', 02° 09.71'

07/11/2010 | 16/06/2012
ADCP (1) (52m)

Northern 55° 29.46', 02° 09.58’

2012 1 2012
ADCP (2) (52m) 09/05/20 6/06/20

The marine physical processes effects are predicted by comparing the
existing environmental conditions with the conditions created by the
construction, operation and decommissioning of the Dogger Bank Teesside A
& B development. Several numerical modelling tools and conceptual
techniques have been used to support the assessment of existing conditions
and the potential effects of the proposed wind farm and cables on marine
physical processes.

Tidal Current (Hydrodynamic) Modelling

The hydrodynamic regime is defined as the behaviour of bulk water
movements driven by the action of tides. In order to investigate tidal current
flows across the central North Sea and provide a baseline for prediction of
changes due to the development, a hydrodynamic model was run.

Tidal current simulations were carried out using DHI's fully calibrated and
developed regional MIKE3-FM hydrodynamic (HD) model, which covers the
entire North Sea and is forced by tide, atmospheric pressure and wind
stresses. Details of the calibration and validation are provided in Appendix
D. ltis a flexible grid model with triangular and quadrilateral cells. The size
of the computational cell varies over the model domain, and the model has
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1.5.6

1.5.7

1.5.8

been refined in and around the Dogger Bank Zone to provide a detailed
representation of the flow across Dogger Bank Teesside A & B.

Open boundary conditions to the model consist of water levels and currents
obtained from DHI's 3D North Sea Model (covering the seas around the UK
and in the North Sea), which in turn uses open boundary conditions from
DHI’s larger 2D North Atlantic model.

Wave Modelling

The existing wave regime is defined as the combination of swell waves
moving into and propagating through the area, and more locally generated
wind waves. In order to investigate waves and provide a baseline for
prediction of changes due to the development, a wave model was run.

Wave conditions were simulated using the spectral model MIKE21-SW
(Spectral Waves), which describes the wave conditions by the directional
frequency spectrum. The model includes effects like wave generation due to
wind, energy dissipation due to bed friction, white-capping and depth-induced
wave breaking, depth and current refraction, reflection and diffraction. The
model uses a flexible computational mesh, so a fine mesh can be applied to
the areas where the locations of the foundations are proposed.

The wave model has been successfully calibrated against the three largest
events that were recorded by the two Forewind waveriders, one deployed in
Tranche A and one in the north of the Dogger bank Zone (Figure 1.3)
(Gardline, 2011b). The data used in the models was captured up to the end
of October 2011. Any additional data collected since October 2011 would not
substantively change the conclusions reached based upon the wave sample
used in the models. The use of wave data up to October 2011 duplicates the
method adopted by Forewind (2013) in the Dogger Bank Creyke Beck
Environmental Statement to assess effects of Dogger Bank Creyke Beck.
Details of the calibration and validation are provided in Appendix D.

Dispersion Modelling

The simulation of the release and spreading of fine sediments (mud to fine
sand) as a result of foundation and cable installation activities and operation
of the wind farm have been modelled using the 3D model MIKE3-FM Mud
Transport (MT). MIKE3-FM MT is integrated with MIKE3-FM HD, which has
been used to predict tidal current changes, and takes into account:

. the actual release of sediments as a function of time, location and
sediment characteristics;

o advection and dispersion of the suspended sediment in the water
column as a function of the 3D flow field predicted by MIKE3-FM
HD;
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o settling and deposition of the dispersed sediment; and

o re-suspension of the deposited sediment, predominantly by bed
shear stresses from surface waves.

Conceptual Modelling

Expert geomorphological assessment, using the Dogger Bank Teesside A &
B landfall conceptual model (Appendix C) as a basis, has been used to
assess the effects of the landfall works on existing physical processes and
future evolution of the coastline. As long as due regard is taken of data
origins and accuracy, predictions based on extrapolation of historical trends
provide a reliable estimate of the most probable evolution of the coastline
during construction and operation of landfall infrastructure.

Expert geomorphological assessment has also been used to assess the fate
of the coarser sand that is not suspended during the foundation installation
activities.
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222

2.2.3

In accordance with the requirements of the Rochdale Envelope approach to
EIA (Planning Inspectorate, 2012), the worst realistic case characteristics of
the proposed development in terms of its effects on marine physical
processes are adopted. The worst case characteristics that have been
assessed for the development during its construction, operation and
decommissioning phases are described in this section.

Five different foundation types are being considered by Forewind for Dogger
Bank Teesside A & B. These include:

. monopoles;

. multi-legs (jackets);
. multi-legs (tripods);
. flat base GBS; and
. conical GBS.

In its assessment of effects for Dogger Bank Creyke Beck, Forewind (2013)
(Environmental Statement) showed that conical GBS represent the worst
case foundations, in terms of physical blockage to waves and tidal currents.
Hence, this type of foundation has been incorporated in the numerical
modelling of operational effects on these physical processes elements for
Dogger Bank Teesside A & B. Should other foundation types ultimately be
selected following the design optimisation of the development, then the
effects on waves and tidal currents will be less than those presented for the
worst case conical GBS.

Further, in order to inform the Dogger Bank Creyke Beck assessment,
Forewind (2013) described six different types of conical GBS foundation in
order to quantify the variable geometry options available for a gravity base of
broadly conical type. These foundation designs were provided by a range of
potential suppliers from the market. In order to define the overall worst case
conical GBS foundation, encompassing the variability in this foundation type,
with respect to waves and tidal currents, a series of tests were run to quantify
the ‘blocking effect’ of each type (Forewind, 2013). The results showed that
for 10MW wind turbines designed for a water depth of 35m (the default
design depth provided), the worst case foundation option for ‘blocking’ of
both waves and tidal currents was GBS*1 (with a 55m diameter base plate).
The characteristics of this foundation have been taken forward into the
numerical modelling for Dogger Bank Teesside A & B.
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2.3.3

This means that all foundations with a lesser ‘blocking’ effect (including all of
the other conical GBS geometry options and other foundation types,
including monopoles and multi-legs) will have a lower overall effect than
GBS* and, as such, are considered to be covered within the assessment
envelope.

The effect of the BMW and 10MW conical GBS*1 foundations on waves was
quantified using the WAMIT model. This is a radiation/diffraction panel
program developed for linear analyses of the interaction of surface waves
with marine and offshore structures. It is widely recognised to be an industry
standard for the analysis of floating and fixed structures and was developed
at the Department of Ocean Engineering at Massachusetts Institute of
Technology.

The WAMIT computations have been carried out where the geometry of the
conical GBS foundation is represented by small quadrilateral panels and the
velocity potential is assumed constant on each panel. An example of the
representation of a foundation from the sea surface to the seabed is shown in
Figure 2.1. The velocity potentials on each panel were evaluated by
WAMIT.

The WAMIT computations were carried out using wave periods between two
and 25 seconds in steps of one second on GBS*1 geometries in 35m of
water. The output from WAMIT is a set of wave reflection factors as a
function of wave period (Figure 2.2 and Table 2.1).
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2.3.5

Table 2.1. Wave reflection factors of the 6MW and 10MW conical GBS*1
foundations in 35m of water.

GBS"1
Wave Period (s)
6MW 10MW
2.0 5.7 5.8
3.0 5.3 5.7
4.0 6.8 7.2
5.0 6.6 8.0
6.0 4.0 5.4
7.0 26 3.6
8.0 1.8 25
9.0 1.6 2.0
10.0 1.5 1.8
11.0 1.4 1.7
12.0 1.2 1.4
13.0 1.0 1.2
14.0 0.9 1.1
15.0 0.8 1.1
16.0 0.6 0.8
17.0 0.6 0.8
18.0 0.5 0.6
19.0 0.5 0.6
20.0 0.4 0.5
21.0 0.3 04
22.0 0.3 04
23.0 0.3 04
24.0 0.2 0.3
25.0 0.1 0.2

The total wave reflection of a foundation depends on the distribution of wave
energy over different wave periods (the wave energy frequency spectrum).
Short waves are generally unaffected by the deeper portions of the
foundation, while longer waves disturb the entire water column. In order to
quantify the resulting reflection, the wave period-dependent reflection factors
are integrated with the average wave spectrum (Figure 2.2).

The average spectrum has been obtained by averaging the measured
spectra collected by the Forewind northern waverider (Figure 1.3) between
6™ November 2010 and 10™ August 2011. A total of 13,117 half-hourly
measurements have been obtained. Although the measurements do not
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cover an entire year and may be affected by some seasonality, the average
spectrum is fit for purpose to define the relative distribution over the different
wave periods, rather than the exact magnitude of wave energy at a given
wave period.

Integration of the reflection factors with the average wave spectrum provides
a weighted average equivalent width of the foundation. The integrated wave
reflection factors of the 6MW and 10MW conical GBS*1 foundations in 35m
of water are 2.09 and 2.66, respectively. These values do not have a
physical interpretation but are merely representative values of the wave
period-dependent equivalent widths.

To use the BMW and 10MW conical GBS*1 foundation types as input to the
hydrodynamic and wave models required further analysis. This is because
the tidal flow reductions and wave reflection factors were calculated using
conical GBS*1 geometries in 35m of water (the default design depth
provided). Across the Dogger Bank Teesside A & B project areas, the
bathymetry varies from 22.0m to 34.0m (Dogger Bank Teesside A) and
23.25m to 37.0m (Dogger Bank Teesside B). Hence, the geometries of the
majority of foundations are scaled down in size for water depths less than
35m, with a few scaled up in size for water depths greater than 35m.

A set of scaling rules were developed by Forewind for calculating a
conservative geometry for the conical GBS*1 foundations in varying water
depths relative to the foundation geometry in 35m of water:

o the conical GBS*1 in 35m of water (the default design depth
provided) is the f‘starting point’ for scaling and all scaled
dimensions are relative to that foundation geometry.

o the four aspects of the conical GBS*1 which change with water
depth are the cone height (the distance between the top and
bottom of the cone), the base plate diameter, the cone bottom
diameter and the scour protection diameter (if any).

o all other dimensions stay constant in different water depths; the
top shaft diameter, top shaft length below the water surface, scour
protection height and the base slab height are all fixed.

o the geometry changes in different water depths as follows:

- the cone height changes to track the changes in water
depth. For example, if water depth shallows by 15m, then
the cone shortens by 15m.

- the base plate diameter changes by a factor of 1.1 with
every 15m change in water depth. For example, reducing
water depth from 35m to 20m means the base diameter will
decrease by a factor of 1.1; an increase in water depth from
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35m to 50m means the base diameter will increase by a
factor of 1.1;

the horizontal distance between the outside edge of the
cone bottom and the outside edge of the baseplate is fixed,
as is the horizontal distance between the outside edge of
the scour protection and the outside edge of the baseplate.

Using these rules, the geometries of the MW and 10MW conical GBS*1
foundations in water depths of 20m, 27.5m, 35m, 42.5m and 50m (Figures
2.3 and 2.4) were tested using WAMIT to determine wave reflection factors
as a function of wave period for each water depth (Figures 2.5 and 2.6 and
Tables 2.2 and 2.3).

Table 2.2. Wave reflection factors of the 6MW and 10MW conical GBS"1
foundations in five different water depths.

Wave

Water Depth (m) and GBS*1 Foundation Size

Period (s) 20.0 27.5 35.0 42.5 50.0
6MW 10MW 6MW 10MW 6MW 10MW 6MW 10MW 6MW 10MW
2.0 5.7 5.8 5.7 5.8 5.7 5.8 5.7 5.8 5.7 5.8
3.0 5.3 5.8 5.3 5.7 5.3 5.7 5.3 5.7 5.3 5.7
4.0 7.0 7.4 6.9 7.3 6.8 7.2 6.8 71 6.7 71
5.0 7.0 8.4 6.8 8.2 6.6 8.0 6.4 7.8 6.3 7.7
6.0 5.5 7.0 4.4 5.9 4.0 5.4 3.8 5.1 3.7 4.9
7.0 4.0 5.8 3.0 4.2 2.6 3.6 2.3 3.3 2.2 3.0
8.0 29 4.1 24 3.3 1.8 2.5 1.5 21 1.3 1.8
9.0 2.6 3.2 2.0 2.5 1.6 2.0 1.2 1.6 1.0 1.3
10.0 2.2 2.5 1.9 2.3 1.5 1.8 1.2 1.4 0.9 1.1
11.0 2.0 2.2 1.7 2.1 1.4 1.7 1.1 1.3 0.9 0.9
12.0 1.9 2.2 1.4 1.7 1.2 1.4 1.0 1.2 0.9 0.9
13.0 1.7 2.0 1.2 1.5 1.0 1.2 0.9 1.1 0.8 0.7
14.0 1.5 1.9 1.1 1.3 0.9 1.1 0.8 0.9 0.7 0.7
15.0 1.4 1.7 1.0 1.3 0.8 1.1 0.6 0.7 0.6 0.6
16.0 1.1 1.4 0.9 1.1 0.6 0.8 0.6 0.7 0.5 0.4
17.0 1.0 1.3 0.7 0.9 0.6 0.8 0.5 0.5 0.5 0.4
18.0 0.9 1.2 0.7 0.9 0.5 0.6 0.5 0.5 0.4 0.2
19.0 0.8 1.1 0.5 0.7 0.5 0.6 0.3 0.3 0.4 0.2
20.0 0.7 0.9 0.5 0.6 0.4 0.5 0.3 0.4 0.4 0.2
21.0 0.7 1.0 0.5 0.7 0.3 0.4 0.4 0.4 0.2 0.1
22.0 0.5 0.7 0.4 0.5 0.3 0.4 0.2 0.2 0.2 0.0
23.0 0.5 0.7 0.3 0.4 0.3 0.4 0.2 0.1 0.2 0.1
24.0 0.5 0.7 0.3 0.4 0.2 0.3 0.2 0.2 0.3 0.1
25.0 0.4 0.6 0.3 0.5 0.1 0.2 0.2 0.2 0.2 0.0
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