
Cathie Associates Ltd  

Collingwood Buildings  

38 Collingwood Street  

Newcastle upon Tyne  

NE1 1JF 

United Kingdom  

 Tel: +44 191 269 6920 

 

 

 

www.cathie -associates.com  

 

 

 

 

 

 

 

 

 

 

 

NorthConnect  

 

Cable Burial Risk Assessment  

 

 

CA Report No.: C831R01 - 04 

18/05/18  

 



NorthConnect  

Cable Burial Risk Assessment  

C831R01  Issue 04  

Page i of vi  

 

18/05/18  

 

 

DOCUMENT CONTROL 

 

  

Project Title     : NorthConnect  

Report Title     : Cable Burial Risk Assessment  

CA Client Name  :  

: 

NorthConnect KS  

 

Client Ref.    : Client reference  

Document Ref.  :  C831R01 

Issue                : 04  

Date                 : 18/05/18  

Issue Status   : Final  

 

Revision History  Date  Author  Reviewed  Approved  

01 Draft  06/ 11/17  PTH EJO JIR 

02 For Comment  15/03/18  PTH DHI EJO 

03 For Comment  04/05/18  PTH EJO RCO 

04 Final 18/05/18  PTH EJO RCO 

 

Project team  

PTH Peter Thompson  Project Engineer I  

EJO Ed Jones  Senior Engineer  

JIR Jamie Irvine  Senior Engineer  

DHI David Higgs  Senior Project Engineer  

RCO Robin Comrie  UK Director  

 



NorthConnect  

Cable Burial Risk Assessment  

C831R01  Issue 04  

Page ii of vi  

 

18/05/18  

 

 

SUMMARY 

 
NorthConnect is a project set up to develop, consent, build, own and operate an HVDC  

electrical interconnector between Peterhead in Scotland and Simadalen in Norway. The 

665km long, 1400MW interconnector will provide an electricity transmission link allowing the 

two nations to exchange power and increase use of renewable energy.  The intention is for 

the HVDC interconnector to be operational by 2023.   

Under instruction from the Client , Cathie Associates has undertaken a Cable Burial Risk 

Assessment (CBRA) for the subsea cable route corridor  from Boddam, Peterhead to 

Simadalen at the head of Hardangerfjord . This report presents the results of the CBRA for  the 

complete subsea cable route corridor  based upon the best industry practice as documented 

by the Carbon Trust CBRA Guidance and DNV guid elines.  

The shallow geology of the survey corridor varies considerably across the entire route length: 

from loose to dense sands and  extremely low to high strength clays; through to gravels, glacial 

Tills, boulder areas and outcropping bedrock.  

The North Sea section mainly comprises of sands and lower strength clays. However, g lacial 

Tills are expected to be subcropping at varying depth within the surveyed corridor between 

KP 1.35 and KP  5.1 in the UK nearshore , with some  localised  bedrock outcrops . High strength 

clays are also found within the first 5km of the UK landfall , generally overlying the Till, and in 

localised areas of the eastern slope of the Norwegian Trench (KP 447.5 to  KP 456.2). Boulders 

are common within the first 62.5km of the route and wit hin the Fjord.  

Localised bedrock outcrops are noted on the approach to the Norwegian coastline, in 

particular between KP 470 and KP 474, and within the Hardangerfjord. Bedrock/Till is 

interpreted periodically in raised areas across the width of the Hardang erfjord. These may 

represent terminal moraine features;  however the presence of bedrock has not  been  ruled 

out by the survey contractor.  In the bottom  of the  Fjord, the sides of which are steep and 

rocky,  clays of very low to extremely low strength are found. In many areas, these sediments 

are interpreted as being mass -transport deposits. Historic slip-scarp features occur  regularly  

perpendicular to the Fjord length .  

A HAZID workshop was conducted between Cathie Associates and NorthConnect KS . The 

outcome of this workshop was a set of hazard considerations to progress forward into this 

CBRA.  Through the undertaking of the  risk assessment, the most onerous hazards to the cable s 

were identified as;  

ü Anchors from transiting vessels (Dropped in emergency circumstances)  

ü Fishing gear seabed interaction (Trawling, potting)  

ü Rock fall / Landslides (Fjord section)  

ü Submarine Slope Failures (Fjord section)  

As agreed with NorthConnect KS  a quantitative approach h as been undertaken to 

understand the level of protection offered against anchoring by a range of burial depths as 

presented in Appendix B and discussed in detail in Appendix D. Maximum threatline depths 
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have also been determined for the other main hazards identified , and recommended 

minimum depths of lowering are proposed to mitigate these hazards as detailed in the CBRA 

table in  Appendix B . 

It should be noted that the Cable Burial Risk Assessment only considers hazards anticipated 

during the operational lifespan of the cable  (and not during installation) . The findings of this 

assessment have been used  to inform a separate Cable Protection Analysis Report, which 

cove rs installation risks to the subsea cables.  
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1. INTRODUCTION 

1.1 Background  

NorthConnect is a project set up to develop, consent, build, own and operate an HVDC 

electrical interconnector between Peterhead in Scotland and Sima dalen  in Norway. The 

665km long, 1400MW interconnector will provide an electricity transmission link allowing the two 

nations to exchange power and increase use of renewable energy.  The intention is for the 

HVDC interconnecto r to be operational by 2023.  

NorthConnect  KS is a Joint Venture (JV) project company owned by four community and state -

owned p artners from Norway and Sweden: Agder Energi AS, E -CO Energi AS, Lyse Produksjon 

AS, and Vattenfall AB. The partnership was established on 1st February 2011.  

A 550m corridor has been surveyed by MMT  and the cable routes will be optimised within this 

corrid or based on the results of the survey . Within the UK 12NM limit , a 60m wide òConceptual 

Installation Corridoró will be defined for the purposes of environmental consenting.  

Under instruction from the Client , Cathie Associates has undertaken a Cable Burial Risk 

Assessment (CBRA) for the complete route from Long Haven Bay, Peterhead to Simadalen, 

Handangerfjord . The findings of this assessment  (cable risk threat lines and other seabed 

features)  will be used to inform  protection levels  and a  separate Cable Protection Analysis 

Report.  The Cable Protection Analysis Report  (CPAR, C831R02) will comprise a burial assessment 

of the cable corridor  for different tool types  and a review of burial tools currently available in 

the market along with cons ideration of alternative forms of cable protection where these may 

be required.   

1.2 Objectives and Purpose of Document  

The objectives of this study are to summarise all available data pertaining to the seabed 

conditions along the length and width of the cable  route corridor and identify potential 

hazards to the NorthConnect  Interconnector cables. Th is report is focussed on  hazards which 

pose a threat during the operational lifetime of the  cables , whilst the CPAR focusses on risks 

associated with installation .  

Based upon the  threa tlines identified , minimum recommended depths of lowering (depth from 

mean seabed level to top of product)  have  been derived based upon the fishing threatline 

depth and mobile sediment  amplitude  (of large ripple class and smaller)  to p rotect the cable 

from fishing as a minimum  (residual risk from shipping is discussed separately within the report) . 

Separately, NorthConnect have developed  front -end engineering design (FEED) protection 

levels (A,  B, C, D) that are to apply to each section. These use the threatlines , probabilistic 

anchor risk and seabed conditions as presented in this report to produce two burial depths for 

both òHardó and òSoftó sediment conditions, with the definitions of being those as -used for 

anchor assessment  (namely s oft soils comprising clays  of <40kPa shear strength, and h ard soils 

comprising higher strength clays and/or sands) . 
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The purpose of this document is to assess risk along the NorthConnect route corridor  in order 

to assist with deriving risk -informed protection levels , and to inform the CPAR.

 

Figure 1: Overview of the NorthConnect survey corridor and original survey  sections 

(Ref. 1) 
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1.3 Aim and Scope of Work  

The aim of this work scope is to inform the route engineering and cable protection strategy .  

The scope of work is as follows:  

ü Review of all available data to establish  ground conditions and establish any data gaps  

ü Review of existing hazard and risk assessments and update as necessary based upon 

latest available  information  

ü HAZID workshop and establishment of Risk Register  

ü Characterisation of  areas of mobile bedforms  

ü Shipping assessment based on third party AIS dataset  

ü Derivation of threatline depths below the seabed for the identified hazards   

ü Anchor penetration study including probabilistic assessment to  inform risk-based target 

burial depths  

ü Production of a CBRA Repo rt including Alignment Charts to document the findings of 

the study and inform the next phase of the engineering i.e. the CPAR 

 

1.4 Abbreviations  

A list of the abbreviations used in this report is provided in Table 1. 

 

Table 1: List of abbreviations  

Abbreviation  Description  

AIS Automatic Identification  System 

ALARP As Low As Reasonably Practicable  

BAS Burial Assessment 

bsbl  Below Sea bed level  

CBRA Cable Burial Risk Assessment  

Client  NorthConnect  KS 

CPAR Cable Protection Analysis Report  

DOL Depth of Lowering (to top of product)  

DTS Desk Top Study  
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Abbreviation  Description  

FEED Front End Engineering Design  

IMR Inspection Maintenance Repair  

KP Kilometre Post  

LAT Lowest Astronomical Tide  

MAG  Magnetometer  

MBES Multi -beam Echo Sounder  

mbsbl  Metres Below Sea Bed Level  

MSL Mean Sea Level  

N/A  Not Available  

NM Nautical Mile  

CPT Cone Penetration Test  

RSBL Reference Sea Bed Level  

SBP Sub Bottom Profiler  

SCL Survey Centre Line  

SSS Side Scan Sonar  

UXO Unexploded Ordnance  

VC Vibrocore  

OOS Out of Service (infrastructure)  
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2. DATA ADEQUACY REVIEW 

2.1 Data Sources  

Several Front -End Engineering Design reports have been undertaken for the project including 

a Desk Top Study (DTS), incorporating a  preliminary  hazard assessment and cable ro ute 

engineering ; and an initial Cable Protection Study comprising risk assessme nt and trenchability 

assessment by the Client . In addition , a geophysical, benthic an d geotechnical investigation 

of the cable route has been performed : the results of which have been used to inform both 

this CBRA repor t and the CPAR.  

The Client  supplied the following documents  for use in the assessment: 

1. MMT, Geotechnical Report: 102273 -NOC-MMT-SUR-REP-GEOTECH (Feb 18)  

2. MMT, Geophysical, Benthic and Geotechnical Route Survey: Final Survey Report, Ref: 

102273-NOC -MMT-SUR-REP-SURVEYRE (May 18)  

3. MMT, Geophysical, Benthic and Geotechnical Route Survey: Field Operations Report, 

Crossing and Inspection Survey, Ref: 102273 -NOC -MMT-SUR-REP-CIFREPLB (Nov  17) 

4. MMT, Geophysical, Benthic and Geotechnical Route Survey: Field Archaeological 

Report,  Ref: 102273-NOC -MMT-SUR-REP-FIELDALB (Apr 17)  

5. MMT, Geophysical, Benthic and Geotechnical Route Survey: Geophysical and 

Geotechnical Alignment Chart(s), RPL -R09, Route B (Mar 18)  

6. NorthConnec t, RPL-RouteB-R09 (Nov 17)  

7. MMT, Contact and Anomaly lists, UK Nearshore and North Sea, project 102273  (Survey 

Report Appendix)  

8. NorthConnect, Attachment E01.10 -  Requirem ents to Submarine Cable Protection  

(16/04/18)  

9. Xodus, Desk Top Survey and Route Engineering Study: Route Option Analysis Report, 

Ref: A-30722-S04-REPT-002 (Sep 12)  

10. MMT, GIS data, WebGIS portal data  

11. Riggall & Associates, Conceptual HDD Design Norther / South ern Alignment, Drawing 

No. 20160401RA-C/01 and 04  (May 16)  

12. 6 Alpha, UXO desk top study  (May 17)  

13. NGI, Hardangerfjord Geohazard Assessment, Document number 20180094 -01-R (Mar 

18) 

14. NorthConnect, Attachment E02.02.01 Annex 1: List of Crossings (25/04/18)  

 

  



NorthConnect  

Cable Burial Risk Assessment  

C831R01  Issue 04  

Page 6  of 31  

 

18/05/18  

 

 

The following additional non -project specific references have been used:  

15. BGS, 1994. Geology of the central North Sea. London: HMSO  

16. BGS 1:250000 UTM series of the United Kingdom and continental shelf, sheet 57N -02W, 

Peterhead, 1986.  

17. Carbon Trust, Cable Burial Risk Assessment Methodology, Guidance for the Preparation 

of Cable Burial Depth of Lowering Specification, CTC835, February 2015  

18. Carbon Trust, Application Guide for the Specification of the Depth of Lowering using 

the Cable Burial Risk Assessment (CBRA) me thodology, Dec 2015  

19. DNV-RP-F107, Recommended Practice, Risk Assessment of Pipeline Protection, October 

2010 

20. Deltares, 2013. Anchor Tests German Bight. Document Number 1207052 -002-GEO-0003 

21. Eigaard, O.R. et al, 2015. Estimating seabed pressure from demersal trawls, seines and 

dredges based on gear design and dimensions. ICES Journal of Marine Science . 

22. Marine Management Organis a tion, UK Sea Fisheries Statistics 2015, 2015. 

23. Marine Traffic, AIS Traffic  Data , whole NSL rou te ð two full  calendar year s 10/2015 to 

09/2017  © marinetraffic.com 2015/ 2017 

24. Shapiro S., Murray J., Gleason R., Barnes S., Eales B., and Woodward P., (1997) Threats 

to Submarine Cable, SubOptic õ07, San Francisco. 

25. DNV, Subsea Power Cables in Shallow Water , DNV-RP-J301, 2014. 

26. Vryhof Anchors, Anchor Manual 2010 ð The Guide to Anchoring, 2010  

27. MAIB, 1997. Report of the Inspectorõs Inquiry into the loss of the Fishing Vessel Westhaven 

AH 190 with four lives on 10 March 1997 in the North Sea.  

28. Marine Scotland web GIS portal: https://marinescotland.atkinsgeospatial.com/nmpi/  

29. Norweg ian fisheries map data: https://kart.fiskeridir.no/  

30. Postglacial mass movements and depositional environments in a high -latitude fjord 

system ð Hardangerfjorden, Western  Norway  (Benjamin  Bellwald , Berit Oline  Hjelstuen , 

Hans Petter  Sejrup, Haflidi  Haflidason ) 

Under instruction from NorthConnect KS, Cathie Associates has also completed the following 

separate studies:  

31. Cathie Associates , Cable Protection Analysis Report, C83 1 R02 

32. Cathie Associates , UK 12 NM Detailed Burial Assessment, C831 R03  
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2.2 Data Adequacies and Gaps  

An appraisal of the available information is presented  in Table 2. 

Table 2: Data appraisal  

Data 

Requirement  

Data 

Adequacy  
Comments  

Geophysical Data  V  

Bathymetry  V  

Seabed Features  V  

Shallow Geology   V 

Seismic interpretation has  been combined with 

geotechnical sampling to inform shallow geology 

characteristics  

Geotechnical Data  V  

GIS  V  

Metocean Data  V  

Sediment Mobility  V 

Characteristics of mobile  bedforms identified during the 

geophysical surveys have been recorded in the  survey 

report , however a dedicated sediment mobility study has 

not yet been undertaken.  

UXO V 

UXO data  is discussed in the CPAR, as this is an installation rather 

than lifetime risk . Preferred strategy is avoidance rather than 

removal following detailed survey. 

Wrecks  V  

Exclusion Zones  V  

Fishing V  

Shipping  V  

Dredging and 

Dumping  
V  

Existing 

Infrastructure  
V  
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Data 

Requirement  

Data 

Adequacy  
Comments  

Cable 

Specification  
U Not yet available  

RPL V 

References to KPs are based on the Survey Centre Line.  

KPs are correct for  RPL09. 

Slope stability  V NGI report  has assessed slopes identified as most critical  

 

The available data supplied by the Client  and gathered by Cathie Associates during the 

assessment from third  party sources has been deemed generally acceptable to undertake this 

cable burial risk assessment.  

2.2.1 A note on Route Positioning Lists (RPLõs) 

KP distances are given according to  RPL09, however sample localities and the start and end 

of each assessed section are also referenced in Easting/Northing co -ordinates in the event that 

the RPL is updated further.  

This report (C831R01), as well as the CPAR ( Ref. 31) has been carried out using the survey centre -

line of RPL09 as the basis of the  KP system and recording of seabed features.  According to 

RPL09, the HDD exit  is located at KP 0.1. A separate report ( Ref. 32) covers the UK 12  Nautical 

Mile area  (to KP 27.7) in greater detail and presents an amended RPL/KP  system to account for 

some minor re -routing . 
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3. ASSESSMENT OF SEABED CONDITIONS 

3.1 Bathymetry  and Seabed Features  

The bathymetry and seabed features have been summarised from the latest survey data (Ref. 

1) and alignment charts (Ref. 5) in the CBRA table in Appendix B . The main seabed features 

observed are:  

ü Surface boulders : Surface boulders of v arying density  are found mostly within the first 

50km from the UK landfall, and in parts of the Fjord.  The implications of boulders on 

cable installation are discussed in detail in the CPAR (C831R02) and 12NM BAS 

(C831R03). 

ü Mobile sediments : Found mostly w ithin the first 62.5km of the UK landfall (see section 

5.3.1 for discussion o n mobile sediments)   

ü Iceberg plough marks: The base of icebergs during the previous ice age have carved 

marks into the seabed  between KP 415 and KP 456 . Clay strength is variable in parts of  

this area  depending upon the level of reworking and soft clay infill.  

ü Trawl marks: Evidence of demersal  fishing, found across most of the North Sea . See 

section  5.2.3 for discussion of fishing.  

ü Pockmarks : Naturally occurring depressions in the seabed found regularly between KP 

80 and KP 415 , noted in the CBRA table , Appendix B . These should be avoided  by the 

final route as  they are generally steep -sided  their formation is associated with 

potentially corrosive ga s. 

ü Potential slip scarps  across the cable route  and land slides from the Fjord sides.  See 

sections 5.2.6 and 5.2.7 for further discussion.  

ü Outcropping / thinly covered bedrock: In the UK nearshore c. KP  4, outcropping 

bedrock is noted (avoided though later routing) . Within the Fjord , Bedrock/Till and 

Bedrock areas are common. In the latter case, many of these areas may be avoid ed  

by routing (See CPAR Appendix Table, Ref. 31) to allow the cable to be buried in soft 

sediment, however between KP 470 and KP 474, shallow bedrock is generally 

unavoidable.  

A bathymetric profile of the route is given  in Figure 3, sectio n 3.4.1. This show s the rapid 

deepening from the UK end of the route  into the North sea , the deep Norwegian Trench  

(max imum  280m on route) , and the very deep wat er found within Handangerfjord  (max imum  

c. 850m) . Water depth holds implications for anchor strike risk  and the probabilities of successful 

anchor deployment. T his is discussed in Appendix D .  Discussed in section 3.4.1 are the  potential 

moraine Till or bedrock  ridges that can  be seen on the profile between KP  450 and KP  600. 

3.2 Existing Infrastructure  

A large number of  cables and pipelines (both in service and decommissioned) are indicated 

to cross the cable route. A comprehensive list is provided in Ref. 14, and c rossing location s, 

infrastructure type and burial status  (North Sea only)  are also detail ed in Appendix B  (note this 
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includes some repeat crossings) . Not all of this infrastructure  will be crossed using a designed 

crossing, e.g. disused cables will be cut and cleared from the route.  

It should also be noted that the presence of some of this infrastructure could not be confirmed 

during the survey e.g. the disused Aberdeen -Bergen  telegraph  cable , where nothing was 

found at the expected location, however a cable was detected c. 4km closer  to  the UK. The 

telegraph cable could either have been cut and subsequently moved from it s original position, 

or the as -found location could represent an unrecorded cable , leaving the Aberdeen -Bergen 

cable unfound.  

At  the time of the subsea inspe ction, the  Hywind export cable at  KP 10.964 (RPL09) was located 

in a partially covered , very  shallow  trench. At the time of writing,  the cable has been protected  

using placed rock berms . This has required almost 60,000 tons of rock placed along the majority 

of the length of the 24km export cable . The example of the Hywind  export cable and how any 

lessons-learned may impact the cable installation  strategy of NorthConnect  is discussed in 

detail in the detailed 12NM burial assessment ( Ref. 32). 

Consultation with the relevant stakeholders and appropriate crossing agreements should 

ensure that the risk associated with these assets is safely mitigated. Once the specific 

requirement s of the Crossing Owners are understood, a suitable cable protection strategy for 

these areas can be developed to ensure the residual risk is ALARP.  Crossing protection e.g. 

mattressing/rock placement will be discussed in the CPAR. 

3.3 Regional Geolog y Summary  

Publicly available information from the BGS  (Ref. 15, 16) and the DTS (Ref. 9) has been consulted 

to provide an initial  assessment of the  of regional geology  in the North Sea . The principal 

formations within the uppermost 3m of the seabed are listed in the following tables  for 

information purposes, a lthough  detailed information is taken from the more recent MMT survey. 
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Table 3: Shallow soil  formations expected in the UK Sector  (upper 3m)  

Soil 

Formation  
General Description  

Holocene  Veneer of surficial SANDS  

Forth 

Formation 

Upper  

Medium dense to very dense fine SAND, locally gravelly  

Forth 

Formation 

Lower  

Very soft to stiff slightly sandy CLAY, partings and layers of  

sand. Near the Scottish coast, includes the St Andrew's Bay  

member, soft to stiff laminated plastic CLAY with grave l 

Wee 

Bankie 

Formation  

Till interbedded with thin layers of sand and silty clay, coarse 

sand and gravel deposits, resting on b edrock or pre -

Quaternary Sediments  

Witch 

Ground 

Formation  

Very soft to soft slightly sandy CLAY with fine to coarse gravel,  

can grade to SILT or to SAND soils at the margins of the Witch 

Ground Basin  

Coal Pit 

Formation  
Firm to very stiff CLAY and dense to very dense SAND  
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Table 4: Shallow soils expected in the Norwegian Sector  (upper 3m)  

Soil 

Formation  
General Description  

Flags 

Formation  

Correlates with Witch Ground Formation in UK sector. Very  soft 

to soft CLAY  

Viking Bank 

Formation  

Generally well -sorted sands, forming topographic rises, clays  

at base can form channel -fill deposits  

Kleppe 

Senior 

Formation  

Very soft to soft CLAY, correlates with Witch Ground in time  

and soil character  

Norwegian 

Trench 

Formation  

Gravelly sti ff to hard CLAY  

Tampen 

Formation  

Firm to very stiff sandy silty CLAY, sand partings and local  

gravel lenses  

Sperus 

Formation  

Mainly firm to very stiff, sandy silty CLAY with shells and  

pebbles  

Cape Shore 

Formation  

Reworked soil, predominantly sandy with  pebbles. Grades to  

more clay -dominated soil further north  

Ferder 

Formation  

Mainly firm to hard sandy gravelly CLAY, some sections more  

laminated with silt and sand layers  

Bedrock 

(Pre-

Quaternary)  

May outcrop  (depending on interpretation)  locally at seabed 

approaching the  coast , crystalline.  
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Table 5: Approximate Distribution of Geological Formations  

Approx. 

KP from 

Approx. 

KP to 
Formation(s)  

0 45 

Forth Upper/Lower Formation s 

Wee Bankie Formation (sub-cropping, 

outcropping on Port survey line) between KP  

1.35 and KP 5.1  

45 60 Coal Pit Formation  

60 224 Witch Ground Formation  

224 360 
Flags, Viking, Sperus, Cape Shore, Ferder  

Formations  

360 370 Tampen, Viking Bank, Sperus Formations  

370 380 Kleppe Snr., Norwegian Trench Formations  

380 460 Kleppe Snr. Formation  

460 480 Tills, Bedrock 

480 664 

Fjord. Soft sediment s punctuated by Till 

(possibly glacial moraine)  or bedrock  ridges 

across Fjord.  

Note that these KP distances  (For the range 0 - 480) are approximate  and obtained from 

geological map information , with the exception of the  Wee Bankie Formation, which is likely to 

be  correlated with the sub-cropping Till observed on the MMT alignment charts  4000 and 4001  

(Ref. 5).  

The bedrock at the  UK coastline (which the HDD will pass through) is granite . Consultation with 

BGS maps suggests that the bedrock encountered in the vicinity of KP 4 is conglomeritic 

sandstone , although this is to be avoided (See C831R03 detailed BAS)  

Any bedrock encountered approaching the Norwegian coast or within the Fjord is expected 

to be granitic or metamorphic  in nature , such as between KP 470 and  KP 474. 

3.4 Shallow Geology  

The shallow geology has been assessed based upon the findings of the detailed geophysical 

survey and the geotechnical sampling undertaken by MMT and presented on their charts (Ref . 

1,  Ref. 2, Ref. 6). Where further interpretation  has been undertaken by Cathie Associates this 

has been indicated.  
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The shallow geology of the survey corridor varies considerably across the entire route leng th: 

from loose to dense sands and extremely low to high strength clays; through to gravels, glacial 

Tills, boulder areas and outcropping bedrock.  

The North Sea section mainly comprises of sands and lower strength clays. However, glacial Tills 

are expected to be subcropping at varying depth within the surveyed corridor between KP 

1.35 and KP 5.1 in the UK nearshore  (Possibly the Wee Bankie Formation) , with some localised 

bedrock outcrops. High strength clays are also found within the first 5km of the UK land fall, 

generally overlying the Till, and in localised areas of the eastern slope of the Norwegian Trench 

(KP 447.5 to KP 456.2). Boulders are common within the first 62.5km of the route and within the 

Fjord. 

Localised bedrock outcrops are noted on the approach to the Norwegian coastline, in 

particular between KP 470 and KP 474, and within the Hardangerfjord. Bedrock/Till is interpreted 

periodically in raised areas across the width of the Hardangerfjord , with a veneer of soft 

sediment . These may represen t terminal moraine features; however the presence of bedrock 

has not been ruled out by the survey contractor. In the bottom of the Fjord, the sides of which 

are steep and rocky, clays of very low to extremely low strength are found. In many areas, 

these se diments are interpreted as being mass -transport deposits. Historic slip -scarp features 

occur regularly perpendicular to the Fjord length.  

Geological conditions are summarised on a section by section basis in Table 6 of section  3.4.2. 

Further discussion of the expected geology is also included in the CPAR, (C831R02, Ref. 31) and 

12NM Detailed BAS (C831R03, Ref. 32) where it is discussed in relation to  anticipated burial tool 

performance.  

3.4.1 Inner Fjord Ridges 

Relatively steep, pronounced, b athymetric ridges  periodically  cross the Fjord perpendicular to 

the cable.  MMT sub-bottom profile sections  interpret these features as Till or Bedrock/Till in 

different locations.  The example shown in Figure 2 below  (Peak KP 521.75) is interpreted as Till.  

The scale of these features is best seen on an overview  profile  of route bathymetry (R ight hand 

side of  Figure 2). This profile between  KP 400 and KP  600 suggests these  features  could be 

interpreted as terminal or push moraines, left behind after pulses of re -advancement during 

overall glacial retreat  follo wing  the last glacial maximum (LGM) , although where Bedrock/Till is 

interpreted, shallow rock should not be ruled out . Only one sample ( VC 15-SS-01, KP 592.698) 

appears to  possibly  encounter  the  top of this  Till, recording fine to medium sand below 0.7m.  
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Figure 2: Bathymetry  and interpretation  of a Fjord ridge  (MMT Chart  4114) 

 

Figure 3: Route Bathymetry  (Ref. 2) 

Significant seabed gr adients are associated with the  area. The issue of seabed gradients , slope 

stability hazards  and how they will impact the installation is covered in  more  detail  in the CPAR  

(Ref. 31), although if burial tools cannot be used due to gradie nt, external protection may be 

provided . 

If and w here bedrock is exposed or covered by very thin sediments  (insufficient for burial) , 

stabilisation and protection  of the cable will be achieved by means  other  than burial , most 

likely using rock placement . It is often possible to route the cable away from  interpreted  

outcropping/ sub -cropping bedrock and allow burial into the seabed. Steep seabed gradients 

that are impassable  by burial equipment may also see the cable surface -laid and protected 
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by external protection . Another solution could be to operate a jet trencher in free -flying mode, 

as discussed in the CPAR report ( Ref. 31). 

3.4.2 Geological and Geotechnical conditions along the route  

Assessment of the geology using CPT and Vibrocore samples in addition to sub -bottom 

interpretation allowed the route to be divided according to expected 

geological/geotechnical conditions. Clay strengths are outlined in Table 7. The CBRA table 

provides an assessment of the geology on a section -by section basis, and the description of 

each  section is reproduced below in Table 6. These expected conditions were used to define 

the dominant sediment type in the shipping zones  for anchor penetration calculation purposes, 

see section 5.2.1. The KP extents of the shipping zones  were derived based upon both geology 

and traffic density, see Appendix D .  

 

Table 6: Route Section Geology  

KP 

From 
KP To Brief Description of Geology expected in section  

0 0.1 BEDROCK (HDD) 

0.1 1.35 SAND over dense SAND  

1.35 3.7 Veneer of SAND/GRAVEL over 0.5-4m CLAY over  TILL. SAND present 

under clay in some areas. (Clay medium to high strength)  

3.7 4.47 Veneer of SAND/GRAVEL over 1 -2m CLAY over TILL, BEDROCK outcrops. 

(Expect Clay medium to high strength)  

4.47 4.60 Veneer of SAND/GRAVEL over 0.5-1m CLAY over  TILL (Expect clay of 

medium to high strength)   

4.60 5.10 Veneer of SAND/GRAVEL over TILL (Expect Till/Clay to be medium to high 

strength)  

5.1 5.75 0.4-0.7m GRAVEL or very gravelly  SAND, over CLAY (Clay low -medium 

strength)  

5.75 14.20 0.4-0.7m GRAVEL or very gravelly  SAND, over CLAY (Clay low -medium 

strength)  

14.20 15.00 0.4-0.7m GRAVEL or very gravelly  SAND, over CLAY (Clay low -medium 

strength)  

15.00 20.00 0.5m gravelly  SAND over CLAY (Clay borderline medium/low strength)  

20.00 24.00 Areas of CLAY and areas of SAND to depth  

24.00 27.70 0.2-0.6m SAND over CLAY (Low Strength)  

27.70 32.50 0.2-0.6m SAND over CLAY (Low Strength)  

32.50 40.00 0.2-0.6m SAND over CLAY (Low Strength)  

40.00 44.50 2m SAND over  CLAY (Low strength)  

44.50 49.75 CLAY (Very low strength)  Variable thickness of loose SAND cover,  up to 

1.2m 

49.75 60 CLAY (Very low strength)  Variable thickness of loose SAND cover,  up to 

1.2m 

60.00 72.75 CLAY (Very low strength) Variable thickness of SAND cover ( Samples 

suggest 0.75 -2m)  
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72.75 79.50 CLAY (Extremely low strength) Variable thickness of SAND / SILT cover 

(Sample suggest 0.8-2m. 

79.50 102.00 0.6-1m SAND/SILT over extremely/very low strength CLAY 

102.00 107.50 CLAY (Extremely low strength)  

107.50 119.60 CLAY (Extremely / very low strength)  

119.60 126.00 CLAY (Extremely low strength)  

126.00 200.00 CLAY (Extremely low strength)  

200.00 224.00 CLAY (Extremely low strength)  

224.00 240.50 SAND and  CLAY (Extremely low strength)  

240.50 276.00 SAND to depth  

276.00 290.50 SAND to depth  

290.50 341.50 Areas of  SAND and CLAY (Extremely/Very Low Strength)  

341.50 348.50 CLAY (Extremely/Very Low Strength)  

348.50 363.50 CLAY (Extremely Low Strength)  

363.50 390 CLAY (Extremely/Very Low Strength)  

390 409.50 CLAY (Extremely Low Strength)  

409.50 413.00 CLAY (Extremely Low Strength)  

413.00 415.00 CLAY (Extremely Low Strength)  

415.00 427.75 CLAY (Extremely Low Strength)  

427.75 430.00 CLAY (Extremely Low Strength)  

430.00 447.50 CLAY (Extremely Low Strength)  

447.50 456.25 CLAY (Very low to high strength)  

456.25 460.75 CLAY (Extremely low strength)  

460.75 470.00 CLAY (Extremely low strength), highly localised sub -cropping  

BEDROCK/TILL 

470.00 480.65 Sub-cropping/exposed BEDROCK, BEDROCK/TILL interspersed with areas 

of CLAY and SAND  

 

BEDROCK outcrops are particularly prevalent between KP 470 and KP  

474, although found locally across the section  

480.65 482.25 BEDROCK/TILL 

482.25 502.30 CLAY (Extremely/Very Low Strength)  

502.30 505.75 CLAY (Extremely/Very Low Strength), some areas of BEDROCK/TILL with 

veneer of  CLAY 

505.75 508.75 BEDROCK/TILL with veneer of CLAY, and CLAY (Extremely/Very Low 

Strength)  

508.75 509.80 BEDROCK/TILL with veneer of CLAY, and CLAY (Extremely/Very Low 

Strength)  

509.8 520.6 CLAY (Extremely/Very Low Strength)  

520.60 524.65 TILL with veneer of  CLAY (Veneer thickness unknown, TILL not sampled)  

524.65 531.50 CLAY (Extremely/Very Low Strength)  
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531.50 548.25 CLAY (Extremely/Very Low Strength)  

548.25 549.00 BEDROCK or TILL with veneer of  CLAY 

549.00 557.50 CLAY (Extremely/Very Low Strength)  

557.50 592.60 CLAY (Extremely/Very Low Strength)  

592.60 594.60 BEDROCK or TILL with veneer of CLAY or SAND/GRAVEL  

594.60 610.00 CLAY (Extremely/Very Low Strength)  

610.00 634.75 CLAY (Extremely/Very Low Strength)  

634.75 658.70 CLAY (Extremely/Very Low Strength)  

658.70 661.40 CLAY (Extremely/Very Low Strength). Outcrops of BEDROCK KP 660.5 - 

661.3 

661.40 664.66 CLAY (Very Low Strength)  

 

 

For reference, strength descriptions are defined as follows : 

Table  7: Undrained Shear Strength Definitions  

Description  
Undrained Shear 

strength (kPa)  

Extremely Low  <10 

Very Low  10-20 

Low 20-40 

Medium  40-75 

High 75-150 

In the MMT geotechnical report  (Ref. 1), complete descriptions of CPT and VC samples at each 

location are provided. A further level of description is provided by applying a òSeabed Indexó 

classificati on to each  complete  sample , reproduced from the MMT report in Table 8 below . This 

classification is applied across the whole depth of the sample, an d  thus may not be 

representative of the upper 1 -3m of sediment. It should thus only be used as guide to general 

conditions along the route. Many of the Fjord ridges are not covered by samples, and are thus 

not represented in the list of seabed indices.  Nevertheless, for comp leteness the route 

classification according to this index is included in Appendix B . 
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Table 8: MMT seabed index  
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4. BURIAL RISK ASSESSMENT METHODOLOGY 

4.1 Introduction  

The basis of a risk assessment for a submarine cable relies on identifying the potential hazards, 

associated risks and evaluating the level of protection that may be afforded to the cable by 

its armouring (internal and/or external) , cable burial beneath the seabed and any other 

means, such as rock placement  or concrete mattressing.  

The most reliable and cost -effective  form of cable protection is generally recognised to be 

ensuring no interaction between the cable and the identified  hazards. This is most easily 

achieved by routing the cable away from such hazards or, where this is not practical, by burial 

below the seabed. Armouring of the cable provides protection against some external threats  

and impact resistance of the cable  will be  documented in the Cable Contractor 

documentation. However,  damage to the cable due to  fishing gear  impact  still represent s a 

significant threat therefore it is recommended to protect the cable by burial  as a primary 

choice or by other means where this is impractical .  

The Cable Burial Risk Assessment only considers hazards anticipated during the operational 

lifespan of the cable. I nstallation risks will be discussed separate ly in the CPAR. 

4.2 Methodology  

The methodology followed in this report is adopted in accordance with the industry guidance 

documents: the Carbon Trust Cable Burial Risk Assessment (CBRA) Methodology (Ref. 17), CBRA 

Application Guide ( Ref. 18), and  DNV Subsea  Power Cables in Shallow Water ( Ref. 25).  

The principles of the methodology are that following the identification of the initial cable routes 

(in this case the cable routes have been provided by the Client ) the following steps are taken:  

1. Seabed conditions are assessed .  

2. Threat/hazard identification assessment.  

3. Identified risks to the cable are assessed in more detail ð either through a probabilistic 

approach, where applicable and/or data quality permits, or t hrough a more 

qualitative approach.  

4. Minimum Depths of Lowering are recommended to mitigate the risks identified to an 

appropriate level.  

4.3 Hazard Classification  

There are a wide range of obstacles and seabed users which present a hazard to subsea 

cables. Ma ny of these can be avoided by considered routing; however, activities such as 

fishing and accidental anchoring generally cannot be avoided through routing alone.  

Hazards can typically be classified as primary or secondary. A primary hazard has a direct 

impact upon the cable and can cause damage. Such hazards include ship anchors with 
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associated anchor penetration into the seabed and fishing, where bottom trawling gear can 

snag and damage cables.  

A secondary hazard is one which does not directly damage a c able but can result in an 

increased risk of damage from primary hazards. Such hazards include sediment 

mobility/mobile bedforms where shifting surface sediments can reduce burial cover or expose 

a previously buried cable.  

For each hazard, whether primary o r secondary, there are specific associated r isks which are 

discussed below.  

Table 9: Primary hazards  

Hazard  Risks 

Fishing Impact, pull over damage or hooking of cable . 

Vessel Anchoring  
Impact, hooking or pull over damage from dragged 

or dropped anchors . 

Offshore Construction/ 

Maintenance  

Contact from jack up legs, impact from dropped 

objects . 

Marine Survey Operations  Dropped / deployed objects . 

Military Activity  Impact damage from live ordnance.  

Dredging  Impact and damage during dredging activity . 

Spoil Dumping  Impact damage / deep burial causing overheating . 

Cab le on -bottom stability (fatigue 

and/or abrasion)  

Excessive movement on the seabed causing 

abrasion / fatigue issues . 

Submarine Slope Failure  (natural or 

potentially induced by installation)  

Impact damage / deep burial causing overheating,  

excessive cable bending.   

Rock Fall / Landslides  Impact damage and excessive cable bending . 

The common secondary hazards are detailed in the table below . 

Table 10: Typical secondary hazards  

Hazard  Necessary Conditions  

Sediment Mobility / Coastal 

processes  

Suitable sediment  

Energetic wave / current regime  

Excessive Seabed Slope  
Ledges, sand waves , steep outcrops, slide back -

scars. 

Hard Substrates  Bedrock/hard sediment exposure  
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Dredging  
Dredging activity over cable  reducing 

cover /increased exposure to other hazards  

Historic slides and rockfalls  
Earthquakes may trigger new movement  of 

potentially unstable features  (from previous events) . 
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5. THREAT/ HAZARD IDENTIFICATION AND ASSESSMENT 

5.1 Geotechnical Risk Register  

Based upon the supplied data set and  data acquired by Cathie Associates from  third part ies 

a geotechnical risk register was compiled to outline the threats to the cables across the route  

for the operational lifetime  of the project . The risk register was reviewed during the HAZID 

workshop held with the Client  on 5 th October 2017 and updated accordingly.  

The purpose of this exercise was to ensure that all hazards were identified and  assessed and  

the risk to cables appropriately acknowledged.  The geotechnical risk register is presented in 

Appendix A  and the main hazards are discussed in more detail below . It should be noted that 

not all hazards detailed in Section 4.3 are present along the proposed route , therefore several 

hazards were discounted during the initial risk assessment . Installation risks will be presented and 

assessed separately in the CPAR, wit h its own dedicated risk register covering risks associated 

with the installation process . 

5.2 Primary Hazards  

5.2.1 Shipping  

Vessel traffic is discussed in detail in Appendix C . The probabilistic ancho ring assessment 

methodology is discussed in more detail in Appendix D  and briefly summarised in  this section. 

The risk from shipping arises from the accidenta l or emergency dragging  of an anchor across 

the cable resulting in damage or  even  complete severance , resulting in lost capacity and 

necessitating repair.  For the purposes of anchor analysis , the shallow geology has been 

classified into òsoftó and òhardó seabed. Anchor  penetration is c. 3 times as deep in low 

strength clay due to a combination of the  low  resistance to shear  and the angle at which the 

anchor  fluke penetrates this type of substrate.  Thus, in our classification of the seabed for the 

CBRA, òSoftó substrates are considered to be low strength  CLAY <40kPa, with òHardó substrate 

including everything else  (SAND or CLAY Ó 40kPa).  

For the purposes of anchor analysis  calculations , the top 3m is assessed. Of course, there is 

often likely  to be significant soil type and strength variation within this depth, therefore each 

sampled soil profile has been individually appraised in order to place it into a cla ssification . This 

approach differs from the  CPAR where the anticipated target trench depth is used to focus 

the assessment of soil conditions . 
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Table 11: Summary of findings of probabilistic assessment (return period, years)  

KP 

Accidental/Emergency Scenario Anchor Strike Return period [years] at burial 

depths indicated [mbsl]  (route cumulative  ð rounded to the nearest 1000 ) 

0 0.25 0.5 0.75 1.0 1.5 2 3 4 5 

0 ð 

664.66 

4000 4000 4000 4000 6000 7000 7000 7000 40000 59000 

As can be seen from Table 11, the most significant increases in protection (through lower 

probability  of  anchor strike) occur bet ween 0.75m and 1m burial and between 3m and 4m 

burial.  This is a product of the  DWT (dead w eight tonnage) distribution of ships  that are 

recorded crossing the route  and the different penetration models for òsoftó versus òhardó soils. 

See Appendix C  for m ore discussion about the methodology and results of the shipping 

assessment, and Appendix D  which discusses the anchor strike risk methodology use to 

produce the r esults in Table 11. 

Minimum recommended depths of lowering  have been  derived using the fishing threatline  

(section 5.2.2)  and consideration for mobile sediments (sect ion 5.3.1) . Anchor  strike probability  

for these depths  (see CBRA table) was calculated in each section, with the route -total 

calculated anchor -strike return -period being 4000 years.  As discussed in section Appendix 

D.1.3, this provides a level of protection such that the residual risk from accidental/emergency 

anchoring is deemed to be low  compared to the potential lifetime of the project . 

5.2.2 Anchorages and Fish -Farms 

There are no dedicated anchorages on the survey centre line, h owever an anchorage is noted 

to exist near Simadalen landfall for quarry vessel traffic. Increased burial has been stipulated  

by the Client  in this area  (ref. Appendix B ). Anchoring behaviour is also noted at the UK end of 

the route (See C831R01 D09) and increased burial is to be applied here also.  

A risk has also been identified in areas  near fish -farms, where a vessel collision , bad weather  or 

careless placement  could result in a static anchor (which secures the floating structure ) being 

dragged cross the HVDC cable s. Enhanced protection is similarly stipulated by Client  in these 

areas  as detailed in Appendix B . 

5.2.3 Fishing 

Co mmercial  fishing  is a  ha zard  to s u b s e a  cables  (even armoured cables)  where  fishing  

gear  interacts  w ith the  seafl oo r: potentially resulting in  damage  due to impact or  snagg ing. 

It should also be noted that a  cable can pose  a risk to the fishing vessels themselves if left on 

the seabed, as small vessels can founder if snagged on a signific ant obstruction  (Ref. 27). 

The depths of penetration of the fishing gear govern the potential interaction risks to the 

proposed cable. It should be noted that  excessive seabed penetration increases risk to  loss of 

eq uipment and increases  towing forces require d,  increasing fuel costs , so fisherman  generally  

look to limit penetration where possible.  
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Information regarding intensity of fishing, based on the assessment of AIS data is presented in 

drawing C831R01 D03 in Appendix E . It can be seen from this information that trawling is 

prevalent across most of the route. The CBRA table in Appendix B  details the presence and 

location of trawl marks which occur along large sections of route.  

Marine Scotland  (Ref. 28) provides information concerning fishing types in the N orth Sea and 

the following broa d observations are noted:  

ü Intense potting and scallop trawling activity from UK coast out to approximately KP  20, 

year -round  

ü Demersal fishing along the majority of the route , year -round  

ü Trawling for Nephrops prevalent for much of the route (~KP  40 to ~KP 290) during 

spring/summer months  

ü Trawling for Herring for most of the route (~KP  105 to ~KP 480) during summer months  

Additional fishing intensity inform ation has been supplied to the project by the Norwegian 

Fishing Authority (see  Figure 4), although exact details of the fishing types are not included. 

Activity appear s particularly intense alo ng the length of the Norwegian T rench , intersected by 

North connect c.KP 300 to KP 400. Demersal  fishing activity  is evidenced  by trawl marks, which 

are commonly found by the survey, even in water depths approaching 300m.  

 

Figure 4: Norwegian Fishing Authority Fishing Intensity Data  
























































