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1 PURPOSE AND BACKGOUND  

1.1 Purpose  

The purpose of this supporting document is to explain the changes and new activities 
necessitated by the Rapid Earth Fault Current Limiter (REFCL) installation program. These 
activities will lead to increased operational expenditure as explained in this document. 

1.2 Background 

The 2009 Victorian Bushfire Royal Commission made several recommendations with respect to 
fires initiated by distribution electricity networks. Subsequently, the Victorian Government 
established the Powerline Bushfire Safety Program to research the optimal way to deploy 
REFCLs for bushfire prevention. This research led the Government to introduce the Electricity 
Safety (Bushfire Mitigation) Amendment Regulations 2016, which set new performance 
standards that can only be met by AusNet Services installing REFCL technology in 22 specified 
zone substations. 

The introduction of this technology imposes new operational requirements and activities that 
must be undertaken in order to safely and effectively operate the electricity distribution network.  
This document explains that the largest component of the required increase in operating 
expenditure is driven by the annual testing requirements mandated in the regulations. 

2 Incremental operations and maintenance activities 

The REFCL devices to be installed during the program fundamentally change the way the 
network operates in regard to how it is earthed. With a REFCL device, the interaction between 
the network and the earth during fault conditions is manipulated to significantly reduce the 
likelihood of starting a fire. 

A description of the key operating activities is provided below. 

2.1 Annual Validation 

Annual tests take the form of Primary Earth Fault Testing and Insulation Testing for each 
REFCL network. The first of these tests will be performed as part of the capital installation 
project for that site, known as Certification/Demonstration of ‘required capacity’.  As such, the 
costs of demonstrating ‘required capacity’ will be included in capital expenditure relating to the 
installation and commissioning of the REFCL. 

Annual validation will however consider ongoing performance of the REFCL and trigger a 
supplementary test regime to ensure the supply network can operate at the ‘required capacity’. 
The intention will be to monitor and assess key operational and performance data known to 
influence the REFCL’s ability to operate at ‘required capacity’. The assessment of operational 
and performance data will then drive the scope and requirement to complete supplementary 
tests. This process is further explained in the REFCL compliance testing document series, REF 
30-07. 

Each test is described in more detail below. These are in addition to the testing that AusNet 
Services currently performs on non-REFCL portions of the network. 
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2.1.1 Primary earth fault tests 

Annual testing before each declared bushfire season is required by the Electricity Safety 
(Bushfire Mitigation) Regulations to “ensure that its [AusNet Services’] supply network can 
operate to meet the required capacity in relation to each polyphase electric line.”1 
This testing will take the form of primary earth fault testing on at least one feeder per REFCL at 
each site by applying an actual fault onto the system and testing the performance and operation 
of the REFCL. Primary earth fault testing involves closing a switch with a series resistance 
between a phase of the electricity system and earth to create a phase-to-earth fault on the 
network. The operation of the associated REFCL is then assessed and measured to ensure it is 
operating correctly and the performance criteria in the Regulations are met. Introduction of this 
fault will not generally lead to supply interruptions for customers unless a consequent failure of 
an asset has occurred during the test i.e. cross country fault. 

2.1.2 Insulation tests 

It is prudent to perform insulation testing on all feeders once a year to determine the condition of 
the overall system2. Insulation testing, or 'stress' testing, allows for the detection of equipment 
that is overly stressed and is likely to fail during REFCL operation so that it can be replaced. 
Conversely, it allows 'borderline' equipment to be kept in service for longer if no weaknesses are 
detected. This approach reduces the likelihood of 'cross country' faults and keeps replacement 
costs as low as possible through only targeting equipment that has a higher risk of failure. A 
‘cross country’ fault is where otherwise unrelated equipment can fail after an initial phase-to-
earth fault on the network. After such a fault, under REFCL operations the other phases of the 
network experience a voltage rise and if equipment on those phases cannot withstand the 
elevated voltage, that equipment may fail. As previously stated, operational and performance 
data will be assessed when developing a supplementary test regime. Part of this assessment 
will include reviewing the number and duration of REFCL operations and cross country faults 
experienced to provide a better understanding of the condition of assets. Should the 
assessment deem the network is ‘appropriately hardended’ then insulation testing of the 
network may not be completed. 

2.2 Network balancing activities 

The introduction of the REFCL devices changes the networks from a solidly (sometimes called 
effectively) earthed system to a resonant earth system. Resonant earth systems are much more 
sensitive to imbalances in capacitance between phases of the power system. If the imbalance is 
too great, the REFCL may fail to operate correctly. Therefore, the following new balancing 
activities are required: 

• Capacitance forecasting; 

• Initiation of remedial works; and 

• Day to day capacitance testing. 

These activities are described in further detail in the sections that follow. 

                                                

1
 Electricity Safety (Bushfire Mitigation) Regulations 2013 (amended 2016), Section 7(1)(hb) 

2
 Marxsen Tony. (2014). REFCL Trial: Ignition Tests. Marxsen Consulting Pty Ltd. p.89 
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2.2.1 Capacitance forecasting 

Annual capacitance forecasting will need to be undertaken to ensure any planned changes to 
the system do not negatively impact the operation of the REFCL. These changes may be 
brought about by proposed projects, or may have been introduced by the completion of other 
projects. 

This task will be undertaken concurrently with annual load forecasting studies and would review 
all proposed network changes for the upcoming year to determine where imbalances might be 
introduced. 

2.2.2 Initiation of remedial works 

If significant imbalances are identified as having been introduced, or likely to be introduced by 
project work, remedial projects will need to be initiated to restore balance to affected parts of the 
network. The remedial works will typically need to be scoped, estimated and then justified 
through a business case before any works will take place. 

2.2.3 Day-to-day capacitance analysis 

On a day-to-day basis, additional planning and analysis will need to be undertaken for planned 
and unplanned outages. Based on experience from Woori Yallock, it is expected that there will 
be approximately three planned outages per week per zone substation that include interaction 
with REFCL devices. When plant is taken out of service, the configuration of the network 
changes and hence the balancing of capacitance across the phases may change as well. Care 
must be taken so that the network is not placed in a configuration that unbalances the 
capacitance to the degree that the REFCL device will fail to operate correctly or impair the 
sensititivity of the REFCL such that is non-compliant with the regulations. 

The analysis will be required: 

• When network applicants apply for outages to plant and equipment; 

• Before and during switching activities to provide such access; and 

• Before and during restoration of such plant and equipment. 

Analysis of network capacitances is required frequently because the state and configuration of 
the network changes continually and any upcoming reconfiguration needs to take into account 
the state of the network immediately before those switching activities occur. For example, 
planning for jobs takes place three or more weeks in advance, and will be based on the ‘normal’ 
configuration of the network. When switching occurs on the day, the network may actually be in 
a different configuration. Similarly, the network may change configuration between switching 
equipment out of service and when that equipment is to be restored. 

In addition to the three activities described above, there will also be a requirement for 
AusNet Services to provide technical support for HV customers. 

2.3 Fault response Analysis and Investigation 

It is expected that the time spent on fault response and analysis will increase due to the 
complexities of the resonant earthing network. Local expertise has generally been concerned 
with analysis of solidly earthed systems. With a move to resonant systems, engineers will be 
learning on the job as new fault data is obtained over time. 

This data will need to be analysed and understood in order to ensure that fault response is 
improved or the system design is able to be changed to prevent the occurrence of a similar fault 
in the future. 
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Engineers involved in fault investigation will need to learn new skills and the number of fault 
investigations is likely to increase at least initially until experience is gained operating REFCL 
devices. 

Furthermore, manufacturer support or consultants may be engaged to assist with fault diagnosis 
as operational experience is obtained.  

 

2.4 Establish documentation 

In order to operate and maintain the REFCL devices over time, documentation will need to be 
created for other areas of the business, such as the Customer & Energy Operation Team 
(CEOT) and maintenance teams. This documentation includes: 

• Operating instructions; 

• Maintenance instructions; 

• Testing requirements; and 

• Asset Strategies. 

Operating instructions are used to describe how the REFCL will be operated in the system, 
covering switching instructions and considerations. 

Maintenance instructions explain how each component of the REFCL system is to be 
maintained and the frequency of that maintenance. 

Testing documentation outlines AusNet Services’ policy regarding annual testing as described 
in Section 2.1.  

Lastly, Asset Strategies set out the long-term strategy for management of the asset including 
monitoring asset health and condition, forecasting remaining life, plans for asset replacement, 
software upgrade management etc.  

2.5 Equipment maintenance 

After the REFCL devices are installed, they will be subject to routine maintenance similar to any 
other plant and equipment in the zone substation. Considering REFCL technology is in the early 
stages of the product lifecycle it is expected that routine software updates and maintenance will 
be required on a regular bases to ensure that the product meets requirements. New equipment 
introduced due to the REFCL deployment, such as Low Voltage Balancing Capacitor Units and 
monitoring equipment will also be subject to routine maintenance.  

A small incremental operating expenditure allowance has been included in AusNet Services’ 
contingent project application to cover the cost of performing routine maintenance of the assets 
that have been installed both in the zone substations and out in the field. 

2.6 Line equipment purchases 

The introduction of REFCL devices imposes higher voltage conditions on existing installed lines 
infrastructure. Where in the past equipment had to be designed to withstand voltages up to 
12.7 kV +10%, REFCL networks need to be able to withstand nominal voltages in the order of 
22 kV + 10%. 

Some of the equipment that AusNet Services uses for operating and maintaining the network is 
not rated to handle these higher voltages. Such equipment includes: 

• Mid-span isolator units; 

• Rigid hoppers; 

• Insulated hard covers; and 
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• Line cut-out tools. 

Costs for many of these items will be capitalised, but insulated hard covers do not meet the unit 
cost requirements for capitalisation and therefore their cost must be included in the forecast of 
incremental operating expenditure. 

2.7 Alternative technologies and vendors 

Currently, there is only one supplier of REFCL equipment, representing only one technology 
that is potentially available. This sole supplier model introduces risk that any type failures 
inherent in the design could cripple the fleet of installed REFCL devices. There are also risks in 
a single suppliers’ ability to deliver large quantities of product in the timeframe required and 
provide the ongoing support post installation. 

To minimise risk it is prudent to engage with other suppliers and work with them to develop a 
comparable and compliant product. To that end, AusNet Services proposes to commit 
resources to engage with alternative suppliers to explore alternatives technologies that could be 
used to achieve the 'required capacity' in an efficient manner. 

2.8 Training and change management 

2.8.1 Technical training and familiarisation 

As REFCL devices are introduced to new areas, there will be a need to provide training and 
familiarisation of the new devices to the engineering, operations, planning and maintenance 
crews in those areas. The training and familiarisation will be conducted by internal and external 
subject matter experts who have gained significant knowledge and experience during the 
installation and operation of the REFCL technology. 

2.8.2 Change management 

The introduction of REFCL devices will involve a significant element of change management. 
There will be technical, procedural and operational changes to embed across most areas of the 
business. A consultant has been engaged to specifically assist with the REFCL change 
management plan and implementation. 

2.9 Update policy documents and reporting 

To reflect the changes introduced by REFCL devices, AusNet Services will need to update key 
business documentation including the Asset Management Strategy and Policy documents.   

Monthly reporting will be required to meet ESV’s requirements. There is some level of reporting 
that already exists, but ultimately these reports will need to be modified in a once-off, upfront 
effort and subsequently administered on an ongoing basis. 
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3 Explanation of incremental operating expenditure forecasts  

The costs as a result of the above activites will be captured in the Contigent Project Application. 
The following general assumptions driving these costs are listed below. 

3.1 Activities 

3.1.1 Annual testing 

Primary earth fault tests 

Assumptions:  

• The initial primary earth fault tests at a site will be conducted as part of the installation 
project and capitalised. These costs are not presented in this paper.  

• Subsequent annual primary earth fault tests are part of the operational expenditure and 
included in this analysis. 

• Based on experience and test principles set out in REF 30-07 Certification and 
Validation of Required Capacity, testing will take one full day per REFCL protected 
feeder. 

The resources required to complete annual primary earth fault tests of each REFCL device are 
provided below: 

 

Job type - ANNUAL 

Primary Earth Fault Testing 

Units 

 (p.d, p.unit) 

Outage planning 7.5 

2 Testers at site 16.7 

Field crew, including Traffic control 1.0 

1 Operator at site 7.5 

Test crew, including test equipment  1.0 

1 Controller 10.0 

Analysis and Reporting of results 

(Engineers) 20 

Total   

Table 1: Cost estimate for primary earth fault testing 

In Table 1 Error! Reference source not found., the test crew is distinct from the onsite testers 
as they are the ‘initiators’ of the fault out in the field and they take any field-based test 
measurements. The field crew are present to fix any issues that may arise from the fault testing.  

Insulation testing 

Assumptions: 

• The initial insulation tests at a site will be conducted as part of the installation project and 
capitalised. These costs are not presented in this paper.  

• Subsequent annual insulation tests are part of the operational expenditure and included 
in this analysis.  

Based on experience and test principles set out in the REFCL compliance testing document 
series, REF 30-07. 
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• , testing will take one full day.  

• These tests are required per REFCL station.  

The resource s required to complete the annual insulation stress test for each zone substation 
are provided below:  

Job type - ANNUAL  

Stress Testing 

Units 

 (p.d, p.unit) 

Outage planning 7.5 

2 Testers onsite 15.0 

1 Fault crews per day 1.0 

1 Operator at site 1.0 

Traffic Control 1.0 

1 Controller 10.0 

Fault response  0.2 

Customer community resource 1.5 

Total                  

Table 2: Cost estimate for insulation (stress) testing 

3.1.2 Network balancing activities 

Capacitance forecasting 

Assumptions: 

• Forecasting activity takes two weeks full-time initially.  

• As more sites/REFCL devices are installed the forecasting activity takes longer, up to 
four weeks full-time. 

Initiation of remedial works 

Assumptions: 

• Remedial works activities include scope and business case development, review and 
approval and takes 4 weeks full-time per project.  

• There will be one remedial works project for every four zone substations. 

Day-to-day capacitance analysis 

Assumptions: 

• Applications and network switching will require analysis of capacitive balancing.  

• An allocation of 20 minutes each has been allowed for making applications for access, 
switching and restoration.  

• The 20 minutes will include analysis of the proposed network configuration after 
switching has occurred, to determine if the network capacitance can be balanced 
sufficiently in the proposed configuration.  

3.1.3 Fault analysis 

Assumptions: 

• Based on early experience from Woori Yallock, one fault per REFCL device per month 
will need detailed analysis. 
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• The above experience has shown that the detailed analysis takes two full days to 
complete on average. 

• Fault analysis also includes correspondence and support with the overseas supplier of 
the REFCL 

3.1.4 Establish documentation 

Assumptions: 

• Maintenance documentation will be required for routine maintenance of the REFCL and 
associated equipment. These are referred to as Standard Maintenance Instructions 
(SMIs).  

• Operational documents will be required in the Customer and Energy Operations Team 
(CEOT). These are essentially instructions for operating/switching the REFCL and 
associated equipment.  

• Each document will take four weeks to prepare, including review and approval 

• The bulk of this work will be upfront 

• Documents are reviewed every year thereafter 

• Document review takes three days per document, including review and approval 

3.1.5 Equipment maintenance 

Assumptions: 

• Maintenance costs are incurred the year following REFCL installation. 

• Maintenance costs are based on a small nominal increase in the average annual 
maintenance cost per zone substation. 

• The nominal increase is proportional to the increase in assets in a typical zone 
substation. 

3.1.6 Line equipment purchases 

Assumptions: 

• AusNet Services and committed Delivery Partners will need all their hard covers 
replaced.  

• Costs for replacement have been allocated to the year that the relevant depot receives 
its first REFCL device.  

• AusNet Services can either purchase hard covers for committed Delivery Partners 
directly or have them update their equipment themselves. If the latter option is taken, the 
Delivery Partners will on cost the purchase price to AusNet Services. 

• A committed Delivery Partner is one with whom AusNet Services has a long term service 
agreement. Intermittent contractors are not included in this assessment. 

3.1.7 Alternative technologies and vendors 

Assumptions: 

• Work will be carried out over two years, beginning mid 2017. 

• The resource requirement will be 1.5 Full-Time Equivalent (FTE). 
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3.1.8 Training and change management 

Technical training and familiarisation 

Assumptions: 

• Employees to be trained include testers, operators, planners, etc. 

• Fifteen employees in total will be trained across two main regions. 

• The above employees will participate in training for five days. 

• Four employees will be used as trainers. 

• Trainer involvement will be for ten days – five for each region. 

Change management 

Assumptions: 

• A resource will be employed for change management activities. 

• The above resource will be required at 1.0 FTE for two and half years beginning end of 
2016. 

3.1.9 Update policy documents and ESV reporting  

Assumptions: 

• Updating of all related documentation takes four weeks, including review and approval. 

• Modification of existing reports takes one week to develop, test and implement. 

• Reporting is conducted monthly. 

• Report preparation takes three hours per month. 

4 Concluding Comments 

The REFCL Program is estimated to involve the installation of up to thirty six REFCL devices at 
twenty two zone substations in AusNet Services’ distribution network.  The required incremental 
operating expenditure based on the activities described in this paper will be split across the 
three tranches of work and further detailed on a yearly basis. Incremental operating expenditure 
for Tranch one and two can be found in the Contingenty Project Applications for the REFCL 
Program. Tranche three, the final tranche of the REFCL Program will capture operating 
expenditure as part of the next EDPR period. 

It is expected the largest contributor of incremental expenditure will be for testing, which is 
required by legislation in accordance with advice from industry experts, so as to ensure that the 
REFCL devices will operate correctly and will not overly stress the surrounding network to a 
point where consequential failures may occur. 

Secondly, our forecast incremental operating expenditure will support significant engineering 
activities around the design and operation of the network. This will involve detailed analysis of 
network capacitances and the effects that augmentation and other projects have on those 
capacitances. From this activity, remedial works will be planned and implemented to ensure that 
the REFCL devices can operate to the ‘required capacity’ reliably and safely. 

Furthermore, analysis will be performed when planning and switching the network into new 
configurations, to again ensure that the REFCL device can operate correctly in the new 
configuration. 

Lastly, the expenditure will support the updating of policy and strategy documents and the 
creation of operational and maintenance instructions and guidelines. These documents will 
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guide and inform delivery staff to undertake their maintenance and operating activities 
efficiently, to ensure that the REFCL devices operate optimally and as required. 

Wherever possible, estimates have been built from experiential data from similar activities. For 
example, the experiences of the REFCL installations have been drawn upon heavily in 
determining the frequency of certain activities and the actual incurred costs have been used to 
further estimate likely expenditure. 

 


