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Executive Summary

Interpretative Site Investigation 0 Hesselg

Survey Dates Geophysical 14 October to 30 December 2020

Environmental 24 October to 26 October 2020
5 December 2020

Equipment Geophysical Multibeam echo sounder (MBES), sidescan sonar(SSS), magnetometer (MAG),
sub-bottom profiler (SBP), 2D ultra high resolution seismic (2D UHR
Environmental Seafloor grab samples were acquired using aDual Van Veen grab sampler
Coordinate System Datum: European Terrestrial Reference System 1989 (ETRS89)

Projection: UTM Zone 32N, CM 3°E

Bathymetry

Water depths range from 24.7 m to 33.5 m. Thesite is characterised by gentle seafloor slopes, on average ranging
bet ween appr oxi hoeatised gsadiehtk exeeedihg 1®°Bvereobserved in areas of seafloor scour and areas
of potential debris.

Seafloor Morphology

Several morphological features were observed on the seafloor within the site, including: area of circular seafloor
depressions, area with occasional boulders, erosional escarpment, gullies, icesculpted area, shoals, area of debris and
trawl marks, which are evidence of an extensive fishing activity and are present across the whole site.

Substrate Type

Following the classification presented in the Danish Rastofbekendtgarelsen (BEK no. 1680 of 17/12/2018, Phase IB),
there were two substrate types identified within the HOWF site: 1a @ silty soft bottom and 1b & solid sandy bottom.

Seafloor Sediments

Based on the results on the backscatter data and grab sampling campaign, the dominant seafloor sediment type in the
HOWTF site is muddy sand. Areas of gravel and coarse sand were identified in the north-east part of the site and within
the erosional escarpment observed in the west.

Seabed Targets and Potential Site-Specific Hazards

Wrecks One target was interpreted as potential wreck and classified as a potential
archaeological finding (HAJ_SSS_00023). It was observed in the central part of
the HOWF site and surrounded by scattered debris items.

Cables No telecommunication cables are crossing the HOWF site
Debris 75 targets were identified as man-made objects.
Boulders and coarse materials In total 1534 targets were picked and classified as (possible) boulders. The

highest boulder density was observed in the north -east part of the site where
approximately 90% of the boulders exceeding 1 m in height/length/width were
identified.

Other targets The sedloor targets were identified from SSS, MBES and MAG datasets. In total,
4221 magnetic anomalies and 1627 side-scan sonartargets were observed
across the site.SSS targets were rationalised to the MBES position. No targets
were noted on the MBES that were not also seen on other sensor(s).

Mobile seafloor sediments There was no evidence of seafloor sedimens mobility observed within the
HOWF site.

Geological Features
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Late Glacial anomalies

These anomalies occur sporadically in Late Glacial units (i.e. below Horizon H10,
mainly in the northern and eastern part of the site. They appear asvertically
stacked enhanced amplitude point reflections and/or diffraction hyperbolas.

Postglacial anomalies

These anomalies occur as enhanced amplitude parallel reflectors, with a varying
spatial extent. Occasionally acoustic blanking and/or signal distortion was
observed below. They are mainly observedin Unit A and Unit B and locally
appear to extend below into Late Glacial units, e.g. UnitD. The anomalies are
most abundant in the central part of the HOWF site, in the area of the pre-
Quaternary depression and locally in the western limits of the site.

Shallow gas

Acoustic blanking was observed locally, and is thought to indicate the presence
of shallow gas in the soil. The main area where acoustic blanking occurs is in the
large pre-Quaternary depression.

Peat pockets

An area containing abundant discontinuous high negative amplitude reflectors
was observed. These seismic events occur in UniB and most likely represent
small pockets of peat or organic-rich clays.

Boulders, cobbles and gravel

Diffraction hyperbolas were observed in the SBP data and possibly represent
gravel to cobble-sized shells and rock fragments. They were frequently observed
in Unit A.

Point anomalies were observed in the 2D-UUHR data and may indicate the
presence of individual boulders, cobbles or coarse gravel. They are most
abundant in Unit D and may represent ice-rafted debris.

Mass-transport deposits (MTDs)

Unit D bears evidence for multiple stages of mass wasting processes, resulting in
a variety of seismic characters The MTDs may exhibit different geotechnical
properties compared to surrounding undeformed material.

Glacial deformation

Ice movement may have deformed the Weichselian deposits, resulting in folding
and/or thrusting of soil units. The degree of deformati on increases towards the
south of the site.

Areas of debris

Unit A

Shallow Geology

Irregular seafloor was identified in 17 areas with a diameter size ranging from
100 m to 200 m. Numerous diffraction hyperbolas were observed just below the
irregular seafloor. These areas may hae a man-made origin and could represent
debris dropped on the seafloor.

Unit A is present across the entire site, except for small areasn the western part
of the site, where erosional escarpments were observed on theseafloor. The
acoustically transparent material forms thin sheets of marine clayey SAND or
sandy GYTTJA and drapes over older units.

Unit B

Unit Bis present in the central and western part of the site. The seismic character
changes laterally from high amplitude stratification where it is thickest to low
amplitude reflectors where it thins. It consists of CLAY and SILT deposited in a
deltaic environment.

Unit C

Unit Cis present in the south-western part of the site and is distinctive for its
chaotic seismic character. It represents sandy spits or barrier islands that were
formed during the early Holocene marine transgression.

Unit D

Unit D appears as dominantly low to medium amplitude bedding -style
reflectors, which become increasingly distorted towards the south. Three internal
horizons discriminate between different acoustic facies. Unit C comprisesLate
Glacial CLAYS deposited in a glaciomarine, glaciolacustrine ador fluvial
environment.

Unit E

Unit E is present across a large part of the site, except in the north.The internal
seismic character of UnitE is semitransparent to chaotic. The unit comprises
glacially deformed glaciomarine and glaciolacustrine CLAY.
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Unit F Unit Fforms medium to high amplitude, closely spaced parallel reflectors and is
present in the northern and western part of the site. Lithology is expected to
comprise glaciomarine CLAY with laminae of SILT and SAND of Pleistocene age.

Unit G The extent of Unit Gis mainly confined to the large pre -Quaternary depression,
where it cuts into Unit H and Unit I. The infilling material appears semi
transparent to chaotic in the seismic data.

Unit H Unit H has a very variable seismic character and cosists of early Pleistocene
glacial, periglacial and/or glaciomarine TILL.

Unit | The seismic character of Unitl displays low to medium amplitude, low-frequency
parallel reflectors. It comprises pre-Quaternary bedrock and is composed of
Jurassicsandy MUDSTONE to Lower Cretaceous LIMESTONE and glauconitic
SANDSTONE deposited in a marine environment.
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F172145RERMOB-001

Mobilisation Report - Pioneer
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Mobilisation Report - Frontier
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Operations Report - Pioneer
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Operations Report - Frontier

F172145-RERGEORO001

Geophysical Survey Report (WPA scope)
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Energinet Eltransmission A/S

Introduction

General

Energinet Eltransmission A/S(Energinet) is developing a new offshore wind farm in the inner
Danish Sea, Kattegat, the Hessels Offshore Wind Farm (HOWF). The poject survey site,
henceforth referred atddt &e is@acdiee betiveewWPenmarkt aadd
Sweden approximately 30 km north of Sjeelland. Figure 1.1 presents the location of the site.

This report details the results of the geophysical survey covering the HOWF site.

Guidelines on the use of this report are provided in Appendix A.
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Figure 11 Location of the HOWF site (marked in orange).
Survey Aims and Overview

The following sub-sections provide details about the main survey requirements and the scope
ofworkfort he Cl i ent ds Wo r;khe BEharginetaDgreanarldHegs®iP @epphysical
Survey.

Survey Aims

The aim of the offshore geophysical survey isto map the bathymetry, the static and dynamic
elements of the seafloor and the sub-seafloor geological soil layers to at least 100 m below
seafloor (BSF) The survey was required to commence in 2020 and be comgeted as soon as
possible with the acquired data having full coverage of the HOWF site.

The acquired data will be used as the basis for:
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Initial marine archaeological site assessment

Planning of environmental investigations;

Planning of initial geotechnical investigations;

Decision of foundation concept and preliminary foundation design ;
Assessment of subsea interarray cable burial design;

Assessment of installation conditions for foundations and subsea cables

Site information enclosed in the tender for the offshore wind farm concession.

=A =4 =4 =4 =4 -8 4

To achieve these objectives Fugro:

A

>

>

>

>

Acquired accurate sitewide bathymetric data in order to determine water depths,
topography, gradients etc. using multibeam echosounder (MBES);

Acquired site-wide, high-resolution side scan sonar (SSS) data to determine seabed
features and the possible presence of boulders,sedfloor sediments, debris and items that
may impact foundation and cable installation;

Acquired magnetometer data across the site (along the planned survey lines) to support
the ALARP principle of UXO risk reduction prior to grab and geotechnical operations and
any other metallic debris or uncharted wrecks;

Acquired high-resolution sub-bottom profiler (SBP) data to determine the shallow sub-
seafloor soil conditions that may influence foundation and cable installation , such as
boulders and shallow geological features;

Acquired multichannel 2D-UUHR f(ltra ultra high resolution) seismic datawith penetration
to 100 m BSFto determine deeper sub-seafloor soil conditions that may influence
foundation design below the effective penetration of the SBP .

122 Survey Overview

A summary of the main survey requirements for the geophysical survey operations is presented
in Table 1.1.

Table 11 Survey requirements overview 0 geophysical survey operations (Work Package A).

Equipment Method Survey Requirements

Vessels A Fugro Frontier and Fugro Pioneer

Line spacing

A Geophysical lineswere run at 62 m (50 m) spacing*

2D-UUHR main lines and cross lines were run at 25n and 1 km
spacing, respectively

>

Maximum vesselspeed

>

Maximum of 4.0 knots (+10%)

Surface positioning

Dynamic heading accuracy of + 0.2° or better

> >

Static heading accuracy of + 0.05° or better

>

Horizontal uncertainty of the vessel of £ 0.5 m or better

A USBL accuracy. Fugravas able to repeatedly achieve +/- 1 m
accuracy for USBL calibration and +£2 m accuracy for data

USBL . .
acquired from towed sensors. i.e. a processed target accuracy of
+/-2m

2D-UUHR A Vertical resolution of 0.3 m to 1.0 m in the first 100 m below

seafloor
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Equipment Method

Energinet Eltransmission A/S

Survey Requirements

>

Main lines and cross lines spaced at 0.25%m and 1 km,
respectively

Multibeam echosounder/backscatter

>

>

>

>

100% coverage

0.25 m x 0.25 m bin size / 16 x pings per 1.0m x 1.0 m (ReferTQ-
016)

THUis<0.5m
TVU is compliant with IHO Special Order

Grid standard deviation (95% confidence interval) is less than
0.2m

Innomar SBP

> > > I

>

Transmit and receive frequency:8 to 12 kHz (adjustable)
Minimum penetration: 10 m dependent on geology
Vertical resolution: better than 0.3 m

Compensated for vessel motion

Infill requirement: data gaps > 20 m

Side scan sonar

>

> I >

>

0.5m x 0.5m x 0.1 m minimum target size sonification (ReferTQ-
003)

200% coverage including nadir (ReferTQ-013) 3
Altitude set to 8 % to 12% of range?

Survey speedbelow 4.0 knots (+10%)

Infill required where USBL gaps of more than 10s

Magnetometer

>

>

>

>

>

5 m maximum altitude (gaps if more than 10 m along track
above 50 m altitude)

Sampling frequency: 10Hz

Maximum noise level: 2 n'T (minimum layback: 110 m)® (ReferTQ-
012)

Lateral blanking distance of 5 m
Infill requirement: USBL gaps> 10 s

SVP

>

>

>

The speed of sound in water was measured in the HOWF site
using a sound velocity profiler (SVP)

The vertical SVPmeasurementswere undertaken with a resolution
of 0.1 m/s and an accuracy of +0.15m/s

SVPwas able to measure within the range of 1350 m/s to
1600 m/s

Grab Sampler

P S

>

>

>

>

Day or Dual Van Veen Grab Sampler
Precise positioning of the grab sample location (ReferTQ-011)°%

Proper and clear communication with vessel navigators and
survey personnel

Safewinch operation and deployment of the grab
Monitoring of the tension of the winch wire
Upon recovery of the soil sample:

1 Visual analysisof the sample (According to Danish Standard;
Larsen et al., 1995)

1 Sample photography

Safe storage of the sample (at least3 kg) for onshore delivery with
proper labelling (ReferTQ-009)*

Notes:
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Equipment Method ‘ Survey Requirements ‘

1) Original line spacing for geophysical lines was set to 62 m with SSS range of 75 m. However due to a strong pycnocline
i.e. combination of thermocline and halocline, affecting the SSS & MBES data, the SSS range was reduced t60 m and
the line spacing was changed to 50 m.

2) SSS towfish flying height was also reduced from 8m to 6 m to adhere with proper data quality. Refer TQ013 and TQ-022
for more details.

3) The 200% coverage of SSS data was not achievable due to the existing advee pycnocline effect within the survey site.
Refer TQ013 for more details.

4)  Weight of collected grab samples was revised to 3 kg. Refer TQ009 for more details.

5) Grab sample locationswere finalised and adjusted upon the scouting line survey results. ReferTQ-011 for more details.

6) Due to safety reasons it was agreed to tow the magnetometer piggy -backed from the SSS fish which resulted in a decrease
in distance of the layback. Refer TQ012 for more details

13 Geodetic Parameters
The project geodetic and projection parameters are summarised in Table 1.2.

Table 12: Project geodetic and projection parameters .

Project Global Positioning System Geodetic Parameters

Datum ETRS89

EPSG code 25832

Semi major axis 6 378 137.000m

Semi minor axis 6 356 752.314m

Inverse flattening 298.257222101

Grid Projection Universal TransverseMercator, Northern Hemisphere
UTM Zone 32N

Central Meridian 009A O0O0EEah0. 0006

Latitude of Origin 00A 008 00.0006 North
False Easting 500 000 m

False Northing om

Scale Factor at Central Meridian 0.9996

Units Metres

14 Vertical Datum

The vertical datum for Energinet Hesselgproject is reduced to Mean Sea Level (MSL) utiking
the DTU18 MSS Tide Model as a vertical offshore reference frame supplied by the Technical
University of Denmark (DTU).
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2.  Mobilisation and Operations
The data was acquired using the survey vessels Fugro Pioneer and Fugro Frontier.

Fugro Frontier mobilisation and calibrations for survey operations were undertaken between
10 October and 12 October 2020 in the port of IIJmuiden, The Netherlands; 23 October 2020
and 04 November 2020 near the survey site (see report F172145RERMOB-002).

Fugro Pioneer mobilisation and calibrations for survey operations were undertaken between
11 to 20 November 2020 in the port of Great Yarmouth, UK and at an offshore calibration site
close to the survey site (see report F172145RERPMOB-001).

Operations on the Fugro Frontier occurred between 14 October and 26 December 2020,
Details are provided in report F172145RERPOPS002.

Operations on the Fugro Pioneer occurred between 20 November and 30 December 2020.
Details are provided in report F172145RERPOPS001.
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3. Vessel Details and Instrument Spread

3.1 Vessel Details Fugro Pioneer

The Fugro Pioneer (Figure 3.1) is a 53 m vessel built at Damen Shipyards in 2014. Being
purpose designed for the demanding environmen
the Fugro Pioneer has excellent weather capalilities and is an ideal platform for 2D UHRS

and geophysical surveys.

. . v s, -
B e %

Figure 3.1 Fugro Pioneer

The Fugro Pioneeris equipped for 24-hour operations with space for a maximum of 31
persons.

3.2 Instrument Spread Fugro Pioneer
The equipment used for the survey is presented in Table 3.1.

Table 3.1 Instrument Spread Fugro Pioneer

Requirement ’ Equipment ‘
Primary GNSS Fugro StarPack GNSS receiver with StarFix.G2+ (dual frequency) corrections
Secondary GNSS Fugro StarPack GNSS receiver with StarFix.G2+ (dual frequency) corrections
MRU and heading sensor IXSEAHydrins, IXBLUE Octans
USBL Kongsberg HiPAP 501 with GNode beacons
Multibeam echosounder Dual Head Kongsberg EM2040
Side scansonar Edgetech 4200 (300/600 kHz)

Geometrics G882 fitted with a depth sensor and altimeter, towed behind
Magnetometer the side scan sonar fish with a 20 m soft-tow cable (changed to 8,9 m on

the 15t of December 2020)
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Requirement ‘ Equipment ‘

Parametric Subbottom Profiler Innomar Medium SES 2000

Sound velocity probe 2x SAIV CTD
Sound velocity sensor 1x Valeport Mini SVS installed near MBES headvith 1x spare
Tidal heights Fugro StarPack GNSS receiver with Starfix.G2+ corrections

Fugro Multi -Level Stacked Sparker 160, 120 and 80 tips, at depths of 0.52

2D UHRS Source m, 0.67 m and 1.12m)

2D UHRS Receiver Geometrics 48 channel hydrophone streamer with 2x Digi birds

For full details of the Fugro Pioneer including weather limitations, vessel offsets and field
procedures refer to Fugro report F145225REROPS001.

3.3 Vessel Details Fugro Frontier

Fugro Frontier (Figure 3.1) is a 53m vessel built at Damen ShipyardsGalati, Romaniain 2014.
Being purpose designed for t he de ma oadtal fegt
operate, with a minimum draught of 3.1m, Fugro Frontier is able to conduct geophysical survey
operations in water depths greater than 10m. Fugro Frontier has excellent weather capabilities
and is an ideal platform for 2DUHR andgeophysical surveys.

Figure 3.2: Fugro Frontier

Fugro Frontier has space for a maximum of 31 persons and is equipped for 24 hour
operations.
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Instrument Spread Fugro Frontier

The equipment used for the survey is presentedin Table 3.1.

Table 3.2: Instrument Spread Fugro Frontier

Requirement Equipment

Primary GNSS

Fugro StarPack GNSS receiver with StarFix.G2+ (dual frequency) corrections

Secondary GNSS

Fugro StarPack GNSS receiver with StarFix.G2+ (dual frequency) corrections

MRU and heading sensor

IXSEA Hydrins, IXBLUE Octans

USBL

Kongsberg HiPAP 501 withC-Node beacons including Cymbal

Multibeam echosounder

Dual Head Kongsberg EM2040

Side scan sonar

Edgetech 4205 Side Scan towfish with Ixblue Micro Octang300/600
kHz)

Magnetometer

Geometrics G882 fitted with a depth sensor and altimeter, towed behind
the side scan sonar fish

Parametric Sub-bottom Profiler

Innomar Medium SES 2000

Grab Sampler

Dual Van Veen Grab Sampler with accessories

Sound velocity probe

1x Valeport fast SVS & 1x Valeport Fast CTD

Sound velocity sensor

1x Valeport Mini SVSinstalled near MBES head with 1x spare

Tidal heights Fugro StarPack GNSS receiver with Starfix.G2+ corrections

Fugro Multi-Level Stacked Sparker with 360 tips on three levels, at depths
2DUHR Source of 0.52 m, 0.67 m and 1.12m
2DUHRReceiver Geometrics 48 channel hydrophone streamer with 2x Digibirds, 1x Head

Buoy & 1 Tail Buoy

For full details of the Fugro Pioneer including weather limitations, vessel offsets and field
procedures refer to Fugro report F145225RERPOPS002.
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Results

Regional Geological Setting

The geological record at the HOWF site has been heavily influenced bythe Sorgenfreid
Tornquist Zone. This is a fault system with a southeast to north-west orientation, located
between Skanein southern Sweden, the Kattegatand northern Jutland (Figure 4.1). It forms
the south-western boundary of the Baltic Shield (Erlstrém and Sivhed, 2001). The fault system
has been active since thePalaeozoic and has been reactivated multiple times, most recently
during the Quaternary (Jensen et al., 2002)as result of isostatic (re)adjustmentsfollowing ice
sheet advances and retreats. One of themajor faults of the SorgenfreidTornquist Zone, the
Barglum Fault, is located in the northern part of the HOWF site, and has a south-east to
north-west orientation (Figure 4.1). The Barglum Faultis assodated with a large pre-
Quaternary depression (Figure 4.2), which influenced the depositional patterns during the
Quaternary.

The bedrock at the HOWF site consists of Jurassic sandy mudstone and Upper Cretaceous
limestones and glauconitic sandstones (Erlstrém and Sivhed, 2001)

During the Pleistocene, the Scandinavian Ice Sheet advanced and retreated several times in
northern Jutland and the Kattegat. This resulted in the accumulation of a series of glacial tills
and interglacial lacustrine and marine deposits (Jensen et al., 2002; Larsen et al., 2009). In
addition, the repeated ice sheet advance and retreat also formed a complex series of ice
terminal ridges (terminal moraines or push-moraines). These can still be recogrsed in the
geomorphology of the islands and bathymetry of the southern Kattegat. During the relative
sealevel rise in the Late Glacial period (Late Weichselian; 16.0 to 12.&a BP), a thick package
of glaciomarine clay was deposited (Jensen et al., 2002; HoumarkNielsen and Kjger, 2003).
Figure 4.3 illustrates paleogeography and depositional environments during the We ichselian
in the wider Kattegat area.

In the early Holocene or Postglacial period (~10.5 to 12.6 ka BP) the relative seaevel

dropped due to isostatic rebound. This resulted in erosion of Late Weichselian deposits and is
evidenced by an unconformity in the larger Hesselgarea (Jensen et al., 2002; Bendixen et al.,
2015, 2017; GEUS 2020). Due to the ongoing eustatic sekevel rise, the area was once again
inundated, and sediment was deposited in a transgressive, shallow marine environment
between 11.7 to 10.8 ka BP. During this time a freshwater lake(Ancylus Lake)was present in
the Baltic Sea. Betweenl1.9 and 9.1ka BP,the Ancylus Lake drained via the Dana river
system through the Storebeelt in the south -east, into the Kattegat and resulted in the
deposition of coastal sediments in the Hesselgarea. From 9.1ka BP the Holocene marine
transgression continued, and a thin layer of marine sediment was deposited (Bendixen et al.,
2015, 2017).
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Figure 4.4 presents interpretative profiles of the shallow geology at and in close proximity of
the HOWF site based on information available in public domain (Jensen et al., 2002;

Bendixen et al., 2015.

L. Carboniferous—E. Permian rift
and fault system
_—
=
fa==ng
= Oslo
=== Graben
'
—
Skagerrak = 0,&(00
l!ag N, A
e I T
* -
| ~— —
Farsund| ~=em
Basin &= Y
Sorgenfrei- — g
Tornquist -
Zone =
=
[72=3

Hallm ea
ds3 Stag
s &,

Hallands%
_ vades . AJ

5 X

Faults related to dextral strike-slip movements

T~ Principal displacement zone

-
-
- -

Faults with other or uncertain tectonogenesis

e = Major fault

O Approximate location of the Hessels OWF

Extension fault

~——  Minor fault (not illustrated on the Danish part)

~ — Interpreted minor fault

Zone acting as bufferzone between
more coherent crustal blocks

Cross section

Deep offshore boreholes

Terne-1: TD = 3315 m (b.s.l)
(terminates in L. Cambrian quartzite)

Hans-1: TD = 3005 m (b.s.l.)
(terminates in U. Carboniferous
volcanoclastics)

Figure 4.1 Structural setting of the southern Kattegat and the Sorgenfrei dTornquist Zone (after GEUS, 2020).
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Pre-Quaternary
depression

O — 15
Kilometres

B : 5,
I suressic - sandy mudstones Base Quaternary b.m.s.l [m)
- Lower Cretaceous - Chalk 0-25 Bl 125-150

. N 25-50 Bl 150-175
D Upper Cretaceous - Limestones and glauconitic sandstones
50-75 B 175-200
D Survey area Fault Bl 75-100 Bl 200-225
B 100-125

wssssees Hypothetical Weichsalian ice-margin =~ ===== Profile
Figure 4.2: Bedrock geology (left image) and depth to  the base of Quaternary (right image) at the HOWF site
(modified after GEUS, 2020). Profiles are presented in Figure 4.4.
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S . ' :
17-16 Ka BP 16-15 Ka BP
Glacier ice Dated material
ol Boreal-arctic marine fauna
/ lines Terrestrial Freshwater ® _ -
ice margin ® Arctic marine fauna

—=  Fluvial deposits
e structure ~~ Periglacial deposits

idewater w Glacio-lacustrine deposits
margin w» Interstadial lake deposits
@ Plant detrius
Dead-ice .rgs ri‘\’f%gr? e = Mammoth
& Bones

Figure 4.3: Palaeogeographies during the Weichselian in the Kattegat area (after Houmark -Nielsen and Kjeer,
2003). The yellow star indicates the approximate location of the HOWF site.
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Figure 4.4 Interpretative profiles of the shallow geology at/near the HOWF site; profiles A-A6 a#Bd Br om
Jensen etal. (2002), profile C-C 6 f rerdixen Bt al. (2015). SeeFigure 4.2 for the location of the profiles.

F172145RERGEORO001 02 | Geophysical Results Report

Page 13 of 112
g -l"ul:nn



Energinet Eltransmission A/S

4.2 Seafloor Conditions

421 Bathymetry

An overview of the bathymetry within the HOWF site is shown in Figure 4.5 and charts
provided in a separate PDF file (seéAppendix B). Seafloorgradient is illustrated in Figure 4.6.

In the HOWF site water depths range from 24.7 m to 33.5 m MSL. The minimum water depth
was observed in the south-western part of the site and the maximum depth was recorded in
the east.

The HOWF site is characterised by gentle seafloor slopes, on average between approximately
0 E a rSdafladrigradients locally exceed 10K in areas of seafloor scour and potential areas
of debris.

F172145RERGEORO001 02 | Geophysical Results Report

Page 14 of 112
9 —lilnnn



Energinet Eltransmission A/S

670000 680000
o l l o
§- | N -§
&7 Legend 2
© 1 [ ]Howr ©
Depth [m] ; 0 3000 6000
DTU18 MSS m
o o
8 8
O - — O
~ ~
8 R
o o
8 ]
O - -0
© ©
& o
2 3
S, -3
Te) 72
o R
1 I
670000 680000

Figure 4.5: Bathymetry overview of the HOWF site.
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Figure 4.6: Seafloor gradient overview in the HOWF site.
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Seafloor Morphology

Various morphological features of different dimensions were identified at the seafloor. These
morphological features are a result of the interplay of variable (sub-seafloor) geological
conditions and past and present hydrodynamic conditions (e.g. tides, currents) under the
influence of changes in sea level.

An overview of the seafloor morphology is shown in Figure 4.7 and presented in charts
provided in a separate PDF file (seéAppendix B).

Seafloor morphology interpretation was based on the combination of MBES, backscatter and
SBPdatasets. The data analysis was carried out using acoustic characteristics such asverall
pattern, roughness, reflectivity and backscatter strength.

The following natural morphological features were identified in the HOWF site

A Areas of circular seafloor depressions
A Areas with occasional boulders

A  Erosional escarpmens

A Gullies

A lce-sculpted areas

A Shoals

Additionally, the following morphological features of anthropogenic origi n were identified:

Areas of debris
Trawl marks

>

>

The acoustic characteristics of the types of morphology identified are summarised in Table 4.1.

Table 4.1 Acoustic characteristics of the morpholog ical features identified in the HOWF site.

Morphological
Interpretation

Backscatter Image MBES Image Acoustic Description

Area of circular seafloor

Medium reflectivity depressions

Very high to medium Area with occasional
reflectivity boulders
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Backscatter Image

MBES Image

Acoustic Description

Energinet Eltransmission A/S

Morphological

Interpretation

High to low reflectivity

Erosional escarpment

High to medium
reflectivity

Gullies

Very high to high
reflectivity

Ice-sculpted area

High to low reflectivity

Shoal

Medium reflectivity

Area of debris

Low reflectivity

Trawl marks

Note s: For the MBES images high shadow strength was applied to better visualise elevation differences.
Scale varies between the examples of the features.
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Figure 4.7: Overview of the morphological features in the HOWF site.
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4.2.2.1 Area of Circular Seafloor Depressions

An area of numerous circular seafloor depressions was observedn the southern part of the
site. The depth of these depressions does not exceed 0.1Im to 0.2 m and the slope angles are
below 1°.

The depressions locally correspond to high-amplitude anomalies (Postglacial anomalies)
observed in SBP and 2DUUHR data inUnit A and Unit B. Further description of these
anomalies isprovided in Section4.3.3.1

Figure 4.8 presents an example of circular seafloor depressions.
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Figure 4.8: Example of an area of circular seafloor depressions in the HOWF site.
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4222 Area of Occasional Boulders

Most of the targets observed in SSS and MBES datasets the HOWF site are interpreted as
boulders (refer to Section 4.3.3.4. Over 80% of them wereobserved in the north -eastern part
of the site. This part was classified as an area of occasional boulders and it coincides with the
ice-sculpted area and where the Holocene is thin (Section4.3.2).

Boulders vary in size, ranging from below 1.0 m in any dimension to over 3.0 m in length and
over 1.0 m in height. Many of the observed boulders are in small depressions due to
scouring of the surrounding seabed, which consists of soft sediments. Figure 4.9 presents an
example of an area of occasional boulders.

Bathymetry Seafloor gradient

-3126m

-3150m

-31.75m

Depth [m] DTU18 MSS Seafloor gradient [°] }N\

. o-

£ £
b= @®
S 8

32 m

26 m
-
1
N

Figure 4.9: Example of an area of occasional boulders in the HOWF site.
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Erosional Escarpment

Energinet Eltransmission A/S

Two erosional escarpments were observed in the wesern part of the HOWF site The
escarpments form elongated depressions stretching in roughly north dsouth direction on both
west and east sides of a elongated seafloor elevation. Theirlengths are approximately

1200 m and 900 m, respectively. These features are baracterised by high seafloor gradients
and correspond to the very few areas where Unit A is absent (see Section 4.3.2.7). Figure 4.10
presents an example of an erosional escarpment.

Bathymetry

Wi

1
6262000
_|__

667|75.0 /

Seafloor gradient

27Tm

-29m

-350m

1
250m

Depth [m] DTU18 MSS

26 m

£ {]
o ©
& 13

32 m

Seafloor gradient [°]

IR A
-2
[J2-3
[ 3-4
™

Figure 4.10 Example of an erosional escarpment in the HOWF site.
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4224 Gullies

Erosional features interpreted as gullies were observed in the southwestern part of the
HOWF site. These features have a west to east orientation, nearly exactly perpendiclar to the
coast of Jutland. Depths of the gullies range between 1.0 m and 3.0 m.

The SBP data show that these gullies were formed within the Holocene UnitB (see

Section 4.3.2.2 and that the overlying Unit A drapes this paleo-topography. These features
may have been created by erosive outwash during the drainage of the Ancylus lake.
Figure 4.11 and Figure 4.12 present examples of seafloor gullies.

F172145RERGEORO001 02 | Geophysical Results Report

Page 24 of 112
9 —lilnnn



Energinet Eltransmission A/S

Bathymetry Seafloor gradient

Profile
26.5m A B
270m
27.5m
i
- \
E £ £
-285m g g E g %
SBP cross section
Offsetfm] 0 500 1000 1500 2000 2500 3000 3500 4000 4500 4769
1 wNw ESE [
264 E-26
3 B [
277 E27
-287 .28
=9 3 3
£= 299 i 29
= -, —
~5_°.9 E
@ E E E
o = r
304 E.30
-313 E31
324 32
-33] E33
344 ! E34
Depth [m] DTU18 MSS Seafloor gradient [°] &

32 m

] B
R R —IE

Figure 4.11 Example of gullies in the HOWF site (main line) .
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Figure 4.12 Example of gullies in the HOWF site (cross line).
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4.2.25 Ice-sculpted Area

The north-eastern part of the HOWF sitewas interpreted as a possible ice sculpted area,
where Pleistocene sediments are covered only by a thin layer of Holocene deposits.

In the north -eastern part of the HOWF site elongated features of predominantly north dsouth
orientation were observed (Figure 4.13 and Figure 4.14). The observed elevations do not
exceed 1.0m above the surrounding seafloor and gradually decrease from north to south.
Seafloor gradients on the slopes of the features vary from 1° to 3°. Locally, the Holocene
sediments are only centimetres thick or even absent. Here, patches of outcropping
Pleistocene sediment (UnitD; see Section 4.3.2.4 were identified and mapped. These patches
are also evident in backscatter data as areas of very high reflectivity.
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Figure 4.13 Example of ice
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Figure 4.14: Example of ice-sculpted area in the HOWF site - thin Holocene cover .
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