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1. SUMMARY
On 13 February 2014, the Department of Fire & Emergency Services (DFES) notified EnergySafety
that a pole-top fire, on one of Western Power’s poles in its rural network, had occurred in a paddock at
494 Browne Road, Nyabing, East of Katanning.
Burning embers from the CCA-treated pine power pole had fallen to the ground and ignited the dry
grass at the base of the pole causing a fire.
The pole-top fire was the result of heat generated by an electric current leakage across a high-voltage
(HV) insulator, which caused the power pole to ignite and burn. The pole burnt through and the
insulator, 19.1kV high voltage conductor and associated earth/return conductor fell. They were held
suspended above the ground by the HV insulators on the adjacent poles on either side and remained
energised.
The owner was not at the property at the time. A neighbour noticed smoke from the grass fire, drove
onto the property and attempted to extinguish the fire with the assistance of two persons, both sitting
in the tray of his open utility vehicle.
The vehicle was fitted with fire-fighting equipment. Due to the smoke in the area at the time, the
neighbour did not notice the HV conductors suspended above the ground and drove into them. The
two persons standing in the tray of the utility vehicle came in contact with the live 19.1kV conductor
and associated earth/return conductor and received serious burns. Both were airlifted to Royal Perth
Hospital by Rescue Helicopter.
Western Power attended the accident scene and isolated the electricity supply to the HV power line.
The fire burned ten hectares of farm land.
EnergySafety’s investigation revealed evidence that the insulator had lost its property of
hydrophobicity. Hydrophobicity prevents water forming streams as it flows over the insulator
surface and instead forms isolated droplets which do not cause a conductive path for
electricity.
This hydrophobicity, attributable to the smooth surfaces of the insulator had
degraded and largely disappeared within two years of being in service.
Western Power has confirmed to EnergySafety that it is examining its insulator and pole-top design for
future installations. It is also testing methods to improve the insulating properties of the insulators
already in service.
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Figure 1 - Photograph obtained from Google Maps edited to indicate area and direction of
grass fire and skid marks where the utility vehicle contacted a fallen power line.
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2. EXAMINATION AND TESTS
EnergySafety investigators arrived on site at approximately 1800 hours on 13 February 2014.
A Western Power crew were already present and the power line had been isolated and earthed.

2.1 Power Line
The single-phase overhead power line operated at 19.1kV. It is part of Western Power’s distribution
system reticulating power to the rural area of Nyabing. The power line comprises wood power poles
with a single-phase conductor supported by an insulator mounted on top of each pole. A second
conductor is attached to the side of the pole approximately 1200mm below the active conductor. This
second conductor serves as a combined neutral and earth return for the single-phase system.

2.2 Site Inspection
On inspection of the fire scene, EnergySafety inspectors found:
•

Located within the area of fire origin was a CCA-treated pine power pole with its top section,
approximately 800mm, burnt off.

•

Approximately 100cm from the base of the pole and at the edge of the burn pattern the burnt
remains of the top of the power pole were found with the riser bracket of the insulator still
connected. The HV phase conductor was attached to the insulator and held above the ground.

•

The earth/return conductor, insulator and mounting bolt were hanging on the opposite side of
the power pole and suspended off the ground (Figures 2 & 3).

•

At a location 32 metres away from the burned pole were two vehicle skid marks in the dry
grass. The skid marks, each approximately 6m long, originated just before and extended just
beyond the location where the low hanging conductors were suspended at heights of
approximately 90cm (neutral/earth return) and 180cm (active-phase 19.1kV) from the ground.

•

EnergySafety investigators returned to site at approximately 0900 hours on 14 February 2014.
Further examination of the utility vehicle found arcing marks at multiple locations at a height of
approximately 180cm on the top steel bar of the utility tray just below the cab.

5

Figure 2 - Photograph taken by EnergySafety on 13 February 2014 showing burnt WP pole top
and, cycloaliphatic insulator with 19.1kV phase conductor attached behind pole NY76/365/38
and running earth conductor in the foreground.
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Figure 3 - Photograph taken by EnergySafety on 13 February 2014 showing burnt WP pole-top
and cycloaliphatic insulator with 19.1kV active-phase conductor suspended off the ground at
base of pole. The neutral/earth return conductor is also shown.

2.3 Evidence Removed from Site for Examination
The remains of the top of pole NY76/356/38, including the cycloaliphatic insulator and sections of
conductor that made contact with the vehicle were collected as evidence and transported to Western
Power’s headquarters in Wellington Street, Perth, where they were examined further by EnergySafety
inspectors.
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3. INVESTIGATION
3.1 The Incident
On the morning of 13 February 2014, light drizzly rain caused leakage current to flow across the poletop insulator, generating heat sufficient to ignite the top section of the pine pole. There is no evidence
of the insulator flashing over. This is a relatively new installation. The pole was installed on 7
February 2012. The pole top fire burnt away the top section of the pole, resulting in the phase and
running earth overhead conductors falling and being suspended off the ground, supported by adjacent
poles on each side.
There was no evidence of the conductors coming into contact with each other or the ground when they
fell. Consequently, there was no electrical fault on the power line to operate the protection system.
One of the conductors was energised (19.1kV) when the vehicle and its occupants made contact with
it. The vehicle contact did not cause sufficient current flow for the protection to operate. The
powerline was subsequently de-energised by Western Power.
Electrical protection systems are designed to detect abnormally high current flows, such as those
which occur under short-circuit and overloading fault conditions. In this case, the contact with
occupants on the vehicle did not draw a high enough current to operate the protection system.

3.2 Pole Design
Pole-top fires result from leakage currents generating sufficient localised heating to ignite the timber.
Western Power’s pole-top design incorporates metallic dispersion plates installed to manage these
leakage currents.
Dispersion plates spread the leakage currents over a larger area of timber to eliminate concentration.
However in this incident, the dispersion plates were not effective.

3.3 Pole Top Insulator
The cycloaliphatic polymer insulator involved was recovered for detailed laboratory examination.
Investigation of its hydrophobicity and insulation properties at the National Measurement Institute High
Voltage Laboratory in NSW found it had lost almost all of its hydrophobicity over its short service life.
Laboratory tests confirmed a loss of hydrophobicity causes significant increase in leakage currents
when the insulator is wet.
The property of hydrophobicity prevents water streaming over a surface. Instead, it forms
isolated droplets which do not cause a conductive path for electricity.
Laboratory tests by Microanalysis Australia confirmed there had been significant deterioration of the
insulator’s external sheds compared with a new insulator.
A similar cycloaliphatic polymer insulator taken from pole NY76/356/39, one span from pole
NY76/356/38, was also tested. The test showed that it too had suffered similar degradation to the one
involved in the fire but the pole, in this case, did not catch fire nor was there any evidence of tracking
burn marks on it.
Both poles were of similar age, operated in similar environmental conditions and incorporated the
same design. The only difference was that pole NY76/356/39 was CCA-treated hardwood and pole
NY76/356/38 (which caught fire) was CCA-treated pine.
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Chemical analysis of the two in-service insulators showed that isolated particulate material was found
on the surface of the samples. The seam located vertically along the centre of the insulators was
observed to contain a higher concentration of particulates.
Particulate material was extracted from the seams and was found to contain silicon and oxygen, with
localised areas of sodium and chlorine. This appears to indicate the presence of silicate minerals
and/or degraded particulate silicone polymer from the structure of the insulator.
Attachment A details an engineering analysis of the insulator testing and pole top design.
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4. WEATHER
The following weather details were provided by the Bureau of Meteorology for 13 February 2014.

4.1 Katanning, Western Australia Daily Weather Observations

Temperature
o

18.2 C

Temperature
o

26.8 C

At 9am
Wind
Direction
Speed
ESE
22km/h

Relative
Humidity

At 3pm
Wind
Direction
Speed
SE
20km/h

Relative
Humidity

72%

40%
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5. WESTERN POWER’S INVESTIGATION REPORT
Western Power, under the Electricity (Supply Standards and System Safety) Regulations 2001, was
required to investigate and provide a report to EnergySafety.
Western Power’s investigation concluded that:
•

the cause of the pole-top fire was the flow of electrical energy from leakage currents through
conductive paths at the top section of the pole, generating sufficient heat to ignite or char the
combustible pole material;

•

the pole-top fire resulted in the insulator and associated equipment falling to the ground. The
19.1kV single-phase overhead conductor and running earth conductor remained suspended
1.8 to 1.2 metres above the ground, respectively, supported by the adjacent Western Power
poles; and

•

the insulator had lost its hydrophobicity characteristics.
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6. CONCLUSION
From the available evidence, EnergySafety concludes that the electrical accident is attributable to a
pole-top fire which originated from a CCA-treated pine pole in Western Power’s rural network. The
pole was installed on 7 February 2012.
Light drizzly rain on the morning of 13 February 2014 caused enough leakage current to flow across
the pole-top insulator to ignite the pole. The fire burnt away the top section of the pole resulting in the
phase and running earth overhead conductors falling. They were suspended off the ground by the
adjacent Western Power poles on each side. The pole-top fire ignited a paddock fire.
When the conductors were dislodged and fell, there was no evidence of them coming into contact with
each other or the ground. For this reason there was no electrical fault on the power line to operate the
electrical protection.
The conductors remained energised when a vehicle and its occupants made contact with them. The
contact did not cause sufficient current to flow for the circuit protection to operate.
The solid moulded cycloaliphatic polymer insulator on the 19.1kV single-phase overhead power line
had deteriorated over the two years it has been in service.
Investigation of the hydrophobicity and insulation qualities of the cycloaliphatic insulator at the National
Measurement Institute High Voltage Laboratory found that the insulator had lost almost all of its
hydrophobicity over its short service-life. The deterioration resulted in a loss of hydrophobicity
properties of the insulator sheds, producing increased levels of leakage currents when wet.
The pole-top design incorporated metallic dispersion plates installed to diffuse leakage currents. The
method failed in this instance. Management of leakage current in this manner alone decreases
but does not completely eliminate the risk of a pole-top fire.
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7. RECOMMENDATIONS
As a result of this investigation, EnergySafety recommends that Western Power should review:
a) Similar installations and implement maintenance strategies to mitigate the risk of further
incidents involving similar insulators currently in service; and
b) Its design and HV pole-top configurations to ensure they can accommodate leakage current
levels likely to occur, without causing fires.
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ATTACHMENT A
INSULATOR TESTING AND POLE DESIGN CONFIGURATION
Testing has been carried out on the insulator recovered from the Nyabing incident and on a sample of
other insulators, both new and recovered from service, for comparison purposes.
Insulator type: EMC Pacific 1100 Series Hydrophobic Line Post Insulator. Moulded solid core
Permanent Hydrophobic Cycloaliphatic Epoxy Resin (PH-CEP), product number LPI-1100 PH-CEP.
The testing was carried out on 14 April 2014 and 30 June 2014 at the Australian Government National
Measurement Institute, High Voltage laboratory Lindfield, NSW. Later, surface examination took
place at the Microanalysis laboratory in Victoria Park, WA. There was also surface testing carried out
by the ChemCentre on behalf of Western Power on the insulator involved and a site sample of similar
age. This testing was useful but not of a comparative nature and did not quantify the contaminants
found on the surface.
The following is a summary of the findings:
1. All of the insulators tested performed to the Australian Standard with regard to their abilities to
carry out their function as voltage insulating components. The Australian Standard on insulator
testing focuses on voltage-withstand capability but does not prescribe allowable levels of
leakage currents.
2. Tests on the in-service solid moulded cycloaliphatic insulators recovered showed a high level
of leakage current compared with an unused unit, particularly under wet conditions.
3. The surfaces of the in-service cycloaliphatic insulators had deteriorated and lost almost all their
hydrophobic characteristics and became hydrophilic. These insulators (which were tested)
have been in-service for about two years.
4. The leakage currents, at any of the operating voltages (6.5kV, 12.7kV and 19.1kV), for the
cycloaliphatic insulators, increase with the decrease in hydrophobicity and these currents
increase further when the insulators are wet.
5. The cycloaliphatic insulator is a polymer containing silica-based particulate filler. However the
top surfaces of the insulator sheds have a filler-free layer. The underside of the insulator
sheds does not have this filler free layer. There was identifiable deterioration on the top sides
of the filler-free layer of in-service cycloaliphatic insulator sheds. Literature reviews indicate
accelerated deterioration of these types of polymers occurs where there is exposure to ultraviolet light from ambient solar radiation, corona and dry-band arcing.
6. There were no detectable chemical changes in terms of bond structure of the in-service
cycloaliphatic insulator. However, the surface “roughness” showed a doubling compared with
a new insulator, which will cause moisture trapping. Increased levels of roughness were
evident on the underside of the insulator sheds of the insulator. Hence the in-service insulator
had lost hydrophobicity on both the underside and on top of the sheds.
7. In an overhead power line with timber components, such as the pole itself or a timber crossarm, any leakage current across an insulator will pass through the timber. Leakage currents
will be concentrated at metallic components in contact with the timber, usually bolts through the
timber. These concentrated leakage currents in the metal components can provide sufficient
14

localised heat energy to cause wood fibre ignition. The amount of leakage current passing into
the timber is determined by its conductivity.
8. Timber conductivity varies according to the moisture content, timber age and the presence of
chemical treatment. The variation is non-linear. Literature reviews indicate that chromatedcopper-arsenate (CCA) preservative does lower the electrical resistance of timber. Under
normal dry weather conditions, electrical resistivity is relatively high. However when the surface
of timber poles become wet, the resistivity levels significantly reduce. Increased conductivity
will allow the flow of higher levels of leakage current.
9. Pole-top designs need to accommodate any leakage currents which can track across
insulators. These currents can increase in the presence of accumulated contamination, surface
moisture and any age deterioration of the insulator’s surface. The design should allow for any
elevated levels of leakage current leaching into the pole timber without causing the timber to
ignite.
10. Use of bonding, shunts and dispersion plates are measures to avoid leakage current
concentration in the wood components of a power pole.
11. Experience has demonstrated that, at best, dispersion plates can only accommodate very low
levels of leakage current and do not, on their own, prevent pole-top fires.
12. Where these cycloaliphatic insulators are used in three-phase configurations and, the design to
manage leakage currents requires the metallic bases of the insulators to be bonded, there is
less likelihood that the leakage currents will be transferred into the wood components. The
only leakage current passing into the wood pole will be that generated by any neutral offset
voltage from the three phase system. Leakage current transferring to the wood can also occur
if one or two insulators exhibit different levels of leakage current.
13. Where these cycloaliphatic insulators are used in single-phase constructions and bonding is
not applied between the metallic insulator base and the running earth, all of the leakage
currents will be transferred into the wood pole. If these leakage currents are of sufficient
magnitude, particularly under wet conditions, and wood conditions are favourable, a pole-top
fire is likely to occur. The attachment bolts will concentrate these currents creating localised
heating and thus increasing the likelihood of fire ignition.
14. The voltage of operation is also important. The higher the voltage, the greater the leakage
current, the more likely a pole-top fire can occur.
15. At the Nyabing incident, there were three adjacent poles in the area of the fire using the same
type of cycloaliphatic insulators and the same construction type. All poles were approximately
the same age and had been chemically treated with chromated-copper-arsenate (CCA)
preservative. Two of the poles were hardwood poles (Blackbutt and Spotted Gum) and the
third was a Radiata Pine softwood pole. Under wet weather conditions, the CCA-treated
softwood pole became conductive and caught fire at the bolt connecting the running earth
conductor to the pole. The hardwood poles, on the other hand, did not exhibit any external
signs of burning. An internal examination of the timber bolt holes at the running earth may
show evidence of heating, but this has not been confirmed.
16. The Nyabing incident and a similar incident reported by Western Power in the Geraldton
district, suggest that single-phase power lines, using deteriorated cycloaliphatic insulators on
CCA treated softwood poles operating at 19.1kV with no bonding were more vulnerable to the
initiation of a pole-top fire.
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