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ABSTRACT 

A study in order to evaluate the possible damages induced 
by fault localisation activities on adjacent 
telecommunication cables was conducted. On the one 
hand, the induced voltage and current were measured on 
a dedicated test set-up and a model was built. On the other 
hand, thermal measurements were performed. From the 
study, it appears that no damage is expected in the vicinity 
of MV cables due to fault localization activities.  

INTRODUCTION 

It happens that, following a repair on a MV cable, a claim 
for damages on telecom cables is introduced by telecom 
operators against MV grid operators. The origin of the 
damage could be the fault current or the fault localization 
activities. Whilst influence of a fault current on an adjacent 
cable is well documented and can be calculated, the 
influence of the localization activities remains unknown. 
The main difference is the output stage of the localization 
equipment, which is a capacitance inducing high 
frequency phenomena. 
This paper focuses on the influence of the localization 
activities. Three different types of damages can be thought 
of: mechanical (due to the excavator used to access the 
faulty cable), electrical (due to increase of the earth 
potential and/or induced voltage and current) or thermal 
(energy dissipated during the fault or during the 
localization especially if the fault is burnt). The goal of the 
project was to analyse the possible electrical and thermal 
damages. 

INDUCED CURRENT AND VOLTAGE 

The goal of the analysis is to provide a valid EMTP model. 
In order to validate the model, a test set-up of 75 m length 
including 3 phases of a 75 m MV cable (15kV) and 2 
adjacent telecommunication cables was built. On this test 
set-up, induced voltages and currents were measured and 
compared with the results from the EMTP model.  

Description of the test set-up 
A length of 75 meters of three MV cables and two 
telecommunications cables was buried at a depth of 0.5 m 
at Laborelec (Figure 1). The two telecommunication 

cables of two copper pairs each were placed at a distance 
of respectively 6 and 30 cm away from the power cables 
(Figure 2) in order to analyse the influence of the distance 
on the induced voltages and currents. 

 
Figure 1. Test set-up 

 

 
Figure 2: Schematic of the laying of the tested cables 

An 8.7/15 kV (EAXCWB) cable (HD620 10BA – type) 
with a cross section of 95 mm² aluminium was used. The 
insulation thickness is 4.5 mm. The telecommunication 
cable is composed of two copper pairs and an aluminium 
screen (Figure 3). 

 
Figure 3: Telecommunication cable 
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The surge generator has 3 voltage ranges (8, 16 and 32 
kV). For each maximum voltage an energy of 1000J can 
be injected in the cable. 
Three earthing rods were installed in order to allow for the 
earthing of the cables at both ends (2) and to have a 
separate earth to connect the measuring equipment. 
A voltage divider was installed at the output of the surge 
generator. The complete test set-up is as shown in 
Figure 4. 
 

 
Figure 4: Location of the measuring equipment 

 

Description of the measurements 
In the following description, side A refers to the end of the 
cables at which the fault localization equipment is 
installed, whilst side B refers to the opposite end. Several 
electrical quantities have been measured: 
- The voltage on the voltage divider with respect to the 
earth, which is an image of the voltage between the 
conductor of the first phase of the power cables and the 
earth. 
- The voltage between side A of the telecom cables and the 
earth. This voltage is only measured when side A is open 
(side B being earthed). 
- The current in the telecom cables. This current is only 
measured when side A is earthed, so that a current can flow 
through the cable (side B being earthed). 
The electrical quantities have been measured for various 
configurations. The configurations vary in the way the 
power cables and telecom cables are connected and/or 
earthed. 
In all of the configurations: 
- The fault localization surge generator is such that its 
power lead is always connected to the conductor of the first 
power cable whilst its “return wire” is connected to the 
screen of the same cable and to the earth.  
- The resistive voltage divider is always present in the 
system. 
- The voltages (and currents) are always measured at side 
A of the cables 
- The conductors of the telecommunication cables are 
connected to the earth at side B. 
 
 
 
 
 

- The screen of the telecommunication cables are floating 
(no connection to the earth). 
In the various configurations, a conductor or screen can be: 
- Open or short-circuited with its corresponding 
screen/conductor 
- Earthed 
The above possibilities can be applied to the side A (surge 
generator side) or to the side B (opposite to the surge 
generator side). 
 

Description of the model 
The components that have been included are listed below 
and visible on one example (Figure 5): 
- The fault localization surge generator is represented by a 
capacitor, whose capacitance is calculated on the basis of 
the energy to be injected. The capacitor is initially charged, 
and the stored energy is injected in the system when a 
switch is closed. 
- The power and telecommunication cables are represented 
with a multi-phase CP cable model. The three conductors 
and three screens of the power cables are included in the 
model. A single telecom cable (conductor and coaxial 
screen) is included in the model. 
- The voltage divider used for the voltage measurements 
on the power cables. This device being intended for high 
frequency measurement, it is simply represented by two 
resistors in series. 
- The earthing rods are presented by their resistance. A 
value of 10 Ohm was used for each rod. 
- The voltage probe is represented by a RL impedance. 
- The low pass filtering effect of the oscilloscope is also 
taken into account by means of a low pass filter (in 
particular for the induced voltage in the telecom cables). 
- The connection wires between the different elements of 
the test set-up are represented by RL impedances. In 
particular, the inductive component can have a significant 
impact at high frequencies. 
 

Comparison between measurements and 
simulations 
The software used to perform the simulations is EMTP 
(Electromagnetic Transient Program), an advanced 
simulation and analysis software for power system 
transients.  
This software is adapted for the simulation of 
electromagnetic, electromechanical and control systems 
transients in multiphase electric power systems. 
In this section, the simulations are compared with the 
measurements for a few configurations. 
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Figure 5:EMTP model - Example of one configuration 

 
 
On Figure 6, the model describes correctly the evolution 
of the voltage at the power cable when the latter is open at 
side B. 
 

 
Figure 6: Voltage decay at the power cable 

On Figure 7, the model describes correctly the evolution 
of the voltage in the power cable when the power cable is 
short-circuited to the earth at side B (both conductor and 
screen are connected to the earth). However, the frequency 
of the main oscillating component shows a discrepancy 
between measurement and simulation. 
 
 

 
Figure 7: Voltage oscillations at the power cable 

On Figure 8, the model describes correctly the voltage 
induced in the telecom cable located at  
30 cm, when the power cable is short-circuited to the earth 
at side B (both conductor and screen are connected to the 
earth). As far as the frequency is concerned, the same 
discrepancy is observed, but the voltage level and the half-
time are similar between measurement and simulation. 
 

 
Figure 8: Induced voltage at the telecom cable 

On Figure 9, similar observations as for the induced 
voltage are applicable for the induced current. 
 

 
Figure 9: Induced current in the telecom cable 
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Influence of parameters 
Additional simulations are performed to observe the 
influence of parameters such as the energy injected by the 
surge generator, the length of the cables, the distance 
between the power cables and the telecom cables and the 
location of the fault. 
 
The larger the energy injected and the lower the frequency 
of the main oscillating component. This is due to the fact 
that the generator equivalent capacitance is larger for a 
larger energy. The induced voltage does not depend on the 
energy injected. 
The longer the cable, the higher the maximum induced 
voltage, and the lower the frequency of the main 
oscillating component. 
No clear diminution of the induced voltage is observed for 
distances between the power cable and the 
telecommunication cable going from 30 cm to 1 m, but a 
clear diminution is observed for a distance of 5 m. 
The frequency of the main oscillating component is higher 
when the fault is located in the middle of the cable than 
when the fault is located at the end of the cable. This is 
explained by the fact that the cable appears to be shorter 
because of the fault in the first case. The maximum voltage 
is larger when the fault is located at the end of the cable. 
 

Behaviour at 50 Hz 
The same model was used in order to evaluate the induced 
voltage and current in the telecommunication cable during 
normal operation. 
For this analysis, a 15 kV rms (line-to-line) three-phase 
voltage source feeds the power cable at 50 Hz. The screens 
of the power cable are earthed at both ends. An 8 MW 
three-phase load is connected at the side B of the power 
cable. 
An example is given in Figure 10 with the influence of the 
length. Even for a length of 1 km and a distance between 
the cables of 30 cm, the induced voltage remains low. 

 
Figure 10: Influence of the length in normal operation 

Discussion 
Low frequency 
At low frequency, the model in EMTP gives relevant 
results. In normal operation, a very low voltage is induced 
in the telecommunication line, whatever the distance and 
the length. In case of short-circuit, the induced voltage 
increases and reaches a value of more than 500V for a 
length of 75 m for the considered cable at a distance of  
30 cm. These results were obtained with an unlimited fault 
current. It can therefore been concluded that the induced 
voltage remain far below 500 V. 
High frequency  
One conclusion of this part of the work is that it is possible 
to get a proper model. Nevertheless, because of a lot of 
influencing parameters (as stray and parasitic capacitance, 
impedance of the earthing path,… which are difficult to 
theoretically assess), measurements are needed to fine-
tune the model and get comparable results. 
For the simulations, the set of cables was modelled with a 
Constant Parameter (CP) multi-phase cable. This model is 
classified as a frequency-independent transmission line 
model. Its main advantage is computational speed. It is less 
precise than frequency-dependent line and cable models, 
but it can be successfully used in analysis of problems with 
limited frequency dispersion. The CP line parameters are 
calculated at a given frequency and that is why it is labelled 
as a frequency independent line. 
The phenomena in question in this work do not exactly 
present a limited frequency dispersion. For this reason, 
other models such as a FD (Frequency Dependent) 
underground cable model, which takes into account the 
frequency dependence of the cable parameters could have 
been used. However, this model is such that it provides an 
accurate representation of the reality only for long cables 
(order of magnitude of 1 km or more). For this reason, it 
does not provide satisfying results for the 75 m cables 
tested. 
This is a limitation that may disappear in the future with 
further development of new models and of numerical 
methods for the calculation of electrical transients in short 
cables with frequency-dependent parameters. 
The frequency at which the CP model has been calculated 
for the simulation is therefore a parameter of the model. 
The calculations do not match perfectly the measurements. 
In order to get a perfect match, some parameters as the 
cable model, the earth resistance of the rods, the parasitic 
inductance and capacitance should be known with a good 
accuracy, which is practically impossible. 

Conclusion 
All performed simulations and measurements do not show 
any dangerous induced voltages/currents in the 
telecommunication cable during a fault localization. All 
voltages seem to remain under the 600V limit, obtained for 
a 1 km cable, for an applied surge of 10 kV. The highest 
induced measured voltage is 600 V for a 30 kV pulse. 
 
The influence of the following parameters was studied: 
Energy of the surge generator: It has no influence on the 
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peak voltage. The frequency decreases, which was 
expected because of the increase of the capacitance.  
Length of the cable: The peak voltage increases with the 
length whilst the frequency decreases. Nevertheless, the 
increase is much less than proportional, which was 
expected because of the increase of the impedance of the 
cables. The decrease in the frequency is because of the 
increase of the capacitance of the cable with the length. 
Distance of the telecommunication cable from the MV 
cable: It seems to have a limited influence on the induced 
voltage under 1 meter and decreases significantly for 
distances such as 5 m. The fact that the voltage does not 
decrease under one meter is an unexpected result that could 
be due to the very short duration of the voltage peaks and 
to a limitation of the model. 

THERMAL ANALYSIS 

Test set-up 
The same cable as the one used for electrical 
measurements was used during the tests. Thermocouples 
were installed at 6, 30 and 50 centimetres from the fault 
location along the cable and perpendicular to the cable. 
 

 Test set-up 1 
 

The same surge generator as the one used during the 
electrical measurements was used. The surge generator is 
used in permanent mode. The duration between the pulses 
injection is 7 seconds. Surges of 1000J at 8kV were applied 
during more than 2 hours. In order to get most of the power 
dissipated at the fault location, a measurement was 
performed with a resistance of 100 ohm placed between 
the conductor and the screen of the power cable (Figure 
11). 

 
Figure 11: Measurement with a resistance 

 Test set-up 2 
 
A second test set-up was performed without any resistance 
by letting the cut cable directly in the ground in order to 
simulate a real case (Figure 12). During these test, a surge 
generator, integrated in the electrical test van was used. 
Surges of 2000J at 8kV with a duration of 5 seconds 
between the pulses were injected. 
 
 
 

 
Figure 12: Open cable directly in the ground 

Results 
The evolution of the temperature with cycles for a total of 
1500 cycles or pulse injections is shown for both test set-
up's (Figure 13). In direction radial to the cable, the 
temperature increase is limited to 2,5°C for test set-up 1 
with resistance and 4°C for test set-up 2 without a 
resistance.  

 
Figure 13: Evolution of the temperature in the radial direction 

In the longitudinal direction, the temperature increase at is 
more significant in the case with resistance (Figure 14), an 
increase of 35°C is noticed at 6cm whilst it remains lower 
for the case without a resistance. 

 
Figure 14: Temperature in the longitudinal direction 

Conclusion 
The temperature increase in the direction radial to the 
power cable is very limited even at a distance of 6 
centimetres. It indicates that no detrimental thermal impact 
on the telecommunication cable is expected. 

GENERAL CONCLUSION 

Both analyses (electrical and thermal) did not provide any 
indication of possible damage linked to the fault 
localization activities. 


