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Summary 
 

This report summarises the assessments of Electric and Magnetic Fields (EMF) associated with the proposed 
Kintore Tealing 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.  
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1 Introduction 

This document presents an assessment, results and compliance statement of the proposed Kintore Tealing 
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 105.2 kilometres (km) of new double circuit 400 kilovolts (kV) overhead transmission 
line (OHL) between Kintore and Tealing.  

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.   

 

 

 

 

 

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 
1960’s, 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 Exposure limits  

To ensure the safety of the public due to 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 characteristics are defined by TG-NET-OHL-506 Rev 2.0 for calculation 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 Kintore Tealing 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: 

1. 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 Kintore Tealing 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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 Transposed: Required maximum power flow, 

 Untransposed: Maximum possible power flow, 

 Untransposed: Required maximum power flow, 

The below tables summarise the EMF level for the range of heights checked. The EMF reports, generated by the 
PLS-CADD software, used to populate these tables are enclosed in Appendix-B. 

Table 3.2 - Transposed Phase Arrangement 

Current: 5000 A  Current: 3370 A 
TRANSPOSED (RYB-BYR) 

Clearance  
(m) 

Electric 
Field  

(kV/m) 

Magnetic 
Field 
(uT)  

Clearance  
(m) 

Electric 
Field  

(kV/m) 

Magnetic 
Field 
(uT) 

7.3 11.20 111.20  7.3 11.20 74.90 
7.6 10.6 108.30  7.6 10.60 72.96 
8.0 9.86 104.36  8.0 9.86 70.34 
8.5 9.05 96.47  8.5 9.05 65.02 
8.7 8.63 93.12  8.7 8.63 62.76 
9.0 8.30 89.36  9.0 8.30 60.22 
9.5 7.54 83.24  9.5 7.54 44.65 

 

 

 Table 3.3 - Un-Transposed Phase Arrangement 

Current: 5000 A  Current: 3370 A 
UNTRANSPOSED (RYB-RYB) 

Clearance  
(m) 

Electric 
Field  

(kV/m) 

Magnetic 
Field 
(uT)  

Clearance  
(m) 

Electric 
Field  

(kV/m) 

Magnetic 
Field 
(uT) 

7.3 11.79 92.50  7.3 11.79 67.80 
7.6 11.19 91.66  7.6 11.19 64.90 
8.0 10.49 90.55  8.0 10.50 61.03 
8.5 9.70 83.91  8.5 9.70 56.56 
8.7 9.36 81.11  8.7 9.36 54.67 
9.0 8.98 77.90  9.0 8.98 52.51 
9.5 8.37 72.85  9.5 8.37 49.10 

 

The calculated values for Electric field at the minimum statutory ground clearance (7.3m) are 11.20 kV/m and 
11.79 kV/m for the transposed and untransposed scenarios respectively. These values are not within the 
acceptable limits (i.e. 9kV/m). The acceptable electric field exposure levels are not achieved until a ground 
clearance of 8.7m and 9.0m is achieved for the transposed and untransposed scenarios respectively. The 
following figure shows a graphical representation of the electric field in transposed and untransposed phasing 
scenarios. 

Figure 3.1 - Electric Field Arrangement  



EMF-OHL-001 Electric & Magnetic Field Study Report 
Kintore Tealing 400kV  

Applies to 
Distribution Transmission 

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

 

Page 9 of 80 

© Scottish and Southern Electricity Networks 
Uncontrolled if Printed 

 
The calculated values for the magnetic field varies with the increase in the current/load. However, the statutory 
limit for the magnetic field is 360 uT which is achieved at the 7.3m ground clearance for all scenarios.  The 
following figure shows the graphical representation of the Magnetic Field at transposed and untransposed 
phasing scenarios and with two different power flows: 

 

 Figure 3.2 - Magnetic Field Arrangements 

 
 

It was concluded from the above tables that the minimum compliant clearance to ground, 8.7m-9.0m, was 
relatively consistent for the four scenarios considered, including the conservative untransposed values. The 
overall tower height would not change whether an 8.7m or 9.0m clearance to ground was adopted. As such, 
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there would be no change to the landscape & visual, or other environmental impacts and therefore the more 
conservative value of 9.0m clearance 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 Kintore Tealing 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 routing 
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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4 Validation of EMF Result  

SSEN Transmission commissioned the consultancy group WSP to provide an independent validation of the EMF 
levels generated by the proposed OHL. WSP utilised another industry standard tool, SES CDEGS software, for 
this work. The EMF reports generated by WSP by using CDEGS software are enclosed in Appendix-C. The results 
from WSP’s analysis were consistent with those calculated in Section 3, see table 4.1, and confirmed that the 
EMF levels are well within the acceptable exposure limits set by the Code of Practice.  

Table 4.1 - Comparison of WSP and SSEN-T EMF analysis 

Power flow/ 
Current 

(3x Araucaria on 
AS4) 

 
 

Clearance 

Magnetic Field 
(under the line at mid span) 

Electric Field 
(under the line at mid span) 

SSEN-T 
(PLS-CADD) 

WSP 
(CDEGS) 

SSEN-T 
(PLS-CADD) 

WSP 
(CDEGS) 

5000 A 9.00 M 89.3 µT 92 µT 8.3 kV/m 7.9 kV/m 

3370 A 9.00 M 60.2 µT 62 µT 8.3 kV/m 7.9 kV/m 
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5 Complex OHL Arrangements 

5.1 Cumulative Assessment 

Where overhead lines come into close proximity to each other, their electric and magnetic fields can interact 
with one another and therefore a cumulative assessment is required to demonstrate compliance. Due to the 
fact that Electric and Magnetic fields are vector quantities and have both magnitude and direction, the way in 
which they combine is complex and the values cannot simply be added together. Although combining the EMFs 
from different sources is complex, generally when the field from one source is larger than the other, the larger 
field dominates, with the smaller field making a minor impact to the overall field. This is why at substations the 
largest fields typically come from the overhead lines entering the substation and the impact of the plant within 
the substation itself is considered to have minimal impact to the overall fields. 

To demonstrate compliance a conservative assessment has been carried out within PLS-CADD considering three 
400kV overhead lines, in parallel, all operating at 5000A using the parameters from section 3. The three lines 
have been spaced at 72m centre to centre which has been selected based off an 18m substation bay spacing 
and is considered to be the closest the lines will operate at this voltage on approach to a substation. 

The exact field that is produced by the lines in parallel depends on specifics of relative phasing and loads 
however this assessment considers a number of scenarios that are considered to be representative of the 
cumulative effect. 

Two phasing scenarios have been modelled. The first scenario (Case 1) considers all lines being optimally phased 
and the circuits between adjacent lines also being optimally phased. This is an ideal scenario as when circuits 
have optimal phasing the electric and magnetic fields can partially cancel each other out reducing the resultant 
fields. However, while the proposed development is to be optimally phased, as phasing of future developments 
is not yet confirmed a precautionary assessment was undertaken, therefore a second case (Case 2) was 
considered where the three individual lines were still optimally phased but the circuits between the adjacent 
lines were not optimally phased. This second arrangement has the potential to increase the magnitude of the 
resultant fields.  Figure 5.1 below depicts the two cases described above.  

 

 

Figure 5.1 – Case 1 on left, Case 2 on right 
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The maximum fields for each scenario are presented in table 5.1 below. The full PLS-CADD report can be seen 
in Appendix-D. Figures 5.2 and 5.3 show the two cases for both the cumulative electric field and magnetic field 
extracted from the PLS Report. 

Table 5.1 - Summary of Electric and Magnetic Field Values for Cumulative Assessment 

Cumulative Assessment Case Maximum Magnetic Field (µT) Maximum Electric Field (kV/m) 
Case 1 – Optimal phasing of 
adjacent circuits 92.71 8.69 

Case 2 – Non-Optimal phasing of 
adjacent circuits 94.71 8.67 

 

Figure 5.2 - Cumulative Electric Field Results 
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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 Kintore Tealing 400kV OHL there is a certain complex OHL arrangement that required further 
detailed analysis. This arrangement is a result of the proposed OHL crossing an existing OHL. Where this crossing 
occurs, the electric and magnetic fields of the respective OHL’s 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 2 below. 

Table 5.2 - Summary of Electric and Magnetic Field Values for Complex Arrangements 

Description of Crossing Maximum Magnetic Field (µT) Maximum Electric Field (kV/m) 
Craigiebuckler to Tarland 132kV 
OHL Crossing 98.81 8.44 
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Based on the results in the table above it can be observed that both the maximum magnetic and electric fields 
observed at the crossing remain below the acceptable exposure limits set by the Code of Practice. The full 
details of this analysis can be seen in Appendix-E. 
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6 Conclusion 

In conclusion, as demonstrated by this report and its supporting documents, the proposed OHLs are compliant 
with the industry’s current Code of Practice ‘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  
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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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1 BACKGROUND AND SCOPE OF WORK 

WSP is assigned as the consultant to perform a 400kV Substation and 400kV OHL EMF 

Assessment Study Report for Scottish & Southern Electricity Networks (SSEN). The EMF 

Assessment Study is essential to ensure that personnel available in Substations or nearby to the 

OHTL are not exposed to a harmful level of Electromagnetic Field (EMF). 

As per our proposal (70111023) to undertake the EMF studies, the following report is  

issued by WSP. 

▪ EMF assessment Study Report for 400kV OHTL of SSEN – Transmission 

This report covers the EMF assessment study for the 400kV OHTL of SSEN 

Transmission. The proposed tower cross-section diagram considered for the entire study 

is shown below. 

 

Figure 1- Proposed Suspension Tower AD & BD Diagram 
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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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3 SIMULATION MODEL DEVELOPMENT 

3.1 SIMULATION TOOL 

CDEGS (Current Distribution, Electromagnetic Fields, Grounding and Soil Structure Analysis) tool 

was used to perform the EMF voltage assessment study for 400kV Overhead Transmission Line 

Tower. 

CDEGS is a powerful set of integrated software tools designed to accurately analyse a variety of 

electromagnetic related problems encountered in all industries involving electric networks.  

The use of CDEGS for EMF analysis is recognised within the industry as standard practice. 

 

3.2 CONSIDERATIONS FOR THE STUDY 

The following are the data considered as per the confirmation provided by SSEN 

▪ 400kV Span Length is considered to be 350m. 

▪ Ground Clearence of 400kV OHTL is considered as 9m. 

▪ Optimum phasing is also included in the 400kV OHTL model. 

▪ Maximum 400kV Overhead Transmission Line Length (i.e. 115km) is considered for the 

entire study. 

▪ EMF observation points is extended up to 170m on cross section side of the tower. 

 

3.3 MODEL DEVELOPMENT 

The following are the models that have been developed in CDEGS simulation tool to carry out the 

required EMF assessment study. The insulator lengths provided within the inputs table in section 2 

are approximate lengths and final lengths will be confirmed by SSEN during their detailed design. 

Slight variation in these lengths will have negligible impact on the EMF assessment as the conductor 

has been sagged to have a minimum clearance to ground of 9m and the EMF values are taken at this 

closest point to ground where fields are at their maximum. 
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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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4 STANDARD EXPOSURE LIMITS 

4.1 PUBLIC EXPOSURE LIMITS 

In March 2004, the UK adopted the 1998 guidelines published by ICNIRP. These guidelines (See 

Table 1) are designed to set conservative exposure levels for the general public to electric and 

magnetic fields, and they are endorsed by the UK’s Health Protection Agency, the World Health 

Organisation and the UK Government. 

It is the policy of the electricity industry to follow these independent guidelines. A Code of Practice 

CoP, published jointly in 2012 by industry and the Department for Energy and Climate Change (now 

part of the Department for Business, Energy and Industrial Strategy). This CoP sets out all the 

practical details needed to apply the exposure limits for transmission lines. All exposures in homes 

already comply with the ICNIRP guidelines. The electricity industry designs all new equipment to 

comply with the Government guidelines as set out in the Code of Practice. This includes measures 

such as adhering to statutory ground clearance requirements and ensuring optimum phasing of high 

voltage double-circuit overhead lines.  

The CoP 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. In other environments, where exposure can be deemed 

not to be for a significant period of time, the ICNIRP occupational guidelines, rather that the ICNIRP 

general public guidelines, shall be deemed to apply. 

 

Table 1 – Public Exposure Limits for Power Frequency EMFs 

Sl. 

No. 

Public Exposure Levels Electric Fields Magnetic Fields 

1 
Reference level  

(external unperturbed field) 
5kV/m 100 μT 

2 
Field corresponding to the basic restriction 

(external unperturbed field) 
9kV/m 360 μT 
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4.2 OCCUPATIONAL EXPOSURE LIMITS 

Occupational exposure (see Table 2) is defined as any exposure experienced by an individual 

during work related activities. The limits for occupational exposure are stated in the Control of 

Electromagnetic Fields at Work Regulations 2016. These limits are enforceable and should not be 

exceeded. 

Table 2– Occupational Exposure Limits for Power Frequency EMFs 

Sl. 

No. 

Occupational Exposure Levels Electric Fields Magnetic Fields 

1 
Reference level  

(external unperturbed field) 
10kV/m 1000 μT 

2 
Field corresponding to the basic restriction 

(external unperturbed field) 
20kV/m 6000 μT 
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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 
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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 
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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 
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7 CONCLUSION 

▪ In all the simulated test cases, the results have shown that the simulated values of Electric 

Field are well within the UK Exposure Limit. 

▪ Similarly, the simulated value of the Magnetic Field is well within the UK Exposure Limit. 
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Executive Summary 

Scottish and Southern Electricity Networks/ SSEN Transmission plc (“SSEN”) is proposing to construct and 
operate approximately 105.2 kilometres (km) of new double circuit 400 kilovolts (kV) overhead transmission 
line (OHL) between Kintore and Tealing.  

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 Kintore Tealing 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 the existing 
Craigiebuckler - Tarland 132 kV OHL using CDEGS (HIFREQ). The calculation profile was placed at the OHL 
duck-under 1 m above ground. The power flow on both circuit 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. 

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 that the duck-under configuration for the 132 kV OHL is sagged to maintain statutory 
clearance to ground of 6.7 m which is considered conservative for the purpose of this assessment. Due to 
limitations within the CDEGS software package all towers are modelled on a uniform plane. The model 
however considers the lowest point between the conductor and ground and therefore can be considered 
conservative.  

The EMF was assessed using CDEGS (HIFREQ), with all calculated values for the Craigiebuckler - Tarland 
132 kV OHL duck-under scenario remaining within the safe threshold. 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 Kintore to Tealing 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 proposed Kintore Tealing 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 remain 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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2. Electric & Magnetic Field (EMF) Risks 

The electromagnetic field (EMF) from power lines consist of electric field and magnetic field. The electric fields 
are produced by voltage. Electric fields are measured in volts per metre (v/m). Magnetic fields are produced 
by current, which is the flow of electricity. Generally, the higher the current, the higher the magnetic field. 
Magnetic fields are measured in microtesla (μT).  

Alternating magnetic fields induces electric fields which will produce currents in a conductive medium. The 
human body is conductive and hence alternative magnetic fields will induce very weak voltages and currents 
in the human body. If these voltages and currents are high enough, it is possible to result in physiological 
effects on excitable tissues of the body, mainly nerve and muscle cells. Similar, direct exposure of alternating 
electric fields can induce very weak voltages and currents in the human body. Again, if these voltages and 
currents are high enough, it is possible to result in physiological effects on excitable tissues of the body, mainly 
nerve and muscle cells.  

An active implantable medical device (AIMD) is any medical device which is intended to be totally or partially 
introduced, surgically or medically, into the human body, and which is intended to remain after the procedure. 
The commonest are pacemakers and defibrillators (together described as "implanted heart devices"). The 
electronic medical implants use electrical component in their construction. Under certain circumstances some 
implants may be susceptible to interference from electromagnetic field. This situation could lead to improper 
function of medical implants e.g.; a heart pacemaker disturbance can pose a health & safety threat. It should 
be noted that the Medicines and Healthcare products Regulatory Agency (MHRA) are aware of no instance of 
a patient having their implanted heart device interfered with by a high-voltage power line [2].  

The two internationally recognised exposure guidelines are established by the Institute of Electrical and 
Electronics Engineers (IEEE) [3] and International Commission on Non-Ionising Radiation Protection (ICNIRP) 
and [4].  

2.1 How EMF Strengths Decrease with Distance 

EMF decreases with distance from the source. Generally, at a distance from the source d, the fields will 
decrease as follows [5]:  

• Single-phase current – 1/d,  

• Single circuit or double circuit un-transposed – 1/d2, and  

• Double circuit transposed (assuming symmetrical geometry) or coil – 1/d3.  

Figure 2 shows this rate of decrease from different sources. In practice, factors such as unequal currents, zero 
sequence currents, tapered towers, geometrical deviations on the structure, and very close proximity to 
sources will result in rates of decrease which are less than the above. Furthermore, magnetic field profiles are 
typically shown horizontally along the ground (at one metre above ground), perpendicular to the conductor and 
typically at midspan where the conductors are closest to the ground. 

 

[2] https://www.emfs.info/  
[3] IEEE (2019) Standard for Safety Levels with Respect to Human Exposure to Electric, Magnetic, and Electromagnetic Fields, 0 Hz to 
300 GHz. IEEE Std C95.1, New York 
[4] International Commission on Non-ionizing Radiation Protection (2010): Guidelines for limiting exposure to time-varying electric and 
magnetic fields (1 Hz to 100 kHz). Health Phys 99 (6), pp.818- 836. Erratum in Health Phys 100 (1), p.112 (2011). 
https://www.icnirp.org/cms/upload/publications/ICNIRPLFgdl.pdf  and  International Commission on Non-ionizing Radiation Protection 
(1998): Guidelines for Limiting Exposure to Time-Varying Electric, Magnetic Fields and Electromagnetic Fields (up to 300 GHz). Health 
Phys 74 (4), pp.494-522. https://www.icnirp.org/cms/upload/publications/ICNIRPemfgdl.pdf  
[5] CIGRE TB 806, Responsible management of electric and magnetic fields (EMF) – 2020.  

https://www.emfs.info/
https://www.icnirp.org/cms/upload/publications/ICNIRPLFgdl.pdf
https://www.icnirp.org/cms/upload/publications/ICNIRPemfgdl.pdf
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Figure 2: General Rate of Decrease of Magnetic Fields from Different Sources 

2.2 EMF Limits  

The EMF limits within the regulations [6],  are the exposure limits values (ELVs), and there are two levels: the 
Sensory ELVs and Health ELVs. The Sensory ELVs can be exceeded if are range of conditions are met, but 
the health ELVs must not be exceeded. For occupational exposure the first level of exposure limits for the 
unperturbed fields are the Sensory Action Levels which are. 

• Magnetic field: 1 mT or 1000 µT (18 mT for exposure only to limbs)   

• Electric field: 10 kV/m 

The regulations allow for the sensory effects ELVs to be exceeded under the following conditions: i) They are 
only exceeded temporarily. ii)  Hazardous spark discharges and contact currents in excess of 1 mA are 
prevented through the provision of information and training and the use of suitable technical and personal 
protection measures. iii)  Adequate information is provided to the employee on the possibility of sensory effects 
related to time varying magnetic fields, including retinal phosphenes. iv) Where any of those sensory effects 
are reported to the employer, the risk assessment is updated where necessary. Providing the above conditions 
are complied with, the Regulations allow exposure up to a High Action Levels (which ensure the health ELV 
are not exceed), which are:  

• Magnetic field: 6 mT or 6000 µT (18 mT for exposure only to limbs)  

• Electric field: 20 kV/m 

To ensure public exposure remains within safe limits, general public exposures in the UK should adhere to the 
ICNIRP 1998 guidelines, as outlined in the voluntary Code of Practice [7]. In practical terms, this mean: 

• An electric field of 9 kV/m. 

• A magnetic field of 360 µT. 

 

[6] The Control of Electromagnetic Fields at Work Regulations 2016, see https://www.legislation.gov.uk/uksi/2016/588/contents  
[7] Power Lines: Demonstrating compliance with EMF public exposure guidelines – A voluntary Code of Practice, published by  DECC in 
February 2011.   

https://www.legislation.gov.uk/uksi/2016/588/contents
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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.  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://sestech.com/en/Product/Module/HIFREQ
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4. OHL Duck-Under Scenarios 

The proposed Kintore to Tealing OHL involves the construction of approximately 105.2 km of new 400 kV 
double circuit OHL between the existing Kintore Substation and new substation sites proposed at Fetteresso 
Forest (Hurlie 400 kV substation) and Tealing (Emmock 400 kV substation).  

The existing Craigiebuckler to Tarland 132 kV OHL requires modification to achieve the required crossing 
arrangement to ensure safe operation of the 132 kV and 400 kV OHL. The works comprise constructing two 
new L4m SF60 (low profile) support structures and two new L4m DT support structures in a diamond formation. 
The new support structures will be strung with a single conductor on each phase, one circuit will be on the 
northern part of the diamond, and the other circuit will be on the southern part of the diamond. 

The EMF assessment was carried out at the following location. The circuit data for new 400 kV and crossing 
arrangement is shown in Section 5 and 6.  

 

Figure 3: Craigiebuckler to Tarland 132 kV OHL Crossing 

 

 

 

 

 

 

 

 

 

Craigiebuckler to Tarland 
132 kV OHL  

Proposed Kintore 
Tealing 400kV OHL 
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 Data for CDEGS Model  

This section details the input data for the proposed Kintore to Tealing 400 kV circuits that was used to develop 
a computer model to calculate EMF as requested by SSEN.  

5.1 Soil Resistivity  

The soil resistivity along the OHL route was considered 500 Ωm. The magnitude was chosen based on the 
Arcadis engineering experience within SSEN network area. The above soil model will be used in all future 
subsequent analysis to represent the soil conditions. 

5.2 Conductor Data  

The Kintore to Tealing 400 kV OHL route will consist of steel lattice towers using a new tower series known as 
the ASTI SSE400 or AS4 for short. A 400 kV tower drawing is detailed within the Appendix A of this report. 
For each crossing the tower type, span length and sag was designed in a PLSCAD model and information 
shared by SSEN [8].  The conductor system is proposed to be 3 x 700 mm2 AAAC Araucaria with 500 mm 
bundle spacing. The phase and earth wire data sheets are attached in Appendix A.    

At OHL duck-under scenarios, the existing OHL phase and earth wire data for the 132kV Craigiebuckler to 
Tarland OHL was based on the information attached in Appendix A of this report.  

5.3 OHL Voltage Levels and Load Current  

The steady state coupling in this report considers the proposed Kintore to Tealing 400 kV OHLs operating at 
maximum pre fault continuous winter rating of 5000 A and maximum 400 kV voltage.  

At OHL duck-under scenarios, the duck under OHL rating was based on the information attached in 
Appendix A of this report. 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. The sag of the duck under OHL 
was modelled such that the phase conductor was approaching statutory clearance 6.7 m for 132 kV given in 
the Electricity Safety, Quality and Continuity Regulations 2002 (see 
https://www.legislation.gov.uk/uksi/2002/2665/contents).  

The report does not consider fault conditions. As per CIGRE guidelines, in extreme cases, lightning and 
electrical faults can create very brief, large, fault currents in equipment and conductors/cables, and 
consequently elevated magnetic fields in the vicinity. Fault current events are of very short duration (typically 
a few cycles), rare (typically a few times per year or less) and have a low probability of coincidence with 
someone being in very close proximity at the time. This is a somewhat similar scenario to lightning strikes. 
ICNIRP 2010 does not provide specific guidance on fault currents. IEEE [3] states that the averaging time for 
assessing exposures is 200 ms or ten cycles. Faults currents that exceed ten cycles are typically on low-
voltage distribution systems or remote from the protection. In these cases, the current is typically lower. In any 
case where such faults occur the electricity system is designed to immediately isolate the fault and thereby 
eliminate any exposure. Therefore, electrical networks are compliant with the general principle that when a 
danger is identified it is eliminated as soon as possible, and all reasonable attempts are made to avoid its 
occurrence.   

 

 

 

 

 

 

 

[8] Email from SSEN, "RE: Special Arrangement Models - SF60s for EMFs" 20th February 2025.  

https://www.legislation.gov.uk/uksi/2002/2665/contents
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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 Kintore Tealing OHL will have optimal phasing with a “centre points symmetrical” 
phase arrangement, as illustrated in Figure 4. This is the phasing arrangement used in the analysis. The 
existing OHL phasing has been modelled as per the information provided in Appendix A. 

 

Figure 4: Possible Phase Arrangements -Double Circuit OHL 
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6. EMF Calculations  

This section details the calculations and interpretations of EMF using HIFREQ along the CDEGS model at the 

proposed crossing. The OHL tower, phase, and earth wires were modelled using the data, in Section 4. Two 

spans were modelled, and calculation profile were placed at OHL duck-under 1 m above ground. The power 

flow on both circuit was considered in same direction. As stated before, this study acknowledges the limitation 

in accurately modelling insulator end fittings and conductor assembly hardware in HIFREQ. The insulators 

were omitted, and conductors were modelled at respective locations at the tower crossarm, it should be noted 

however that as the conductor is sagged to achieve 9m clearance to ground the insulator length has negligible 

impact. 

According to the CDEGS model of the 132kV Craigiebuckler to Tarland OHL crossing, the maximum electric 
and magnetic field values are presented below, with the corresponding CDEGS plot provided in Appendix B. 

• An electric field 8.44 kV < safe threshold of 9 kV/m 

• A magnetic field 98.81 µT < safe threshold 360 µT 
 

 

 

Figure 5: 132 kV Craigiebuckler to Tarland OHL Crossing  

Kintore Tealing OHL with 3 x 700 mm2 
AAAC Araucaria, 400 kV and 5000 A  

(phasing as per Appendix A) 

Craigiebuckler to Tarland OHL with 1x 
300 mm2 AAAC (Upas) Diamond 

crossing 
132 kV and 485 A 

(phasing as per Appendix A) 
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 Conclusions  

a) Arcadis carried out an EMF assessment of the proposed Kintore Tealing 400kV OHL duck under 
scenario with existing SSEN Craigiebuckler to Tarland 132 kV OHL using CDEGS (HIFREQ).  The 
calculation profile was placed at the OHL duck-under 1 m above ground. The power flow on both circuit 
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 the Craigiebuckler to 
Tarland 132 kV OHL duck-under scenario remaining within the safe threshold. 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.   
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ASTI 400 kV OHL Tower (Information Only) 
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ASTI 400 kV OHL Phase and Earth Wire 
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Duck-under Parameters and Phasing  
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CDEGS (HIFREQ) Results – Craigiebuckler to Tarland 132 kV OHL  

Craigiebuckler to Tarland 132 kV Crossing 
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