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Summary 
 

This report summarises the assessments of Electric and Magnetic Fields (EMF) associated with the proposed 
Spittal to Loch Buidhe to Beauly 400kV Overhead line project, focusing on the project’s compliance with the 
exposure limits in the UK’s Code of Practice ‘Power Lines: Demonstrating compliance with EMF public exposure 
guidelines (DECC: 2012)’, validation process and assessment of the more complex arrangements. The project 
uses an AAAC Araucaria conductor in triple-bundled configuration per phase supported by lattice steel AS4 
tower structures. SSEN undertook a comprehensive assessment of the EMF levels using PLS CADD software for 
two levels of current, 3370A and 5000A, for both transposed (optimal) and untransposed phasing scenarios. 
PLS CADD is the industry standard for overhead line design. To validate the results, an independent consultant, 
WSP, was engaged, using an alternative software package for the assessment, SES CDEGS. Both analyses 
produced consistent results, ensuring the accuracy and reliability of the findings.   

The assessed EMF levels comply fully with the exposure limits set out in the UK’s Code of Practice. These 
guidelines are based on internationally recognised limits and form the basis of the framework for EMF safety in 
the UK. The results confirm that EMF levels remain within the permissible thresholds, demonstrating the 
projects’ compliance with the Code of Practice.  

 

 

 

 

 

 



EMF-OHL-002 Electric & Magnetic Field Study Report 
Spittal – Loch Buidhe - Beauly 400kV  

Applies to 
Distribution Transmission 

  
Revision: 1.00 Classification: Public Issue Date: July 25  

 

Page 3 of 101 

© Scottish and Southern Electricity Networks 
Uncontrolled if Printed 

Table of Contents 

1 Introduction ................................................................................................................................... 4 
1.1 Objective of EMF Study ........................................................................................................................................... 4 
1.2 Project Background ................................................................................................................................................. 4 

2 Electric and Magnetic Field ............................................................................................................ 5 
2.1 Introduction to Electric and Magnetic Field Study .................................................................................................. 5 
2.2 Electric Fields .......................................................................................................................................................... 5 
2.3 Magnetic Fields ....................................................................................................................................................... 5 
2.4 EMF Statutory Exposure limits ................................................................................................................................ 6 

3 EMF Calculations ............................................................................................................................ 7 
3.1 Line Modelling Parameters ..................................................................................................................................... 7 
3.2 Design Calculations ................................................................................................................................................. 7 
3.3 Summary of Assessment and Further Precautions ............................................................................................... 10 

4 Validation of EMF Result .............................................................................................................. 12 

5 Complex OHL Arrangements........................................................................................................ 13 
5.1 Cumulative Assessment ........................................................................................................................................ 13 
5.2 Complex Crossings ................................................................................................................................................ 15 

6 Conclusion .................................................................................................................................... 17 

 Tower Geometry ........................................................................................................... 18 

 PLS CADD Electric and Magnetic Field Calculations ...................................................... 19 

 WSP Assessment ........................................................................................................... 23 

 PLS CADD Report for Cumulative Assessment .............................................................. 48 

 Arcadis Complex EMF Assessment Report .................................................................... 58 
 

  



EMF-OHL-002 Electric & Magnetic Field Study Report 
Spittal – Loch Buidhe - Beauly 400kV  

Applies to 
Distribution Transmission 

  
Revision: 1.00 Classification: Public Issue Date: July 25  

 

Page 4 of 101 

© Scottish and Southern Electricity Networks 
Uncontrolled if Printed 

1 Introduction 

This document presents an assessment, results and compliance statement of the proposed Spittal to Loch 
Buidhe to Beauly 400kV overhead line in terms of Electric and Magnetic Fields (EMF). This report is applicable 
to the new build overhead line and the specific arrangements in section 5 only. 

1.1 Objective of EMF Study 

The goal of this study is to assess the Electric and Magnetic Field (EMF) levels generated by the new 400kV 
overhead line and to determine compliance with the UK’s code of practice ‘Power Lines: Demonstrating 
compliance with EMF public exposure guidelines (DECC: 2012)1’. This report summarises the studies carried out 
on EMF levels from the proposed overhead lines to demonstrate a compliant design. The in-house design 
calculations were done using PLS CADD software with the results being independently validated by Consultants 
using SES CDGES software.    

1.2 Project Background 

Scottish and Southern Electricity Networks/ SSEN Transmission plc (“SSEN”) is proposing to construct and 
operate approximately 96 kilometres (km) of new double circuit 400 kilovolts (kV) overhead transmission line 
(OHL) between the proposed Banniskirk and Carnaig 400 kV Substations and 77 km of new double circuit 400 
kV OHL between the proposed Carnaig and Fanellan 400 kV Substations. 

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 2030 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.   

 

 

 

 

1 Power Lines: Demonstrating compliance with EMF public exposure guidelines (DECC: 2012) 
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2 Electric and Magnetic Field  

2.1 Introduction to Electric and Magnetic Field Study 

Overhead Lines (OHLs) are used to carry high voltage electricity across long distances and are a source of electric 
and magnetic fields. There are long established concerns around the potential health effects of exposure of 
these fields. As a result, OHL have been subject to a large body of scientific research and regulatory initiatives. 
A summary of the known potential impacts is provided in this section.    

2.2 Electric Fields 

Electric fields are found wherever there is electricity. Electric fields are created by the presence of electric 
charges and are measured in volts per meter (V/m). An electric field is associated with any device or wire that 
is connected to a source of electricity, even when a current is not flowing. Electric fields are easily shielded by 
common objects such as trees, fences, and walls. It has been determined there is no body of evidence indicating 
a relationship between exposure to electric fields and human disease. However, strong electric fields can lead 
to micro-shocks from poorly earthed objects and sensory impacts (reversible on removal from the field and 
temporary in duration). As such it essential the electric field strength is controlled. 

2.3 Magnetic Fields   

Magnetic fields are created by charges (electrons) moving in a conductor, such as a wire. The number of 
electrons moving through a conductor at any given time is called the current (measured in amperes). As the 
powerflow increases, so does the magnetic field. The magnetic field decreases as the distance from the source 
increases. Scientific studies have identified that there is a statistical association between magnetic fields and 
childhood leukaemia however the evidence of the association has weakened in recent years . No biological 
mechanism has been found for this relationship and since this potential relationship was identified in the 1960s, 
subsequent studies have shown a steady decline in the potentially elevated risk. This is despite powerflows, 
and thus the magnetic field strength from OHLs, increasing over the same period. There is insufficient evidence 
of magnetic fields being linked to other diseases or cancers. As the statistical association with childhood 
leukaemia remains it is acknowledged as a potential impact and thus it is considered necessary to control the 
magnetic field strength to reduce the potential risk. 
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2.4 EMF Statutory Exposure limits  

To ensure the safety of the public due EMF emissions from OHLs, the UK Government issued, following 
consultation, a code of practice for the industry ‘Power Lines: Demonstrating compliance with EMF public 
exposure guidelines’ issued via the Department of Energy & Climate Change in 2011 and updated in 2012. This 
was based on levels set by 1998 guidelines published by the International Commission on Non-Ionizing 
Radiation Protection (ICNIRP). These levels are set to minimise any health risk posed by the OHL. Additionally, 
whilst being low risk, the statistical association with childhood leukaemia was recognised and UK further 
introduced a precautionary measure requiring optimal phasing, where reasonably possible, in the Code of 
Practice.    

The code of practice sets the maximum levels for long term public exposure as 360 µT for magnetic fields and 
9 kV/m for electric fields. Long term exposure relates to places of residence or similar where people regularly 
spend extended periods of time. The SSEN OHL design standard TG-NET-OHL-506 Rev 2.0 defines the exposure 
limits in accordance with the code of practice. 

The following parameters are defined by TG-NET-OHL-506 Rev 2.0 for calculation of the EMF fields from 
overhead lines: 

 Fields shall be measured directly below the line 

 Fields shall be calculated with maximum continuous current and voltage 

 The conductors shall be modelled at the design minimum clearance 

 Double circuit vertical transmission lines shall have optimum phase arrangement to reduce imbalance 
EMF and induced ground currents.  

The UK Government have reconfirmed the principles and limits set out in the code of practice with their latest 
policy on EMF. National Policy Statement EN-52, (NPS EN-5) which was reissued in November 2023 and came 
into force on 17 January 2024. This policy confirmed the current UK Government guidance, informed by relevant 
international guidance, is therefore still considered appropriate. 

  

 

2 National Policy Statement EN-5 
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3 EMF Calculations 

This section summarises the SSEN Transmission calculations of EMF for the proposed OHLs. 

3.1 Line Modelling Parameters 

The Spittal to Loch Buidhe to Beauly overhead line is being designed with a triple bundled AAAC Araucaria 
conductor per phase on AS4 Towers (a modified version of the SSE400). The phase configurations are 
considered as optimal phasing i.e. a fully transposed phase arrangement.  

The following conductor system design is proposed for this project as shown in the table 3.1 below.  

Table 3.1 – Conductor System  

Conductor Construction Diameter 
(mm) 

Resistivity  
(nΩm) 

No. of Sub 
conductors 

Bundle 
Distance 

(mm) 

Max. 
Operating 

Temperature 
(°C) 

Araucaria AAAC 
700mm2 

37.26 30.5 3 500 90 

Two power flow scenarios were considered: 

 Intended maximum power flow; 3370 Amps (winter pre-fault continuous based on a summer pre-fault 
continuous power flow of 2090MVA), 

 Maximum possible power flow; 5000A (maximum winter pre-fault continuous considering substation 
limitations) 

It should be noted that although analysis has been carried out up to a maximum current of 5000A the line is 
only intended to operate up to 3370A but the full capability has been considered to be conservative.  

The proposed structure design for the Spittal Loch Buidhe Beauly scheme is the AS4 series of lattice steel towers, 
specifically designed for the project. Proposed tower outline drawing for the standard suspension tower (AS4-
AD) is attached in Appendix-A 

3.2 Design Calculations  

The EMF calculations were performed in-house by SSEN Transmission’s Onshore Capital Delivery Project 
Engineering team using PLS-CADD Software, an internationally recognised tool by the transmission industry. 
The line was modelled on the basis of the parameters defined in section 3.1 of this report. The calculations were 
performed for both transposed and untransposed (for reference only) phase arrangement and calculated at 
middle of the span where the conductor is nearest to the ground level; the worst-case scenario. These 
calculations were made for a range of different ground clearance options in order to determine the minimum 
ground clearance needed to ensure compliance with the code of practice. The smallest, minimum ground 
clearance which was found to be compliant is shown in green for each of the following scenarios: 

 Transposed: Maximum possible power flow, 
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there is no design saving on tower height, and subsequent visual impact, in adopting the least conservative 
value 8.7m, and the more conservative 9.0m value was adopted. 

3.3 Summary of Assessment and Further Precautions  
The Assessment of Electric and Magnetic Field levels for the proposed overhead line project confirms that with 
a minimum ground clearance of 9.0m, all calculated values are within the statutory exposure limits. It should 
be noted that these values are for a 1m height above ground, directly beneath the line and assume long term 
exposure that would be typical for a residence or similar. The routeing of the Spittal Loch Buidhe Beauly project 
has avoided the oversail of residential (or similar) properties and looked to site the OHL away from the 
properties. Whilst this is not necessary under the code of practice, nor was the EMF levels the sole factor in 
these routeing decisions, in practice this substantially reduces the EMF exposure levels compared to the values 
given in this report. This is visualised in the figures 3.3 and 3.4, shared at the projects’ public consultations in 
the Pathway to 2030 EMF leaflet. 

Figure 3.3 - Magnetic Field Strength as per Pathway to 2030 EMF leaflet 
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Figure 3.4 - Electric Field Strength as per Pathway to 2030 EMF leaflet 
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Figure 5.3 - Cumulative Magnetic Field Results 

 

As stated above, this analysis depends on numerous factors such as phasing and load, however the cases carried 
out demonstrate the mechanisms in which fields combine and are considered representative for the proposed 
development. This assessment demonstrates that the combined impact of electric and magnetic fields from 
parallel overhead lines does not affect the assessment of compliance for the proposed new overhead line with 
the maximum fields remaining within the acceptable exposure limits set by the code of practice. 

5.2 Complex Crossings 

Across the Spittal Loch Buide Beauly 400kV OHL there are certain complex OHL arrangements that require 
further detailed analysis. These arrangements are a result of the proposed OHL crossing an existing OHL. Where 
these crossings occur, the electric and magnetic fields of the respective OHLs can interact with one another and 
therefore the combined effects must be considered. 

This analysis cannot be carried out in the same method as discussed in the previous section and requires 
specialist software, SES CDEGS, due to the complexity of these crossings involving multiple circuits directly 
crossing each other. This type of analysis is best suited to the specialist software to accurately model the 
resultant electric and magnetic fields. A specialist consultant, Arcadis Consulting (UK) Limited, was 
commissioned to carry out this detailed analysis and the full study is appended to this report.  

An overview of the results for the proposed crossing is provided within table 5.2 below. 
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6 Conclusion 

In conclusion, as demonstrated by this report and it’s supporting documents, the proposed OHLs are complaint 
with the industry’s current code of practice the industry ‘Power Lines: Demonstrating compliance with EMF 
public exposure guidelines’ developed by the Department of Energy & Climate Change.   
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 Tower Geometry 
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 PLS CADD Electric and Magnetic Field Calculations 

TRIPLE Araucaria (7.6m ground clearance) 
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TRIPLE Araucaria (7.6m ground clearance) 
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TRIPLE Araucaria (9.0m ground clearance to achieve 9kV/m Electric Field) 
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TRIPLE Araucaria (9.0m ground clearance to achieve 9kV/m Electric Field) 
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 WSP Assessment  

 




