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Reliance Note
This document is issued pursuant to an Agreement between Xodus Group Ltd including the parent company,
affiliates and sub-consultants (herein referred to as “Xodus”) and Statoil ASA including the parent company, coventurers, partners and affiliates (herein referred to as “Statoil”). The Agreement sets forth the entire rights,
obligations and liabilities of those parties with respect to the content and use of the document.
The scope of Xodus’ services was defined by the requests of Statoil, by the time and budgetary constraints
imposed by Statoil, and by the availability of access to the site.
Xodus derived the data in this report primarily from purchased data, including Oceanwise Marine Themes,
JNCC, Ordnance Survey, BGS, etc., and from data provided by BP. The passage of time, manifestation of
latent conditions or impacts of future events may require further exploration at the site and subsequent data
analysis, and re-evaluation of the findings, observations and conclusions expressed in this report.
In preparing this report, Xodus has relied upon, and presumed as accurate, certain information or absence thereof,
provided by government officials and authorities, third party companies and others identified herein. Except as
otherwise stated in the report, Xodus has not attempted to verify the accuracy or completeness of any such
information.
The findings, observations and conclusions expressed by Xodus in this report are not, and should not be
considered, an opinion concerning patronage, predictions and legal positions. No warranty or guarantee, whether
expressed or implied, is made with respect to the data reported or to the findings, observations and conclusions
expressed in this report. Further, such data, findings, observations and conclusions are based solely upon
information in existence at the time of the work performed.
Any recipient of this document, by acceptance or use of this document, releases Statoil, Xodus, and their
respective parent corporations and the affiliates of all of them, from any liability for direct, indirect, consequential, or
special loss or damage, whether arising in contract, warranty, express or implied, tort or otherwise, and irrespective
of fault, negligence, and strict liability.
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1 INTRODUCTION
Statoil has been awarded exclusivity rights for the seabed in the area of the Buchan Deep which lies 25 km to the
east of Peterhead on the Aberdeenshire coast covering an area of approximately 60 km2 as illustrated in Figure 1.
The Pilot Park will be located either to the north or south of the BP Forties C to Cruden Bay Pipeline which runs
through the Exclusivity Area from northeast to southwest.
The 30 MW (maximum) Pilot Park will consist of 5 turbines that will be up to 6 MW in size. The turbines will have a
maximum height of 101 m with a rotor diameter of up to 154 m maximum and a draft of 80 m.
The turbines will be located between 720 m and 1,500 m apart and will be attached to the seabed by a three-point
mooring spread (illustrated in Figure 1.7). Depending on seabed conditions, the moorings will be secured with the
most suitable type of anchor. The anchor types currently under consideration include torpedo anchors, suction
anchors, fluke/drag embedment anchors, and possibly driven pile anchors (note the latter is subject to
environmental consents, and hence may not be a practical solution). It is likely that three anchors will be required
per turbine, but it is possible that some anchors can be shared between two or more turbines. The mooring lines
are likely to be composed of chains with a diameter extending out from the Hywind turbines to approximately 800 m
– 1,000 m.
The total footprint of the Pilot Park including the mooring system will be approximately 6.7 km2 maximum [TBC].
The exact size of Pilot Park area will be dependent on the actual spacing and location of the anchors and mooring
lines. The export cable corridor will be 25 to 30 km in length connecting to a landfall in the Peterhead area. The
final location of the landfall is still to be determined.

Peterhead

Figure 1:

Proposed Hywind Scotland Offshore Windfarm project
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Statoil has commissioned Xodus to undertake an Environmental Impact Assessment (EIA) of the Pilot Park Project.
In addition to this assignment, Statoil has also requested a desk study of seabed conditions across the proposed
Hywind development area (i.e. both parts of the exclusivity zone) and along the proposed export cable route.
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2 SCOPE OF WORK
The scope of work for this report is as follows:



Carry out a desk study to identify and collate all existing geophysical and geotechnical seabed data for the
Pilot Park development area and export cable route(s);



Evaluate existing Statoil seabed data and identify where further data is required, or that can be sourced
from 3rd party sources;



Understand the limitations of the data with respect to the Pilot Park development area and the
uncertainty/risk associated with this limitation; and



Present the data in GIS to understand seabed constraints to the Pilot Park development area and to the
export cable routing to the landfall location.

In conclusion of this report the author may participate in a review meeting in Oslo at Statoil's offices to summarise
the findings of the study. A time and date is to be confirmed with Statoil.
The desk study was initiated using all currently available site and seabed data at the proposed Hywind Scotland
location to review and assess surface and subsurface seabed conditions. As part of this study, additional data has
been purchased from recognised data sources. This information has been supplemented where possible with data
held in existing Xodus and Statoil in-house databases.
The following definitions for the Hywind Scotland field development and the geographical definition of the study
area applied to this desk study is given below with reference to Figure 2.



Hywind Scotland Exclusivity Area/Pilot Park – area where the proposed windfarm turbine array(s) are to be
located (red box)



Hywind Scotland Study Area – the greater area between Peterhead and the eastern extent of the
Exclusivity Area assessed in this study (black box border)



Hywind Scotland Export Cable Route– nominal 1000m wide corridor that links the Hywind Scotland
offshore site to the landfall options in Peterhead (green cross-hatched zone)

Figure 2:

Definitions of study and development areas used in this report
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In addition to the findings presented in this report, Xodus are to investigate and provide recommendations on the
following:



Carry out a route selection study of the preferred cable route (North or South options) based on the
available data;



Present possibilities of narrowing down the proposed site survey area;



Identify which areas in the BP Forties to Cruden Bay Pipeline exclusivity zone are best suitable for
anchoring;



Perform a landfall selection study on the preferred location based on the site assessment.

The above scope will be presented in a follow up assessment for the cable route; however in review of the data
undertaken by this study, some general comments will be presented in the conclusions section, Section 7.

2.1

Objectives

The objectives of the study are as follows:



Understand the seabed geology of the site including the type and extent of seabed sediments, shallow
geology (quaternary geology) and bedrock geology;



Identification of seabed features and potential obstructions to installation activities across the windfarm
development site and the along the export cable route;



Identification of other subsea cables, pipelines and infrastructure that may cross the cable route and that
may lie within the development site;



Perform comparative constraint mapping with various data sets (e.g. BGS data maps with samples station
data) across the whole development and cable corridor site;



Production of map based drawings highlighting the above geology and constraints to the field development
and cable route characteristics; and



Establish uncertainty on data to then go on to identify where further is required and if any specialist survey
requirements should be considered based on the reviewed data (e.g. UXO surveys).

This study is to make a first pass review of existing data in the hope of being able to fulfil the objectives stated
above. However, this will be limited to the state of the available data and what information each source of
reference contains.
It should be noted, the ultimate aim and objective to feed into a geophysical survey which Statoil are planning for
the Pilot Park development area and preferred cable corridor during Q3 2013. The purpose of the geophysical
survey is to provide site specific data on the seabed and sub-seabed features, in particular the shallow geology,
and to provide benthic habitat data within the development area and along the export cable corridor.
The survey coverage will be over approximately 60 km 2 with a 500m width corridor for the export cable route (i.e.
±250m of the preferred route centreline). It is understood that no survey activities will take place within 500 m of
the BP pipeline.

2.2

Abbreviations and Definitions

BGS

British Geological Survey

BH

Borehole

CPT

Cone Penetration Test

EIA

Environmental Impact Assessment

GC

Gravity Core
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GIS

Geographic Information System

LAT

Lowest Astronomical Tide

PC

Probe Core

SPT

Standard Penetrometer Test

TBC

To Be Confirmed

UK

United Kingdom

UXO

Unexploded Ordnance

VC

Vibrocore
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3 AVAILABLE INFORMATION
Table 3-1 below lists the data used in the compilation of this report.

Document No. /
License No.
EK001-208503

Marine Themes (marine spatial data
including charted data, wrecks,
obstructions, buoys, cables etc )
Oil & Gas Infrastructure

Oceanwise

Revision and
Issue Date
2013

UK DEAL

2013

JNCC

2013

n/a

SPA, SAC and Ramsar designated site GIS
data
SSSI designated site GIS data

SNH

2013

n/a

Basemapping

Ordnance Survey

2013

unknown

Bathymetry contours

TCarta

unknown

n/a

Existing cable locations

KISCA & Statoil

2013

n/a

Hywind project area, cable route and
survey corridors

Statoil

2013

2013/051 DB A

DigBath250

BGS

2013

9

2013/050 A

DigSBS250

BGS

2013

10

2013/050 A

DigRock250

BGS

2013

11

2013/050 A

DigQuat250

BGS

2013

12

n/a

Seabed Sediments - Peterhead (Sheet
57°N-02°W)
Quaternary Geology - Peterhead (Sheet
57°N-02°W)
Solid Geology - Peterhead (Sheet 57°N02°W)

BGS

1984

13

BGS

1986

14

BGS

1982

15

n/a

The Geology of the Central North Sea

BGS

1994

16

n/a

Forties Field Cruden Bay Pipeline Survey
(Revised Route)

Hunting
Ltd

1973

17

FEP-A-PO-PT-3023

Pipeline Alignment Charts and Isopach
maps of sediment cover over bedrock for
BP Petroleum Development Ltd

GeoTeam UK Ltd.

Sept 1989

18

n/a

Forties to Cruden Bay 36” Replacement Oil
Export Pipeline – Summary of Expected
Seabed and Shallow Geological Soil
Conditions Along Proposed Lay Route.

EXE Survey Unit /
Geotechnics
Branch,
BP
Engineering

March 1989

19

n/a
n/a

n/a
n/a

Title

Table 3-1:

Company/Author

Surveys

Ref.

1
2
3
4
5
6
7
8

Client Supplied and Published Data
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3.1

Data Limitations

The Hywind Scotland Pilot Park development area is covered by some general, but non-specific seabed data. By
non-specific, the meaning is that the data available characterises only a broad area of seabed bathymetry and
features rather than providing specific data for the project under consideration. However, the data is considered
useful enough to get a general impression of seabed topography, seabed sediments and subsurface geology on
which to develop an understanding of what site specific survey is required to reduce the uncertainty and risk
associated with Pilot Park construction activities.
The Oceanwise Marine Themes and UK Deal electronic datasets [Refs. 1 and 2] were used to generate the
bathymetric contouring of the site and to understand the risk and constraint of wrecks and other known features
(e.g. dumping grounds, anchorage areas, buoys, obstructions, military areas, etc.) across the area. JNCC and
SNH datasets [Refs. 3 and 4] were used to understand environmental constraints to the site both onshore and
offshore. The Ordnance Survey data [Ref. 5] was used to map all onshore features such as topographic
elevations, roads, urban areas, recreational ground, protected areas, etc. Further data from TCarta was used to
cross-reference the bathymetry data [Ref. 6] and Statoil provided GIS data specific to the project itself [Refs. 7 and
8].
This study concentrates mainly on the offshore aspect of the Pilot Park development area, as future work on the
onshore landfall aspects will be performed at a later date. Therefore, offshore/marine BGS data was purchased
electronically to map the seabed geology. Four datasets [Refs. 9, 10, 11, 12] were evaluated and cross-checked
with more detailed information from the hard copy 1:250,000 Peterhead sheets [Refs. 13, 14, 15] (Solid Geology,
Seabed Sediments, Quaternary Geology) and offshore regional geology reports [Ref. 16]. The hard copy data
provides more description on geological formations and of seabed sediment features sometimes not currently
presented with the electronic data.
Additionally, the BGS provides sample station data through their web based offshore GeoIndex system that can
identify relevant seabed coring data held by the BGS and of data that is owned by outside third parties, mainly oil
and gas operators. The BGS data is usually a random distribution of sample stations across the seabed for
general ground-truthing of their maps. The third party data is generally specific to a field development such as a
pipeline route survey or where subsea and topside architecture has been installed (i.e. an oil or gas field). The
data is scanned and provided as electronic core logs (e.g. grab samples, gravity cores, vibrocores, CPTs,
boreholes, etc.). The data relevant to the Pilot Park development area is owned by BP which has kindly released
such information to Statoil for use in this study.
The BP data within the Hywind Scotland Study Area is mainly related to geological and geotechnical site testing for
the Forties C to Cruden Bay 36” Oil Export Pipelines (PL721 and PL8) carried out in 1973 [Ref. 17], and
reassessed later in 1989 [Ref. 18, 19]. These reports present geophysical interpretation of the seabed surface, i.e.
sediments and features/bedforms, and of the shallow geology to bedrock contact. This data is supported by some
VC tests which show some basic offshore tests data such as moisture content, soil density (SPT values) and shear
strength tests. Other BP data toward the Peterhead coast is unspecified as to why the tests were performed there,
however the information is useful for this study.
Review of each BP report is presented below to indicate what each document contains:



[Ref. 17] presents alignment charts along the original proposed Forties to Cruden Bay Export Pipeline
Route for work carried out by Hunting Surveys Ltd. in 1973. These charts present interpretive soil data of
surface seabed conditions and shallow subsurface geological stratigraphy, with some VC/PC sampling. No
report has been provided to accompany the charts. The relevant alignment sheets located near the
Hywind Exclusivity Area are Profile Sheets 4 and 5, which are presented in Appendix A.



[Ref. 18] presents alignment sheets along the revised proposed Forties to Cruden Bay Export Pipeline
Route for work performed by GeoTeam UK Ltd. in 1989. These sheets provide interpretative soil data of
surface seabed conditions, seabed features, and shallow subsurface geological stratigraphy. However, no
geotechnical test data is presented or a report to accompany the data interpretation. The relevant
alignment sheets around the Hywind Scotland Pilot Park development area are Sheets 4b, 5b and 6b,
which are presented in Appendix A.
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[Ref. 19] is a summary report that presents written descriptions of alignment sheets describing expected
soil conditions along the Forties to Cruden Bay Export Pipeline Route by the BP EXE Survey Unit in 1989.
This report reviews data from the 1973 pipeline route surveys and presents Vibrocore (VC) and Probe
Cone (PC) test sample station logs with basic soil test data. The sample station logs have been requested
from BP, but has not been released for evaluation in this report. However, prior to receiving this data, the
sheets of interest are contained in the descriptions for Revised Sheets 4 to 6, which are presented in
Appendix A.

From review of the data, [Ref. 17] seems to be first pass site investigation along the original export pipeline route
corridor, where analogue geophysical methods (i.e. single/multibeam echosounder, shallow seismic) were used to
define seabed topography and shallow subsurface stratigraphy, which was concurrently ground-truthed with
Vibrocore (VC) and Probe Cone (PC) testing every 1 – 2 km along the route. In comparison [Ref. 18] provides a
more recent survey for a revised export route alignment (see Figure 3 below), and provides alignment sheets in a
different format, but contains more information about seabed features such as sandwaves (large scale wave-like
bedform features, typically > 100 m wavelength and being several metres high), megaripples (typically a ripplelike
feature having a wavelength greater than 1 m or a ripple height > 100 mm), longitudinal gravel patches, and
interpreted geology that correlates with BGS data. Geotechnical sample stations are indicated on the sheets, but
data logs are not presented on the alignment sheets nor in any accompanying report. Only qualitative descriptions
of the soil units are presented.
However, [Ref. 19] presents a description of seabed topography and shallow soil interpretation of each of these
sheets for the revised route to align with [Ref. 18]. Unfortunately the relevant test stations conducted near the
Hywind Scotland Exclusivity Area are not included in the report (see Figure 3 below). The available VC and PC
test logs, show qualitative soil description with some offshore test data (SPT blow counts, probe test loads, water
content, and shear strength) and 6No. Particle Size Distribution sheets from laboratory analysis within the top 1 m
of the seabed.

Hywind Scotland Offshore
Exclusivity Area / Pilot Park

6

5
4

Figure 3:

Extract of revised Forties to Cruden Bay 36” Export Pipeline Route [Ref. 19]

It is noted that other BP data within the Hywind Scotland Study Area and which is more relevant to the proposed
export cable route exists, but has yet to be provided by BP. The relevant report as listed in [Ref. 19] is as follows:



Terresearch Ltd., 1973. Seabed Investigation for North Sea Forties Field Pipeline for BP. Report No.
S.22/555.
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4 SITE DESCRIPTION
4.1

Bathymetry

Water depths across the Hywind Scotland Pilot Park development area are indicated to range between 95 m and
120 m below LAT within the Buchan Deep area (see Figure A1 in Appendix B). The seabed shallows westward
toward Peterhead gradually, till about 3 – 4 km from the coast where it the slope increases slightly.

4.2

Development Constraints

The Xodus EIA study has used data provided from [Refs. 1, 2, 3, 4, 5, 6, 7] to identify where constraints to the
proposed field development and export cable route lie. This information has been plotted in GIS to show the
spatial distribution of seabed hazards and environmentally sensitive zones with respect to the Pilot Park
development area, as represented in Figure A2 in Appendix B.
As the layout chart indicates the Pilot Park development area contains 1 No. recorded wreck in the eastern corner
of the northern part. Another wreck is indicated on the Forties to Cruden Bay 36” pipelines (Anne-Meke shipwreck
[Ref. 18]); however, this feature remains outside the development area. No other environmental constraints are
identified within these zones.
As the export cable route heads toward the proposed Peterhead landfall locations, north of the harbour, it passes
through an area identified by the Joint Nature Conservation Committee (JNCC) as a ‘Nature Conservation Marine
Protected Area (MPA) Proposal Area’. However, this site has not yet been designated and it has been identified by
the JNCC that further assessment work will be required before this area can recommended for designation as an
MPA. At present, this area does not present any constraints to cable installation. However, the potential for this
area to be of potential environmental importance / sensitivity will need to be taken into consideration as part of final
route selection.
The main constraints located along the cable corridor tend to be those located closer to shore, including:

 A large dumping ground approximately 1 km northeast of Peterhead harbour (dredging spoils from the
harbour);

 An area marked as foul ground/obstruction just south of the dumping area; and
 4 - 5 No. shipwrecks.
Figure 4 is an extract from Figure A2 in Appendix B that shows the proposed export cable route being re-routed as
options around these features, except for the marine protected area as this zone is still to be assessed. In the
following sections, seabed sediments, seabed features and underlying geology are assessed with the above
routeings to understand if further geohazard type constraints will affect the indicated cable corridors and to
determine the likely soils across the area for construction/installation and cable protection type activities.
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Figure 4:

4.3

Extract from Figure A2 of constraints affecting the export cable route near Peterhead

Crossings and Seabed Infrastructure

Several crossings have been identified to exist within the Hywind Scotland Study Area. In terms of the Pilot Park
development area, the only potential crossing will be the Forties C to Cruden Bay 36” and 32” oil export pipelines (a
number of parallel pipelines, some in use and some disused), which pass through the Hywind Scotland Exclusivity
Area splitting it into two parts (see Figure 1). Currently these pipelines have a 2 km buffer zone (PL721 and PL8)
surrounding them as indicated in Figure 1, but this may be subject to change.
A number of potential crossing points have been identified along the cable corridor. The UTM positions of the
crossings are based on the proposed cable routes indicated by Statoil. This data along with reported statuses as
listed in [Refs. 1, 2], are presented in Table 4-1 below. Note the coordinate system used is WGS 1984 UTM Zone
30N.

Easting (m)

Northing (m)

Buried/Unburied1

Status

BT Coaxial Cable Aberdeen to
Bergen

597414.37

6372203.93

Buried?

Inactive

36” PL721 Oil Pipeline

599410.14

6370137.68

Unburied?

Active

32” PL8 Oil Pipeline

599380.03

6370178.99

Unburied?

Active

Cable 12

597054.44

6372505.81

Undefined

Not in use

Cable 2

572171.67

6375770.54

Undefined

Not in use

Crossing
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Cable 3

573243.13

6376448.52

Undefined

Not in use

Cable 4

572894.64

6376244.99

Undefined

Not in use

Telephone Cable (Fibreoptic)

599448.34

6370085.28

Buried?

Permanent

Notes:
1 No data available, but suggestions indicated with ‘?’
2 Cable crossing to be treated with caution, based on GIS interrogation

Table 4-1:

Crossings for the proposed cable routes as presented in Figures A1 to A5, Appendix B

For crossing design considerations concrete mattress supports and rockdump protection are typical methods
adopted to safely bridge and protect existing products on the seabed when a cable is laid over it. For trenching
considerations on approaches to crossings, a transition distance (i.e. grading in/out from seabed level to full trench
depth) of nominal length (typically 30 m) is to be included. However, this can be refined by the installation
contractor during an operations review prior to offshore activities and will be dependent on the chosen
trenching/burial/protection technique selected.
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5 REGIONAL GEOLOGY
5.1

General

Coverage of the Hywind Scotland Study Area has been mapped geologically by the British Geological Survey
(BGS) [Refs. 9, 10, 11, 12] that is supplemented with some very basic grab sampling of the seabed to confirm the
geophysical interpretation. The seabed sediments comprise predominantly superficial deposits of Holocene sands
(sometimes gravelly), which generally occur as a very thin veneer blanketing the area (less than 0.5m). Underlying
the veneer, the BGS indicate that the Quaternary soils comprise Forth Formation and Wee Bankie/Witch Ground
Formation deposits over Coal Pit Formation. Based on geophysical records, the Quaternary sediments are
relatively thin (up to 40 m thick) within the Pilot Park development area where they directly overlie basement
bedrock and thin west towards the coast where they completely pinch out.
The distribution of the various soil units identified in the surveys, and their general nature are described in Section
5.2 below, with more detailed discussion of the site specific geology in Section 6.

5.2

Geological Formations

5.2.1 Superficial Sediments (Holocene)
Surperficial sediments, typically < 0.5m thick, blanket the seabed across the Hywind Scotland Study Area. These
sediments generally consist of gravelly shelly sands and occasional muddy sands [Refs. 10, 13], which are likely to
be derived from the underlying Quaternary sediments. Areas of reworking of such sediments are thought to be
related to the development of sand waves and sand ridges [Ref. 16] as indicated in Figure 5 below.

Hywind Scotland
Study Area
(see Figure A3 in
Appendix B)

Figure 5:

Seabed sediment and bedform distribution in the central North Sea [Ref. 16]. Reproduced
by permission of the British Geological Survey. CP13/060.
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A seabed sediment distribution map for the Hywind Scotland Study Area and export cable route is presented in
Figure A3 of Appendix B.

5.2.2 Quaternary Deposits
A Quaternary Geology map of the Hywind Scotland Study Area is presented in Figure A4 of Appendix B. The
sections below discuss the geological formations expected to be present within the site for further evaluation in
Section 6.

5.2.2.1 Forth Formation
The Forth Formation consists a series of marine, glaciomarine, and fluviomarine facies (i.e. appearance and
characteristics of the rock/soil unit reflecting its condition of origin, i.e. depositional environment) which consist a
series of fine to coarse sand and pebbly marine muds (silty clays) deposits. Within the Study Area, two facies are
represented; the St. Andrews Bay and Largo Bay Members, but with the majority of the Study Area being mapped
as undivided [Refs. 12, 14]. This formation is considered to be laterally equivalent to the Witch Ground Formation
that becomes more prevalent further east. The BP data [Refs. 17, 18] indicate the Forth Formation in this area is
mainly SAND with fine gravel, but changes into Witch Ground Formation type deposits further east (fine sands, silts
and clays). The Forth Formation is expected to only occur as a thin soil unit across the site being only 2 – 3m thick
[Ref. 14].

5.2.2.2 Witch Ground Formation
The Witch Ground Formation is not indicated to be present in the Hywind Scotland Study Area from the BGS data,
as it is probably underlying a thin cover of the Forth Formation. However, it has been interpreted to be present by
the subsurface stratigraphic units indicated on the cross-sections along the Forties to Cruden Bay pipeline [Refs.
18] toward the east of the Pilot Park development area. Sediments generally comprise very soft to soft
glaciomarine muds overlying an undulating erosive surface of older formations [Ref. 14], in this case the Coal Pit
Formation. [Ref. 18] describes the sediments in this area to consist layered fine sands, silts and clays that are
possibly pebbly becoming more clayey with depth that often form infill channel features that have incised into the
Coal Pit Formation.

5.2.2.3 Wee Bankie Formation
This formation is indicated to outcrop locally as rare discrete patches across the Study Area. It directly underlies
the Forth Formation and is likely to only be a thin deposit as indicated in interpreted geophysical cross sections in
[Ref. 18]. The BGS indicate it is a till deposit comprising thin interbedded layers of sand and silty clay, and coarse
sand and gravel deposits. It is thought to lie directly over bedrock or over older ice-pushed Quaternary deposits.
The closer to shore, it is expected to lie directly over bedrock. BP seismic data interpretation indicates the unit is
thin (< 5m thick) based on the geophysical cross sections [Ref. 18].

5.2.2.4 Coal Pit Formation
The Coal Pit Formation is also not indicated to be present as an exposed formation on the BGS data, again
because it is not interpreted to outcrop locally being covered by deposits of the Forth, Witch Ground and Wee
Bankie Formations. Cross sections presented in [Ref. 18] indicate that the Coal Pit Formation forms an erosive
contact with the sediments above and below it, seemingly being only 5 m – 10 m thick. The formation itself is
indicated to consist marine sands and pebbly glaciomarine muds and sands [Ref. 14].

5.2.2.5 Aberdeen Ground Formation
The Aberdeen Ground Formation is indicated to underly the above Quaternary deposits across the area,
sometimes being locally absent [Ref. 14]. This formation is indicated to directly overlie pre-Quaternary bedrock as
an irregular contact where it forms an onlap sequence toward the coast where the younger sedimentary deposits
pinch out. Sediments generally comprise glaciomarine muds sands and gravels [Ref. 14].
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5.2.3 Basement (bedrock)
The basement bedrock underlying the much younger Quaternary deposits comprise a sequence of indurated
sedimentary and igneous rock sequences dating between Paleocene and Devonian age [Refs. 11, 15, 16]. This
sequence grows older westward toward the Peterhead coast. The depth to the bedrock interface is irregular, with
deep areas lying southeast and northeast of Peterhead. However, directly east of Peterhead in the Pilot Park
development area, bedrock is indicated to be within 20 m of the seabed, before dropping away to greater depths
east of this point.
A Solid Geology/Bedrock Geology map of the Hywind Scotland Study Area and export cable route is presented in
Figure A5 of Appendix B. Note hard substrates have also been recorded around some coastal areas to indicate
where exposure of rock has been mapped offshore.
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6 SEABED FEATURES AND SOIL DATA
6.1

Seabed Features

Seabed features roughly marked by the BGS around the Hywind Scotland Study Area (see Figure 5) indicates
large scale bedforms such as sandwaves, pockmarks and outcrops of bedrock. Such features have been drawn
on Figure A3 in Appendix B to see if they impact on the proposed development area, but these are shown to lie
southwest of the Pilot Park development area and south of the cable route; hence these are not anticipated to be a
hazard, but such features should be confirmed during the site specific survey. It is observed that the sandwave
features appear to be related to the lobe of sand sediments that extend along the Forties to Cruden Bay pipeline
route, which are not indicated to be present along the proposed cable route option(s).
No other obvious geohazard features, including hard substrates around the landfall locations (Figure A5), are
indicated from the BGS data.
In review of more specific seabed survey data from the BP data reports along the Forties to Cruden Bay pipeline
route, the seabed conditions described are as follows:



The seabed consists a veneer of silty fine SAND (Holocene) that is sometimes locally absent exposing the
soft CLAY underneath (either Forth Formation (west) and/or Witch Ground Formation (east));



The general sandy seabed is megarippled, but these become ‘ill defined’ eastwards (i.e. flat and
featureless);



Larger scale sandwave features lie in the western area of the pipeline route (possibly located in the
western margin of the Hywind exclusivity area) with wavelengths of 10 – 12 m, heights above seabed of 1
– 3 m, and crest direction typically trends NW-SE;



Linear gravel lag deposits that trend NNE-SSW are located in discrete areas across the pipeline route;



Soft clays of the Witch Ground Formation may outcrop locally in the easterly portion of the Hywind area,
where the sand veneer is not as thick;



Numerous trawl/anchor scars and a ship wreck (identified as the Anne-Meke) are identified within the
pipeline route survey corridor. The trawl/anchor scars are more predominant is the easterly portion of the
Hywind area where the Witch Ground Formation is expected;



Very few single point objects are identified.

Based on the above, the seabed around the Hywind Scotland Study Area and along the proposed export cable
route is expected to have some hazard features (e.g. sandwaves, megaripples, and gravel lag deposits), which will
need to be considered for any anchoring assessments of the turbines and for lay/burial of the cable.

6.2

Shallow Soils

The shallow soil profile across the Hywind Scotland Study Area is summarised in Table 6-1 below. It has been
developed from an integrated interpretation of the available geophysical and geotechnical data, in combination with
the wider regional geology from the BGS maps.
It is expected that the shallow soil conditions will mainly consist of silty SAND of both Holocene and Forth
Formation type soils. However, there may be localised outcrops of soft CLAY from the Witch Ground Formation in
the eastern area of the Hywind Pilot Park development area. Underlying the Forth Formation in the west is a thin
layer of TILL of the Wee Bankie formation, that is indicated to pinch out against Witch Ground Formation in the
east.
All of the above units are shown to directly overlie SANDs and MUDs of the Coal Pit Formation, which to be
widespread across the site. This unit in turn overlies MUDS, SANDS and GRAVELS of the Aberdeen Ground
Formation that rests directly on basement bedrock.
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Soil Unit

Depth Below Seafloor (m)

Soil Description

From

To

Holocene

0.0

< 0.5

I

0.5

1.0 – 2.0

SAND with fine gravel

II

0.5

5.0 – 10.0

Layered fine SANDS, SILTS, CLAYS

III

2.0

5.0

IV

5.0

15 - 20

V

20

30

Formation
Holocene1

Silty SAND

TILL with thin layers of sand, clay and gravel

Forth2
Witch Ground3
Wee Bankie4
Coal Pit5

SANDS and pebbly MUDS and SANDS
MUDS, SANDS and GRAVELS

Aberdeen Ground6

Notes:
1 Depth is variable depending on presence of sandwaves
2 Often difficult to differentiate with Holocene material
3 Becomes more predominant in the east of the Hywind Offshore Exclusivity Area more as infill erosion channels that have
incised into the underlying Coal Pit Formation
4 Laterally discontinuous, occurring only in the west of the Hywind area
5 Occurs as an irregular unit in terms of thickness, but is common across the whole development area
6 Little data available that discusses its confirmed presence, but expected to directly overlie the basement bedrock

Table 6-1:

Expected soil profile across the Hywind Scotland Study Area

Descriptive logs of BGS sample station data identified within the Hywind Scotland Study Area (see locations of
each in Figures A3 and A4 in Appendix B) are presented in Appendix C. These logs are mainly from Gravity Cores
(GC) with one station being from a borehole (BH). The GC descriptions contain very limited information and
generally only confirm that clean, sometimes gravelly, SAND lies at the seabed and this is generally underlain by
‘sticky’ very soft to soft CLAY. The borehole log (BH 72/31) suffers from gaps in sample recovery, but indicates 8
m of sticky, quite soft boulder CLAY with few pebbles from the seabed and from 21 to 33 m depth this material
continues, but becomes hard and compact below 24 m. Bedrock appears to occur at 34.5 m below seabed. No
geological formation names or soil boundaries have been assigned to the log
VC and PC logs from [Ref. 19] either side of the revised Forties pipeline routing indicated in Figure 3 are presented
in Appendix C. It should be noted that VC/PC logs between 7 VC A and 14 PC are not included in [Ref. 19].
These tests were performed along the original pipeline route, but not discussed in this report and hence not
presented. These logs confirm a loose to dense SAND veneer over a very soft to firm clayey SILT/silty CLAY with
shell fragments and traces of gravel. Basic soil properties from these logs are presented in Section 6.3.

6.3

Geotechnical Engineering Parameters

For wind turbine design considerations of the mooring anchors, the soil profile presented in Table 6-1 requires
confirmation with a geotechnical sampling programme to derive relevant soil design parameters for the identified
soil units and obtain a better understanding and definition of the actual depth to bedrock. To achieve this, a
borehole survey should be undertaken at each mooring anchor location or alternatively a deep push CPT to
bedrock, accompanied with shallow CPT/VC sampling across the array area.
Some basic engineering properties from the available geotechnical test data presented in [Ref. 19] and from
general geotechnical values assigned to geological formations in [Ref. 14] are given below Table 6-2. However,
caution is recommended in the use of these parameters as the BP data is 40 years old and requires confirmation
with further sampling and corroboration using modern methods/standards of data collection and interpretation and
reporting. The BGS data is only general and should be secondary to any site specific sampling performed.
It should be noted that no geotechnical data is available for the deeper soil units from within the study area; hence
only general BGS data is considered for Units IV and V.
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Soil Unit
Holocene
I
II
III
Iv
V

Description

Water Content
wc (%)

Undrained
Shear Strength

Plasticity

Su (kPa)

Angle of
Internal
Friction,  ()1

Loose silty SAND

-

-

30

-

Loose SAND with gravel
Layered fine SANDS,
SILTS, CLAYS
TILL with thin layers of
sand, clay, gravel
Firm to very stiff pebbly
MUDS and dense SANDS
Very stiff to hard MUDS,
SANDS and GRAVELS

-

-

30 - 35

5 - 45

15 - 50

5 - 50

25 - 30

5 - 35

10 - 40

40 - 300

-

10 - 50

-

100 - 150

35

-

-

>300

-

-

Notes:
1 Values estimated based on descriptions

Table 6-2:

Geotechnical engineering parameters for trenching evaluations

For cable stability and trenching and burial considerations along the export cable route, only sediments occurring
within the top 5 m of the soil profile are evaluated to determine the most appropriate parameters for design
evaluations and trenching tool selection. Based on the available data this evaluation considers soils from the
Holocene, Forth, Witch Ground and Wee Bankie Formations that all lie within 5 m of the seabed surface. Basic
engineering parameters required for such assessments are given above in Table 6-2, but more definition of
material along the cable route is required to understand the shallow soil stratigraphy and how this varies laterally
along the route.
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7 CONCLUSIONS AND RECOMMENDATIONS
The main conclusions from the geotechnical desk study are follows:



An evaluation of seabed conditions and soil stratigraphy has been carried out across the Hywind Scotland
Study Area, which extends from the coast to the north of Peterhead out to approximately 32 km at the
easternmost extent of the Hywind Scotland Exclusivity Area/Pilot Park.



Various data sources have been obtained to map seabed information in GIS to evaluate environmental and
infrastructural constraints to the proposed development and to understand seabed geology across the site.
For the geotechnical aspect of this study, the available data has been sourced from the BGS and from BP
who has conducted tests offshore Peterhead for pipeline routing options in the 1970’s. No other data from
3rd party sources has been identified that could be included in this study, hence data is very limited.



There is very little geotechnical sampling data across the Hywind Scotland Study Area and which is not
specific to the Pilot Park development area or the export cable route. The BGS sample stations are
random and contain very limited information. The BP data is confined to pipeline route studies, with the
only data provided to date being located along the Forties to Cruden Bay oil export pipeline route corridor
that separates the Hywind site. Other data has been identified that is more relevant to the proposed export
cable route; however this data has yet to be provided.



The BGS data indicated the site is blanketed by a thin veneer of Holocene sand, slightly gravelly sand and
gravelly sand. Areas of sandwaves are identified by the BGS to the south of the cable route and outside
the Hywind Scotland Pilot Park.



BP data collected along the Forties to Cruden Bay oil export pipelines confirms the BGS interpretation of
seabed sediments and seabed features, where silty SAND with shells and sometimes fine gravels blanket
the area. Bedform features include larger scale sandwaves to the west of the site where water depths
shallow to shore, megarippled sands, and linear but discontinuous gravel lag deposits. Manmade features
such as trawl/anchor scars are more common in the eastern area of the site within Buchan Deep.



The regional geology of the area indicates that 5No. Quaternary soil units lie beneath the Holocene veneer,
which include the Forth, Witch Ground, Wee Bankie, Coal Pit and Aberdeen Ground Formations. These
layered units vary laterally in thickness and are also laterally discontinuous, meaning the soil profile is not
consistent across the site. Generally the Quaternary deposits are approximately 20 - 30 m within the
Hywind Scotland Pilot Park but shallow west towards shore as the formation form an onlap sequence
directly over basement bedrock.



The basement bedrock consists of indurated sedimentary and igneous rocks from the Paleogene to the
Devonian, with the age of such increasing westwards to shore. The boundary with the overlying
Quaternary soils is an erosional contact that is very undulating.



Very little geotechnical data is available to consider for foundation design or for cable stability design
evaluations, and/or trenching evaluations. Basic soil properties have been presented from the available
data; however these should be treated with caution for any design considerations. This data is to be
revised upon review of site specific survey, to confirm and/or supersede the values presented.

With respect to the Hywind Scotland field development and cable route, some general comments are made with
regard to the review undertaken:



A cable route selection study is to follow on from the results presented from this study, and the constraints
identified from the EIA. However, as a result of some of the environmental constraints found as part of the
EIA mainly around the landfall approach, it is understood the cable route requires further interrogation to
progress the project. Therefore, the route selection study is delayed until these issues have been resolved
to make a more informed assessment.
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Based on the above assessment, there is currently no possibility to narrow down the proposed site survey
area, without having a definitive field layout agreed, or preferred cable route selected. At present all
options are still being considered, so there are no specific areas that can be targeted to reduce the survey
scope.



In terms of which areas are best suitable for anchoring within the Pilot Park exclusivity zone, little can be
recommended based on the very limited available seabed data other. A high level comment would be that
all areas seem suitable for drag embedment anchors and driven pile anchors. But because the loads being
considered for the anchored mooring system are very high (> 5000 kN), a gravity based solution is
probably not feasible. Additionally, there is no enough deep soil data or test data with detailed
geotechnical engineering parameters to consider torpedo piles, or suction piles with any confidence. For
safe and efficient driven pile solutions, these also require detailed test data and soil profile data to at least
30 - 40 m below seabed. The current sample station data sets from the BGS and BP are very sparse and
shallow (up to 5 m depth), with only the geophysical interpretation giving an understanding into what could
be lie beneath the seabed, but this has very little ground-truthing. Therefore, a recommendation into
presenting the most suitable anchoring solution cannot be commented on until more site specific data with
test results presenting engineering parameters becomes available.



In addition to this review, a landfall selection study is to be undertaken after a site walkover of the cable
landing options is performed. This was to occur on 11th July 2013, however this has been postponed.
Therefore, this study has been delayed until a new date is proposed.

It is understood a geophysical and benthic site survey will be performed in Q3 2013 across the Hywind Scotland
Pilot Park development area and along the preferred export cable route to investigate seabed and sub-seabed
conditions. Optional scopes for archaeological and UXO surveys may be added if the need becomes more
important. The survey is aimed to map and identify the shallow geology, seabed features, local topography,
hazards, and benthic habitats of conservation importance, across the area to improve to better understand the
holistic constraints to the proposed development and what effect these may have to construction activities planned
for the site.
Upon review of the results of the geophysical survey, a geotechnical survey will be undertaken at a later date to
target specifically where site sampling should be performed to support/ground-truth the geophysical interpretation
of the site and obtain engineering parameters relevant to foundation design. The following recommendations are
presented for such a survey to reduce seabed uncertainty of the site:



Shallow geotechnical sampling with CPTs, VCs, up to 5 – 6 m depth below seabed should be carried out
within the Pilot Park development area (i.e. at each anchor deployment location) and along the export
cable (approx. every 1 km) to confirm soil stratigraphy and to determine engineering parameters for design
considerations. The aim would be to ground-truth the geophysical data and develop a more confident
ground model of the greater development area.



Depending on the preferred anchoring solution for the chosen mooring system of the floating turbines,
deeper BHs and/or deep push CPTs to 30 - 40 m depth below seabed may be required at the mooring
anchor locations to obtain good quality soil profile data for detailed design considerations, especially if piles
are selected.



The requirement for geotechnical data along the cable route would be used for cable design analysis, e.g.
stability and cable protection assessments and to develop and confirm cable protections strategies, based
on the interpreted geology along the route. From here costs and schedules for operations can be
developed based on tool availability and from performance predictions. Or alternatively consider other
protection options, e.g. rockdump, where trenching is unachievable such as in areas of shallow rock
outcrops.



Additionally, if further BP data comes available at a later date then review of this information can be
incorporated into any subsequent revisions of this report.
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APPENDIX A

GEOTECHNICAL DATA EXTRACTS
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APPENDIX B

HYWIND STUDY AREA FIGURES
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