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A key issue regarding the construction of a new electricity transmission line, such as the proposed
400kV Grid West project is in understanding if there are possible effects from the resulting
electromagnetic fields (EMF) on human and animal health. EirGrid views the protection of the health,
safety and welfare of its staff and the general public as a core company value and thereby ensures its
projects are compliant with EMF exposure limits published by the International Commission on Non-
lonising Radiation Protection (ICNIRP). These guidelines are the most commonly recognised
internationally and are used as the basis for the European Council Recommendation 1999/519/EC on
the limitation of exposure of the general public to electromagnetic fields (0 Hz to 300 GHz) [16].

There have been many thousands of research projects into possible health effects of the electric and
magnetic fields created by power lines. There have been some studies that have suggested a weak
statistical association between electric and magnetic fields and some cancers. However none of these
studies has been able to demonstrate a causal link between the two [6]. To date there has been no
conclusive evidence that electromagnetic fields at the levels associated with power lines cause any
harmful effects to human health.

EirGrid closely monitors all new developments and research and presents its current position on the
subject in set out in its information leaflet entitled ‘EMF & You — General Information about Electric &
Magnetic Fields in Ireland’, published in 2013 [20]. This document replaced the earlier publication,
‘Information on Electric and Magnetic Fields’ [19] which was prepared in 2007. The purpose of this
paper is to provide a technical review of the latest internationally published research and guidelines on
the subject and to consider the implications of these on the Grid West project.

The research considered publications on the effects of extremely low frequency (ELF)' electric and
magnetic fields since 2007, with particular focus on any new publications and guidelines issued by the
internationally recognised agencies leading this research. These agencies are:

¢ World Health Organisation (WHO)

e Institution of Electrical and Electronic Engineers (IEEE)

e International Commission on Non-lonising Radiation Protection (ICNIRP)

e International Agency for Research on Cancer (IARC)

There have not been any significant new findings that have resulted in the recommended exposure limits
to electric and magnetic fields being reduced since 2007. The only significant change is that in 2010 the
ICNIRP changed the guideline by raising the recommended exposure to magnetic fields from 100 uT to
200 pT. As magnetic fields associated with a single circuit 400kV line, as being considered for Grid
West, are generally less than 10% of the lower recommended level (100 uT), this change to the ICNIRP
guidelines does not have any impact on the Grid West scheme and will have the effect of ensuring that
the lines operate within the guidelines by a greater margin.

' The 50Hz frequency of the electrical system operated in Ireland is defined as being extremely low frequency
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It is not proposed that EirGrid design to this new higher limit of exposure to magnetic fields, but
maintains the common international guidance of 100 uT (,i.e. more conservative). EirGrid has confirmed
its intention to continue working to the 1998 ICNIRP guidelines for Reference Level of magnetic flux
density.

In respect of electric fields, this report has found that, based on the reports referenced, a 400kV
overhead line, built to current EirGrid standards complies with the Basic Restriction levels? as referenced
in the ICNIRP report.

2 Based on calculations of the Basic Restriction level in accordance with ICNIRP guidelines, as reported by Parsons Brinckerhoff and
Associates [18] as carried out by Dimbylow (2005).
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The West of Ireland and County Mayo in particular has significant potential for the development of
renewable generation, particularly wind and ocean energy (tidal/wave). EirGrid is planning to provide
infrastructure to connect 647MW of wind energy from a number of wind farm developments in County
Mayo, in the Bellacorick area. To accommodate these connections and as part of the EirGrid Grid25
strategy to develop the Irish electricity transmission system, EirGrid is planning a new electricity
transmission line from the Bellacorick area (hereafter referred to as the Bellacorick node) to connect to
the existing grid at either of the existing 220 kV substations at Flagford in County Roscommon or Cashla
in County Galway. EirGrid’s analysis of the requirements of this line has concluded that a new 400 kV
line with associated substation at the Bellacorick node and extensions to the existing substation at either
Flagford or Cashla will be required. This project is designated the Grid West project.

The Grid West project is currently in the development stage, leading to an application for planning
consent to An Bord Pleandla. EirGrid has appointed consultants, TOBIN Consulting Engineers in
association with URS, to develop this project and prepare the planning application.

One of the concerns the public may have regarding a new electrical power transmission project is the
possible effect of electromagnetic fields (EMF) on health. EirGrid provide information to the public
through their website; the primary document being an information leaflet entitled ‘EMF & You — General
Information about Electric & Magnetic Fields in Ireland’ [20]. This document was published in early 2013.

The purpose of this paper is to provide a technical review of the latest internationally published research
and guidelines on the subject and to consider the implications of these on the Grid West project.
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There are many sources of electromagnetic radiation, including power lines, radio and television
transmitters, mobile telephones, microwaves, light, x-rays and gamma rays. These different radiations
are characterised by their frequency, which varies from 50 Hz (cycles per second) to in excess of
10%*Hz>. These are classified as non-ionising radiation at frequencies below 10'°Hz and as ionising
radiation above 10" Hz. In Ireland power lines operate at 50 Hz, which are classified as extremely low
frequency fields. This paper only considers the effects of this extremely low frequency.

There are a number of internationally recognised agencies that typically provide the basis for guidelines
for exposure to EMF. These are:

e World Health Organisation (WHO)

¢ Institution of Electrical and Electronic Engineers (IEEE)

¢ International Commission on Non-lonising Radiation Protection (ICNIRP)
e International Agency for Research on Cancer (IARC)

The key publications from the above organisations that set out the findings on the effects of electric and
magnetic fields and make recommendations on maximum exposure levels are:
¢ World Health Organisation: Electromagnetic fields and public health, Exposure to extremely
low frequency fields fact sheet No. 322 (June 2007) [1]
e International Commission on Non-lonizing Radiation Protection: ICNIRP guidelines for
limiting exposure to time-varying electric and magnetic fields (1 Hz — 100 kHz) published in:
Health Physics 99(6):818-836 (2010 )[2]
e International Commission on Non-lonizing Radiation Protection: ICNIRP guidelines for
limiting exposure to time-varying electric, magnetic and electromagnetic fields (up to
300 GHz) published in: Health Physics 74(4): 494-522; (1998) [3]
e International Agency for Research on Cancer: IARC monographs on the evaluation of
carcinogenic risks to humans. Volume 80 Non-ionizing radiation, part 1: static and extremely
low-frequency (ELF) electric and magnetic fields [online] (2002). [4]

Of the above documents, only that published by ICNIRP has had any significant revisions since 2007.
The ICNIRP publication in 2010 has changed the guideline for the acceptable public exposure limit from
100pT4 to 200uT. The 100uT guideline had been in force since 1998 and has been identified as still
being generally used worldwide, notwithstanding the new guidance.

% 10%®Hz is equivalent to one hundred billion billion cycles per second.
#100 uT (micro-Tesla) is equivalent to one ten thousandth of one Tesla, the standard unit of measurement of magnetic fields
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The EirGrid information leaflet ‘EMF & You — General Information about Electric & Magnetic Fields in
Ireland’ [20] follows the more conservative of the ICNIRP 1998 and 2010 guidelines for Reference
Levels of electric field strength and magnetic flux density. The ICNIRP guidelines were adopted by the
EU in 1999 [17].

The ICNIRP Report of 2010 indicates the effect of electric fields on the human body varies as there are
significant differences between individuals and within the body of an individual. ICNIRP adopts a
conservative approach in drawing up the guidelines concerning electric fields, resulting in a number of
different guidance levels for exposure to electric fields. Basic Reference Restrictions have been defined
for Operational Exposure and General Exposure these are defined as:

¢ The Basic Restriction for General Public Exposure is that power frequency fields should not
induce electric fields in the central nervous system (CNS) of the head (i.e. brain and retina)
that exceed 20 mV/m °.

e The Basic Restriction for Occupational Exposure of power frequency fields should not
induce electric fields in the central nervous system of the head (i.e. brain and retina) that
exceed 100 mV/m [18].

It is difficult to measure the electric field within the human body, so ICNIRP established “Reference
Levels” which are obtained by calculation which correlate the external fields (which can be measured)
with the field within the human body. The calculated Reference Level for General Public exposure is
5kV/m and Operational Exposure is 10kV/m. The reference levels represent the recommended
maximum electric field strength exposure limit in each case. In these calculations a number of safety
factors were applied with the intention that, where measured or calculated fields do not exceed these
Reference Levels, compliance with the ‘Basic Restriction’ can be assumed, and further investigation is
not be required. If the Reference Level is exceeded then further calculations should be done to confirm
that the Basic Restriction is not exceeded. Applying the mathematical modelling methodology published
by Dimbylow (1998, 2000 and 2005) to the 2010 ICNIRP Guidance the electric field value can attain a
level of 9.9 kV/m without exceeding the basic restrictions.

In the Irish context, European Union (EU) directives are also potentially significant on the adoption of
EMF reference levels. The EU has published a proposed directive on the minimum health and safety
requirements regarding the exposure of workers to the risks arising from electromagnetic fields [16]. The
field level limit for workers’ exposure is called ‘orientation value’ which corresponds to the level where no
adverse health effects should be noticed under normal working conditions for a person, not being part of
a group at particular health risk. A second level is nhominated within the regulations, the Action Value
which represents the maximum directly measureable field for which automatic compliance with the
exposure limit is guaranteed.

® ICNIRP altered the definition of the Basic Restrictions in the 2010 version of the guidelines. In the 1998 document the basic restrictions
were provided on current density induced in the human head and trunk, while in the 2010 Guidelines they were provided on the internal
electric field. This did not affect the recommendations for the Reference Levels and the reference levels for the electric field did not
change between the 1998 and 2010 guidelines.
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Table 2-1 below summarises the different recommended exposure limits set by ICNIRP [2] and the EU
Directive [16].

Table 2-1: Summary of EMF Exposure Guidelines

ICNIRP

100
(2010)

20 (2010)

10 (1998)

5 (1998)

500 (1998)

100

(1998)

Orientation
Value
(Safety& 100 - 10 -
Health
EU | Effects)
Action
Value
(Health
effects)

1000 -

800 - 20 - 13320 -

It should be noted that although the recommended exposure limits for the general public are lower than
those set for people exposed to fields in the work place, the guidelines set by both ICNIRP and the EU
for exposure limits in the workplace are still considered safe from both a health and safety perspective.

In a report prepared by Parsons Brinckerhoff and Associates (PB) for Northern Ireland Electricity and
EirGrid in 2009 on the proposed Cavan-Tyrone and Meath-Cavan 400 kV transmission circuits [18], the
authors calculated the electric fields associated with a 400 kV single circuit overhead transmission line
built to EirGrid standards. The Grid West line could be similar to this line.

In the PB document it is reported that at maximum voltage (420 kV, i.e. including a 5% overvoltage) and
maximum sag (9 metres clearance) °, that the electric field for a 400 kV line would be 8.3kV/m. This is
based on taking the readings at 1m above ground level.

It should be noted that the conditions described above represent a theoretical system operation
scenario which in accordance with EirGrid’s operating procedures is not likely to occur in reality. It does

® The strength of electric and magnetic fields vary with distance from the source, therefore minimum ground clearances are an important
consideration in the specification of any new overhead line. EirGrid specify a minimum ground clearance of 9m, this is the minimum
vertical distance a transmission line can be from the ground under the most onerous combination of design loadings.
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however represent the maximum EMF conditions, whereas the likely operational conditions present
lower electric and magnetic fields.

Given this value is higher than the 5 kV/m Reference Level for General Public Exposure as presented
in Table 2-1 above, in accordance with ICNIRP 2010, further calculation should be undertaken to
assure compliance with the Basic Restriction. As noted above, calculations show that the Basic
Restriction is not exceeded if the electric field is less than 9.9 kV/m.

The other significant research that has been published or ongoing since 2007 includes the following:

¢ One of the key publications in the Irish context since 2007 has been the publication in 2010 by
the Office of the Chief Scientific Advisor to the Government of Ireland: A Review of Recent
Investigations into the Possible Health Effects of Exposure to Electromagnetic Fields (EMF)
from Power Lines (paper prepared by Professor Denis O’Sullivan) [6]

This paper concluded that there is no scientifically conclusive evidence that exposure to the low
levels of magnetic fields associated with power lines causes cancer. The paper also noted the
work of the ICNIRP and that the exposure limits set in the guidelines published by this
organisation have been adopted by many countries including Ireland.

This paper also records that ‘The investigation of human exposure to electric fields has not
been considered with the same interest, in the absence of any evidence of significant impact to
date. However, indirect effects have been reported due to the increased deposition of charged
airborne particles in the respiratory system caused by the presence of large AC electric fields in
the vicinity of power lines. A detailed study of the proposed mechanism has been carried out
and the suggestion has been rejected.’

This statement is consistent with the guidance from ICNIRP and other international
organisations that there is no conclusive evidence that exposure to electric fields at the levels
shown in Table 2-1 causes any harmful health effects.

e World Health Organisation (WHO)
There is a team of people working on the WHO International EMF project. This team was
established in 1996 to assess the scientific evidence of possible health effects of EMF in the
frequency range from 0 to 300 GHz. The latest progress report published by this group was in
May 2010-2011 [7] and did not report any significant new findings. The group has not found it
necessary to revise the WHO guidance documentation [1]
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In addition there were several publications in the UK concerning optimal phasing of double circuit
transmissions lines to minimise EMFs. As the proposed Grid West transmission line is a single circuit
this recommendation would not apply.
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There have not been any significant new findings that have resulted in the recommended exposure limits
to electric and magnetic fields being made more stringent since October 2007. No further publications
have been made that provide, internationally recognised, conclusive evidence that very low frequency
electromagnetic fields are harmful to humans or animals at the exposure levels caused by high voltage
power lines. A significant change is that the ICNIRP guidelines have changed the recommended
exposure to magnetic fields from 100 uT to 200 uT, (i.e. less conservative) per table 7 of the 1998 report
and table 4 of the 2010 report. EirGrid have confirmed their intention to continue working to the more
onerous 1998 ICNIRP guidelines. As the magnetic fields associated with a single circuit 400kV line, as is
being considered for Grid West, are generally less than 10% of the lower recommended level, this
change does not have any impact on the Grid West project.

In respect of electric fields, this report found evidence that a 400kV overhead line, built to current EirGrid
standards complies with the Basic Restriction’ levels as referenced in the ICNIRP guidelines.

" Based on calculations of the Basic Restriction level in accordance with ICNIRP guidelines, reported by Parsons Brinckerhoff and
Associates [18] as carried out by Dimbylow (2005).
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the preparation of this report.
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