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In our country, more and more cable lines with a voltage of 6-500 kV receive sections 

where cables are laid in the ground in pipes. The task of this article is to help specialists of 

the electric grid in finding optimal solutions while designing cables in pipes. 
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Special pipes for laying 6-500 kV cables 

First of all, pipes are needed as a convenient way to install cables in those places of 

the line route where open excavation is either undesirable or completely prohibited. For 

example, pipes are used in places where the cable lines (CL) crosses busy highways, squares, 

water barriers, railway tracks. To place pipes in the ground, installation organizations widely 

use the so-called horizontal directional drilling (HDD) method. 

Over the years, as the capabilities of drilling have grown, the single length of HDD 

pipe crossings has reached 300-500 meters with the greatest depth up to 10-20 meters. It is 

impossible to repair the cable at such a depth, and therefore, if it is necessary to repair or 

replace the cable, it will have to be removed from the pipe. There are several circumstances 

that may prevent you from doing this: 

− the pipe is strongly compressed by the ground (the annular stiffness number SN or the 

pipe material was incorrectly selected); 

− the pipe was deformed due to ignition from a short circuit (a flammable pipe was used); 

− the pipe is silted up with soil due to poor-quality sealing of the ends; 

− the pipe is welded to the cable (the cable cross-section and load current were incorrectly 

calculated). 

More than ten articles in specialized industry magazines have been devoted to detailed 

consideration of many difficult pipe issues in recent years. In the course of the work done, 

it may not have been possible to solve all the urgent problems, however, at least a range of 

issues was identified, and on many of them the opinion of the power engineers of the leading 

grid companies of our country, as well as manufacturers of modern high-voltage cables, was 

received. In general, everyone was united in the need to restore order with the laying of CL 

in pipes, they agreed on the importance of organizing cable sewerage based on the use of 

specialized pipes equipped with end funnels, hermetic seals, wells at facilities. The large-

scale work of recent years, in fact, has allowed the industry to formulate the task of creating 

pipes that take into account the specifics of cable networks. 

Unfortunately, manufacturers of water and technical pipes (pipes from recycled 

materials) acted in the spirit of the times. Instead of long-term research and development of 

special pipes, most of them focused their efforts on obtaining certificates and protocols, 

from which it would follow that the water and technical pipes they have been producing for 

a long time are perfectly suitable even for high-voltage cables. Interestingly, the certification 
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centers and testing laboratories mentioned in the collected documents can almost always be 

characterized by one of the following descriptions: 

− not listed on the official website Rosaccreditation; 

− do not have an address, contact details or an official website; 

− have an accreditation period close to completion, while the declared field of activity does 

not relate to the electric power industry, but specializes, for example, in food, clothing, 

furniture, and so on; 

− lost accreditation, and at the time of issuing the certificate, the license was already 

revoked; 

− actually, exist only on paper, there are no addresses, no websites, laboratory equipment. 

One of the few companies in our country that is really seriously engaged in the 

calculation and development of new CL pipe solutions is EnergoTek. The heat-resistant 

non-flammable polymer pipes PROTECTOR FLEX® produced by it for high-voltage CL 

with cross-linked polyethylene (XLPE) insulation have nothing to do with water and gas 

supply systems, but fully comply with all modern requirements of electric grid companies, 

in particular, such as withstanding temperature up to 110°C for a long time. Here, the term 

"non-flammable" means the ability to self-extinguish and not to spread fire/burning. 

During the period of application at country electric facilities, PROTECTORFLEX® 

pipes have gone from relatively simple single-layer heat-resistant pipes designed for long-

term operation at XLPE cable temperature of 110°C to complex multilayer pipes (Figure 1) 

having a non-flammable inner layer, an additional protective layer for laying by the HDD 

method and a special marker outer layer for quality control of pipe installation work. It is 

important that these pipes are supplied to the facilities, firstly, together with special O-rings 

(Figure 2), which, unlike conventional household mounting foam, reliably seal the ends of 

pipes with cable, avoiding silting, and secondly, with special unique funnels that allow to 

avoid damage to the cable sheath during CL pulling and the subsequent operation of the CL. 

 

 
Fig.1. Special multilayer polymer pipe for 6-500 kV CL. 
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Fig.2. Methods of sealing the pipe ends: foam (a), sealer (b). 

 

Pipes not intended for laying 6-500 kv cables 

Until recently, the design documentation for laying 6-500 kV CL indicated the 

permissibility of using polyethylene pipes according to GOST 18599. This situation was 

caused by the absence of any special heat-resistant pipes on the market, as well as the fact 

that the pipes were used only on short sections of CL route, at the intersection of CL with 

highways, insurmountable obstacles, and terrain features. 

If we talk about GOST 18599, then this standard regulates issues related to cold-water 

pipes, it is associated with the transport of liquids with a temperature of no more than 40°C. 

It is by no means accidental that Rosstandart [1] asks with its letter to abandon pipes in 

accordance with GOST 18599 during the construction of a 6-500 kV CL. A number of other 

organizations have taken the same position [2-4]. 

As for the installation organizations, they often want to save money and often brought 

to the facilities not even water pipes according to GOST, but pipes made from recycled 

materials (technical pipes). Externally, both of them are black, similar to each other, but for 

cheap "technical", unlike high-quality pipes according to GOST 18599, it is impossible to 

predict the mechanical properties and service life. Over time, this has become insufficient 

to save money for construction and installation organizations, and pipes with a reduced wall 

thickness from the one required by the project began to arrive at the facilities. 

Recently, there has been a positive trend, and now customers have begun to monitor 

more closely the compliance of actually completed works with project documentation, and 

in doubtful cases they increasingly refuse to accept an CL-object from installers without 

bringing it into proper condition. 

After pipes according to GOST 18599 (and even more technical) ceased to be used at 

electric power facilities, and special heat-resistant non-flammable cable pipes appeared on 

the market, numerous manufacturers of technical and water pipes began to look for a way 

out of this situation. As a result of the search, most of the mentioned manufacturers, without 

changing the technology and materials, began to produce polyethylene pipes of various 
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colors (red, black with colored stripes, etc.) according to technical specifications (TS) with 

the catchy name "pipes for electric cable". At the same time, if you carefully study the 

documentation of such manufacturers, then there will be no special requirements for pipes, 

nor test methods indicating that these pipes will really meet the requirements of power 

engineers for laying cables. It is found that in some technical specifications or certificates, 

if they have been officially issued, it is even explicitly stated that the pipes are made of 

ordinary polyethylene. 

It is also worth paying special attention to the fact that some manufacturers, in order 

to prove the suitability of their products, demonstrate pipe tests, during which the pipes are 

placed in a thermal furnace together with a piece of cable and exposed to temperature for 2 

hours, 8 hours, etc., and the pipes are treated with flame from a gas burner! Of course, such 

demonstrations of pipe capabilities should be taking into account with extreme caution, 

since it is important to adhere only to correct methods for evaluating pipe characteristics 

carried out during full-scale tests on certified test equipment according to approved methods. 

For example, the heat resistance of pipes cannot be evaluated in a thermal furnace for 8 

hours, since the thermal degradation of polyethylene under constant exposure, for example, 

to a temperature of 80°C, occurs after about 1 year of pipe operation. For the same reason, 

it is impossible to evaluate the heat resistance of pipes by melting them in a similar furnace 

and draw conclusions about the similarity of properties with a conventional polyethylene 

pipe. Heat resistance is the ability of the pipe material not to degrade from exposure to 

elevated CL temperatures, 80°C or more, for 50 years. It is also important that the inspection 

of molded electrical products for compliance with fire safety requirements is carried out 

according to GOST R 53313-2009, and not with a gas burner in garage conditions. 

 

IEC and pipes for low-voltage networks up to 1 kV 

It has become increasingly difficult to supply pipes to cable networks according to 

GOST 18599 after a series of letters [1-4]. Recently, problems have also begun to arise with 

TS supplies, since it has become clear in cable networks that TS pipes differ from GOST 

18599 pipes most often only by name and color. Therefore, a number of manufacturers, 

having lost the opportunity to refer to GOST 18599, offer their products according to the 

relatively new IEC 61386-2014 "Pipe systems for laying cables" and even managed to test 

their pipes for compliance with its requirements. However, it is important to pay attention 

to the following. 

The IEC standard contains several related parts (1, 2, 3, ... 24), forming a single 

document. In the first part (61386.1) "General requirements" in the section "Scope of 

application" it is indicated that IEC 61386-2014 applies only to low-voltage networks with 

a voltage of up to 1 kV AC and up to 1.5 kV DC. This is explicitly stated both in the English 

and in French versions of IEC. 

The requirements for the performance of electrical wiring of low-voltage classes up 

to 1 kV are fundamentally different from the requirements for laying high-voltage CL, and 

pipe tests for compliance with IEC 61386-2014 are not relevant to the issues of laying 6-

500 kV CL. This seemingly obvious fact, however, was specifically reflected in the letter of 

Rosstandart [1] and other documents [2-4].  
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PE-RT pipes 

In addition to water and technical pipes, there are attempts to use pipes from pressure 

networks of cold and hot-water supply made of the so-called PE-RT material for laying CL. 

It is important to note that PE-RT polyethylene pipes are manufactured according to GOST 

32415 or according to various technical specifications and are designed for pressure water 

supply networks operating at temperatures up to 70°C. Also, these pipes have a reduced ring 

stiffness, they have a low surface hardness, and they are highly flammable. All this makes 

PE-RT pipes unsuitable for laying modern 6-500 kV CL. 

 

Conclusion 

When designing CL, during their construction and commissioning, it is important to 

pay attention to the origin and quality of the pipes used. 

1. "Technical" (from recycled) pipes, pipes made of various grades of polyethylene, PE-RT 

pipes, pipes according to GOST 18599, pipes according to IEC 61386-2014 do not have 

properties that allow them to be used for 6-500 kV cable lines with XLPE insulation. 

2. When studying documents, it is important to pay attention to pipes: 

− according to what regulatory documents pipes are produced (pipes for water and gas 

supply or other non-core purposes are not allowed; the manufacturers' specifications 

must explicitly specify the scope of pipes for laying CL, special requirements for 

pipes and test methods must be reflected); 

− on the materials used in the manufacture of pipes (polyethylene, technical and 

secondary polymer, PE-RT and other non-heat-resistant and flammable materials are 

not allowed); 

− on the origin of protocols and certificates (such documents must be issued by well-

known, trusted and accredited centers). 

3. Pipelines for laying cable lines are non-pressure systems and must be manufactured and 

classified in accordance with the ring stiffness number SN, and not at all by the value of 

standard dimension ratio SDR, which refers to pressure pipes and separates them by 

pressure the transported medium. 
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