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Energinet Eltransmission A/S
Tonne Kjeersvej 65

DK-7000 Fredericia
Denmark

21 November 2025

Dear Ms Medhus and Mr Oudshoorn

Energinet Eltransmission A/S

FUGRO
Fugro Netherlands Marine Limited
Prismastraat 4
Nootdorp
2631 RT
The Netherlands

We are pleased to submit Report No. 4: 2D UHRS Survey Geomodel Integrated with CPT and BH Data,
Full Sitefor the Danish Offshore Wind 2030 project. This report presents the results of the geological
site survey with geotechnical Cone Penetration Test CPT) and Borehole (BH) survey results integrated
for the full North Sea 1 site including Sub-Area 2 geotechnical data collected in 2025.

We hope that you find this report to your satisfaction; should you have any queries, please do not

hesitate to contact us.

Yourssincerely
el
Chris Steven
Principal Engineering Geologist
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Executive Summary

Interpretative Site Investigation

10 June to 13 November 2023 (geophysical); 27 October 2023 to 25 July 2025

D .
Survey Dates (geotechnical)

Geophysical: nmultibeam echosounder (MBES), subbottom profiler (SBP); 2D ultra high
Equipment resolution (2D UHR) seismic Geotechnical:cone penetrometers, seismic cone
penetrometers and borehole sampling

. Datum: European Terrestrial Reference System 1989 (ETRS89)
Coordinate System o )
Projection: Universal Transverse Mercator TM) Zone 32N, CM 3E

Vertical Datum Mean Sea Level [MSL]

Bathymetry

Elevation at the time of the survey ranged from 12.27 m to 33.51 m below Mean Sea Level MSL). In the south of the site is
a sand bank with north-north-west to south-south-east orientation. To the west of this are several south-west to north -
east and north-west to south-east oriented ridges (Ocean Infinity, 2024)

Regional Geological History

During the Miocene to Middle Pleistocene (23 million to 781 thousand years), marine, deltaic and fluvial deposits
(geological units Base Seismic Unit BSU and Unit U90) were deposited at the site as a result of the progradation of the
Eridanos river system. During the Elsterian glaciation, tunnel valleys and their infill geological unit U70) were formed, and
the BSU was glacially deformed.In the Holstenian interglacial period, glacial lacustrine deposits infilled valleys formed
during the Elsterian glaciation (geological unit U69). During the Saalian glacial period, tunnel valleyinfills, glacial deposits
(geological unit U65) and glacio-fluvial sediments (geological units U60 and U65) were deposited. During the Eemian
interglacial period marine clays (geological units U36 andU50) were deposited. During the Weichselian glacial period,
glacio-fluvial (geological units U30 and U35) and glacio-lacustrine (geological unit U30) sediments were deposited. During
the final stages of the last glacial period, channels were erodedwhich were filled during the Late Pleistocene (geological
unit U35) to early Holocene (geological unit U20). During the Holocene, marine sediments (geological unit U10) were
deposited during the marine transgression.

Geological Features and Geohazards

Peat and/or organic clay Peat and/or organic clay is present locally in geological units U20, U30, U50 and BSU

Low strength clays Soft clays are present ingeological unit U20.

There is evidence for the presence of shallow gasin the form of acoustic blanking and/or
Shallow gas signal attenuation on the 2D UHR seismic data in geological unit U20 and to a lesser extent
in geological unit U50.

Gravel and cobbles may be present inshallow marine (geological unit U10), glacio-fluvial
Coarse material deposits (geological units U30, U35, U6 0  &90d Gravel, cobbles and boulders may be
present in glacial deposits (geological units U65 and U70).

Geological units U20, U30, U35, U50 and U60 locally form channel infills. Geological units
U70 and partially geological unit U65 represent the infill of tunnel valleys. Geological units
U35, U60, U65, U70 and U90 contain internal erosion surfacesand channels.

Buried channels and tunnel
valleys

High variability in composition, and soil strengths due to variable depositional nature of the

U65 Variabilit ; . . . .
y unit, making extrapolation of data from geotechnical sources less reliable.

Thrust faults were observed ingeological units U65, U70, and the BSU and are interpreted

Glacial deformation . g
to be the result of glacio-tectonism.

Normal faults are present in the BSUin a small area in the south-east of the site. Thrust
Faults faults are present across the site in BSU. They may also be present in U70 due to flank
collapse.

Geological Model
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Geological unit U10 is present throughout most of the site and forms a layer of Holocene

Unit 10 marine sand with a maximum thickness of 10 m.

Geological unit U20 forms infill of spatially variable channels and overbank sand Subunit
20a) and clay Subunit 20b) deposits, and has a maximum thickness of 30 m. This unit is
more prominent in NS1 Sub-Area 1 within channelised and overbanking deposits. It
appears in Sub-Area 2 in channels, mainly in the north of Sub-Area 2.

Unit 20

Geological unit U30 is a locally present sand unit with a sheet-like geometry, often with a
clay bed at its base, and has a maximum thickness of 12 m. This unit is predominantly
limited to the north of the NS1 Sub -Area 1 site, with smaller localised deposits in SubArea
2.

Unit 30

Geological unit U35 comprises fluvial sand with a sheet-like to channelised geometry, and
Unit 35 has a maximum thickness of 24 m. This unit is widely found in NS1 Sub-Area 1 and in the
north and south -west of Sub-Area 2.

Geological unit U36 is transitional between units U35 and U50, with internal dipping
Unit 36 reflectors comprising silt and sand, and has a maximum thickness of 24 m. This unit is
spatially limited to the south -east of NS1 SubArea 1.

Geological unit U50 is a marine claywith a sheetlike to channelised geometry. There is a
bed of sand at its base, and it has a maximum thickness of 30 m. This unit is mainly found

Unit 50 on the east side of the NS1 Sub-Area 1 site, but can also be found in localised patches in
Sub-Area 2.
Geological unit U60 is a fluvial sand with a sheet-like to channelised geometry, and has a
Unit 60 maximum thickness of 77 m. Thisunit is only found on the eastern edge of the NS1 Sub-

Area 1 site.

Geological unit U65 is a glacial unit comprising clay, sand and till, with a maximum
Unit 65 thickness of more than 158 m. This unit is more prominent in the NS1 Sub-Area 2 site,
however some overbank and channelised deposits are present in the SubArea 1 site.

Geological unit U69 is glacio-lacustrine and comprises clay sediments with a thickness of
Unit 69 more than 105 m. This unit is only present in the north-east of the NS1 Sub-Area 1 site,
overlying geological U70 in a channelised area.

Geological unit U70 is a tunnel valley infill comprising clay, sand and till, with a maximum
Unit 70 thickness of more than 157 m. This unit is mainly present in the NS1 SubArea 1 site within
a large channel deposit which extends into the south -east of Sub-Area 2.

Geological unit U90 is a fluvial sand, with a maximum thickness of more than 108 m. This

Unit 90 L . . . . o
n unit is present predominantly in NS1 Sub-Area 2, with localised deposits in Sub-Area 1.

The BSU is a stratified Miocene clay and sangdwhich is locally deformed by various types of
faults. BSU is present within the depth of interest across much of the central and western
side of the NS1 site and locally on the east, it is outside the depth of interest in the
channelised areas in SubArea 1 and far western edge of Sub-Area 2.

Geotechnical Data ‘

A total of 389 geotechnical locations were sampled using seafloor cone penetration tests (CPT) and seismic CRI(SCPT)
equipment to sample sediments between 0.4 m and 54.2 m below seafloor (BSF). A furtherl02 geotechnical locations
(including, where applicable, results from downhole sampling, downhole in situ testing, borehole geophysical logging,

and laboratory testing) between seafloor and 70.8 m BSF were acquired. Geotechnical datasets were unitised and
correlated with geophysical data to create an integrated model for the study area. Geotechnical datasets were collected in
all geological units. A number of geotechnical subunits were observed in certain geological units (geological units U20,
U50, U65 and U70).

Correlation between geotechnical unit boundaries and geophysical horizons was generally observed to be consistent.
Currently correlations use a simpletime-to-depth conversion with an assumed seismicvelocity of 1730 m/s.

BSU (Base Seismic Unit)

Three groupings of units were observed in the geotechnical data, and these can be linked to the geological history of the
site. Shallowgeological units U10 to U20 are largely from a postglacial environment. Geological units U35 to U60 are
expected to have been deposited in a glacial environment but not to have been ice loaded. Geological units U65 and
below may contain ice-loaded sediments as well as glacial till deposits.

F217715RERO004 [02] | Report No. 4: 2D UHRS Survey Geomodel Integrated with CPT and BH Data, Full Site -
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Geotechnical Zone ‘

A

p

Fifteen geotechnical zones were defined across the study area. These divide the site based on two factors:

Combined, these factors result in 16 possible zone scenarios; however, conditions for one of these were mutually exclusive
conditions, resulting in 15 zones.

The zonation work highlights that the most frequent zone was Geotechnical Zone 2awhich covers 28% of the site. The
ground conditions within this zone show that geological unit U20 sediments were absent, and the top of glacial sediments
(geological units U65 and U70) were less than 10 m below seafloor It is predominantly found in Sub-Area 2.

The first is the thickness of geological unit U20 sediments, with four intervals determined. Thicker areas of
geological unit U20 may result in deposits of low-strength clays that could affect future foundations due to
lower axial capacity;,

The second is the depth to the top of glacial units U65 and U70. These represent the shallowest/youngest
units and are associated with a period in the sit
affected the geotechnical properties, resulting in greater variability in sediment properties. Four con ditions
subdivide this factor, selected based on their relevance to foundation types.
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Two-dimensional ultra high resolution (As agreed via TQd 038, throughout the report and charts the

b UHR name of 2D UHRS has been used, whil€D UUHRS in digital deliverableg
BH Borehole

BP Before present

BSF Below sedloor

BSU BaseSeismic Unit

CM Central meridian

CPT Cone penetration test

DOW2030 Danish Offshore Wind 2030
ETRS89 European Terrestrial Reference System 1989
GNSS Global Navigation Satellite System
ka 1000 years ago

LGM Last Glacial Maximum

MBES Multibeam echosounder

MIS Marine isotope stage

MSL Mean Sea Level

MSS Mean Sea Surface

OWF Offshore wind farm

SBP Sub-bottom profiler

SCPT Seismic cone penetration test
SSS Side scan sonar

SVT Seismic velocity test

UTM Universal Transverse Mercator
WGS84 World Geodetic System 1984
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Introduction

General

Energinet Eltransmission A/S(Energinet) contracted Fugro to perform an offshore geological
site survey for the Danish Offshore Wind 2030 (DOW2030) project at the North Sea 1 (NS1)
site. NS1 is one of several areas of investigation and covers an area of

approximately 2200 km? in the North Sea west of Jutland, roughly between the Horns Rev
and Thor offshore wind farm (OWF) areas. Water depths at the site range from12 m to 40 m.

This report builds on the previous Fugro integrated reports (Fugro 2024a;2024h), integrating
the new geotechnical borehole survey locations acquired in Sub-Area 2 with the mainline
survey subsurface dataand Cone Penetration Test CP7) locations for the NS1 site and the
borehole locations collected for Sub-Area 1.

The borehole survey for Sub-Area 1 took place between 27 Februaryand 16 July 2024 from
the geotechnical vessels Excalibur, Gargano and Fugro VoyageiThe borehole survey for Sub
Area 2 took place between 15 March to 25 July 2025 using the Fugro Synergy, RS Alegranza
and Fugro Zenith. The data were acquired from downhole boreholes and CPTs at locations
chosen from the baseline survey data and mainline survey line plan.

Table 1.1 displays the reporting sequence for the work packages associated with this project,
including the geophysical, geotechnical and integration reports that were used as input to
this report

Table 11 Overview of reports, including geophysical, geotechnical and integration reporting

Deliverable

Integrated 217715RER0022D UHRS | 003
Geoconsulting | Survey Geomodel 17715 REP .
Reports Intearated with CPT Data Sub-Area 1 CPT Borehole & Seismic
9 ) ' | Integrated Report
(SeeTable1.2) | Full Site
F217703/Ql F217703/02 F217703/93 F217703/04 F217703/95
Geotechnics . Geotechnics . Geotechnics
investigation Geotechnics Investigation Geotechnics Investigation
Geotechnical i igati igati
R report d Sub- Irgvisr?%agzg_ Area report d Seafloor Irzvii“%agg;_ Area report 8 Sub-Area
eports Area 1 Seafloor p . In Situ Test P . 2 Geotechnical
: 2 Seafloor In Situ - 1 Geotechnical
In Situ Test . Locations (Jack . Borehole
. Test Locations Borehole Locations .
Locations up) Locations
Geophysical 217715-3EP001 Baseline 217715 RER002 Mainline Report
Reports Geophysical
Notes
Reports highlighted in light green constitute input reports for this document. This report is highlighted in dark green. To be
completed reports are highlighted in
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Table 1.2 explains the purpose of the main four geophysical and integrated report s.

Table 12: Overview and purpose of geophysical and geoconsulting integrated reports

Report Number ‘ Report Name ’ Purpose

Identify large scale geology and use geophysical data

217715REPR001 2D UHRSbaseline survey to suggest geotechnical locations to investigate
relevant units
2D UrRSameygeamael | 2V ACCIEuraesing of e St gy
217715-RER002 | integrated with CPT data, full | | pin geophy ¥, Including
site integrated 3D geomodel based on seismic and CPT
data available at time of submission
2D UHRS Survey Geomodel Update integrated 3D geomodel created in the
217715 RER003 integrated with CPT and BH Mainline report with geotechnical information from
data, Area 1 borehole locations in Sub-Area 1
2D UHRSSurvey Geomodel Updated integrated 3D geomodel created in the
217715 RER004 integrated with CPT and BH Mainline report with geotechnical information from
data, Full Site borehole locations across the entire site
Notes

This report is highlighted in green
UHRS = Ultra high resolution Seismic
CPT = Cone penetration test

BH = Borehole

12 Study Area

The project area is located offshore Denmark, approximately 45nautical miles north -west of
Esbjerg (Figure 1.1).

Page2 of 212

F217715RERO004 [02] | Report No. 4: 2D UHRS Survey Geomodel Integrated with CPT and BH Data, Full Site -



Energinet Eltransmission A/S

350‘000 375000 400|000 42SIOOO 450900 475900

o o
3 ‘ S
ai— o 5] SRE 10 Ert - - - - = = B B T — — —= T rg
o 60°N] o

& \ | | \ \

\ | I \ \

D \ | | \ |

55N Yoy | | | \ \
= \ | I \ \ S
o o
2 - - 9T - - - - -9 - - - -7 - - - TT- - - -T°79
o Y]
W el

\ \

\ \

\ \

\ \
8 | \ g
(=] o
n— - - - - - - - — - — — — 4 - — — — — — — — 4 - — — — = - — - — — — — —4 LA
a | | o
w 0

| \

Ringkobing

n \

Sub Area 1 ‘ ‘

| Denmark ‘
(=] o
3 \ \ \ S
[=] (=]
s — =, T = T T =/, SubAreaZz —\~ — — — — — [ T T T T T T T T T T S
I | | | N
3 =

\ \ \

\ \ \

\ \ \

\ \ \
2 3
S \ \ \ =
Q- - - -'"- - - - - - - - - - - - L L L _] I
~ ~
o \ | I \ \ =

\ | | \ \

\ | | \ \

\ | I \ \

\ | | \ \
8 2
= \ | | \ \ S
2 2
& \ | I \ \ )

\ \ | | \ \

0 5 10 15 20 25km | | | ‘ ‘DSUWGY Area‘
\ | | | [
350000 375000 200000 225000 250000 775000

Coordinate System: ETRS 1989 UTM Zone 32M; Caveats: Esri, 2025;

Figure 11 Project location with NS1 site split

Sub-Area 1is also split into three areas;Nord, Mid and Syd. These are displayed inFigure 1.2.
In Section 4, the seafloor depths and gradients are split by these three areasto provide more
context; however no further interpretation is performed based on this subdivision.
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Figure 12: Sub-Area 1 split

13 Scope of Work

This report follows both the geophysical baseline and mainline surveysand the geotechnical
CPT full site campaign and borehole surveys for both SubArea 1 and Sub-Area 2. This report
integrates the data previously collected to create a full integrated report for the NS1site. To
achieve this, the following scope of work items were completed:

A Acquisition data review and methodology: review of all available and recently acquired
geological, geophysical and geotechnical data for the site, acquisition vessel information,
methodology and data quality;

Geological setting: a regional geological setting has been developed, providing context
for the depositional environments and geology expected,;
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A Seafloor conditions: produce a description of seafloor conditions in the area using
bathymetry, gradient, and seafloor features;
A  Geological model: A conceptual model was developed integrating the seafloor and sub-

seafloor conditions, integrated geophysical and geotechnical data from CPTs and
borehole locations. Providing predicted soil profiles down to 60 m below seafloor (BSH
and associated soil provinces. This section also provides a quantitative geohazard

inventory and anthropogenic constraints;

>

Geotechnical parameters: predicted geotechnical parameters have been derived to a

depth of 70 m per unit, with low estimate (LE), best estimate (BE) and high estimate (HE)
values for each. Where possible, the parameters for each soil unit include:

Submerged unit weight;

Water content;

Minimum and maximum density values;
Atterberg limit test values;

Cone resistance;

Relative density;

Undrained shear strength.

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

14 Geodetic Parameters

The project geodetic and projection parameters are summarised in Table 1.3. Unless stated
otherwise, geodetic coordinates presented in this report are as per the datum in Table 1.3.

Table 13: Project geodetic parameters

GNSS Geodetic Parameters

Datum ETRS89
EPSCcode 25832
Semimajor axis 6 378 137.00 m
Reciprocalflattening 298.257222101

Project Projection Parameters

Grid projection UT™M

UTM zone 32N

Central meridian 009A 0086 00.00006 E
Latitude of origin O0OA 008 00.0006 N
Falseeasting 500 000 m

Falsenorthing 0.000 m

Scale factor oncentral meridian 0.9996

EPSCGcode 16032

Units Metres

Notes

GNSS = Global Navigation Satellite System

ETRS89 =European Terrestrial Reference System 1989
UTM = Universal Transverse Mercator
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15 Vertical Datum

The vertical datum used was Mean Sea Level (MSL). All water depthaere referenced to MSL
using post-processed Global Navigation Satellite System (GNSS) height data collected in real
time onboard vessels. GNSS heights were referenced to MSL by means of the World Geodetic
System 1984 (WGS84) to Technical University of Denmark Mean Sea Surface (DTU21 MSS)
ellipsoidal to datum separation model.

16 Guidelines on Use of Report

Appendix A outlines the limitations of this report in terms of a range of considerations
including, but not limited to, its purpose, its scope, the data on which it is based, its use by
third parties, possible future changes in design procedures and possible changes in the
conditions at the site with time. It represents a clear exposition of the constraints which apply
to all reports issued by Fugro. It should be noted that the Guidelines do not in any way
supersede the terms and conditions of the contract between Fugro and Energinet
Eltransmission A/S
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Acquisition Data

Data Review
Geophysical Data Acquired by Ocean Infinity

Between 3 April and 17 September 2023, Oceannfinity carried out a geophysical survey of
the NS1site. This included collecting multibeam echosounder (MBES) bathymetry, side scan
sonar (SSS), sutbottom profiler (SBP) and magnetometer data. The scope of this survey was
to provide full coverage of data across the site.

Within this report, Fugro used the processed MBES data for the seafloor elevation presented
in Section 4, which visually represents seafloor conditions, including sediments and features.
The associated reporting (Ocean Infinity, 2024)contains detailed interpretation of the shallow
geology relevant for site characterisation of the inter -array cables.Fugro has not interpreted
or integrated these data further as part of this report.

Fugro Acquired Geophysical Data

Between 14 and 19 April 2023, Fugro carried out a full site baseline survey using SBP and
2D ultra high resolution (UHR) 10 km spaced lines. A geophysical mainline survey of 250m
spaced mainline and 1 km spaced crosslines was subsequently performed, acquing further
SBP and 2DUHR data. The data from these surveys were used to understand sukseafloor
conditions and for integration with the CPT and borehole locations to provide a more
confident geological ground model.

Refer to Section2.2.1and Fugro (2023c, 2024a) for further information on the geophysical
data, vessels and equipment used.

Fugro-Acquired Geotechnical Data
There have beenthree main phases of geotechnical data acquisition at the NS1 site.

Between 27 October 2023 and 6 March 2024, Fugro acquired data from 368 CPBnd SCPT
locations selected using the results of the baseline survey and the interim soilzonation
(Fugro, 20239. These data were integrated with the 2D UHR data from the baseline and
mainline surveys to create a more confident geological ground model. Refer to Section
2.2.2.1and Fugro (2024b, 2024c, 2024d)for further information on this survey.

Between 27 Februaryand 16 July 2024, following the CPT campaign, Fugro undertook a
borehole survey within Sub-Area 1. This involved collecting samples and data from 69
borehole locations, including results from downhole sampling, downhole in-situ testing and
borehole geophysical logging (where applicable), and laboratory testing. These data were
integrated into this report, building on the data from the CPT campaign. Refer to Section
2.2.2.2and Fugro (20249) for further details on the vessel and equipment used in the Sub-
Area 1 borehole campaign.
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Between 15 Marchand 25 July 2025, the SubArea 2 borehole campaign was undertaken.
This involved collecting samples and data from 33 borehole locations, including results from
downhole sampling and downhole in-situ testing. No offshore advanced laboratory testing
was carried out during this campaign. The field data were integrated into this report,
incorporating the full site CPT and Sub-Area 1 borehole campaignsto produce a full site
geomodel. Refer to Section2.2.2.3and Fugro (2026a) for further details on the vessel and
equipment used in the Sub-Area 2 borehole campaign.

Acquisition Details

This section summarises the data acquisition and resulting deliverables used in the
integration reporting.

Geophysical Acquisition
Baseline Survey

The baseline survey was performed from the MV Arctic between 14 and 19 April 2023.
Figure 2.1 shows the survey track lines.The data were acquired using MBES, SBP and 2D UHR
seismic.Further details can be found in the operations report (Fugro, 2023a).

The MV Arctic scope of work for this project was to survey the geophysical baselines The
survey grid was covered 10 km x 10 km lines, creating 100 knf boxes (Figure 2.1).
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Figure 2.1 Baseline survey track lines

2.2.1.2 Mainline Survey

The mainline geological survey was undertaken between 10 Juneand 13 November 2023
performed by vessel MV Fugro Pioneer. The data were acquired using MBES, SBP and 2D
UHR seismic.Further details can be found in the operations report (Fugro 2023b).

The MV Fugro Pioneer scope of work for this project was to survey the main lines and cross
lines. The survey grid wascovered by main lines with 250 m line spacing and cross lines with
1000 m line spacing. Some main lines were not surveyed due to a combination of bad
weather, limited daylight hours as the survey progressed and a high density of fishing gear in
the southern area of the NS1 site. This is presented inFigure 2.2 where gaps in the survey
area can be observed
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Figure 2.3: CPT and SCPTocations

2.2.2.2 Borehole Campaign Sub-Area 1

The Sub-Area 1 borehole campaign took place from 27 Februaryto 16 July2024 from the
Excalibur jackup barge and the MV Gargano and Fugro Voyager.Figure 2.4 presents the
borehole locations and Figure 2.5 the locations per vessel.
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Figure 2.4: Sub-Area 1geotechnical locations
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Figure 2.5: Sub-Area 1geotechnical locations per vessel

Excalibur

The Excaliburbarge operated between 30 April and 25 June 2024, collecting the following
geotechnical locations:

>

16 seafloor CPT40 atarget depth of 55 m BSFE

6 geotechnical boreholes to a target depth of 70 m BSF;

2 geotechnical boreholes, including blind drilling from seafloor to refusal depth of the
seafloor CPT, and downhole CPT to a targetlepth of 55 m BSF

>

Refer to Fugro (2024d) for details of the work conducted from the Excalibur and the
equipment used.
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MV Gargano

The drilling vessel MV Gargano operated between 1 March and 1 July 2024, collecting the
following geotechnical locations:

A 27 borehole sampling locations;
A 4 combined borehole sampling and downhole CPT locations;
A 18 downhole CPT locations.

Refer to Fugro (2024e) for details of the work conducted from the Gargano and the
equipment used.

Fugro Voyager

The geotechnical drilling vessel Fugro Voyager operated between 12 March and 16 July 2024,
collecting the following geotechnical locations :

A 28 geotechnical boreholes with semi-continuous sampling to a target depth of 70 m BSF,
including 10 boreholes with geophysical logging to a target depth of 70 m BSF;

A 2 geotechnical boreholes, including blind drilling from seafloor to refusal depth of the
seafloor CPT and downhole CPT to a target depth of 55 m BSF;

A 4 geotechnical boreholes with combined downhole sampling and downhole CPTs to a
target depth of 55 m BSF.

Refer to Fugro (2024f) for details of the work conducted from the Fugro Voyager and the
equipment used.

Fugrods enhanced offshore | aboratory (EOL) wa
additional offshore tests to be carried out as follows:

A Particle size (via dynamic image analysis): 340 tests;
A Minimum and maximum density: 400 tests;

A Atterberg limits: 200 tests;

A Incremental loading oedometer: 140 tests.

The results of the EOL tests were used where applicable, including to inform the geotechnical
characteristic values in Section7.3.

Borehole Campaign Sub-Area 2

The Sub-Area 2 borehole campaign took place from 15 March to 25 July 2025 from the Fugro
Synergy, Fugro Zenith and RS AlegranzaFigure 2.6 shows the boreholes collected and
Figure 2.7 presents the boreholes per vessel
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Figure 2.6: Sub-Area 2 borehole locations
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Figure 2.7: Sub-Area 2 borehole locations collected per vessel

Fugro Synergy

[
420000

Between 15 March and 1 April 2025, the geotechnical drilling vessel Fugro Synergy collected

the following geotechnical locations:

A

A

5 geotechnical boreholes with continuous logging to target depth of 70 m BSF ;

1 Including 5 locations logged with geophysical logging to target of 70 m BSF,

1 geotechnical borehole with continuous logging to target depth of 70 m BSF;

1 Including 1 blind drilling in a separate hole from seafloor to refusal depth of seafloor

CPT and downhole CPT to target depth of 55 m BSF

Refer to Fugro (2025a) for details of the work conducted from the Fugro Synergy and the
equipment used.
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Fugro Zenith

Between 2 May and 16 June2025, the Fugro Zenith collected the following geotechnical
locations:

A 10 geotechnical boreholes with continuous sampling to target depth of 70 m BSF.

Refer to Fugro (2025b) for details of the work conducted from the Fugro Zenith and the
equipment used.

RS Alegranza

Between5 May and 24 July 2025 the RS Alegranza collected the following geotechnical
locations:

A 9 geotechnical boreholes with downhole sampling to target depth of 70 m BSF.

A 3 geotechnical boreholes including combined
from seafloor to a target depth of 55m BSF, continue semi-continuous sampling from
55m to target depth of 70m BSF.

A 4 geotechnical boreholes including blind drilling from seafloor to refusal depth of the
seafloor CPT and downhole CPT to target depth 55m BSF.

Refer to Fugro (2025c) for details of the work conducted from the RS Alegranzaand the
equipment used.

2.3 Data Quality

23.1 Seismic Data

SBP and 2D UHR seismic data quality was monitored throughout the survey and deemed to
be good. The technical requirements of the survey with regards to resolution and penetration
were met.

The typical penetration depth of the 2D UHR seismic data was approximately 150 m BSF. For
a detailed description of the quality of the 2D UHR seismic data collected during the survey,
refer to Fugro (2024a).

Comments on the quality of the SBP data are as follows:

A  The penetration depth is closely related to the geology, and may vary depending on
lateral variation in sub-seafloor conditions. Typical penetration depth was approximately
10 m BSE with a maximum of approximately 20 m BSF,;

A Penetration was limited in relatively dense units composed predominantly of sand (e.g.
Units U10, U35, U60 and U90);

A Penetration was greater in units where the soil conditions were expected to comprise
higher percentages of clay (e.g. Units U20, U30 and U5Q)

F217715RERO004 [02] | Report No. 4: 2D UHRS Survey Geomodel Integrated with CPT and BH Data, Full Site
Page17 of 212



A

Energinet Eltransmission A/S

Horizon H10 (the first interpreted geophysical horizon below the seafloor) forms the
base of Unit U10 (see Section6.2) and was always within the penetration depth of the
SBP data.

232 Geotechnical Data

Geotechnical data quality was consideredsuitable for the purposes of the current work stage.
The geotechnical data quality will only be improved once a location-specific geotechnical
data and laboratory testing data are acquired, for designing turbine and substation locations,
as well as along potential cable routes.

Further details on the geotechnical data and the use of this data are presented in Section2.5.

2.4 Methodology

241 Seismic Interpretation

The strategy for SBP and 2D UHR seismic data interpretation was as follows:

A

Compiling historical geotechnical, geophysical and geological data from client-provided
sources, Fugrdd s i ndatabase,thé ongoing Fugro campaign and the public domain
(e.g.Jensen et al., 2008 COWI, 2021; Fugro, 20233);

Loading SEGY files (2D UHR seismic and SBP data) into Kingdom Suiteersion 2023,
SQL server express version 2016;

Loading seafloor CPTdata acquired into Kingdom Suite;

Loading borehole data acquired into Kingdom Suite;

Interpretation of seismically distinct horizons, which form the bases of seismic units in
the depth-domain. The interpreted horizons take into account and were adjusted based
on available seafloor CPT data and borehole data, where required;

Identification and interpretation of key geological features, which can be potential
(geo)hazards for offshore infrastructure.

Comments are as follows:

Geophysical horizon H10 was interpreted on the SBP data. All other horizons were
interpreted on the 2D UHR seismic data;

In areas wheregeophysical horizons were interpreted to be deeper than the maximum
depth of penetration of the seismic data (e.g. Horizons H65, H70, H90), horizons were
picked at the base of the available seismic section;

The &D Hunt and Filldoptions were used in Kingdom where clear reflectors were present.
These options follow the peak or trough of each trace, resulting in high accuracy but
giving the reflector a serrated appearance. Where the reflector was less distinct or the
boundary betwe en units was in the form of a change in seismic character, these tools
were less effective and horizons were picked manually;

Time-to-depth conversion of horizons, grids and geological features interpreted on the
SBP and 2D UHRS data used a constant velocity of 1730 m/s in the subsurface. This
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velocity was based on the 141seafloor CPTs available when the velocity model was
determined;

A Horizons were gridded in Kingdom Suite 2023 with the following settings: minimum (0)
curvature; midway (6) smoothness; cell size 5m x 5 m; search distance 400m; gridding
extent controlled with polygons, which outline the area where the horizon is interpreted
to be present;

A Seismic anomalies and acoustic blanking were gridded in Kingdom Suite2023 with the
following settings: minimum (0) curvature; midway (6) smoothness; cell size 5m x 5 m;
search distance 150m;

A Isochore grids were calculated by subtracting the grid of the top of the unit from the
grid of the base of the unit;

A Inthe report main text, thickness is used as a synonym for isochore.

Integration

The geophysical and geotechnical data were integrated following initial interpretation (Fugro
20244, 2024h) to ensure that the geophysical interpretation , where available, considers any
revisions to the geotechnical properties. Refer to Table 1.2 for details of the reporting for
these work phases.

The geotechnical (CPT, SCPT and borehole) data were interpreted based on the previous and
newly available data (using CPT, borehole correlation and borehole description as presented

in Section 6). Only one geotechnical interpretation was carried out for each location,

including those locations where multiple CPT tests or boreholes had been performed. This
interpretation considered changes to derived and measured parameters, and significant
changes to geotechnical descriptions that could indicate change across a wider area.

Following further geotechnical interpretation, the seismostratigraphic units which combine
the variations observed in the geotechnical data with seismic character changes were defined
by importing the CPT and borehole data into Kingdom Suite.

CPT log data and offshore laboratory testing included:

A Submerged unit weight [kN/m3];
A Water content [%];

A Cone resistance[n |;

A  Sleeve friction['Q;

A Pore pressure[o ];

A Friction ratio ['Y ].

Borehole data included only formation tops as per geotechnical descriptions and unitisation
presented in Fugro (20249, 20264, in pressy.

As part of the assessment of geotechnical data, significant geotechnical or lithological
changes were unitised and identified before being compared with the initial interpretation of
the geophysical and geotechnical data. This process was carried out in nar-real time to
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ensure the work was updated as data were collected. A process flow of the integration work
is provided in Figure 2.8.

N
AGeophysical data
AGeotechnical data
Input Data ABathymetric and seafloor data
J
~N
AuUnitisation of geotechnical data
Integration of AHorizon matching between geotechnical units and geophysical interpretation to determine simple velocity model
Datasets Y,
~N
AQualification of degree of correlation between geotechnical and geophysical boundaries
AUpdate to geotechnical unitisation where necessary
Review Phast ASeismic picking of amplitudes that intersect with geotechnical unit boundaries
J
N
AcCorrelated geotechnical and seismostratigraphic ground model units
Aunit definitions carried forward into associated geotechncial characterisation
ENEWElIl ASpatial delineation of soil conditions using extrapolated geological observations across a geophysical framework
Model Units )

Figure 2.8: Integration of geotechnical and geophysical data workflow

Misalignments between the soil units and the interpreted horizons were addressed at
workshops held with both the geophysical and geotechnical interpretation teams. Some
formation bases were re-evaluated, and horizons were partially adjusted. Discrepancies
between geotechnical units and geophysical horizons can be due to several factors,

including:

A  Offset between geotechnical locations and geophysical survey data;
A Depth conversion of geophysical data;

A Gradation between geotechnical properties.

As a result, some inconsistencies between geophysical changes and geotechnical units were
observed and are detailed in Section 6.2. This allowed ground model integration work to be
utilised for assignment of laboratory test data.

2.5 Geotechnical Data for Integration
251 CPTGeotechnical Correlations
Measured data were collected from the in-situ geotechnical tests.

Derivation parameters were defined from these measured parameter values.Classification
parameters then be defined from the derived parameters. An example of these parametersis
shown in the CPT log inFigure 2.9. The approach and methodology for the derivation of CPT
and classification parameters isdescribed in Appendix B.
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The undrained shear strength terms presented in this report are from 1ISO14688-2:2018 (ISO,
2018b), using the derived CPT parametersand offshore test data, and are presented in

Table 2.1. Table 2.2 details the relative density terms for the description of sand units based
on relative density ranges (Lambe & Whitman, 1969).

Table 2.1: Consistency terms for undrained shear strength (ISO, 2018a, 2018b)

Strength Term Undrained Shear Strength
(BS 5930: 2010) [kPa]
Extremely low <10
Very low 100620
Low 20040
Medium 40075
High 756150
Very high 1508300
Extremely high 3000600
Ultra high* > 600
Notes

* - This is not part of the standard for strengths, this is defined by Fugro

Table 2.2: Ranges of relative density for the description of sand units (Lambe & Whitman, 1969)
Relative Density

Relative Density Term

[%]
Very loose 00615
Loose 15835
Medium dense 35065
Dense 65085
Very dense 850100
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Figure 2.9: Presentation of CPT data including classification parameters
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Geotechnical properties are described per unit in Section 6.
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Regional Geological History

General

During the Cenozoic, up to 3 km thick sediment successions were deposited in the North Sea
basin (Knox et al., 2010). Quaternary deposits increase in thickness from the margins of the
North Sea basin towards its centre (Arfai et al., 2018); as NS1 is located at the margin, thinner
Quaternary deposits are therefore expected.

The Cenozoic comprises three major depositional phases in the North Sea basin:

1. From the Paleoceneto Middle Pleistocene, deposition took place in marine and fluvio -
deltaic depositional environments (Section 3.2);

2. During the Middle to Late Pleistocene, several periods of ice sheet advance and retreat
took place, resulting in complex glacial and periglacial depositional environments
(Section 3.3);

3. A marine transgressionfollowed the Last Glacial Maximum (LGM), resulting in marine
depositional environments (Section 3.4).

Paleocene to Middle Pleistocene

During this period, a fluvial system (the Eridanos river) drained the Baltic Seabasin in the
direction of the North Sea basin (Cohen et al, 2014; Gibbard& Cohen, 2015; Gibbard&
Lewin, 2016). Throughout the Paleoceneto Middle Pleistocene, this river systemand its
associated depositional environments prograded into the North Sea basin. Marine clays were
deposited at the site during the Miocene (Figure 3.1; EMODnet, 2023). Eventually the
prograding delta reached the site, and marine and fluvial sands were deposited during the
Early to Middle Pleistocene (igure 3.2; Gibbard & Lewin, 2016).
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Figure 3.1: Palaeogeography of the North Sea during the Miocene (after Gibbard & Figure 3.2: Palaeogeography of the North Sea during the Early to Middle Pleistocene
Lewin, 2016).The red star indicates the site location (after Gibbard & Lewin, 2016). The red star indicates the site location

F217715RER004 [02] | Report No. 4: 2D UHRS Survey Geomodel Integrated with CPT and BH Data, Full Site
Page 25 of 212



Energinet Eltransmission A/S

3.3 Middle to Late Pleistocene

Ice sheets advanced into the North Sea basin duringseveralglacial periods during the Middle
to Late Pleistocene, with marine deposition intervening during interglacial periods. Figure 3.3
illustrates the change in stable marine oxygen isotope ratios over time. High ratios (grey)
correspond with glacial periods, low ratios (white) with interglacial periods (Hughes et al.,
2020). The glacial and interglacial periods hamed at the bottom of Figure 3.3 correspond to
geomorphologic units in north -west Europe, and arewere recognised as morphologic units
in the subsurface.
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Figure 3.3: Graph illustrating the marine isotope stages used for geological dating  (modified after Hughes et al., 2020). The grey areas indicate glacial periods with higher
O1g and the white areas indicate interglacial periods with lower O 15

F217715RER004 [02] | Report No. 4: 2D UHRS Survey Geomodel Integrated with CPT and BH Data, Full Site
Page 27 of 212



Energinet Eltransmission A/S

331 Elsterian Glacial Period

The Elsterian glacial period corresponds with the marine isotope stage (MIS) 12 Figure 3.3);
Gibbard & Cohen, 2015) and was the first significant ice advance into the North Sea basin. At
its peak, the ice sheet covered Scandinaviathe United Kingdom, and most of the North Sea
basin, including NS1 (Figure 3.4). During this period, subglacial tunnel valleys eroded into the
underlying sediment (Figure 3.5). As the ice sheets began to retreat, the channels were
progressively filled with clays, silts andsands which were subsequently overconsolidated by
successive glacial stagegHuuse & Lykke-Andersen, 2000b; Kirkham et al., 2021).
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Figure 3.4: Extent of ice sheets and tunnel valleys during the Pleistocene in the North Sea  (after Huuse &
Lykke-Andersen, 2000b). The site location is indicated in red
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The Formation of Tunnel Valleys

1. Heavily pressurised water beneath ice sheets incises weaker areas of the underlying sediment
2. As the overlying ice thickens and incisions develop, the hydrostatic pressure increases causing
overdeepening of the tunnel valley

3. As the glacial stage weakens, variable subglacial and glacio-proximal sediments are deposited
in tunnel valley bottoms

1 2 3

Wasting ice sheels

Pressurised water erodes
ess er erode = reduction of pressure

underlying bedrock

Ice thickness and
hydrostatic pressure
increase causing
overdeepening

Infill sediments
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at bottom
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Figure 3.5: Glacial tunnel valley formation

332 Holsteinian Interglacial Period

The Holsteinian interglacial period corresponds to MIS 11 (Figure 3.3; Hughes et al., 2020;
Cohen et al., 2014) and follows the Elsterian glacial period. The Holsteinian represents a
period of global rise in temperatures and the retreat of the Elsterian ice sheets. During the
marine transgression, the area offshore Denmarkwas likely characterised by shallow and later
deep marine environments (Gibbard & Lewin, 2016). Depositsfrom the Holsteinian filled the
tunnel valleys of the Elsterian glacial period. Holsteinian marine clays are reported to be
present in the Horns Rev areato the south of the NS1 site (Jensen et al., 2008and were also
observed within the NS1 site.

3.33 Saalian Glacial Period

The Saalian glacial period comprises multiple stadials and interstadials and correspondgo
MIS 6 to MIS 10 (Figure 3.3; Lang et al., 2018; Hughes et al., 2020Gibson et al., 2022) Three
major stadials are identified, MIS 6, MIS 8, and MIS 10, separated by interstadials MIS 7 and
MIS 9.

The Saalian ice sheet coverage varied significantly over time. Its extent in Europe during the
Early and Middle Saalian is poorly understood because very little evidence has been
confidently linked to the period (Batchelor et al., 2019; Hughes et al., 2020. The ice sheet
reached its maximum extent during the Late Saalian, when the Danish sector of the North Sea
was completely covered by ice Figure 3.4; Lang et al., 2018, 2019).
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Several types of deposit are related to the Saalian glacial period:

1. Sets of tunnel valleys formed below the Saalianice sheet (Huuse & Lykke-Andersen,
2000b; Nielsen et al., 2008)

2. Sedimentsdeformed by glacio-tectonics during the Saalian as a result of ice sheet
advance folding previously deposited sediments (Huuse & Lykke-Andersen, 2000a;
Larsen & Andersen, 2005; Hyer et al., 2013;Winsemann et al., 2020; Cartelle et al., 202}t

3. Several periglacial deposits related to the Saalian glacial period, such as fluvial outwash
plains (Friborg, 1996) andpro-glacial lakes (Lang et al., 2018). Onshore Denmark, in
south-west Jutland, the Saalian landscape has been preserved as severhlll islands
(bakkeg) comprising glacial till deposits (Figure 3.6; Friborg, 1996).

334 Eemian Interglacial Period

The Eemian interglacial period corresponds to MIS 5 Figure 3.3; Cohen et al., 2022;
Wohlfarth, 2013) and followed the Saalian glacial period. During the Eemian interglacial
period, the global temperature increased and the ice sheets melted, resulting in eustatic sea
level rise (Figure 3.3). After a brief period of fluvial depositional environments at the end of
the Saalian glacial period (Friborg, 1996), the Danish sector of the North Sea was flooded
(Figure 3.6) with a transition from lacustrine environments with peat deposition (Cohen et al.,
2022) to open marine environments with clay deposition.
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Figure 3.6: Map of south -west Jutland and nearshore areas during the Eemian transgression. Adapted from
Konradi et al, 2005.

335 Weichselian Glacial Period

The Weichselian glacial period corresponds to MIS 2to MIS 4 (Hughes et al., 2015) and
followed the Eemian interglacial period (Figure 3.3). During this period, the global
temperature and sea level began to decrease and, as a result, the Danish sector of the North
Sea was exposed subaerially and fluvial systems developed (Figure3.7 and 3.8, Houmark-
Nielsen, 2011; Mdller et al., 2020).
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Northern Europe was then subjected to severalmajor pulses of glacial expansion and retreat
during this period (Houmark -Nielsen, 2011). The ice sheet was at its maximum extent during
the LGM, when it reached Jutland and the northern part of the Danish sector of the North
Sea. However, itis not interpreted to have covered the site (Figure 3.6).
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Figure 3.7: Denmark during the LGM (22 to 20 ka BP) (Houmark -Nielsen, 2011)
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Figure 3.8: Denmark just after the Last Glacial Maximum (20 to 19 ka BP) (Houmark -Nielsen, 2011)

34 Holocene

Global temperatures started to increase during the Holocene. Melting ice sheets led to a rise
in sea levels (Harrison et al., 2018). Terrestrial environments were gradually flooded
(Houmark-Nielsen, 2011; Mdéller et al., 2020), transitioning to lacustrine and coastal
environments until they were eventually drowned by the rising sea levels.

The coastline reached the site approximately 8000 years Before Present (BPFigure 3.9;
Walker et al., 2020). The site was completely drowned by the marine transgression
approximately 7000 years BP (Walker et al., 2020), and the depositional environment
gradually changed to marine (Figure 3.10).
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Figure 3.9: Map of the North Sea 8200 cal BP (Walker  Figure 3.10. Map of the North Sea 7000 cal BP (Walker
et al., 2020). The red star indicates the site location et al., 2020) . The red star indicates the site location
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4. Seafloor Conditions

4.1 Bathymetry

Based on the final bathymetry data received from Ocean Infinity (Figure 4.1), elevation ranges
are outlined in Table 4.1. A north-north-west and south-south-east oriented bank is present
in the south of the Sub-Area 1 with a smaller bank present in the east side of SubArea 2.
Across the site there areseveral additional south-west to north -east and north-west to
south-east oriented ridges (Ocean Infinity, 2024)

Table 4.1 Bathymetry [m below MSL] from Ocean Infinity  (2024)

Minimum Depth [m Maximum Depth [m Average Depth [m
below MSL] below MSL] below MSL]

Full NS1 Site 12.3 39.1 26.9

Sub-Area 1 12.3 335 255

Sub-Area 1 Nord 23.6 33.7 28.8

Sub-Area 1 Mid 20.5 321 25.7

Sub-Area 1 Syd 12.3 27.6 22.0

Sub-Area 2 20.5 39.1 294

Notes

MSL = Mean Sea Level
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Figure 4.1 Full site bathymetry [m below MSL] (Ocean Infinity, 2024)

4.2 Seafloor Gradient

[
420000

The seafloor gradient (Figure 4.2) was derived from the Ocean Infinity bathymetry data. The
range of seafloor gradients across the site are presented inTable 4.2. Thereare small,
isolated locations where the slope angle is greater than 5°, some of which reaching 65° in
Sub-Area 2. Theseare not visible at the scalein Figure 4.2 (Ocean Infinity, 2024) The cell size
used for the calculation of seafloor gradient was 1 m, the same as the bathymetry.Seafloor
gradient is dependent on the cell size of the input data, therefore the detail in which steep
features are highlighted can vary.
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Table 4.2: Seafloor Gradient from Ocean Infinity (202 4)

Minimum Seafloor Maximum Seafloor Average Seafloor
Gradient [°] Gradient [°] Gradient [°]
Full NS1 Site 0 65.1 0.4
Sub-Area 1 0 64.9 0.4
Sub-Area 1 Nord 0 55.9 0.3
Sub-Area 1 Mid 0 53.0 0.4
Sub-Area 1 Syd 0 64.9 0.5
Sub-Area 2 0 65.1 0.5
Notes
MSL = Mean Sea Level
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Figure 4.2: Full site seafloor gradient (Ocean Infinity, 2024)
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4.3 Seafloor Features

Figure 4.3, Figure 4.4 and Figure 4.5 present the seafloor interpretation of seafloor sediments
and features completed by Ocean Infinity (2024).
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Figure 4.3: Seafloor sediments mapped by Ocean Infinity (2024)
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Figure 4.4: Seafloor mobile features mapped by Ocean Infinity (2024)
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