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1. INTRODUCTION 

The NeuConnect Interconnector Project involves a High Voltage Direct Current (HVDC) electrical 
interconnector with an approximate capacity of 1400MW, which will allow transfer of power between the 
electricity transmission systems of Germany and the United Kingdom (Figure 1-1). 
 
By connecting two of Europe’s largest energy markets for the first time, the NeuConnect project will offer a 
more diverse and sustainable energy supply, offering much needed resilience, security and flexibility in the 
United Kingdom and Germany. Increased competition in the UK market could also lead to lower costs for 
consumers and businesses, while in Germany the new link will help reduce ‘bottlenecks’ by opening up an 
important new market for excess renewable energy to be exported to. 
 
Figure 1-1: NeuConnect Project Schematic (source: NeuConnect website) 

 
 
The NeuConnect Interconnector will link the Isle of Grain in Kent, UK, with the Wilhelmshaven region in 
Germany, with a bundle of subsea cable assets crossing the Territorial Waters (TW) and Exclusive Economic 
Zone (EEZ) of the United Kingdom, the EEZ of The Netherlands, and the TW and EEZ of Germany. The route 
of the subsea cables and landfall locations in Germany and UK will be determined by project development 
work that is currently underway. 
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3. GENERAL 

3.1. List of Abbreviations 

Table 3-1: List of Abbreviations 

Abbreviation Description 

BAS Burial Assessment Study 

bsf below sea floor 

BSH Bundesamt fur Seeschifffahrt und Hydrographie (German authority) 

CAPEX Capital Expenditure 

CBRA Cable Burial Risk Assessment 

CFE Controlled Flow Excavator 

CLIENT NEUCONNECT BRITAIN LTD 

CPS Cable Protection System 

CPT Cone Penetration Test (in-situ test) 

DOC Depth of Cover 

DTM Digital Terrain Model 

EEZ Exclusive Economic Zone 

GC Gravity Core sample 

GDWS Generaldirektion Wasserstrassen und Shifffahrt (German authority) 

GIS Geographic Information System 

HVDC High Voltage Direct Current 

INTERTEK CBRA Consultant 

KP Kilometre Point 

LAT Lowest Astronomical Tide 

MBES Multi-Beam Echosounder 

MBR Minimum Bending Radius 

MFE Mass Flow Excavator 

MMT Survey Contractor 

MRDOL Minimum Recommended Depth of Lowering 

OOS Out of Service 

OPEX Operational Expenditure 

PLB Post-Lay Burial 

ROV Remotely Operated Vehicle 

RPL Route Position List 
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Abbreviation Description 

SBP Sub Bottom Profiler (Chirp, Sparker) 

SLB Simultaneous Lay and Burial 

SSS Side Scan Sonar 

SVP Sound Velocity Profiler 

TDOL Target Depth of Lowering 

TOTEX Total Expenditure 

TSO Transmission System Operator 

TTD Target Trench Depth 

TW Territorial Waters 

UK United Kingdom 

VC Vibro-Core sample 

VI (Jet Sled) Vertical Injector (Jet Sled) 
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3.2. Particular Definitions - Cable Burial and Trenching Requirements 

The particular definitions stated in the Carbon Trust Guidance Notes [/8/] are repeated here for ease for 
reference. 
 
Note that in areas with no seabed sediment mobility risk, the reference seabed level is the virgin seabed 
level, or the “mean seabed level” as depicted in Figure 3-1 below. In areas with seabed mobility risk, the 
reference level is the interface level between mobile and immobile seabed sediments. 
 
(A) Recommended Minimum Depth of Lowering (RMDOL): 
 
RMDOL (relative to top of asset) is defined as the recommended minimum depth to ensure cable asset 
protection from external geo- and man-made hazards and threats. The RMDOL would be the direct output 
of a Cable Burial Risk Assessment (CBRA) study. 
 
Figure 3-1 : Sketch illustrating Definitions of Burial and Trenching Requirements 

 
 
(B) Target Depth of Lowering (TDOL): 
 
The TDOL (relative to top of cable asset) is the depth that cable installers should target, as specified by the 
developer. 
 
The TDOL should be equal to or greater than the RMDOL and may include a factor of safety.  It may be 
prudent, for example, to increase the TDOL where the recommended RMDOL is relatively shallow (say less 
than 0.5m) thus mitigating the risk for burial tool operational instability issues. 
 
Where the TDOL could not achieved, no remedial action would be required in principle, as long as the 
RMDOL is achieved. 
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(C) Target Trench Depth (TTD): 
 
With TDOL known, Cable Installers then put forward a target trench depth (TTD) that can realistically be 
achieved in expected ground conditions based on the cable asset properties and the trenching tool(s) 
selected to safely and efficiently complete the works. 
 
TTD would usually be the diameter of the cable asset plus between 0.1 m and 0.4 m beyond the TDOL. 
 
For this study, and with reference to Section 5 below, the diameter of the bundled set of cables has been 
assumed to be 0.2m. TTD will be calculated as TDOL plus diameter plus an additional 0.2m margin, 
essentially adding a total of 0.4m to TDOL. 
 
(D) Depth of Cover (DOC) 
 
The DOC is the thickness of seabed material ending up on top of the cable after trenching. This could 
increase over time as the trench naturally backfills with mobile sediments up to the surrounding seabed 
level. 
 
The DOC is not normally a consenting requirement to ensure cable protection.  
 
However, in the German sector, the authorities impose the “2K criterion” meaning that the cable system 
heating up the seabed within a surficial zone of 20 or 30 cm (depending on the location in German waters) 
below the seafloor shall be, according to model calculations, no more than 2 degrees Kelvin during its 
operation.  
 
At the same time, the minimum depth cover on the cable in German water shall be a minimum 1.5m.  
 
These two criteria may potentially be conflicting, depending on specific geo-thermal properties of the 
surficial seabed soils. 
 
This set of requirements has significant consequences with regards to the thermal design of the cable 
system, in particular a bundled set of cables, and typically result in a cable cross section and selection of 
metal for the core which (compared to non- Germany standards) and significant over-capacities for its 
intended usage. 
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3.3. Coordinate System 

 
Geodetic Datum:  WGS84 
Projection:   UTM Zone 31 N for UK and Dutch waters 
    UTM Zone 32 N for German waters 
 
Depth datum:   LAT [metres] 
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4. REFERENCES 

Table 4-1: List of References 

Ref Title Author Report 
Date Document Nr. 

/1/  

Geophysical Route Survey 
Reports 
 
All but one report still 
have “preliminary” status 
! 
 
Final Approved versions 
required for all reports ! 

MMT 

No Date 
No Date 
No Date 
No Date 
No Date 
No Date 
No Date 
No Date 
No Date 
No Date 
No Date 
No Date 
No Date 
20180730 
No Date 

102553-NEU-MMT-SUR-FSS-BLOCK02_Rev2 
102553-NEU-MMT-SUR-FSS-BLOCK03_Rev2 
102553-NEU-MMT-SUR-FSS-BLOCK04_Rev2 
102553-NEU-MMT-SUR-FSS-BLOCK02_Rev3 
102553-NEU-MMT-SUR-FSS-BLOCK06_Rev3 
102553-NEU-MMT-SUR-FSS-BLOCK07_Rev3 
102553-NEU-MMT-SUR-FSS-BLOCK08_Rev3 
102553-NEU-MMT-SUR-FSS-BLOCK09 
102553-NEU-MMT-SUR-FSS-BLOCK10R_Rev2 
102553-NEU-MMT-SUR-FSS-BLOCK11_Rev2 
102553-NEU-MMT-SUR-FSS-BLOCK12_Rev1 
102553-NEU-MMT-SUR-FSS-BLOCK13_Rev3 
102553-NEU-MMT-SUR-FSS-BLOCK14_Rev2 
MMT_553_SURVEY_REPORT_B1_001_R02 
NeuConnect_B15_Block Report_R02 

/2/  

Survey Alignment Sheets 
 
Rev A (for Use) 
 
Final status ? 

MMT 20190125 

102553-NEU-MMT-SUR-DWG-AL531001 
 
through  
 
102553-NEU-MMT-SUR-DWG-AL531113 

/3/  

Survey Alignment Sheets 
 
Rev A (for Use) 
 
Final status ?! 

MMT 20190125 

102553-NEU-MMT-SUR-DWG-AL532114 
 
through  
 
102553-NEU-MMT-SUR-DWG-AL532153 

/4/  Multibeam Route DTM MMT 20180818 2018-08-18_B1-B15_MBES_DTM 

/5/  

Survey Data GIS database 
 
Final version not 
available? 

MMT 20180919 
102553-NeuConnect-Draft-20180919.gdb 
102553-NeuConnect-Draft-
20180919.gdb.mxd 

/6/  
Geotechnical Report 
 
Rev A (for Use) 

MMT 2018-12-18 102553-NEU-MMT-SUR-GEOTECRE_RevA 
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Ref Title Author Report 
Date Document Nr. 

/7/  CBRA for NEUCONNECT Intertek 20190320 P2131_R4592_Rev1 

/8/  CBRA Methodology Carbon 
Trust 2015-02 CTC835 

/9/  Route Position List - Rev 5 Unknown 20180726 20180726_WGS84_NeuConnect_Issue_5_RP
L 

/10/  Memo – Micro Routing PRIMO 2019-06-25 
0476_01_13 
NC_MEM_0001_R1_00_NeuConnect_Micro-
routing 

/11/  Memo – Cable Routing in 
German Sector PRIMO 2019-06-12  

/12/  2K Criterion – section 
5.3.2.9 in BFO document BFO 2016/2017 

Bundesfachplan fur die deutsche 
ausschliessiche Wirtschaftszone der Nordsee 
2016/2017 und Umweltbericht. 
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5. BUNDLED CABLE ASSET(S) 

No details or specification on the proposed cable asset were available at the time of writing this study, 
other than the asset involving more than one cable, bound together forming a bundle.  
 
PRIMO assume that a typical bundle arrangement would be applicable as is shown in the three images 
shown below under Figure 5-1, and that the as-installed configuration involves the two HVDC cables, 
700 MW each,  positioned (buried) side by side. 
 
The cables are bundled using strapping of twine installed around the 2-3 cables at regular spacing or 
continuously on the deck of the cable laying vessel before it is let into the water over the chute. 
 
This side-by-side arrangement means that, the pertinent bundled asset diameter to be considered for BAS 
Lite would be the diameter of the individual cable on its own. 
 
For this study, the cable diameter is assumed to be 0.2m (conservative) – dimensions in the Figures below 
are not specific to the NeuConnect project. 
 
Figure 5-1: Typical Symmetrical Cable Bundle Configuration (and as-installed configuration) 
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Figure 6-1: GDWS option – Potential Crossing Area (wide orange highlight) requiring a TDOL of 5 m. 

 
 
 

Figure 6-2:  Option 2 (BSH?): Navigation Channel Depth 
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7. SEABED INTERVENTION TECHNIQUES 

7.1. Mobile Seabed Preparation (Pre-Lay Sweeping) 

The Figure 7-1 below illustrates the Trailing Suction Hopper Dredger technique, proposed for pre-sweeping 
large areas of the larger mega ripples and sand waves prevalent throughout the UK Sector, parts of the 
Netherlands sector, and the nearshore portion of the Germany sector. 
 
Figure 7-1: Trailing Suction Hopper Dredger 

 
 
7.2. Simultaneous Lay & Burial (SLB) versus Post-Lay Burial (PLB) 

 
SLB involves the burial of the cable whilst being laid on the seabed – see Figure 7-2 below. 
 
Figure 7-2: SLB 

 

Cable 
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Figure 7-4: Modern Cable Plough 

 

 
 
For burial to depths considerably deeper than 2-3metres below seafloor, for example, up to 10meters into 
sands, in areas closer to shore, the Vertical Injector (VI) technique is recommended.  Machines like the one 
shown in Figure 7-5 are designed for SLB operations. 
 
Figure 7-5: Vertical (Cable Guidance) Injector 
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A Vertical Injector (VI) can be assisted by a dedicated mechanical chain cutter, if necessary, to pre-cut 
harder cohesive soils and rock, i.e. preceding the installation of the cables by the Vertical Injector (VI).  For 
pre-cutting, the chain cutter will be passed along the selected route sections to the required depths. 
 
VI spreads and associated field operations, however, have a high weather susceptibility (waves and swell). 
Therefore, VI spreads are not suitable for the installation of cables much further away from the coastline. 
Without heave compensation on the hoisting of the Vertical Injector, there is a real risk of cable damage 
caused by the movement of the VI relative to the seabed under heave. 
 
For deeper installation into non-cohesive sand soils, but much further from shore, a suitable tool would be 
the VI mounted on a jet-sled. This tool can achieve burial depths of up to 8 meters below seafloor level.  
Such a jetting sled can be fitted with a long mechanical chain cutter cut able to deal with the harder 
cohesive type soils. An example is shown in Figure 7-6 below. 
 
Figure 7-6: VI Sled 
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Where the seabed is too hard for water jetting, then mechanical cutting methods are available to be used, 
such as the mechanical rock trencher shown in Figure 7-8.  These tools allow the cable to be loaded into it 
and held to a position out of the way while a wheel cutter or rock saw digs the trench to the required 
depth. The cables are guided into the trench by the profiled ‘depressor’ behind the cutter, though not all 
cutters have a depressor with others relying on the cable sinking to the bottom of the trench as with the 
jetting method above.  
 
Figure 7-8: Mechanical Cutting Trencher 

 
 
When using this method, the trench should remain as narrow as possible and the trench is typically filled in 
by the natural movement of the seabed materials. In hard soils where rock trenching is necessary, a 
reduced burial depth is typically acceptable considering reduced anchor and trawler penetrations into the 
seabed. 
 
7.5. Depressors and Open vs Closed Jet Sword Trenchers 

Jet trenchers with open swords and without a depressor are designed to straddle the surface laid or 
shallow buried cable.  During trenching, the cable is not lifted by those trenchers. Without a depressor and 
without lifting the cable, the achievable burial depths strongly depend on the grain size of non-cohesive 
soils and on the capacity of the backwash system. In courser sandy and gravelly materials, the achievable 
burial depths with such open jet sword trenchers is limited to less than 1.5m, more likely around 1.0m. 
 
Where jet trenchers are equipped with a cable depressor, this positively forces the cable down into the 
fluidised soil. The soil however will have to be fully fluidised and remain in this fluidised state long enough 
for the cable to be guided to the bottom of trench (a depressor cannot press a cable into resedimented 
soil). Therefore, for this type of trenchers, the achievable burial depths strongly depend on the granular 
material’s grain size.  
 
To improve burial capabilities, some trenchers of this category do lift the cable first from the seabed and 
guide it down back to the seabed at an angle. That significantly increases the possibilities to achieve greater 
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burial depths whilst reducing the forces exerted on the cable by the depressor. With this type of jet 
trencher, with a depressor and a cable lifting system, burial depths up to 5 meters can be achieved.  
 
One of the primary advantages of open jet sword jet trenchers, with or without depressors, lies in the fact 
that these trenchers can be placed on the cable and lifted from the cable relatively easily. That makes it 
possible to start and stop trenching under slightly less favourable weather conditions. This flexibility can 
significantly increase the overall workability on the project i.e. significantly reduce the waiting on weather, 
but at the expense of potentially not achieving the intended burial depths, in areas with coarser grained 
soils. Open jet sword trenchers are more susceptible to debris and other obstacles in the seabed.  
 
Adding a cable lifting system and a depressor increases the likelihood of achieving the intended burial 
depths, but that adds a risk of damage to the cable. There is quite a bit of controversy in the market with 
regards to the application of depressors and the risk of causing damage to cables. Meanwhile, it is a fact 
that significant lengths of cable have already successfully been installed using a depressor. Therefore, there 
is no clear answer to the question what the best or most effective jet trencher would be. This depends on a 
detailed risk assessment, balancing cable integrity on the one hand with feasibility of achieving the 
intended target trench depths (TTD). 
 
With above in mind, open jet sword trenchers are to be compared with closed jet sword trenchers as for 
instance the discussed jetting sledges and the vertical injector type of trenchers. Those trenchers guide the 
cable down to the required depths through a closed stinger or blade, which physically ensures that the 
cable reaches the intended depth, whilst at the same time protecting the cable against debris and other 
obstacles in the seabed.  The downside of this, however, is that cable loading and unloading in a closed jet 
type of sword trencher is significantly more complicated, cannot be readily disengaged and re-engaged, 
and requires significantly more favourable weather conditions. Therefore, closed jet sword trenchers 
typically have a lower workability with regards to weather and wave conditions. This affects the overall 
installation risk profile in a sense that workability of the trenching spread needs to be balanced against risk 
of (not) achieving the TTD and against the safeguarding of cable integrity. 
 
It can be safely concluded that there is not one trenching system that is better or to be preferred over 
others.  Each trenching system has its own advantages and disadvantages. This will have to be carefully 
assessed in a future BAS Proper, against the shallow geological conditions, the bedforms, the final TTDs 
along the cable route.  
 
The role that a capable and experienced Cable Installation Contractor plays in this, working safely and 
efficiently under those conditions, whilst safeguarding the integrity of the cable, is not to be 
underestimated.  
 
That is why the selection of a trenching spread is typically addressed via a BAS “Proper”, where the BAS of 
the TSO serves to clearly identify risks (and options to deal with those), whereas the BAS of the 
Contractor(s) should ensure that appropriate trenchers are selected whilst having a clear view on the 
associated operational risks and with clear potential mitigating measures in mind. 
 
This BAS Lite will seek to analyse the general soil types and provide guidance on the likely burial assets and 
those with the most significant environment impact for the purpose of licence and consent application 
 
7.6. Other Post-Lay Cable Protection Methods 

When the cable needs to cross other in-service 3rd party assets such as in-service telecom lines and 
pipelines, whether laid directly on the seabed or buried, burial operations are ceased a specified distance 
before the location of the service and recommenced a distance after.  
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Rock Placement – the placement of large rocks over the cable or cable bundle.  
 
Figure 7-10: Rock Placement on Cable 

 
 

The placement of specifically graded rock on a surface laid cable to protect against external threats such as 
fishing and dragged non holding anchors, is a well-established protection method in the North Sea area.  
 
The grade of rock is engineered to resist movement by the predominant forces it will be exposed to, often 
hydrodynamic forces of waves and tidal currents. 
 
Grout bags – the placement of bags of grout on top of the cable or cable bundle by divers or ROV which 
shape over the cables.  

 

Figure 7-11: Grout Bag Protection 
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Rock Nets– nets with rock have the advantage over grout bags that they are more stable under design 
conditions and that those can be placed more easily without divers. There is quite some recent experience 
with rock nets to protect cables in the North Sea area gained over the recent years. As an example, the 
cables near wind turbine pylons and near J-tubes at the foot of offshore platforms have been successfully 
protected by rock nets.  

Figure 7-12: Rock Nets to protect linear assets 

 
Cast Iron shells – Articulate iron pipes installed around the cables. typically referred to as Cable Protection 
system (CPS) elements. These provide both impact protection and prevent the cable being over bent as the 
shells ‘lock out’ at a specified radius of curvature. 
 
Figure 7-13: Cast Iron Shells 
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8. ROUTE OVERVIEW  

In Figure 8-1, Figure 8-2,and Figure 8-3 below, the full route and the routes for UK, Netherlands and 
German sectors are shown.  
 
Table 8-1 summarises the lengths of the individual country EEZs. 
 
Figure 8-1: Overview of NeuConnect Route (All EEZ Sectors) 

 
 
 
Table 8-1: Summary Details of EEZ sectors  

NeuConnect EEZ Sector 
KP FROM (Appr.) KP TO (Appr.) Length (Appr.) 

[km] [km] [km] 

EEZ United Kingdom 0.0 ~262.850 ~262.850 

EEZ The Netherlands ~262.850 ~522.900 ~260.05 

EEZ Germany ~522.900 ~700.150 ~177.25 
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Figure 8-2: Overview of NeuConnect Route (UK Sector) 

 
 

(solid and dashed red lines refer to EEZ and TW boundaries, resp.) 
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Figure 8-3: Overview of NeuConnect Route (NETHERLANDS and GERMANY Sectors) 

 

 
 

(solid and dashed red lines refer to EEZ and TW boundaries, resp.) 
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9. ROUTE POSITION LIST (RPL) 

This study uses “20180726_WGS84_NeuConnect_Issue_5_RPL”, the revision 5 of the RPL, issued on 
20180726 [/9/]. 
 
More details are provided in Appendix A of this report. 
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Figure 11-2: CBRA summary for UK Sector (plot 2 of 3) 

 
Comment: Moderate to Good correlation between geotechnical segmentation by MMT and sediment type 

segmentation by Intertek. 
 
Figure 11-3: CBRA summary for UK Sector (plot 3 of 3) 

 
 

Comment: Rationale behind TDOL (orange line) considering RMDOL (green) to be discussed / agreed. 
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Figure 11-5: CBRA summary for Netherlands Sector (plot 2 of 3) 

 
Comment: Moderate to Good correlation between geotechnical segmentation by MMT and sediment type 

segmentation by Intertek. 
 
Figure 11-6: CBRA summary for Netherlands Sector (plot 3 of 3) 

 
 

Comment: Rationale behind TDOL (orange line) considering RMDOL (green) to be discussed / agreed. 
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Figure 11-8: CBRA summary for Germany Sector (plot 2 of 3) 

 
Comment: Moderate correlation between geotechnical segmentation by MMT and sediment type 

segmentation by Intertek. 
 
Figure 11-9: CBRA summary for Germany Sector (plot 3 of 3) 

 
 
Note: Increased Burial between KP613 and KP619 shown here for crossing of Traffic Separation Scheme. 
Comment: Rationale behind TDOL (orange line) considering RMDOL (green) to be discussed / agreed. 
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12. TWO-STEP ROUTE SEGMENTATION – UK SECTOR 

The focus of this BAS Lite has been on establishing accurate route segmentation by uncoupling the bedform 
segmentation from the shallow geology (geophysical/geotechnical) segmentation. This allows for a 
two-step cable system installation (seabed intervention) strategy to be designed and proposed, i.e. one for 
seabed preparation (pre-sweeping), and one for cable burial. 
 
12.1. Hazards 

The hazards pertinent to BAS are summarised in Table 12-1 below.  The zone of interest is defined as the 
Target Trench Depth (TTD), in this case, the first 2-2.5m below seabed. 
 
Table 12-1: NeuConnect Route – Pertinent Hazards to be considered for BAS (Lite) 

Hazard Type Description Comments 

Geohazards Seabed Mobility 
 
Steep Slopes  

Ripples   (wL < 15m, wH < 1m) 

Mega Ripples (15m < wL < 50m, 1m < wH < 3m) 

Sand Waves (50m < wL < 200m, wH > 3m) 

Hard Ground (Very) High Strength CLAYS (75 kPa up to 200kPa) and ROCK  
– outcropping (affect full TTD) 

High Strength CLAYS/ROCK– sub cropping (affect partial TTD) 

Peat / Chalk Occasional occurrences but not within depth of interest. 

Boulder Fields “Occasional Boulders” (5 < boulders < 20 per 100sqm) 
Several relatively small areas identified in UK Sector 

“Numerous Boulders” ( > 20 boulders per 100 sqm) 
None identified in UK Sector 

Geological Folding 
and Faulting 

None would appear to be present within zone of interest, but 
this requires a more in-depth study. 

Palaeo Channels Sudden change in lithology – typically, infill materials are 
softer, less compact. Occurrences have been reported in 
Block 1 only (KP2.2, KP18.7, KP22-KP30.5, KP40.2, KP47). 

Shallow Gas Not present within zone of interest but this may require a 
more in-depth study in future. 

Seismicity North Sea lies within area of low seismic hazard risk 

Man-Made Hazards Crossings A combined total of 89 known Cable / PL crossings for the 
entire 700km long route. 
 
UK Sector:  total 31x crossings, 12x active, 18x OOS, 1x 

planned. 

Dredging Shipping channels in shallow areas with mobile sediments 
have their depth maintained via dredging.  

Other Trawl Marks (considered insignificant hazards) 
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12.2. STEP1 – Bedform Segmentation 

With regards to the seabed preparation (pre-sweeping) strategy, and to be able to identify zones with 
similar bedforms (ripples, mega ripples, sand waves), and areas with boulder fields for example, a detailed 
comparison of the information on alignment charts, the electronic GIS database information, and the 
longitudinal seabed slope profiles was carried out. This has resulted in a refined segmentation of various 
bedform and seabed features. 
 
Mega ripples are driven by surface waves and their migration depends on location-specific wave conditions.  
Mega-ripples would be of exactly the right size range and mobility speed to cause problems with long term 
cable integrity (either through exposure or over-burial). Pre-sweeping of mega ripples may not be effective 
however seeing these can quickly re-form.  
 
Sand waves can be mobile, depending again on location specific environmental conditions. Sand waves 
located near to any of the North Sea amphidromical points are however known to be considerably less 
mobile. 
 
Figure 12-1: North Sea Amphidromic Points  
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It should be noted that only mobile seabed features with a wave height, similar in magnitude to the target 
trench depth (TTD), should be of interest to pre-sweeping (mega ripples, sand waves) and only those that 
are (confirmed) mobile.  
 
Seabed features that are not significantly mobile over the lifetime of the cables, and those which are 
relatively small compared to the TTD, are considered of less to no interest. 
 
Therefore, the mobility of the bedform such as sand waves and the larger mega ripples should be studied 
as a matter of priority (see recommendations) to inform the seabed preparation (pre-sweeping) strategy 
and scope. 
 
The Figure 12-2 below graphically illustrates the bedform segmentation between KP100- KP150, for 
example, showing areas with intermittent sand waves/mega ripples/ripples, areas with only intermittent 
ripples, and areas categorised as “occasional boulder fields”. 
 
Figure 12-2: UK Sector (KP100-KP150) - Bedform Segmentation 

 
 
Enlarged versions of these figures, covering KP0-KP262.85, are enclosed in Appendix C1 of this report. 
 
Table 12-2 below provides the detailed factual summary of “segmentation by bedform” for the UK sector. 
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Table 12-2: UK Sector – Bedform Segmentation 

ID 
KP FROM KP TO Length 

Bedform / Feature Type 
[km] [km] [m] 

1 0.000 7.474 7474 None 
2 7.474 8.527 1053 Trawl Mark (insignificant) 
3 8.527 10.552 2025 Dredged Area 
4 10.552 11.087 536 Trawl Mark (insignificant) 
5 11.087 12.150 1063 None 
6 12.150 12.765 615 Ripples 
7 12.765 16.319 3554 None 
8 16.319 25.342 9022 Ripples 
9 25.342 33.275 7934 None 

10 33.275 68.829 35554 Ripples 
11 68.829 68.990 161 None 
12 68.990 75.097 6107 Marine Growth 
13 75.097 78.235 3138 None 
14 78.235 78.419 184 Ripples 
15 78.419 80.273 1854 Sand Waves 
16 80.273 81.153 880 Ripples 
17 81.153 83.912 2759 None 
18 83.912 88.757 4845 Trawl Mark (insignificant) 
19 88.757 94.863 6105 Ripples 
20 94.863 104.797 9935 None 
21 104.797 105.207 410 Current Lineation 
22 105.207 105.504 297 Ripples 
23 105.504 107.234 1730 Sand Waves 
24 107.234 107.549 314 Ripples 
25 107.549 107.860 311 Mega Ripples 
26 107.860 108.298 438 Ripples 
27 108.298 110.924 2626 None 
28 110.924 111.180 256 Current Lineation 
29 111.180 112.087 907 Ripples 
30 112.087 113.436 1349 Mega Ripples 
31 113.436 114.784 1347 Sand Waves 
32 114.784 115.039 255 Ripples 
33 115.039 121.735 6696 Trawl Mark (insignificant) 
34 121.735 121.863 128 Mega Ripples 
35 121.863 122.189 326 Ripples 
36 122.189 122.383 195 Mega Ripples 
37 122.383 126.741 4358 Trawl Mark (insignificant) 
38 126.741 128.607 1866 None 
39 128.607 129.257 650 Mega Ripples 
40 129.257 129.728 471 None 
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ID 
KP FROM KP TO Length 

Bedform / Feature Type 
[km] [km] [m] 

41 129.728 134.188 4460 Sand Waves 
42 134.188 136.839 2651 Mega Ripples 
43 136.839 137.119 280 None 
44 137.119 137.361 242 Ripples 
45 137.361 137.553 191 Sand Waves 
46 137.553 138.074 522 Ripples 
47 138.074 138.635 560 None 
48 138.635 168.186 29551 Sand Waves, Mega Ripples 
49 168.186 168.945 760 Ripples 
50 168.945 169.875 929 Sand Waves 
51 169.875 170.006 131 None 
52 170.006 171.570 1564 "Occasional" Boulders 
53 171.570 172.594 1024 Ripples 
54 172.594 178.868 6274 Mega Ripples 
55 178.868 182.462 3594 Sand Waves 
56 182.462 184.310 1848 Ripples 
57 184.310 184.428 118 Sand Waves 
58 184.428 187.361 2933 Ripples 
59 187.361 187.411 51 "Occasional" Boulders 
60 187.411 188.608 1197 Ripples 
61 188.608 188.689 81 "Occasional" Boulders 
62 188.689 188.986 297 Ripples 
63 188.986 189.154 168 "Occasional" Boulders 
64 189.154 192.005 2851 Ripples 
65 192.005 192.940 934 "Occasional" Boulders 
66 192.940 216.593 23653 Sand Waves, Ripples 
67 216.593 216.852 259 "Occasional" Boulders 
68 216.852 224.065 7213 Sand Waves, Ripples 
69 224.065 224.655 590 "Occasional" Boulders 
70 224.655 224.728 73 Sand Waves 
71 224.728 224.772 44 "Occasional" Boulders 
72 224.772 227.937 3165 None 
73 227.937 238.299 10362 Sand Waves, Ripples 
74 238.299 240.315 2016 Marine Growth 
75 240.315 253.840 13525 Ripples 
76 253.840 254.634 794 None 
77 254.634 255.120 486 Ripples 
78 255.120 256.030 910 None 
79 256.030 262.850 6820 Ripples 
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12.3. STEP 2 - Shallow Geology Segmentation 

With regards to cable burial strategy, a segmentation based on shallow geology was carried out. And with 
regards to material strength properties, the upper bound strength properties (conservative) are 
considered. 
 
To be able visually and with some appropriate level of accuracy perform the segmentation, the route 
alignment charts were split into 1-1.5km sections and the set of burial requirement profiles in terms of 
TDOL, TTD manually superimposed onto each of these sections. 
 
An example is shown in Figure 12-3 below, a sand wave area, where the waves (peaks) consist of sand, but 
the troughs intersect a firm to stiff CLAY layer. 
 
Figure 12-3: UK Sector (KP242-KP243) – Shallow Geology Segmentation 

 
 
The Table 12-3 below provides a detailed summary of the segmentation of the UK Sector route based on 
Shallow Geology, with the depth of interest being the Target Trench Depth (TTD) profile (see red line in 
Figure 12-3, the orange line represents the TDOL profile). 
 
The TTD profile has been established by adding 0.4m to the Target Depth of Lowering (TDOL) profile, 
outputted from the CBRA. The addition of 0.4m accounts for the assumed bundled cable diameter of 0.2m 
and an additional safety margin of 0.2m. 
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A distinction has been made for the various CLAY consistency ranges (low strength, medium strength, high 
and very high strength). For granular materials however, the state of compaction has been conservatively 
assumed to be dense to very dense. A future full, proper BAS would have to include a comprehensive 
analysis of all available geotechnical in-situ and laboratory test data to be able to distinguish with more 
accuracy the consistency and compaction ranges for the shallow geology segmentations outlined below. 
 
Table 12-3: UK Sector – Shallow Geology Segmentation 

ID 
KP FROM KP TO 

SHALLOW GEOLOGY within TARGET TRENCH DEPTH zone 
[km] [km] 

1 0.0 9.2 MIXED MATERIALS - SANDS, SILTS, CLAYS …. Typically: 
Layer of very low to medium strength silty CLAY of varying thickness 
….overlying … 
silty to very silty, occasionally gravelly, SAND (laminated with CLAY) 

2 9.2 14.3 

3 14.3 30.4 
4 30.4 31.8 High Strength CLAY 
5 31.8 37.1 slightly gravelly to gravelly, silty to very silty SAND 
6 37.1 51.0 Gravelly to silty SAND 

7 51.0 57.2 
slightly gravelly to gravelly, silty to very silty SAND  
Between KP56.2 - 57.2 - CLAY layer sub cropping to just within target 
trench depth 

8 57.2 61.0 slightly gravelly to gravelly, silty to very silty SAND  

9 61.0 65.0 
slightly gravelly to gravelly, silty to very silty SAND  
Between KP62.8 - 63.4 - CLAY layer sub cropping to just within target 
trench depth 

10 65.0 68.3 slightly gravelly to gravelly, silty to very silty SAND  
11 68.3 68.9 Medium to High Strength CLAY 
12 68.9 70.0 slightly gravelly to gravelly, silty to very silty SAND  

13 70.0 75.8 Veneer of SAND / GRAVEL overlying Medium to High to Very High 
Strength CLAY 

14 75.8 78.4 gravelly SAND to gravelly CLAY 
Between KP 77.85 - 78.15, stiff CLAY sub cropping to just within TTD  

15 78.4 80.0 Gravelly SAND  
16 80.0 81.8 Gravelly SAND and sandy GRAVEL 
17 81.8 82.5 Low to High Strength CLAY 
18 82.5 94.0 Veneer of clayey GRAVEL overlying High to Very High Strength CLAY 
19 94.0 95.2 Veneer of clayey GRAVEL overlying Medium to High Strength CLAY 
20 95.2 99.0 Veneer of clayey GRAVEL overlying High Strength CLAY 
21 99.0 101.8 Veneer of clayey GRAVEL overlying Medium to High Strength CLAY 
22 101.8 103.6 Veneer of clayey GRAVEL overlying High to Very High Strength CLAY 
23 103.6 105.6 Veneer of clayey GRAVEL overlying High Strength CLAY 
24 105.6 107.8 Veneer of GRAVEL / SAND overlying Medium to High Strength CLAY 
25 107.8 112.4 Veneer of GRAVEL / SAND overlying High Strength CLAY 
26 112.4 114.7 Layer of GRAVEL / SAND overlying Medium to High Strength CLAY 
27 114.7 121.7 Layer of GRAVEL / SAND overlying Medium to High Strength CLAY 

28 121.7 122.4 Veneer of clayey, gravelly SAND overlying High to Very High Strength 
CLAY 

29 122.4 127.1 Veneer of gravelly CLAY overlying High to Very High Strength CLAY 
30 127.1 128.6 Silty to gravelly calcareous SAND (band of CHALK below target trench 
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ID 
KP FROM KP TO 

SHALLOW GEOLOGY within TARGET TRENCH DEPTH zone 
[km] [km] 

depth 

31 128.6 129.0 Veneer of clayey, gravelly SAND overlying High to Very High Strength 
CLAY 

32 129.0 129.7 Silty SAND to sandy SILT (band of CHALK below target trench depth 
33 129.7 130.5 Silty SAND to sandy SILT (band of CHALK below target trench depth 
34 130.5 159.0 Silty to gravelly SAND, occasionally with cobbles 
35 159.0 176.2 Silty to gravelly SAND, occasionally with cobbles 
36 176.2 190.4 SAND and GRAVEL 
37 190.4 192.5 silty gravelly SAND and low to medium strength CLAY 
38 192.5 194.4 Silty to gravelly SAND 
39 194.4 196.2 SAND and low strength CLAY 
40 196.2 203.200 silty gravelly SAND 
41 203.2 205.400 silty SAND and silty medium strength CLAY 
42 205.4 224.100 Silty, gravelly SAND 
43 224.1 226.800 Low to Medium Strength silty, sandy CLAY 
44 226.8 233.000 Silty, gravelly SAND 
45 233.0 240.650 Veneer of silty SAND underlain by medium to High Strength CLAY 

46 240.7 245.200 Silty gravelly SAND (sand wave peaks); mixed SAND and high strength 
CLAY (sand wave troughs) 

47 245.2 251.000 Silty gravelly SAND 
48 251.0 252.800 Veneer of SAND / GRAVEL overlying Low to High Strength CLAY 

49 252.8 256.300 Veneer of SAND / GRAVEL overlying Medium to Very High Strength 
CLAY 

50 256.3 262.850 Silty gravelly SAND 
 
Notes: 
 
In line with British Standards, the CLAY consistency (strength) ranges are summarised as follows: 
 
CLAYS Very Low Strength (Very soft):  undrained shear strength less than 20kPa 
CLAYS Low Strength (Soft):   undrained shear strength ranging 20kPa – 40kPa 
CLAYS Medium Strength (Firm):  undrained shear strength ranging 40kPa – 75kPa 
CLAYS High Strength (Stiff):   undrained shear strength ranging 75kPa – 150kPa 
CLAYS Very High Strength (Very stiff):  undrained shear strength ranging 150kPa – 200kPa 
CLAYS Extremely High Strength (Hard): undrained shear strength ranging > 200kPa 
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13. TWO-STEP ROUTE SEGMENTATION – NETHERLANDS SECTOR 

13.1. Hazards 

The hazards pertinent to BAS are summarised in Table 13-1 below.  The zone of interest is defined as the 
Target Trench Depth (TTD), in this case, the first 2-2.5m below seabed. 
 
Table 13-1: NeuConnect Route – Pertinent Hazards to be considered for BAS (Lite) 

Hazard Type Description Comments 

Geohazards Seabed Mobility 
 
Steep Slopes  

Ripples   (wL < 15m, wH < 1m) 

Mega Ripples (15m < wL < 50m, 1m < wH < 3m) 
None identified in NETHS Sector. 

Sand Waves (50m < wL < 200m, wH > 3m) 
One area identified in NETHS sector. 

Hard Ground (Very) High Strength CLAYS (75 kPa up to 200kPa) and ROCK  
– outcropping (affect full TTD) 

High Strength CLAYS/ROCK– sub cropping (affect partial TTD) 

Peat / Chalk Occasional occurrences within TTD zone 

Boulder Fields “Occasional Boulders” (5 < boulders < 20 per 100sqm) 
None identified in NETHS Sector. 

“Numerous Boulders” ( > 20 boulders per 100 sqm) 
None identified in NETHS Sector. 

Geological Folding 
and Faulting 

None identified in NETHS Sector. 

Palaeo Channels Sudden change in lithology – typically, infill materials are 
softer, less compact.  

Shallow Gas Relict Gas Seepage Features  

Seismicity North Sea lies within area of low seismic hazard activity 

Other Eroded Depressions – several areas identified. 

Man-Made Hazards Crossings A combined total of 89 known Cable / PL crossings for the 
entire 700km long route. 
 
NETHS Sector:  total 36x crossings.  
  13x active, 22x OOS, 1x planned. 

Dredging Shipping channels in shallow areas with mobile sediments 
have their depth maintained via dredging.  

Other Trawl Marks 
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13.2. STEP1 – Bedform Segmentation 

With regards to the seabed preparation (pre-sweeping) strategy, and to be able to identify zones with 
similar bedforms (ripples, mega ripples, sand waves), and areas with boulder fields for example, a detailed 
comparison of the information on alignment charts, the electronic GIS database information, and the 
longitudinal seabed slope profiles was carried out. This has resulted in a refined segmentation of various 
bedform and seabed features. 
 
Mega ripples are driven by surface waves and their migration depends on location-specific wave conditions.  
Mega-ripples would be of exactly the right size range and mobility speed to cause problems with long term 
cable integrity (either through exposure or over-burial). Pre-sweeping of mega ripples may not be effective 
however seeing these can quickly re-form.  
 
Sand waves can be mobile, depending again on location specific environmental conditions. Sand waves 
located near to any of the North Sea amphidromical points (Figure 13-1) are however known to be 
considerably less mobile. 
 
Figure 13-1: North Sea Amphidromic Points  

 
 



 

BAS “Lite” 
NEUCONNECT INTERCONNECTOR 

Doc. No: 
Revision: 

Date: 
Page: 

476-01-12 
R3_00 

09 July 2019 
54 of 124 

 
 
It should be noted that only mobile seabed features with a wave height, similar in magnitude to the target 
trench depth (TTD), should be of interest to pre-sweeping (mega ripples, sand waves) and only those that 
are (confirmed) mobile.  
 
Seabed features that are not significantly mobile over the lifetime of the cables, and those which are 
relatively small compared to the TTD, are considered of less to no interest. 
 
Therefore, the mobility of the bedform such as sand waves and the larger mega ripples should be studied 
as a matter of priority (see recommendations) to inform the seabed preparation (pre-sweeping) strategy 
and scope. 
 
The Figure 13-2 below graphically illustrates the bedform segmentation between KP300 - KP350, for 
example, showing areas with seabed ripples, areas with trawl marks and relict gas seepage features. 
 
Figure 13-2: NETHERLANDS Sector (KP300-KP350) - Bedform Segmentation 

 
 
Enlarged versions of these figures, covering KP262.85 – KP522.9, are enclosed in Appendix C2 of this report. 
 
Table 13-2 below provides the detailed summary of “segmentation by bedform” for the NETHERLANDS 
sector. 
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Table 13-2: NETHERLANDS Sector – Bedform Segmentation 

ID 
KP FROM KP TO Length 

Bedform / Feature Type 
[km] [km] [m] 

1 262.850 293.999 31149 Sand Waves and Ripples 
2 293.999 304.479 10480 Ripples 
3 304.479 309.601 5122 None 
4 309.601 310.802 1201 Trawl Mark (insignificant) 
5 310.802 322.732 11930 Relict Gas Seepage 
6 322.732 326.103 3370 Trawl Mark (insignificant) 
7 326.103 342.504 16401 Relict Gas Seepage 
8 342.504 343.424 920 None 
9 343.424 343.710 286 Relict Gas Seepage 

10 343.710 357.809 14099 None 
11 357.809 413.135 55327 Trawl Mark (insignificant) 
12 413.135 427.303 14168 None 
13 427.303 440.470 13166 Trawl Mark (insignificant) 
14 440.470 447.262 6793 None 
15 447.262 463.893 16631 Trawl Mark (insignificant) 
16 463.893 466.871 2978 None 
17 466.871 492.328 25457 Trawl Mark (insignificant) 
18 492.328 507.509 15181 None 
19 507.509 507.845 336 Eroded Depressions 
20 507.845 507.962 117 None 
21 507.962 508.026 63 Eroded Depressions 
22 508.026 508.679 653 None 
23 508.679 508.738 59 Eroded Depressions 
24 508.738 508.791 52 None 
26 508.791 508.820 29 Eroded Depressions 
27 508.820 509.438 618 None 
28 509.438 509.490 52 Eroded Depressions 
29 509.490 511.453 1963 None 
30 511.453 511.582 130 Eroded Depressions 
31 511.582 512.316 733 None 
32 512.316 512.370 54 Eroded Depressions 
33 512.370 514.159 1789 None 
34 514.159 515.072 913 Eroded Depressions 
35 515.072 515.531 459 None 
36 515.531 516.037 506 Eroded Depressions 
37 516.037 516.498 461 None 
38 516.498 517.194 696 Eroded Depressions 
39 517.194 518.548 1354 None 
40 518.548 518.688 140 Eroded Depressions 
41 518.688 519.070 382 None 
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ID 
KP FROM KP TO Length 

Bedform / Feature Type 
[km] [km] [m] 

42 519.070 519.116 46 Eroded Depressions 
43 519.116 522.390 3274 None 
44 522.390 522.673 283 Eroded Depressions 
45 522.673 523.037 364 None 
46 523.037 523.418 381 Eroded Depressions 
47 523.418 620.287 96869 None 
48 620.287 622.900 2613 Ripples 
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13.3. STEP 2 - Shallow Geology Segmentation 

With regards to cable burial strategy, a segmentation based on shallow geology was carried out. And with 
regards to material strength properties, the upper bound strength properties (conservative) are 
considered. 
 
To be able visually and with some appropriate level of accuracy perform the segmentation, the route 
alignment charts were split into 1-1.5km sections and the set of burial requirement profiles in terms of 
TDOL, TTD manually superimposed onto each of these sections. 
 
An example is shown in Figure 13-3, where target trench depth (zone of interest) “sits” within the surficial 
sand layer, and neatly above and thus avoiding a soft to firm CLAY layer where thin layers of peat occurs. 
 
Figure 13-3: NETHERLANDS Sector (KP284-KP285) – Shallow Geology Segmentation 

 
 
The Table 13-3 below provides a detailed summary of the segmentation of the NETHERLANDS Sector route 
based on Shallow Geology, with the depth of interest being the Target Trench Depth (TTD) profile (see red 
line in Figure 13-3, with the orange line representing the TDOL profile). 
 
The TTD profile has been established by adding 0.4m to the Target Depth of Lowering (TDOL) profile, 
outputted from the CBRA. The addition of 0.4m accounts for the assumed bundled cable diameter of 0.2m 
and an additional safety margin of 0.2m. 








































































































































