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Electric and Magnetic Fields

18.1

Introduction

18.1.1

This chapter considers the potential impacts of the overhead lines (OHL) and the
section of underground cable resulting from Electric and Magnetic Fields (EMF).

18.2

Information about EMF

18.2.1

EMF is produced both naturally and as a result of certain human activities. The
earth has a magnetic field produced by currents deep inside the core of the planet;
the earth is also subject to electric fields produced by electrical activity in the
atmosphere such as thunderstorms. EMFs are inevitable wherever electricity is
produced, distributed, and used, including electrical substations, power lines and
from electrical equipment.

18.2.2

The natural background EMF is a static field (it does not oscillate) whereas EMF
from electrical circuits oscillates at the frequency of the electrical currents in use
(at 50 hertz (cycles per second) in the UK). The EMF from electrical systems is
also referred to as an ‘extremely low frequency’ (ELF) or a ‘power frequency’ field.
By comparison other technologies such as TV and radio broadcasts operate at
thousands or millions of hertz and mobile telephone signals are at around a billion
hertz (ENA, 2012).
Electric fields

18.2.3

Electric fields are produced by voltage. Voltage is the pressure behind the flow of
electricity. Electricity inside UK homes is at 230 volts (V) whereas electrical
distribution systems in the UK utilise much higher voltages generally from 11,000
to 400,000 volts (11kV to 400kV). The Proposed Development will use 132,000
volts (132kV). The higher the voltage the greater the electric field, which is
measured in volts per metre (V/m).
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Magnetic fields
18.2.4

Magnetic fields are produced by current, which is a measure of the flow of
electricity. Generally the higher the current (measured in amperes or amps) the
greater the magnetic field. Magnetic fields are measured in microteslas (μT).

18.3

Legislation and policy context

18.3.1

The National Policy Document For Electricity Networks Infrastructure (EN-5)
requires the applicant to consider the following aspects, with regard to Electric and
Magnetic Fields:


Electricity Safety Quality & Continuity Regulations 2002 (ESQCR).



Health Protection Agency (HPA) guidance.



Optimal phasing.

18.3.2

Each of these aspects is addressed in this chapter.

18.3.3

Section 2.10 of NPS EN-5 acknowledges that all OHL produce both electric fields
and magnetic fields. The fields will be highest directly under the conductors and
will reduce dramatically as the distance from the line increases. The electric fields
produced by overhead lines are also attenuated significantly by structures such as
fences, walls, trees and hedges. Underground cables only produce magnetic
fields as the cable itself screens out the electric fields. Again, the magnetic fields
produced by underground cables drop rapidly as the distance from the cable
increases.

18.3.4

NPS EN-5 summarises current government advice on exposure to EMF and
amongst other things, concludes that, “The balance of scientific evidence over
several decades of research has not proven a causal link between EMFs and
cancer or any other disease.” It states that there is no proven causal link between
EMF and cancers or other health problems, that EMF from OHL do not constitute
a risk to people fitted with pacemakers, and that there is little evidence that
exposure of crops, livestock or natural ecosystems to EMF from an OHL has any
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significant consequences.
18.3.5

The Electricity at Work Regulations 1989 place duties on employers and
employees with respect to health and safety when working on or with electrical
equipment and particularly those involved in the design, construction, operation or
maintenance of electrical systems and equipment.

18.3.6

The Electricity Safety, Quality and Continuity Regulations (SI 2665/2002) and
subsequent amendments (SI 1521/2006 and SI 639/2009) specify certain
requirements for electrical infrastructure and equipment, including OHL and
underground cables, intended for the safety and protection of workers and
safeguarding of the general public from danger.

18.3.7

There are no statutory regulations in the UK that limit the exposure of the general
public to power-frequency electric or magnetic fields, responsibility for
implementing appropriate measures for the protection of the public from EMF lies
with the UK Government. In 2004, the Government (following the advice of the
NRPB1) adopted guidelines published in 1998 by the International Commission on
Non-Ionizing Radiation Protection (ICNIRP) in line with the terms of the 1999 EU
Council recommendation on limiting public exposure to EMF. The criteria
establish acceptable limits for exposure of the public to EMF that adopt a
precautionary approach taking into account various scenarios and potentially more
vulnerable groups (such as infants).

18.3.8

18.3.9

The ICNIRP ‘reference levels’ for the public are:


100 microteslas (µT) for magnetic fields; and



5 kilovolts (kV) per metre for electric fields.

If people are not exposed to field strengths above these levels, direct effects on

1

The National Radiological Protection Board (NRPB) (later amalgamated into the Health Protection Agency’s Centre
for Radiation, Chemical and Environmental Hazards (CRCE) and now part of Public Health England), published advice in
March 2004 on limiting public exposure to electromagnetic fields. The advice was based on an extensive review of the
science and a public consultation on its website, and recommended the adoption in the UK of the EMF exposure
guidelines published by ICNIRP.
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the central nervous system (CNS) would be avoided and indirect effects such as
the risk of painful spark discharge will be small. The reference levels are not in
themselves limits but provide guidance for assessing compliance with the basic
restrictions and reducing the risk of indirect effects.
18.3.10 The reference levels provided above are the levels above which more

investigation is required if this level of exposure is likely to occur; the permitted
levels of exposure (basic restrictions) are somewhat higher, 360µT and 9kV per
metre. They apply where the time of exposure is significant, for instance in a
residence. The occupational limits are double for electric fields and five times
higher for magnetic fields.
18.3.11 In addition to the legislation and policy referred to above, there is also relevant

guidance documents on EMF exposure and appropriate design of electrical
infrastructure, including:


Power Lines: Demonstrating compliance with EMF public exposure guidelines
– a Voluntary Code of Practice (DECC, March 2012).



Power Lines: Control of microshocks and other indirect effects of public
exposure to electric fields - a Voluntary Code of Practice (DECC, July 2013).

18.4

Consultation and scoping overview

18.4.1

Consultation with statutory consultees has not identified any specific concerns
related to EMF or electromagnetic interference (EMI). Some members of the
general public have expressed concerns regarding possible health effects such as
increased leukaemia risk associated with EMF from power lines.

18.4.2

In the EIA scoping report submitted to PINS it was argued that the potential for
likely significant effects associated with either EMF or EMI was low and so should
be scoped out.

18.4.3

The scoping opinion stated that the “Secretary of State agrees to scoping out EMF
for the construction and decommissioning phases of the project. However, the
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Secretary of State does not agree that the EMF impact of operation and
maintenance phases can be scoped out of the EIA. The identification of sensitive
receptors and an assessment of the potential impact of exposure is required.” And
further (paragraph 3.101 of the scoping opinion) that the Secretary of State
“...would expect that calculated EMF from the overhead line would be evaluated
against relevant guidelines to demonstrate compliance with EMF exposure limits
and policy on phasing as detailed in NPS EN-5. The ES should outline what
proposed action would be taken if it were found that requirements of NPS EN-5
were not met.”
18.4.4

The scoping opinion also recommends that the Applicant takes account of advice
from Public Health England2 to address “... the potential health impacts associated
with electric and magnetic fields around substations and the connecting lines or
cables and recommends that these are taken into account within the assessment.”

18.4.5

The issue of potential for EMI was not stated to be an issue of concern in the
scoping opinion.

18.5

Assessment methodology

18.5.1

This assessment takes into account relevant industry practice and guidance, as
well as WPD’s standard procedures and designs to be adopted for the Proposed
Development. The context of EMF evaluation in the UK is provided with reference
to established publically available documents as referenced herein.
Identification and assessment of impacts and mitigation measures

18.5.2

Potential direct and indirect impacts have been identified and assessed with
reference to similar projects and available information and guidance from WPD,
industry sources, and government agencies, for example Public Health England
and the Health and Safety Executive.

2

Public Health England provides advice on standards of protection of human health. PHE were consulted during the
scoping stage of the EIA.
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18.5.3

Direct effects on humans are primarily a result of the induction of currents. Most
attention focuses on known effects and in cases where the public may be exposed
for considerable time, which is taken to mean in a residence and its curtilage3
(rather than walking past a power line). Protection against such effects is provided
by adherence to quantitative exposure limits called ‘basic restrictions’.
Government guidance states that indirect effects such as contact currents and
surface charge effects are adequately protected against by application of the
ICNIRP ‘reference levels’; further measures relate to microshocks (DECC, 2013).
However, it should be noted that all such indirect effects are generally only an
issue for higher voltage OHL transmission (at 275kV or 400kV) and have not been
identified as an issue for OHL at 132kV or lower (DECC, 2013).

18.5.4

No distinction was made between temporary or permanent EMF health effects.
Uncertainty and technical difficulties encountered

18.5.5

The physics of EMF generation are well known from extensive studies over a long
time but to allow for any uncertainties the recommended thresholds and
measurement criteria have been established with allowance for a suitable safety
margin. The Proposed Development will comply in all respects with the relevant
legislation and guidance.

18.6

Baseline conditions

18.6.1

EMFs arise from generation, transmission, distribution and use of electricity and
occur around electrical substations, power lines and electric cables and around
domestic, office or industrial equipment that uses electricity.

18.6.2

Wiring and electrical equipment in the home are the most significant sources of
EMF for most people.

18.6.3

Electric fields are the result of voltages applied to electrical conductors and

3

A precautionary approach has been applied according to DECC (2012) and so all types of dwellings as well as
institutions, schools, nurseries, crèches, and so on are also included.
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equipment. Electric fields depend on the operating voltage of the equipment
producing them. Most materials (including vegetation, buildings and other
structures) easily block electric fields. Metal cable screens, the metallic housing of
electrical equipment (WPD switchgear, transformers) screen out electric fields.
Therefore underground cables do not result in any measurable electric field at
ground level, and electric fields from power lines outside a house do not cause
electric fields inside the dwelling. Electric fields also diminish rapidly with distance
from the source. In UK houses the background electric field is typically 1 to 20V
m-1 and this may increase to a few hundred volts per metre very close to domestic
appliances.
18.6.4

Magnetic fields depend on electrical currents flowing, which vary according to the
output from the wind farm and the electrical power requirements at any given time.
Unlike electric fields, most materials do not readily block magnetic fields.
Magnetic fields do however diminish rapidly with distance from the source. In UK
houses typical magnetic fields are in the range of 0.01 – 0.2μT, with higher values
close to electrical appliances. The natural background geomagnetic field in the
UK is approximately 50μT.

18.6.5

Appendix 18.1 (Volume 6.4) sets out the EMF calculations for the 132kV overhead
line, the Proposed Development.
Embedded mitigation

18.6.6

A typical overhead conductor is not insulated4. The overhead conductor is
suspended above ground on poles to maintain an effective safety distance from
obstructions and to protect human/animal health. Heat and EMF are effectively
dissipated through the surrounding atmosphere. The minimum separation
distance between overhead conductor and adjacent land uses is fixed in
accordance with established guidance and is an embedded mitigation measure.

18.6.7

A typical underground cable is insulated and the cable design screens out the

4

Overhead lines (including insulators) are insulated in order to isolate the conductor from its supports, in this case
wooden poles.
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electric field. All DNO cables have an earthed metallic screen and sometimes
steel armouring that eliminates the electric field and in turn is enclosed in a,
usually plastic, duct. The duct is buried in a backfill of material such as stone dust
and sand and then covered with earth.
18.6.8

The cable design and its surrounding shielding are designed-in mitigation
measures, which will be in accordance with established guidance.

18.7

Assessment of impacts

18.7.1

This section will consider the assessment required by EN-5, namely ESQCR, HPA
guidance and optimal phasing. It will then assess the impacts relative to the
phases of construction, operation and decommissioning.
ESQCR

18.7.2

The Proposed Development overhead line is a single circuit 132kV line designed
in accordance with ENA Technical Specification 43-50 and satisfies the
requirements of the Electricity Safety Quality and Continuity Regulations 2002 in
all respects.
HPA guidance on EMFs

18.7.3

All 132kV overhead lines produce both 50Hz magnetic fields and 50Hz electric
fields. The magnetic field produced by an overhead line is related to the value of
current that flows in the conductors whereas the electric field is related to the
voltage present on the conductors.

18.7.4

The Health Protection Agency (HPA) provides advice on limiting human exposure
to electromagnetic fields within the UK. Their advice is based on the ICNRP
(International Commission on Non-Ionising Radiation Protection) Guidelines.
These guidelines specify maximum recommended values of electric and magnetic
fields, known as reference levels, to which people should be exposed.
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18.7.5

For 50Hz fields the reference levels for members of the general public are as
follows:

18.7.6



5000V/m (electric field)



100 microtesla (magnetic field)

The maximum magnetic field produced by an overhead line will occur directly
under the conductors at mid span (at the lowest ground clearance) when the line is
operating at its highest current. The design rating of the Proposed Development
overhead line is 640 amps; however, the rating of the Brechfa Forest West Wind
Farm limits the current flowing through the 132kV overhead line to a maximum of
367amps. The maximum electric field will also occur beneath the conductors at
mid span but the value is not affected by the load current.

18.7.7

Values for the magnetic and electric fields produced by the Proposed
Development overhead line are set out in Appendix 18.1 (Volume 6.4) and this
confirms that the maximum magnetic and electric fields produced by the proposed
line will not exceed the ICNIRP reference levels.

18.7.8

The closest house the line is approximately 70 metres away and at this distance
the fields will be negligible. Reference to Appendix 18.1 demonstrates a magnetic
field value of less than 0.1 microtesla and a resultant electric field of 7.2V/m. Both
of these values are significantly below the reference levels.
Optimal Phasing

18.7.9

In 2007 SAGE (Stakeholder Advisory Group on Extremely Low Frequency EMFs),
who provide advice to the UK Government on reducing human exposure to
electromagnetic fields, published their First Interim Assessment. This document
recommends that dual circuit 132kV lines are optimally phased to reduce EMF
emissions. The UK Government, in their response to the SAGE First Interim
Assessment issued in October 2009, supported this recommendation.

18.7.10 The proposed 132kV overhead line is a single circuit overhead line and so the
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phasing has no impact on the level of EMFs it produces. Single circuit overhead
lines are always deemed to be optimally phased.
Construction phase
18.7.11 The scoping opinion issued by PINS agrees that there is no possibility of

significant EMF effects (either due to electric or magnetic fields) during the
construction phase, since the electrical equipment will not be energised at this
stage. The construction phase has not been considered further in the EIA.
Operation phase
18.7.12 During the operational phase, the following potential impacts could occur:



Exposure of electricity workers to EMF.



Exposure of the general public to EMF.



Impact of EMF on wildlife, livestock, agricultural crops or natural habitats.

Exposure of workers
18.7.13 Any maintenance to the circuit will require the line to be switched out (no electricity

passing through) for the protection of WPD craftsmen due to the risk of
electrocution at 132kV. This is already an established best working practice within
the industry and WPD will ensure that all relevant regulatory and advisory
standards are complied with and so occupational exposure to EMF will not give
rise to a significant effect.
Exposure of the general public
18.7.14 Typical field strengths at 1m above ground level below a 132 kV OHL are

~1 to 2μT (magnetic) and ~ 1kV m-1 (electric). This is well below the ICNIRP
reference levels of, respectively 100μT and 5kV m-1. As such, the general public
would not be exposed to EMF at high levels or for any protracted period and so
would not experience EMF from the OHL in excess of the recognised standards.
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18.7.15 Although the electric field component of EMFs from buried cables is totally

blocked, the magnetic field is measurable in a relatively narrow band directly
above the cable but not at levels that would pose any concern. The maximum
magnetic flux density from a 132kV cable buried at 1m below ground would be
about 10μT at 1m above ground directly over the cable. This is well below the
ICNIRP reference level (100μT).
18.7.16 The OHL or buried cable will not be located in close proximity to any dwellings,

and hence will not present any exposure risk to occupants5. The minimum
separation distance between the OHL and the closest residence will be around
70m at which distance EMF will be at a negligible level. The minimum separation
distance between the underground cable and the closest residence will be 10m,
which will provide sufficient safety margin since electric fields will be effectively
shielded and magnetic fields at this distance will be less than 1% of the relevant
ICNIRP limit value.
Impact of EMF on wildlife, livestock, agricultural crops or natural habitats
18.7.17 Possible effects of EMFs on various animals have been studied a number of times

and no detectable effects of EMFs have been found.
18.7.18 There is general agreement that EMFs have not been shown to have any

detectable effects on crops, pasture grasses or native flora.
18.7.19 The government policy (paragraph 2.10.8 in NPS EN-5) states: “There is little

evidence that exposure of crops, farm animals or natural ecosystems to
transmission line EMFs has any agriculturally significant consequences."
Decommissioning phase
18.7.20 As for the construction phase addressed above, there will be no possibility of any

potential EMF effects during decommissioning of the electrical system, since EMF
are only generated as a result of electrical energy generation and distribution. The
5

In the UK there is no restriction on EMF grounds on how close a house can be to an OHL or underground cable
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OHL and underground cables will be powered down/ disconnected prior to
decommissioning.

18.8

Mitigation measures

18.8.1

The requirement to consider EMF exposure guidance is fully understood by WPD
and has been factored into the consideration of the route alignment from an early
stage.

18.8.2

The final route alignment and design of the electrical infrastructure has considered
the measures required to ensure compliance with the Electricity Safety, Quality
and Continuity Regulations 2002 (as amended), and any new advice that may
emerge from the Department of Health relating to Government policy for EMF
exposure guidelines.

18.8.3

In line with NPS EN-5, it has been shown that the relevant electrical infrastructure
will comply with the current public exposure guidelines, and so no further
mitigation is necessary.

18.8.4

The assessment in this chapter is based on indicative and worst case examples.

18.9

Residual effects

18.9.1

The embedded (designed-in) mitigation measures that will be adopted to ensure
compliance with all relevant legislative requirements and applicable
policy/guidance and in accordance with industry best practice will be sufficient to
ensure that relevant thresholds are not exceeded and hence there will be no
significant impacts on human health or the environment. There is therefore no
need to deploy further mitigation measures or monitoring and there will therefore
be no significant residual effects.

18.10 Cumulative effects and inter-relationships
18.10.1 With the implementation of mitigation measures, the proposed development is not

expected to result in significant EMF effects even when the route approaches
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close to or crosses another source of EMF. The Proposed Development crosses
a 132kV line and two 400kV lines near the connection point at Llandyfaelog and
also crosses numerous 11kV lines.

18.11 Summary of effects
18.11.1 The proposed 132kV overhead line satisfies the criteria specified in the National

Guidelines for Electricity Infrastructure (EN-5).
18.11.2 The proposed development will be fully in accordance with the “Simplified Route

Map for Dealing with EMF’s” included within EN-5. The principal points are:


The line/cable is rated at 132kV or below.



The line/cable will comply with relevant exposure limits.



The line will comply with phasing requirements.



The complies with relevant standards for overhead lines and cables.

18.11.3 The EN-5 simplified route map can be followed thus:

i.

Is the line 132kV or below?
Yes: The circuit (overhead and underground sections) is rated at 132kV
or below.

Therefore: Line complies with relevant exposure limits.


ii.

Does line comply with policy on phasing?
Yes: The line will comply with policy phasing requirements.

Therefore: Line complies with relevant policies; EMF effects minimal; no
further mitigation necessary.

18.11.4 Assuming the implementation of the proposed (designed-in) mitigation measures
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detailed above, there are not likely to be any significant residual effects resulting
from EMF associated with the proposed OHL or buried cable.
Table 18.1 – Summary of predicted EMF impacts of the Proposed Development
Impact description

Impact/ Effect

Mitigation
measures

Residual effect

EMF occupational
exposure

Effect on workers during
operation and maintenance

Standard
procedures

None

EMF exposure

Exposure of general public

Design to
appropriate
guidance

Negligible

EMF exposure

Impact on wildlife or farm
livestock

No additional
measures

Negligible

EMF exposure

Impact on agricultural crops
and natural habitats

No additional
measures

Negligible
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