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which they then extend to the end of the route at KP700. While these may indicate some levels of sediment 
movement it is not thought that these minor bedforms will have an impact on the cable installation or operability. 

Mega Ripples are also observed intermittently throughout the corridor, between KP108 & KP190 and then 
between KP669 and KP700. These are slightly larger than ripples and have a wave length of 15-50m and height 
1-3m so may pose a risk to an installed cable within its lifetime. 

Sandwaves present within the route corridor and are first observed between KP78 and KP 80. These have been 
interpreted by MMT to have a wave length 50-200m and height of >3 m. Sandwaves are next present at KP 106 
and remain as intermittent features until KP294. They do not appear again until between KP673 and KP700. 

For the purposes of burial targets (RMDOL & TDOL) all depths are to be measured against trough depth and after 
any required route engineering has been undertaken to flatten mobile sediments.  

Fishing Risk 
The entire route is within water depth range in which mobile gear fishing could take place, thus we recommend 
the cable is given sufficient protection from potential fishing gear interaction along the entire route. 

The Carbon Trust’ guidance (ref 12) indicates that penetration of fishing gear into the seabed is limited to a 
maximum of 0.3 m penetration even in soft sediment based on previous literature research. Adding a 20% Factor 
of Safety (FoS) to account for measurement errors and deformation of soil beneath fishing gear gives a RMDOL 
of 0.36m for fishing risk alone. 

In practice a DOL < 0.5m is not advisable due to the instability of some trenching tools at these depths. Therefore, 
TDOL would be >0.5m if based on fishing risk only. 

Anchoring Risk 
Vessel Automatic Identification System (AIS) data has been used to determine the size and quantity of vessels 
which operate in the vicinity of the cable route. Vessels are grouped into size categories based on their 
deadweight tonnage (DWT) from Band A (0-100 DWT) to Band K (325K-460K DWT) and an appropriate associated 
anchor size is assigned to each band. Analysis of this data determines the probability of anchor-cable interactions 
for each vessel banding and thus the size of anchor which must be protected against in order to reduce risk to 
the cable to ALARP. 

Assessment of the anchor risk strike for a surface laid cable demonstrated an unacceptable level of risk to the 
cable (failure probability of 97.75% over the lifetime of the cable) and thus there is a requirement to protect the 
cable against anchors interaction. 

Anchoring risk exceeds fishing risk in in all zones of the route and thus determines RMDOL (except for zones in 
Germany where the legislative DOL requirements exceed the minimum DOL calculated by the probabilistic 
assessment). DOL has been calculated for protection against the anchor size associated with each vessel band in 
each cable route zone. Following this, the RMDOL has been selected for each individual zone in order that the 
overall risk to the cable over the project lifetime is reduced to ALARP.  This varies from 0.55-2.00m. The full 
results by zone are provided in Appendix E.  As can be seen if RMDOL is achieved during installation (and 
maintained throughout the project life) then the NeuConnect cable would have an annual failure probability of 
9.00E-04.  This equates to a return period of 1111.27 years and a failure probability over the (40 year) lifetime of 
3.54%. 

Conclusions and recommendations 
TDOL is determined as what can reasonably be added to RMDOL without incurring a step change in costs and 
which represents a practical target for burial tools on the market. 

TDOL has been set at 1.5m for the vast majority of the route and varies up to a maximum TDOL of 2m in some 
zones due either to anchor risk or legislative requirements. The DOL specification by cable route zone are 
provided in Appendix E.  As can be seen if TDOL is achieved during installation (and maintained throughout the 
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project life) then the NeuConnect cable would have an annual failure probability of 5.37E-04.  This equates to a 
return period of 1863.84 years and a failure probability over the (40 year) lifetime of 2.12%. 
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Cone Penetration Test 
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Figure 1-1 Burial Risk Assessment method flowchart in line with Carbon Trust CTC835 
guideline 

 
 

1.3 Purpose of report 
The purpose of this report is to identify any potential areas where activities, such as shipping and 
fishing, may pose a risk to the integrity of the installed cable. In the probabilistic risk assessment of 
anchoring risk, probability is measured as a ratio of the favourable cases to the whole number of cases 
possible. An event that would occur with certainty has a probability of 1.  

Assumptions used are considered conservative and ‘realistic worst case’ which produces higher 
probabilities than would likely be the case. This enables the route and installation methods to be 
considered with a higher margin of safety. 

1.4 Definition of trenching parameter 
Intertek has used the Carbon Trust’s definition of DOL for this study. This is illustrated in Figure 1-2. 

Cable Routeing (Chapter 2)

Collation of Data & Suitability Review (Chapter 3)

Assessment of Seabed Conditions (Chapter 4)

Hazard Identification and Assessment (Chapter 5)

Probabilistic Risk Assessment (Chapter 6)

Quantification of Recommended and Target Depth of Lowering (Chapter 7)
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Figure 1-2 Definition of Burial Terms used in Report 

 
 

Recommended Minimum Depth of Lowering (RMDOL) 
This is the minimum DOL recommended for protection from the external threats, it is the direct output 
of the populistic risk assessment and includes a factor of safety (FoS).  

Target Depth of Lowering (TDOL) 
This is the depth that will be specified as the target depth to the cable installation contractor. TDOL is 
a depth which makes best use of what is achievable by industry standard burial tools to gain additional 
depth beyond RMDOL without incurring a step change in costs.  Target DOL is also a practical 
application of depth which considers the effect burial depth has on tool stability. 

Target Trench Depth 
This is the trench depth cable installation contractors determine is required to meet TDOL. This is 
driven by cable properties and the selected trenching tool and is usually the diameter of the cable plus 
between 0.1 m and 0.4 m beyond the TDOL.  

Depth of Cover  
The thickness of material on top of the cable after trenching. It is not normally required for cable 
protection; however, it may be required by some consenting authorities. 

1.5 Relevant Data 
Data obtained from the Geophysical & Geotechnical campaigns and other relevant data sources are 
presented in Table 1-1 below. 

Table 1-1 Provided Survey Data 

Data Type Name Information 

Survey 
Bathymetry 
(Ref1) 

MMT_553_NEU_WGS84_UTM31_DTU10
_LAT_DTM_1m_DTM 

1m resolution bathymetry over a 500m survey corridor in 
UTM31 

MMT_553_NEU_WGS84_UTM32_DTU10
_LAT_DTM_1m_DTM 

1m resolution bathymetry over a 500m survey corridor in 
UTM32 
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Data Type Name Information 

MMT_553_NEU_WGS84_UTM31_DTU10
_LAT_DTM_1m_DTM_Slope 

Slope in degrees of the seafloor over a 500m survey corridor 
in UTM31 

MMT_553_NEU_WGS84_UTM32_DTU10
_LAT_DTM_1m_DTM_Slope 

Slope in degrees of the seafloor over a 500m survey corridor 
in UTM31 

Bathymetry Contours obtained from 
Geophysical survey 

1m and 5m bathymetry contours over the extent of the 
survey corrido 

Open Source 
Bathymetry 

BSH Aurfmod Bathymetry (Ref 2) German nearshore bathymetry available annually from 1982 
to 2016. 50m resolution from coastline to a depth of 20m 

EMODnet Bathymetry (Ref 3 

EMODnet Digital Terrain Model (DTM) is generated for 
European sea regions from selected bathy survey data sets 
(1975 to 2013 using SBES & MBES) and composite DTMs, 
while gaps with no data coverage are completed by 
integrating the GEBCO Digital Bathymetry. 200m Resolution 

AIS Data (Ref 4) Intertek_Area_of_Interest_201708_to_2
01807 

5-minute time series data of shipping activities in 2017 (12 
months of data) +/- 30km either side of the Issue 5 
NeuConnect cable route provided by Oceaneering 
International Inc (ref 5) 

Crossings (ref 5) As found Pipeline/Cable data As found XY locations and depth of burial for cables and 
pipelines along the cable route +/- 250m of the centreline 

Contacts (Ref 6) SSS contacts & Mag contacts Seafloor Contacts and Magnetometer anomalies found within 
the 500m survey corridor 

Seabed 
Sediments (Ref 7) Seabed Classification Seabed surficial polygon of classified geology interpreted 

from SSS and correlated with MBES/SBP 

Geology (Ref 8) Shallow Geological Isopach 
Shallow geological isopach interpreted from sub-bottom 
profiler data and correlated with side scan sonar imagery and 
bathymetric digital terrain model data 

Geotechnical 
Samples (Ref 8) 

Vibrocore, Cone Penetrometer Tests and 
grab sample logs 

Geotechnical sample logs from Vibrocore (VC), Cone 
Penetration Test (CPT) and Grab Sample (GS) 

Geotechnical 
Results report 
(Ref 9) 

102553-NEU-MMT-SUR-REP-GEOTECH-
02 Results of the Geotechnical campaign 

Geophysical 
Results reports 
(Ref 10) 

102553-NEU-MMT-SUR-REP-OPERFR-02 Results of the Geophysical campaign 

Admiralty Charts 
(Ref 11) MarineFind 

Navigation charts over the study area obtained from 
http://wmsgateway.findmaps.co.uk/wms/IntertecMetocChar
ts 

Limitations 
This document uses the information obtained from the geophysical and geotechnical campaigns 
carried out by MMT in 2018 and AIS data purchased from Oceaneering. Please note that no 
geotechnical operations were carried out in the last 50km of the route in German waters (Block 15) 
due to permitting issues therefore no VC’s or CPT’s were acquired in this area. This CBRA is based on 
MMT’s survey results highlighted in Table 1-1 and the geophysical and geotechnical reports (ref 10). 
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Figure 3-1: Typical Slopes
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Figure 3-2: Bathymetry Overview KP0-KP350
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Figure 3-3: Bathymetry Overview KP350-KP700.58
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3.2 Geophysical data 
Side scan sonar (SSS) data has been used for interpretation of surficial geology, identification of seabed 
features, and to select contacts. Sediment classes distinguished from SSS imagery are correlated with 
grab sample, vibrocore (VC) and cone penetration test (CPT) results. Topographical features identified 
from SSS records have been correlated with bathymetric digital terrain models processed from the 
bathymetric sounds acquired using the multibeam echo sounder (MBES). Shallow geology 
interpretations are based on sub-bottom profiler (SBP) data correlated with the geotechnical sampling 
results. SSS and MBES data is also used to corroborate the SBP interpretation in the uppermost layers. 

Magnetometer records collected during the survey are used to identify cables/pipelines and ferrous 
objects on the seafloor within the survey corridor. Note that due to line spacing this does not 
constitute an unexploded ordnance (UXO) survey. 

3.2.1 Geophysical Survey (Blocks 1-15) 

Bathymetric soundings were of a good quality throughout. Halocline and sound velocity artefacts were 
present on occasion in Blocks 8, 9 and 10 and infill lines were acquired where necessary. 

Side scan sonar imagery proved to be fit for purpose, yielding detection of objects as small as 0.5 m in 
the outer ranges of the low frequency (LF) data. Shallow depths and strong tidal currents resulted in 
data of reduced quality over the shallower banks in Block 02. In Blocks 7, 9 and 10 environmental 
noise, caused by thermocline/halocline, was observed on some of the acquired lines. Appropriate infill 
was acquired in order to achieve 200 % coverage, excluding the outermost survey lines. Some reruns 
were required due to weather and environmentally affected data in Block 13. 

The overall quality of the sub bottom profiler (SBP) data were good. Penetration on the Chirp varied 
from 10 m to 16 m. Penetration on the Sparker varied from 18 m to 30 m in places. Greater signal 
attenuation was observed when thick layers of surficial sand were present. Where sediments were 
more granular in nature the Sparker data was used for interpretation to ensure sufficient penetration. 

Magnetometer data were of good quality throughout. 

3.2.2 Seabed Sediment Classification 

The interpretation of surficial sediment types was derived from the acoustic character of the high 
frequency SSS data, and the interpretations aided by MBES bathymetric 3D surfaces and SBP data. 
During the review of the SSS survey data, higher intensity sonar returns (darker grey to black colours) 
were interpreted as relatively coarser grained sediments, and lower intensity sonar returns (lighter 
grey colours) were interpreted as relatively finer grained sediments. Bathymetric data was used to 
correct the interpretation for the effects of seabed slope on sonar returns. In addition, drop down 
video (DDV) images from the benthic sampling and video transects together with logs from the 
geotechnical sampling were used to verify any interpretations made. 

Seabed Sediment Classifications are as follows: 

Table 3-1 Seabed Sediment Classification 

Acoustic description Interpretation 

Low acoustic reflectivity.  
No texture.  

CLAY  
May contain silt, sand and/or gravel.  

Low to medium acoustic reflectivity. Slightly grainy 
texture.  Sandy CLAY  

Medium acoustic reflectivity. Grainy texture.  Gravelly CLAY  
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Acoustic description Interpretation 

Low to medium acoustic reflectivity. Slightly grainy 
to grainy texture with point source reflectors. 

SILT 
Predominantly silt, may have minor fractions of clay, 
sand and/or gravel. 

Medium acoustic reflectivity, slightly grainy texture. 
SAND 
Predominantly sand, may have minor fractions of 
clay, silt and/or gravel. 

Medium acoustic reflectivity, slightly grainy texture. Clayey SAND 

Medium to high acoustic reflectivity. Slightly grainy 
to grainy texture, coarse texture in places. 

Gravelly SAND to sandy GRAVEL 
The ratio between SAND and GRAVEL can vary 
within this sediment type. 

High acoustic reflectivity. 
Grainy to coarse texture. 

Clayey GRAVEL 

High acoustic reflectivity. 
Grainy to coarse texture. 

GRAVEL 
Predominantly gravel, may have minor fractions of 
clay, silt and/or sand. 

 

Seabed Feature Classifications are as follows: 

Table 3-2 Seabed Feature Classification 

Interpreted Seabed Feature Criteria1 

Ripples 
Wave length <15 m  
Height <1.0 m 

Megaripples  
Wave length 15-50 m  
Height 1-3 m  

Sandwaves  Wave length 50-200 m, Height >3 m  

Boulder Field  
Occasional boulders  
All >0.5 m  

Concentration of 5 to 20 boulders within a maximum 
area of 100 x 100 m  

Boulder Field  
Numerous boulders  
All >0.5 m  

Concentration of >20 boulders within a maximum 
area of 100 x 100 m  

Trawl Mark Area  Concentration of numerous trawl marks 

Current Lineation  Current lineation  

Marine growth  Marine Growth (Potential Annex 1 habitat)  

Relict gas/fluid seepage features  Relict gas/fluid seepage features  

Eroded Depressions  Eroded Depressions  

Anthropogenic  Man-made  

Dredging activity  Dredging activity 

                                                                 
1 Note, there is no standard for bedform descriptions.  Criteria presented in Table 3-2 are as defined 
by route survey contractor MMT.  Alternative criteria are also common. 
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Measured cone end resistance, sleeve friction and dynamic porewater pressure was recorded at 2cm 
intervals of penetration. 

3.3.3 Suitability of data 

Each VC and CPT log are clearly presented in an annex to the Geotechnical report (Ref 9) and provided 
the relevant geological information at each location. 

Within the Geotechnical report (Ref 9) a scale has been derived for the seabed conditions.  We have 
used this to define ‘route sections’, based on similarities between the CPT/VC results. The scale is 
called the Seabed Index (SI) and can be viewed as a semi-quantitative scale in respect of the 
encountered ground conditions, and to some respect, the likely difficulties for engineering activities 
in the investigated depth below seabed level. The Seabed Index values provided are based on the 
geological and geotechnical characteristics of the encountered material at a depth of 1.50m.  The 
seabed index is not, however, a suitable categorisation for a CBRA.  This is because it only provides a 
classification at one specific depth (i.e. 1.5m) and review of the VC and CPT show that the soil type 
and properties vary significantly above and below this single point.  As a result we have re-assessed 
the seabed classification using the CPTs and VC information directly – see Section 4. 

3.4 AIS shipping data 
AIS (Automatic Identification System) is an automatic tracking system used on ships for identifying and 
locating vessels by electronically exchanging data with other nearby ships and AIS base stations and 
satellites. The International Maritime Organisation (IMO) requires AIS to be fitted aboard international 
voyaging ships with gross tonnage of 300 or more tons, and all passenger ships regardless of size. This 
would cover almost all commercial vessels and most private vessels that would be of risk to the cable; 
however, some smaller fishing vessels could be missing from the AIS dataset. 

Information provided by the AIS equipment usually consists of unique identification number for each 
vessel, vessel name, vessel type, vessel position, course and speed. Other attributes like vessel 
deadweight tonnage and draught may be completed by the AIS supplier. 

To quantify the anchoring risk to the cable, Intertek procured historical AIS data along the NeuConnect 
cable route for the period of August 2017 to July 2018 (inclusive) (ref 4) from Oceaneering for a study 
area of approximatively 30km wide either side of the cable route. This wide study area allows a clear 
insight into vessel movements by vessel type/size in the surrounding geography. 

The NeuConnect route crosses several areas of high vessel traffic which are associated with shipping 
lanes. Where possible, the cable crosses perpendicular to these lanes, minimising the risks of 
encountering traffic during survey, installation and any operations and maintenance campaigns. These 
lanes are at approximately the following KPs: KP86; KP190; KP205; KP338, KP378; KP424; KP436; 
KP611; KP622 and KP 698. These are highlighted on Figures 3-4 to 3-7. 

Vessel density increased closer to land as shipping routes condense to ports and harbours. In the UK 
nearshore area, between KP0 and KP20 the route travels in a westerly direction and is constrained 
between a shipping channel associated with the port of London and the BritNed Cable. This can clearly 
be seen on the AIS data before the route turns into a North Easterly direction. There are a number of 
additional areas separate from the linear shipping lanes with increased vessel density which can be 
correlated with offshore windfarms and the associated windfarm maintenance vessels. This can be 
seen again in German waters, where there is a clear correlation between the windfarms and vessel 
density. Vessel density increases again in the approach to the German landfall.  
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4. ASSESSMENT OF SEABED CONDITIONS 
This section presents the breakdown of the NeuConnect cable routes based on distinct seabed 
conditions based on our review of the available geotechnical and regional geological data.  

In the MMT geotechnical report (ref. 9), complete descriptions of CPT and VC samples at each location 
are provided. A further level of description is provided by applying a “Seabed Index” classification to 
each complete sample, reproduced from the MMT report in Table 4-1 below. This classification is 
applied at 1.5m depth.  

As discussed in Section 3.3, the seabed index is not a suitable categorisation for a CBRA because it only 
provides a classification at one specific depth (i.e. 1.5m) and review of the VC and CPT show that the 
soil type and properties vary significantly above and below this single point.  As a result, we have re-
assessed the seabed classification using the CPTs and VC information directly.  The results of this 
analysis are provided in Appendix A. 

Table 4-1 Summary of the Seabed Index (SI) scale 

SI Typical Seabed Sediment 

1 Shallow Bedrock (<1.00m) 

2 Bedrock / Obstruction (>1.00m) 

3 Very dense granular, very to extremely high strength cohesive 

4 Medium to high strength cohesive 

5 Dense granular 

6 Medium dense granular 

7 Loose granular, low to medium strength cohesive 

8 Very loose granular, low strength cohesive 

9 Very low strength sandy cohesive 

10 Extremely low strength cohesive 
 

Table 4-2 Interpreted Undrained Shear Strength Parameter and classification 

Descriptive term Shear Strength Range (kPa) 

extremely low <10 

very low 10 to 20 

low 20 to 40 

medium 40 to 75 

high 75 to 150 

very high 150 to 300 
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Table 4-3 Interpreted Relative Density Parameter and classification 

Descriptive Term (Relative Density) Cone Resistance Range (MPa) 

very loose <2.5 

loose 2.5 to 5 

medium dense 5 to 10 

dense 10 to 20 

very dense >20 
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5. RISK IDENTIFICATION AND ASSESSMENT 
To specify an appropriate DOL for the Greenlink cable, Intertek conducted a risk identification and 
assessment considering both the likelihood and severity of all external threat to the cable.  

Risks that pose a threat to installed marine cables can be classified as either Natural or Anthropogenic 
risks. The following sections describe the most common risks affecting marine cables. 

The completed Risk Register is provided in Appendix B. 

5.1 Natural hazards 

5.1.1 Sediment Mobility 

Sediment mobility in itself does not pose a threat to a submarine cable but it can lead to issues with 
the thermal conductivity of cables (over burial), and exposure of cables (scour); burial under excess 
sand can change the thermal properties of the soil and cause hotspots along the cable, while exposure 
increases the risk of damage due to external aggressors such as trawling and anchoring and potentially 
mechanical damage from free spans. 

There are several areas within the NeuConnect 500m corridor where there are bedforms present 
which could be mobile.  

The first indication of mobile bedforms can be observed at KP11. These have been interpreted by MMT 
as ripples and have a wave length of <15m and height <1.0 m. Ripples are observed intermittently 
throughout the route where they terminate at KP304 and do not appear again until KP620 and extent 
to the end of the route at KP700. While these may indicate some levels of sediment movement it is 
not thought that these minor bedforms will have an impact on the cable installation or operability. 

Mega Ripples are also observed intermittently throughout the corridor, between KP108 & KP190 and 
then between KP669 and KP700. These are slightly larger than ripples and have a wavelength of 15-
50m and height 1-3m so may pose a risk to an installed cable within its lifetime. 

Sandwaves are present within the route corridor and are first observed between KP78 and KP 80. 
These have been interpreted by MMT to have a wavelength 50-200m and height of >3 m. Sandwaves 
are next present at KP 106 and remain as intermittent features until KP294. They do not appear again 
until between KP673 and KP700. 

For further details of mobile features interpreted along the NeuConnect corridor please see MMT’s 
Geophysical Report (Ref 10). 

For the purposes of burial targets (RMDOL & TDOL) all depths are to be measured against trough depth 
and after any required route engineering has been undertaken to flatten mobile sediments.  

5.1.2 Other geohazards  

Earthquakes, volcanic eruptions, landslides, slumps and turbidity flows, could have a devastating 
effect on a subsea cable within its operational lifespan. Generally, these hazards are associated with 
areas that are tectonically active or are located on or near a continental slope or rise. The NeuConnect 
route resides in an area that is tectonically stable and away from a continental shelf/plate boundary; 
therefore, is it not expected that any significant hazards of this nature present on the route. No areas 
of unstable sediment were encountered along the NeuConnect route. 
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Figure 5-4 Bathymetry profile overview – NeuConnect cable route 
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Figure 6-1: Route Zones - KP 0 to 250
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Figure 6-2: Route Zones - KP 250 to 500
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Figure 6-3: Route Zones - KP 500 to 700.58
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K - Total number of ship hours in sample box 
This can be obtained by interrogating the historical AIS data. The AIS data has readings every 5 
minutes.  

Each Zone of Interest is split into a grid of 1km square boxes and the vessel intensities for each vessel 
class is calculated for each 1km square box from the AIS data. 

The cable route length is then divided into sample boxes. A sample box is defined as a 1 km long box, 
parallel with the route of width equal to the anchor drag distance (assumed to be 60m).  

The vessel intensities used for each sample box are defined as the P90 vessel intensity for each 
vessel/anchor bands from the buffer (i.e. the vessel intensities for which 90% of the 1km square boxes 
have lower intensity per band) multiplied by the drag distance(m)/1000m. 

Ploss - Probability of engine failure 

This is taken from a report compiled by DNV (Det Norske Veritas) for the Marine & Coastguard Agency 
(ref 26) for coastal waters around the UK. The value used in the calculations is 0.00015 / hr (equivalent 
to an average of 1.3 / yr of continuous vessel operation). In general, this figure is probably somewhat 
conservative. 

Pdeploy - Probability of anchor operation:  
The anchor will not be dropped in every emergency situation. This depends on the local geography, 
local bathymetry and the Vessel Master’s knowledge.  

Table 6-2 provides the Pdeploy factors which have been applied in this CBRA. 

Table 6-2 Definition of Pdeploy  

Scenario 
Pdeploy 

Band 
A 

Band 
B 

Band 
C 

Band 
D 

Band 
E 

Band 
F 

Band 
G 

Band 
H 

Band 
I 

Band 
J 

Band 
K 

Water depth 
between 0 
and 30m 
(under 
pilotage3) 

0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Water depth 
between 0 and 
30m 

0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

Water depth 
between 30 
and 50m 

0.05 0.05 0.05 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Water depth 
between 50 
and 75m 

0 0 0.025 0.025 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

Pfa - Protection factor 
This considers the protection offered by soil cover. Pfa is a combination between the anchor 
penetration depth in different soil condition and the actual cable DOL and is either 0 or 1. If the cable 
DOL is equal to or greater than the maximum anchor penetration depth (including Factor of Safety) 
for a given anchor size then Pfa equals to 0 for that anchor size. Conversely, if cable DOL is less than 

                                                                 
3 Zone 1 and Zone 2 are defined as under pilotage. 
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6.4.1 Vessel size distribution 
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6.4.2 Results for Recommended Minimum DOL 

A RMDOL was derived on a zone basis to remove the risk from anchoring from the selected vessel 
band in order to achieve an overall acceptable risk. The tables below present the RMDOL and 
associated annual failure probability for the following 6 scenarios: 

1. Scenario 1: Protection against vessels in Band A 

2. Scenario 2: Protection against vessels in Bands A to B 

3. Scenario 3: Protection against vessels in Bands A to C 

4. Scenario 4: Protection against vessels in Bands A to D 

5. Scenario 5: Protection against vessels in Bands A to E 

6. Scenario 6: Protection against vessels in Bands A to F 

7. Scenario 7: Protection against vessels in Bands A to G 

8. Scenario 8: Protection against vessels in Band A to H 

9. Scenario 9: Protection against vessels in Bands A to I 

10. Scenario 10: Protection against vessels in Bands A to J 

11. Scenario 11: Protection against vessels in Bands A to K 

12. Scenario 12: Selected Protection Section by Section (RMDOL) 

Anchoring risk exceeds fishing risk in in all zones of the route and thus determines RMDOL (except for 
zones in Germany where the legislative DOL requirements exceed the minimum DOL calculated by the 
probabilistic assessment). RMDOL has been selected for each individual zone in order that the overall 
risk to the cable over the project lifetime is reduced to ALARP.  RMODOL varies from 0.55-2.00m along 
the length of the route.  

The full results of the above assessment by zone are provided in Appendix E4.  As can be seen if RMDOL 
is achieved during installation (and maintained throughout the project life) then the NeuConnect cable 
would have an annual failure probability of 9.00E-04.  This equates to a return period of 1111.27 years 
and a failure probability over the (40 year) lifetime of 3.54%. 

6.4.3 Results for Target DoL  

TDOL is determined as what can reasonably be added to RMDOL without incurring a step change in 
costs and which represents a practical target for burial tools on the market. 

TDOL has been set at 1.5m for the vast majority of the route and varies up to a maximum TDOL of 2m 
in some zones due either to anchor risk or legislative requirements. The DOL specification by cable 
route zone are provided in Appendix E.  As can be seen if TDOL is achieved during installation (and 
maintained throughout the project life) then the NeuConnect cable would have an annual failure 
probability of 5.37E-04.  This equates to a return period of 1863.84 years and a failure probability over 
the (40 year) lifetime of 2.12% .  

  

                                                                 
4 Note, the failure probability is as calculated for identified hazards only and is based on the 
assumptions detailed in this report.  It does not account for manufacturing defects or latent damage 
to the asset incurred during installation.  Furthermore, the values provided are predicated on DOL 
being maintained throughout the lifetime of the asset.  A robust condition survey regime is required 
during the asset’s operational lifetime to ensure protection levels remain sufficient. 
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8. CONCLUSION AND RECOMMENDATIONS 
The cable burial risk assessment has shown that the following hazards are present along the 
NeuConnect cable route. The main areas of concern are explained below: 

Sediment Mobility 
Sediment mobility in itself does not pose a threat to a submarine cable but it can lead to issues with 
the thermal conductivity of cables (over burial), and exposure of cables (scour); burial under excess 
sand can change the thermal properties of the soil and cause hotspots along the cable, while exposure 
increases the risk of damage due to external aggressors such as trawling and anchoring and potentially 
mechanical damage from free spans. 

There are a number of areas within the NeuConnect 500m corridor where there are bedforms present 
which could be mobile.  

The first indication of mobile bedforms can be observed at KP11. These have been interpreted by the 
route survey contractor, MMT, as ripples and have a wave length of <15m and height <1.0 m. Ripples 
are observed intermittently throughout the route where they terminate at KP304 and do not appear 
again until KP620 from which they then extend to the end of the route at KP700. While these may 
indicate some levels of sediment movement it is not thought that these minor bedforms will have an 
impact on the cable installation or operability. 

Mega Ripples are also observed intermittently throughout the corridor, between KP108 & KP190 and 
then between KP669 and KP700. These are slightly larger than ripples and have a wave length of 15-
50m and height 1-3m so may pose a risk to an installed cable within its lifetime. 

Sandwaves present within the route corridor and are first observed between KP78 and KP 80. These 
have been interpreted by MMT to have a wave length 50-200m and height of >3 m. Sandwaves are 
next present at KP 106 and remain as intermittent features until KP294. They do not appear again until 
between KP673 and KP700. 

For the purposes of burial targets (RMDOL & TDOL) all depths are to be measured against trough depth 
and after any required route engineering has been undertaken to flatten mobile sediments.  

Fishing Risk 
The entire route is within water depth range in which mobile gear fishing could take place, thus we 
recommend the cable is given sufficient protection from potential fishing gear interaction along the 
entire route. 

The Carbon Trust’ guidance (ref 12) indicates that penetration of fishing gear into the seabed is limited 
to a maximum of 0.3 m penetration even in soft sediment based on previous literature research. 
Adding a 20% Factor of Safety (FoS) to account for measurement errors and deformation of soil 
beneath fishing gear gives a RMDOL of 0.36m for fishing risk alone. 

In practice a DOL < 0.5m is not advisable due to the instability of some trenching tools at these depths. 
Therefore, TDOL would be >0.5m if based on fishing risk only. 

Anchoring Risk 
Vessel Automatic Identification System (AIS) data has been used to determine the size and quantity of 
vessels which operate in the vicinity of the cable route. Vessels are grouped into size categories based 
on their deadweight tonnage (DWT) from Band A (0-100 DWT) to Band K (325K-460K DWT) and an 
appropriate associated anchor size is assigned to each band. Analysis of this data determines the 
probability of anchor-cable interactions for each vessel banding and thus the size of anchor which 
must be protected against in order to reduce risk to the cable to ALARP. 
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Assessment of the anchor risk strike for a surface laid cable demonstrated an unacceptable level of 
risk to the cable (failure probability of 97.75% over the lifetime of the cable) and thus there is a 
requirement to protect the cable against anchors interaction. 

Anchoring risk exceeds fishing risk in in all zones of the route and thus determines RMDOL (except for 
zones in Germany where the legislative DOL requirements exceed the minimum DOL calculated by the 
probabilistic assessment). DOL has been calculated for protection against the anchor size associated 
with each vessel band in each cable route zone. Following this, the RMDOL has been selected for each 
individual zone in order that the overall risk to the cable over the project lifetime is reduced to ALARP.  
This varies from 0.55-2.00m. The full results by zone are provided in Appendix E.  As can be seen if 
RMDOL is achieved during installation (and maintained throughout the project life) then the 
NeuConnect cable would have an annual failure probability of 9.00E-04.  This equates to a return 
period of 1111.27 years and a failure probability over the (40 year) lifetime of 3.54%. 

Conclusions and recommendations 
TDOL is determined as what can reasonably be added to RMDOL without incurring a step change in 
costs and which represents a practical target for burial tools on the market. 

TDOL has been set at 1.5m for the vast majority of the route and varies up to a maximum TDOL of 2m 
in some zones due either to anchor risk or legislative requirements. The DOL specification by cable 
route zone are provided in Appendix E.  As can be seen if TDOL is achieved during installation (and 
maintained throughout the project life) then the NeuConnect cable would have an annual failure 
probability of 5.37E-04.  This equates to a return period of 1863.84 years and a failure probability over 
the (40 year) lifetime of 2.12%.  
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1 MMT Survey Data: Bathymetry  

2 BSH Aurfmod Bathymetry 

3 EMODNet (200m resolution), 
http://portal.emodnetbathymetry.eu/ 

4 AIS data. Oceaneering 

5 MMT Survey Data: Contacts 

6 MMT Survey Data: Seabed Sediments 

7 MMT Survey Data: Geology 

8 MMT Geotechnical Samples 

9 MMT Geotechnical Report and VC & CPT logs, 
102553-NEU-MMT-SUR-REP-GEOTECH-02 

10 MMT Geophysical Report and Survey Results, 
102553-NEU-MMT-SUR-REP-OPERFR-02 

11 Admiralty charts, 
http://wmsgateway.findmaps.co.uk/wms/IntertecMe
tocCharts? 

12 Risk assessment of pipeline protection, 
DNV_RP_F107 

13 Guidance for the Preparation of Cable Burial Depth 
of Lowering Specification, Carbon Trust CTC835 

14 Anchor Tests German Bight, Deltares 

15 Vessel DWT, https://www.marinetraffic.com/ 

16 Anchor catalogue, 
http://www.sotra.net/catalogue/2016/index.html 

17 Marine & Coastguard Agency, DNV 2005 
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