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ABSTRACT 

In general power lines are operated at the highest 
possible economical voltage levels to minimize losses and 
maximize energy transfer. Several communication tower 
supply points are located on top of high mountains and 
some of them are inaccessible by vehicle. The pilot site 
transformer was located at the top of a high mountain in 
an area with relatively high lightning density and the 
22kV/230V transformer failed 4 times in 2 years. The 
replacement of faulty equipment like transformers on the 
mountain is labour intensive due to the unavailability of 
local helicopters. As the contractors and field staff carry 
the transformer and material up the mountain it results in 
long duration customer outages (between 26 and 62 
hours) and poses a great safety risk to the workers. The 
field staff and contractors can’t attend to other important 
outages during this time. The high failure rate results in 
long customer interruptions, high breakdown cost, oil 
spills and damage to the veld. The associated Eskom 
customers give essential services to the public. 
 

INTRODUCTION 

A pole mounted transformer on the Rouxville - Zastron 
22kV feeder is located at the top of a high mountain close 
to Zastron town. The area has relatively high lightning 
activity in the rainy season and the transformer has failed 
4 times in the past 2 years, resulting in high breakdown 
cost as shown in Figure 1. The terrain is inaccessible by 
vehicle and when the transformer fails the field staff and 
contractors have to climb the mountain carrying the 
173kg 16kVA transformer by hand to restore the supply.  
 
The terrain is uneven and slippery after a storm and 
becomes a very high safety risk for the people 
responsible to change the faulty transformer. The 
transformer fails mostly due to direct lightning, even with 
surge protection installed on the transformer.  
 
Supply restoration time (transformer replacement) takes 
between 26h and 62h, resulting in field staff and 
contractors being unavailable for this period. Transformer 
failures result in oil spills on the mountain. Carrying the 
transformer up the mountain by hand requires up to 20 
people which causes damage to the veld. The Eskom 
customers give essential services to the public including 
communication, protection and safety. 
 
 

 

Figure 1. Failed transformers on top of the mountain. 

 

PILOT SCHEME 

The standard MV overhead line in Eskom is designed 
with a 300kV Basic Insulation Level (BIL) to ensure that 
induced lightning surges do not cause back-flash-overs. 
The pilot scheme comprises of the relocation of the 
transformer from the top to the bottom of the mountain 
and then operating the 22kV overhead line at 230V. 
 

LV Design Challenges 
A few challenges needed to be addressed during the 
design of the pilot scheme. It was necessary to lower the 
BIL of the overhead line from 300kV to 275V to prevent 
LV equipment failures. One of the challenges was to 
ensure that the voltage level at the customer point of 
supply is within allowable limits. Another challenge was 
to ensure that the lightning performance does not 
deteriorate after the commissioning of the scheme. The 
line surge arresters should have the functionality of being 
replaceable from ground level under live conditions. In 
addition, all lightning activities on and around the line 
needed to be measured accurately. 
 

LV Design Philosophy 
The BIL of the 1km 22kV overhead line was lowered to 
275V by installing LV surge arresters between the LV 
live conductor and earth, at each pole. The LV neutral 
overhead conductor was connected down to earth in order 
to eliminate lightning surges and to lower the effective 
power frequency impedance of the line as shown in 
Figure 2. Figure 3 shows the geographical layout of the 
bottom part of the feeder.  
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Figure 2. Schematic diagram of the LV overhead line 

 
Figure 3. Geographical layout of the LV overhead line 

 

FINDINGS  

The performance of the new installation was closely 
monitored for more than a year. A high frequency (400 
kHz) logger was used to capture power quality and 
lightning surges caused by direct and indirect lightning in 
order to verify the power frequency and lightning 
performance. 
 
Voltage Regulation 
The voltage at the point of supply was within the NRS48-
02 LV compatibility levels for the total duration of the 
year. 
 
Lightning Performance 
None of the recorded indirect lightning strokes caused 
any faults on the 230V feeder. A total of 94 lighting 
strokes terminated around the 230V feeder between April 
2013 and April 2014. There were 14 direct flashes with 
several strokes each on the feeder of which only 1 stroke 
resulted in a line fault. This lightning performance of the 
LV line is equivalent to a sub Transmission line 
performance which is rather significant. Since the 
commissioning of the pilot scheme in April 2013 there 
have not been any transformer failures. 
 
Worst Case Direct Lightning Stroke 
A single direct lightning stroke of 96kA caused a flash-
over on the line resulting in a breaker trip operation. The 
voltage and current recording can be seen in Figure 4. 

 
Figure 4. Power Quality recording of the 96 kA lightning 
stroke that caused the trip operation 

The FALLS Lightning Analysis software was used to 
locate the 96 kA lightning stroke. The geographical 
layout of the stroke can be seen in Figure 5. 
 

 
Figure 5. FALLS Lightning Analysis - geographical layout 
of the 96kA stroke.project benefits  

 

BENEFITS  

A great safety advantage was achieved as it is no more 
necessary to carry the transformer up the mountain. The 
new transformer point is accessible via vehicle and the 
restoration of supply is much faster and staff is now 
available to do other work. Reduced transformer failures 
result in lower operational cost. A benefit of reduced 
supply interruptions and improved customer satisfaction 
was achieved. Faulty LV line surge arresters can be 
changed live from ground level (safely and fast). 
  
Although the feeder voltage is only 230V, the lightning 
performance exceeds that of an average sub-transmission 
feeder. There is no more oil spillage on the mountain due 
to transformer failures. Wood pole damage cause by 
lightning is eliminated due to full bonding.  
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FUTURE WORK 

The Zastron mountain scheme appears to be an over-
design in terms of lightning protection (surge arrester at 
each pole) and therefore a more cost effective design will 
be implemented and monitored at the Thaba Nchu 
mountain. 
 

Future LV Design  
The cost and practical implementation of a surge arrester 
at each pole on the Thaba Nchu feeder is very 
challenging due to the large number of poles on the line, 
the condition of the existing structures and the uneven 
and steep terrain. Surge arresters will therefore only be 
installed at the beginning (transformer) and end 
(customer supply point) of the new 230V overhead line. 
 

Flash-Over Simulations 
A 230V arc quenching test was done to verify that a 
230V back-flash-over due to a lightning stroke will 
quench. A lightning flashover was simulated by applying 
a high voltage impulse over energized 230V terminals 
using a surge arrester tester as shown in Figure 6. 
 
The 230V 50Hz current break through did occur during 
the testing however the current quenched before a breaker 
operated as shown in Figure 7. 
  

 
Figure 6. Snapshot of HV arc across energized 230V 
terminals 

 
 
 
 
 
 
 
 

 
 

Figure 7. A recording showing the 230V current quenching 
the moment the High Voltage flashover stopped. 
 

Observations  
No 230V arc sustained across the experimental flashover 
distance after the removal of the HV applied voltage and 
no breaker operation occurred. Comparing the distance of 
the experimental gap to the distance of the insulator on 
the line, the probability of a sustained 230V arc over the 
full line insulator is much less (7x). 
 

CONCLUSION 

The implementation of the design at Zastron Mountain 
resulted in much better supply reliability, easier operation 
and made a large contribution to the safety of the staff 
without compromising on the QOS and lightning 
performance.  
 
The experimental test results indicate a good possibility 
that a lightning initiated 230V arc will quench and 
therefore line surge arresters will not be installed at each 
pole at the Thaba Nchu test site.  
 
 


