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ABSTRACT 

The safety of large birds when perched on the poles of 

overhead medium voltage powerlines is explored, 

particularly when birds may make contact between a 

phase conductor and the top of a woodpole. The results 

of wood resistance and pole-top voltage measurements 

are used to provide an estimate of the minimum woodpole 

resistance that can be tolerated. The effect of wetting is 

also included. It is concluded that the risk of 

electrocution is low under dry conditions, but that the 

risk is increased in rainy conditions. The overall risk is 

low, which is borne out by the very few reported cases of 

such electrocutions. Even so, mitigation measures, such 

as conductor covers, may be required in certain areas 

where there is known to be a problem. Pole age may be 

used, together with other factors, to prioritise structures 

for mitigation. Structure designs preventing both contacts 

using a bird’s body may also be considered. 

INTRODUCTION 

The safety of large birds such as eagles and vultures 

when perched on the poles of overhead medium voltage 

(MV) woodpole powerlines is explored. Electrocution 

may be in phase-to-phase or phase-to-earth mode, since 

the wing span of such birds is comparable with typical 

clearances at these voltages. The former refers to the 

situation where a bird makes contact with two energized 

parts simultaneously and the latter refers to cases where 

the bird makes contact with a phase conductor and an 

earthed object. Phase-to-earth mode is focused on here. 

The reason for performing this work is that while several 

mitigation measures are available in principle, their 

implementation must not result in increased risks in other 

ways, and must be practical and cost-effective to 

implement. 
 
Prevention of phase-to-phase electrocution is well 

understood and may be achieved by placing the outer 

phase conductors below a cross-arm, thereby preventing 

the bird’s wings from touching more than one phase 

conductor at a time. The centre-phase conductor may also 

be shielded with an insulating cover. Some challenges 

with these covers have been reported by other authors [1]. 

Phase-to-earth bird electrocution on conductive 

structures, such as those made from steel, is also well 

understood. 

 
Some cases of electrocutions between a phase conductor 
and a sufficiently conductive woodpole have also been 
reported [2], but these electrocutions are not as well 
understood, including the effect of changes in woodpole 
impedance with age, seasons and weather and the 
contribution of the impedance of the birds. 
 
Phase-to-pole bird electrocution is investigated in this 

paper by evaluation of the woodpoles on operational 

networks in dry conditions and in moist coastal areas 

over several seasons. This shows how the resistance of 

these poles changes over time, and indicates the level of 

current that would flow should a bird make contact with 

both the woodpole and a phase conductor. The results 

include the effect of rain (surface wetting), which 

substantially decreases the resistance. The voltage of the 

bonding on a cross-arm with respect to the phase 

conductors was measured on a structure in an open-air 

test site (at full voltage) under varying weather conditions 

to illustrate the likely voltage that birds would be exposed 

to when sitting on a woodpole structure. Finally, an 

acceptable level of wood resistance is proposed, based on 

IEC standards. This is compared to the measurements 

above. 

WOOD RESISTANCE MEASUREMENTS 

These tests were performed in two locations in South 

Africa: near the coast line of the Eastern Cape Province, a 

relatively moist area, and in the semi-arid Karoo region in 

the interior. Only the Eastern Cape results are included 

here, for brevity. These are plotted in Fig 1 for March 

(the end of the normal rainy season) and August (the 

second half of the normal dry season). The main 

difference between the two sets of measurements is that 

there were fewer poles in the lower resistance range (less 

than 1 MΩ) in the August measurements. 
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A large drop in resistance was found when the same poles 

were wetted with water (to illustrate the effect of rain). A 

third of the circumference of the 500 mm gap was wetted. 

The results are plotted in Fig 2, and show a drop of two 

orders of magnitude in the resistance of the wood surface. 

A larger drop can be expected if the entire gap is wet. 

Results for the Karoo may be found in [3]. 

 

 

 

 
 

 
 

Fig 1: Wood resistance measured across a 500 mm gap on woodpoles of operational networks in the Eastern 

Cape region of South Africa – March 2016 (above) and August 2016 (below) [3] 
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POLE-TOP VOLTAGE 

Three three-phase structures were tested at the Koeberg 

Insulator Pollution Test Station, near Cape Town. A 

typical test configuration is shown in Fig 3, but other 

configurations were also tested, such as that of Fig 4. The 

test station is located at the coast, and is hence exposed to 

frequent high levels of pollution from the sea. Further 

information about the test structures may be found in [4].  

 

 
 

Fig 3: Partially bonded structure configuration 

 

Spot measurements of the voltage waveform across the 

500 mm wood gap (D-E in Fig 3) were made using a high 

input impedance voltage probe. The waveforms of two of 

the phase voltages were also measured, and the third 

phase voltage waveform was calculated from that. These 

waveforms are A-E, B-E and C-E in Fig 3. The aim was 

to evaluate the voltage of the pole-top bonding (D) (and 

hence the wood or steel cross-arm) with respect to earth 

(E) and with respect to the phase conductors (A, B and 

C). 

 

Tests conducted in relatively low relative humidity (less 

than about 70%) produced a voltage across the wood gap 

of between 500 V and 2 kV peak on a structure energised 

with three-phase voltage of approximately 20 kV peak 

phase-to-earth voltage. From this, the voltage between 

each phase conductor and the pole-top bonding (A-D, B-

D and C-D) was calculated. An example of the results is 

plotted in Fig 5, showing that a wood gap voltage of 2 kV 

peak results in the voltage between the conductor on the 

affected phase (B in this case) and the bonding (D) being 

only slightly less than the phase-to-earth voltage (B-E in 

this case). This can be explained by the fact that very 

little leakage current is expected to flow over the 

insulators in low humidity conditions, and hence the 

pole-top would be at close to earth potential. However, 

other factors such as temperature and the amount of 

pollution on the insulator surfaces would also play a part. 

500 mm wood gap Electrical bonding 

Phase insulators 

A 

B 

C 

D 

E 

 

 
 

Fig 2: Wood resistance measured across a 500 mm gap on woodpoles of operational networks in the Eastern 

Cape region of South Africa – August 2016, including the effect of surface wetting [3] 
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Fig 4: Example of a pole-top configuration tested (the 

glass disks are for pollution measurement only) 
 

In sufficiently high humidity, appreciable leakage 

currents can flow over the insulators, provided other 

factors, such as a pollution layer, are present. The leakage 

current flowing down the earth wire on the woodpole has 

a frequency of 150 Hz and is stochastic in nature [5]. The 

voltage across the wood gap therefore also has a 150 Hz 

frequency and is similarly stochastic, as shown in an 

example in Fig 6, and can be several kV. The resultant 

voltages across the insulators are therefore more difficult 

to predict, and can be smaller or larger than the phase-to-

earth voltage, depending on the phase and on the 

magnitude of the wood gap voltage. 

“SAFE THRESHOLD” VALUES 

“Threshold” current for birds 

A reference quoted in [6] states that 9-12 mA is sufficient 

to cause convulsions in birds. This current was applied at 

400-500 V. Current, rather than voltage, is therefore the 

factor determining bird safety at medium voltage since 

the voltage that the bird is exposed to would in all 

likelihood exceed 400-500 V, as shown above. The 

threshold current should therefore be less than 9 mA. 

 

Another approach is to seek guidance from IEC 

standards. Fig 20 of IEC 60479-1 [7] gives  factors of 

between 6.5 and 33.3, depending on the duration of 

current flow, between currents where “perception and 

involuntary muscular contractions likely but usually no 

harmful electrical physiological effects” and “probability 

of ventricular fibrillation above 50 %”. This is for human 

beings since the IEC does not have values for birds. The 

former current can be taken to estimate a “safe” condition 

and the latter a “danger” condition. A factor of 30 is 

therefore estimated between the “safe” and “danger” 

conditions for birds. A previous estimate of the latter was 

120 mA [2]. Applying a factor of 30 gives an estimated 

“bird threshold” of 4 mA. Since this is also less than 9 

mA, a new “bird threshold” current of 4 mA is now used. 

 
Fig 5: Example measured voltages – “low” humidity 

 

 

 
Fig 6: Example measured voltages – “high” humidity 

 

“Threshold” level of wood resistance 

It has been shown that the impedance of distribution 

woodpoles may be estimated as resistance [8]. The 

resistance values plotted in Fig 1 and 2 may therefore be 

taken as the basis for estimating typical wood impedance, 

noting limiting factors such as the small sample size and 

the fact that only (mostly eucalyptus) South African poles 

were tested. Applying the above 4 mA level to a 22 kV 

(phase-to-phase) system and ignoring bird impedance 

gives a (conservative) threshold wood impedance of 12.7 

kV/4 mA = 3.18 MΩ, where 12.7 kV is the r.m.s. phase-
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to-earth voltage. This means that the wood in the earth 

path should have a resistance of larger than 3.18 MΩ. 

The previous (rougher) estimate was 127 kΩ [2]. The 

majority of dry poles (i.e. poles not wetted on the surface 

and older than about 10 years) meet both criteria. 

Surface-wetted poles, e.g. during rain, pose a greater risk, 

but the impedance of the bird, particularly the feathers, 

would further limit this current [2]. 

 

Exploring this further by using the same methodology as 

in [2], i.e. including a bird body impedance of 17 kΩ in 

series with the wood, reduces the threshold wood 

resistance to 3.16 MΩ. This is only a small difference. 

However, if contact is made via a wing feather, the bird 

resistance is estimated to increase to the order of 100 

MΩ, and so the current would in all likelihood be 

sufficiently low to protect the bird [2]. 

 

Another reference quoted in [6] found that wet eagle 

feathers burnt at 5-7 kV, but that no measureable current 

flowed on dry feathers at 70 kV. This further supports the 

notion that the bird itself limits the current, since it has 

resistance, but that the effect of wetting on the resistance 

of both the bird and the wood is significant – both in the 

results presented here (Fig 2) and in [6]. The final result 

is that such electrocutions have been recorded in the 

literature, but very rarely [2, 6]. This is expected to be 

due to the protection (resistance) that wing feathers offer, 

the fact that contact is most likely with the wings in many 

cases, that poles are not always wet and the long life span 

of such poles in the field. Also, the 4 mA estimate may be 

too conservative in the absence of more accurate 

information. Finally, the level of risk is also lower than 

for steel structures, where earth potential is transferred to 

the pole-top with very little resistance. 

CONCLUSIONS AND RECOMMENDATIONS 

A more accurate estimate of the risk that large birds such 

as eagles and vultures face due to electrocution in phase-

to-woodpole mode on medium voltage distribution 

powerlines than was previously available has been 

determined. This has included the effect of wetting of the 

surface of the wood, the effect of insulator leakage 

current and a more detailed estimate of the “danger 

threshold” current. 

 

It has been shown that the risk is low under dry 

conditions, but that a certain level of risk is prevalent 

when the wood and/or the bird is wet, due to a significant 

drop in wood resistance under those conditions. 

However, the overall risk is still low, which is borne out 

by the very few reported cases of such electrocutions. 

Even so, mitigation measures, such as conductor covers, 

may be required in certain areas where there is known to 

be a problem. Pole age may then be used, together with 

other factors, to prioritise structures for mitigation in such 

areas. Structure designs preventing contact using a bird’s 

body may also be considered,  but may not be practical or 

cost-effective to implement. 
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