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CP.02584 – Tarong Transformers 2 and 3 Replacement 
Project Status: Not Approved 

1. Network Need  
H018 Tarong 275/132/66kV Substation, approx. 90km north of Toowoomba, is a critical part of the 
275kV network supplying South East Queensland. Tarong substation contains four aged 
transformers (T1, T2, T3 and T4) which were commissioned in 1986, 1982, 1983 and 1992 
respectively.  
A Condition Assessment (CA) conducted in December 2019 identified that all four transformers are 
approaching the end of their technical service life1. All are exhibiting end of life attributes such as HV 
bushings which have exceeded their design life, multiple oil leaks (except for T4) and deteriorated 
gaskets. Additionally, the CA found that all the transformers are underrated compared to the fault 
level at Tarong substation (35.9kA) and are susceptible to fault events when a parallel transformer 
is out of service. The CA recommended replacement of all four transformers prior to 2024, where 
they are required for network operation.  
Planning studies also indicate that there is an ongoing need for Tarong substation to supply the 
66kV load (supplied by T2 and T3) to ensure Powerlink’s reliability and security obligations. The 
removal or failure of T2 or T3 at Tarong substation would violate Powerlink’s Transmission Authority 
reliability obligations (N-1-50MW / maximum 600MWh unserved energy)2. An outage on the T2 and 
T3 transformers would leave up to 40MW and up to 850MWh of customer load per day at risk2. 
However, T1 and T4 can be removed from service, when they reach their end of life, as the Tarong 
Area Plan Strategy proposes to convert Chinchilla Substation to a transformer ended substation 
supplied from Columboola.  
Further decline in transformer T2 and T3 asset condition increases the risk of failure that may cause 
network outages, safety incidents and additional network costs to replace assets under emergency 
conditions. The CA recommends reinvestment in the assets prior to 2024 to manage these risks and 
ensure network reliability. Failure to address the existing condition of this asset is likely to result in 
non-compliance with Powerlink’s reliability and safety obligations6. 

2. Recommended Option 
As this project is currently ‘Not Approved’, project need and options will be subjected to the public 
Regulatory Investment test for Transmission (RIT-T) consultation process to identify the preferred 
option closer to the time of investment. 
The current recommended option is to replace T2 and T3 and retire T1 and T4 at Tarong Substation 
by 20242. 
The following options have been identified to address the condition issues of the transformers: 

• Do Nothing – rejected due to non-compliance with reliability standards and safety obligations 

• Retain existing arrangement, replacing T1-T4 by 2024 

• Non Network Option – parameters outlined, at present no viable options has been identified.  
Figure 2-1 below shows the current recommended option reduces the forecast risk monetisation 
profile of Tarong substation T2 & T3 transformers by over $2m per annum in 2025. The 
recommended option will extend the asset life by 40 years.  
Where a ‘Do Nothing’ scenario is adopted, the forecast level of risk associated with the asset 
escalates from ~2m in 2020 to ~$4m per annum in 2029 and continues to rise further. This is 
predominantly due to network risks (unserved energy) associated with potential concurrent outages 
of T2 and T33. 
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Figure 2-1 Annual Risk Monetisation Profile (Nominal) 

3. Cost and Timing 
The estimated cost to replace T2 and T3 in as a single stage replacement is $14.1m ($2019/20).  
Target Commissioning Date: June 2024 

4. Documents in CP.02584 Project Pack 
Public Documents 

1. H018 Tarong Transformer T1, T2,T3 & T4 Condition Assessment  
2. Tarong Transformer Planning Report 
3. Base Case and Maintenance Costs Summary Report CP.02584 Tarong Transformers 

Replacement 
4. Project Scope Report CP.02584 Tarong Transformers Replacement 
5. CP.02584 Tarong Transformer Replacement Project Management Plan 

Supporting Documents 

6. Asset Reinvestment Criteria - Framework 
7. Asset Management Plan 2021 
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Figure 5 - H018 Tarong substation showing the network location of T1, T2, T3 & T4 being considered in this report. 

 

  

Figure 3 -70/90 MVA 275/66kV transformer T3 at 
H018 Tarong substation. 

Figure 4 -70/90 MVA 275/132 kV transformer 
T4 at H018 Tarong substation 
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1. TRANSFORMER RATINGS AND FAULT LEVELS  
 
When originally built H018 Tarong substation was designed, assuming the maximum fault level 
at this site will not exceed 31.5 kA.   As network developed and more generators connected to 
the network, fault levels increased above 31.5 kA and major switchgear replacement projects 
were undertaken in 2009/2010 to ensure these are adequately rated for the increased fault levels.  
The analysis of fault rating adequacy for power transformers required additional data from the 
transformer manufacturer and by the time these were obtained and analyses undertaken, Tarong 
power station announced their decision to mothball one unit for several years.  This temporarily 
reduced fault levels making the power transformer ratings suitable based on fault contributions 
calculations.    However, in 2019 all units are generating and the calculated fault levels for 275kV 
L-G short circuit current is 35.83 kA and three phase 34.04 kA.  All four transformers have been 
design assuming maximum 275 kV fault level be 31.5 kA at transformer connection point.  
 
The design under rating of the 275/66kV T2 & T3 transformers are mitigated operationally by 
making sure that both the 66kV transformers are in service and the 66kV bus coupler is closed. 
Under contingency where one 66kV transformer is out of service, there is a potential of the 
remaining in-service 66kV transformer rating exceeding its current rating for close in faults on the 
66kV bus. This risk is managed by ensuring no personnel is present at the yard when this network 
configuration is present.   One option for managing fault level underrating of these four 
transformers considered was back-feeding Tarong from Chinchilla, but this is not registered as 
an active operational measure.  
 
For the 275/132kV Transformers T1 & T4 under N and N-1 conditions, the Tarong fault level 
exceeds the design rating of the transformers and the risk is only managed by the fact that not all 
generators in the network are generating at the all times.  This operating practice may be 
acceptable for shorter periods, however it is not a good engineering practice for long periods.    
In particular as all four transformers at Tarong have been subjected to a number of through faults 
over their service lives, which would have weakened their resilience to through faults. 
 
To mitigate the above issues and considering the amount of through faults the transformers have 
been subjected to, it is recommended to replace all four transformers in 3-5 years, mainly to 
mitigate fault level issues if there is a long-term need for all four transformers in the network.   
There are no known plans for decommissioning or mothballing of any generator units in this area 
that may reduce or mitigate this rating issue. 
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2.1.3. Oil Leaks:  
 

The lid on this transformer is not welded to the main tank and is relying on a bolted gasket between 
the lid and main tank steel flanges to provide sufficient sealing.  
A brief summary of the oil leaks are detailed below. 
 

• Small oil weeps from side wall hatches. 
• Oil leaking from the main tank to lid gasket. 
• The various gaskets are aged and maintenance records show that oil leaks are present 

since 2002.  Many attempts were made to prevent or reduce oil leaks.  This transformer 
was topped up with 300 litres of oil in 2017. 

 

   

   
Figure 7. - Oil leaking from the main tank to lid gasket 

 

 
Figure 8- Oil film spreading to the bund from the main tank lid gasket. 
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Figure 9- Oil leaks from the side wall hatch 

 

 
Figure 10- Oil film spreading on radiator fins 

 

 
Figure 11 - Oil leaks from a radiator bank visible on the control cables located underneath 
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2.1.4. Secondary Systems: 
 
After 33 years of exposure to the elements, the external cables are set and any significant cable 
flexing (e.g. removal & reconnection) due to replacement of external ancillary items may create 
insulation damage but if left physically alone, all of the multicore cables should not fail over the 
next 10 years.  The paint has protected them from UV to some degree.  
 

 
 

 
2.1.5. Tap Changer (OLTC): 
 
This transformer is fitted with an M type Maschinenfabrik Reinhausen tap changer which is 
performing well.  The tap changer consists of a diverter switch installed into an oil compartment 
separate from the transformer tank and of a tap selector mounted below. The tap changer is 
attached to the transformer cover by means of the tap changer head, which also serves for 
coupling of the drive shaft and for connecting a pipe to the tap changer oil conservator. 

 
It was impossible to see anything through the front viewing window on the tap changer 
compartment, likely due to contamination build-up on the inside of the sight glass. The tap 
changer motor drive unit door has to be opened to take the number of operations reading. 
Maintenance records show that during the six yearly maintenance service in 2006 and 2012 many 
parts of this unit were replaced and tap changer oil was also replaced.  As of August 2019 the tap 
changer has done 32,963 number of operations.   
 
2.1.6. Transformer Temperature Indicators: 
 
This transformer is fitted with one top oil temperature indicator and three winding temperature 
indicators.  The set point temperatures for each of these instruments for starting the main oil 
pump, triggering a top oil or winding temperature alarm or trip signals are correct. However there 
was a transformer trip caused by these indicators in late 2018 and therefore these and their 
associated wiring were replaced in late 2019.   
 

Figure 12- Multi-core cables attach to the Main tank 
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2.1.7. Oil and Insulation Assessment: 
 
Based on oil test results, it seems that oil was either filtered or replaced in early 1988.    
The most recent oil sample test data show signs of emerging thermal overheating issues similar 
to those seen after the transformer was installed.    
 
A desktop assessment was performed using the full history of Oil & Insulation Testing Laboratory 
test data for this transformer. Signs of mild overheating (< 300 ° C) are visible in oil samples since 
2008. 
 

 
Figure 14 –Indication of overheating in transformer 

 
Figure 14 shows the level of carbon monoxide, methane and ethane in the transformer oil. The 
increasing trend indicates a thermal fault at low temperature (< 300 ° C). In order to monitor this 
trend, the oil sampling frequency was increased to annually from 2010.  The cause for this 
overheating is still unknown. 
  

Figure 13 - HV WTI instrument, LV WTI instrument and OTI instrument. All the viewing 
windows are clear enabling easy instrument reading except the OTI. 
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2.1.8. Oil Quality: 
 

 
Figure 15 –Content of oxygen in oil 

 
This GEC 90MVA 275/132kV transformer was manufactured prior to QEC introducing sealed 
internal HV insulation systems. The main tank conservator breathes to the atmosphere via a 
desiccant breather and this is obvious from the graph above showing oxygen content in oil in the 
main tank. The function of sealing systems is to prevent air and moisture from contaminating 
insulating materials within the transformer. Air contains moisture and oxygen, which causes oil to 
oxidize, increases oil acidity and sludging. 
 
The graph shown in Figure 15 indicates the oxygen level in the main tank in the service history. 
The peak increase in oxygen level between 2008 & 2011 is likely to be linked to processes caused 
by mild overheating of the oil. Currently the oxygen levels are well within limits.  
 

 
Figure 16 – Transformer T1 oil acidity 
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Figure 16 shows the level of acidity in the oil, which is at an acceptable level. The oil quality of 
this transformer has remained in reasonable condition over its life. The oil dielectric dissipation 
factor and dielectric strength are also within acceptable limits. 
 
The oil in this transformer was found to be corrosive and therefore has been passivated since 
2010.  Oil Laboratory test data confirms that from 2010, the oil is “non-corrosive” per the IEC test 
method. Periodic testing and toping up of the passivator level in the oil will have to continue for 
the life of the transformer in order to maintain the dissolved passivator level within limits to ensure 
its effectiveness and prevent progression of copper corrosion.  
 
There is no detectable PCB contamination in the oil and hence this transformer is classified as 
PCB free. 
 
2.1.9. Winding Paper Quality 
 
The dissolved furan levels in oil continue to be relatively stable and within acceptable limits 
(Figure 17).   
 

 
Figure 17 – T1 2 Furfurals trend 

 
Figure 18 shows the transformer loading over the last 12 months and if this is representative of 
the loading over previous years, it could explain why the dissolved furan level in the oil is relatively 
low for a 34 years old free breathing transformer. The peak loading in MVA on the 275kV side of 
the transformer over the period 05/12/2018 to 05/12/2019 did not appear to exceed 40% of the 
nameplate ODAN rating. The average loading on the transformer for this period is 12MW.  
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Figure 18 -T1 transformer loading in MVA in period 5/12/2018 -5/12/2019 

(the highest peak load is 36 MVA i.e 40% of ODAN nameplate rating) 
 
Because there is normally a variation in insulation temperatures throughout the transformer 
windings when loaded, at times fairly significant, more localised higher winding insulation 
temperatures will generate higher than average amounts of furans which must also be considered 
in the calculation of cellulose insulation age.  
 

 
Figure 19 –T1 calculated DPv 

 
The dissolved furan in oil test data can be used to calculate approximate and average bulk 
cellulose insulation DPv and its estimated trend is shown in Figure 20. Assuming that the 
transformer operating conditions remain the same, the trend shows that the transformer has an 
estimated service life of more than 50 years (Refer Figure 20). 
 
For a typical free breathing transformer the estimated service life is 40 years. The average loading 
of T1 transformer being only 12 MW (only 14% of its rated capacity), the expected service life 
based on the paper aging only is significantly greater than theoretical design life. 
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Figure 20 –T1 DPv trend, typical DPv and EOL DPv 

 
2.1.10. Moisture in Insulation: 
 
Figure 21 shows a plot of the measured moisture content in oil as measured in oil samples, 
starting from 1985. It seems to be relatively stable and being on average 4 mg/kg shows it has 
been managed well.   It is worthwhile noting that with increasing oxygen levels and depending on 
silica gel quality in the breather, it can take a few years to detect increase in moisture level.   
 

 
Figure 21 – Moisture in oil 

 
The desiccant in the breather installed on the main tank conservator was in good condition as 
was the oil bath for particulate filtering of the incoming air. 
  



Page 17 of 49 
 
OBJECTIVE ID (A4373328)   COMMERCIAL IN CONFIDENCE 
 

ANY PRINTED VERSION OF THIS DOCUMENT IS UNCONTROLLED 

2.1.11. Transformer Bushings: 
 
Even though the HV & LV oil impregnated paper (OIP) bushings appear to be serviceable to date, 
it is recommended to have these replaced within the next 3-5 years to reduce safety risk exposure 
at this site, since these are of porcelain housing and insulation is aged. This is based on 
experience with this type of bushings as detection methods using DLA and capacitance provide 
late indication of failed insulation and are measured only every 6 years, due to outage constraints.  
 
2.1.12. Transformer Secondary Systems: 
 
The maintenance records do not show any abnormal secondary system issues emerging, 
however the AC control panel should be refurbished (replaced) and updated with MCBs if the 
transformer is to remain in service longer than 3-5 years. 
 
2.1.13. Mechanical Life 
 
Since there was no internal active part inspection performed, the winding clamping or winding 
mechanical stability is difficult to be accurately ascertained. However since the DPv values are 
good and with the low moisture in insulation, there should be less deterioration in these active 
part parameters.  
 
Records revealed that this transformer has been subjected to a number of through faults over its 
service life. Whilst this type of information can’t be used to accurately assess the mechanical 
condition of the windings, it can provide some relative understanding of the amount of mechanical 
stressing experienced by the transformer. The active part of this transformer should potentially 
last another 5-10 years, unless exposed to full fault currents at this site or exposed to more than 
3-5 through faults. 
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Figure 23 – Sealed cracks in bund floor 

 
3.1.3. Oil Leaks:  
 
The lid on this transformer is not welded to the main tank and is relying on a bolted gasket between 
the lid and main tank steel flanges to provide sufficient sealing.  
 
A brief summary of the oil leaks are detailed below. 
 

• Small oil weeps from TV bushing base. 
• Oil leaking from the main tank to lid gasket. 
• Many oil leaks in radiator banks. 
• The various gaskets are aged and maintenance records show that oil leaks are present 

since 1999.  Many attempts were made to prevent or reduce oil leaks.  This transformer 
was regularly topped up with oil since 2010 with total amount of oil used being 5880 litres 
to date. 

 

   

 
Figure 24 - Oil leaking from the main tank to lid gasket 
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Figure 25- Oil film leaking from the TV bushing base. 

 

   

 
Figure 26- Oil through the cables and control box. 
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Figure 27- Oil leaks from the radiator banks 

 

   
Figure 28- Oil leaking from HV bushing CT box 

 
3.1.4. Secondary Systems: 

  
After 37 years of exposure to the elements, the external cables are set and any significant cable 
flexing (e.g. removal & reconnection) due to replacement of external ancillary items may create 
some insulation damage if left physically alone, all of the multicore cables should not fail over the 
next 10 years.  
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Figure 29- Multi-core cables attach to the Main tank 

 
3.1.5. Tap Changer (OLTC): 
 
This transformer is fitted M type Maschinenfabrik Reinhausen tap changer which is performing 
satisfactorily. 
 

 
Figure 30- Tap changer sight glass 

 
It was impossible to see anything through the front viewing window on the tap changer 
compartment, likely due to contamination build-up on the inside of the sight glass. The tap 
changer motor drive unit door has to be opened to take the number of operations reading. 
Maintenance records show that during the six yearly maintenance many parts of this unit were 
replaced and tap changer oil was also replaced.  As of August 2019 the tap changer has done 
124,777 operations and is in reasonable condition, apart from tap position indicator which is in a 
failed condition and has not been replaced – this is managed by utilising SCADA reading of the 
tap changer position.  
 
3.1.6. Transformer Temperature Indicators: 
 
This transformer is fitted with one top oil temperature indicator and three winding temperature 
indicators.  The set point temperatures for each of these instruments for starting the main oil 
pump, triggering a top oil or winding temperature alarm or trip signals are correct.These are in 
reasonable condition considering their age and assuming routine calibrations are taking place. 
They are expected to provide reasonable service for next 10 to 15 years, assuming associated 
wiring is in good condition.  
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Figure 31 - HV WTI instrument, LV WTI instrument and OTI instrument.  

All the viewing windows are clear enabling easy instrument reading except the OTI. 

 
3.1.7. Oil and Insulation Assessment: 
 
The most recent oil sample test data does not show any signs of emerging thermal or electrical 
overheating issues within the main tank of this transformer. 
 
3.1.8. Oil Quality: 
 
A desktop assessment was performed using the full history of Oil & Insulation Testing Laboratory 
test data for this transformer.  
 

 
Figure 32 –Content of oxygen in oil 

 
This GEC 90MVA 275/132kV transformer was manufactured prior to QEC introducing sealed 
internal HV insulation systems. The main tank conservator breathes to the atmosphere via a 
desiccant breather and this is obvious from the graph above showing oxygen content in oil in the 
main tank. The graph shown in Figure 32 indicates the oxygen level in the main tank in the service 
history. The level of oxygen in the oil is stable and at an acceptable level. 
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Figure 33 – Transformer T2 oil acidity 

 
Figure 33 shows the level of acidity in the oil, which is at an acceptable level. The oil quality in 
this transformer has remained in reasonable condition over its life. The oil dielectric dissipation 
factor and dielectric strength are also within acceptable limits. 
 
The oil was found to be corrosive and therefore the oil in this transformer was passivated in 2010. 
Oil Laboratory test data confirms that from 2010, the oil is “non-corrosive” per the IEC test method. 
Periodic testing and topping up of the passivator level in the oil will have to continue for the life of 
the transformer in order to maintain the dissolved passivator level within limits to ensure its 
effectiveness. 

 
There is no detectable PCB contamination in the oil and hence this transformer is classified as 
PCB free. 
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3.1.9. Winding Paper Quality 
 
The dissolved furan levels in oil continued to be relatively stable and within acceptable limits 
(Figure 34). 
 

 
Figure 34 – T1 2 Furfurals trend 

 
Figure 35 shows the transformer loading over the last 12 months and if this is representative of 
the loading over previous years, it could explain why the dissolved furan level in the oil is relatively 
low for a 34 years old free breathing transformer. The peak loading in MVA on the 275kV side of 
the transformer over period 05/12/2018 to 05/12/2019 did not appear to exceed 40% of the 
nameplate ODAN rating. The average loading on the transformer for this period is 16MW.  
 

 
Figure 35 -T1 transformer loading in MVA in period 5/12/2018 -5/12/2019  

(the highest peak load is 36 MVA i.e 40% of ODAN nameplate rating) 
 
Because there is normally a variation in insulation temperatures throughout the transformer 
windings when loaded, at times fairly significant, more localised higher winding insulation 
temperatures will generate higher than average amounts of furan which must also be considered 
in the calculation of cellulose insulation age. 
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Even though this is a free breathing transformer the cellulose insulation system has not shown 
any significant deterioration from new. The measured dissolved furan levels in oil are shown in 
Figure 34.  
 

 
Figure 36 –T1 calculated DPv 

 
The dissolved furan in oil test data can be used to calculate approximate and average bulk 
cellulose insulation DPv and its estimated trend based on the Chendong method is shown in 
Figure 36. Assuming that transformer operating conditions remain the same, the trend shows that 
the transformer has an estimated service life of more than 50 years (Refer figure 37). 
For a typical free breathing transformer the estimated service life is 40 years. The average loading 
of T1 transformer is only 16 MW which is 14% of its rated capacity, due to this lightly loaded 
operation, the expected service life of the substation power transformer is significantly greater 
than the design life. 
 

 
Figure 37 –T1 DPv trend, typical DPv and EOL DPv 

 
3.1.10. Moisture in Insulation: 
 
Figure 38 shows a plot of the measured moisture content in oil as measured in oil samples, 
starting from 1985. It seems to be relatively stable and being on average 5 mg/kg shows it has 
been managed well.   It is worthwhile noting that with increasing oxygen level and depending on 
silica gel quality in the breather, it can take a few years to detect an increase in moisture level.   
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Figure 38 – Moisture in oil 

 
The desiccant in the breather installed on the main tank conservator was in good condition, 
although it consisted of two paralleled units.  The oil bath for particulate filtering of the incoming 
air was also in acceptable condition.  
 
3.1.11. Transformer Bushings: 
 
Even though the HV & LV oil impregnated paper (OIP) bushings appear to be serviceable to date, 
it is recommended to have these replaced within the next 3-5 years to reduce safety risk exposure 
at this site, since these are of porcelain housing and tests are only done every 6 years.  
 
3.1.12. Transformer Secondary Systems: 
 
The maintenance records to date do not show any abnormal secondary system issues emerging, 
however the AC control panel should be refurbished and updated with MCBs if the transformer is 
to remain in service for any longer than 3-5 years.  
 
3.1.13.   Mechanical Life 
 
Since there was no internal active part inspection performed, the winding clamping or winding 
mechanical stability is difficult to accurately ascertain. However since the DPv values are good 
and there is an indication that moisture in insulation is low, there should be less deterioration in 
these active part parameters.  
 
This transformer has been subjected to a number of through faults over its service life. Whilst this 
type of information can’t be used to accurately assess the mechanical condition of the windings, 
it can provide some relative information with regard to the amount of mechanical stressing 
experienced by the transformer. The active part of this transformer has the potential to last 
another 5-10 years assuming it is not exposed to the through faults above its rating and not more 
than 3-5 through faults.  
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Figure 40 – Bund floor cracks 

 
4.1.3. Oil Leaks:  
 
The lid on this transformer is not welded to the main tank and is relying on a bolted gasket between 
the lid and main tank steel flanges to provide sufficient sealing. 
  
A brief summary of the oil leaks are detailed below. 
 

• Small oil weeps from TV bushing base. 
• Oil leaks from the main tank to lid gasket. 
• Many oil leaks in radiator banks 
• The various gaskets are aged and maintenance records show that oil leaks are present 

since 2003.  Many attempts were made to prevent or reduce oil leaks.  There are no 
records available to confirm the quantity of oil added to this transformer over the years.  

 

   
Figure 41 - Oil leaks from the A & C phase bushing turrets 
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Figure 42- Oil film leaking from the top of main tank. 

 

   

   
Figure 43- Oil leaks from radiator banks. 
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4.1.4. Secondary Systems: 
 
After 37 years of exposure to the elements, the external cables are set and any significant cable 
flexing (e.g. removal & reconnection) due to replacement of external ancillary items may create 
some insulation damage. If left physically alone, all of the multicore cables should not fail over the 
next 10 years. 
 

 
Figure 44- Multi-core cables attach to the Main tank 

 
4.1.5. Tap Changer (OLTC): 
 
This transformer is fitted M type Maschinenfabrik Reinhausen tap changer which is performing 
satisfactorily. 
 
It was impossible to see anything through the front viewing window on the tap changer 
compartment, likely due to contamination build-up on the inside of the sight glass. The tap 
changer motor drive unit door has to be opened to take the number of operations reading. 
Maintenance records show that during the six yearly maintenance many parts of this unit were 
replaced and tap changer oil was also replaced during this service.  As of August 2019 the tap 
changer has done 119821 number of operations and Reinhausen service confirmed that this tap 
changer does not have a genuine Reinhausen drive but a licenced copy produced by ATL.  The 
service at 114011 number of operations indicated that this motor drive is at the end of its service 
life. 
 
This transformer has a bag-less conservator with main tank & OLTC sharing a common air space 
& breather with partial divider separating the oil volumes. 
 
Maintenance records indicate there is a leak between OLTC & main tank, but it could not be 
confirmed if this is occurring via a leak at the diverter switch or via a perforation in the conservator 
barrier.  
 
The maintenance crews are doing their best to keep this OLTC in service expecting that 
transformer replacement is planned to occur in 3-4 years.  
 
4.1.6. Transformer Temperature Indicators: 
 
This transformer is fitted with one top oil temperature indicator and three winding temperature 
indicators.  The set point temperatures for each of these instruments for starting the main oil 
pump, triggering a top oil or winding temperature alarm or trip signals are correct.They are in 
reasonable condition considering their age and assuming rouitine calibrations are taking place, 
they are expected to provide reasonable service for 5 to 10 years, assuming their wiring is in good 
condition.  
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Figure 45 - HV WTI instrument, LV WTI instrument and OTI instrument.  

All the viewing windows are clear enabling easy instrument reading except the OTI 
 
4.1.7. Oil and Insulation Assessment: 
 
The most recent oil sample test data does not show any signs of emerging thermal or electrical 
overheating issues within the main tank of this transformer.  
 
4.1.8. Oil Quality: 
 
A desktop assessment was performed using the full history of Oil & Insulation Testing Laboratory 
test data for this transformer.  
 

 
Figure 46 –Content of oxygen in oil 

 
This GEC 90MVA 275/66kV transformer was manufactured prior to QEC introducing sealed 
internal HV insulation systems. The main tank conservator breathes to the atmosphere via a 
desiccant breather consisted of two paralleled units and this is obvious from the graph above 
showing oxygen content in oil in the main tank. The graph in Figure 46 shows the oxygen level in 
the main tank throughout its service history. The level of oxygen in the oil is stable and at an 
acceptable level. 
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Figure 47– Transformer T3 oil acidity 

 
Figure 47 shows the level of acidity in the oil, which is at an acceptable level. The oil quality in 
this transformer has remained in reasonable condition over its life. The oil dielectric dissipation 
factor and dielectric strength are also within acceptable limits. 
 
The oil was found to be corrosive and therefore the oil in this transformer has been passivated 
since 2010 and Oil Laboratory test data confirms that from 2010, the oil is “non-corrosive” per the 
IEC test method. Periodic testing and toping up of the passivator level in the oil will have to 
continue for the life of the transformer in order to maintain the dissolved passivator level within 
limits to ensure its effectiveness. 
 
There is no detectable PCB contamination in the oil and hence this transformer is classified as 
PCB free. 
 
4.1.9. Winding Paper Quality 
 
The dissolved furan levels in oil continue to be relatively stable and within acceptable limits (Figure 
48).   
 

 
Figure 48 – T3 2 Furfurals trend 
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Figure 49 shows the transformer loading over the last 12 months and if this is representative of 
the loading over many previous years, it could explain why the dissolved furan level in the oil is 
relatively low for a 34 year old free breathing transformer. The peak loading in MVA on the 275kV 
side of the transformer over period 05/12/2018 to 05/12/2019 did not appear to exceed 40% of 
the nameplate ODAN rating. The average loading on the transformer for this period is 16MW. 
 

 
Figure 49 -T1 transformer loading in MVA in period 5/12/2018 -5/12/2019 

(the highest peak load is 36 MVA i.e 40% of ODAN nameplate rating) 
 
Because there is normally a variation in insulation temperatures throughout the transformer 
windings when loaded, at times fairly significant, more localised higher winding insulation 
temperatures will generate higher than average amounts of furan which must also be considered 
in the calculation of cellulose insulation age. Even though this is a free breathing transformer 
exposed in particular to oxygen and moisture, the cellulose insulation system has not shown any 
significant deterioration from new. The measured dissolved furan levels in oil are shown in Figure 
48.  
 

 
Figure 50 –T1 calculated DPv  
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The dissolved furan in oil test data can be used to calculate approximate and average bulk 
cellulose insulation DPv and its estimated trend using the Chendong method is shown in Figure 
51. Assuming that the transformer operating conditions remain the same, the trend shows that 
the transformer paper has potentially an estimated service life of more than 50 years. 
For a typical free breathing transformer the total estimated service life is 40 years. The average 
loading of the T3 transformer is only 16 MW (14% of its rated capacity) being so light is the main 
reason for this large discrepancy.   
 

 
Figure 51 –T1 DPv trend, typical DPv and EOL DPv 

 
4.1.10. Moisture in Insulation: 
 
Figure 52 shows a plot of the measured moisture content in oil as measured in oil samples, 
starting from 1985. It seems to be relatively stable and being on average 4 mg/kg shows it has 
been managed well.   It is worthwhile noting that with increasing oxygen level and depending on 
silica gel quality in the breather, it can take a few years to detect increase in moisture level. 
 

 
Figure 52– Moisture in oil 
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The desiccant in the breather installed on the main tank conservator was in good condition as 
was the oil bath for particulate filtering of the incoming air. 
 
4.1.11. Transformer Bushings: 
 
Even though the HV & LV oil impregnated paper (OIP) bushings appear to be serviceable to date 
with quite a few oil leaks, it is recommended to have these replaced within the next 3-5 years to 
reduce safety risk exposure at this site.  These are tested every 6 years and considering their age 
and exposure to electric and magnetic fields, this may not be frequent enough to manage the risk.   
 
4.1.12. Transformer Secondary Systems: 
 
The maintenance records to date show a number of issues with various relays failing and the AC 
control panel should be refurbished and updated with MCBs if the transformer is to remain in 
service any longer than 3-5 years.  
 
4.1.13. Mechanical Life 
 
Since there was no internal active part inspection performed, the winding clamping or winding 
mechanical stability is difficult to accurately ascertain. However since the DPv values are good 
and the transformer shows low moisture in insulation, there should be less deterioration in these 
active part parameters.  
 
However this transformer has been subjected to a number of through faults over its service life. 
Whilst this type of information cannot be used to accurately assess the mechanical condition of 
the windings, it provides some understanding of the potential damage caused by mechanical 
stress. The active part of this transformer has the potential to last another 5-10 years assuming 
through faults do not exceed its rating and there are no more than 3-5 through faults impacting 
this transformer.  
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Figure 54-Bund cracks 

 
5.1.3. Oil Leaks:  
 
The lid on this transformer is welded to the main tank and different to other three transformers on 
this site, this transformer is a fully sealed transformer.  Despite its lower service age it does have 
oil leaks summarised below.   
 

• Small oil weeps from main tank top. 
• The various gaskets are aged and maintenance records show that minor oil leaks were 

present since 1999.  This transformer was topped up with 1000 litres of oil in 2017 and 
600 litres in 2018. 

 
With respect to the cooler bank, there were no obvious oil leaks to note. The concrete foundation 
and apron immediately below the cooler bank also shows no sign of oil contamination or oil 
residue on its surface. 
 

   
Figure 55- Oil film leaking from the top of main tank 
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Figure 56 - Oil leaks from Bushing Turrets 

 

 
Figure 57- Oil leaks from Terminal box on tertiary bushings. 

 

 
Figure 58 - Oil leaks from Terminal box on tertiary bushings 

 
5.1.4. Secondary Systems: 
 
After 27 years of exposure to the elements, the external cables are set and any significant cable 
flexing (e.g. removal & reconnection) due to replacement of external ancillary items may create 
some insulation damage if left physically alone, all of the multicore cables should not fail over the 
next several years.  
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Figure 59- Multi-core cables attach to the Main tank 

 
5.1.5. Tap Changer (OLTC): 
 
This transformer is fitted with an M type Maschinenfabrik Reinhausen tap changer which is 
performing satisfactorily.   
 
It was impossible to see anything through the front viewing window on the tap changer 
compartment, likely due to contamination build-up on the inside of the sight glass. The tap 
changer motor drive unit door has to be opened to take the number of operations reading. 
Maintenance records show that during the six yearly maintenance many parts of this unit were 
replaced and tap changer oil was also replaced also during this service. Many auxiliary contactors 
needed to be replaced as well as contacts.  No cause for contact deterioration was established.  
On a number of occasions the tap changer was unable to change taps. As of August 2019 the 
tap changer has done 31,657 number of operations. 
 
5.1.6. Transformer Temperature Indicators: 
 
This transformer is fitted with one top oil temperature indicator and three winding temperature 
indicators.  The set point temperatures for each of these instruments for starting the main oil 
pump, triggering a top oil or winding temperature alarm or trip signals are correct.These are in 
reasonable condition considering their age and assuming routine calibrations are taking place, 
they are expected to provide reasonable service for the next 15 to 20 years. 
 

 
Figure 60 - HV WTI instrument, LV WTI instrument and OTI instrument. 

All the viewing windows are clear enabling easy instrument reading except the OTI 
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5.1.7. Oil and Insulation Assessment: 
 
The most recent oil sample test data does not show any signs of emerging thermal or electrical 
overheating issues within the main tank of this transformer.  
 
5.1.8. Oil Quality: 
 
A desktop assessment was performed using the full history of Oil & Insulation Testing Laboratory 
test data for this transformer.  
 

 
Figure 61 –Content of oxygen in oil 

 
This GEC 90MVA 275/132kV transformer has a sealed internal HV insulation system. The graph 
shown on Figure 61 indicates the oxygen level in the main tank in the service history. The level 
of oxygen in the oil is relatively stable and at acceptable levels. 
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Figure 62 – Transformer T4 oil acidity  

 
Figure 62 shows the level of acidity in the oil, which is low and at acceptable level. The oil quality 
in this transformer has remained in reasonable condition over its life, as expected for a 
transformer of this age. The oil dielectric dissipation factor and dielectric strength are also within 
acceptable limits. 
 
The oil was found to be corrosive and therefore the oil in this transformer has been passivated 
since 2010 and Oil Laboratory test data confirms that from 2010, the oil is “non-corrosive” per the 
IEC test method. Periodic testing and topping up of the passivator level in the oil will have to 
continue for the life of the transformer in order to maintain the dissolved passivator level within 
limits to ensure its effectiveness. 
 
There is no detectable PCB contamination in the oil and hence this transformer is classified as 
PCB free. 
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5.1.9. Winding Paper Quality 
 
The dissolved furan levels in oil continued to be relatively stable (apart from an erroneous reading 
in 1997, repeated and confirmed to be 0.001) and within the acceptable limits (Figure 63).  
 

 
Figure 63– T4 2 Furfurals trend 

 
Figure 64 shows the transformer loading over the last 12 months and if this is representative of 
the loading over many previous years, it could explain why the dissolved furan level in the oil is 
relatively low for a 27 years old sealed transformer. The peak loading in MVA on the 275kV side 
of the transformer over period 05/12/2018 to 05/12/2019 did not appear to exceed 44% of the 
nameplate ODAN rating. The average loading on the transformer for this period is 12MW. 
 

 
Figure 64 –T4 transformer loading in MVA in period 5/12/2018 -5/12/2019 

(the highest peak load is 40 MVA i.e 44% of ODAN nameplate rating) 
 
Because there is normally a variation in insulation temperatures throughout the transformer 
windings when loaded, at times fairly significant, more localised higher winding insulation 
temperatures will generate higher than average amounts of furans which must also be considered 
in the calculation of cellulose insulation age. This is a fully sealed transformer and as expected, 
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the cellulose insulation system has not shown any significant deterioration from new. The 
measured dissolved furan levels in oil are shown in Figure 65.  
 

 
Figure 65–T4 calculated DPv 

 
The dissolved furan in oil test data can be used to calculate approximate and average bulk 
cellulose insulation DPv and its estimated trend is shown in Figure 60. Assuming that transformer 
operating conditions remain the same, the trend shows that the transformer has potentially an 
estimated service life of more than 50 years. 
 
For a typical sealed transformer the estimated service life is 50 years. Considering the average 
loading of the T4 transformer being only 12 MW so far, the expected service life of this transformer 
is greater than the design life. 
 

 
Figure 66 –T4 DPv trend, typical DPv and EOL DPv 
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5.1.10. Moisture in Insulation: 
 
Figure 67 shows a plot of the measured moisture content in oil as measured in oil samples, 
starting from 1992. It is relatively stable, being on average 4 mg/kg showing it has been managed 
well.   It is worthwhile noting that with increasing oxygen level and depending on silica gel quality 
in the breather, it can take a few years to detect increase in moisture level.   
 

 
Figure 67 – Moisture in oil 

 
The desiccant in the breather installed on the main tank conservator was in good condition as 
was the oil bath for particulate filtering of the incoming air. 
 
5.1.11. Transformer Bushings: 
 
Even though the HV & LV oil impregnated paper (OIP) bushings in porcelain housing appear to 
be serviceable, it is recommended to have these replaced within the next 10-15 years to reduce 
safety risk exposure at this site, especially as leaks have been present for a few years.  
 
5.1.12. Transformer Secondary Systems: 
 
Maintenance records to date do not show any abnormal secondary system issues emerging, 
however the AC control panel should be refurbished and updated with MCBs if the transformer is 
to remain in service for another 15-20 years. 
 
5.1.13. Mechanical Life: 
 
Since there was no internal active part inspection performed it is difficult to accurately ascertain 
the winding clamping or winding mechanical stability. However since the DP values are good and 
there is low moisture in insulation, there should be less deterioration in these active part 
parameters.  
 
This transformer has been subjected to a number of through faults over its service life. Whilst this 
type of information cannot be used to accurately assess the mechanical condition of the windings, 
it provides some relative feeling for mechanical stressing experienced by the transformer. The 
active part of this transformer should have the potential of lasting another 10 years. 
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1 Executive Summary  

A Condition Assessment (CA) of the four 90MVA 275kV transformers at H018 Tarong 
Substation identified transformers T1-T4, which have been in service for 26-36 years, as 
requiring reinvestment. The CA recommended replacement of all four transformers due to 
insufficient fault rating and limited life extension that could be achieved (reference 1). This 
planning report assesses the ongoing need of all four transformers, and proposes solutions to 
address the network driven requirements. These transfomers consist of: 

• T1, T4:  90MVA 275/132/19.1 kV supplies the Chinchilla feeder and its local load. Age, 
32 and 26 years respectively.  

• T2, T3: 90 MVA 275/66/11 kV supports the 66kV Tarong load (Energy Queenlsand, 
Tarong Energy, Pacific coal, Caboonbah, Kingaroy) as well the 11kV auxillary supply. 
Age, 36 and 35 years respectively. 

Planning studies have determined that T2 and T3 have an ongoing need to meet the supply 
requirements of Tarong 66kV and provide operational flexibility in the Tarong area. Transformer 
T1 and T4 are no longer critical to the network to meet the reliability obligations in the area, 
however their presence provides greater operational flexibility and assist with fault level control 
at Tarong. If T2 and T3 are replaced/uprated to a 40kA rating and T1 and T4 are removed, the 
current fault level control required at Tarong is void. There is a potential to radialise the 
Chinchilla load, as it can be fully supplied by Columboola and its 275kV network. Hence 
radialising Chinchilla from Columboola substation can be facilitated by the removal of the 132kV 
double circuit feeders between Chinchilla and Tarong. Grid Planning have investigated several 
alternative options, but they are not considered to be credible options from a technical and 
economic point of view. 

There is potential to use non-network support for the 66kV load, which includes Energy 
Queensland (EQ) and Tarong Power Station auxiliary supply, by supplying up to 40MW and up 
to 850MWh per day to meet the planning criteria. The Chinchilla load can be supplied from 
Columboola and hence a non-network solution for the T1 and T4 transformers has not been 
considered. 

2 Background 

Tarong Substation is located in the South West Queensland transmission network and is a 
critical part of the 275kV network supplying South East Queensland.  Tarong Substation links all 
the 275kV transmission circuits from the central and south west parts of the Queensland into 
the South East Queensland load centre and ensures power transfer capability to the load. 
Tarong substation is also the connection point for the Tarong and Tarong North base load coal 
fired power stations, and step down transformation point to supply local rural and mining loads. 

The Tarong Substation was established in conjunction with the Tarong Power Station in 1982. 
The substation consists of one switchyard of 275 kV operating voltage and one switchyard of 
132 kV and 66 kV operating voltages. Powerlink owns the 275kV, 132kV and 66kV assets on 
site (refer to Figure 3). Transformer T2 and T3 275/66/11 kV were commissioned in 1982 and 
1983 respectively; these transformers support the supply to the 66kV network. In terms of the 
voltage ratio, these transformers are unique in Powerlink’s network. T1 275/132/19.1 kV was 
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commissioned in 1986 and T4 275/132/19.1 kV was commissioned in 1992 to support the 
Chinchilla load off two 132kV feeders. 

Tarong area historically had higher forecasted loads than are currently being experienced in the 
area. Hence the substation itself has increased operational flexibility for outages and 
maintenance outages. It has multiple feeder pathways, which facilitate flows from the South 
West, QNI, Bulli, Surat, North, and Central West. This generation supplies the loads off Tarong 
and is the critical power transfer node in supplying South East Queensland (Moreton area) 
loads. The strength of the network at Tarong can now be used to support interest in renewable 
generation in the area. 

Since the commissioning of the 275kV network in the South West and Surat, F7168 and F7183 
between Tarong and Chinchilla are no longer critical to meet reliability in the area.  However, 
having this 132kV connectivity provides diversity of supply and operational flexibility to manage 
Tarong Substations 275kV fault level.  

2.1 Geographical Overview 

Figure 1 shows a geographical view of Tarong substations location within the South West area. 
The figure shows the existing 275kV and 132kV transmission networks in the area but omits the 
66kV distribution networks.  

Figure 1: Geographical view of the South West area transmission network 
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2.2 Existing Supply Arrangements 

The 275 kV switchyard at Tarong consists of two 275 kV busbars and is configured as breaker 
and half, with transformers T3/T4 and T1/T2 connected to 1 and 2 bus respectively. It consists 
of nine 275 kV diameters with twenty nine active bays, of which nine are coupler bays, fifteen 
feeder bays, and one capacitor bank bay.  There are two spare feeder bays.  All four power 
transformers are connected directly to the bus via two transformer bays (refer Figure 2 and 3). 

The 132kV and 66kV switchyards at Tarong Substation provide bulk supply for mining and 
Energy Queensland loads in the Kingaroy, Caboonbah areas of South West Queensland. 
These also provide the auxiliary supply to Tarong power station. The switchyard is comprised of 
two 132kV feeder bays, six 66kV feeder bays, two 66kV transformer bays and 66kV bus section 
breaker.  

 

Figure 2: Aerial view of Tarong Substation 
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Figure 3: Single line diagram of Tarong Substation 
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3 Load Forecast and Future Supply Requirements  

 The Tarong Substation supplies the 66kV loads at Tarong via two 275/66/11kV transformers T3 
and T2 (rated at 90 MVA each). Tarong Substation also supplies the Chinchilla load via two 
275/132/19.1 kV transformer T1 and T4 (rated at 90 MVA each). The 132 kV feeders between 
Chinchilla and Tarong, F7168 and F7183, are currently lightly loaded due to the strength of the 
surrounding 275kV network. Tarong Substation itself facilities the power flow from the South 
West and Central West areas to South East Queensland loads. 

Figure 4 shows Tarong load duration curves between 2013 and 2018. The curves indicate that 
the peak load at Tarong is experience approximately 1% of the year, and for the majority of the 
year the load is approximately 35MW. This graph depicts both the 66kV load at Tarong and the 
Chinchilla load off feeders 7168 and 7183. Figure 5 and Figure 6 shows the load duration 
curves for Chinchilla and 66kV loads separately, and highlights the peak loads are experienced 
approximately 1-2% of the year. 

Figure 7 shows the summer maximum demand forecast at the Tarong Substation and indicates 
a steady flat demand out to 2026. Both the 66kV EQ and Chinchilla load are represented, with 
future loads being ~40MW and ~20MW respectively. The load forecast for the 66kV network 
and Chinchilla is relatively flat for the 10 year period. There are no major additional loads 
proposed or committed in the Tarong region. Figure 7, shows the historical maximum demand 
peak was 66MW in 2016/17 and the lowest maximum demand was 36MW in 2010/11. 

The 66kV supplies to Tarong Power Station provide the auxiliary loads to the power station, with 
up to 38MVA required during machine start-ups. This is additional to the load forecast and 
needs to be considered for the proposed sizing of any new transformer. 

 

Figure 4: Load Duration Curve for Tarong Substation includes both 66kV and Chinchilla load 

 



Tarong Transformer Planning Report Replacement 
______________________________________________________________________________________________________________________________________ 

______________________________________________________________________________________________________________________________________ 

A3022824  PAGE 7 

 

Figure 5: 66kV Load Curve for Tarong Substation 

 

 

Figure 6: Chinchilla Load Curve for Tarong Substation 
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Figure 7: Maximum demand forecast for Tarong Substation includes both 66kV and Chinchilla load 

 

4 Transformer Rating and Fault level  

The four transformers at H018 Tarong Substation have a short circuit fault design rating of 
31.5kA, the maximum sustained current that the equipment can withstand, which is consistent 
with all primary plant originally installed at Tarong. However, subsequent replacement of 
primary plant has increased the short circuit fault design rating to 40kA. In 2019/20, the 275kV 
L-G short circuit current at Tarong was calculated to be in excess of 35.0kA, which exceeds the 
fault rating of the transformers. This is currently managed operationally for each pair of 
transformers as follows. 

1. 275/66kV Transformers T2 & T3: 

a. Intact, the design rating of the 275/66kV transformers is mitigated provided that 
both 66kV transformers are in service and the 66kV bus coupler is closed. Under a 
contingency event where one 66kV transformer is out of service however, there is a 
potential that the remaining in-service 66kV transformer rating will be exceeded for 
close in faults on the 66kV bus. This risk may be managed operationally by isolating 
the 275kV Tarong switchyard and back-feeding via the Chinchilla 132kV feeders 
(reference 2). 

2. 275/132kV Transformer T1 & T4 

a. Under N and N-1 condition, the Tarong fault level exceeds the design rating of the 
transformer. As there is no 132kV bus at Tarong, the coupling point is 130km away 
at Chinchilla, which is over 130km from Tarong, and a close in fault to the 132kV 
side of the transformer may be exposed to a through fault current higher than its 
rating. Under N condition, the transformer affected will see the full fault current as 
the contribution from the other transformer is over 130km away. 
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5 Transformer Asset Condition 

The Condition Assessment report (reference 1) has assessed the 275/132kV and 275/66kV 
transformers at Tarong in 2014 and the following findings are based on condition and age of the 
asset. 

All four transformers at Tarong, T1 and T4 275/132kV and T2 and T3 275/66kV, were found to 
have condition based drivers indicating a need for reinvestment in the next 5 years. Any life 
extension of the transformers would be constrained by the winding mechanical stability, which is 
not able to be addressed as part of any refurbishment. 

Catastrophic power transformer failure may cause financial costs, loss of supply, impact on 
safety of personnel and public and impact on the environment (fire, gasses, oil disposal, etc.). 
Furthermore, in the case of transformers with unique voltage ratios such as 275/66/11kV (T2 
and T3), spare replacement units may not be available and replacement of a failed unit may 
take up to 18 months to obtain. 

6 Other Considerations 

6.1 Renewable Connections  

A high number of renewable connection enquiries have been received in the area between 
Tarong, Chinchilla and Columboola. Should any of these projects proceed, there may be an 
economic and stakeholder consumer benefit to retain the Tarong to Chinchilla feeders, as well 
as reviewing the need for T1 and T4. There is also the potential to connect as a radial from 
either Tarong or Chinchilla substation, depending on the connection location. Currently there is 
no committed connections onto the Powerlink network in this area. 

6.2 Interaction with Chinchilla Projects 

Chinchilla’s primary plant and secondary systems has been identified as requiring reinvestment 
with the drivers being condition based, while the secondary systems have obsolescence based 
drivers for reinvestment. A potential reinvestment option is to reconfigure Chinchilla such that 
the transformers at Chinchilla are radially connected to Columboola, i.e. ‘transformer ended’. 
The needs date for the primary plant is 2024 and secondary systems needs date is 2026. The 
Chinchilla projects will directly impact and can act upon the need for the feeders between 
Chinchilla and Tarong, and the associated transformers T1 and T4. At this stage it is expected 
that the 132kV feeders between Chinchilla – Tarong would be mothballed. 
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7 Options Considered  

This section highlights options considered to address the above identified condition based 
issues and having the potential to meet the required reliability obligations to supply the Tarong 
load:  

1. Do nothing 
2. Extend transformer life (on site refurbishment) 
3. Replace four transformers in current configuration 
4. Replace T2 and T3 and decommission T1 and T4  
5. Three transformer arrangement (existing connections) 
6. Three transformer arrangement (132kV switchyard connection) 
7. Non-Network options 

A combination of the options may be a sustainable approach to benefit from the transformers 
useful life. 

7.1 Do Nothing  

Under Queensland legislation, Powerlink has the responsibility to plan for Queensland’s future 
transmission needs, including the interconnection with other networks. These planning 
obligations are prescribed by Queensland’s Electricity Act 1994 (the Act), the National Electricity 
Rules (NER) and Powerlink’s Transmission Authority, issued by the Queensland Government.  

The Transmission Authority requires that Powerlink plans and develops the transmission grid in 
accordance with good electricity practice, with regard to the value end users of electricity place 
on the quality and reliability of electricity services.  

The ‘Do Nothing’ is not an acceptable option as the primary drivers (asset age and condition) 
and associated safety, reliability and compliance risks would not be addressed. It is not 
consistent with good industry practice and Powerlink’s obligations to comply with the 
requirements of the Technical Rules of the NER and the Electricity Networks Access Code.  

The various legislative and regulatory instruments place obligations on Powerlink as a 
Transmission Network Service Provider (TNSP). The “Do Nothing” option over the long term 
would result in breaching those obligations and is thus unacceptable.  

7.2 Extend Transformer Life (On Site Refurbishment) 

The Condition Assessment report (reference 1) details methodology to address the issues 
identified on each transformer. One option is to undertake on site refurbishment, including 
painting and repair, to extend the life of each transformer for up to 10 years.   

Under this option all assets at Chinchilla, including primary plant, would require reinvestment. 
T1 and T4 life extension would align with the decommissioning of the Tarong – Chinchilla 132kV 
feeders, and hence can be removed simultaneously, while the Chinchilla load would be supplied 
from the 132kV feeders from Columboola. 
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This option does not address the inadequate design fault rating of the 275/132kV and 275/66kV 
transformers. Whilst it would facilitate the operational management of the Tarong fault level by 
back-feeding the 66kV load from Chinchilla until the feeders and associated transformers are 
decommissioned (reference 2), if there were any significant fault level injection then the fault 
rating may not be managed in the longer term. Also, the Condition Assessment identifies that 
the extent of any life extension is uncertain due to the inherent design of the winding clamping 
arrangement. 

Further consideration would also be required as to the configuration of Chinchilla, where it 
would be necessary to maintain a switched configuration to facilitate this option. 

7.3 Replace Four Transformers in Current Configuration 

This option replaces all four transformers at Tarong in a ‘like for like’ approach. 

There is an enduring need to maintain and facilitate the loads off the 66kV network, and for the 
next 10-15 years the Chinchilla loads. The forecast load at Chinchilla is approximately 20MW 
and the forecast 66kV load at Tarong is approximately 40MW, with minimal growth forecast for 
the next 10 years. The 132kV feeders to Chinchilla are a back-up to two 132kV feeders from 
Columboola to Chinchilla and are lightly loaded or are switched out to manage fault level at 
Tarong. 

Notwithstanding, Powerlink’s Planning Criteria specifies that the maximum load at risk must not 
exceed 50MW and no more than 600MWh of energy is to be lost at one time following a 
credible contingency event. To meet these criteria, there is a need for two transformers to 
support the 66kV load and two transformers to support the 132kV Chinchilla load. 

The current transformer arrangement is T1 and T4 275/132kV 90MVA connected to T2 and T3 
275/66/11kV 90MVA at 275kV. The transformers are then connected via circuit breakers 5432 
and 5422 to the rest of the 275kV yard. The design rating of any new transformers should 
match the Tarong Substation design rating of 40kA.  

This option is not currently justified, due to the lack of consistent load on the Tarong-Chinchilla 
132kV feeders, as Powerlink’s reliability of supply obligations at Chinchilla may be satisfied by 
the two 132kV feeders from Columboola. 

7.4 Replace T2 and T3 and Decommission T1 and T4 

This option considers the replacement of T1 and T4 to meet ongoing 66kV reliability obligations, 
while decommissioning T2 and T3. 

The feeders between Tarong and Chinchilla support the load at Chinchilla, of approximately 
20MW.  The 132kV feeders between Tarong and Chinchilla, F7168 and F7183, are proposed to 
be decommissioned in approximately 10-15 years and may be mothballed ahead of 
decommissioning. These feeders are typically switched out to manage fault level at Tarong. 

By moth-balling or decommissioning the Tarong-Chinchilla 132kV feeders, Chinchilla Substation 
would be supplied radially from Columboola Substation and its strong 275kV network. From a 
planning perspective, if this scenario is implemented, there is no requirement for T1 and T4 
transformers, and Chinchilla substation could be reduced to a transformer ended configuration.  
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T2 and T3 66kV 90MVA transformers would be replaced with new transformers to comply with 
the Tarong Substation design fault rating of 40kA. 

7.5 Three Transformer Arrangement (Existing Connections) 

This option considers the removal of one 275/132/19.1kV transformer, and the retention of the 
remaining three transformers. 

Figure 8. Tarong proposed arrangement with 3 transformers 

The Chinchilla load can be supplied from Columboola substation; hence the planning criteria 
that no more than 600MWh of energy be lost at any one time will not be affected during the time 
of maintenance or outage of the 275/132/19.1kV transformer. This option has minimal changes 
to the existing substation arrangement, but requires reinvestment in three 275kV connected 
transformers and works to parallel the existing 132kV feeders between Tarong and Chinchilla.   

By paralleling F7168 and F7183 between Tarong and Chinchilla, rather than removal of these 
feeders, this option allows for operational flexibility to manage fault level issues at Tarong 66kV 
switchyard. Further consideration would be required as to the configuration of Chinchilla, where 
it would be necessary to maintain a switched configuration to facilitate this option. 

This option exceeds Powerlink’s reliability obligations at both Tarong and Chinchilla and 
requires additional reinvestment over and above option 4. 
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7.6 Three Transformer Arrangement (132kV Switchyard Connection) 

This option proposes the retention and reinvestment in three transformers at Tarong, and 
reconfiguration of Tarong Substation to include a 132kV switchyard. 

  

Figure 9. Tarong 132kV substation arrangement with 3 transformers 

The network configuration comprises of one 275/132kV minimum 250MVA rated transformer, 
which is required to support a 132kV Tarong switchyard. From the 132kV switchyard, two 
132/66/11kV, minimum 90MVA, transformers are required to supply the 66kV switchyard and 
load, including auxiliary supply to Tarong Power Station. 

For an outage of the proposed 275/132kV single transformer, which would isolate the 275kV 
switchyard from the 66kV, the 66kV load would be supplied by the 132kV Chinchilla feeders 
through the 132/66kV transformers. All transformer ratings should match the Tarong Substation 
design fault rating of 40kA. 

This option exceeds Powerlink’s reliability obligations at both Tarong and Chinchilla and 
requires additional reinvestment over and above option 4. 

7.7 Non-Network options 

Tarong Substation is the sole point of supply for the 66kV loads. It also supplies the 132kV 
Chinchilla load but this load can be fully supplied by Columboola Substation, hence a non-
network solution to avoid the reinvestment in the 275/132kV Transformer T1 and T4 has not 
been considered. 

Non-network T2 and T3 275/66/11kV options are: 

1. No transformers – the full 66kV load supplied by a non-network solution 
2. Existing single transformer at 90MVA capacity – with a non-network solution 
3. New single transformer with reduced capacity – with a non-network solution 
4. Existing arrangement with adequate rating 
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A non-network option that avoids replacement of the 275/66KV transformers T2 and/or T3 
would need to replicate the existing functionality, capacity and reliability on an enduring basis at 
a cost that is lower than the network options currently under consideration. A non-network 
solution to supply the 66kV load would need to ensure the load is supplied, specifically by 
considering the transformer size and configuration, such as complete non-network support or a 
transformer configuration to supply the 66kV yard and non-network support.  

With no transformers to supply the 66kV load, the non-network solution must provide up to 
40MW and up to 850MWh per day on an ongoing basis to meet the Powerlink’s planning 
criteria. Powerlink has an obligation to supply Tarong auxiliary, up to 38MVA, and supply would 
need to be available to accommodate this. 

For the options where a single transformer is considered, the requirement for a non-network 
solution is up to 40MW and up to 850MWh per day for the duration of any (planned or 
unplanned) outage. Any generation solution would require to be online within 6 hours of any 
outage occurring to comply with Powerlink’s planning criteria. The obligation to supply Tarong 
auxiliary power of up to 38MVA would also require a non-network solution. 

8 Conclusion 

This planning report has investigated the enduring need for Tarong Substation 275kV 
transformers. This study was undertaken in response to a Condition Assessment that identified 
that reinvestment was required in the four transformers at Tarong, to either life extend or 
replace the transformers. 

Planning studies found that there is a need for the transformers at Tarong to supply the 66kV 
load to ensure that Powerlink continues to meet its reliability and security obligations. The load 
at Chinchilla Substation can be fed through the 132kV network from Columboola, and hence 
when T1 and T4 reach end of life, they can be removed with the feeders between Tarong and 
Chinchilla moth-balled. 

This report assessed the need for each transformer, options of retaining the existing 
transformers, options of replacement of the transformers and non-network support options by 
reviewing multiple scenarios and how best to support the Tarong loads. 

Consequently, this report recommends the replacement of T3 and T4, and the decommissioning 
and removal of T1 and T4. This option satisfies Powerlink’s ongoing reliability and security 
obligations whilst minimising work at Tarong Substation and facilitating the reconfiguration of 
Chinchilla Substation to a transformer end connection, hence reducing the replacement 
requirements at Chinchilla Substation. 

9 References 

1. “Tarong Transformers Condition Assessment Report”, Powerlink, A1943068, 2014. 
2. “Options to Mitigate the impact of increased Fault levels on the 275/66kV and 275/32kV 

Transformers at H018 Tarong Substation ”, Powerlink, A1499449 
3. Transmission Annual Planning Report  2018 



Version 1.0  Page 1 of 7 
 

 
 
 

Base Case Risk and Maintenance Costs 
Summary Report for Reset 

 
CP.02584 Tarong Transformers Replacement 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Version Number Objective ID Date Description 
1.0 A3372262 03/06/2020 Original document. 

 

 

 

















 CP.02584 Concept 
 Version 1 

Network Portfolio | Project Scope Report 
Obj: A4373330 | 24 January 2020 

Page 2 of 7 

Project Contacts 

 
Project Sponsor   
Connection & Development Manager   
Strategist – HV/Digital Asset Strategies   
Planner – Main/Regional Grid    
Manager Projects tba Ext.  
Project Manager tba Ext.  
Design Coordinator tba Ext.  

 

Project Details 

1. Project Need & Objective 

Tarong Substation is a 275/132/66kV substation in the Surat Basin North West Area, 
approximately 90km north of Toowoomba. The substation was built in 1982. A condition 
assessment recommends replacement of the 275/66kV and 275/132kV transformers 

The Tarong Area Plan Strategy proposes to convert Chinchilla Substation to a transformer 
ended substation supplied from Columboola. Under this network toplogy, the 275/132kV 
transformers and associated bays at Tarong will be decommissioned. Estimates for 
options to replace the transformers with and without the Tarong to Chinchilla 132kV 
transmission line in service is required to inform an economic analysis for the Tarong Area 
RIT-T.  

The objective of this project is to replace the Transformers at Tarong Substation by 2024. 

2. Project Drawing  

Figure 1: Geographic location of Tarong Substation 



 CP.02584 Concept 
 Version 1 

Network Portfolio | Project Scope Report 
Obj: A4373330 | 24 January 2020 

Page 3 of 7 

 

Figure 2: H018 Tarong single line diagram 
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• Decommission and recover all redundant equipment, and update drawing records and 
SAP records accordingly. 

3.1.2. Telecoms Works 

Not applicable 

3.1.3. Easement/Land Acquisition & Permits Works 

Easement rights and approvals must be considered with the Property team.  

3.2. Option 2 – Chinchilla Transformer Ended 

The following scope presents a functional overview of the desired outcomes of the project.  
The proposed solution presented in the estimate must be developed with reference to the 
remaining sections of this Project Scope Report, in particular Section 6 Special 
Considerations. 

Briefly, the project consists of the replacement of transformers T2 and T3 per the existing 
arrangement. Transformers T1 and T4 will be decommissioned and dismantled under a 
separate operational project.  

3.2.1. H018 Tarong Substation Works 

Design, procure, construct and commission replacement of T2 and T3 275kV transformers 
as follows: 

• Replace transformers T2 and T3 with new 275/66/11kV transformers rated at 100 MVA 
and capable of withstanding fault current of 40 to 50kA on 275kV bus bar. 

• Connect 5T and 6T Station Transformers to the tertiary bushing of the new T2 and T3 
275/66/11kV transformers. 

• Review and update the following equipment associated with the transformer bays as 
required: 

 transformer foundations and enclosures; 
 oil containment system; 
 overhead earth wire rating and shielding; 
 earth mat and portable earthing attachment points; and 
 strung bus and dropper conductors including performed terminations. 

• Decommission and recover all redundant equipment, and update drawing records and 
SAP records accordingly. 

3.2.2. Telecoms Works 

Not applicable 
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3.2.3. Easement/Land Acquisition & Permits Works 

Easement rights and approvals must be considered with the Property team.  

3.3. Key Scope Assumptions 

The following assumptions should be included in the estimating of this scope: 

• The decommissioning of Tarong –Chinchilla 132kV feeders 7183 and 7168 is the 
subject of project CP.0 2170 Chinchilla Substation Replacement for the initial 
mothballing of this line and subsequently OR.02412 Tarong Chinchilla 132kV 
Decommissioning. 

3.4. Variations to Scope (post project approval) 

Not applicable 

4. Project Timing 

4.1. Project Approval Date 

The anticipated date by which the project will be approved is 30 June 2021. 

4.2. Site Access Date 

Tarong Substation is an existing Powerlink site. Access is already available. 

4.3. Commissioning Date 

The latest date for the commissioning of the new assets included in this scope and the 
decommissioning and removal of redundant assets, where applicable, is 30 June 2024.   

5. Special Considerations 

Not applicable 

6. Asset Management Requirements 

Equipment shall be in accordance with Powerlink equipment strategies. 

Unless otherwise advised  will be the Project Sponsor for this project.  The 
Project Sponsor must be included in any discussions with any other areas of Investment & 
Planning. 

 will provide the primary customer interface with Energy Queensland.  The 
Project Sponsor should be kept informed of any discussions with the customer. 

7. Asset Ownership 

The works detailed in this project will be Powerlink Queensland assets. 
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1. Executive Summary 
• Project background 
A condition assessment of the 275/132/66kV Tarong Substation recommends the replacement of the 275/66kV 
and 275/132kV transformers.  
Since the Tarong Area Plan Strategy proposes to convert Chinchilla Substation to a transformer ended substation 
supplied from Columboola, the 275/132kV transformers and associated bays will be decommissioned. This leads 
to two main options for this project. Either Powerlink retains the existing arrangement (replacing T1, T2, T3 and 
T4) or the Chinchilla Substation is transformer ended (replacing T2 and T3).  
This Project Management Plan will be used initially as the Project Proposal document. As a result of this, some 
information is not yet known and will be marked as ‘TBD’ (To Be Determined) throughout the proposal stage. 
• Project objective 
The objective of this project is to replace the Transformers at Tarong Substation by 30/06/2024.  
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2.1.1.4 Revenue Metering 
The project excludes the modification/replacement of revenue metering. 

2.1.1.5 Easement/Land Acquisition & Permit Works  

• Not Applicable 
2.1.1.6 Other Project Works 

• Not Applicable 
2.1.2 Exclusions 
Exclusions as follow: 

• The design of any modification to existing roads and gates to provide access suitable for the removal and 
replacement of the transformers;  

• The design of noise and fire walls. 
• Allowance for unexpected ground conditions such as rock or unsuitable material; 
• Non-standard foundations; 
• Any work outside of normal working hours;  
• Dealing with unidentified asbestos; 

2.1.3 Assumptions 
Assumptions as follow: 

• The project pricing assumes an exchange rate of AUD $0.65 : USD $1. 
• Availability of site access for works as required; 
• Internal design, contractor design and MSP resources are available as required; 
• Existing ground conditions are suitable for the construction of standard foundations; 
• Contractor spoil can be spread on site adjacent the substation pad; 
• The decommissioning of Tarong – Chinchilla 132kV feeders 7183 and 7168 is the subject of project 

CP.02170 Chinchilla Substation Replacement for the initial mothballing of this line and subsequently 
OR.02412 Tarong Chinchilla 132kV Decommissioning; 

• The final set of transformer drawings and final specifications for the transformers are available to Civil 
Design prior to commencing any design;  

• New concrete foundations will be required for the new transformers; 
• A suitable location for the new Spel Oil Separation tanks can be found in close proximity to the new 

transformers and within the existing fenced yard. It is assumed that no extra platform area or fencing is 
required;  

• The existing roads, gates, access, etc. are suitable for the removal and replacement of all of the 
transformers; 

• It is assumed that no new site survey is required. All equipment will be set out relative to existing equipment; 
• A geotechnical investigation will be required to determine soil design parameters for the design of the 

transformer foundations. Additional geotechnical investigation may be required after demolition of the 
existing foundations to confirm properties;  

• Civil Design has allowed in the estimate for only 6 site visits during design/construction;  
• Transformers 1, 2, 3 and 4 shall be replaced in-situ for Option 1.  
• Existing cabling to transformers cooler control boxes shall require replacing.  
• Existing station service transformers will not be physically moved under Option 1; 
• Suitable Protection class VTs are used where VT replacements are required; 
• Replacement breakers will be a dead tank arrangement with toroidal CTs on either side; and 
• Where CTs are replaced with DTCBs, equivalent ratios are available and of suitable specification. 
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3. Option 2 – Chinchilla Transformer Ended  

3.1 Project Description  
3.1.1 Project Scope 
This project consists of the replacement of transformer T2 and T3 per existing arrangement.  

The works detailed in this project will be Powerlink Queensland assets.  

3.1.1.1 H018 Tarong Substation Works 
Design, procure, construct and commission replacement of T2 and T3 275kV transformers as follows: 

• Transformers T2 and T3 with new 275/66/11kV transformers rated at 100MVA and capable of withstanding 
fault current of 40 to 50kA on 275kV bus bar.  

• Connect 5T and 6T Station Transformers to the tertiary bushing of the new T2 and T3 275/66/11kV 
transformers. 

• Review and update the following equipment associated with the transformer bays as required: 
o Transformer foundations and enclosures 
o Oil containment system 
o Overhead earth wire rating and shielding  
o Earth mat and portable earthing attachment points 
o Strung bus and dropper conductors including performed terminations.  

• Decommission and recover all redundant equipment, and update drawing records and SAP records 
accordingly.  

3.1.1.2 Transmission Lines / Transmission Lines Refit 
• Not Applicable  
3.1.1.3 Telecommunications 
• Not Applicable  
3.1.1.4 Revenue Metering 
The project excludes the modification/replacement of revenue metering. 

3.1.1.5 Easement/Land Acquisition & Permit Works  

• Not Applicable 

3.1.1.6 Other Project Works 
Other categories of project works as follow: 

• Nil. 
3.1.2 Exclusions 
Exclusions as follow: 

• The design of any modification to existing roads and gates to provide access suitable for the removal and 
replacement of the transformers;  

• The design of noise and fire walls. 
• Allowance for unexpected ground conditions such as rock or unsuitable material; 
• Non-standard foundations; 
• Any work outside of normal working hours;  
• Dealing with unidentified asbestos; 
• The decommissioning of Tarong – Chinchilla 132kV feeders 7183 and 7168 – initial mothballing included in 

project CP.02170 Chinchilla Substation Replacement and decommissioning subsequently in OR.02412 
Tarong Chinchilla 132kV Decommissioning; and 

• The decommissioning and removal of T1 and T4 – these to be included in separate operational project. 

 
















