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DEFINITIONS AND ABBREVIATIONS 

Throughout this document the following terminology is used: 

ONE-Dyas  Oranje Nassau Energie B.V. (Client)  

GEOxyz    GEOxyz Offshore (Contractor) 

TTS   T.T. Surveys Ltd (Supplier) 

Igeotest  Igeotest Geoscience Group (Supplier) 

BSL   Benthic Solutions Ltd (Supplier) 

Peak   Peak Processing (Supplier) 

Where abbreviations used in this document are not included in this list, it may be assumed that they are 
either equipment brand names or company names. 

Table 1: Abbreviations used in this Document 

Acronym Description Acronym Description 

Al Aluminium (element) MP Megapixel 

ANOSIM Analysis of Similarity NGT Noordgastransport 

AQC Analytical Quality Control Ni Nickel (element) 

AR Aqua Regia NMBAQC 
National Marine Biological Association 

Quality Control 

As Arsenic (element) n-MDS Non-Metric Multidimensional Scaling 

Ba Barium (element) NOAA 
National Oceanic and Atmospheric 

Administration 

BAC Background Assessment Concentration NPD 
Naphthalene, Anthracene and 

Dibenzothiophene 

BSL Benthic Solutions Limited N/S No Sample 

Cd Cadmium (element) OGUK Oil & Gas United Kingdom 

CEFAS 
Centre for Environment, Fisheries and 

Aquaculture 
OSPAR 

Convention for the protection of the Marine 

Environment of the North East Atlantic 

CEMP 
Coordinated Background Monitoring 

Programme 
OWF Offshore Wind Farm 

CPI Carbon Preference Index PAH Polyaromatic Hydrocarbons 

Cr Chromium (element) Pb Lead (element) 

Cu Copper (element) P/B Ratio Petrogenic Biogenic Ratio 

CV Coefficient of Variation PC Physico-chemical grab sample 

DBT Dibenzothiophene PCA Principal Components Analysis 

DCM Dichloromethane Ph Phytane 

DVV Double Van Veen Pr Pristane 

EBS Environmental Baseline Survey PRIMER 
Plymouth Routines In Multivariate Ecological 

Research 

ED50 European Datum 1950 PSA Particle Size Analysis 

EOL End Of Line PWL Proposed Well Location 

EPA Environmental Protection Agency SAC Special Area of Conservation 

ERL Effective Range Low Sb Tin (element) 

ERM Effective Range Median SBP Sub-bottom profiler 

EU European Union SCI Sites of Community Importance 

EUNIS European Nature Information System SD Standard Deviation 

F1,2 & 3 Fauna grab sample 1, 2 & 3 SIC Single Ion Current 

Fe Iron (element) SIMPROF Similarity Profile Analysis 

GC Gas Chromatography SNS Southern North Sea 

GC-FID 
Gas Chromatography with Flame Ionisation 

Detection 
SOL Start Of Line 
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Acronym Description Acronym Description 

GC-MS Gas Chromatography Mass Spectrometry SOP Standard Operating Procedure 

HAP Habitat Action Plan SPA Special Protection Area 

HAS Habitat Assessment Survey SSS Side-scan Sonar 

HD High Definition THC Total Hydrocarbon Content 

HF Hydrofluoric acid TOC Total Organic Carbon 

Hg Mercury (element) TOM Total Organic Matter 

HM Heavy and Trace Metals TRV Toxicity Reference Value 

ICP-MS 
Inductively Coupled Plasma Mass 

Spectrometry 
UCM Unresolved Complex Mixture 

ICP-OES 
Inductively Coupled Plasma - Optical Emission 

Spectrometry 
UK United Kingdom 

IMS Industrial Methylated Spirit UKAS United Kingdom Accreditation Service 

IUCN International Union for Conservation of Nature UK BAP United Kingdom Biodiversity Action Plan 

JNCC Joint Nature Conservation Committee UKCS United Kingdom Continental Shelf 

LAT Lowest Astronomical Tide UKOOA 
United Kingdom Offshore Operators 

Association 

LED Light-emitting Diode UTC Universal Time Coordinated 

LOI Loss on Ignition UTM 31 Universal Transverse Mercator ς Zone 31 

MAG Magnetometer V Vanadium (element) 

MBES Multi Beam Echo Sounder VC Vibrocore 

MDL Mean Detection Limit WGS84 World Global Spheroid 1984 

MDS Multi-Dimensional Scaling Zn Zinc (element) 
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EXECUTIVE SUMMARY 

A geophysical, geotechnical and environmental baseline survey of the proposed N5A site, Pipeline to NGT Hot 

Tap tie in and Cable Route to Riffgat Wind Park was conducted in block N5A of the Dutch Sector, Southern North 

Sea (SNS, Figure 1), on behalf of Oranje Nassau Energie (ONE). An additional 4km x 1km cable route survey and 

1km x 1km rig site survey was completed for an alternative N5A platform location upon request from the client. 

The geotechnical and environmental surveys were carried out aboard the Geo Ocean III from 1st and 15th May 

2019, while the geophysical survey was split between the Geo Ocean III and Geo Surveyor VIII. 

Seabed imagery and grab sampling was conducted at twenty-eight locations around the proposed site and 

route and involved the acquisition of physico-chemical and macro-invertebrate samples. The results from 

this survey revealed a sandy sediment type throughout the survey site and route corridor, varying from fine 

to coarse sand, with infrequent patches of cobbles and some clay outcrops. Stations along the pipeline route 

were finer than those along the cable route, showing some geographical pattern. 

TOC results revealed an organically-deprived environment with associated low moisture content, indicating 

consistent sediment consolidation throughout. The total hydrocarbon contents were toward the lower end 

of expected background concentrations for the SNS with the exception of GRAB_P_1 where levels exceeded 

the 95th percentile background concentrations for the SNS. Alkanes accounted for an average of 1.22% of 

THC and the UCM accounted for the remaining 98.78%, with results for GRAB_P_1 consistently higher than 

other stations. The GC traces for all stations reflected a likely input of terrigenous plant materials which 

typically comprise the long-chain, odd carbon-numbered n-alkanes, and to a much lesser extent, a possible 

combination of general contaminants from shipping activity or UCM, but not a level to cause concern. Carbon 

Preference Index where applicable showed mixture of dominance between biogenic and petrogenic alkanes, 

although should be treated with caution due to many alkanes below the limits of detection. The 

pristane/phytane ratio where applicable, revealed a pristane dominance, likely attributable to a planktonic 

contribution and/or terrestrial inputs. Total PAH concentrations were relatively low throughout survey area 

to levels well below the mean UKOOA background level for the SNS. Total concentrations of heavy and trace 

metals were analysed, and the majority were relatively consistent over the N5A survey area showing little 

sign of any anthropogenic contamination except for possible slight contamination at GRAB_P_1. 

A total of 16550 individuals from 118 infaunal taxa were identified with a mean richness of 30.7 (±8.7SD) across 

the survey area. Analysis of the infaunal and epifaunal communities indicated a dominance of infauna, with 

only ten colonial epifaunal species identified during the seabed sampling campaign. In most instances, annelids 

dominated the macrofaunal community in terms of species richness and abundance. Results, analysed using 

multivariate techniques, showed that the faunal community recorded over the N5A survey area was rich but 

variable across sites, with some homogeneity attributed to the dominant sandy substrate found across the area. 

Broad separations between the pipeline and cable route macrofauna communities were apparent. 

Four main habitats, Ψinfralittoral fine sandΩ, Ψinfralittoral coarse sedimentΩ, Ψinfralittoral mixed sedimentΩ and 

Ψdense Lanice conchilega and other polychaetes in tide swept infralittoral sand and mixed gravelly sandΩ were 

identified. The seabed sediments within the survey area were sand-dominated and supported a number of 

species deemed to be characteristic of EC Habitats Directive Annex I permanently submerged sandbank 

habitat (H1110_C subtype), so it is possible that the survey area could be deemed to represent this protected 

habitat. In addition, L. conchilega beds, which were evident across large parts of the survey area, are not 

currently listed as a protected habitat but ŀǊŜ ƪƴƻǿƴ ǘƻ ŀŎǘ ŀǎ ΨŜŎƻǎȅǎǘŜƳ ŜƴƎƛƴŜŜǊǎΩ ŀƴŘ ǎƻƳŜ ŀǳǘƘƻǊǎ ƘŀǾŜ 

recommended their inclusion as EC Habitats Directive Annex I habitats. 
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1 INTRODUCTION 

1.1 PROJECT OVERVIEW 

GEOxyz was contracted by Oranje Nassau Energie (ONE) to undertake a range of geophysical, geotechnical 

and environmental surveys in block N5A of the Dutch Sector, comprising a site survey and two route surveys 

(Figure 1 and Table 2): 

- Site survey (1km x 1km) over the N5A exploration well which will be developed by emplacement of 

the N5A Platform. 

- Cable route survey (9km x 1km) from proposed N5A Platform to Riffgat Offshore Windfarm (OWF) 

Transformer Station. 

- Pipeline route survey (15km x 1km) for proposed gas export pipeline from N5A Platform to with a 

proposed cable route corridor between the N5A Platform location and the Noordgastransport (NGT) 

Hot Tap location. 

The geophysical surveys comprised acquisition of multibeam echosounder (MBES), side scan sonar (SSS), 

magnetometer (MAG) and sub-bottom profiler (SBP) data over the site and routes with Sparker multi-channel 

seismic data also acquired over the site survey area. An additional 4km x 1km cable route survey and 1km x 

1km rig site survey was completed for a potential alternative location of the N5A platform upon request from 

the client. 

The environmental survey work comprised a habitat assessment and environmental baseline survey and was 

carried out by GEOxyz Offshore UK Limited, supported by Benthic Solutions Ltd (BSL).  

Table 2: Proposed N5A Platform, N5A to Riffgat Cable Route and N5A to NGT Hot Tap Route Locations 

ED50, UTM 31N, CM 3° E 

Proposed Location KP Easting (m) Northing (m) Latitude Longitude 

N5A Platform 0.000 721 607.00 5 954 650.00 53° 41' 32.347" N 06° 21' 23.281" E 

End of Route ς Riffgat Wind Park 
Transformer Station Location 

8.681 730 081.00 5 954 988.00 53° 41' 30.080" N 06° 29' 05.312" E 

End of Route ς NGT Hot Tap 
Location 

14.675 718 409.00 5 940 429.00 53° 33' 57.806" N 06°17' 53.314" E 

 

Survey operations were performed onboard the survey vessel Geo-Ocean III (Appendix A) between the 1st 

and 15th May 2019.  

The objectives of the environmental survey were as follows: 

¶ Identify UKCS sensitive environmental habitats and species (e.g. Annex I Habitats).  

¶ Acquire baseline data to assess the sediment physico-chemical and biological characteristics within 

the survey area. 

This report provides the results of the environmental baseline survey over the N5A site survey areas (original 

and alternative) and associated cable and pipeline route survey corridors. 
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Figure 1: Project location overview 

1.2 SCOPE OF WORK 

There were three main work areas for geophysical, geotechnical and environmental surveys as described in 

N5A-7-10-0-70000-01-05 - Pipeline Route and Platform Area Survey Scope. These were: 

ω Platform Survey Future N5A location; 

ω Pipeline Route Survey from the future N5A platform location to a subsea hot-tap tie-in at the 

NGT pipeline near KP 142.1(orange line in Figure 1 above); 

ω Cable Route Survey from the future N5A platform location to the Riffgat transformer station 

(blue line in Figure 1 above). 

The following surveys were required by ONE and are described in more detail in Table 3: 

ω Geophysical Pipeline and Power Cable Route Surveys; 

ω Geotechnical Pipeline and Power Cable Route Surveys; 

ω Environmental Pipeline and Power Cable Route surveys including the Platform Area; 

ω Geophysical Platform Area Survey. 
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Table 3: Detailed scope of work for each area 

Scope N5A Platform site 
Hot Tap Pipeline 

Route 
Riffgat Cable Route 

Geophysical Analogue MBES, SSS, MAG, SBP MBES, SSS, MAG, SBP MBES, SSS, MAG, SBP 

Geophysical Digital 
Multi-channel sparker 

80 m depth 
  

Environmental 
Two grab samples within the 

platform site survey area 
Grab sampling each km 

Grab sampling each km (including 

within Riffgat OWF) 

Shallow Geotechnical  VC each km VC each km 

 

The geophysical pipeline route survey works was divided between two vessels, where the Geo Ocean III 

carried out operations in water deeper than around 10 to 15m LAT and the Geo Surveyor VIII completed 

operations in the shallower sections. 

The survey areas were further broken down into five sections where there were natural turning points on 

routes and separate surveys such as the N5A Site survey.  

ω Area 1 ς Southern part of pipeline route 

ω Area 2 ς Northern part of pipeline route 

ω Area 3 ς Western part of cable route 

ω Area 4 ς Eastern part of cable route 

ω Area 5 ς N5A site survey area 

ω Alternative N5A Site (Added workscope) 

ω Alternative Cable Route C3 (Added workscope) 

 Objectives 

The survey objectives were to: 

ω Accurately determine water depths and seabed topography; 

ω Provide information on seabed and sub-seabed conditions to ensure the safe emplacement 

and operation of the proposed pipeline, cable route and platform; 

ω Assess the area for the presence of any potential sensitive habitats or species, to include EC 

Habitats Directive (97/62/EC) Annex I habitats and OSPAR threatened and declining habitats 

and/or species (OSPAR, 2008); 

ω Acquire environmental baseline samples across the survey area to establish a benchmark 

against which potential future impacts could be assessed; 

ω Assess the route corridor for the possible presence of anomalies and boulders/debris that 

may impede pipelay or cable installation; 

ω Identify any seabed and sub-seabed features or obstructions. 
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1.3 GEODETIC PARAMETERS 

 Horizontal Reference 

Table 4: Geodetic parameters 

DŜƻŘŜǘƛŎ tŀǊŀƳŜǘŜǊǎ 

Spheroid International 1924 

Semi-major axis 6378388.297 

Semi-minor axis 6356911.946 

Datum European Datum 1950 (ED50) 

Projection Universal Transverse Mercator (UTM) 

False Easting 500000.00 

False Northing 0.00 

Central Meridian 3° East 

Central Scale Factor 0.9996 

Latitude of Origin 0° 

Grid Zone 31 North 

5ŀǘǳƳ ¢ǊŀƴǎŦƻǊƳŀǘƛƻƴ ²D{уп ς 95рл 

ŘȄ Ҍ уфΦрƳ 

Řȅ ҌфоΦуƳ 

ŘȊ ҌмноΦмƳ 

wȄ лΦл 

wȅ лΦл 

wȊ πлΦмрс 

{ŎŀƭŜ  πмΦнǇǇƳ 

 

 Vertical Reference 

All water depths have been reduced to LAT using the UKHO VORF model. MSL is 1.6m above LAT within the 

survey area. 
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2 SURVEY OPERATIONS AND DATA REVIEW 

 SUMMARY OF SURVEY OPERATIONS 

Between the 01st April and 15th May 2019, a  geophysical, seismic, geotechnical and environmental survey 

was completed for the N5A Development Project ς Pipeline Route and Platform Area Survey aboard the Geo 

Ocean III. An overview of the survey operations is given in Table 5. 

Table 5: Overview of survey operations 

Survey Operations Geo Ocean IIIς N5A Site, Cable Route and Pipeline Route Survey 

1 29/04/2019 
Alongside Eemshaven 
Completed demobilisation from previous project commenced mobilisation for ONE project. 
Completed Survey Positioning, MRU and SVP Comparisons 

2 30/04/2019 

Completed mobilisation of personnel to vessel 
Completed all vessel crew inductions 
Completed kick-off meeting and mobilisation HIRA review 
Completed transit to work location 
Completed Vessel DP trials 

3 01/05/2019 

Completed Recce line through pipeline route and location. MBES calibration location identified 
Completed MBES calibration 
SSS verification completed 
Muster Drill completed 
Started analogue survey acquisition on northern section of pipeline route (Area 2) 

4 02/05/2019 

Continued analogue survey acquisition on northern section of pipeline route (Area 2) 
Started Vibro-coring operations on northern section of pipeline route (Area 2) 
Continued analogue survey acquisition cross lines only on northern section of pipeline route (Area 2) 
Carried out three Environmental Camera observations on environmental sample locations on northern 
section of pipeline route (Area 2) 
Continued analogue survey acquisition cross lines only on northern section of pipeline route and western 
section of cable route. (Area 2 and Area 3) 

5 03/05/2019 

Continued analogue survey acquisition cross lines only on western section of cable route. (Area 3) 
Stopped operations due to increasing weather affecting data. 
Carried out five Environmental Camera observations on environmental sample locations on northern 
section of pipeline route (Area 2) 
Stopped due to weather rising out of safe working limits for operations 
Standing by on weather 

6 04/05/2019 Standing by on weather 

7 05/05/2019 Standing by on weather 

8 06/05/2019 

Standing by on weather 
Completed Drop Camera locations on northern section of pipeline route (Area 2) 
Commenced Grab Sample locations on northern section of pipeline route (Area 2) 
Stopped Grab Sampling due to rigging issue 

9 07/05/2019 

Resumed analogue survey acquisition on northern section of pipeline route (Area 2) 
Stopped analogue survey acquisition on northern section of pipeline route (Area 2) 
Thruster Technician onboard to fix thruster issue and returned to shore 
Completed Vibro-core operations on northern section of pipeline route (Area 2) 

10 08/05/2019 
Completed Environmental Grab Sampling operations on northern section of pipeline route (Area 2) 
Completed analogue survey acquisition on northern section of pipeline route (Area 2) 
Commenced N5A UHR Site Survey (Area 5) 

11 09/05/2019 

Completed N5A UHR Site Survey (Area 5) 
Acquired one-line analogue survey acquisition on western section of cable route (Area 3) 
Completed analogue survey acquisition on eastern section of cable route (Area 4) 
Completed Geotechnical Vibro-cores on eastern section of cable route (Area 4) 
Completed Environmental Video Photography and Grab Sampling operations on eastern section of cable 
route (Area 4) 
Re-commenced analogue survey acquisition on western section of cable route (Area 3) 
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Survey Operations Geo Ocean IIIς N5A Site, Cable Route and Pipeline Route Survey 

12 10/05/2019 
Completed analogue survey acquisition on western section of cable route (Area 3) 
Completed Geotechnical Vibro-cores on western section of cable route (Area 3) 
Completed N5A UHR Site Survey reshoots (Area 5) 

13 11/05/2019 

Completed additional environmental video and photography transects on N5A Site Survey location. 
Completed Environmental Video Photography and Grab Sampling operations on western section of cable 
route (Area 3) 
Commenced Geotechnical Vibro-cores on southern section of pipeline route (Area 1) 
Commenced Environmental Video Photography on southern section of pipeline route (Area 1) 

14 12/05/2019 

Completed Environmental Video Photography and Grab Sampling operations on southern section of 
pipeline route (Area 1) 
Completed Geotechnical Vibro-cores on southern section of pipeline route (Area 1) 
Commenced analogue survey acquisition on southern section of pipeline route (Area 1) and infill on 
northern pipeline route (area 2) 

15 13/05/2019 
Completed analogue survey acquisition on southern section of pipeline route (Area 1) and infill on northern 
pipeline route (area 2) 
Completed analogue survey acquisition on alternative cable route (C3) 

16 14/05/2019 

Completed Alternative N5A UHR Site Survey 
Completed Geotechnical Vibro-cores on alternative N5A site and cable route (C3) 
Completed Environmental Video Photography and Grab Sampling operations on alternative N5A site and 
cable route (C3) 

17 15/05/2019 Arrived in Eemshaven Demobilisation Completed 

 

 GEOPHYSICAL DATA 

Analogue geophysical data acquired by GEOxyz during the survey were used for site selection as no previous 

geophysical data were available for the survey area. This data was reviewed onboard by BSL and camera 

transects were selected to target any habitats and boundaries across the survey area, with particular 

attention paid to the investigation of potential Annex I habitats protected under the EU Habitats Directive. 

Where features of interest occurred in close proximity to one of the environmental sampling stations, based 

on the rationale outlined in the scope of work, this station was to be moved slightly to provide additional 

ground-truthing data for the feature of interest.  

The following datasets were available for review during the preparation of this report: 

¶ Bathymetry, reduced and processed offshore to provide a digital terrain model where major 

bathymetric features and minor bathymetric changes could be identified and highlighted. This 

included the identification of large features (e.g. linear ridges of cobbles and boulders) and seabed 

infrastructure (e.g. existing pipelines). 

¶ Side scan sonar (SSS) with data run at both high (400kHz) and low (100kHz) frequencies at variable 

ranges for different sections of the survey; 50m/150m/200m/250m for the N5A to NGT Hot Tap 

Pipeline, 150m/200m on the Riffgat Cable Route and 75m/125m in the Platform Area with digital 

rendering onto a seabed mosaic of the area (100KHz) for review. Changes in sediment type and 

hardness, along with features observed through low level relief and discrete objects could also be 

delineated. 
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 ENVRIONMENTAL GROUND-TRUTHING AND SAMPLING 

The environmental sampling strategy was defined by the client prior to the commencement of the survey. 

Sampling locations along the pipeline and cable routes were positioned every kilometre from the proposed 

N5A well locations to the shore and to the Riffgat offshore wind farm (Figure 2). Two stations (Grab_P_0 and 

Grab_P_7) along the pipeline route were repositioned to cover areas of interest identified from the sidescan 

sonar record (Table 6). At each of these sampling locations a drop-down video assessment was conducted 

before grab sampling, with video footage acquired at all stations apart from Grab_P_14 where the visibility 

severely reduced. Additional camera transects were conducted over the proposed N5A well locations and 

additional areas of interest identified following review of the sidescan sonar record (Table 7). 

Seabed video footage was acquired along eight camera transects using a Seabug camera system mounted 

within a BSL camera sled frame equipped with a separate strobe, and LED lamps. The camera unit itself is 

capable of acquiring images at 14.7MP resolution but was set to a resolution of 5MP (2592 x 1944 pixels) to 

optimise image upload times during camera operation. 

A BSL Double grab (double Van Veen) was used for seabed sampling, requiring two successful deployments 

at each location. A maximuƳ ƻŦ ǘƘǊŜŜ Ψƴƻ ǎŀƳǇƭŜΩ ŘŜǇƭƻȅƳŜƴǘǎ ǿŀǎ ŀƭƭƻǿŜŘ ŀǘ ŜŀŎƘ ǎǘŀǘƛƻƴ ōŜŦƻǊŜ 

abandoning. A 0.1m2 Day Grab was used on the first deployment, before switching to the BSL Double grab 

ŦƻǊ ŀƭƭ ǊŜƳŀƛƴƛƴƎ ŘŜǇƭƻȅƳŜƴǘǎ ŀǘ ǘƘŜ ŎƭƛŜƴǘΩǎ ǊŜǉǳŜǎǘΦ 

Table 6: Summary of drop-down camera and grab sampling locations for survey area 

ED50, UTM 31N, CM 3° E 

Station Rationale Type 
Easting 

(m) 
Northing 

(m) 
PC F1 F2 F3 

Grab_P_0 Pipeline Route - Positioned at 1km intervals EBS/HAS 721619 5954453 Y Y Y Y 

Grab_P_1 Moved from KP in order to investigate area of high 
reflectivity sediment 

EBS/HAS 721325 5953791 Y Y Y Y 

Grab_P_2 Pipeline Route - Positioned at 1km intervals EBS/HAS 720981 5952752 Y Y Y Y 

Grab_P_3 Pipeline Route - Positioned at 1km intervals EBS/HAS 720669 5951801 Y Y Y Y 

Grab_P_4 Pipeline Route - Positioned at 1km intervals EBS/HAS 720355 5950850 Y Y Y Y 

Grab_P_5 Pipeline Route - Positioned at 1km intervals EBS/HAS 720041 5949900 Y Y Y Y 

Grab_P_6 Pipeline Route - Positioned at 1km intervals EBS/HAS 719729 5948950 Y Y Y Y 

Grab_P_7 Moved from KP to investigate mixed reflectivity 
sediment 

EBS/HAS 719347 5948023 Y Y Y Y 

Grab_P_8 Pipeline Route - Positioned at 1km intervals EBS/HAS 719105 5947052 Y Y Y Y 

Grab_P_9 Pipeline Route - Positioned at 1km intervals EBS/HAS 718861 5945912 Y Y Y Y 

Grab_P_10 Pipeline Route - Positioned at 1km intervals EBS/HAS 718779 5944917 Y Y Y Y 

Grab_P_11 Pipeline Route - Positioned at 1km intervals EBS/HAS 718695 5943920 Y Y Y Y 

Grab_P_12 Pipeline Route - Positioned at 1km intervals EBS/HAS 718614 5942923 Y Y Y Y 

Grab_P_13 Pipeline Route - Positioned at 1km intervals EBS/HAS 718532 5941927 Y Y Y Y 

Grab_P_14 Pipeline Route - Positioned at 1km intervals EBS/HAS 718450 5940930 Y Y Y Y 

Grab_P_15 Pipeline Route - Positioned at 1km intervals EBS/HAS 718366 5939933 Y Y Y Y 

Grab_C_0 Original Cable Route and N5A well centre location EBS/HAS 721610 5954652 Y Y Y Y 

Grab_C_1 Original Cable Route ς Positioned at 1km intervals EBS/HAS 722604 5954538 Y Y Y Y 

Grab_C_2 Original Cable Route ς Positioned at 1km intervals EBS/HAS 723596 5954425 Y Y Y Y 

Grab_C_3 Original Cable Route ς Positioned at 1km intervals EBS/HAS 724588 5954315 Y Y Y Y 
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ED50, UTM 31N, CM 3° E 

Grab_C_4 Original Cable Route ς Positioned at 1km intervals EBS/HAS 725579 5954203 Y Y Y Y 

Grab_C_5 Original Cable Route ς Positioned at 1km intervals EBS/HAS 726575 5954089 Y Y Y Y 

Grab_C_6 Original Cable Route ς Positioned at 1km intervals EBS/HAS 727355 5954245 Y Y Y Y 

Grab_C_7 Original Cable Route ς Positioned at 1km intervals EBS/HAS 728149 5954477 Y Y Y Y 

Grab_C_8 Original Cable Route ς Positioned at 1km intervals EBS/HAS 729107 5954756 Y Y Y Y 

Grab_C3_0 Secondary Cable Route and N5A second potential 
well centre location 

EBS/HAS 722288 5953018 Y Y Y Y 

Grab_C3_1 Secondary Cable Route ς Positioned to investigate 
mixed reflectivity sediment 

EBS/HAS 723809 5953378 Y Y Y Y 

Grab_C3_2 Secondary Cable Route ς Positioned to investigate 
high reflectivity sediment 

EBS/HAS 725337 5953741 Y Y Y Y 

 

Table 7: Summary of camera transect locations for the survey area 

ED50, UTM 31N, CM 3° E 

Transect Rationale 
SOL/
EOL 

Date and time 
Depth 
(m) 

Easting 
(m) 

Northing 
(m) 

No. 
Stills 

Video 
footage 
(mm:ss) 

Grab P_0 
Investigating area of mixed 
reflectivity sediment 

SOL 02/05/2019 17:15:11 30 721647 595443
0 27 07:13 

EOL 02/05/2019 17:22:21 31 721591 595447
6 

North 
Transect 1 

Investigating transition from mixed 
to high reflectivity sediment 

SOL 11/05/2019 00:49:10 29 721486 595468
0 30 10:11 

EOL 11/05/2019 00:59:10 29 721363 595463
4 

North 
Transect 2 

Investigating transition from low to 
mixed reflectivity sediment 

SOL 11/05/2019 00:06:17 30 721609 595499
2 41 12:49 

EOL 11/05/2019 00:18:59 28 721631 595515
2 

North 
Transect 3 

Investigating transition from mixed 
to high reflectivity sediment 

SOL 11/05.2019 02:04:48 29 721902 595440
7 50 12:29 

EOL 11/05/2019 02:17:13 29 721802 595455
0 

N5A 
Transect 1 

Transect across original N5A well 
location 

SOL 11/05/2019 01:38:05 29 721585 595458
8 35 08:37 

EOL 11/05/2019 01:46:38 29 721626 595470
8 

N5A 
Transect 2 

Transect across original N5A well 
location 

SOL 11/05/2019 01:16:28 28 721668 595463
1 39 09:13 

EOL 11/05/2019 01:25:35 29 721544 595466
7 

Grab_C3_0 
Transect across second proposed 
N5A well location 

SOL 14/05/2019 21:51:02 24 722231 595298
3 36 09:15 

EOL 14/05/2019 22:00:14 25 722335 595304
7 

Grab_C3_2 
Investigating area of high 

reflectivity sediment 

SOL 14/05/2019 20:46:00 25 725366 595361
0 37 12:36 

EOL 14/05/2019 20:58:53 25 725326 595378
5 
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Figure 2: Survey strategy overview 
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 HABITAT INVESTIGATION 

 Habitat Classification 

A marine biotope classification system for British waters was developed by Connor et al. (2004) from data 

acquired during the JNCC Marine Nature Conservation Review (MNCR) and subsequently revised by Parry et 

al. (2015) to provide improved classification of deep-sea habitats. The resultant combined JNCC (2015) 

classification system is analogous with the European Nature Information Service Habitat Classification 

(EUNIS, 2013), which has compiled habitat information from across Europe into a single database. The two 

classification systems are both based around the same hierarchical analysis. Initially abiotic habitats are 

defined at four levels. Biological communities are then linked to these (at two lower levels) to produce a 

biotope classification. (Connor et al., 2004; EUNIS, 2013). 

Habitat descriptions have been interpreted from the side scan sonar and bathymetric data acquired during 

the current survey, in conjunction with additional information on seabed sediment types and faunal 

communities from seabed photography and grab sampling. Global Mapper V20 GIS software was used to 

review side scan sonar mosaic (Geotiff) and multibeam bathymetry data (Geotiff and xyz) and to delineate 

areas of different seabed habitats. 

 Assessment of Sensitive Habitats 

The Netherlands is a signatory of the Convention on the Conservation of European Wildlife and Natural 

Habitats (Bern Convention, 1979). To meet their obligations under the convention, the European Community 

Habitats Directive was adopted in 1992. The provisions of the Directive require Member States to introduce 

a range of measures including the protection of species listed in the Annexes; to undertake surveillance of 

habitats and species and produce a report every six years on the implementation of the Directive. The 189 

habitats listed in Annex I of the Directive and the 788 species listed in Annex II, are to be protected by means 

of a network of sites. Each Member State is required to prepare and propose a national list of sites, which 

will be evaluated in order to form a European network of Sites of Community Importance (SCIs). These will 

eventually be designated by Member States as Special Areas of Conservation (SACs), and along with Special 

Protection Areas (SPAs) classified under the EC Birds Directive (2009), form a network of protected areas 

known as Natura 2000. The Directive was amended in 1997 by a technical adaptation Directive and latterly 

by the Environment Chapter of the Treaty of Accession 2003. 

Based on the above, the OSPAR list of threatened and/or declining species and habitats and Annex I habitats 

of particular relevance to this region of Dutch waters are: 

¶ Biogenic reefs formed by Sabellaria spinulosa (the Ross Worm); and, 

¶ Sandbanks which are slightly covered by sea water all the time 

Stony reefs are an Annex I habitat and are protected under the EU habitats directive. Sampling location 

Grab_C3_2 showed a high proportion of cobbles and boulders, and consequently a stony reef assessment 

was conducted. The seabed camera ground-truthing data were assessed for potential stony reefs using the 

criteria proposed by Irving (2009). While the Irving (2009) criteria have been approved by the UK regulators 

for application in UK waters, they have not been explicitly approved by the Netherlands authorities but are 

used here as they provide a useful basis for semi-quantitative assessment of potential Annex I stony reef 

habitat. The Irving (2009) method breaks down the assessment criteria inǘƻ ƳŜŀǎǳǊŜǎ ƻŦ ǊŜŜŦ ΨǉǳŀƭƛǘȅΩ ƻǊ 

ΨǊŜŜŦƛƴŜǎǎΩ ŀǎ ƻǳǘƭƛƴŜŘ ƛƴ Table 8. This is based on a minimum cobble size of 64mm being present and 

indicating relief above the natural seabed where >10% of the matrix are cobble related and a minimum 

surface area of around 25m2 is recorded. 
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The stony reef assessment was based on HD video and stills taken during the camera transects. Stills were 

acquired when the camera frame landed on the seabed for one or more seconds in order to obtain the best 

possible image quality, while the changes in coverage and density of cobbles/boulders were estimated during 

the video data analysis. 

Table 8: Summary of resemblance to a stony reef, as summarised in Irving (2009) 

aŜŀǎǳǊŜ ƻŦ ΨǊŜŜŦƛƴŜǎǎΩ NOT a reef Low(c) Medium High 

Composition(a) <10% 10-40% 40-95% >95% 

Elevation(b) Flat seabed <64mm 64mm-5m >5m 

Extent (m2) <25m2 >25m2 >25m2 >25m2 

Biota 
Dominated by 

infauna 
  

>80% of species 

are epifauna 

(a)  Diameter of cobbles / boulders being greater than 64mm. Percentage cover relates to a minimum area 

of 25m2Φ ¢Ƙƛǎ ΨŎƻƳǇƻǎƛǘƛƻƴΩ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ŀƭǎƻ ƛƴŎƭǳŘŜǎ ΨǇŀǘŎƘƛƴŜǎǎΩΦ 

(b)  Minimum height (64mm) relates to minimum size of constituent cobbles. This characteristic could also 

ƛƴŎƭǳŘŜ ΨŘƛǎǘƛƴŎǘnŜǎǎΩ ŦǊƻƳ ǘƘŜ ǎǳǊǊƻǳƴŘƛƴƎ ǎŜŀōŜŘΦ 

(c)  ²ƘŜƴ ŘŜǘŜǊƳƛƴƛƴƎ ƛŦ ǘƘŜ ǎŜŀōŜŘ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ŀǎ !ƴƴŜȄ L ǎǘƻƴȅ ǊŜŜŦΣ ŀ ΨƭƻǿΩ ǎŎƻǊŜŘ όƛƴ ŀƴȅ ŎŀǘŜƎƻǊȅύΣ 

would require a strong justification for this area to be considered as contributing to the Marine Natura site 

network of qualifying reefs in terms of the EU Habitats Directive. 

 

¢ƘŜ LǊǾƛƴƎ όнллфύ ǎǘƻƴȅ ǊŜŜŦ ǇǊƻǘƻŎƻƭ ǿŀǎ ǎǇƭƛǘ ƛƴǘƻ ǎŜǇŀǊŀǘŜ ŀǎǎŜǎǎƳŜƴǘǎ ƻŦ ǊŜŜŦ ΨǎǘǊǳŎǘǳǊŜΩ ŀƴŘ ΨƻǾŜǊŀƭƭ 

ǊŜŜŦƛƴŜǎǎΩ ǳǎƛƴƎ ŀ ƳŜǘƘƻŘ ŘŜǾŜƭƻǇŜŘ ōȅ .{[ ǎǘŀŦŦ όTable 9 and Table 10). This provided a reef structure value 

ǘƘŀǘ ŎƻǳƭŘ ōŜ ǘƘŜƴ ŀǎǎŜǎǎŜŘ ŀƎŀƛƴǎǘ ŜȄǘŜƴǘΣ ǿƘŜǊŜ ŀǇǇƭƛŎŀōƭŜΣ ǘƻ ǇǊƻǾƛŘŜ ŀ ƳŜŀǎǳǊŜ ƻŦ ƻǾŜǊŀƭƭ ΨǊŜŜŦƛƴŜǎǎΩ ŀǎ 

illustrated in Table 10. As separate thresholds ŦƻǊ Ψ[ƻǿΩΣ ΨaŜŘƛǳƳΩ ŀƴŘ ΨIƛƎƘΩ ǎǘƻƴȅ ǊŜŜŦ ŜȄǘŜƴǘ ǿŜǊŜ ƴƻǘ ƎƛǾŜƴ 

ƛƴ LǊǾƛƴƎ όнллфύΣ ǘƘŜ ƻǾŜǊŀƭƭ ΨǊŜŜŦƛƴŜǎǎΩ ƛǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǊŜŜŦ ǎǘǊǳŎǘǳǊŜ ǇǊƻǾƛŘŜŘ ǘƘŀǘ ǘƘŜ ŜȄǘŜƴǘ ƻŦ ǘƘŜ ǎǘƻƴȅ 

reef covers a minimum of 25m2. 

Table 9: Stony reef structure matrix (after Irving, 2009) 

Reef Structure Matrix 

Elevation 

Flat <64mm 64mm-5m >5m 

Not a Reef Low Medium High 

Composition 

<10% Not a reef NOT A REEF NOT A REEF NOT A REEF NOT A REEF 

10-40% Low NOT A REEF LOW LOW LOW 

40-95% Medium NOT A REEF LOW MEDIUM MEDIUM 

>95% High NOT A REEF LOW MEDIUM HIGH 

Table 10: Overall stony reefiness matrix (structure vs extent) 

Overall Reefiness Matrix 
Reef Structure (incl. Composition and Elevation) 

Not a Reef Low Medium High 

Extent (m2) 
<25 Not a Reef NOT A REEF NOT A REEF NOT A REEF NOT A REEF 

>25 Low - High NOT A REEF LOW MEDIUM HIGH 

 

In evaluating the ground-truthing of stony patches, Irving (2009) also recommended that the associated biota 

was ŎƻƴǎƛŘŜǊŜŘΣ ƛƴŘƛŎŀǘƛƴƎ ǘƘŀǘ ŀǊŜŀǎ ŘƻƳƛƴŀǘŜŘ ōȅ ƛƴŦŀǳƴŀ ǎƘƻǳƭŘ ōŜ ŎƻƴǎƛŘŜǊŜŘ Ψbƻǘ ŀ wŜŜŦΩ ǿƘŜǊŜŀǎ ŀǊŜŀǎ 

where greater than 80% of species were epifaunal should be considered to shoǿ ΨIƛƎƘΩ ǊŜŜŦƛƴŜǎǎΣ ōǳǘ ƴƻ 

recommendations were given as to the proportion of ƛƴŦŀǳƴŀ ŀƴŘ ŜǇƛŦŀǳƴŀ ǿŀǊǊŀƴǘƛƴƎ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ƻŦ Ψ[ƻǿΩ 

ƻǊ ΨaŜŘƛǳƳΩ ǊŜŜŦƛƴŜǎǎΦ Lƴ ǇǊŀŎǘƛǎŜΣ ƛǘ ƛǎ ƴƻǘ ǇǊŀŎǘƛŎŀƭ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ƛƴŦŀǳƴŀƭ ŀƴŘ ŜǇƛŦŀǳƴŀƭ ǎǇŜŎƛŜǎ 

in a quantitative manner. This cannot be undertaken from seabed camera data (i.e. video footage or still 
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photographs) as only the larger epifauna and emergent infauna are visible. To accurately quantify the 

proportion of infauna and epifauna species, it would be necessary to take large enough samples to include 

both the stony material (i.e. cobbles and boulders) and the surrounding sediment matrix, with sufficient 

replication to provide confidence in the resultant data. This would likely involve sampling with a large volume 

sampler such as a clam dredge and could significantly impact the integrity of the cobble/boulder patch. As 

such the biota associated with stony patches from the current survey has been described in a qualitatively. 

 SAMPLE ANALYSES 

The recovered benthic samples were correctly stored prior to demobilisation and transportation of the 

material to the analytical laboratories. This involved the freezing of all physico-chemical samples on recovery 

and transporting them back to the UK to be forwarded to a laboratory, remaining frozen at all times. This 

material was analysed at the following laboratories: 

¶ BSL: Particle size Analysis 

¶ BSL: Macrofaunal Analysis 

¶ Socotec: Sediment Chemistry 
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3 RESULTS AND INTERPRETATION 

 BATHYMETRY 

The following text was adapted from the survey reports for the N5A site (LU-0022H-553-RR-01), N5A to NGT 

Hot Tap pipeline route (LU-0022H-553-RR-02) and N5A to Riffgat cable route (LU-0022H-553-RR-07) to 

provide an overview of the bathymetry across the survey site and route corridors. 

Bathymetry data were acquired using an R2 Sonics 2022 multi-beam echo sounder for the site and an R2Sonic 

2024 multi-beam echo sounder for the two route surveys. All bathymetry data have been reduced to LAT, 

which was 1.6m below MSL within the survey area and are presented at a 0.5m x 0.5m bin size.  

 N5A to NGT Hot Tap Pipeline Route 

Water depths along the proposed N5A to NGT Hot Tap pipeline route ranged between 9.8m LAT at KP0.000 

and 26.4m LAT at KP14.675, with the seabed shoaling gently towards the southern end of the proposed 

pipeline route. A series of natural troughs trending west-north-west to east-south-east occurred within the 

survey corridor, crossing the proposed pipeline route, the largest of which was approximately 250m wide.  

A variety of anthropogenic debris/wreck and areas of disturbed seabed were evident on the bathymetry data: 

¶ Two prominent features interpreted as shipwrecks surrounded by seabed scouring; the largest 

(40.1m x 12.8m x 1.1m) occurred at approximately KP2.462, 369m west-north-west of the proposed 

route and the other (19.1m x 12.9m x 0.2m) occurred at approximately KP2.373, 339m west-north-

west of the proposed route. 

¶ Three semi-circular features with 1m of positive relief, interpreted as being related to previous drilling 

activity, were observed on bathymetry data. These were observed at the start of the proposed route 

between KP0.009 and KP0.089, offset by 90m to the east-south-east at their closest approach. These 

features lay within a 30m radius of each other and exhibited average dimensions of 30m x 30m. 

¶ Three existing cables and one pipeline were expected to cross the proposed pipeline route but were 

not observed on the bathymetry data. 

 N5A to Riffgat Cable Route 

The seabed shoaled gently towards the east-north-east end of the proposed N5A to Riffgat cable route with 

water depths ranging between 26.0m at KP0.280 and 19.6m KP7.941. A series of natural troughs, 

predominantly trending north-west to south-east, crossed the proposed cable route from approximately 

KP5.158 to KP8.681 and were interpreted to be related to tidal/current processes.  

Three semi-circular features with 1m of positive relief, interpreted as being related to previous drilling 

activity, were imaged in the bathymetry data. These were positioned at the start of the proposed route 

between KP0.085 and KP0.168; at their minimum offset from the route they were approximately 27m south-

south-west. They were positioned within a 30m radius and had average dimensions of 30m x 30m. 

The Norned cable was observed crossing the proposed cable route at KP2.313 trending north-north-west to 

south-south-east.  
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 SEABED FEATURES 

The following text was adapted from the survey reports for the N5A site (LU-0022H-553-RR-01), N5A to NGT 

Hot Tap pipeline route (LU-0022H-553-RR-02) and N5A to Riffgat cable route (LU-0022H-553-RR-07) to 

provide an overview of the seabed features across the survey area, focussing on features of particular 

relevance to the environmental baseline and habitat assessment of the survey area. 

Side scan sonar data were acquired with an Edgetech 4200 system operating at 100kHz/400kHz with between 

75m and 200m per channel range. This was supplemented by swathe bathymetry data gridded to 0.5m bin size.  

 N5A Site 

Seabed sediments across the N5A survŜȅ ŀǊŜŀ ǿŜǊŜ ŜȄǇŜŎǘŜŘ ǘƻ ŎƻƳǇǊƛǎŜ ΨŦƛƴŜ ǎŀƴŘ ǿƛǘƘ ǎƘŜƭƭ ŦǊŀƎƳŜƴǘǎΩΦ 

!ƴ ŀǊŜŀ ƻŦ ΨŎƻŀǊǎŜ ǎŀƴŘ ŀƴŘ ǎƘŜƭƭ ǿƛǘƘ ŀ ƘƛƎƘ ŘŜƴǎƛǘȅ ƻŦ ǎŀƴŘ Ƴŀǎƻƴ ǿƻǊƳǎ ŀƴŘ ǊŀȊƻǊ ŎƭŀƳǎΩ ǿŀǎ ŜǾƛŘŜƴǘ ƛƴ 

ǘƘŜ ƴƻǊǘƘ ƻŦ ǘƘŜ ǎǳǊǾŜȅ ŀǊŜŀΣ ǿƘƛƭŜ ŀƴ ŀǊŜŀ ƻŦ ΨŎƻŀǊǎŜ ǎŀƴŘ ǿƛǘƘ ǇŜōōƭŜǎ ŀƴŘ ŎƻōōƭŜǎΩ ǿŀǎ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ 

south. The uppermost sand unit was merely a veneer and the boundary between the sand and the underlying 

clay outcrops was arbitrary with the potential for some clay to outcrop in the areas interpreted as sand. 

Outcrops of clay were interpreted within the survey area, showing a positive relief of up to 0.5m above 

background seabed levels. Elsewhere accumulations of coarse sand and gravel were also observed on the 

bathymetry as having positive relief above the ambient seabed, with some accumulations likely to be caused 

by the stabilising effect of high densities of sand mason worms and razor clams on the seabed.  

Within the survey area there was no existing infrastructure other than the previously drilled N5 Well (~140m 

from the proposed platform and ~1.6km from the alternative platform location). Seabed scars up to 1.1m 

high from the rig whilst over the N5-Ruby wellsite were observed on the bathymetry and side scan sonar 

data. Numerous magnetometer anomalies were observed within this area; however no wellhead or other 

evidence of the drilling location could be observed at seabed. 

 N5A to NGT Hot Tap Pipeline Route 

{ŜŀōŜŘ ǎŜŘƛƳŜƴǘǎ ŀƭƻƴƎ ǘƘŜ ǇǊƻǇƻǎŜŘ ǇƛǇŜƭƛƴŜ ǊƻǳǘŜ ŎƻǊǊƛŘƻǊ ǿŜǊŜ ŜȄǇŜŎǘŜŘ ǘƻ ŎƻƳǇǊƛǎŜ ΨŦƛƴŜ ǎŀƴŘ ŀƴŘ ǎƘŜƭƭ 

ŦǊŀƎƳŜƴǘǎΩΣ ǿƛǘƘ ƻŎŎŀǎƛƻƴŀƭ ŀǊŜŀǎ ƻŦ ΨŎƻŀǊǎŜ ǎŀƴŘ ŀƴŘ ǎƘŜƭƭ ŦǊŀƎƳŜƴǘǎΩΦ  

Bedforms were not imaged in the sonar or bathymetry records. However, photographs taken along the route 

as part of the environmental survey showed clear seabed rippling over much of the survey corridor.  

Numerous objects interpreted as boulders and items of debris were observed within the proposed pipeline 

route corridor. Most of the objects interpreted as boulders occurred towards the north of the survey corridor 

area and coincided with areas of clay exposure.  

The most significant objects identified on the sonar records were two interpreted shipwrecks, the largest 

(40.1m x 12.8m x 1.1m) occurring at approximately KP2.462, 369m west-north-west of the proposed route and 

the other (19.1m x 12.9m x 0.2m) at approximately KP2.373, 339m west-north-west of the proposed route.  

Three existing cables and one pipeline were expected to cross the proposed pipeline route but were not 

observed on the bathymetry data. 

 N5A to Riffgat Cable Route 

Seabed sediments along the proposed pipeline route corridor were expected to comprise fine to coarse 

SAND, with occasional areas ƻŦ ΨŎƻŀǊǎŜ ǎŀƴŘ ŀƴŘ Ŏƭŀȅ ǿƛǘƘ ǇŜōōƭŜǎ ŀƴŘ ŎƻōōƭŜǎΩ ŀƴŘ ΨŎƻŀǊǎŜ ǎŀƴŘ ǿƛǘƘ ǇŜōōƭŜǎ 
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ŀƴŘ ŎƻōōƭŜǎΩΦ !ǇǇǊƻŀŎƘƛƴƎ ǘƘŜ Riffgat ²ƛƴŘ tŀǊƪΣ ǘƘŜ ǎŜŀōŜŘ ǎŜŘƛƳŜƴǘǎ ǿŜǊŜ ŘƻƳƛƴŀǘŜŘ ōȅ ΨŎƻŀǊǎŜ ǎŀƴŘ ŀƴŘ 

ǎƘŜƭƭ ŦǊŀƎƳŜƴǘǎΩ ǿƛǘƘ ƻŎŎŀǎƛƻƴŀƭ ǇŀǘŎƘŜǎ ƻŦ ΨŎƻŀǊǎŜ ǎŀƴŘ ǿƛǘƘ ǇŜōōƭŜǎ ŀƴŘ ŎƻōōƭŜǎΩΦ 

Bedforms were not imaged in the sonar or bathymetry records. However, photographs taken along the 

proposed route corridor as part of the environmental survey clearly showed ripples covering the majority of 

the seabed within the survey corridor area. 

There were numerous objects interpreted as boulders within the proposed pipeline route corridor. Most of 

the objects, interpreted as boulders occur towards the north of the survey corridor in an area coinciding with 

areas of clay exposure. 

 SHALLOW SOILS 

The following text was adapted from the survey reports for the N5A site (LU-0022H-553-RR-01), N5A to NGT 

Hot Tap pipeline route (LU-0022H-553-RR-02) and N5A to Riffgat cable route (LU-0022H-553-RR-07) to 

provide an overview of the shallow soils across the survey area, focussing on the upper layers of relevance 

to interpretation of the seabed sediment distribution and bathymetric features. 

Interpretation of shallow soils across the survey area was based upon pinger and sparker data. Additional 

information was gained from vibrocore logs and borehole N5-1, 90m south of the proposed Platform Location 

acquired by Fugro in November 2016. Vibrocore VC_P_0 is at the proposed Platform Location. 

 N5A Site 

The uppermost mappable unit was confirmed as SAND in the vibrocore logs. Where mapped in the western 

parts of the survey area this unit was under 1.5m thick. This surficial SAND unit was only mappable when 

thicker than 0.5m and was likely to be present outside the mapped area but at thicknesses below 0.5m. 

Three sub units within the Quaternary sequence were interpreted within the area based on the acoustic 

nature of the sparker data. The uppermost unit, (besides surficial sand mapped from the Pinger data), 

interpreted within the survey area is a chaotic unit, interpreted to comprise dense to very dense medium to 

coarse SAND with traces of shell fragments (as sampled within the borehole). Within the survey area, the 

reflector which correlates with the base of this unit undulates between 1.2m and 18.0m below seabed. 

 N5A to NGT Hot Tap Pipeline Route 

This unit of fine to medium grained SAND generally thicken to the south. It was absent (or less than 0.5m 

thick) from KP 0.430 to KP 0.450 and KP 0.757 to KP 1.045. South of KP 5.951 the base of the mapped unit 

becomes indistinct to the point of being unmappable, at this point the unit was approximately 9m thick. 

The mapped unit was sub-cropped by a sequence of variable composition. Vibrocore logs show that this sub-

crop predominantly comprises silty fine SAND except for the area north of KP 1.246 where the sub crop was 

more clay prone and was interpreted to be the infill of a broad channel. 

 N5A to Riffgat Cable Route 

This unit of fine to medium grained SAND generally thickened to the east. West of the route AC at KP 5.156 

the unit was approximately 0.5 to 1m thick or absent/unmappably thin, east of this point the unit locally 

exceeds a thickness of 2m. 
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Vibrocore logs showed that the mapped unit was sub-cropped by clay prone deposits from KP0 to KP 3.357, 

interpreted to be the infill of a broad channel. From KP 3.357 to the end of the route the mapped unit was 

sub cropped by fine SAND. 

 N5A Site 

The seabed within the N5A site survey area sloped gently to the west. The minimum water depth was 23.7m 

LAT in the NNE of the survey area, while the maximum depth was 26.6m LAT in the WSW. Small areas with 

relief of up to 0.4m were observed on the bathymetry data with measured gradients of up to 6° on their 

flanks, which were interpreted to be largely due to outcropping clays. 

 

 

  

file://///ZW01FILE1601.geoxyz.lan/Personal_Drive/sdo/www.geoxyzoffshore.com


 
N5a Development LU0022H-553-RR-05 

Environmental Baseline Survey Report Revision 1.1 
  

 

 

www.geoxyzoffshore.com Page 26 of 235 

  
 

 

Figure 3: N5A Site and Route Survey Bathymetry 
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Figure 4: Interpreted N5A Site and Route Seabed Features  
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Figure 5: Interpreted N5A site and route seabed features 
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 PARTICLE SIZE DISTRIBUTION 

The particle size interpretation of sediments across the N5A survey area were based upon observations made 

from the acoustic data, seabed photography and the analytical results acquired from the surface sediment 

at all twenty-eight grab stations. Material for PSA analysis was recovered from the surface 2cm and was 

analysed by BSL upon return of the samples to Norfolk, UK (Please refer to Appendix F for the laboratory 

methods employed). Environmental stations were pre-selected to ground-truth variations in sediment and 

bathymetry throughout the survey area. The seabed was predominantly composed of sands with varying 

levels of fines and gravel.  

The proportions of fines, sands and gravel sediment fractions for each sampling station are listed in Table 11. 

The dominant sediment type throughout the survey area was sand (63µm to 2mm), with stations falling into 

a range of Folk sediment classifications (Appendix G). GRAB_P_4 and GRAB_P_12 had the highest proportion 

of sands (99.58%) across the survey area while GRAB_C3_2 had the smallest (40.57%). A brief description of 

particle size characteristics for each section of the survey area (N5A to NGT Hot Tap; N5A to Riffgat; secondary 

cable route and alternative platform location) are given below.  

The Folk and Wentworth classifications for each station are listed in Appendix G. The Folk classification differs 

from the Wentworth classification, as it considers a combination of the components gravel, sands, and fines, 

compared to the Wentworth system which assigns a single sediment classification based upon the average 

size class for the distribution. Where sediments are dominated by only one or two sediment groups, samples 

can be well represented by the Wentworth classification. Whilst the Wentworth classification can often be 

too generic in mixed sediment regimes, the Folk triangle can be more descriptive of the particle size 

distribution.  

The grab stations along the platform pipeline to NGT Hot Tap route (GRAB_P_0 to GRAB_P_15) were 

dominated by sandy material. The mean sediment fractions for the stations along the pipeline route were as 

follows; 4.95% Fines (±11.30SD), 93.07% Sands (±11.55SD) and 1.98% Gravel (±2.21SD). Eight of the fifteen 

pipeline stations comprised 0% fines, while GRAB_P_0, GRAB_P_1 and GRAB_P_10 had the highest 

percentage fines of the entire survey (12.57%, 43.98% and 13.76% respectively) The sampling stations were 

classified by five Folk classifications; ΨsandΩ, Ψmuddy sandΩ, Ψgravelly sandΩ, Ψslightly gravelly sandΩ and Ψslightly 

gravelly muddy sandΩ. All but one station along the pipeline route had sediments comprising over 85% sand 

and varying levels of fines (0% to 13.76%) and gravel (0.07% to 7.48%). GRAB_P_1 was the only station to 

show a lower proportion of sands at 52.92%. This station was positioned within an area of outcropping clay 

and consequently showed a substantially higher proportion of fines. The sorting coefficient ranged from 

moderately well sorted to poorly sorted (0.54 to 3.07), highlighting the variation in sediment composition 

found along the pipeline route. 

Samples along the N5A to Riffgat Wind Park cable route (GRAB_C_0 to GRAB_C_8) were also dominated by 

sands, with all stations comprising over 80% sand. Mean sediment fractions for stations along the cable route 

were similar to the pipeline stations, with 2.72% fines (±1.94SD), 94.96% sand (±4.23SD) and 2.32% gravel 

(±3.54SD). Grab sample sediments were assigned to three Wentworth classifications (Ψcoarse sandΩ, Ψmedium 

sandΩ, Ψfine sandΩ) and three Folk designations of ΨsandΩ, Ψslightly gravelly sandΩ and Ψgravelly sandΩ. Over 60% 

of these stations were identified as slightly gravelly sand, making it the dominant sediment type along the 

cable route. Stations within this area ranged from moderately well to poorly sorted.  

Stations located within the alternative cable route corridor and platform site (GRAB_C3_0 to GRAB_C3_2) 

showed a similar sediment type to both the pipeline and cable routes, with both GRAB_C3_0 and GRAB_C3_1 
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constituting over 90% sands. These were moderately sorted and represented the Wentworth classification 

ƻŦ ΨŦƛƴŜ ǎŀƴŘΩ ŀƴŘ ǘƘŜ Ŧƻƭƪ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ƻŦ ΨǎŀƴŘΩΦ  

Station GRAB_C3_2 was the only station dominated by gravel (54.91%) as opposed to sand (40.57%). This 

station was classified as ΨgranuleΩ on the Wentworth scale, Ψmuddy sandy gravelΩ on the Folk scale and was 

very poorly sorted. Note: four grab attempts were made at this station due to cobbles trapped in the jaws of 

the sampler, and video footage of this station showed an area of coarse sand and cobbles, which was 

explored further in the habitat assessment for its potential as an EC Habitats Directive Annex I stony reef. 

Table 11: Summary of surface particle size distribution 

Station 
Depth 

(m) 

Mean Sediment Size 
Sorting Skewness Kurtosis 

Fines 

(%) 

Sands 

(%) 

Gravel 

(%) mm Phi(F) 

GRAB_P_0 29 0.301 1.73 1.80 0.49 1.29 12.47 87.13 0.40 

GRAB_P_1 27 0.050 4.33 3.07 0.46 0.82 43.98 52.92 3.11 

GRAB_P_2 24 0.227 2.14 0.59 0.05 1.10 3.88 95.37 0.75 

GRAB_P_3 24 0.226 2.14 0.52 0.03 1.02 3.64 96.23 0.13 

GRAB_P_4 22 0.278 1.85 0.54 0.02 0.99 0.00 99.58 0.42 

GRAB_P_5 20 0.316 1.66 0.75 0.05 0.94 0.78 98.21 1.01 

GRAB_P_6 21 0.258 1.95 0.56 -0.01 0.97 0.00 99.53 0.47 

GRAB_P_7 21 0.224 2.16 0.56 -0.04 0.94 0.00 99.38 0.62 

GRAB_P_8 21 0.439 1.19 0.83 0.03 1.19 0.11 96.14 3.74 

GRAB_P_9 19 0.223 2.17 1.05 -0.32 1.93 0.00 94.33 5.67 

GRAB_P_10 17 0.199 2.33 1.32 0.41 2.45 13.76 85.02 1.22 

GRAB_P_11 17 0.285 1.81 1.14 -0.34 2.17 0.00 92.52 7.48 

GRAB_P_12 16 0.223 2.16 0.56 -0.04 0.94 0.00 99.58 0.42 

GRAB_P_13 16 0.200 2.32 0.54 0.02 0.99 0.52 99.42 0.07 

GRAB_P_14 14 0.210 2.25 0.64 -0.07 1.02 0.00 97.52 2.49 

GRAB_P_15 13 0.208 2.27 0.62 -0.10 1.11 0.00 96.29 3.71 

GRAB_C_0 24 0.604 0.73 0.67 0.00 1.14 0.11 98.55 1.35 

GRAB_C_1 27 0.589 0.76 1.59 -0.05 1.97 3.70 84.80 11.50 

GRAB_C_2 28 0.446 1.16 0.89 0.29 1.16 2.65 96.87 0.48 

GRAB_C_3 28 0.259 1.95 0.91 0.30 2.00 5.97 94.00 0.03 

GRAB_C_4 25 0.223 2.16 0.70 0.06 1.05 4.36 95.10 0.54 

GRAB_C_5 24 0.458 1.13 1.20 0.09 1.13 3.07 94.11 2.82 

GRAB_C_6 24 0.405 1.30 0.75 0.05 0.98 1.56 97.26 1.18 

GRAB_C_7 24 0.449 1.16 1.17 0.15 1.05 3.08 94.99 1.94 

GRAB_C_8 28 0.361 1.47 0.64 -0.06 0.99 0.00 98.97 1.03 

GRAB_C3_0 25 0.214 2.23 0.77 0.31 1.91 5.44 94.09 0.47 

GRAB_C3_1 25 0.208 2.27 0.90 0.34 2.27 7.41 91.98 0.62 

GRAB_C3_2 25 2.154 -1.11 2.41 0.27 0.64 4.52 40.57 54.91 

Mean 0.37 1.77 0.99 0.09 1.29 4.32 91.80 3.88 

SD 0.37 0.89 0.60 0.21 0.50 8.58 13.46 10.33 

CV (%) 101.9 50.0 60.5 242.3 38.6 198.5% 14.7% 266.3% 

 

A comparison of the full particle size distribution dataset by Phi classification is presented in Figure 12. The 

majority of samples peaked in the sand fraction (F-1 to F4), with grabs along the cable route peaking more 

generally in the finer fraction (F0.73 ς F2.16). GRAB_C3_2 was the only station in the survey area to show 

a differing peak at F-1.11 in the granule pebbles fraction, but also showed a smaller peak similar to other 

stations for the medium sands fraction (F1.5). Some stations showed higher fines (GRAB_P_0, GRAB_P_1, 
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GRAB_P_10), while the distribution of sediment at stations along the cable route survey area (GRAB_C 

stations) were generally more sandy.  

The mean particle sizes for sampling stations are displayed in Figure 6 and Table 11, which ranged from 

0.050mm at GRAB_P_1 to 2.154mm at GRAB_C3_2 (mean 0.37mm±0.37SD). Overall, sands proportions 

across the survey area were described as the major component of the sediment, which is illustrated by a 

negative correlation between sands and fines (Ắ(5)=-0.723, p<0.001). At 81% of the stations sampled in the 

N5A survey area, the sands fraction contributed >90% of the sediment type. This is likely attributed to the 

proximity to shore creating a strong hydrodynamic regime where the settlement of fines materials is 

restricted. 

The proportion of gravels fraction (>63µm, <200µm) was generally very low across the N5A survey area 

(Figure 9) and only contributed as a major component to GRAB_C3_2 (54.91% Gravel). These results ranged 

from 0.00% (GRAB_P_4, P_6, P_7, P_9, P_11, P_12, P_14, P_15 and GRAB_C_8) to 54.91% (GRAB_C3_2) with 

a mean of 3.88% (±10.33SD).  

The geographical distribution of sediment fines (i.e. silts and clays <63µm) is presented in Figure 7. 

Percentages of fine sediments were moderately low throughout the survey area with a mean of 4.32% 

(±8.58SD). There was no discernible pattern of fines across the N5A area, and as a result the proportion of 

fines varied from station to station. However, relatively high fines were found near the proposed platform 

location (GRAB_P_1, GRAB_P_0), and at GRAB_P_10 along the pipeline route. Furthermore, instances of high 

fines corresponded with the presence of clay materials at GRAB_P_1 and GRAB_C3_1. 

It should be noted that where mixed sediment occurs (including shell debris), the sub-sampling process itself 

can introduce additional variation, where only a relatively small sub-sample is recovered for analysis. For 

example, the seabed photography at GRAB_C3_1 showed significant clay and fines materials, yet within the 

PSA sample this only represented 7.41% of the material recovered. As such, the results of particle size analysis 

should be treated with caution as grab data may not necessarily provide an accurate representation of the 

sediment type. 
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Figure 6: Mean particle size (mm)  
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Figure 7: Proportion of fines (%)  
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Figure 8: Proportion of sands (%) 
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Figure 9: Proportion of gravels (%) 
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 Multivariate Analysis 

To provide a detailed examination of the particle size distribution within the survey area, a multivariate 

analysis was performed using Plymouth Routines in Multivariate Ecological Research software (PRIMER; 

Clarke and Warwick, 1994) to illustrate data trends. 

A similarity dendrogram was generated by hierarchical agglomerative clustering (CLUSTER) with the aim to 

segregate stations by their similarities/dissimilarities with the results presented in Figure 10 below. ! ΨǎƭƛŎŜΩ 

was added at a Euclidean distance of 6.0 to reduce the number of clusters presented, for ease of 

interpretation. 

 

Figure 10: Particle size distribution similarity dendrogram 

The results of CLUSTER analysis presented in Figure 10 indicated that the stations could be separated into 

three statistically distinct clusters, as follows: 

¶ Cluster a: Samples in cluster a were dominated by coarse sand, had a mean phi value of 0.95 

(±0.59SD) and were found mostly towards the northeast of the survey area. This group included a 

large portion of the N5A platform location to Riffgat Wind Park cable route stations (78% of GRAB_C 

stations) and including the particularly coarse station on the alternative cable route (GRAB_C3_2). A 

review of the sediment types from seabed photography and video confirmed the prevalence of 

coarse sand over the areas where these grabs occurred, with all stations grouped into cluster a having 

been previously categorised as ŜƛǘƘŜǊ Ψinfralittoral coarse sedimentΩΣ Ψinfralittoral mixed sedimŜƴǘΩ or 

ΨDense Lanice conchilega and other polychaetes in tide-swept infralittoral sand and mixed gravelly 

ǎŀƴŘΩ habitats (Figure 14).  

¶ Cluster b: Only GRAB_P_1 was grouped into cluster b. This station was characterised by a dominant 

fines fraction (52.92%), which was significantly higher than all other stations in the N5A survey area. 

The habitat assessment previously identified this area ŀǎ ōŜƛƴƎ ŎƻƳǇƻǎŜŘ ƻŦ Ψinfralittoral mixed 

ǎŜŘƛƳŜƴǘΩ ǿƛǘƘ Ŏƭŀȅ. GRAB_P_1 had some sediment within the coarser phi fraction (small percentage 
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retained between F-3 and FлΦрύΣ ŀƴŘ ƻƴ ƻƴŜ ƎǊŀō ŀǘǘŜƳǇǘ ŀ Ψƴƻ ǎŀƳǇƭŜΩ ƻŎŎǳǊǊŜŘ ŘǳŜ ǘƻ ŎƻōōƭŜǎ 

trapped within the grab jaws. However, this station was differentiated from all other stations due to 

an overall mean phi of F4.33.  

¶ Cluster c: The third cluster included almost all the N5A pipeline to hot tap stations with 80% of 

ΨDw!.ψtΩ stations grouped into this cluster. With an average phi value of F2.23 (±0.59SD), these 

samples consisted of finer sands than cluster a, and thus in the habitat assessment were mostly 

categorized ŀǎ ΨƛƴŦǊŀƭƛǘǘƻǊŀƭ ŦƛƴŜ ǎŀƴŘΩΣ ŀƴŘ ƻƴŜ ƛƴǎǘŀƴŎŜ ƻŦ ΨƛƴŦǊŀƭƛǘǘƻǊŀƭ ƳƛȄŜŘ ǎŜŘƛƳŜƴǘ ǿƛǘƘ ŎƭŀȅΩ 

(GRAB_C3_1). This cluster was more dominant towards the southern end of the N5A survey area 

(found closer to coast and in shallowing waters) although some deviations in this were seen with the 

inclusion of two stations from the Riffgat Park Cable Route (GRAB_C_3 and GRAB_C_4) and two from 

the alternative cable route (GRAB_C3_0 and GRAB_C3_1). 

A principal component analysis (PCA) was also carried out on each sediment fraction within the survey area 

Figure 11) in an attempt to elucidate the variation in particle size distribution between clusters a to c. The 

PCA plot shows that cluster a was principally dominated by medium to coarse sands (F -3 to 2). In contrast, 

cluster c was dominated by fine to medium sands (F 2-3). Cluster b was distinct from both a and c with 

station GRAB_P_1 characterised by much finer sediment (F 4 to 10).  

 

 

Figure 11: Principal components analysis of particle size data 
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A comparison of the full particle size distribution dataset for each of the clusters, is shown in Figure 12 along 
with example seabed and grab sample photographs for typical samples from each cluster. Cluster a displayed 
a relatively unimodal distribution for all stations within the cluster, peaking in the coarse sand fraction with 
the exception of GRAB_C3_2. This station shows a bimodal distribution peaking in the very coarse sands 
fraction. Cluster b displayed a slightly trimodal distribution with small peaks for the fines, sands and gravel 
fractions. Lastly, cluster c presented a unimodal distribution with sands slightly finer than cluster a. The 
geographical distribution of clusters is displayed over bathymetry data in Figure 13 and over the interpreted 
seabed features in Figure 14. 

 

 

Figure 12: Particle size distribution for all stations in clusters a, b & c 
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Figure 13: Multivariate cluster distribution over bathymetry  
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Figure 14: Multivariate cluster distribution over interpreted seabed features   
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 TOTAL ORGANIC MATTER, TOTAL ORGANIC CARBON, AND MOISTURE CONTENT 

Sediment samples were analysed for total organic matter (TOM), total organic carbon (TOC) and moisture 

content; the results of which are presented in Table 12, with spatial variation in TOC levels illustrated in Figure 

15. TOC represents the proportion of biological material and organic detritus within the substrate. This 

method is less susceptible to the interference sometimes seen using crude combustion techniques, such as 

analysing TOM by LOI. 

TOM results were low throughout the survey area with all but two stations showing less than 1% TOM. 

Although UKOOA (United Kingdom Offshore Operations Association) threshold levels are based on 

contamination and natural background levels within the UK Sector of the North Sea, they provide a useful 

reference for areas of similar sediment types and are used in this report to establish any areas of interest. All 

stations excluding GRAB_P_1 had values below the mean UKOOA (2001) background levels for the Southern 

North Sea of 2.3%. TOM was highest at GRAB_P_1 (5.1%), followed by 1.2% at GRAB_C3_1. These were 

stations where fines were higher and consequently retention of TOM is more likely to occur.  

While measuring TOM is useful, it can be biased and TOC is often used as a more accurate measure of carbon. 

TOC represents the proportion of biological material and organic detritus within the substrate. This method 

is less susceptible to the interference sometimes seen using more crude combustion techniques, such as 

analysing TOM by loss on ignition (LOI). TOC results were consistently low throughout the N5A survey area 

(mean 0.40% w/w±0.08SD), ranging from 0.04% (GRAB_P_4, P_5,P_6 and P_9) to 1.03% (GRAB_P_1). These 

low results highlight an organically deprived environment of the N5A area with an absence of anthropogenic 

influences. TOC presence in surface sediments are an important source of food for benthic fauna (Snelgrove 

and Butman, 1994), although an overabundance may lead to reductions in species richness and number of 

individuals due to oxygen depletion. Increases in TOC may also reflect increases in both, physical factors (i.e. 

fines) and common co-varying environmental factors through elevated adsorption on increased sediment 

surface areas (Thompson and Lowe, 2004). This was apparent at GRAB_P_1 and is backed up by a positive 

statistical correlation between TOC and fines όẤόнуύ=0.583, p = 0.01), and a negative correlation between 

sands and TOC όẤόнуύ=-0.581, p = 0.01).  

Terrestrially derived carbon from runoff and fluvial systems, combined with primary production from sources 

such as phytoplankton blooms, contribute to the TOC levels recorded in sediments. While both allochthonous 

and autochthonous sources will be present throughout the N5A survey area, a general lack of fine material 

at most stations and, therefore, reduced surface area for adsorption means that overall, TOC levels within 

the sediment are low. This may in turn affect the richness and abundance of deposit-feeding organisms within 

the sediment. 

Moisture content was similar throughout the N5A survey area (mean 20.07%±2.9), results ranging from 

15.4% at GRAB_C_7 to 26.2% at GRAB_P_1. The only statistical trends with moisture content (other than 

with TOC and TOM) were a negative ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ƳƻƛǎǘǳǊŜ ŀƴŘ ƳŜŀƴ ǎƛȊŜ όẤόнуύҐ-0.510, p = 0.01), 

ŀƴŘ ŀ ǇƻǎƛǘƛǾŜ ŎƻǊǊŜƭŀǘƛƻƴ ǿƛǘƘ ¢I/ όẤόнуύҐлΦппрΣ p = 0.05). 
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Table 12: Summary of total organic carbon and moisture content 

Station 
Total Organic Matter 

(% w/w) 
Total Organic Carbon 

(% w/w) 
Moisture Content 

(%) 

GRAB_P_0 0.7 0.11 22.8 

GRAB_P_1 5.1 1.03 26.2 

GRAB_P_2 0.9 0.12 18.2 

GRAB_P_3 0.6 0.06 20.0 

GRAB_P_4 0.4 0.04 17.8 

GRAB_P_5 0.6 0.04 20.2 

GRAB_P_6 0.4 0.04 23.8 

GRAB_P_7 0.5 0.05 16.4 

GRAB_P_8 0.5 0.04 17.6 

GRAB_P_9 0.7 0.09 24.5 

GRAB_P_10 0.7 0.07 21.6 

GRAB_P_11 0.5 0.06 22.1 

GRAB_P_12 0.6 0.05 24.0 

GRAB_P_13 0.6 0.07 20.5 

GRAB_P_14 0.8 0.08 20.6 

GRAB_P_15 0.6 0.05 18.7 

GRAB_C_0 0.5 0.06 20.4 

GRAB_C_1 0.6 0.05 19.6 

GRAB_C_2 0.5 0.05 23.4 

GRAB_C_3 0.6 0.06 20.0 

GRAB_C_4 0.7 0.09 24.2 

GRAB_C_5 0.4 0.05 17.2 

GRAB_C_6 0.5 0.06 18.4 

GRAB_C_7 0.5 0.06 15.4 

GRAB_C_8 0.4 0.05 20.8 

GRAB_C3_0 0.9 0.12 25.9 

GRAB_C3_1 1.2 0.19 23.2 

GRAB_C3_2 0.9 0.11 17.4 

Mean 0.8 0.11 20.7 

SD 0.9 0.18 2.9 

CV (%) 110.8 174.9 
174.9 

14.1 
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Figure 15:Total organic carbon (TOC; % w/w C) 
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