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The basis of the electric power industry of the cities are cable lines (CL) of voltage 

classes from 6 to 500 kV. In large cities, dozens and hundreds of kilometers of such CLs 

have been laid in the ground. The reliability of CL operation, the speed of their construction 

and repair directly affects the provision of cities with electricity, the stability of the everyday 

work of government agencies, medical institutions, socially significant facilities, housing 

and communal services, enterprises. 

Already for more than 20 years, cables with cross-linked polyethylene (XLPE) 

insulation have been massively used in 6-500 kV electrical networks. These cables are either 

single-phase (Fig.1) or three-phase design. The laying of such cables is often accompanied 

by their outer sheath damages – various cuts occur on the outer sheath due to a violation of 

the technology of installation work. As a result, during the operation of the CL, moisture 

(water) penetrates into the XLPE insulation through the damaged sheath, which distorts the 

electric field, leads to the formation of defects in the insulation – the so–called "water trees", 

sooner or later bringing the insulation to breakdown and CL’s short circuit. 
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Fig.1. Single-phase cable for networks with voltage from 6 to 500 kV. 

 

To detect cable outer sheath damages its integrity should be checked: 

− within CL acceptance tests (before commissioning); 

− during CL operation with a frequency of once every 2-3 years. 

The outer sheath integrity is checked by applying a constant (DC) voltage of 10 kV 

between the cable metallic screen and the ground for a time of 1 minute, during which the 

test equipment (Fig.2 or its analogues) must record the absence of current through the sheath. 

In the case of a current, the sheath is considered damaged, and then, using known methods, 

it is necessary to find the exact location of the place along the CL route, where the current 

from the cable screen through the damaged outer sheath passes into the surrounding ground 

– at this point, thermo-shrinkage should be applied to the outer sheath, after which repeated 

sheath tests with a DC voltage of 10 kV should be carried out to check the quality of repair 

work and search for other possible defects. 

Examples of cable sheath damage are shown in Fig. 3-4.  

http://www.cflpipe.com/
mailto:voltplace@gmail.com


www.CFLpipe.com  Published in 2020 

 

2 

 
Fig.2. Equipment for cable outer sheath testing with a DC voltage of 10 kV. 

 

 

 
Fig.3. Example of cable outer sheath damage during installation. 

 

 

 
Fig.4. Example of cable outer sheath damage during installation. 
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Unfortunately, in recent years, the acceptance tests of the CL, carried out after the 

installation of cables before the commissioning of the line, have ceased to identify all places 

of cable outer sheath damage. These damages are now detected not just after the installation 

of the CL, but only after several years as part of periodic tests of the CL, when it is already 

quite difficult to make claims to the installation organization. 

The reason for this state of things is that now 6-500 kV high voltage cables are often 

laid not in the open ground, as it was before, but in pipes previously placed at the bottom of 

a prepared trench or dragged into the ground by horizontal directional drilling (HDD). 

The first CLs were mistakenly laid in ordinary polyethylene pipes (Fig.5-6), designed 

only for cold-water and gas-supply systems, and therefore suited for long-term exposure to 

temperatures of no more than 40°C. 

 

 

 
Fig.5. Example of cable placement in cold-water pipes. 

 

 

 
Fig.6. Example of cable placement in cold-water pipes. 
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Currently, the laying of CL is carried out in special polymer cable pipes designed for 

long-term exposure to temperatures of 90°C or more, that are usual for XLPE insulation. 

The inner surface of such pipes has a FV-0 non-flammable category to prevent ignition in 

case of short circuits of the CL. An example of special polymer cable pipes is given in Fig.7. 

 

 
Fig.7. Example of special heat-resistant non-flammable cable pipes. 

 

Regardless of which pipes the cable is laid in (in ordinary Fig.5-6 or in special Fig.7), 

they all isolate the cable from the surrounding ground, which means that the test current 

from the 10 kV DC equipment will not be able to pass from cable metallic screen through 

the damaged cable outer sheath into the ground. Thus, the polymer pipes significantly reduce 

the probability of detecting outer sheath damage as part of acceptance tests. The outer sheath 

damage will be detected only years later – when the pipe becomes completely filled with 

groundwater so much that its ends will be in water and will pass a test current from inside 

the pipe into the ground. All this time, until the pipe is completely filled and sheath damage 

is detected, water will flow from the pipe through the damaged cable outer sheath into the 

cable, causing degradation of XLPE insulation up to its complete breakdown. 

Unfortunately, the problem of the impossibility of carrying out correct objective CL’s 

acceptance tests will only get worse. The fact is that the technology of laying CL in pipes 

turned out to be very attractive, because it allows you to minimize open excavation when 

laying cables, which is important in conditions of dense urban development and when 

crossing various obstacles – roads, rivers, railways, communications. Thus, the development 

of pipe technologies has led to the fact that at present CL are already being operated in the 

networks: 

− with single extended pipe HDD sections up to 500 m long; 

− with numerous pipe sections (HDD and/or trench), the total length of which along the 

CL’s route reaches 80-90% of CL’s length. 
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To ensure the possibility of carrying out acceptance tests of CL laid in pipes, and for 

the correct assessment of the quality of construction and installation work, it is necessary to 

use a new generation of polymer cable pipes. Such pipes were called Cable Fault Locating 

pipes (CFL-pipe) and for two reasons at once. 

Firstly, when testing the cable outer sheath with a 10 kV DC voltage, the pipe provides 

the test current with the possibility of leaving the cable metallic screen through the place of 

outer sheath damage and then through the pipe wall into the surrounding ground. 

Secondly, when determining a specific location along the CL route where the sheath 

damage occurred, the pipe passes current into the surrounding ground precisely near the 

point of the sheath damage. This makes it possible to accurately "search" for a problematic 

section of the CL route, that is important for making a decision about the possibility of just 

repairing the outer sheath or about the need to re-lay the cable. 

In addition to the CFL-pipes, the new generation of pipes also called OMP-pipes that 

in Russian is synonym to "fault point locating". A comparison of special polymer CFL-pipes 

(OMP-pipes) with conventional pipes is shown in Fig.8. All the advantages of CFL-pipes 

over conventional pipes were demonstrated by full-scale tests performed at PJSC "Federal 

Testing Center" (FITC), owned by the biggest Russian grid company PJSC "Rosseti". 

Only the use of CFL-pipes will allow for correct informative acceptance tests of high 

voltage 6-500 kV CLs, objectively assess the quality of construction and installation work, 

identify all, without exception, the facts and places of cable outer sheath damages. 

 

 
Fig.8. Comparison of conventional pipes and CFL-pipes.  
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