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1 Introduction 

This report presents an assessment of the Electric and Magnetic Fields (EMFs) induced by the export 
and inter-array cables for the Buchan Offshore Windfarm. EMFs from submarine power cables may be 
significant for marine organisms that are sensitive to such fields. BPP have developed Finite Element 
(FE) models of each of the cables using COMSOL Multiphysics, an industry standard simulation 
software based on advanced numerical methods. These cable models were developed using a 
combination of data provided by the Client and BPP’s extensive in-house cable database. Each of the 
models were run for input data on operating conditions that would generate the worst-case results for 
the associated EMF strengths. These conditions were generally for the cables buried at minimum burial 
depth and operating at their maximum current rating. 

2 EMFs Generated by Submarine Power Cables 

Submarine cables carrying an AC-current produce EMFs in their marine environments.  

The strength of the magnetic field outside of a submarine cable is influenced by the current flow 
through the cable conductors, the distance from the cable and the cable design. The distribution and 
propagation of the magnetic field is affected by the material properties of the surrounding environment. 
In electromagnetic field research the magnetic flux density (B), measured in µT, is used and the study 
in this report presents how the magnetic flux density changes with distance from the seabed.  

Electric fields are generated by the operating voltage of the submarine cables and can be measured in 
microvolts per metre (µV/m).  The electric field strength rapidly reduces with distance from the charged 
conductor. Submarine cable designs employ an earthed metal sheath, which very effectively shields 
the direct electric field and confines it within the cable. As a result, submarine cables do not produce a 
direct electric field outside the cable, and so in this study they are not considered. However, according 
to Faraday’s law of electromagnetic induction, the changing magnetic field generated by the AC cables 
creates an induced electric field outside of the cables in the surrounding conductive environment. The 
induced electric field is proportional to the magnetic field strength; however, it is also dependent on the 
size of the conducting object, which in the case of this study is the size of the marine organism being 
considered. 
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3 Methodology 

BPP modelled 2D cross-sections of each of the export and inter-array cables being considered for the 
Buchan Offshore Windfarm. The models were developed in COMSOL Multiphysics, a commercial finite 
element analysis (FEA), simulation, and Multiphysics software package. The analysis was performed 
using the electrical data supplied to BPP on 24th April 2024 in the document entitled ‘BPP Cable 
Information (Apr 2024)’, see Appendix A – Input Data, Table 5-8. Furthermore, the cable designs 
replicated in the model were constructed using BPP’s extensive in-house cable database based on the 
conductor sizes and conductor materials detailed by the Client in the document ‘BPP Cable Information 
(Apr 2024)’.  

The first step in the modelling process involved defining the geometrical model. The cable dimensions 
and the material properties assigned to each cable layer are provided in ‘Appendix A – Input Data’. The 
Magnetic Fields and Electric Currents module in COMSOL Multiphysics was used to assign the 
appropriate current to the phases of each cable. An example of one of the buried cable models is 
displayed in Figure 3-1. 

 

 

Figure 3-1: COMSOL Multiphysics model of the 220kV export cable option. 
 

A ’Frequency-Stationary’ simulation was then run at the specified cable frequency, 50Hz, to compute 
the steady-state magnetic flux density across the domain. The outputs of these simulations were then 
used to display the results given in Section 4. To calculate the electric field induced by the changing 
magnetic flux density the following equation was used: 

𝐸 = 	𝜋 ∗ 𝑓 ∗ 𝑧 ∗ 𝐵 

where f is the frequency, z is the loop radius of the marine organism body, and B is the magnetic flux 
density. An example of the graphical output of simulating the magnetic fields generated by one of the 
cables is shown in Figure 3-2.  
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Figure 3-2: Graphical plot of magnetic flux density above the seabed for the 66kV inter-array cable. 
 

In order to examine the worst-case effects of the cables on the marine environment, the maximum 
predicted values of EMFs were computed. Therefore, each of the cables were modelled under the 
conditions that would generate the worst-case EMF results.  

These conditions/assumptions are: 

• Cables are operating at their maximum current ratings. These were obtained from ‘BPP Cable 
Information (Apr 2024)’ provided by the Client. 

• Cables buried at minimum burial depth. 

• The seabed, seawater, air and marine organism considered have a relative permeability of 1 
and therefore do not attenuate the magnetic field. 

• The organism considered for the induced electric field study has a loop radius, z, of 0.5m, 
which equates approximately to the area of a ‘generic small shark’ as described in OCS Study 
for US Dept of Interior1.  

• The conductivity of the seabed was obtained from the electrical test results shared by the 
client in ‘Appendix B – Laboratory Testing Results’. The lowest recorded measurement for 
electrical resistivity was used as this was the most conservative condition. 

• For the landfall simulations, the environment above the soil was considered to be water rather 
than air. This was a more conservative assumption due to the greater conductivity of water 
compared to air and so the EMFs would propagate further. 

 
1 OCS Study – Effects of EMFs from undersea power cables on elasmobranchs and other marine 
species, 2011-09, US Dept of Interior 
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4 Results 

This section presents the worst-case magnetic and induced electric field results for each cable option 
in each burial scenario presented in document ‘BPP Cable Information (Apr 2024)’, as well as the 
conditions discussed in email correspondence with the Client. 

Please note the EMF results for the surface laid cables are also applicable to cables connecting from 
the seabed to a floating turbine or platform. 

4.1 220kV Option 

The 220kV option would carry up to 330MW per circuit. Table 4-1 presents the maximum magnetic flux 
density for each burial scenario for the 220kV cable option at an increasing distance above the seabed. 
As seen in Figure 4-1 and Figure -2, the magnetic flux density reduces rapidly with vertical distance from 
seabed, as well as with horizontal distance from the cable centre. Likewise, Table 4-2 and Figure 4-3 
demonstrate how the induced electric field significantly decreases with vertical distance from the 
seabed. The maximum magnetic field is observed at the seabed directly above the 220kV cable buried 
offshore at 2m depth, and is 2.77µT; the maximum electric field is also experienced at this location and 
for this cable and is 217.5µV/m. 

Table 4-1: Calculated maximum magnetic fields for 220kV export cable option for different burial conditions. 
Magnetic field (µT) 

 Distance above seabed (m) 

 Seabed 0.5 1 2 5 10 20 

Offshore – 2m 
burial depth 

2.77 1.88 1.33 0.79 0.28 0.12 0.07 

Landfall – 15m 
burial depth 

0.06 0.05 0.05 0.05 0.04 0.03 0.02 

 
Table 4-2: Calculated maximum electric fields for 220kV export cable option for different burial conditions. 

 

 

Electric field (µV/m) 

 Distance above seabed (m) 

 Seabed 0.5 1 2 5 10 20 

Offshore – 2m 
burial depth 

217.5 147.4 104.6 61.9 22.3 9.3 5.3 

Landfall – 15m 
burial depth 

4.5 4.2 4.0 3.6 2.8 2.0 1.6 
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Figure 4-1: Calculated magnetic fields for the 220kV export cable option with increasing distance from seabed. 
 

 

 

Figure 4-2: Calculated magnetic fields for the 220kV export cable along the seabed perpendicular to the cable 
circuit. 
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Figure 4-3: Calculated electric fields for the 220kV export cable option with increasing distance from seabed. 

4.2 275kV Option 

This section presents the results of the EMFs for the 275kV cable option in each of its three burial 
scenarios. The 275kV option would carry up to 480MW per circuit. The maximum magnetic field is 
observed at the seabed directly above the 275kV cable buried offshore at 2m, and is 2.64µT; the 
maximum electric field is also experienced at this location and is 207.3µV/m. 

 

Table 4-3: Calculated maximum magnetic fields for 275kV export cable option for different burial conditions. 
Magnetic field (µT) 

 Distance above seabed (m) 

 Seabed 0.5 1 2 5 10 20 

Offshore – 2m 
burial depth 

2.64 1.77 1.26 0.76 0.28 0.11 0.07 

Landfall – 15m 
burial depth 

0.06 0.06 0.05 0.05 0.04 0.03 0.02 
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Table 4-4: Calculated maximum electric fields for 275kV export cable option for different burial conditions. 
Electric field (µV/m) 

 Distance above seabed (m) 

 Seabed 0.5 1 2 5 10 20 

Offshore – 2m 
burial depth 

207.3 138.7 99.3 59.4 21.6 9.0 5.2 

Landfall – 15m 
burial depth 

4.6 4.3 4.1 3.7 2.9 2.1 1.6 

 

 
 

 

Figure 4-4: Calculated magnetic fields for the 275kV export cable option with increasing distance from seabed. 

 

 



 
 

 

   

Export/Inter-Array Cable EMF Assessment 

File Ref: C57641-TN-001-03.docx  Page 13 

 

Figure 4-5: Calculated magnetic fields for the 275kV export cable along the seabed perpendicular to the cable 
circuit. 

 

 

 

Figure 4-6: Calculated electric fields for the 275kV export cable option with increasing distance from seabed. 
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4.3 66kV Option 

This section presents the results of the EMFs for the 66kV inter-array cables buried offshore at 0.5m 
depth. The 66kV option would carry up to 75MW per circuit. The maximum magnetic field is observed 
at the seabed directly above the cable, and is 37.33µT; the maximum electric field is also experienced 
at this location and is 2931.7µV/m. 

 

Table 4-5: Calculated maximum magnetic fields for 66kV inter-array cable. 
Magnetic field (µT) 

 Distance above seabed (m) 

 Seabed 0.5 1 2 5 10 20 

Offshore – 0.5m 
burial depth 

37.33 10.71 5.11 1.91 0.43 0.14 0.07 

 
Table 4-6: Calculated maximum electric fields for 66kV inter-array cable. 

Electric field (µV/m) 

 Distance above seabed (m) 

 Seabed 0.5 1 2 5 10 20 

Offshore – 0.5m 
burial depth 

2931.7 841.3 401.6 150.3 33.5 11.1 5.7 

 
 
 

 
Figure 4-7: Calculated magnetic fields for the 66kV inter-array cable with increasing distance from seabed. 
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Figure 4-8: Calculated magnetic fields for the 66kV inter-array cable along the seabed perpendicular to the 

cable circuit. 
 
 
 

 
Figure 4-9: Calculated electric fields for the 66kV inter-array cable option with increasing distance from 

seabed. 
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4.4 Cables laid on seabed (unburied) 

This section presents the results from additional simulations conducted by BPP to analyse the EMF of 
the 66kV, 220kV, and 275kV cables in a scenario where the cables are simply laid on the seabed. These 
further simulations were performed to assess the absolute worst-case scenario for the cable laying 
options for the offshore export and inter-array cables.  

The models developed for these simulations considered the cables to be resting on a flat seabed with 
no sinking into the seabed and no cable protection such as rock bags being in place– this modelling 
assumption was made as it would present the worst-case results for the EMF produced by the cables 
as soil or protection systems surrounding the cable would provide shielding and reduce the distance 
the magnetic fields would propagate. For the results in this section, the values of the magnetic and 
electric field strength for each cable are given for a vertical distance starting above the cable, as 
opposed to above the seabed as was presented in Sections 4.1-4.3. The reason for this is so that the 
EMF data does not refer to values within the cable domains. 

The unburied cable scenarios cause very high magnetic and electric field strengths compared to the 
buried scenarios; however, this is only the case for directly outside the cable domains. As was the case 
for the scenarios presented previously, the magnetic and electric field strengths drop significantly with 
distance from the cable. 

4.4.1 220kV option 

This section presents the results of the EMFs for the 220kV export cable option laid on the seabed. As 
seen in Figures 4-10 and 4-12, the maximum magnetic field is observed directly above the 220kV cable, 
and is 854µT; the maximum electric field is also experienced at this location and for this cable and is 
67052µV/m. 

 

Figure 4-10: Calculated magnetic fields for the unburied 220kV export cable with increasing distance from 
cable. 
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Figure 4-11: Calculated magnetic fields for the unburied 220kV export cable along the seabed perpendicular to 
the cable circuit. 

 

 

Figure 4-12: Calculated electric fields for the unburied 220kV export cable option with increasing distance from 
seabed. 

4.4.2 275kV option 

This section presents the results of the EMFs for the 275kV export cable option laid on the seabed. As 
seen in Figures 4-13 and 4-15, the maximum magnetic field is observed directly above the 220kV cable, 
and is 690µT; the maximum electric field is also experienced at this location and for this cable and is 
54198µV/m. 
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Figure 4-13: Calculated magnetic fields for the unburied 275kV export cable with increasing distance from 
cable. 

 

 

Figure 4-14: Calculated magnetic fields for the unburied 275kV export cable along the seabed perpendicular to 
the cable circuit. 
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Figure 4-15: Calculated electric fields for the unburied 275kV export cable option with increasing distance from 
seabed. 

4.4.3 66kV option   

This section presents the results of the EMFs for the 66kV inter-array cable option laid on the seabed. 
As seen in Figures 4-16 and 4-18, the maximum magnetic field is observed directly above the 220kV 
cable, and is 1639µT; the maximum electric field is also experienced at this location and for this cable 
and is 128752µV/m. 

 

Figure 4-16: Calculated magnetic fields for the unburied 66kV inter-array cable with increasing distance from 
cable. 
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Figure 4-17: Calculated magnetic fields for the unburied 66kV inter-array cable along the seabed perpendicular 
to the cable circuit. 

 

 

Figure 4-18: Calculated electric fields for the unburied 66kV inter-array cable option with increasing distance 
from seabed. 
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5 Annex 8.2.A– Input Data

Figure 5-1 provides an overview of the input data employed in this study. The cable cross-sectional 
geometry and dimensional specifications are derived from real-world cable designs contained in BPP's 
extensive cable library. The values for relative permittivity, relative permeability and electrical 
conductivity have been obtained from BPP’s in house cable database, as well as from the material 
library in COMSOL Multiphysics.

5.1 220kV Option 

Figure 5-1 presents the cross-sectional design of the cable under consideration. The component names 
and material specifications for all 220kV and 275kV rated cable types are provided in Table 5-1. 

 

Figure 5-1: Cable Cross Section 
 

Label Component Material 

a Conductor Copper or Aluminium 

b Conductor Screen Semiconducting XLPE 

c Insulation XLPE 

d Insulation Screen Semiconducting Polymer  

e Swelling Tape Semiconducting Water Blocking Tape 

f Sheath Lead 

g Power Core Oversheath Polyethylene 

h Filler Polypropylene Yarn 

i Binder Polymeric Tape 

j Armour Galvanized Steel Wires with Bitumen 

k Outer Serving Polypropylene Yarn with Bitumen 

Table 5-1: Cross Section Components and Materials 
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5.1.1 Landfall Copper 220kV 2000mm2 Cable 

The dimensional specifications for the landfall copper 220kV cable with a 2000mm2 cross-sectional 
area are the same as presented in Error! Reference source not found.. 

The dimensional specification for the HDD is presented in Table 5-2. 

Component Diameter [m] Wall Thickness [mm] Material 
HDD 1.665 35 HDPE 

Table 5-2: HDD Dimension 

5.1.2 Offshore Copper 220kV 2000mm2 Cable 

The dimensional specifications for the offshore copper 220kV cable with a 2000mm2 cross-sectional 
area are the same as presented in Error! Reference source not found.. 

5.1.3 Bottom Laid (Unburied) Offshore Copper 220kV 2000mm2 Cable 

The dimensional specifications for the bottom laid (unburied) offshore copper 220kV cable with a 
2000mm2 cross-sectional area are the same as presented in Error! Reference source not found.. 

5.2 275kV Option 

The cross-sectional design of the 275kV cable is the same as displayed in Figure 5-1. The component 
nomenclature and material specifications for all 275kV rated cable types are provided in Table 5-1. 

5.2.1 Landfall Copper 275kV 2500mm2 Cable 

The dimensional specifications for the landfall aluminium 275kV cable with a 2500mm2 cross-sectional 
area are presented in Table 5-3. 

Label Component Outer Diameter 
[mm] 

Thickness 
[mm] 

a Conductor 67 67 

b Conductor Screen 70 1.5 

c Insulation 122 26 

d Insulation Screen 125 1.5 

e Swelling Tape 128 1.5 

f Sheath 134 3 

g Power Core Oversheath 138.5 2.2 

h Filler 12.5 
 

i Binder 287.5 2 

j Armour (157 cables) 299 5.6 

k Outer Serving 308 4.5 
Table 5-3: Landfall Copper 275kV 2500mm2 Cable 

 
The dimensional specification for the HDD is presented in Table 5 3. 
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5.2.2 Offshore Copper 275kV 2000mm2 Cable 

The dimensional specifications for the offshore copper 275kV cable with a 2000mm2 cross-sectional 
area are the same as presented in Error! Reference source not found.. 

5.2.3 Bottom Laid (Unburied) Offshore Copper 275kV 2000mm2 Cable 

The dimensional specifications for the bottom laid (unburied) offshore copper 275kV cable with a 
2000mm2 cross-sectional area are the same as presented in Error! Reference source not found.. 

5.3 66kV Cables 

The dimensional specifications for the 66kV inter-array cable are presented in Table 5-4. 

Component Material Outer diameter (mm) Thickness (mm) 
Conductor Aluminium 42.5 42.5 
Conductor Screen Semiconductive 

Compound 
44.5 1.0 

Insulation XLPE 60.9 8.2 
Insulation screen Semiconductive 

Compound 
62.1 0.6 

Swelling Tape Polypropylene 63.1 0.5 
Aluminium Tube Al 1050 64.1 0.5 
Sheath HDPE 69.3 2.6 
SC skin Semiconductive 

Compound 
69.7 0.2 

Filler PE 148.0 N/A 
Armour (107 wires) Galvanised steel 156.4 4.2 
Outer Sheath PE 164.4 4 

Table 5-4: 66kV Cable Dimensions 
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5.4 Material Parameters 

The following values for relative permittivity, relative permeability, and electrical conductivity of the 
cable materials are presented in Table 5-5. The values used were obtained from BPP’s in-house cable 
database, as well as the COMSOL Multiphysics material library. 

Material Relative 
Permeability (μr) 

Relative Permittivity 
(ε) 

Electrical 
Conductivity (σ) 

[S/m] 
Copper 1 1 5.998e7 
Aluminum 1 1 3.774e7 
Semiconducting XLPE 1 2.5 10e-8 
XLPE 1 2.5 10e-14 
Semiconducting Polymer  1 2.5 10e-8 
Semiconducting Water Blocking Tape 1 4 10e-2 
Lead 1 1 4.8e6 
Polyethylene 1 2.5 10e-14 
Polypropylene Yarn 1 2.2 10e-14 
Polymeric Tape 1 2.3 10e-14 
Galvanized Steel Wires 100-50i 1 6e6 
Bitumen 1 2.8 10e-8 
Polypropylene Yarn with Bitumen 1 2.3 10e-11 
Air 1 1 0 
Soil 1 40 1.35 
Water 1 80 4 
HDPE 1 2.3 1e-18 

Table 5-5: Material Parameters 

5.5 Current Ratings 

The following values for the current ratings used for each of the load cases are presented in Table 5-6. 

Cable Option Current Rating (A) 

Landfall Copper 220kV 2000mm2 Cable 958 

Offshore Copper 220kV 2000mm2 Cable 1208 

Bottom Laid (Unburied) Offshore Copper 220kV 
2000mm2 Cable 

1208 

Landfall Copper 275kV 2500mm2 Cable 983 

Offshore Copper 275kV 2000mm2 Cable 1193 

Bottom Laid (Unburied) Offshore Copper 275kV 
2000mm2 Cable 

1193 

66kV 1200mm2 Cables 815 

 Table 5-6: Current Rating 
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