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ABSTRACT 

 
In March 1991, following a wide ranging inquiry into 
community needs and high voltage transmission line 
development, Sir Harry Gibbs, an ex-Chief Justice of the 
High Court of Australia concluded that adverse health 

effects from power frequency electric and magnetic fields 
(EMFs) had not been established.  He went on to find that 
there was some evidence that they might pose a risk to 
health.  On this basis, he recommended a policy of prudent 
avoidance in the construction of new transmission lines.  
Since that time, a succession of inquiries in Australia and 
overseas have made similar findings and recommended 
prudent avoidance. 
 
This paper provides practical guidance to electricity 
transmission and distribution utilities and other interested 
stakeholders in the application of prudent avoidance to the 
design and siting of new electrical facilities.  The paper 
provides background information and a range of general 
measures which might prudently be applied.  It is not the 
authors’ intention to provide precise instructions for the 
application of prudent avoidance but, rather, to provide a 
series of guiding principles which may be applied to 
particular situations, having regard to the specific design 
practices and other policies of individual electricity 
utilities. 

1. INTRODUCTION 

The concept of prudent avoidance was first suggested in 
1989 by Professor M. Grainger Morgan (1) as a sensible 
response to community concern regarding health aspects 
of EMF in the face of ongoing scientific uncertainty.  This 
uncertainty in relation to exposure to EMFs was also 
addressed by Sir Harry Gibbs in a wide ranging inquiry 
into community needs and high voltage transmission line 
development in Australia.  In his March, 1991 Report (2) 
he said: 
 
“It has not been established that electric fields or 
magnetic fields of power frequency are harmful to human 
health but, since there is some evidence that they may do 
harm, a policy of prudent avoidance is recommended.” 
 
Since 1991, a succession of major inquiries including a 
further two in Australia (3 and 4) have recommended 
prudent avoidance but the term has not been, and by its 
nature, cannot be defined with precision. 
 
Prudent avoidance involves taking reasonable steps in any 
particular circumstance, and although a precise definition 
cannot be given, it is possible to provide general guidance.  
The aim of this paper is to outline a range of options which 
may be applied in the context of prudent avoidance for 
transmission, distribution and beyond-the-meter situations 
from the consumer’s point of view.  In doing so, it is 
recognised that design practices and other policies of 
individual electricity utilities vary considerably.  
Accordingly, it remains the responsibility of the designers 
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to apply the principles appropriately to particular 
situations. 
 
The paper makes no attempt to address the application of 
prudent avoidance in an occupational setting, either for 
electricity industry employees, or others exposed to 
magnetic fields during the course of their employment. 

2. PUBLIC POLICY CONSIDERATIONS 

The uncertain state of the science regarding EMFs has 
presented significant challenges for those responsible for 
public policy on health and safety matters.  The Gibbs 
Report (2) dealt with this aspect of the EMF issue as 
follows: 
 
“It then becomes a question of policy what action should 
be taken to avert a possible risk to public health when it 
cannot be said either that it is probable that the risk exists 
or in what circumstances a risk, if one exists, arises.  A 
suggestion has been made in the United States that a 
policy of prudent avoidance should be adopted.”  
 
“It would not be prudent, but foolish, to make radical or 
expensive changes to existing lines until further scientific 
studies have resolved the doubts.  On the other hand, when 
new lines are being constructed, it may be prudent to do 
whatever can be done without undue inconvenience and at 
modest expense to avert the possible risk, remembering 
that if that is not done and future research establishes the 
existence of a real risk to health, serious problems may 
arise which can be remedied only at great cost.”  

 
The recommendations contained in the Gibbs Report 
formed the basis of the policy subsequently adopted by 
many Australian electricity supply businesses. 
 
In 1991, the Electricity Supply Association of Australia 
(ESAA) adopted a formal policy in relation to EMFs.  The 
policy recommends to ESAA members that they operate 
their electrical power systems prudently within Australian 
health guidelines, and closely monitor, and, where 
appropriate, sponsor high quality scientific research. 
 
In an accompanying Advice to its members, the ESAA 
clarified what it meant by acting prudently in this context.  
In ESAA’s view, acting prudently means embracing a 
range of sensible actions having regard to the uncertain 
state of the science, and which take into account scientific 
research and community concerns.  These actions are set 
out in the paper, and include informing employees and the 
public about the issue, and practising prudent avoidance 
(as described in the Gibbs Report) when designing and 
building new transmission and distribution facilities.  Such 
actions can include considering the design of the new 
facilities with respect to the EMFs which may be 
produced, sharing information on EMFs with the 
community, and taking community views into account 
when siting new facilities. 
 
Since 1991, recommendations regarding prudent 
avoidance have been made in other jurisdictions.  In 
Australia, there have been two major public inquiries since 
Gibbs.  In 1992 in Victoria, the Peach Panel (3) 
recommended that: 
 
“ Planning for all new transmission and distribution 
facilities take prudent avoidance into account.  When 
designing these facilities regard should be given to their 
capacity to produce magnetic fields, and in siting them, 
regard should be given to their proximity to houses, 
schools and the like.” 
 
In 1995 following an inquiry into the interconnection of 
New South Wales and Queensland electricity grids with a 

high voltage powerline, the Australian Senate Economics 
References Committee (4) found that: 
 
“In acknowledging (these) community concerns, the 
Committee agrees that, as a minimum policy or until 
evidence suggests otherwise, the concept of ‘prudent 
avoidance’ should continue to be practised by Government 
and power authorities.” 
 
More recently in 1997, a new policy guidance booklet (5) 
was published by five Swedish Government authorities to 
help Swedish decision makers when they are required to 
consider the EMF health effects issue.  The advice given in 
the booklet is based on the precautionary principle and 
reflects what is known about the EMF science and the 
technical actions which may be possible to exercise a 
degree of caution given limited community resources. 

 
The concept of prudent avoidance is considered an 
appropriate response while ever the current climate of 
scientific uncertainty persists and is as relevant now as 
when first recommended by Sir Harry Gibbs.  The 
following sections provide practical guidance to the 
application and implementation of prudent avoidance for 
electricity transmission and distribution businesses in 
Australia. 

3. PRUDENT AVOIDANCE PRINCIPLES 

Internationally, there is broad consensus that a prudent 
approach should be taken in the design and siting of new 
transmission facilities.  Although there is no precise 
definition of prudent avoidance, there is considerable 
discussion in the literature which provides guidance as to 
how it might be applied in practice.  In particular, Sir 
Harry Gibbs described prudent avoidance as: 
 
“....doing whatever can be done at modest cost and 
without undue inconvenience to avoid the possible risk (to 
health)”.....” 
 
Although useful, this description is open to interpretation, 
especially in respect of the question as to what might 
constitute “modest cost”.  In this regard, in 1993, the 
California Public Utilities Commission in the United 
States of America published an order defining prudent 
avoidance as undertaking suitable activities up to 4% of 
the cost of a new electricity company installation project.   
 
In a document produced by Southern California Edison 
Company (6) in 1994 , design guidelines were developed 
to: 
 
“Implement no-cost and low-cost methods to reduce 
magnetic fields from new electric utility facilities.” 
 
The application of prudent avoidance in the design and 
construction of new electrical facilities is a process of 
assessing the extent to which people may be exposed to 
fields produced by them and considering what “low cost” 
and “no cost” measures might be taken to reduce such 
exposure within acceptable constraints.  It is considered 
that the 4% limit adopted by the California Public Utilities 
Commission is appropriate and, accordingly it is suggested 
that, in the Australian context, “modest cost” or “low cost” 
measures should be interpreted as involving up to 4% of 
the total project cost.  This figure is considered reasonable 
and should be acceptable to many utilities. 
 
Apart from the quantum aspect of cost considerations, it is 
important to consider whether the available funds should 
be directed towards the mitigation of electric fields, 
magnetic fields or both.  Because the vast majority of 
concerns expressed over the past 15 years have been 
directed towards magnetic fields, in the authors’ view, all 
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prudent avoidance measures should be directed primarily 
towards magnetic fields, recognising that, in many 
instances, these measures will also lead to reduced electric 
field exposure. 
 
In broad terms, the range of measures which may be 
available to reduce exposure to the fields generated by 
electricity utility facilities come under two broad generic 
headings: 

1. siting measures 
2. design measures 
 

These measures are generally the same as those which 
might be applied to mitigate against magnetic interference 
to visual display units (VDUs), and which are listed in 
publication (7). 

3.1 Siting Measures 

The first aspect to be recognised in the siting of electricity 
utility facilities is that the process of site selection is a 
complex one, involving a multitude of considerations of 
which the possible adverse effects of EMFs is but one.  
Other considerations include: 
 
• the location of the power source and the load 
• provision for future development 
• the location of existing rights of way 
• ease of construction and access 
• cost considerations 
• the nature of terrain and  
• other siting constraints such as dams, residential 

areas, airfields, national parks, sites of particular 
cultural or heritage value, transport corridors and the 
like.  

  
In this context, the issue of EMFs is rarely an overriding 
consideration but, rather, should be considered as one of 
several important factors. 
 
Furthermore, because many of the factors which influence 
the siting of electricity utility infrastructure have a major 
sociological dimension, an essential part of the siting 
process should be the engagement of the affected 
community in the process.  This requires the community to 
be informed of the proposed project at an early stage, 
acquainted with the range of factors which may be relevant 
to the siting decisions and their genuine input sought.  In 
respect of EMFs, the community involvement process 
could include measures such as  
 
• informing the community about the need for the line 

and the various site selection constraints 
• providing educational material (preferably including 

material from independent sources on the issue of 
EMFs) 

• providing factual information on the magnitude and 
extent of fields likely to be associated with the 
proposed facility 

• providing information regarding the magnitude and 
extent of EMFs in the general area and in typical 
everyday situations, eg. in the home, the street, etc. 

• seeking community input/feedback regarding siting 
issues. 

 
At an early stage, the community should be informed of 
the consultation process to be followed and the way in 
which their views can be fed into it.  Following receipt of 
community feedback, this should be factored into site 
selection, along with the various other factors such as 
those listed above, and a decision made. 
 
The success or otherwise of the consultative approach to 
site selection will be determined largely by the quality and 

transparency of the consultation.  In this regard, it is 
stressed that the utility must be prepared to listen to the 
concerns of individuals and communities and seek 
beneficial outcomes.  Experience with community 
consultation programs suggests that dwellings, schools, 
playgrounds and similar locations, especially those 
frequented by children, are likely to be of most interest 
from the perspective of EMFs. 

3.2 Design Measures 

The following design measures for reducing magnetic 
fields may be applied to overhead lines of all voltages: 

 
• Increasing the (vertical) distance of the line from 

sensitive receptors 
• Configuring the conductors to minimise the magnetic 

field 
• Arranging the phases to minimise the magnetic field 
• Using more than one conductor per phase (split 

phase) and arranging them to minimise the magnetic 
field 

• Using aerial bundled conductors (up to 11,000 V) 
• Reducing the current 
• Shielding or active cancellation 
• Locating the lines underground (in some cases this 

can increase the ground level magnetic field but the 
field strength will normally diminish more rapidly 
with distance). 

 
In frequented areas, the selection of a particular pole top 
configuration for a new line or a rebuild should favour the 
configuration which results in the lowest magnetic fields, 
subject to cost and technical constraints.  In addition, 
existing conditions and future system requirements must 
also be considered. 
 
The option selected should neither jeopardise the 
reliability nor downgrade the operating characteristics of 
the electricity system.  Nor should it create a hazard to 
maintenance personnel or to the public in general. 

4.            PRUDENT AVOIDANCE - TRANSMISSION 

The following sections describe a number of specific 
options for prudent avoidance which are consistent with 
the principles outlined in Section 3, and which may be 
applied to transmission facilities. 

4.1 Transmission Lines 

4.1.1 Distance 

The most common method of reducing peoples’ exposure 
to EMFs is by selecting line routes (ie siting) to avoid 
population centres or areas where people gather.  
Particular attention should be paid to schools, child care 
centres and other areas where children congregate. 
 
Although a matter for developers/planning authorities, 
increased separation needs also to be considered when new 
residential development is proposed adjacent to existing 
transmission lines.  This could involve either the 
sacrificing of land within the development site or the 
relocation of some parts of the line. 
 
Cost is a component of prudence, and, in considering the 
feasibility of alternative routes or sacrificing land with 
significant development potential, regard should be had to 
the additional cost and the principle that total expenditure 
on prudent avoidance not exceed 4% of the total project 
cost.  In cases where the “project” is a property 
development near an existing line, the 4% figure should be 
applied to the total cost of the development. 
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Figure 4.1, (reproduced from (7)), illustrates how magnetic 
field strength reduces with distance from the line.  Raising 
the height of the supporting structures or towers, and thus 
the height of the conductors, can also reduce the magnetic 
field strength below the line.  However, the cost and visual 
impact associated with the increased structure height may 
limit this technique to selected portions of a line.  Structure 
raising may be more practical for wood pole lines than for 
steel tower lines, due to the cost factor. 

4.1.2 Conductor Configuration 

Different arrangements of phasing can produce different 
magnetic field strengths for the same line current.  In 
general, triangular arrangements tend to provide more field 
cancellation than horizontal arrangements, with lower 
resultant field strengths.  The effect of line geometry on 
magnetic field profile for a typical 500 kV line is shown in 
Figure 4.1. 

 
Figure 4.1   Magnetic field profile at 1 m above ground  

for a typical 500 kV overhead transmission line for 
various conductor configurations 

 
1. Single circuit with horizontal flat configuration of 

phases 
2. Single circuit with triangular configuration of 

phases 
3. Single circuit with vertical configuration of phases 
4. Double circuit with vertical configuration of 

phases and with favourable phase sequence 
(acting to reduce field strength) 

Line compaction can also reduce the resultant EMFs by 

enhancing the field cancellation effect between the phases.  

Although the ability to achieve compaction is limited by 

factors relating to the electrical performance of the line, it 

can be an attractive option as compact lines offer some 

other advantages.  These include reduced visual impact 

and reduced easement width. 

4.1.3 Phase Arrangement 

For double circuit lines, it is possible to arrange each three 

phase circuit with a different vertical phase arrangement in 

space, such that some cancellation of magnetic fields 

occurs.  Figure 4.2, (reproduced from (7)), illustrates this 

effect for a typical 500 kV transmission line, with Option 3 

being the most favourable phase arrangement from the 

viewpoint of field reduction.  This is usually a relatively 

low cost option in the case of an existing line, and often a 

no cost option for a new line. 

Selection of the proper phasing arrangement is usually the 

most effective way to reduce magnetic fields for two 

circuits on the same structure or two or more circuits on 

the same easement for minimal cost, if re-routing is not 

possible. 
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Figure 4.2  Magnetic field profile at 1 m above ground 
for a typical 500 kV double circuit transmission line 

with vertical conductor configuration (below) 

0B1: 1BB 2BB 
3B2: 4BB 5BB 

6B3: 7BB 8BR 

 9BW 10BW  11BW 12BR  13BW 14BW 

 15BR 16BR  17BR 18BW  19BR 20BB 

4.1.4 Split Phasing 

A single circuit line can be constructed as two parallel 
circuits with a phase arrangement designed to achieve 
maximum field cancellation.  This is known as the split-
phase technique and may be considered if only one circuit 
exists on a route.  Although this form of construction is 
significantly more expensive than conventional single-
circuit construction, it could be used for short sections of a 
line where it is desired to reduce fields within the 
suggested 4% cost limitation. 

4.1.5 Current Reduction 

A reduction in current will generally reduce magnetic field 
strengths.  The reduction in field strength is approximately 
proportional to the reduction in current.  For a given load 
transfer requirement, the only way to reduce the current is 
to increase the voltage.  However, because line voltage is 
generally fixed by system stability considerations, 
increasing line voltage will seldom be feasible within the 
4% cost constraint, and other design options are likely to 
be preferable. 

4.1.6 Shielding and Cancellation Loops 

Shielding is the erection of a barrier between an EMF 

source and a subject to reduce the field strength at the 

subject.  A simple shielding barrier can substantially 

reduce electric fields from transmission lines but has little 

effect on magnetic fields.  Any object between the source 

(line) and the point of interest will provide shielding or 

distortion of the electric field.  Common examples are 

buildings, trees or any other structure.  
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For all practical purposes there are no means to 

significantly reduce or screen magnetic fields from 

overhead lines.  In special applications, screening of 

individual pieces of equipment is possible, using structures 

or enclosures made from special metals. 

 

  

“Cancellation” or “Degaussing” loops are conducting 

wires suspended between adjacent structures, above or 

below the phase conductors to provide both shielding and 

cancellation effects.  They may be either “active” 

(energised) or “passive” (non energised) and rely on a 

current flow in the opposite direction to cancel or reduce 

the overall field produced by the line.  The use of shielding 

or cancellation loops is still in the research phase and, 

while being theoretically possible, this option is often 

regarded as complex, unsightly and of little practical 

significance. 

4.1.7 Undergrounding 

Because undergrounding is usually far more expensive 
than overhead construction, it does not often fall into the 
category of prudent avoidance, with its “minimum 
cost/minimum inconvenience” criteria.  There will be 
occasions, however, when partial undergrounding may be 
consistent with prudent avoidance on a total cost basis, and 
accordingly this option is discussed briefly below. 
 
In underground cables, phase conductors are insulated 
from earth and from each other by a relatively thin layer of 
solid insulation, as compared to a much larger dimension 
of air insulation in the case of overhead lines.  
Accordingly, underground phase conductors can be placed 
much closer together, providing a more effective field 
cancellation effect.   
 
On the other hand, underground cables are normally buried 
1 metre or less below ground and can be closer to people 
than an equivalent overhead line.  Nevertheless, due to the 
cancellation effect, the use of underground cables usually 
reduces the effective level of the magnetic field at the 
point of interest.  An exception to this might be the 
situation of cables in a street area where the point of 
interest is the footpath or roadway immediately above the 
buried cable where the field strength is still significant. 
 
When considering undergrounding, it should be noted that, 
contrary to popular belief, the ground has no magnetic 
field shielding property and plays no part in further field 
reduction.  
 
Figure 4.3, (reproduced from (7)), illustrates the difference 
between the magnetic field profiles of overhead 
transmission, distribution lines and the underground cable 
assuming perfect symmetry of the phase currents in all 
three systems. 
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Figure 4.3  Magnetic field profiles at 1 m above ground 

for typical  overhead and underground lines 
  

1. Under a 500 kV transmission line with horizontal 
phase configuration  

2. Under an 11 kV distribution line with horizontal 
phase configuration 

3. Above an underground three phase, single-core 
cable circuit with horizontal phase configuration 
and 100 mm phase separation 

 
A three phase underground cable in one sheath will 
produce a lower magnetic field than the same capacity line 
constructed from three single-core cables because the 
conductors are closer together and provide more effective 
field cancellation than three single-core cables, especially 
if the latter are in flat formation. 

4.2 Transmission Substations 

The magnetic fields produced by transmission substations 
result largely from the outgoing and incoming overhead 
transmission lines, especially where they come together at 
entries to busbar arrangements.  Consequently, most of the 
prudent avoidance options available for transmission 
substations are those detailed in Section 4.1.  Particular 
opportunities may arise where multiple circuits parallel 
one another as they converge on the substation.  Also, 
there is sometimes an opportunity in the siting of the 
substation, or even in the fencing of the substation 
equipment (often part of the whole site) to minimise 
magnetic field strengths in areas accessible to the public. 

4.3 Land Development 

Land development adjacent to transmission lines often 
occurs after the transmission line has been built.  It has 
been suggested in some quarters that the prospect of future 
land subdivision and development may create an argument 
for utilities adopting wider easements in the first place.  
This suggestion was considered by Sir Harry Gibbs in his 
1991 Report.  He found no support for such a move, which 
would alienate additional land and increase costs to the 
community.  He said: 
 
“.. it would be particularly undesirable at the present time 
to prescribe standards or guidelines with regard to 
exposure to the fields created by transmission lines or the 
width of easements acquired or used for such lines.” 
 
All transmission line easements would be affected while 
any potential benefit would be restricted to a few isolated 
developments.  Furthermore, because of the variation in 
magnetic field strength profiles for the various design 
options as noted in Section 4.1, it would be impractical to 
attempt to prescribe easement widths which result in a 
consistent magnetic field outcome.  It is suggested that the 
application of prudent avoidance to land development 
should follow similar principles to those outlined for 
transmission line development.  In other words, it is 
suggested that up to 4% of the total cost of the 
development should be allocated to options to reduce 
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people’s exposure to magnetic fields.  In deciding what 
particular prudent option to adopt, the developer may 
consult with the relevant utility in order to identify the 
most cost-effective measures available for the particular 
circumstance. 

5.             PRUDENT AVOIDANCE - DISTRIBUTION 

5.1 Distribution Lines 

5.1.1 Siting 

Due to the need to provide supply to customers, the 
options available to designers in siting distribution 
infrastructure are limited.  Distribution lines, by their very 
nature and function are normally located in road reserves 
to provide supply to customers on both sides of the road, 
although in some instances, they are located at the rear 
boundary of residential properties. 
 
Where practicable: 
• distribution lines should be located on the opposite 

side of the road from areas such as schools, 
kindergartens, child-care centres and the like 

• distribution lines should be sited away from the walls 
of multi-storey buildings or areas where children 
congregate 

• distribution lines should be located on the side of the 
road bordered by open spaces where applicable 

• substations should be located at the electrical centre of 
their low voltage network, ie current flows in all 
directions should be balanced. 

• As with transmission lines, the benefits of community 
consultation and the sharing of information should not 
be overlooked in the siting of distribution lines.  This 
is particularly relevant when high voltage overbuilds 
are being considered. 

5.1.2 Design 

Prudent design options which may be considered subject to 
their economic viability, could include: 
 
• use of aerial bundled conductor (ABC) for low voltage 

reticulation to provide more effective field 
cancellation 

• use of offset construction (ie with all phases 
constructed on the same side of the pole) to increase 
horizontal separation from the point of interest 

• use of underground cable in place of overhead 
conductors where economically justified 

• use of three phase cable instead of 3 single phase 
cables  (refer Section 4.1.7) 

• balancing of load across all phases to reduce neutral 
currents 

• use of insulated twisted service cable instead of open 
wire services to provide more effective field 
cancellation 

• for new double circuit lines, adoption of low reactance 
(RWB/BWR) phasing when current flow in both 
circuits is in the same direction (refer Section 4.1.3) 

 
When installing electrical facilities which involve both low 

voltage and high voltage, the following options apply: 

 
• When overbuilding (or underbuilding) existing 

facilities, the phasing on the existing circuits should 
be determined and the new circuit or circuits phased to 
minimise the combined magnetic field strength. 

• Where new or reworked subtransmission facilities are 
being considered on the same structure with 

distribution circuits, the most effective field reduction 
measures may be applied to the distribution circuits. 

5.2 Distribution Substations 

5.2.1 General Principles 

Distribution and consumer substations are typically 
22,000/415 V or 11,000 /415 V and are generally either 
pole mounted or ground mounted.  Ground mounted 
substations may be installed in the open, or enclosed in a 
pit or building. 
 
The main sources of magnetic fields from distribution 
substations are the transformer windings, the high voltage 
and low voltage cables and line connections, the associated 
switchgear and also the earth straps and neutrals when 
forming alternative paths to earth for unbalanced currents. 
 
Underground metallic pipes and telecommunication cables 
with metallic screens, or even structural steel can also be 
significant sources of magnetic fields if they constitute a 
return path for a portion of the substation earth or neutral 
currents (7). 
 
The compact design of gas insulated switchgear (GIS), as 
compared to open or enclosed air-insulated switchgear 
substations, offers significantly lower magnetic fields due 
to a substantial reduction of the phase separation distances.  
A degree of magnetic shielding is also afforded by the gas 
filled enclosures. 
 
Due to the higher associated current levels, the low voltage 
side of a distribution substation has higher levels of 
magnetic field than the high voltage side. 
 
Figure 5.1 (reproduced from (7)), shows the profiles of the 
magnetic field at 1 m above the substation floor from 
horizontally arranged busbars at 2.1 m height and 0.3 m 
separation.  The neutral conductor is at 0.15 m horizontal 
separation from the leftmost busbar. 
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Figure 5.1  Variation of magnetic field with distance 

under three phase open type LV busbars. 
 

1. Balanced current condition 
2. Unbalanced current condition with the net 

current returning via its neutral busbar 
3. Unbalanced current condition, but the net current 

returning via an alternative route. 
 
Metal-clad substations, where mild steel is usually used for 
fabrication of enclosures, are afforded a modest level of 
shielding by the enclosure.  Also, reinforced concrete 
slabs, walls and floor panels can provide some magnetic 
field shielding.  However, it should be noted that, unless 
cables, busbars and the like are fully surrounded, any 
shielding afforded by metallic enclosures becomes less 
effective with increased distance from the source.  
Building materials such as brick, stone, plaster, wallboards 
and wood have no shielding properties for magnetic fields. 
 
The following basic magnetic field management 
techniques can be applied in the design of substations: 
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• increasing the distance of magnetic field sources 

from the receptor area 
• reducing the conductor or busbar spacing 
• selecting an appropriate phase configuration 
• balancing load between phases to reduce the neutral 

current 
 
Magnetic field levels in excess of about 1 microtesla  may 
cause interference to conventional computer monitors and 
the following recommendations for prudent avoidance can 
also serve to mitigate this effect, which is discussed in 
detail elsewhere (7). 

5.2.2 Specific Measures 

In designing distribution substations in situations where 
prudent avoidance is required, the following design 
measures may be considered.  Some measures are more 
appropriate for high rise situations, and some for outdoor 
substations near domestic dwellings. 
 
In the case of high rise buildings: 
• locating substations away from normally occupied 

areas such as offices, lunchrooms, etc. 
• planning the substation layout so that the low voltage 

side is further away from adjacent dwellings, offices, 
computer rooms, etc than the HV side 

• locating transformers, low voltage busbars, 
disconnector switches and other potentially large 
sources of magnetic field within the area of the 
substation as far away as possible from adjacent 
offices, etc. 

• if the floor above the substation is used as residential 
office space, avoiding where possible, direct ceiling 
mounting of heavy current cables, open type busbars 
or disconnector switches.  The converse applies if the 
floor below the substation is used as office or 
residential space 

• locating all cable trays as far as possible from the 
substation ceiling and walls that separate it from 
adjacent dwellings, offices, etc. 

• designing busbars to minimise separation between 
phases and between phases and the neutral bus 

• if practicable, orienting transformers and other 
sources that have uneven field patterns so that their 
highest field strength side is turned away from the 
field sensitive area 

• where possible, using three phase cables in 
preference to three single phase cables 

• using a trefoil arrangement of cables when using 
three single core cables in a three phase 
configuration.  In such cases, if the neutral conductor 
is a separate single core cable, placing it, where 
practicable, in the centre of the trefoil formation of 
phases 

• selecting the substation equipment considering, 
among other important electrical parameters, its low 
magnetic field design, ie 11,000/415 V distribution 
transformers in steel housings, compact metal-clad 
busbars 

• avoiding phase by phase grouping of single core 
cables in parallel circuits 

• distributing all large single phase loads and all 
constant current load such as lighting and office 
equipment equally between three phases of the low 
voltage supply. 

 
In the case of outdoor substations: 

• positioning the low voltage side of the transformer so 
that barriers such as landscaping, fencing or block 
walls inhibit normal access to that side of the 
substation 

• locating substations away from normally occupied 
areas such as bedrooms, offices, playgrounds etc. 

6. MISCELLANEOUS 

Whilst the primary focus of this paper is on utility 
installations, sources within customers’ installations can 
also make a significant contribution to the overall 
magnetic field environment.  Accordingly, a brief selection 
of considerations relevant to customer installations are 
provided in the following sections.  Supply conditions may 
vary from utility to utility and, if inconsistencies are 
evident, these conditions should take precedence. 

6.1 Commercial/Industrial Switchboards 

In the case of large commercial/industrial switchboards, 
the busbars inside the switchboard can have an effect on 
field levels outside the switchboard.  The following 
prudent avoidance measures may be available: 

 
• keeping the incoming line and associated meter panel 

and/or busbars away from frequented areas.  This 
will also help avoid computer interference problems. 

• avoiding the use of separate conductor trays for the 
energised and neutral wires.  If separate trays are 
necessary, it is best to place them adjacent to low/no 
use areas. 

• locating switchboards away from high use office 
areas if possible 

• locating workstations away from switchboards when 
laying out new or reorganised office areas.  A 
distance of 4 to 5 metres is suggested to provide the 
additional benefit of avoiding computer VDU 
interference. 

• using energy efficient lift motors, air conditioning 
equipment and industrial motors and manufacturing 
equipment. 

6.2 Domestic Meters and Wiring 

Generally, the principal source of magnetic fields 
associated with domestic meter boxes is the wires leading 
to the meter box.  Accordingly, prudent avoidance 
measures associated with meter boxes generally focus on 
the wiring rather than on the box itself.  The following 
prudent avoidance options may be available: 

 
• in general, for new constructions, the layout of 

meters, switchboard and wiring may be planned in 
advance, giving consideration to the magnetic fields 
that they would produce. 

• locating the meter box in an area that is not adjacent 
to high use areas.  Good locations would be at the 
garage, a closet, storage room or at the back of a 
wardrobe (refer Figure 6.1).  Bedroom and living 
room walls are better avoided to reduce fields in 
active use areas.  Many authorities recommend the 
placement of meters and  switchboard in a back-to-
back arrangement, with meters outside and 
switchboard inside the home for security of home 
and occupants.  This arrangement usually places the 
switchboard in low-use areas (for the sake of 
appearance), and is consistent with prudent 
avoidance. 

• locating the main connecting wiring away from high 
use areas in cases where meter location and 
switchboard location are separated by a significant 
distance, eg. where meters are installed at the fence 
and the switchboard is located at (or in) the house.  
The connecting wiring should be run with phases and 
neutral grouped together, and in a ceiling space 
rather than a wall space, for example. 



 8 

• using service wires of insulated twisted construction, 
as they produce significantly less fields than open 
wire (bare conductor) construction (refer Figure 6.1). 

• minimising or avoiding situations where heavy 
current wiring, especially that of stoves and air-
conditioning is placed in wall cavities within the 
house.  This type of wiring is best located and 
grouped together in the ceiling.  Close proximity of 
the phase wires and neutral helps to cancel the 
magnetic fields. 

• in the case of two-way switches, running the neutral 
wire along the same path as the twin active wire 
connecting the two switches to provide a cancelling 
effect on the magnetic fields. 

• using energy efficient equipment which will use less 
electricity and save money, as well as reducing the 
electrical load on the switchboard, thereby reducing 
magnetic fields.  Large white goods such as 
refrigerators, dishwashers, washing machines and 
dryers are often sold with energy efficient model 
alternatives. 

 

Twin Insulated

1m

Bedroom

Meter Box

Open Wire

Kitchen/
Garage

 
 
Figure 6.1  Methods of reducing magnetic fields in the 

home 
Note: 
1. Insulated twisted service produces 10% of the open wire 

service fields 
2. Moving the meter box 1 metre (as shown above) can 

reduce fields in the bedroom by 80% 

6.3 Earth Connections 

The Multiple Earthed Neutral (MEN) system is commonly 
used to connect a utility’s neutral at a customer’s 
switchboard.  This neutral is earthed at the switchboard, 
sometimes via a metallic earth stake, and sometimes via a 
metallic water pipe.  Depending on the condition of these 
earth connections, some fraction, or indeed, the majority of 
the neutral current may flow through a path other than via 
the utility’s neutral.  If this happens, then an earth 
connection or more commonly, a water pipe can become a 
substantial source of magnetic field.  In these situations, 
the supply wiring also becomes a source of significant 
magnetic field as the magnitudes of the active and neutral 
currents are not equal. 

 
When considering options for earth connections, it is the 
responsibility of the owner/electrician to identify and 
implement appropriate actions. 

 
If metallic water pipes are a source of magnetic fields, 
consideration could be given to installing a plastic joint at 
the entrance to the building’s water system to prevent 
current from adjacent earths travelling along the pipe.  In 
this case, the installation of a separate earth stake is 
mandatory for electrical safety considerations. 

7. CONCLUSIONS 

The concept of prudent avoidance has been recommended 
as the most appropriate public policy response to health 
concerns associated with magnetic fields.  Historically it 
has been difficult to scope because, by its very nature it 
cannot be defined in precise terms.  Nevertheless, it is 
possible to adopt many specific measures which are 
consistent with the notion of doing what can be done at 
modest cost and without undue inconvenience to reduce 
people’s exposure to magnetic fields.  This paper has 
sought to clarify the concept of modest cost and to suggest 
a range of practical options or measures for transmission 
and distribution applications.  The paper has also touched 
on a number of options which may be adopted by other 
stakeholders in this issue such as developers, builders, 
electricians and home and building owners. 
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