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TERMINOLOGY 

Term Definition 

ENA Energy Network Association 

EMF Electro Magnetic Fields 

ELF Extremely Low Frequency 

ICNIRP International Commission on Non-Ionizing Radiation Protection 

INIRC International Non-Ionizing Radiation Committee 

IARC International Agency for Research on Cancer 

NPS National Policy Statement 

OHTL Overhead Transmission Line 

SCENIHR Scientific Committee on Emerging and Newly Identified Health Risks 

SSEN Scottish and Southern Electricity Network 

WHO World Health Organisation 
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2 INPUT DATA 

The following are the input data received from SSEN for the undertaking the EMF studies. 

Sl. No. DESCRIPTION VALUES UNIT 

A 

Source Fault Level of 400kV OHTL   

 Phase Fault 45 kA 

 Earth Fault - - 

B 

X/R Ratio of 400kV OHTL   

 Phase Fault 19.95  

 Earth Fault 6.7  

C 

Length of the Overhead Transmission Line   

 Minimum 76 km 

 Maximum 115 km 

D 

400kV Tension Insulator Details   

 Creepage Distance 10500 mm 

 String Length 7.6 m 

 Mechanical Strength 300 kN 

 No. of Discs 22 - 

 Disc Type Glass - 

 Arc Horn Distance 2800 mm 

E 

400kV Suspension Insulator Details   

 Creepage Distance 4290 mm 

 String Length 6 m 

 Mechanical Strength 300 kN 

 No. of Discs 24 - 

 Disc Type Glass - 

 Arc Horn Distance 2683 mm 
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F 

400kV OHTL Conductors Details   

 Number of Conductor per phase 3 - 

 Bundle Spacing 500 mm 

 Maximum Continuous Current Rating of each circuit 5000 A 

 Minimum Continuous Current Rating of each circuit 3370 A 

 Soil Resistivity  100 ohm-m 

 400kV Tower Footing Resistance 5 ohm 

 400kV Transmission Line Minimum Ground Clearance 9 m 
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Figure 2 400kV OHTL Model 

 

Figure 3 EMF Measuring points in YZ Plane in the mid of span 
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Figure 4 EMF Measuring points in YZ Plane in the mid of tower 
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5 CASE SCENARIO 

Based on the measuring profile and OHTL loading conditions, the following are the cases 
considered as discussed with SSEN. 

Case A considers the expected continuous operating current for the proposed OHTL.  

Case B considers the maximum possible current for the OHTL based on the substation equipment 
ratings being capped at 5000A. It should however be noted that some substation plant is limited at 
4000A so although this assessment has been carried out, it is presented to consider the worst case 
load conditions however case A is representative of the actual operational values. 

 

5.1 CASE - A 
With partial loading of the OHTL (i.e. 3375A), the magnitudes of Electric and Magnetic Fields are 
measured at the mid of span. 

 

5.2 CASE - B 
With full loading of the OHTL (i.e. 5000A), the magnitudes of Electric and Magnetic Fields are 
measured at the mid of span. 
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6 STUDY RESULTS 

This section presents the simulation results of the EMF assessment study for the Partial and full 
loading of the 400kV OHTL Circuit and results are tabulated in the Table 3 and Table 4. 

6.1 SIMULATED GRAPH  FOR ELECTRIC FIELD  
  

  

Figure 5 Electric Field Graph for Case A 
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Figure 6 Electric Field Profile at 1m Height for Case A 

  

Figure 7 Electric Field Graph for Case B 
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Figure 8 Electric Field Profile at 1m Height for Case B 

 

6.2 TABULATED CASE RESULTS FOR ELECTRIC FIELD  

Table 3 Electric Field result with change in OHTL loading and profile location 

CASES 

MAGNITUDE OF ELECTRIC FIELD FOR VARIOUS CASES 

PROFILE 
LOCATION 

400kV 
OHTL 

LOADING 

SIMULATED VALUE AT 1m 
HEIGHT FROM GROUND 

UK PUBLIC 
EXPOSURE 

LIMIT SAFE/ 

UNSAFE 

+9 m from Centre 

(Lowest 
Conductor 

Below) 

+170m from 
Centre 

TOWER/MID 
OF SPAN 

A kV/m kV/m 

A 
MID OF 
SPAN 

3375 A 7.936394 0.010479 

9.0 

SAFE 

B 
MID OF 
SPAN 

5000 A 7.881355 0.01043 SAFE 
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6.3 SIMULATED GRAPH FOR MAGNETIC FIELD  
  

Figure 9 Magnetic Field Graph for Case A 

 

 

 

Figure 10 Magnetic Field Graph for Case A 
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Figure 11 Magnetic Field Profile at 1m Height for Case A 

Figure 12 Magnetic Field Graph for Case B 

0

10

20

30

40

50

60

70

-200 -150 -100 -50 0 50 100 150 200

M
ag

ne
tic

 F
ie

ld
(u

T)

Distance(m)

Profile at 1m Height

Valid License No: 9582 S/N 1058939583 Customer: WSP Consultant India Pvt Ltd SES MultiFields
[Date: 2024/ 7/31, Time: 10:56:22]                                              

-225 -125 -25 75 175
Y AXIS  (METERS)

100

0

-100

-200

-300

Z
 A

X
IS

  (
M

E
T

E
R

S
)

Total Magnetic Induc. (MicroTesla)

 LEGEND 

 Maximum Value :   2543.967             
 Minimum Value :      0.124             

3 x E+3         

1 x E+3         

7 x E+2         

3 x E+2         

1 x E+2         

7 x E+1         

3 x E+1         

1 x E+1         

7 x E+0         

3 x E+0         

1 x E+0         

Magnetic Fields/Resultant (Total) [ID:EMF_SSEN_Long_Full_R  @ f=50.0000 Hz ]



 

EMF ASSESSMENT STUDY FOR 400kV OHTL               WSP
Project No.: 70111023 | Our Ref No.: 70111023-509 July 2025
SCOTTISH & SOUTHERN ELECTRICITY NETWORK (SSEN) Page 22

 

Figure 13 Magnetic Field Profile at 1m Height for Case B 

 

 

6.4 TABULATED CASE RESULTS FOR MAGNETIC FIELD  

Table 4 Magnetic Field result with change in OHTL loading and profile location 

CASES 

MAGNITUDE OF MAGNETIC FIELD FOR VARIOUS CASES 

PROFILE 
LOCATION 

400kV 
OHTL 

LOADING 

SIMULATED VALUE AT 1m 
HEIGHT FROM GROUND 

UK PUBLIC 
EXPOSURE 

LIMIT SAFE/ 

UNSAFE 

+9 m from Centre 

(Lowest 
Conductor 

Below) 

+170m from 
Centre 

TOWER/MID 
OF SPAN 

A Micro Tesla Micro Tesla 

A 
MID OF 
SPAN 

3375 A 62.74127 0.123508 

360 

SAFE 

B 
MID OF 
SPAN 

5000 A 92.30611 0.182544 SAFE 
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Executive Summary 
Scottish and Southern Electricity Networks/ SSEN Transmission plc (“SSEN”) is proposing to construct and 
operate approximately 158 kilometres (km) of new double circuit 400 kilovolts (kV) overhead transmission line 
(OHL) between the proposed Fanellan and Greens 400kV substations and 28km of new double circuit 400 kV 
OHL between the proposed Greens and Netherton 400kV substation. 

In July 2022, National Grid ESO (as of 1 October 2024 now known as the National Energy System Operator 
(NESO)) published the Pathway to 2030 Holistic Network Design (Pathway to 2023 HND), setting out the 
electricity transmission network infrastructure required to enable the forecasted growth in renewable electricity 
across Great Britain, in light of the UK and Scottish Government’s 2030 offshore wind allocations of 50 gigawatt 
(GW) and 11 GW (through the Crown Estate and ScotWind leasing rounds) which are the main driver for these 
upgrades. 

The proposed 400 kV overhead line (OHL) will consist of steel lattice towers using a new tower series known 
as the ASTI SSE400 or AS4 for short. These towers are expected to average 57 m in height across the routes. 
The conductor system is proposed to be 3 x 700 mm2 AAAC Araucaria with 500 mm bundle spacing. The 
circuit is designed to function up to 90°C while maintaining a minimum ground clearance of 9 m under normal 
conditions. Although it is capable of operating at to 90°C, it is not currently intended to be used at this maximum 
rating.   

This report details the EMF assessment in OHL duck-under scenarios (see Section 4). In the context of OHL, 
a duck-under describes a configuration where one transmission line passes beneath another, typically to 
prevent routing conflicts or ensure adequate clearances in constrained spaces. The primary objective of this 
report is to provide an EMF assessment for the general public exposure at a height of 1 m above ground at 
the crossing of the proposed Beauly Blackhillock New Deer Peterhead and other SSEN overhead lines. This 
report details the input data, EMF limits, and EMF calculations conducted using the CDEGS software package, 
alongside a risk assessment based on industry guideline.   

Main Results  
Arcadis carried out an EMF assessment of the proposed 400 kV OHL duck under scenario with existing SSEN 
400 kV, 275 kV and 132 kV OHL’s using CDEGS (HIFREQ). All six scenarios are listed below. The calculation 
profile was placed at the OHL duck-under 1 m above ground. The power flow on both circuits was considered 
in same direction. The study acknowledges the limitation in accurately modelling insulator end fittings and 
conductor assembly hardware in HIFREQ; however, this does not impact EMF calculation at ground level itself. 

i) OHL Crossing 1 
ii) OHL Crossing 2 
iii) OHL Crossing 3 
iv) OHL Crossing 4 
v) OHL Crossing 5 
vi) OHL Crossing 6 

To ensure public exposure remains within safe limits, set exposure thresholds at 9 kV/m for electric fields and 
360 µT for magnetic fields were used.  

The calculation considers all duck-under configuration for the 275 kV and 132 kV OHLs, maintaining a statutory 
clearances (6.7 m for 132 kV,  7.0 m for 275 kV). The exception was made for 400 kV OHL duck-under scenario 
where actual ground clearance from PLS-CADD model were used. At the crossing location, the ground 
clearance of the oversailing ASTI 400 kV overhead lines was modelled using a conservative approach, 
bounded between a minimum clearance of 9 meters and the conductor sag profile derived from PLS-CADD 
simulations, as detailed in Appendix A.  

The EMF was assessed using CDEGS (HIFREQ), with all calculated values for the various duck-under 
scenarios remaining within the safe threshold with the exception of crossing 5. 
Crossing 5 exceeds the UK exposure limit for electric field which is 9 kV/m. Although this crossing exceeds 
this limit, it does however still comply with the EMF public exposure guidelines as the location in which this 
crossing occurs is not deemed by SSEN to be an area where members of the public spend significant time.  
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As exposure can be deemed not to be for a significant period of time, the ICNIRP occupational guidelines 
apply in which this crossing remains in compliance with. 

It should be noted that this analysis is considered conservative and further work shall be progressed within the 
detailed design stage to further reduce the electric field magnitude at this crossing as low as reasonably 
practicable through phasing adjustments or increase of ground clearance however the current proposal 
remains compliant with the Code of Practice. 

The corresponding graphs are shown in Appendix B.  

Recommendations 

It is advisable for SSEN to review all input data and assumptions outlined in the report during the detailed 
design stage to ensure compliance with public EMF exposure limits. 
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1.  Introduction 
Scottish and Southern Electricity Networks/ SSEN Transmission plc (“SSEN”) is proposing to build a number 
of projects including new high-voltage electricity 400 kV transmission lines, 400 kV Substations and HVDC 
(high voltage direct current) link to deliver the UK Government’s 50 GW offshore wind by 2030 target. This has 
been set out as part of the Pathway to 2030 Holistic Network Design. Figure 1 illustrates the SSEN Pathway 
to 2030 projects. 

 
Figure 1. SSEN Pathway to 2030 Transmission Network 

The Beauly Blackhillock New Deer Peterhead 400 kV overhead line (OHL) will consist of steel lattice towers 
using a new tower series known as the ASTI SSE400 or AS4 for short. These towers are expected to average 
57 m in height across the routes. The conductor system is proposed to be 3x700 mm2 AAAC Araucaria with 
500 mm bundle spacing. The circuit is designed to function up to 90°C while maintaining a minimum ground 
clearance of 9 m under normal conditions. Although it is capable of operating at 90°C, it is not currently 
intended to be used at this maximum rating.  

Arcadis Consulting (UK) Ltd (“Arcadis”) has been commissioned by SSEN to conduct an electric and magnetic 
fields (EMFs) assessment for the ASTI 400 kV OHL tower. Arcadis completed a report summarising the EMF 
calculations for AS4 tower [ 1].  

This report details the EMF assessment in OHL duck-under scenarios (see Section 4). In the context of OHL, 
a duck-under describes a configuration where one transmission line passes beneath another, typically to 
prevent routing conflicts or ensure adequate clearances in constrained spaces. The primary objective of this 
report is to provide an EMF assessment for the general public exposure at a height of 1 m above ground at 
the crossing of the Beauly Blackhillock New Deer Peterhead OHL and other SSEN existing overhead lines. 
This report details the input data, EMF limits, and EMF calculations conducted using the CDEGS software 
package, alongside a risk assessment based on industry guideline. Sections 2 of the report remains 
unchanged from previous Arcadis report 6096/134/R/HN/01B [1].  

 
[1] Arcadis Report 6096/134/R/HN/01B- SSE ASTI Project - 400 kV Overhead Line Tower Electric and Magnetic Fields, 18th February 2025 
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3. Computation Software  
The EMF was calculated using HIFREQ (Electromagnetic Fields Analysis) module of the SES CDEGS 
software suite. HIFREQ is an optimal computation tool for tackling complex electromagnetic problems 
involving any system of conductors, which can be comprised of various materials and assembled in various 
configurations, and which may include metallic plates, coaxial or multi-core cables, GIS/GIL, transformers, and 
assorted lumped components (e.g. resistors, inductors, and capacitors, etc.). HIFREQ is the only computation 
module that can provide accurate solutions to transient and steady state problems in the frequency range of 
zero to hundreds of megahertz, for the analysis of buried and aboveground conductors. It computes electric 
and magnetic fields in the air and soil, as well as conductor and soil potentials, and the current distribution in 
the soil and in the conductors.  

More information on HIFREQ module https://sestech.com/en/Product/Module/HIFREQ  

Limitations: This study acknowledges the limitation in accurately modelling insulator end fittings and 
conductor assembly hardware in CDEGS. Accurate modelling can be attained by applying 3D electric field 
design and analysis software featuring Boundary Element Method (BEM) technology.  

Electric fields near the surface of a conductor are very sensitive to the shape of the conductor. HIFREQ can 
be used to compute electric fields by modelling the OHL tower and phase conductors, however, the conductors 
are represented as wire filaments and the exact shape of a conductor (for example the steel members of a 
tower), and insulators cannot be modelled. It is important to note that electric fields computed with HIFREQ at 
points located far away (i.e., several conductor radii away) from the conductors should nonetheless be 
accurate.  
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4. OHL Duck-Under Scenarios 
The proposed Beauly Blackhillock New Deer Peterhead OHL involves the construction of approximately 
158 kilometres (km) of new double circuit 400 kilovolts (kV) overhead transmission line (OHL) between the 
proposed Fanellan and Greens 400kV substations and 28km of new double circuit 400 kV OHL between the 
proposed Greens and Netherton 400kV substation. 

Special arrangements are required to facilitate the crossing of the Proposed Development with existing 132 kV, 
275 kV and 400kV OHLs. As part of the Proposed Development, six special arrangements are proposed. The 
location of these and each of the proposed arrangements that are part of the EMF assessment are shown in 
the figures below.  

The circuit data for the proposed 400 kV OHL and crossing arrangement is shown in Section 5 and 6.  

 
Figure 3: OHL Crossing 1 

 

New 400 kV ASTI OHL 

Knocknagael - Dallas/Berryburn 
275 kV Circuit 
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Figure 4: OHL Crossing 2 and 3 

 
Figure 5: OHL Crossing 4 

New 400 kV ASTI OHL 

Elgin-Keith 132 kV Circuit 

Blackhillock-Dallas/Berryburn 
275 kV Circuit 

New 400 kV ASTI OHL 

Keith - Macduff 132 kV Circuit 
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Figure 6: OHL Crossing 5 

 
Figure 7: OHL Crossing 6 

  

Blackhillock – Rothienorman 
400 kV circuit 

New 400 kV ASTI OHL 

New 400 kV ASTI OHL 

Blackhillock – Rothienorman 
400 kV circuit 
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5.4 OHL Phasing  
Similar to the phase and earth wire, the phase arrangement of the OHL on a double circuit tower can impact 
EMF. SSEN have provided data on the proposed phasing for both the existing and proposed OHL which is 
shown within Appendix A. The Beauly Blackhillock New Deer Peterhead OHL will have optimal phasing with a 
“centre points symmetrical” phase arrangement, similar to that illustrated in Figure 8. The existing OHL phasing 
has been modelled as per the information provided in Appendix A. 

 
Figure 8: Possible Phase Arrangements -Double Circuit OHL 
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 Conclusions  
a) Arcadis carried out an EMF assessment of the proposed Beauly Blackhillock New Deer Peterhead 400 

kV OHL duck under scenario with existing SSEN 400 kV, 275 kV and 132 kV using CDEGS (HIFREQ).  
The calculation profile was placed at OHL duck-under 1 m above ground. The power flow on both circuits 
was considered in same direction. The study acknowledges the limitation in accurately modelling 
insulator end fittings and conductor assembly hardware in HIFREQ however this does not impact EMF 
calculation at ground level itself. 

b) To ensure public exposure remains within safe limits, set exposure thresholds at 9 kV/m for electric 
fields and 360 µT for magnetic fields were used.  

c) The EMF was assessed using CDEGS (HIFREQ), with all calculated values for various duck-under 
scenarios remaining within the safe threshold except for crossing 5. Crossing 5 exceeds the UK 
exposure limit for electric field  with a value of 9.52 kV/m. Although this crossing exceeds this limit, it 
does however still comply with the EMF public exposure guidelines as the location in which this crossing 
occurs is not deemed by SSEN to be an area where members of the public spend significant time.  As 
exposure can be deemed not to be for a significant period of time, the ICNIRP occupational guidelines 
apply in which this crossing remains in compliance with. The corresponding graphs are shown in 
Appendix B.  

8. Recommendations 
a) It is advisable for SSEN to review all input data and assumptions outlined in the report during the detailed 

design stage to ensure compliance with public EMF exposure limits.  Crossing 5 ground clearance 
should be increased to meet the required EMF exposure thresholds. Alternatively, the overhead line 
(OHL) phasing should be reassessed.  
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ASTI 400 kV OHL Tower (Information Only) 

 
 

 



SSEN PATHWAY TO 2030 PROJECT  

Electric and Magnetic Fields in Overhead line Duck-Under Scenarios 

6096/134/R/HN/05A– 18/09/2025 Appendix A.2 

 

ASTI 400 kV OHL Phase and Earth Wire 
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Duck-under Parameters and Phasing  
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CDEGS (HIFREQ) Results  

i) Crossing 1 Knocknagael - Dallas/Berryburn 275 kV Circuit 
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ii) Crossing 2 Blackhillock-Dallas/Berryburn 275 kV Circuit 
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