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EXECUTIVE SUMMARY

Introduction

Deep BV has been contracted by @rsted Energy to conduct post-construction bathymetrical surveys at the Race Bank
(ROWO01) Offshore Wind Farm (OWF) in the North Sea, United Kingdom. The surveys were performed in June and
July 2018.

Survey 3¢, Sandwave Recovery Analysis: This data analysis covered 9 study areas (7 array cables routes, 2 areas along
export cable routes). The objective of this study was to analyse seabed dynamics and morphology prior, during and
after construction to estimate restoration of seabed morphology.

Executing party All reporting has been performed by Deep BV.
Scope of work e Data preparation and analysis

e  Processing and reporting
Horizontal and Datum: ETRS89

vertical reference Projection: UTM 31 North

Vertical reference: LAT (m) (VORF model)

Survey 3c, 7 array cables, 2 sections along export 9 Corridor: 50 m total width
Sandwave cables
Recovery Analysis

Sandwave Recovery Report
The bathymetric data of the ROW01 OWF that was acquired in 2018 was compared with bathymetric data from
2016/2017 (after trenching) and with bathymetric data from 2015 (prior to construction).

It was found that along most of the 9 study areas, the seabed has completely or nearly completely recovered to pre-
construction levels (>75% recovery in all areas).
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INTRODUCTION

@RSTED Energy awarded Deep BV the contract for the execution of the summer 2018 post-construction
surveys at Race Bank (ROWO01) Offshore Wind Farms (OWF). The survey areas are located the North Sea with
landfalls on the East coast of England near King’s Lynn.

Study objectives

The objective of this report is to analyse the level of disturbance and rate of natural recovery of the seabed
morphology during and after trenching activities for the construction of export and array cables for the
ROWO01 OWF. The study incorporated analysing seabed dynamics from historic (2015, 2016 (along array
cables) and 2017 (along export cables)) and recent MBES data (summer 2018) in specific areas where large
sediment mobility is expected.

Project key plan

ROWO01 is a 573MW wind farm with a total of 91 turbines, located 27km north of Blakeney Point off the coast
of Norfolk. Water depths are ranging from +3m to -41 m LAT. The licence with the Marine Management
Organisation (MMO) requires regular surveys of a selection of the wind turbine generators (WTGs) and array
cables, as well as the entire export cable routes. For an overview map, see Figure 2-1.

0000065

[ . [ —|
320000 340000 360000
Figure 2-1: Overview chart of the ROW01 OWF.
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2.3 Study areas
This document describes the analysis of bathymetric data of seabed morphology in specific parts of the
ROWO01 OWF and sections of the export cables. The study areas have been selected from areas where
dredging occurred in order to make a site representative assessment of sand wave recovery over different

parts of the ROWO1 OWF; site and export cable routes (nearshore and offshore areas). The following areas are
investigated:

Array cables:

e 7Z01-CO5
e (CO5-B04
e B04-B03
e B03-A03
e Z7Z01-DO06
e DO06-DO05
e DO5-C04

Export cables (dredge areas):
e Along export cables Circuit 1 & Circuit 2 between KP 49.500 and KP 50.500
e Along export cable Circuit 2 between KP 16.200 and KP 17.200

An overview map of the study areas is given in Figure 2-2 and Figure 2-3.
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Figure 2-2: Overview chart of the sandwave recovery analysis areas along array cables in ROW01 OWF
(indicated in red).
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Figure 2-3: Overview chart of the sandwave recovery analysis areas along parts of the export cables.
(indicated in red).
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3 QUALITY

All data acquisition and processing has been executed in compliance with Deep BV’s Quality Management
System (QMS) which is NEN-EN-ISO 9001:2008 and OHSAS 18001:2007 certified.

3.1 Positioning
The primary positioning system used on board provided reliable positioning throughout the duration of the
project. In some occasions, poor GPRS/4G internet reception resulted in dropping out of receiving GNSS
corrections. In these cases the online survey software automatically switched over to the secondary
positioning system. Online, comparisons between the primary and the secondary positioning systems have
been monitored continuously.

3.2 Bathymetric data
The quality of the recorded data has been monitored continuously throughout the project. Measurements not
meeting IHO standards or required THU / TVU values were automatically discarded, resulting in only recording
measurements meeting the data quality requirements. Survey coverage of the complete survey areas have
been achieved (50 hits per 1 m?’ cell).

All data meet IHO S-44 Special order standard. Further accuracy requirements are defined below;
TVU (Total Vertical Uncertainty) for all processed beams/final data (2-sigma, 95%):

0.15 m (2-sigma, 95%) or better down to 20 m water depths;

0.20 m (2-sigma, 95%) or better from 20 m to 40 m water depths;

0.25 m (2-sigma, 95%) or better below 40 m water depths.

THU (Total Horizontal Uncertainty) for all processed beams/final data (2-sigma, 95%) not to exceed 0.5 m + 2%
of the water depth for all processed beams/final data.

Figure 3-1: Example of grid showing THU values, colour scale set to 0.60m.

Figure 3-2: Example of grid showing TVU values, colour scale set to 0.15m max.

THU & TVU grids of the data are included in the digital data delivery.

DOCUMENT: P3407_UKE_INT_SRR_REP_ROWO1_181008_R02
DATE: 2018-10-08
CLIENT: @RSTED Energy

Page 12 of 40
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3.3 Height differences

In some parts of the survey area it appears a height offset with data from previous surveys was observed. This
height offset might be ascribed to a slight error in height correction from the RTK systems during survey. As it
is impossible to say whether this error occurred during this or previous surveys, the offset has not been
corrected. After careful studying the offsets between surveys, it was concluded the 2017 survey of array cable
routes has shown to be most inconsistent with regards to height consistency.

In locations where a constant offset is visible between data from the 2018 and previous surveys, a remark is
provided.

3.4 Sandwave recovery charts
Accompanying this report are a total of 11 charts; 4 covering the export cable routes, 7 covering the array
cable routes. These charts are created specifically for the purpose of this report.

The charts contain 4 panels (from top to bottom):

PANEL 1: Bathymetry — Post-construction survey 2018

This panel shows the latest bathymetry in shaded relief colours. From the information within this
panel it is possible to determine if there are any trenches left along the routes, as well as an
indication of sand dune mobility and recovery.

PANEL 2: Difference — As-trenched survey 2016/2017 versus pre-construction survey 2015

This panel shows a difference model between as-trenched and pre-construction phases. A specific
difference colour scale was chosen to visually emphasise any changes in bathymetry and is defined as
follows:

Bathymetric comparison [m]
e The colours within this range (from 0 to = 1.6m)
indicate accretion (shallowing) compared to older

.2 reference data. Every colour step is 20cm difference.
Accretion
“?ﬁl}ﬁ"}' In general, grey is no or minor changes. Towards red
previous, . . .
06 signifies seabed build-up.
+0.2
0
-0.2 o 3
The colours within this range (from 0 to > 1.6m)
s indicate erosion (deepening) compared to older

(decper reference data. Every colour step is 20cm difference.

In general, grey is no or minor changes. Towards
blue/magenta signifies seabed erosion.

Table 3-1: Difference model colour map

From this difference model, a trench can be recognised as a blue or magenta area, see example
below:
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Figure 3-3: Trench example (as-trenched VS pre-construction)

PANEL 3: Difference — Post-construction survey 2018 versus As-trenched survey 2016/2017

This panel shows a difference model between post-construction and as-trenched phases, using the
same difference colour map as panel 2.

This difference model will show build-up or erosion since trenching. If the example above is taken for
reference purposes, the same area should show a seabed build-up (green/yellow/red) in the same
place as the trench was:

EAEE e, T SR s.,__._.“__/’—__

X

Figure 3-4: Trench example (post-construction VS as-trenched)

This is indeed the case.

PANEL 4: Longitudinal profiles

This panel shows the longitudinal profiles of all phases along the cable route. The vertical scale is 40x

exaggerated.
% The black line is the post-construction survey 2018 profile;
% The blue line is the pre-contruction survey 2015 profile;

*

The green line is the as-trenched survey 2016/2017 profile

This panel will instantly show the differences between all phases in more detail, but only along the
cable route. To see the overall differences, panels 2 and 3 should be used.
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4 RESULTS

The profile plots in this chapter have been generated to provide a simple reference to the text. Therefore, the
colour schemes used do not exactly match the colour scheme of the official charts. In each profile plot a
legend is provided for reference.

The plan view plots in this chapter are to be used for visual comparison. The plan views of different years, but
same study area can appear very different, due to differing survey coverage. Even though different zoom
levels would improve visibility, it was decided to keep the plan view extents from different years the same.

4.1 Array cables

4.1.1 201-D06

Array cable Z01-DO06 is located in the northern part of the OWF, cable is running from S to N. In 2015, one clear
sand wave with general SW-NE strike was visible at KP 0.140, with height of ~1.5 m. After trenching in 2016 a
clear flattening of the seabed was observed, with a depression visible at the former location of the sand wave.
In 2018, the sand wave was restored to ~1.5 m height and with a N-wards migration ~20 m (Figure 4-3).
Further along the array cable, the seabed has restored to its former state (Figure 4-1 & Figure 4-2).

ROWO01 Bathymetry 2015-2018 - Array Cable Z01-D06

Z01 D06

-17.0

-18.0-
': N
3190 Bathymetic survey
£ — Bathy_2015
£ ~ Bathy_2016
§-20,0 == Bathy_2018

-21.0-

22,0

0 100 200 300 400 500 600 700
KP (m)

Figure 4-1: Longitudinal profile of MBES data along array cable Z01-D06
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2015

Top left: MBES data of pre-construction
situation in 2015

Top right: MIBES data of as-trenched situation in
2016

Left: MBES data of post-construction situation in
2018

Figure 4-2: Planview images of MBES data along entire length of array cable Z01-D06

DOCUMENT:  P3407_UKE_INT_SRR_REP_ROWO1_181008_R02
DATE: 2018-10-08
CLIENT: @RSTED Energy Page 16 of 40
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2016

Top left: MBES data of pre-construction
situation in 2015

Top right: MIBES data of as-trenched situation in
2016

Left: MBES data of post-construction situation in
2018

Figure 4-3: Planview images of MBES data near KP 0.100 of array cable Z01-D06

DOCUMENT:
DATE:
CLIENT:

P3407_UKE_INT_SRR_REP_ROWO1_181008_R02

2018-10-08
@RSTED Energy

Page 17 of 40
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4.1.2 D06-D05

Array cable D06-DO05 is located in the northern part of the OWF, cable is running from S to N. In 2015, a clear
sand wave pattern was observed along this array cable route, with general SW-NE strike and with heights
ranging 2-3 m. After trenching in 2016 a clear flattening of the seabed was observed. In 2018, most of the sand
wave pattern was restored to with sand waves ranging in height between 1-2.5 m height with a shorter
wavelength than in 2015. Comparing the longitudinal profiles of the 2017 and 2018 surveys over the scour

protection near DO5, it appears there is a offset of ~0.5 m between the 2017 and 2018 surveys (Figure 4-4 &
Figure 4-5).

ROWO1 Bathymetry 2015-2018 - Array Cable D06-D05
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Figure 4-4: Longitudinal profile of MBES data along array cable DO6-D05
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Top left: MBES data of pre-construction
situation in 2015

Top right: MIBES data of as-trenched situation in
2016

Left: MBES data of post-construction situation in
2018

Figure 4-5: Planview images of MBES data along array cable DO6-D05
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Hydrography & Geophysics

4.1.3 DO05-C04

Array cable D05-C04 is located in the eastern part of the OWF, the cable is running from E to W. In 2015, clear
sand wave pattern with general W-E strike as well as a distinct SW-NE striking ridge at KP 0.420 were visible. In
2015, the highest sand wave along the profile was a drop of ~2.5 m off the ridge at KP 0.420, as well as a ~1.5
m sand wave crossing at KP 0.720. After trenching in 2016 a clear flattening of the seabed was observed,
although the ridge was still present, now ~1.5 high and migrated ~ 50 W-wards. In 2018, most new sand waves
developed near WTG D05, the ridge has gained height to ~ 1.9 m. The seabed near WTG C04 still remained
flatter than pre-construction, although a new sand wave ridge of ~ 1.0 m developed near KP 0.900 (Figure 4-8).
Comparing the longitudinal profiles of the 2017 and 2018 surveys over the scour protection near DO5, it
appears there is a offset of ~0.5 m between the 2017 and 2018 surveys (Figure 4-6 & Figure 4-7).
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Figure 4-6: Longitudinal profile of MBES data along array cable DO5-C04
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2015

2016

2018

Top: MBES data of pre-construction situation in 2015
Centre: MIBES data of as-trenched situation in 2016
Bottom: MBES data of post-construction situation in 2018

Figure 4-7: Planview images of MIBES data along array cable DO5-C04
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2015

2018

Top: MBES data of pre-construction situation in 2015
Centre: MIBES data of as-trenched situation in 2016
Bottom: MBES data of post-construction situation in 2018

Figure 4-8: Planview images of MIBES data near KP 0.900 of array cable DO5-C04
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Hydrography & Geophysics

414 201-C05

Array cable Z01-CO5 is located in the northern part of the OWF, cable is running from SE to NW. In 2015, a
clear sand wave pattern with general SW-NE strike was visible. In 2015, the two main sand wave ridges along
the profile were ~5 m height, with another two ridges ~1.5 m and ~ 3 m high. After trenching in 2016 a clear
flattening of the seabed was observed. In 2018, most of the sand wave pattern was restored, with the two
major sand wave ridges redeveloped at the same location as pre-construction to ~3 m and ~4 m height (Figure
4-11). The lower sand waves ridges also redeveloped almost completely. Comparing the longitudinal profiles
of the 2017 and 2018 surveys over the scour protection near CO5, it appears there is a offset of ~0.5 m
between the 2017 and 2018 surveys (Figure 4-9 & Figure 4-10).
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Figure 4-9: Longitudinal profile of MBES data along array cable Z01-C05
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Top left: MBES data of pre-construction
situation in 2015

Top right: MBES data of as-trenched situation in
2016

Left: MBES data of post-construction situation in
2018

Figure 4-10: Planview images of MBES data along array cable Z01-C05
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2015

2018

Top: MBES data of pre-construction situation in 2015
Centre: MIBES data of as-trenched situation in 2016
Bottom: MBES data of post-construction situation in 2018

Figure 4-11: Planview images of MBES data near KP 1.200 on array cable Z01-CO5
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4.15

Hydrography & Geophysics

C05-B04

Array cable C05-B04 is located in the northern part of the OWF, cable is running from W to W In 2015, a clear
sand wave pattern with general SW-NE strike was visible. In 2015, the two main sand wave ridges along the
profile were ~2.5 m height, with another ridge ~1.5 m high. After trenching in 2016 a clear flattening of the
seabed was observed. In 2018, some of the sand wave pattern was restored, with one of the major sand wave
ridges redeveloped at the same location as pre-construction to ~1 m height (Figure 4-14). The other sandwave
ridges have redeveloped to some extent, but not yet to pre-construction level. Comparing the longitudinal
profiles of the 2017 and 2018 surveys over the scour protection near both CO5 and B04, it appears there is a
offset of ~1 m between the 2017 and 2018 surveys (Figure 4-12 & Figure 4-13).
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Figure 4-12: Longitudinal profile of MBES data along array cable C05-B04
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2015

2016

2018

Top: MBES data of pre-construction situation in 2015
Centre: MIBES data of as-trenched situation in 2016
Bottom: MBES data of post-construction situation in 2018

Figure 4-13: Planview images of MBES data along array cable C05-B04
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2015

2018

Top: MBES data of pre-construction situation in 2015
Centre: MIBES data of as-trenched situation in 2016
Bottom: MBES data of post-construction situation in 2018

Figure 4-14: Planview images of MBES data near KP 0.750 of array cable C05-B04
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4.1.6 B04-B03

Array cable B04-B03 is located in the northern part of the OWF, cable is running from S to N. In 2015, a clear
sand wave pattern with general SW-NE strike was visible. In 2015, the highest sand wave along the profile was
~5 m height, although most of the sand waves were ~2 m high. After trenching in 2016 a clear flattening of the
seabed was observed. In 2018, most of the sand wave pattern was restored, with three major sand wave
ridges >2 m high redeveloped. Comparing the longitudinal profiles of the 2017 and 2018 surveys over the
scour protection near both B0O4 and BO3, it appears there is a offset of ¥1 m between the 2017 and 2018
surveys (Figure 4-15 & Figure 4-16).
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Figure 4-15: Longitudinal profile of MBES data along array cable BO4-B03
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Top left: MBES data of pre-construction
situation in 2015

Top right: MIBES data of as-trenched situation in
2016

Left: MBES data of post-construction situation in

2018

Figure 4-16: Planview images of MBS data along array cable BO4-B03
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Top left: MBES data of pre-construction
situation in 2015

Top right: MIBES data of as-trenched situation in
2016

Left: MBES data of post-construction situation in
2018

Figure 4-17: Planview images of MIBES data near KP 0.300 of array cable BO4-B03
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4.1.7 B03-A03

Array cable B03-A03 is located in the northern part of the OWF, cable is running from SE to NW. In 2015, a
clear sand wave pattern with general SW-NE strike was visible. In 2015, the highest sand wave along the
profile was >5 m height, although most of the sand waves were ~2 m high. After trenching in 2016 a clear
flattening of the seabed was observed, although quite a few sand waves remained. In 2018, most of the sand
wave pattern was restored, with the highest sand wave restored to ~4 m height (Figure 4-20). The other sand
wave ridges have redeveloped to pre-construction height, although the wavelength has increased. Comparing
the longitudinal profiles of the 2017 and 2018 surveys over the scour protection near both B03 and A03, it
appears there is a offset of ~0.5 m between the 2017 and 2018 surveys (Figure 4-18 & Figure 4-19).
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Figure 4-18: Longitudinal profile of MBES data along array cable BO3-A03
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Top left: MBES data of pre-construction
situation in 2015

Top right: MIBES data of as-trenched situation in
2016

Left: MBES data of post-construction situation in
2018

Figure 4-19: Planview images of MBES data along array cable B03-A03
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2015 2016

Top left: MBES data of pre-construction
| situation in 2015

ﬂ Top right: MIBES data of as-trenched situation in
2016

Left: MBES data of post-construction situation in
2018

Figure 4-20: Planview images of MBES data near KP 0.100 of array cable B03-A03
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4.2

4.2.1

Hydrography & Geophysics

Export cables

C1 & C2 - KP 49.500 - 50.750

Between KP 49.500 and KP 50.750 along export cables C1 & C2, seabed rises onto a sand bank with sand
waves superimposed (Figure 4-23). The sand waves have a W to W strike and were between 1-2 m in height
pre-construction in 2015. Just after cable trenching in 2017, the sand waves were depressed and showed a
general S-wards migration of approximately 20 m. In 2018, most of the sand waves have recovered in height
to pre-construction levels and have stabilised their location (Figure 4-21 & Figure 4-22).
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ROWO1 Bathymetry 2018 - Export Cable Circuit 2 - KP 49.500-50.750
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Top: Longitudinal profile along C1
Bottom: Longitudinal profile along C2

Figure 4-21: Longitudinal profiles of MBES data between KP 49.000-50.000 of export cables C1 &
c2
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Top left: MBES data of pre-construction
situation in 2015

Top right: MIBES data of as-trenched situation in
2017

Left: MIBES data of post-construction situation in
2018

Figure 4-22: Planview images of MBES data between KP 49.000-50.000 of export cables C1 & C2
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Top left: MBES data of pre-construction
situation in 2015

Top right: MIBES data of as-trenched situation in
2017

Left: MBES data of post-construction situation in
2018

Figure 4-23: Planview images of MBES data near KP 49.600 of export cables C1 & C2
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4.2.2 C2 - KP 16.200-17.200

In this area a clear sand wave pattern is visible. From the 2015 survey, a number of sand wave ridges of ~1 m
was observed (Figure 4-26). After trenching in 2017, some of these ridges were suppressed by ~ 0.5 m,
although the majority has remained stable throughout construction. Little change was observed between the
surveys of 2017 and 2018 (Figure 4-24 & Figure 4-25).
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ROWOQ1 Bathymetry 2018 - Export Cable Circuit 2 - KP 16.200-17.200
1 1
00 : KP 16.200 KP 17.200 :
| I
1 [}
1 1
95- 1 1
1 [}
1 1
1 1
e 1
< -10.0- \ ! Bathymetic survey
E W : — Bathy_2015
E 1 1 == Bathy_2017
g i i — Bathy_2018
O 405- ! !
1 1
1 1
1 [}
1
1.0 :
1
:
115 : :
16200 16300 16400 16500 16600 16700 16800 16900 17000 17100 17200
KP (m)

Top: Longitudinal profile along C1
Bottom: Longitudinal profile along C2

Figure 4-24: Longitudinal profile of MBES data between KP 16.200-17.200 of export cables C1 & C2
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Top left: MBES data of pre-construction
situation in 2015

Top right: MIBES data of as-trenched situation in
2017

Left: MBES data of post-construction situation in
2018

Figure 4-25: Planview images of MIBES data between KP 16.200-17.200 of export cable C2
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Top left: MBES data of pre-construction
Situation in 2015

Top right: MIBES data of as-trenched situation in
2017

Left: MBES data of post-construction situation in
2018

Figure 4-26: Planview images of MBES data near KP 16.700 of export cable C2
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