
 

Transpower Ltd     

        

 

 

 

 

 

Appendix K 

 

 

 

Electric and Magnetic Fields Assessment 

 

 

 

 

 

 

 

  



 
 

 

1 

Transpower Hairini – Mt Maunganui 
Realignment Project: Assessment of Electric 
and Magnetic Fields 
 
24/7/2017 
 
Report prepared by Matthew Walker, Environmental Specialist, Transpower; 
and Jitesh Raniga, Senior Engineer - Lines, Transpower 
EMF modelling by Beca Group Limited, reviewed by AECOM 
 
This assessment has been prepared to support the package of resource consents 
being sought by Transpower for the realignment of the Hairini – Mt Maunganui 
transmission line. 

 

1 Electric and Magnetic Fields - Introduction 

Electric and magnetic fields (EMFs) are present wherever there is electricity – 

including in the home, office and worksite. 

For example, EMFs are found near all electrical wiring in your street and in your 

home, and are associated with electric tools and most electrical appliances. 

EMFs will also be associated with the transmission of electricity in the transmission 

line wires of this proposal. 

The amount of electric power transmitted on a conductor (wire) at any given time is 

determined by its voltage and current. Voltage is a type of "pressure" that drives 

electric charges through a circuit. The flow of electric charge through a conductor is 

called electric current. 

Electric fields are determined by the voltage, and as transmission systems are held 

at a stable voltage the electric field at any given location around transmission 

equipment will be largely constant.  Magnetic fields on the other hand are determined 

by the current. The current and therefore the magnetic field will change in strength 

over time as the demand for electricity fluctuates. 

Electric fields are easily screened by vegetation, buildings and the ground.  As such 

electric field levels inside the home will not be affected by this proposal. 

Electric and magnetic fields are strongest close to the source of the field and become 

rapidly weaker further away from them. 

The compliance conditions with regard to EMF exposures are identified in Reg 10 of 

the NESETA and identified in the following section. 
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2 Health Guidelines for Electric and Magnetic Fields 

2.1 Direct and Indirect Effects 

If electric and magnetic fields are strong enough, a person in these fields may 

experience effects ranging from superficial movement of hair (with high electric field 

strengths) to induction of electric currents within the body (with high electric and 

magnetic field strengths).  These are called direct effects, i.e. the interaction is 

between the field and the person directly.   

The ability for electricity to cause effects, such as an electric shock, is well known.  

Micro-shocks can occur when the electric and magnetic field of a high voltage 

conductor (such as a transmission line) is in close proximity to a conductive 

unearthed material (e.g. a metal fence) such that the transmission line field induces a 

surface charge on the fence. In this situation and where the body connects with the 

fence, a minor, barely perceptible, electric shock can occur. This is very similar to the 

minor shock that a person alighting from a car experiences. Such an effect is called 

an indirect effect. 

2.2 Applicable Health Guidelines 

From an international health protection viewpoint, the control of non-ionising 

electromagnetic energy has been delegated to the International Commission for Non-

ionising Radiation Protection (ICNIRP). 

ICNIRP is an independent scientific organisation responsible for providing guidance 

and advice on the health hazards of non-ionising radiation, and was established to 

advance non-ionising radiation protection for people and the environment.  It is a 

formally recognised non-governmental organisation of the World Health Organisation 

(WHO). 

In 1998, ICNIRP published definitive guidelines1 (which have since been updated) 

based on a careful examination of the research data on effects of exposure to power 

frequency fields, and include a margin for safety. 

In June 2007 the World Health Organisation reported on the possible health effects 

of exposure to extremely low frequency electric and magnetic fields.  In its summary 

section WHO confirmed the reliability of the ICNIRP guidelines and stated that, 'Only 

the acute effects have been established and there are two international exposure 

limit guidelines (ICNIRP, 1998a; IEEE, 2002) designed to protect against these 

effects'. 

The guidelines provided by ICNIRP are identified as the appropriate basis for public 

health protection by Policy 9 of the National Policy Statement on Electricity 

Transmission under the Resource Management Act which states: 

                                                 
1 ICNIRP, Guidelines for limiting exposure to time-varying electric, magnetic and electromagnetic 

field (up to 300 GHz). Health Physics, 1998. 74(April 1998): No. 4. 
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‘Provisions dealing with electric and magnetic fields associated with the electricity 

transmission network must be based on the International Commission on Non-

ionising Radiation Protection Guidelines for limiting exposure to time varying electric 

magnetic fields (up to 300 GHz) (Health Physics, 1998, 74(4): 494-522) and 

recommendations from the World Health Organisation monograph Environment 

Health Criteria (No 238, June 2007) or revisions thereof and any applicable New 

Zealand standards or national environmental standards.’ 

The 2010 National Environmental Standard for Electricity Transmission Activities 

(NESETA) followed Policy 9 by applying the 1998 ICNIRP guidelines where, as in 

this proposal, there are relevant changes to existing transmission lines.  The 

NESETA, besides identifying the relevant exposure levels from the ICNIRP 

guidelines adds to those by also defining the operating conditions, position of 

attainment and environmental conditions which must be considered when 

demonstrating compliance.   

Section 3 confirms the predicted field levels associated with this proposal and the 

appropriate consideration of operating conditions, position of attainment and 

environmental conditions as required by the NESETA. The remainder of this section 

describes the approach to exposure limitation provided by the ICNIRP guidelines. 

The NZ Ministry of Health, has and continues to recommend the use of the ICNIRP 

exposure guidelines.  These were updated in 20102 and it is anticipated that at some 

time, Ministry for the Environment will update the transmission NES to bring it in line 

with the current 2010 ICNIRP guidelines recommended by the Ministry of Health. 

The 1998 ICNIRP guidelines set fundamental limits on electrical currents induced in 

the body by ELF fields. The limits on induced body current are termed Basic 

Restrictions and are measured in current per square metre of body tissue or 

milliamps per square meter, (mA/m2). 

As induced currents in the body are difficult to measure or calculate, ICNIRP also 

provide Reference Levels.  Reference Levels are given in terms of the more easily 

measured ambient electric and magnetic fields which give rise to induced body 

currents. 

Provided field strengths are below the Reference Levels, resulting induced currents 

will comply with the Basic Restriction.  If exposures exceed the Reference Level, this 

does not necessarily mean that the Basic Restriction is being exceeded, but a more 

careful evaluation is required. 

The 1998 ICNIRP guidelines applying at 50 Hz (the frequency of the fields from all 

equipment carrying or using mains electricity) are summarised in the table below: 

                                                 
2 ICNIRP. 2010. Guidelines for limiting exposure to time-varying electric and magnetic fields (1 Hz–

100 kHz). Health Physics 99(6): 818–36. 
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Exposure 
characteristics 

Basic restriction Reference levels 

Induced current 
density (mA/m2) 

Electric field 
strength 
(kV/m) 

Magnetic flux 
density 

Microtesla 

General public 2 5 100 
Note: all values are rms (root-mean-square, a kind of average) 

 

These levels are the levels relied upon in NESETA Reg 10(2) 

These limits are for exposures of unlimited duration, and apply to both children and 

adults.  The reference levels refer to the spatially averaged field strength over the 

body. 

The key change within the 2010 revision to the ICNIRP guidelines is a relaxation of 

the reference level for public exposure from 100 to 200 µT.  The reference level for 

electric field remained unchanged at 5 kV/m 

2.3 Consideration of Field Levels below the Guidelines 

Since the late 1970’s, the science of epidemiology has been used to investigate the 

possibility that there might be health effects as a result of environmental exposures to 

EMF at levels below the guidelines relied upon by the NESETA. 

Epidemiology is the study of how often diseases occur in different groups of people 

and why.  Epidemiology has been used to look for differences between the health of 

people in populations who are exposed and those who are not exposed to power 

frequency EMF.  A difficulty in epidemiology studies is in isolating other potential 

factors which could contribute to any observed health effect apparently related to 

EMF exposure.  These may include obvious factors such as age or socio economic 

status of individuals in the population studied as well as less obvious ones. 

Other scientific approaches are also applied to understand the nature of any cause 

and effect. For example laboratory experimentation is conducted to look for any 

direct effects of exposure.  Theoretical science is also applied to assess the 

plausibility of mechanisms by which EMF exposure might lead to an effect. 

Several decades ago, some researchers in the United States published an 

epidemiology study which suggested the possibility that there could be an 

association between small excesses in the rates of certain cancers and electric and 

magnetic fields from power distribution systems3.  Since that time, research of this 

nature has been repeated many times with varying findings. 

Because of the large number of studies and the range of approaches which have 

been adopted to assess potential health effects, bodies which are responsible for 

                                                 
3 Wertheimer, N. and E. Leeper, Electrical wiring configurations and childhood cancer. Am J 

Epidemiology, 1979(109): p. 273-284 
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health, rely on detailed reviews on the total body of evidence rather than relying on 

individual studies.  

ICNIRP considered the epidemiological data suggesting possible associations with 

childhood leukaemia when preparing their guidelines, and have reviewed the data 

several times since then.  While ICNIRP acknowledge the association, they also note 

in the 2010 guidelines: 

‘The epidemiological and biological data concerning chronic conditions were carefully 

reviewed and it was concluded that there is no compelling evidence that they are 

causally related to low-frequency EMF exposure’. 

In June 2007 the World Health Organisation reported on the possible health effects 

of exposure to extremely low frequency electric and magnetic fields.  In its summary 

section WHO states the following. 

'Scientific evidence suggesting that everyday, chronic low-intensity (above 0.3–0.4 

µT) power-frequency magnetic field exposure poses a health risk is based on 

epidemiological studies demonstrating a consistent pattern of increased risk for 

childhood leukaemia. Uncertainties in the hazard assessment include the role that 

control selection bias and exposure misclassification might have on the observed 

relationship between magnetic fields and childhood leukaemia. In addition, virtually 

all of the laboratory evidence and the mechanistic evidence fail to support a 

relationship between low-level ELF magnetic fields and changes in biological function 

or disease status.  Thus, on balance, the evidence is not strong enough to be 

considered causal, but sufficiently strong to remain a concern. 

Although a causal relationship between magnetic field exposure and childhood 

leukaemia has not been established, the possible public health impact has been 

calculated assuming causality in order to provide a potentially useful input into policy. 

However, these calculations are highly dependent on the exposure distributions and 

other assumptions, and are therefore very imprecise. Assuming that the association 

is causal, the number of cases of childhood leukaemia worldwide that might be 

attributable to exposure can be estimated to range from 100 to 2400 cases per year. 

However, this represents 0.2 to 4.9% of the total annual incidence of leukaemia 

cases, estimated to be 49 000 worldwide in 2000. Thus, in a global context, the 

impact on public health, if any, would be limited and uncertain. 

A number of other diseases have been investigated for possible association with ELF 

magnetic field exposure. These include cancers in both children and adults, 

depression, suicide, reproductive dysfunction, developmental disorders, 

immunological modifications and neurological disease.  The scientific evidence 

supporting a linkage between ELF magnetic fields and any of these diseases is much 

weaker than for childhood leukaemia and in some cases (for example, for 

cardiovascular disease or breast cancer) the evidence is sufficient to give confidence 

that magnetic fields do not cause the disease.' 
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In New Zealand, the Ministry of Health convened Interagency Committee on the 

Health Effects of Non-ionising Fields periodically reports to Ministers on recent key 

findings of national and international health and scientific bodies.  In 2015, regarding 

ELF EMF it concluded that: 

‘Overall, the picture is largely unchanged since publication of the WHO review in 

2007. The possibility that long-term exposures to relatively strong magnetic fields 

(albeit low in comparison to the recommended exposure limits) remains an open 

question, with the results from epidemiological studies not supported by laboratory 

research, and agreement that even if there were to be a causal relationship, ELF 

magnetic fields would only be responsible for a small fraction of childhood leukaemia 

cases. Research on possible links with neurodegenerative diseases has provided no 

consistent results’. 

Section 3 below demonstrates compliance of this proposal with the conditions of 

Regulation 10 of the NESETA and thus with the ICNIRP guidelines. 

3 Electric and Magnetic Fields Associated with the Project  

3.1 Introduction  

Besides the influence of current and voltage on electric and magnetic fields, for 

overhead lines, the sag of the conductors (wires) will also influence field strength.  

This is because the line sag will influence the distance between the line and the 

ground and therefore the field levels experienced at the ground.  The line sag varies 

according to electrical current, air temperature, solar radiation and wind.   

The operational conditions, position of exposure prediction and ambient conditions 

are defined as to how they should be accounted for in the NESETA. 

In line with the requirements of the NESETA, the modelling of electric field and 

magnetic flux density has been modelled in line with Reg 10 (4) (a) at 1 metre above 

the ground in an area above, below, or next to the line that is reasonably accessible 

to the public; it has not taken account of any shielding effect from buildings. 

The modelling has represented the highest electric and magnetic field likely under 

normal operating conditions - Reg 10(6) & (7) and as further defined in Reg 10(9) 

excludes short term increases in voltage or current caused by a fault. 

The modelling should be undertaken using the following climatic conditions to 

determine conductor position - Reg 10(6a-d) 

(a) ambient temperature of 20°C in winter and 30°C in summer: 

(b)  maximum solar radiation of 1 000 W/m²: 

(c)  dry conditions: 
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(d)  wind speed of 0.6 m/s. 

In this case the modelling has been undertaken on a more conservative basis, (ie 

resulting in a higher electric field) by assuming the minimum clearance allowable 

under Regulations made under the Electricity Act 1992 to prevent electrical safety 

concerns. 

The modelling Transpower has used for the EMF calculations considers the 

cumulative effects of the A & B line conductors where they are co-located on the 

same structures. 

 

3.2 Predicted EMF Levels 

For the HAI-MTM line, the worst case magnetic field strength below the line under 

normal operating conditions, at 1m above the ground, is predicted to be 6.91 µT, 

which is well below the 1998 ICNIRP reference level for public exposure of 100 µT 

and thus compliant with Reg 10(2)(a)(ii) 

The worst case electric field strength at the same position is predicted to be         

2.04 kV/m.  Again, this is well below the 1998 ICNIRP reference level for public 

exposure which for electric fields is 5 kV/m and thus compliant with Reg 10(2)(a)(i).  

For this worst case prediction the line is represented at clearance distances and 

current levels which rarely occur in practice either independently or together. 

For both electric and magnetic fields, field strengths reduce rapidly with distance from 

the source.  As such, the predicted worst case field levels would only be experienced 

directly below the line.  As the line will rarely if ever experience these pessimistic sag 

conditions or maximum currents, even below the line, field levels will normally be 

lower than the worst case prediction.  Away from the line, EMF levels will be much 

reduced.  This is demonstrated in the figure below which shows, the pattern of EMF 

levels at 1 m above the ground around the span resulting in highest fields.  



 
 

 

8 

For the great majority of the time, field levels will be well below this pessimistic 

prediction presented above. 

For example, as regards the magnetic field, the current or load on a line is expected 

to grow over time in line with electricity demand growth.   Magnetic field levels, which 

relate to the current, might therefore only approach the worst case levels modelled 

well into the future, if at all.  The magnetic fields are typically much lower for much of 

the line’s life. 

Line loads also vary significantly over the typical day with morning and evening 

peaks.  The peaks in magnetic field only occur for short periods of time in line with 

peak loads.  It is also worth noting that loads in the summer months are typically 

lower than during the winter. 

 

4 Assessment of Environmental Effects: Electric and Magnetic 
Fields  

4.1 Overall Assessment  

As identified above, the transmission line is designed so that they will always be 

compliant with both the current international guideline and the NESETA, even under 

worst case operating conditions.  The international consensus is that the guideline 

provides for the protection of public health with regard to magnetic and electric fields 

and as such, the fields associated with this proposal will be safe. 


