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1 Summary 

The objectives of this Electromagnetic Fields assessment are to:  

• Model Electromagnetic Field (EMF) levels for the proposed Strathfield South Substation.  

• Determine if the reference levels provided by various parties are met and if necessary;  

• Recommend mitigation measures. 

The CDEGS software module HIFREQ has been used to create a model for the proposed Strathfield 

South Substation to determine the expected Electromagnetic Field levels within and immediately 

outside the substation fence. The model was developed with the 132kV and 11kV feeders and 

conductors nearest the substation fence having maximum loading, which may be expected in a 

contingency operation, to create the worst-case scenario. 

The modelled electric and magnetic field levels are within the International Commission on Non-

Ionizing Radiation Protection, Institute of Electrical and Electronic Engineers and National Health and 

Medical Research Council reference levels at the boundary fence. The modelled electric and magnetic 

field levels close to the transformers and cable connections to the 132kV and 11kV switchgear are 

outside the occupational reference levels, however work in these areas is likely to only be for short 

periods of time, particularly whilst the Electromagnetic Field sources are energised. 
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2 Introduction 

2.1 Project Description 

Downer was engaged by Ausgrid to design and construct the Strathfield South 132/11kV Substation at 

7-9 Dunlop St, Strathfield South NSW. 

The purpose of the new zone substation at Strathfield South is to address asset condition issues at 

Enfield zone substation. A new 132/11kV zone substation is to be designed, constructed, 

commissioned and connected to existing 132kV overhead feeders. The new zone substation is to 

provide a permanent solution to transfer existing 11kV network load from Enfield zone substation to 

new Strathfield South zone substation once commissioned and the capacity for 11kV network load to 

be transferred from Campsie zone substation. 

 

Figure 1: Location of Strathfield South 132/11kV Substation 

The scope of works includes: 

• Installation of two 50MVA 132/11kV transformers and associated connections 

• Installation of 132kV indoor Gas Insulated Switchgear (GIS) and two sections of 132kV GIS 

busbar 
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• Installation of 11kV indoor Gas Insulated Switchgear (GIS) and six sections of 11kV 

switchgear 

• Construction of fit out of a new substation building 

• Installation of 132kV feeders 911 and 913 to the handover point at 132kV UGOH poles 

located in Dean Reserve behind the cul-de-sac of Dunlop St. 

A layout of the proposed substation is shown in Figure 2. 

 

Figure 2: General Arrangement Layout of proposed Strathfield South Substation 
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2.2 Scope of Assignment 

Ausgrid is conducting a Review of Environmental Factors (REF) for the new Strathfield South 

substation project under Part 5 of the Environmental Planning and Assessment Act 1979. In the 

context of the REF, Downer has been engaged by Ausgrid to assess the electric and magnetic fields 

associated with the project. Specific content of this assessment is to include: 

• Reasonable predictions of the electric and magnetic field contributions of the proposed works 

along the boundaries of the substation site, under ultimate loading conditions 

• An assessment of compliance of the proposed works against relevant national and 

international guidelines 

• An assessment of the design of the proposed works against precautionary and prudent 

avoidance principles as defined by the relevant guidelines 
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3 Overview of Electric and 

Magnetic Fields 

3.1 General Description 

An Electromagnetic Field (EMF) comprises a combination of Electric and Magnetic Fields, which for 

those fields associated with electrical equipment, for the most part act independently of each other. 

Electric and magnetic fields are associated with the voltage and current of the equipment respectively. 

Together, electric and magnetic fields combine to create electromagnetic fields which allow the 

transfer of energy to occur, in this case through the metallic conductors associated with the electrical 

equipment. 

An electric field is a region in space where electric charges experience an invisible force. The strength 

of this force is related to the voltage on the electrical equipment. Electric fields are strongest closest to 

their source and its strength rapidly diminishes by the square of the distance away from this source. 

Many common materials, such as brickwork or metal, block electric fields so they are readily shielded 

and for all practical purposes do not penetrate buildings. They are also shielded by the skin, such that 

electric fields inside a human body will be at least 100,000 times less than the external field [1]. 

A magnetic field is a region where materials that have magnetic properties experience an invisible 

force produced by various sources, in this case the flow of electric current (measured in Amperes) 

through electrical equipment. As magnetic fields are related to electric current rather than voltage, 

humans are exposed to magnetic fields through interaction with various everyday items such as 

appliances, i.e. hair-dryers. Magnetic field strength is related to the size of the electric current flowing 

through an electrical conductor and diminishes by the square of the distance away from its source. 

3.2 Overview of EMF and Human Health 

Research into EMFs and health is a complex multi-disciplinary area and has been the subject of 

extensive research throughout the world. It is well accepted that the use of one single study 

considered in isolation will not provide any meaningful answers and only the use of all research 

considered as a whole will provide any useful outcomes. 

Over the last 30 years, over 25000 scientific articles relating to research on non-ionizing radiation have 

been published. The World Health Organisations (WHO) in-depth review of these articles [2] has 
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concluded that based on current evidence, no clear link is observed between hazardous biological 

effects and low level electromagnetic fields. However, it is undisputed that electromagnetic fields 

above certain levels can trigger adverse biological effects. 

3.3 Health Standards 

From 1989 until about 10 years ago, the relevant Australian Standard for determining safe limits for 

electric and magnetic fields was the document called ‘Interim Guidelines on Exposure to 50/60Hz 

Electric and Magnetic Fields (1989)’ [3] issued by the National Health and Medical Research Council 

(NHMRC) and is based on various international standards and guidelines. However, this guideline has 

never been updated and as such has lapsed. 

In 2006, the Australian Radiation Protection and Nuclear Safety Agency (ARPANSA) published a draft 

standard on ‘Exposure Limits for Electric and Magnetic Fields (0Hz to 3kHz)’ [4] for public comment. 

As this is a draft standard and has yet to be ratified, in the absence of a current Australian Standard or 

Guideline, Ausgrid have moved to utilise two internationally recognised exposure guidelines: 

• ‘Guidelines for Limiting Exposure to Time-Varying Electric and Magnetic Fields (1 Hz to 100 

kHz)’ [5] published by the International Commission on Non-Ionising Radiation Protection 

(ICNIRP) in 2010. 

• ‘IEEE Standard for Safety Levels with Respect to Human Exposure to Electromagnetic Fields, 

0 to 3 kHz’ [6] published by the Institute of Electrical and Electronic Engineers (IEEE) in 2002 

and reaffirmed in 2007. 

The use of ICNIRP guidelines is based on ARPANSA’s advice that “The ICNIRP ELF guidelines are 

consistent with ARPANSA’s understanding of the scientific basis for the protection of people from 

exposure to ELF EMF.”  

Whilst ARPANSA directly references ICNIRP 2010 as a guideline for exposure, the IEEE guideline 

provides an alternate set of guideline limits applicable to electric and magnetic field exposure. These 

provide a technically sound reference which could be applied to specialised exposure environments 

and different parts of the human body. Such situations could include live line and bare hand 

maintenance methods on distribution, transmission and substation assets.  

The WHO (2007) advises: 
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“Health effects related to short-term, high-level exposure have been established and form the basis of 

two international exposure limit guidelines (ICNIRP, 1998; IEEE, 2002). At present, these bodies 

consider the scientific evidence related to possible health effects from long-term, low-level exposure to 

ELF fields insufficient to justify lowering these quantitative exposure limits.” 

The limits for both electric and magnetic fields contained in the various health guidelines are 

summarised in Table 1. 

Table 1: Electric and Magnetic Field Exposure Guidelines 

                      Standard/Guideline 
 
Exposure Type 

NHMRC 
(1989) 

ARPANSA 2006 
Draft 

ICNIRP 2010 
IEEE 2002 

(Reaffirmed 
2007) 

Electric Fields - General Public 5kV/m 5kV/m 5kV/m 5kV/m 

Electric Fields - Occupational 10kV/m 10kV/m 10kV/m 20kV/m 

Electric Fields - Occupational 
Short Term 

10-30kV/m N/A N/A N/A 

Magnetic Fields - General Public 1000mG 1000mG 2000mG 9040mG 

Magnetic Fields - Occupational 5000mG 5000mG 10000mG 27100mG 

Magnetic Fields - Occupational 
Short Term 

Up to 
50000mG 

N/A N/A N/A 

Being based on established biological effects (which occur at field levels much higher than those 

normally encountered in the vicinity of electrical equipment), the exposure limits in these guidelines 

and standards cannot be said to define the safe limits for possible adverse health effects, should these 

exist, from fields normally encountered in the vicinity of electrical equipment. The WHO (2007) 

advises: 

“…..it is not recommended that the limit values in exposure guidelines be reduced to some arbitrary 

level in the name of precaution. Such practice undermines the scientific foundation on which the limits 

are based and is likely to be an expensive and not necessarily effective way of providing protection.” 

From this basis, the concept of precautionary measures such as prudent avoidance has arisen. 
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3.4 Prudent Avoidance 

Regarding adverse health effects from EMFs, whilst compliance with the above stated guidelines is 

one factor in protecting from established health effects, it does not address possible health effects 

from fields at levels normally encountered near electrical equipment. As mentioned previously, 

decades of research has been conducted in this area but as yet no agreement on whether or not 

electric and magnetic fields at low levels can pose a threat to human health. 

As such, prudent avoidance has arisen which, subject to the ‘As Low as Reasonable Practicable’ 

(ALARP) principles, indicates that power utilities or other high EMF producing facilities should design 

their facilities/sites to reduce the strength of the EMFs generated. This may involve moving the facility 

to a site further away from locations where the general public may encounter these fields over an 

extended period of time, utilising equipment that provides shielding against these magnetic fields, etc. 

Whilst these measures may be prudent, they cannot be said to be essential or even beneficial. 

3.4.1 Strathfield South Substation Prudent Avoidance Measures 

The Strathfield South substation design has incorporated several prudent avoidance measures to 

reduce field strengths around the facility: 

1. 11kV feeder cables utilised are triplex cables, whereby single core cables are wrapped around 

each other for the length of the cable run. The close distance between the 3 phase conductors 

means that the net magnetic field for each cable is very small. 

2. Indoor GIS. The use of indoor GIS eliminates electric fields from being radiated as they are 

shielded by the GIS enclosure and the building itself. The close distance between the phase 

conductors means that the net magnetic field for the switchgear is very small. 

3. Single core cables have been installed in trefoil configurations where possible. Installing single 

core cables in trefoil brings the three phases closer together in order reduce the net magnetic 

field radiated as much as possible. 

4. Equipment distance to boundary fence. The site has been kept towards the centre of the site 

as much as possible to reduce EMFs along the front pedestrian walkway and rear parkland to 

as low as possible. 
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4 Model Development 

4.1 Model 

The program used to model EMF levels for the proposed Strathfield South substation is CDEGS 

HIFREQ, which uses a combination of Fourier transforms and transfer functions to approximate 

Maxwell’s equations and predict the EMF emitted from the proposed substation. CDEGS is an 

internationally recognised software package pioneered by Safe Engineering Services & Technologies 

(SES) to provide grounding, electromagnetic and conductive interference analysis involving electrical 

networks. The software has undergone extensive scientific validation using field tests and 

comparisons with analytical or published results for over twenty years [7]. 

The following method was used to develop the EMF model required for simulation within the CDEGS 

program:  

• Determine dimensions and layouts of all major current carrying conductors and construct 

these conductors in a 3-phase network for each system voltage. 

• Allocate voltage sources for the 132kV networks. The voltage sources are connected in star 

configuration with star points earthed. 

• Create transformers to allow the voltage to be stepped down to 11kV. 

• Create installed switchgear for the 132kV and 11kV to accurately calculate the electric and 

magnetic fields around these pieces of equipment.  

• Create loads for the 11kV network which will simulate power flow.  

• Create a profile at which the electric and magnetic fields are calculated. The profile was 

located at 1 metre (m) high and covers all boundaries and extends to all areas of concern. 

In carrying out the simulation to calculate the EMF levels, the following design considerations were 

made:  

• All underground cables are typically buried to depth of 750mm for least deep conductor in 

circuit. 

• The 132kV feeder cables are single core 1600mm² cable in flat configuration, transitioning to 

trefoil as they leave the site. 

• The 132kV transformer cables consist of 400mm² single core cables in flat configuration. 
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• The 11kV transformer cables consist of 6 off 630mm² single core cables per phase between 

the transformers and 11kV switchgear. They are installed in a flat configuration transitioning 

into trefoil configuration inside the substation building. 

• Transformers were modelled using the CDEGS model for transformers.  

• Earth grid has been included in the model. 

• Soil electrical resistivity has been assumed to be 450 Ωm for the top layer of two metres and 

20 Ωm for the bottom layer as the remainder. 

• The incoming 132kV feeder cables extend to the proposed new UGOH poles being installed in 

line with the existing feeder 911. 20 outgoing 11kV cables have been extended a short 

distance out from the substation boundary to accurately determine values calculated at the 

proposed substation fence. The final installed layout will extend these cables in various 

directions but it is assumed the overall EMF emitted will not vary significantly. 

A screenshot of the CDEGS model showing the relevant electrical infrastructure is shown in Figure 3. 

 

 

Figure 3 - CDEGS model of Strathfield South Substation 
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4.2 Loading 

Loading data has been provided by Ausgrid for the attached feeders and substation. This information 

is presented in Table 2 below. 

Table 2: Ausgrid Provided Strathfield South Substation Loading Information 

Item Voltage Winter 85% TWA Peak (Worst Case) 

Existing Feeder 911 Load (Excluding 
Strathfield South Zone Substation) 

132kV 598A 500A 742A 

Proposed Feeder 911 Load 
(Including Strathfield South Zone 
Substation) 

132kV 756A 633A 939A 

Future Feeder 911 Load (Including 
Strathfield South Zone Substation) 

132kV 825A 703A 1023A 

Existing Emergency Rating for 
Feeder 911  

132kV N/A N/A 1203A 

Future Emergency Rating for Feeder 
911 

132kV N/A N/A 1203A 

4.3 Peak vs 85% and Time-Weighted Average 
Loads 

While the winter 85% and peak load information is provided, Downer has considered the guidelines 

from the ENA EMF handbook stating to use the Time Weight Average loading in the model to estimate 

the EMFs on site. 

In the model, Feeder 911 is loaded at 161MVA, which is the estimated future TWA rating in winter. 

The Strathfield South Substation is designed to be loaded at 33.6MVA and the remaining 127MVA is 

to be loaded on Feeder 913. Downer has assumed that the 20 feeders connected to the 11kV GIS will 

be each equally loaded at 1.68 MVA each. This design consideration is viewed as reasonable as the 

use of triplex cables means that electric and magnetic fields radiating from the 11kV feeders will be 

very small. It also means that the two transformers will be loaded equally and due to the concentrated 

currents at each transformer and on the transformer tails, this will provide the worst-case EMF 

estimate for the site. 
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5 Results 

5.1 Magnetic Fields 

5.1.1 Inside the Substation 

The calculated maximum magnetic field levels for the proposed Strathfield South Substation are 

shown in Figure 4 and Figure 5 in the form of surface contour plots for the whole site with differing 

limits to contrast general population versus occupational exposure limits. 

 

Figure 4 - 1000mG Limit Calculated Magnetic Fields 
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Figure 5 - 10000mG Limit Calculated Magnetic Fields 

It is seen that the main sources of magnetic fields are the 132kV feeders, transformers and 11kV 

transformer tails. There are also areas of high magnetic fields where the 132kV and 11kV transformer 

tails and 132kV feeders connect into their respective switchgear panels. The following observations 

are made against the model in further detail: 

• Magnetic field in the immediate vicinity of the 11kV cable connections to the transformers are 

calculated to exceed the ICNIRP occupational exposure limit of 10000mG when operating 

under peak N-1 loading. However, this field strength rapidly reduces with distance as shown in 

Figure 5. 

• Within the substation building, the highest magnetic field levels are expected where the 132kV 

feeder cables and transformer tails (132kV and 11kV) connect into their respective switchgear 

and are expected to exceed the ICNIRP occupational exposure limit of 10000mG when 

operating under peak N-1 loading. However, this field strength rapidly reduces with distance 

as shown in Figure 5. 

5.1.2 Along the Substation Boundaries 

Profiles along the four site boundaries were also calculated. These profiles are shown in Figure 6, 

Figure 7, Figure 8 and Figure 9. 
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Figure 6 - Total Magnetic Induction on Northern Property Fence 

As shown in Figure 6, the magnetic field strength along the northern property boundary varies 

between 4.14mG and 12.96mG. 

 

Figure 7 - Total Magnetic Induction on Eastern Property Fence 

As shown in Figure 7, the magnetic field strength along the eastern property boundary varies between 

6.79mG and 13.92mG. The magnetic field strength is strongest along the boundary closest to the 

Transformer No.2 bund. 
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Figure 8 - Total Magnetic Induction on Southern Property Fence 

As shown in Figure 8, the magnetic field strength along the southern property boundary varies 

between 4.77mG and 20.64mG. The magnetic field strength is strongest between Transformer No.1 

bund and Transformer No.2 bund. 

 

Figure 9 - Total Magnetic Induction on Western Property Fence 

As shown in Figure 9, the magnetic field strength along the western property boundary varies between 

3.99mG and 86.19mG. The peaks of magnetic field strength are seen at the incoming and outgoing 

132kV feeders 911 and 913 of 70.02mG and 86.19mG respectively. The magnetic fields then drop 

when moving away from both cables. 
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Table 3 below lists a summary of the magnetic field levels predicted along the boundaries of the 

Strathfield South Substation. 

Table 3: Calculated Magnetic Field levels associated with Strathfield South Substation 

Boundary 
Maximum Magnetic 

Field Strength 

Northern 12.96mG 

Eastern 13.92mG 

Southern 20.64mG 

Western 86.19mG 
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5.1.3 Along the Footpath near 132kV UGOH Poles 

 

 

Figure 10 - Total Magnetic Induction Along 132kV Feeders and the Footpath 

Figure 10 shows that the greatest magnetic induction of 43,690mG at the transitions of underground 

cables to overhead lines. The magnetic field induced decreases rapidly to 100mG away from the poles 

at the footpath. The maximum magnetic field induced along the nearest footpath is expected to be 

100mG, which corresponds to 5% of the INCIRP general public exposure reference level of 2000mG. 

Elsewhere along the footpath, typical field levels are predicted to be 80mG or below, which equates to 

4% of the relevant general public exposure reference level.  

Footpath 

132kV Feeders 
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5.2 Magnetic Fields Experience in Everyday Life 

Since the predicted field levels associated with the proposed underground feeders at the substation 

boundary are quite localised and will vary depending on the actual loadings of the feeders, it is 

important to recognise that life in the modern world involves moving from one source of magnetic 

fields to another. To put the magnitude of the predicted magnetic fields into perspective, it is worth 

considering the range of typical magnetic field levels associated with common household appliances 

at normal user distances and utility infrastructure, shown in Table 4. This table is sourced from the 

Energy Networks Association [8]. 

Table 4: Magnetic Field Levels associated with Appliances and Infrastructure 

Magnetic Field Source Typical Measurement 

(milligauss) 

Range of Measurement 

(milligauss) 

Electric Stove 6 2-30 

Computer Screen 5 2-20 

Television Screen 1 0.2-2 

Electric Blanket 20 5-30 

Hairdryer 25 10-70 

Refrigerator 2 2-5 

Electric Toaster 3 2-10 

Electric Kettle 3 2-10 

Electric Fan 1 0.2-2 

Street Distribution Line 10 2-20 

HV Transmission 

Overhead Line 
20 10-200 

From the above range of fields, the predicted magnetic fields at fence boundaries associated with the 

proposed Strathfield South substation are typically in the range comparable to those which are 

frequently experienced in everyday life. Above the 132kV and 11kV underground cables, the field 

contributions are within the range of those associated with transmission infrastructure. 
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5.3 Electric Fields 

The calculated maximum electric field levels for the proposed Strathfield South Substation are shown 

in Figure 11 in the form of a surface contour plot for the whole site. 

 

Figure 11 - Calculated Electric Fields 

There are only very small areas around the transformers where the electric field strength is above 

10kV/m. From here the electric field rapidly falls away until the field is below a maximum of 100V/m, 

approximately 100 times lower than the allowable limit, along the southern and eastern boundaries.  
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6 Compliance with EMF Guidelines 

6.1 Compliance with Health Guidelines 

6.1.1 General 

In addressing Ausgrid’s brief, Downer has interpreted compliance with health guidelines as relating to 

both general public and occupational exposures. Whilst the fields relating to both guideline levels are 

influenced by the design and operation of electrical equipment, occupational exposures are also 

influenced by work practices. The relevant ICNIRP general public and occupation exposure guideline 

reference levels of 2000mG and 10000mG respectively have been applied, depending on the location 

concerned. 

6.1.2 Magnetic Fields 

As noted in Section 5.1, the highest calculated magnetic field strength along any of the substation 

boundaries under peak load is 86.19mG, located above the 132kV feeder 911 cables which cross the 

Western boundary. This field strength corresponds to approximately 4.3% of the INCIRP general 

public exposure reference level of 2000mG. Elsewhere along the boundaries, typical field levels are 

predicted to be 21mG or below – this is equivalent to 1.05% of the relevant general public exposure 

reference level. 

6.1.3 Electric Fields 

As noted in Section 5.3, the highest calculated electric field strength along any of the substation 

boundaries under peak load is 100V/m, located along the eastern boundary. This field strength 

corresponds to approximately 2% of the INCIRP general public exposure reference level of 5000 V/m. 

Elsewhere along the boundaries, typical field levels are predicted to be 50 V/m or below – this is 

equivalent to 1% of the relevant general public exposure reference level. 
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7 Conclusion 

Downer has assessed the impact of the electric and magnetic fields associated with the proposed 

Strathfield South 132/11kV Substation to its surrounding environment against the relevant health 

guidelines and the principles of prudent avoidance. In summary: 

Magnetic Fields 

• Within the substation, the highest fields (more than 1000mG) at 1 m above ground level are 

expected to occur near the cable risers both at the transformers and indoor GIS. Where the 

11kV transformer tails are buried underground, the magnetic fields above them are predicted 

to be less than 1000mG except where the cables are leaving the transformer bund – this 

corresponds to 10% of the relevant ICNIRP occupational exposure guideline level 

• Near the 132kV and 11kV switchgear equipment in the substation building, field levels are 

predicted to reach 500mG under peak load – this corresponds to approximately 5 % of the 

relevant ICNIRP occupational exposure guideline level 

• The predicted magnetic field levels along the substation’s western boundary are typically less 

than 20mG, or 1% of the general public exposure guideline level. The highest predicted fields 

are approximately 86.19mG under peak load, and occur above the 132kV cables which cross 

the boundary. The higher of these is 4.3% of the relevant ICNIRP general public exposure 

guideline level of 2000mG 

• Along the eastern boundary next to Dunlop St, typical field levels are predicted to be 13.92mG 

or less, or less than 0.696% of the general public exposure guideline level 

• Along the both the northern and southern boundaries, field levels are predicted to be low, 

typically less than 12.96mG and 20.64mG respectively, or less than 1.03% of the general 

public exposure guideline level. 

• The maximum magnetic field induction along the footpath behind the cul-de-sac of Dunlop St 

near the proposed UGOH poles is expected to be less than 10mG, which corresponds to 5% 

of the INCIRP general public exposure guideline level. 
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Electric Fields 

• The highest calculated electric field strength along any of the substation boundaries under peak 

load is 100V/m, located along the eastern boundary. This field strength corresponds to 

approximately 2% of the INCIRP general public exposure reference level of 5000 V/m. 

Prudent Avoidance Measures 

• Consistent with the notion of prudent avoidance, Ausgrid has, in its concept design of the 

substation, taken the following measures: 

o Incorporated compact, indoor switchgear into the design, resulting in reduced magnetic fields 

at the property boundaries when compared with a larger but less expensive outdoor facility 

o Adopted trefoil cable arrangements for the 132kV feeders where practicable. These result in 

lower magnetic fields when compared with a flat arrangement 

o Where practicable, used three-core cables for the 11kV feeders. These produce lower 

magnetic fields when compared with single-core cables 

o Where practicable, sited the electrical infrastructure some distance inside the Ausgrid property 

boundaries, so that the magnetic fields at and beyond them will be lower 

• While it cannot be said with certainty that any of these measures are beneficial, they are certainly 

consistent with the notion of prudent avoidance 
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