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When maintained in good condition, underground cable 
distribution systems provide an exceptionally high security 
of supply compared with overhead line systems, due to a 

low incidence of failure from external causes such as severe weather 
or external accidents. However, underground cables are subject to 
deterioration from a range of root-causes, and without dedicated asset 
management, the systems will inevitably under-perform.

As most cable failure root causes can be traced back to the manu-
facture, installation and operation phases, it is believed that utility 
cable asset management should start at an early stage and continue 
throughout the cable’s lifecycle. Management involvement is required 
from the procurement phase, through installation and maintenance – 
right up to replacement at the end of the cable’s service life. 

Failure modes and root causes

Most cable types used for underground cable distribution networks 
are paper-insulated cable, oil filled paper-insulated cable and XLPE, 
with the trend of increasing the use of XLPE cable.

Paper-insulated cables with a lead sheath, and protected on the 
outside by steel armour tape have, in general, given very good service, 
as is evidenced in the fact that many of the pre-war cables are still 
giving satisfactory service. In New Zealand, for example, a service 
life of 70 years is expected for PILC cables. Failures on PILC cables 
are mainly age-related as these cables have reached the end of their 
service lives. The main failure mode is deterioration of the paper 
insulation over a long term due to partial discharge (PD).

Oil filled paper-insulated cables are known as PD-free in the paper 
insulation. This feature gives the cable insulation almost infinite life. 
However, many utilities have experienced oil leak issues and treat 
oil leaks as the main failure mode. It is easy to know if an oil-filled 
cable is leaking oil, but it is expensive to locate and repair the leak. 
The oil leak is usually due to metallic sheath corrosion caused by 
moisture ingression. 

XLPE cables were first installed in the late 1960s; the first genera-
tion of XLPE cable had a poor service record with many having a far 
shorter service life than expected due to issues in construction, design, 
material quality and manufacturing processes. With development 
progress in manufacturing techniques and processes, XLPE cable 

has become the globally preferred cable for both transmission and 

distribution underground networks. Failure modes for XLPE cables 

include insulation deterioration due to natural ageing, water treeing, 

electric treeing and outer metallic sheath arcing. Table 1 shows the 

link between cable type, failure mode, and root cause in different 

phases in the cable lifecycle.

Cable 
type

Failure mode Root cause Lifecycle

PILC 
Cables

Insulation 
deterioration 
over long term

Partial discharge Natural 
ageing

Thermal runaway Local heating
* Mutual heating from 

neighbouring cables
* Cable surrounding material 

with high thermal resistivity 
* Overloading - incorrect design 

rating

Moisture ingress Outer sheath damage Installation 
Operation

Oil-
filled 
Cables

Oil leak Oil pipe corrosion due to outer 
sheath damage

Manufacture 
defect 
Installation

Thermal runaway As for PILC cable type Installation
Operation

XLPE 
Cables

Insulation 
deterioration

* Natural ageing mainly due to 
cyclic thermal

* Mechanical aggression 
* Manufacture defects

Natural 
ageing
Manufacture

Water treeing Moisture ingression
* Outer sheath damage
* Without water barrier
* Outer metallic sheath   

corrosion
* Fault joint

Manufacture
Installation

Electric treeing * Defect in insulation
* Thermal ageing

Manufacture
Installation
Operation

Outer metallic 
sheath arcing

* Corrosion due to outer sheath 
damage

Installation
Cable 
environment

Thermal runaway * As for PILC cable-type Installation
Operation

Table 1: Cable types, failures, root causes and phases in cable lifecycle. 
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Reducing failure in  
underground cables

Launched in 2013, the ‘cable data collector’ is a test instrument which measures partial discharge activity in live distribution voltage 

cables, without the need to de-energise them.
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For almost all cable condition-related failures, the root causes can 
be traced back to the manufacture, installation or operation phases 
in the cable lifecycle. With installation condition becoming more 
difficult and complex as ‘green field’ becomes less available, cable 
installation has become the predominant factor in building a reliable 
underground cable network. The following examples are related to 
cable installation and operation issues. 

Figure 1:  Local heating caused by cable installation configuration.  (Substa-
tion exit cable photo courtesy AECOM).

In Figure 1 multiple feeder cables are laid over each other without 
appropriate separation. The cables are poorly arranged in the trench 
with unsuitable material installed as the cable backfill resulting in 
overheating and accelerated ageing.

Figure 2: 220 kV Transformer cable buried in sand (photo courtesy AECOM).

Figure 2 was taken from a thermal survey that was conducted to as-
sess cable trench soil and backfill material thermal resistivity. 

The purpose of installing backfill around the cable is to help cable 
heat dissipation. Good cable backfill material should comprise well 
graded particles and have stable low thermal resistivity when it loses 
its moisture content, and at fully dried state its thermal resistivity can 
be expected not to exceed 1.2 Km/W. 

Unfortunately an inappropriate material has been used as cable 
backfill in Figure 2, as the fine sand contains the opposite physical 
and thermal properties of a suitable cable backfill. It was found that 
the cable backfill thermal resistivity varied from 3.0 to 7.0 Km/W, thus 
exposing the cable to the risk of overheating.

Figure 3:  Mutual heating in multiple cables in parallel.

A feeder cable connecting two substations is always joined by 
other feeder cables at various locations along its route. Due to space 
limitation and the number of cables involved, the location where the 
multiple parallel cables share the trench can be a hotspot.

In these hot spots, a PILC cable, usually, will suffer more derat-
ing if it has XLPE neighbouring cables, as the maximum operating 
temperature is usually limited to 70°C at the conductor, compared 
with an operating temperature of 90°C for XLPE cable. 

Cable asset management

The goal for utility cable asset management is to achieve highly 
reliable performance while keeping the cables in service as long as 
possible. This can only be achieved with dedicated asset management 
throughout the cable lifecycle, including the stages of procurement, 
installation, operation, maintenance, and replacement.

Abbreviations

PD – Partial Discharge
PILC – Paper Insulated Lead Covered Cable
VLF – Very Low Frequency
XLPE - Cross Linked Polyethylene
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Figure 4: Cable lifecycle management.

Finding fault before failure

Launched by EA Technology in 2013, the Cable Data Collector is a 
new type of test instrument which measures PD activity in live dis-
tribution voltage cables, without the need to de-energise them. This 
is a major advantage compared with offline testing, which inevitably 
causes disruption.

   
Figure 5: Offline VLF cable PD mapping with the Cable Data Collector. About the author

The instrument detects and quantifies PD activity in cables by measur-
ing radio frequency currents and works with most types of single and 
three phase insulated cables at distribution voltages, up to several 
miles in length.

The process of capturing PD data with the Cable Data Collector 
is quick and simple with expert analysis of the results which include 
cable condition reports and recommendations for action – provided 
by the author’s company. The company also provides an offline 
cable PD mapping service, which is non-invasive and effective on 
underground cables up to 66 kV.

The technique involves energising the cables at very low frequen-
cies. This allows the measurement of cable length, by time of flight 
measurements, as well as identifying any PD activity in the reflected 
waveforms. The company’s software then analyses these results 
to produce a comprehensive report on the health of the cable and 
identify any areas that may require further investigation or repair.

Both the online and offline testing techniques offer many benefits 
compared with extensive and costly physical excavations, to inspect 
the condition cables visually. In addition to identifying the presence 
of potentially failure-causing PD activity, they are equally valuable 
at assuring operators when cables are functioning without PD being 
present, and thus at low risk of failure.

Conclusion

Cable failure rates can be reduced by dedicated lifecycle asset man-
agement, from cable procurement, through installation, operation, 
maintenance right up to replacement at the end of cable service life. 
In particular, they can be reduced by eliminating root causes from 
the installation phase for new cables, and detecting hidden failures 
on aged cables by VLF and PD testing in maintenance stage.
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