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Safearth have conducted an earthing assessment on the proposed 

undergrounding of a section of Evoenergy’s Canberra to Woden 132kV 

Feeder Undergrounding located in Whitlam, ACT.  

The earthing system assessment has included review of the existing 

earthing design, assessment of the proposed cable route and visual 

inspection, DC continuity testing, and low-current off frequency injection 

testing in targeted locations to identify potential issues.  

The existing earthing design incorporates Sheath Voltage Limiters (SVLs) 

at each pit including those at the end of major transposition sections. This 

effectively removes hazards from EPR at pit locations.  EPR hazards 

remain at UGOHs however these are located in areas that are unlikely to 

have significant numbers of people passing through.  

The cables are transposed with greatest separation between transposition 

points being 630m. This transposition is sufficient to effectively remove 

hazards from load current LFI. Fault current induced voltage hazards are 

significantly mitigated through use of screened cables, however some 

induced voltage hazards may remain and some specific 

recommendations for mitigation are made in the body of the report. 

 

 

 



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

Evoenergy plans to underground a section of the existing 132kV feeder 

between the Canberra Bulk Supply Point (Canberra BSP) and Woden 

Zone Substation (Woden ZS). A 5km section overhead line is to be 

replaced by a 9.1km underground cable section as part of a customer-

initiated project to facilitate development in the area.  

Preliminary electrical design has been completed by Aurecon and 

includes two cables per phase arranged in a flat formation, as well as 17 

joint bays. In addition, a second 132kV line will, during future works, be 

installed in parallel to this cable for approximately 5km. Although that 

will be future work the construction of 11 joint bays for that project will 

be completed as part of this project. 

The proposed cable route travels through what is primarily rural land at 

present but major development is planned for much of the area. In 

addition, the route interacts with multiple fences, water pipelines, 

culverts, and existing overhead electrical network. Concern has been 

raised regarding risks associated with EPR and induction from the 

underground cables to these existing and future services, structures and 

houses. 

Safearth has assessed earthing related hazards based on the preliminary 

electrical design, on site hazard inspections, pre-construction testing and 

modelling of the feeder. This report presents the findings of that 

assessment and recommendations regarding earthing installation and 

requirements for voltage mitigation and required clearances. 

The assessment presented here has been carried out against Australian 

and Evoenergy standards including AS2067:2016, ENA-EG0, AS3835, 

AS4853 and AS7000. 

 

The scope of this document includes details of: 

➢ Safety criteria selection and derivation from applicable standards for 

the feeder to assess risks associated with 132kV earth faults. 

➢ Earthing system testing methods and outcomes. 

➢ Earthing system modelling methods and outcomes. 

➢ Our expectations regarding the performance of the earthing 

installation recommendations. 

➢ Recommendations on mitigation of expected risks.  



 

 

The following information has been used in the assessment. 

 

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 at 

the site.  



The existing 132kV feeder connects Canberra BSP to Woden ZS. The 

supplied nominal fault level for the line is 31.5kA however this is 

expected to drop rapidly with increasing distanced to the supply 

transformers at Canberra BSP, with the single phase to earth fault level at 

Woden ZS 132kV bus being only 17.4kA. Significantly more fault current 

will be supplied via Canberra BSP than via Woden ZS. Because the worst 

case is with all fault current coming from one point of supply our 

modelling has assumed full supply coming from Canberra BSP. 

The design of cable cross-bonding pits specifies sheath voltage limiters 

(SVLs) at every cross-bonding point, including at the end of major 

sections. SVLs are sized so that they do not trigger during power system 

faults, therefore there will be no EPR at any pit with SVLs during a power 

system fault (other than the extremely unlikely case of a fault directly to 

the pit structure that somehow bypasses the screen). 

Overhead sections and UGOHs will experience EPR for a greater number 

of faults and will therefore need to be assessed against different 

negligible risk thresholds. 

 

The amount of current that will flow during an earth fault is a significant 

input into any design, review or assessment of an earthing system. An 

accurate understanding of the earth fault clearing details is also 

important. Earth fault data and clearing times for the current system 

configuration was provided by Evoenergy, and these are summarised in 

the following table. 

 

To correctly design and analyse earthing systems it is necessary to 

understand the electrical structure of the local soil. Soil resistivity testing 

is used to determine electrical characteristics of the soil in which earth 

grids are buried and upon which structural earthing elements such as 

buildings are installed. 



Soil resistivity values have been taken from Safearth report SC19-390-005. 

Because the data obviously does not cover the entire cable route 

conservative interpolation has been used for assessments of locations not 

directly covered. 

The locations of the tests considered are displayed in Figure 2-1, with 

colour coded results of the resistivity tests are displayed graphically in 

Figure 2-2. 

 

 

 



 

Fault rates for the specific asset have not been provided. Typical fault 

rates for a 132kV overhead line in southern Australia are given by Table 

A2 of EG-0-2010 as 1 fault per 100km per year, with underground fault 

rates being much lower. Given the length of the underground and 

overhead sections Safearth has assumed a fault rate of 0.1 faults per year 

for the total length of the line.  

 

Negligible risk safety targets have been derived from AS2067 based on 

supplied clearing times with the use of the ARGON tool. For safety 

targets a surface soil resistivity of 50Ω.m has been assumed. This is lower 

than any surface soil resistivity measured across the project area and is 

therefore believed to be conservative. In accordance with Evoenergy 

policy contact frequency for the Urban interface scenario has been 

assumed as 135 contacts per year. 

Negligible risk threshold voltages have been calculated based on these 

parameters and are shown in Table 2-3 below. 

 

Ω

AS/NZS 3835:2006, SAA HB101, and AS/NZS 4853:2012 (Level 2) have 

been used to develop the third-party coordination safety targets shown in 

Table 2-4. 

 

 



 



 

Specific locations for pre-construction assessment were selected following 

discussion with Evoenergy staff and are shown in Appendix B. Details of 

those assessments are presented below. 

 

The retaining wall is constructed from rock contained within wire mesh 

baskets. The wire mesh consists of individually plastic-coated strands of 

no more than approximately 2m length and does not present an 

immediate hazard due to the short section length and the insulating 

layer. Given the expected long lifetime of the retaining wall and the 

unknown durability of the coating after prolonged exposure to UV and 

weather an assessment was carried out to determine worst-case future 

hazards at the site.  

An injection circuit was set up between two temporary earth grids at 3m 

horizontal separation from the retaining wall. Voltage relative to the 

adjacent soil was measured in a continuous 20m cable placed on the first 

 



tier of the wall, as shown in Figure 3-1. This measured voltage was then 

adjusted for local earth potential rise effects and actual wall exposure 

length and scaled to the worst-case net fault current in the cables.  

The location was assessed against Backyard criteria due, for which the 

negligible risk threshold is 3,605 V, and calculated worst case voltage was 

3,255 volts. It should be noted that this test method neglects the effect of 

connection to the earth of the mesh and is therefore highly conservative. 

Without full details of the Whitlam development it is also possible that 

the Backyard assessment level is overly conservative. 

 Worst case touch voltage on the retaining wall under foreseeable 

future conditions will be below the relevant negligible risk threshold. 

 

Pit 3 has been identified as being close to the newly installed padmount 

substation S11389.  

 

Pit 3 is not expected to experience EPR if SVLs are adequately sized. 

Worst case inductive exposure of LV circuits from this substation is 

expected to consist of 15m horizontal separation from the close edge of 

the cable trench for a maximum distance of 165m. With this separation 

and assuming a conservative shielding factor of 0.3 the worst-case 

inductive voltage under fault conditions will remain well below the MEN 

negligible risk threshold.  

 No further action is required. 

 

Pit 4 is located next to McDonagh Crescent, which is likely to have 

housing on the southern side, within around 30m of the pit. These houses 



are likely to be supplied from the recently installed padmount substation 

S11303, which is approximately 330m from the pit. No EPR is expected at 

Pit 4. Worst case inductive exposure of LV circuits from this substation is 

expected to consist of minimum 35m horizontal separation from the close 

edge of the cable trench for a maximum distance of 261m. With this 

separation and assuming a conservative shielding factor of 0.3 the worst-

case inductive voltage under fault conditions will remain well below the 

MEN negligible risk threshold. 

 No further action is required. 

 

Approximately 470m of existing water pipeline is to be abandoned, cut 

and capped as part of the works around the Whitlam development. This 

water main crosses the planned cable path, with approximately 443m of 

equivalent parallel exposure. If this pipeline is conductive then the 

calculated voltage differential between far ends will be approximately 

1,000V. The backyard negligible risk voltage threshold is 1,090V. Because 

several conservative assumptions have been made in the calculation of 

induced voltage and it is unlikely that the full voltage differential will 

appear as a voltage relative to the surrounding soil at one end of the pipe 

this is not expected to be a non-compliance, however it is suggested that 

this be checked during commissioning testing, and if required the 

pipeline be located and be cut in additional locations to reduce induced 

voltage. 

 If the pipeline is conductive capped ends should be located during 

commissioning testing of the feeder to assess the need for additional 

breaks in the abandoned section. 

 

Pit 5 is planned to be approximately 34m from the closest touch point of 

the traffic signals at the intersection of Coulter Drive and William Hovell 

Drive, and approximately 132m from pole substation S3685, which is 

believed to supply these signals. Because no EPR is expected at Pit 5 no 

further action is required. 

 No further action is required. 



 

Pit 9 is planned to be approximately 72m from pole substation S8826 with 

Pit 18 slightly further away, and approximately 93m from the nearest 

pole of the Civic-Woden 132kV overhead line (Note that this line will in 

the future be converted to underground to make use of the additional 

pits built and assessed as part of the current project, but that conversion 

will be a separate project and this project will be commissioned while 

that line remains as overhead).  

Because no EPR is expected at Pits 9 and 18 no further action is required. 

 No further action is required. 

 

Pit 10 is to be located approximately 67m from a proposed culvert. 

Because no EPR is expected at Pit 10 no further action is required. 

 No further action is required. 

 

There is a large interconnected irrigation system running across the 

Arboretum, however pipes in this system are non-conductive and so will 

not present a transfer risk. It is noted that there are conductive draw-

wires in place that are used for locating the pipework, however the 

frequency of access to this draw wire system is extremely low. 

Nevertheless, it is recommended that Arboretum infrastructure remain at 

least 3m from the planned cable route in order to minimise disturbance of 

the soil in the area. 

 Clearances maintained to Arboretum irrigation systems should be 

appropriate to avoid mechanical interference with the cables. 

 

Pit 14 is approximately 12m from a planned stormwater headwall, and 

Pit 24 is only slightly further from the headwall in the other direction. 

Because no EPR is expected at Pits 14 and 24 no further action is required. 

 No further action is required. 



 

The sewer line shown on a services search is understood to be non-

conductive and therefore will not present earthing related hazards. 

 No further action is required. 

 

The presently planned location of Pit 16 is approximately 49m from the 

nearest pole of the 11kV Black Mountain feeder. The feeder runs parallel 

to the proposed cable route for approximately 135m with a horizontal 

separation of approximately 30m. Worst case induced voltage under fault 

conditions will be below 200V, which will not significantly affect Black 

Mountain Feeder. 

 No further action is required. 

 

The UGOH at the southern end of the underground section is close to a 

long continuous chain mesh kangaroo fence. Under fault conditions there 

will be a significant voltage rise at the UGOH, with the final magnitude 

dependent on the achieved earth grid resistance. Continuity testing has 

shown this fence to have good electrical continuity and so it is likely to 

see significant voltage rise for a considerable part of its length from this 

voltage rise at the UGOH.  

 



The fence is, however, in a location where it will be only infrequently 

accessed, and it is not expected to present touch voltages above the 

negligible risk threshold for Urban Interface locations. 

 Transfer voltages on the fence should be tested during acceptance 

testing of the UGOH, and isolation sections should be installed in the 

fence as required. 

 

Advertising billboards are planned for the corner of John Gorton Drive 

and William Hovell Drive. These billboards will have a maximum length 

of approximately 8m and will be approximately 180m from the nearest 

pit (Pit 4). Because there will be no EPR at cable pits under power system 

fault conditions there will not be touch voltages above negligible risk 

thresholds at these billboards due to power system faults. 

 No further action is required. 



 

The route crosses or parallels many rural fences. It is possible that there 

will be hazards appearing at those fences that are parallel to the cable 

route for significant distance (with the critical exposure length being a 

function of separation from the completed cable). Because of the 

relatively low cost and simplicity of mitigating hazards on rural fences 

through appropriate use of isolating sections it is recommended that 

commissioning testing is used to confirm details of these hazards. This 

will allow for more exact hazard identification and ensure that mitigation 

is appropriate. 

 

Construction guidelines are presented in SM4607. These are considered 

broadly applicable, but it is noted that section 2.2 allows metallic fences 

or railings below 2.4m height to be up to 3m long. This is likely to present 

a hazard if these railings are too close to a tower or pit, and it is 

recommended that within 20m of a tower or pit fences or railings be non-

metallic.  

Further, that same section (2.2) also permits lighting poles, subject to 

having an underground power supply and maintaining compliance with 

AS7000 clause 3.11.2.2. Given that a lighting pole will almost certainly 

present a transfer voltage hazard and is also likely to be in an area with 

reasonably high occupation levels it is recommended that this be 

replaced with a requirement that any power supply within the easement 

area or within 20m of a pole, tower or pit be subject to an earthing 

assessment. 

 

There are plans for additional development within the area bounded by 

John Gorton Drive, William Hovell Drive, and the Arboretum. This 

includes the area through which the new underground 132kV cable 

section is routed. Due to the use of SVLs at all cable pits there will not be 

EPR related hazards from this cable within the subsequent development, 

however there may be LFI related hazards. 

Specific recommendations on trigger points on exposure length of 

continuous conductive structures will be made following commissioning 

testing, however it is anticipated that specific assessment will be required 

for conductive structures in accordance with Table 4-1. 



 

 



 

Work has commenced on the undergrounding of a section of the exiting 

overhead 132kV transmission line between Canberra BSP and Woden ZS, 

with conduit already installed around some areas of the Whitlam 

development.  

Free land to the north of the Whitlam development is constrained 

meaning that several cable pits in that area will be close to the developed 

zone. In order to avoid EPR related hazards during a fault on the feeder 

all cable pits have been designed with SVLs, and this is expected to 

effectively eliminate EPR related hazards at cable pits. EPR related 

hazards remain at the UGOHs at either end of the undergrounded section 

and it is recommended that appropriate mitigation for these hazards be 

determined during commissioning testing. 

Inductive hazards are not expected to exceed negligible risk thresholds 

within the area of development, however it is likely that there will be 

inductive voltage hazards above applicable negligible risk thresholds on 

multiple sections of fence with long parallel exposures to the new cable. 

Given the low cost and complexity of mitigation of these hazards it is 

suggested that appropriate mitigation be determined during 

commissioning testing to avoid unnecessary expenditure. 

Specific actions are summarised below: 

 If the pipeline between pits 3 and 4 is conductive then capped ends 

should be located during commissioning testing of the feeder to 

assess the need for additional breaks in the abandoned section. 

 Transfer voltages on the kangaroo fence adjacent to Tuggeranong 

Parkway should be tested during acceptance testing of the southern 

UGOH, and isolation sections should be installed in the fence as 

required. 

 Farm fences should be tested for touch voltage hazards during 

commissioning testing. If hazards above negligible risk thresholds 

are identified they should be mitigated through installation of 

isolating sections. 
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