


This Report is confidential and refers to 

intellectual property owned or being developed 

by Safearth. The information contained in this 

Report must be kept confidential (except as 

otherwise required by law) and may not be 

disclosed to any person or used for any purpose 

other than for evaluation and implementation of 

the findings and recommendations in this Report, 

without Safearth’s prior written consent. 

This Report may not be reproduced in whole or in 

part without Safearth's prior written consent.  

This Report has been prepared for the parties 

stated herein. If the Report has been received in 

error, or without Safearth’s prior written consent, 

the recipient must immediately return any copies 

of the Report provided to it and destroy or delete 

any record of the Report or any notes derived 

from it (however recorded or stored). 

By accepting delivery of this Report, the recipient 

acknowledges and agrees to the above conditions 

of disclosure. 

All Background IP shall remain the exclusive 

property of Safearth. Unless otherwise identified 

in this document, the entire contents of this report 

(including, but not limited to, graphs, tables, 

drawings, technical information and other 

presented material) is Background IP. Unless 

otherwise agreed, Safearth grants the above 

referenced Client and Asset Owner a perpetual, 

non-transferrable licence to use the Background IP 

in this document for the sole purposes of 

evaluation and implementation of the findings 

and recommendations in this Report. 

Unless otherwise indicated in this document, 

Project IP is limited to the calculated and 

measured numbers and any specific 

recommendations. Ownership of the Project IP 

shall be according to the agreed terms and 

conditions. 

 

 

 

 

 

mailto:enquiries@safearth.com




Safearth has carried out an Earthing Assessment of Medowie ZS and the 

incoming 33kV Feeders for the impacts on the proposed Catherine 

McAuley Catholic College. The assessment has been performed based on 

information provided by Ausgrid and Electrical Projects Australia. 

The findings of the Earthing Assessment indicate that the proposed 

Catherine McAuley College Development is expected to be compliant 

with ENA EG-0 for earth faults associated with Medowie ZS and the 

proximate 33kV feeders. 

 Based on the Catherine McAuley Catholic College Site Plan Electrical 

Layout no remotely earthed metallic infrastructure is expected to be 

installed within the BY/TDB hazard contour around Medowie ZS as 

part of the Catherine McAuley College Development. 

 Based on the Catherine McAuley Catholic College Site Plan Electrical 

Layout no buildings or significant metalwork interconnected with 

the MEN has been identified within the most onerous MEN/TDMEN 

hazard contour. 

 If any remotely earthed metallic infrastructure is to be installed 

within the BY contour specified in section 3.3 as part of future 

development, further assessment of the voltage hazards associated 

with the new infrastructure due to earth faults at Medowie ZS is 

required. 

 If any future buildings are to be installed within the MEN contour 

specified in section 3.3 Safearth recommend an earthing system 

design be included as part of the building design process. 

 If a significant number of street lights are to be installed as part of 

future Car Parks within the MEN contour specified in section 3.3 

Safearth recommend that either further assessment of the street light 

earthing system is performed; or that the street light LV circuit is 

double insulated to prevent the possibility of any soil voltage 

transfer into the MEN. Details for double insulating the Street light 

LV circuit are provided in Appendix C. 



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

Safearth Consulting has been engaged by Electrical Projects Australia 

(EPA) to assess the impacts on a new school development near the 

existing 33/11kV Medowie Zone Substation (ZS) in the Ausgrid franchise 

area. 

The Catherine McAuley College is proposed to be built on Medowie Rd 

with a new kiosk substation to supply power to the site. Both the College 

buildings and the kiosk are potentially impacted by the earthing system 

and associated voltage rise at the ZS.  

This report assesses the potential impacts of the proximity of the 

proposed College to the earthing system of Medowie ZS and the 33kV 

poles that will be located in an easement in the College. 



 

 

The following documents have been used in the assessment. 

 

In order to ensure the safety of an earthing system, it is imperative to 

assess the system under all possible fault scenarios. This includes 

determining the system response to all cases that will result in an earth 

potential rise. 

Medowie ZS is an AusGrid substation supplied at 33V and feeding the 

local 11kV network. For this assessment AusGrid have supplied the 

worst case earth potential rise (EPR) for both the primary and secondary 

fault scenarios associated with the ZS. 

The most onerous EPR of the 33kV poles in the easement have been 

established via computer modelling of the test data supplied by Ausgrid. 

Ausgrid have also supplied the single line diagram (SLD) of the 11kV 

network supplied by Medowie ZS. Safearth has determined from the 

Medowie ZS SLD that there are less than 160 earthed assets supplied by 

the ZS.  

It is Safearth’s position that, as low impedance earth faults typically only 

occur at earthed infrastructure, the fault rate of the secondary system 

may be adjusted based on the number of earthed assets supplied by the 

ZS. Consequently the fault rate of the secondary system will be 



conservatively calculated based on 160 earthed assets supplied by 

Medowie ZS. 

 

Soil resistivity data for the site has been provided by AusGrid. Previous 

soil resistivity tests in the vicinity of the site conducted by Safearth have 

been considered in determining an appropriate soil resistivity for 

determining personal safety criteria and for modelling the performance 

of OHEWs.  

Based on this information, to ensure appropriately conservative 

outcomes, the calculation of personal safety voltage limits is based on a 

surface layer consisting of 100Ωm soil. For the purpose of modelling the 

performance of the OHEW a homogenous 70Ωm soil resistivity will be 

used as it will conservatively minimise coupling into the OHEW. 

Additional information regarding the soil resistivity in the area is 

presented in Appendix A. 

 Due to the large variance in the soil models presented in Appendix 

A, Safearth recommend soil resistivity testing be conducted at the 

location of the proposed padmount site to be used in the design as 

part of stage two of this project. 

 

The relevant information supplied by AusGrid applicable to the 

assessment of the impacts of the Medowie ZS and 33kV pole earthing 

systems on the proposed Catherine McAuley College development for 

primary and secondary faults at the substation are documented in Table 

2-2 and Table 2-3 respectively. 

 



While some data was provided by AusGrid with respect to the 

performance of the 33kV poles to be located in the college easement, there 

is not enough information to perform the assessment on that information 

alone. Instead computer modelling of the system has been performed to 

conservatively estimate the expected performance of the poles during all 

operating conditions. 

The feeder earthing system parameters provided by AusGrid upon which 

computer modelling is based are documented following in Table 2-4. The 

EPR and pole current at the respective poles has been calculated from test 

data provided by AusGrid and scaled to the Medowie ZS 33kV earth 

fault level during the simulation of which they were tested. 

Based on the geographic orientation of the 33kV feeder through the 

college and the soil resistivity data presented in section 2.3 a cursive 

computer model of the 33kV feeder into Medowie ZS has been created 

and conservatively tuned to match the test data supplied by AusGrid for 

the simulated 33kV fault at Medowie ZS. This model has then been 

utilised to conservatively establish the worst case expected EPR for feeder 

faults affecting the 33kV poles. 

The modelling confirmed that the 708V estimated EPR for 33kV pole  

KS-90032 provided by AusGrid is adequately conservative for the 



assessment of feeder faults affecting the 33kV poles that will be 

encroached upon by the college development. 

 

The safety criteria in the following sections will be used to determine the 

contours around earthed HV electrical infrastructure within which 

metallic infrastructure associated with the college will require further 

consideration. A summary of the applicable standards and their 

application is provided Appendix B. 

 

ENA EG-0 has been used to calculate the safety criteria applicable to 

hazards associated with earth faults at Medowie ZS. Safety criteria 

applicable to primary and secondary fault scenarios derived from ENA 

EG-0 (now consistent with AS2067:2016) are presented in Table 2-5. 

The above Urban Interface criteria will be used to assess touch voltage 

hazards to any HV infrastructure occurring due to respective primary or 

secondary faults at the ZS. 

Safearth contend that the Back Yard contact scenario is applicable to the 

assessment of metallic infrastructure affected by soil voltage rise local to 

the asset only. Consequently the above Back Yard criteria will be used to 

establish contours around HV earthed assets affected by the respective 

fault scenario within which metallic infrastructure not associated with the 

HV network should not be installed without further consideration. 

The MEN contact scenario will be applied to metallic infrastructure 

affected by a voltage rise on the MEN or where the soil voltage rise 

affects a significant area of MEN infrastructure. Consequently the above 

MEN criteria will be used to establish contours around HV earthed assets 



affected by the respective fault scenario within which building or 

significant metallic infrastructure should not be installed without further 

consideration. 

 

AS7000 has been used to calculate the safety criteria applicable to hazards 

associated with earth faults on the 33kV poles that will be located in the 

proposed easement through the college. 

The standard AS 7000:2010 specifies the general requirements applicable 

to encroachments on overhead lines to ensure that the acceptable levels of 

safety are maintained. The hazards presented to the public during an 

overhead line earth fault scenario is outlined in Section 10 of the standard 

and is based on an assessment under the risk based guidelines proposed 

in ENA EG-0. 

AS7000 presents a series of curves for assessing acceptable prospective 

touch voltages associated with earth faults. The contact scenarios 

presented in the standard that define the voltage curves applicable to the 

college encroachment are presented following in Table 2-6. 

The curves are then generated by assumptions about the fault rate of the 

line and the surface soil resistivity in the area. The standard specifies the 

following parameters: 

 0.1 faults/year (10 faults/100km/year for 1km distribution line 

section, 10 by 100m spans, with an overhead earth wire) 

 Clearing time 1 second 

 50 Ωm soil resistivity 

For the assessment of the college encroachment not all of the above 

parameters are applicable and as such it has been reassessed under 

Appendix U of AS/NZS 7000 in conjunction with ENA EG-0.  



Safety criteria for the contact scenarios derived from ENA EG-0 using the 

ENA Argon Software tool [11] are equivalent to the voltage thresholds 

established in Table 2-5 for the 33kV earth fault scenario, where the UI 

voltage threshold is equivalent to the DU threshold, the BY threshold 

equivalent to TDB, and MEN equivalent to the TDMEN. 

Hazard contours around HV earthed assets for earth faults on the 33kV 

poles will be established as per the safety thresholds in section 2.5.1 for 

faults at the ZS. 



 

 

Test data of the Medowie ZS earthing system fall of Potential (FOP) was 

provided by AusGrid to be utilised in this assessment. As the EPR of the 

11kV earth fault is larger than that of the 33kV case, and the negligible 

risk voltage threshold for the 11kV fault scenario is lower, the 11kV earth 

fault scenario is clearly the most onerous earth fault scenario applicable 

to the ZS. Hence consideration the 11kV earth fault scenario only will be 

sufficient in establishing hazard contours around the earthed HV assets 

for faults at the ZS. 

The Medowie ZS FOP test data supplied by AusGrid, corrected for 

remote earth and scaled to the EPR of the earth fault scenario provided 

by AusGrid, is shown following in Figure 3-1. 

 

The FOP test data of UGOH pole KR-90041 and pole KR-90056 provided 

by Ausgrid, conservatively scaled to the 11kV fault scenario and 

corrected for remote earth, are shown following in Figure 3-2 and Figure 

3-3 respectively. It is assumed that the earthing system performance of 

these poles is representative of all the poles of the equivalent type (i.e. 

33kV UGOH pole or standard pole) in the easement. 



 

 

As can be seen from Figure 3-1 the contours applicable to the UI, BY and 

MEN contact scenarios are as documented following in Table 3-1. 

Further, as the EPR of the poles due to transferred substation EPR are less 

than the UI contact scenario touch voltage hazards to all poles for faults 

at Medowie ZS are considered negligible risk and compliant to  

ENA EG-0. 



 

The FOP test data of UGOH pole KR-90041 and pole KR-90056 provided 

by Ausgrid scaled to the 708 V, established as the most onerous EPR 

associated with the AusGrid Poles for 33kV feeder faults in section 2.4, 

are shown following in Figure 3-4 and Figure 3-5 respectively.  

 

 

As can be seen from Figure 3-1 the contours applicable to the DU, TDB 

and TDMEN contact scenarios are as documented following in Table 3-2. 



Again, as the EPR of the poles is less than the DU contact scenario touch 

voltage hazards to all poles are considered negligible risk and compliant 

to both AS7000 and ENA EG-0. 

 

Analysis of both earth faults at Medowie ZS and on the 33kV feeder 

within the college easement identified the most onerous contours around 

the earthed assets are as follows in Table 3-3. 

The most onerous BY/TDB and MEN/TDMEN contours are shown 

geographically in Figure 3-6 and Figure 3-7 in red. The UI/DU contour is 

contained within the Medowie ZS property fence and requires no further 

consideration. 

 



 



 Based on the Catherine McAuley Catholic College Site Plan Electrical 

Layout no remotely earthed metallic infrastructure is expected to be 

installed within the BY/TDB contour around Medowie ZS as part of 

the Catherine McAuley College Development. 

 Based on the Catherine McAuley Catholic College Site Plan Electrical 

Layout no buildings or significant metalwork interconnected with 

the MEN has been identified within the most onerous MEN/TDMEN 

contour. 

Consequently the proposed Catherine McAuley College 

Development is expected to be compliant with ENA EG-0 for earth 

faults associated with Medowie ZS and the proximate 33kV feeders. 

 If any remotely earthed metallic infrastructure is to be installed 

within the BY contour shown in Figure 3-6 as part of future 

development, further assessment of the voltage hazards associated 

with the new infrastructure due to earth faults at Medowie ZS is 

required. 

 If any future buildings are to be installed within the MEN contour 

shown in Figure 3-7 Safearth recommend an earthing system design 

be included as part of the building design process. 

 If a significant number of street lights are to be installed as part of 

future Car Parks within the MEN contour shown in Figure 3-7 

Safearth recommend that either further assessment of the street light 

earthing system is performed or that the street light LV circuit is 

double insulated to prevent the possibility of any soil voltage 

transfer into the MEN. Details for double insulating the Street light 

LV circuit are provided in Appendix C. 
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To correctly design and analyse earthing systems it is necessary to understand the electrical 

structure of the local soil. Soil resistivity testing is often used to determine electrical characteristics 

of the soil in which the earth grids are buried and upon which the structure stand. Test data 

should always be considered in conjunction with past test data from the region, published soil 

resistivity range data and other available geo-technical data. Possible sources of local error such as 

excavations, fences, buried pipelines and transmission system should also be considered. 

AusGrid provided soil resistivity results of two test locations. One location is indicated as 

Kingfisher Road, the approximate location is shown in red in the following figure. The location of 

the other test performed by AusGrid is unknown. The location of tests previously performed by 

Safearth are shown in orange and blue in the same figure. 

The result of the resistivity tests are displayed in corresponding colours in the figure labelled Soil 

Resistivity Test Results. The soil model supplied by AusGrid for the unknown location is shown in 

grey. 

The figures show the soil resistivity across the site varies significantly. Recommendations with 

respect to the applicability of the soil resistivity models are provided in section 2.3. 

 

 





 

In Australia there are a number of regulations pertaining to safety criteria for electrical 

installations. Some are clearly applicable in various situations and sometimes the applicable 

criteria are not easily determined. In any case the overriding responsibility is that of due care 

based on the recognised best practice and current research. The following is a list of the foremost 

and commonly referred to standards that define safety criteria for the relevant concerns: 

 ENA EG-0:2010 Earthing System Risk Assessments 

 AS 7000:2010 Transmission and Distribution Assets 

 AS 3000: 2007 Australian Wiring Rules 

 AS 3835:2006 Telecommunications Assets impacted by EPR 

 AS 4853:2012 Conductive Pipelines impacted by EPR & LFI 

 AS 1768:2007 Lightning Protection 

 AS 2067:2016 All high voltage substations >1kV a.c. 

Other standards that may be of value depending on the application may include: 

 AS 60479:2010 Effects of current on humans 

 IEEE 80  Substation Grounding (American) 

 IEC 61936:2002,2010 Power installations exceeding 1kV a.c. (European) 

In the following sections we shall discuss risk, consider generally earth fault safety criteria 

applicable to the public, criteria specifically applying to pipelines and criteria related to 

telecommunications installations. 

Safearth is of the considered opinion that earthing system safety assessments should consider and 

compare the various available and contemporary sources of applicable safety criteria in order to 

demonstrate due diligence and a level of appropriate conservatism for the safety targets chosen for 

a given application.  

That process has become complicated by the fact that there is a growing trend away from the 

traditional deterministic (pass/fail) safety criteria approaches to modern earthing risk 

quantification (risk quantification As Low As Reasonably Practicable - ALARP).  

One complication is that the most widely used guide recommending safety criteria for substation 

earthing, ENA EG-1, recommends Dalziel’s deterministic method for safety voltages as published 

in IEEE80. An alternative risk quantification method initially published in ENA EG-0 has now 

been adopted by a growing number of Australian Standards including AS2067 and AS7000.  

The 2011 WHS Act requires those holding a duty to eliminate or otherwise minimise safety risks so 

far as is reasonably practicable to prevent harm to workers and the public. The use of risk in 

managing earthing safety generally began in Australia with the publishing of the ENA guide EG-0 

which advises the ALARP approach. As low as reasonably practicable is a process that identifies 

foreseeable hazards, determines the risk associated with each hazard and then applies controls to 



the hazard until the remaining risk is as low as reasonably practicable. Safearth are widely 

published on the appropriateness of the ALARP risk based processes and support ALARP along 

with the broader risk society in its applicability to WHS legislation.  

The ALARP process is familiar to engineering practitioners because the hierarchy of engineering 

controls is a valid mechanism used in identifying risk reduction measures, and, risk quantification 

tools (such as ENA EG-0) are therefore vital in being able to calculate and make this risk value 

judgement. It is important that risks be managed to levels that are demonstrably as low as 

reasonably practicable with any further risk reduction methods conceived being grossly 

disproportionate in cost compared to the reduction in risk achieved. 

The deterministic EG-1 safety criteria calculations, applicable to most major substations, do not 

stipulate differing contact scenarios, but does offer two contact categories: the 50kg category for 

public access and the 70kg category for secure areas without public access. Note however that 

neither category has allowed for the resistance afforded by shoes in the calculation but the 

resistivity of the soil can be included to account for feet to ground contact resistance. Note also 

that a single body impedance of 1000Ω irrespective of the current path through the body was 

assumed by Dalziel. This simplification does allow touch and step voltage measurements to be 

performed for either the prospective ‘open circuit’ case or the ‘loaded’ case to identify situations 

where dominant source and contact impedances may attenuate the actual voltage hazard by 

loading the voltage across the body with the current flowing through the entire circuit. 

Calculations of the applicable ENA EG-1 safety criteria is typically performed with a conservative 

surface layer resistivity to account for seasonal and soil composition variations across sites. For 

Non-public access a crushed rock layer may be included in the calculation: typical thickness and 

resistivity is 100mm, 3000Ωm respectively. 

Note step voltages may be calculated using Dalziel’s method, however due to the gross 

inconsistency that presently exists between various safety criteria sources, in particular ENA EG-0 

and Biegelmeier’s heart current factor data presented in AS60479. If soil voltage measurements 

indicate step voltages may be a concern then a bespoke assessment can be performed.  

AS7000:2010 is the source Australian standard for safety criteria applicable to transmission circuits 

and distribution substations with low voltage secondary windings. It is also being adopted as a 

reasonable alternative for other utility infrastructure, such as zone substations, as a means of 

demonstrating reasonable due care. AS7000:2010 is a direct reinterpretation of the ENA guideline 

EG-0:2010 and therefore EG-0 will be used to calculate applicable negligible risk targets and to aid 

in quantifying earthing risk for the project and client as the duty holder.  

The risk management process outlined by EG-0 is similar to other risk management procedures 

used across various industries where negligible risk scenarios identified as contributing 

insignificantly can be acknowledged and discounted from further analysis (refer section 5.4 ENA 

EG-0). 

The method with which EG-0 will be applied is summarised in Table 5-1 of ENA EG-0. Where 

possible, compliance will be assessed via the first pass probabilistic safety criteria case studies 

published in appendix E of ENA EG-0. Where these standard constant probability of fatality 

curves appear overly conservative and result in unreasonable or unnecessary risk reduction 

measures then more detailed investigation will be conducted.  



Hazards that may be incurred by the exposed reasonably based individual will then be analysed 

with a view to identifying worst case hazard magnitudes. The behaviour of the exposed individual 

cannot be accurately defined (number of contacts to various items throughout day to day life), 

therefore it is a reasonable approach, and one which is supported by ENA EG-0, to consider and 

identify worst case voltage hazards at items affected by a foreseeable earth fault scenario (ENA 

EG-0 Table 5-1 Step 4).  

The contact scenarios suggested by ENA EG-0 and AS7000 are summarised following: 

MEN contact (MEN) —Contact with LV MEN interconnected metalwork (for example, household 

taps) under the influence of either LV MEN voltage rise and/or soil potential rise (2000 contacts of 

less than 4 seconds duration). 

Backyard (BY) —An area with a contactable metallic structure (for example, fence, gate) subject to 

fault induced voltage gradients. This metallic structure is not an HV asset but becomes live due to 

earth fault current flow through the soil (416 contacts of less than 4 seconds duration). 

Urban Interface (UI)—Asset outside normal public thoroughfare with low frequency of direct 

contact by a given person (100 contacts of less than 4 seconds duration). 

Remote— A location in a remote location where people are unlikely to visit without specific cause 

related to the structure (10 contacts per year of less than 4 seconds). For most cases, where fault 

rates and protection clearing times are within industry standards, the coincidence probability is 

less than 1e-6. 

The fault rates suggested by ENA EG-0 and AS7000 are summarised following: 

Transmission Assets – 2km long transmission section (for example, asset interconnected by 10 

spans each up to 200m in length with and OHEW) contributing at a fault rate of 5 

faults/100km/year yielding 1 fault per 10 years. 

Distribution Assets – A fault rate of 1 fault per 10 years relates to a range of distribution assets 

including: 

 1km isolated underground cable at 10 faults/100km/year 

 2 by 500m of underground cable feeding a substation at 10 faults per 

100km/year 

 1km line section with an earth wire shielding at 10 faults/100km/year 

 2 by 100m spans without an earth wire at 40 faults/100km/year 

 2 by 100m spans without an earth wire and pole mounted substation 

at 40 faults/100km/year 



 

 

 

 



 



 

 


