
The use of modern technologies to improve lightning performance of 

power lines 
 

Rosseti PJSC experiences outages induced by atmospheric surges. The reasons for these 

outages may be: 

- unsatisfactory state of line lightning protection devices (high resistance of grounding devices 

(GD)  in towers, grounding cable absence or corrosion, reduction of insulator strings electric 

strength); 

- incompliance of lines construction design projects with operation conditions (spesific 

conductivity of soils, lightning activity, terrain peculiarities along the line route, etc.) 

In conditions when traditional lightning protection measures do not ensure the required 

effect, the issue of enhanced line lightning performance and search for effective solutions 

remains critical.  

Lightning surges are hazardous both for power lines and substation equipment and 

therefore require introduction of effective protective measures. An appropriate lightning 

protection of power lines is based on a set of protective measures [1]. Those, apart from cable 

suspension, may include the decrease of pulse resistance of towers grounding, the choice of 

feasible line construction, the use of lightning arresters or surge protective devices (SPD) along 

the entire length of the line or in separate points, automatic single-phase or three-phase reclosing, 

power supply redundancy, etc. The efficacy of each of these activities is different, therefore the 

issue of lightning protection methods have to be addressed for each line individually considering 

its features. In this context, the economic parameters of lightning performance of is the most 

universal criterion used to evaluate the lightning protection efficacy based on economic 

indicators. 

A number of modern inventions facilitate solution of issues associated with the increase 

of line lightning protection efficacy. Consider some of them.  

 

Organization of monitoring over state of grounding devices of 0.4-220 kV power line towers 

 

The efficiency of lightning protection made in the form of grounding cale is affected by 

tower GDs. Therefore, the reliable GD measurement results ensures both the correct 

identification of problems related to lines resistance to atmospheric surges and correct choice of 

effective lightning protection of power line. 



Goals and objectives of monitoring the state of line tower GDs are specified in clause 

5.10.1 [2] as ensuring the electrical safety of people and protection of electrical installations. The 

procedure of monitoring the state of line tower GDs implies the following set of activities: 

1. The analysis of the existing technical standards regulating the requirements to periodicity 

and scope of tower GDs monitoring. 

2. The analysis of design features of power lines operated by the affiliate. 

3. Identification of applicable methods to control tower GDs resistance. 

4. The analysis of the existing equipment set, identification of need for measuring tools. 

There are a lot of technical standards (TS) regulating GD resistivity measurements in 

power lines towers.   Comparative analysis of TS requirements with regard to measuring GD 

resistance in lines towers is shown in Table 1. 

Table 1. Comparative analysis of TS requirements with regard to measuring GD resistance in 

lines towers. 

TS requirement 
Operational 
regulations 

[2] 

Amount and 
standards for 

electric 
appliances testing 

[3] 

User Rules 
for Operating 

Electrical 
Equipment [4] 

Electrical 
appliance 

installation 
regulations 
(PUE) [5] 

After mount, 
reconstruction and 
major repairs 

available available available - 

Upon detecting traces 
of insulators flashover 
or destruction induced 
by electric arc in power 
towers of 110 kV and 
higher power lines  

available available 

available  
(without 

specifying class 
U) 

- 

Towers with 
disconnectors, 
protective gaps, tubular 
and valve arresters and 
towers with zero wire 
secondary ground. 

35 kV and 
below – 1 
time per 6 
years 

Up to and above 
1000 V – after 
mount, 
reconstruction, 
repair, and 
operation at least 
1 time per 6 years 

clause 26.4 of 
Annex 3 – At 
least once per 6 
years for up to 
1000 V power 
lines and 12 years 
for those above 
1000 V. 

- 

Selectively in 2% of 
towers with ground 
wires in residing areas, 
in lines areas with most 
aggressive, landsliding, 
blown or poorly 
conductive soils 

After mount, 
reconstructio
n, repair, and 
operation at 
least 1 time 
per 12 years 

- After mount, 
reconstruction, 
repair, and 
operation at least 
1 time per 12 
years 

At least once 
per 6 years 
for up to 
1000 V 
power lines 
and 12 years 
for those 
above 1000 
V. 

Measurement 
conditions 

Measurement
s shall be 

- Measurements 
shall be made in 

Measurement 
should not be 



made in 
periods of the 
largest drying 
of the soil 

period of the 
largest drying of 
the soil (for 
permafrost 
regions – in the 
period of the 
maximum soil 
freezing) 

made in 
periods when 
grounding 
devices 
resistance 
value is 
greatly 
influenced 
by soil 
freezing 

 

As seen from Table 1, the number of existing TSs demonstrate contradictions with regard 

to controlling GD resistivity in power lines towers.  Therefore, the existing TSs must be 

harmonized in terms of issue in question. 

The electric power industry applies a variety of towers with multiple GD designs. Shown 

in Table 2 is a comparative analysis of the  power lines towers GDs design. 

Table 2. Comparative analysis of the  power lines towers GDs design. 

 

Steel suspension and 
tension towers without 
grounding cable 
 

 

Steel suspension and 
tension towers with 
grounding cable 

 

Steel suspension and 
tension towers without 
grounding cable 
(grounded through 
concrete basement) 

 

Steel suspension and 
tension towers with 
grounding cable 
(grounded through 
concrete basement) 

 

Concrete poles without 
grounding cable 

 

Concrete poles with 
grounding cable 



 

Wooden poles with 
grounding cable 

 

Multifaceted steel poles 
without grounding cable 

 

Multifaceted steel poles 
with grounding cable 

  

 

Fig.1 shows the results of Komienergo Affiliate of IDGC of North-West PJSC towers 

distribution depending on constituent materials. 

 
Fig.1 Circular diagram of Komienergo Affiliate of IDGC of North-West PJSC towers distribution (in %) depending on constituent materials. 

 

As seen from diagram, the essential proportion of 35-110 kV lines is laid on concrete 

towers with grounding cable protecting from direct lightning strikes.  

Depending on design of towers grounding devices, an appropriate way to measure the 

GD resistance is selected [6]. According to [6], measurement of GD resistance in lines towers is 

possible with rather wide range of measurement techniques (listed below). Accordingly, various 

measurement methods have limitated scope of application as well as different 

accuracy/reliability of measurement. 

 

Applied methods of measuring GD resistance in line towers 

 

The existing variety of methods to measure GD resistance in power line towers can be 

divided into seven groups: 

1. Three-pole circuit measurement; 



2. Three-pole circuit measurement with clamp meter; 

3. Wireless measurement with two clamp meters; 

4. Wireless measurement with special clamp meters; 

5. Three-pole circuit measurement with flexible current sensors. 

6. Measurement by SibNIIE (Siberian Energy Research Institute) method.  

7. Pulse measurement methods. 

Consider each group of measuring methods. 

Three-pole circuit GD resistance measurement is shown in Fig. 2 

 
Fig.2 Three-pole circuit measurement 

 

This method is applicable to steel towers with various types of reinforced concrete 

foundations, multifaceted and concrete poles without grounding cable. 

Three-pole circuit measurement with clamp meter is shown in Fig. 3 

 
Fig. 3 Three-pole circuit measurement with clamp meter 

 

This method is applicable to steel towers, wooden and concrete poles with grounding 

cable. However, in presence of several grounding leads this method does not ensure correct 

measurement result. 



Wireless measurement with two clamp meters and that with special clamp meters are 

shown in Fig. 4. 

 
Fig. 4 Wireless measurement: a) with two clamps; b) with special clamp meters 

 

These methods are applicable for metal and concrete poles with grounding cable, in this 

case the presence of brought-out grounding wire is necessary.  However, in presence of several 

grounding leads it will be hard to obtain the correct measurement result. 

Three-pole circuit measurements with flexible clamp meters and SibNIIE method are 

shown in Fig. 5 

 
Figure 5. GD resistance measurement by method of: a) SibNIIE; b) three-pole circuit using flexible clamp meters (e.g., metering set by C.A 6472 

+ 6474, Chauvin Arnoux, France) 

 

These methods are applicable to steel towers with different types of foundations with 

grounding cable and several ground leads. Note that SibNIIE method as priority does not apply 

to power lines without grounding cable. 

Pulse measuring method is shown in Fig. 6. 

a 

b 

a b 



 
Figure 6. Pulsed measurement techniques (e.g. - tower GD pulse meter produced by Center for Physical and Technological Problems of 

Energy in Northern Regions of Kola Science Center of Russian Academy of Sciences) 

 

This method is applicable to various types of towers with grounding cable and several 

ground leads. 

Thus, after analyzing numerous measurement techniques, one can conclude that three-

pole circuit resistance measuring techniques in grounding devices of the line towers using 

flexible clamp meters (e.g., C.A 6472 + 6474, Chauvin Arnoux, France) as well as pulse 

measurement method are universal,  which is their advantage. However, these methods are more 

time consuming and require a trained specialist (insulation service staff, as a priority). 

 The measurements by wireless method using special clamp meters is more convenient 

when combining measurements with power line survey and inspection performed by 

maintenance staff and line servicing personnel. 

The critical advantage of pulse measurement against all said above are: 

- the possibility to obtain more extended set of measured characteristics that increases the 

accuracy/reliability of the overall assessment of line lightning protection efficacy; 

- less number of measurements operations as compared to three-pole circuit technique using 

flexible clamp meters; 

 In this context, the widespread legal application of this method requires regulatory 

framework [3] revision with regard to regulation of impulse resistance values. 

Therefore, the existing standards for periodicity do not ensure adequate estimation of 

tower grounding devices. For example, with selective control of 2% of the towers once in 12 

years, about 17 towers out of 1000 will be checked during the year. This means the larger 

number of towers to be controlled which is possible when performing wireless measurements 

with special clamp meters in combination with power line survey and inspection performed by 

maintenance staff. This, however, is possible if the process of construction, reconstruction and 

major overhaul of power lines, i.e. towers replacement, is supported by the following possibility 



to control the state of tower grounding devices: ground leads accessibility, well-engineered 

design (especially in relation to reinforced concrete poles) 

 

The use of contemporary technologies to ensure lightning performance of power line in 

terms of cost optimization. 

 

Traditional line lightning performance activities are aimed at reducing the probability of 

linear insulation flashover. Reducing flashover number is associated with the use of grounding 

cables phases, reducing pulse resistance of towers grounding, increase of linear insulation pulse 

strength. 

Under certain conditions these activities are inappropriate from economical standpoint. 

These circumstances tend to be consider when choosing means of lightning protection; 

alternative modern methods and devices to enhance line lightning performance, are applied. 

According to [7], such modern techniques and means to increase of grounding cable 

reliability in terms of lightning protection include installation of long-spark gaps (RDI) and 

multi-chamber arresters (RMK) in power lines. In particular, the use of long-spark and multi-

chamber arresters is aimed at elimination of linear insulation flashover, reduction the probability 

of pulse flashover transition to silent power arc resulting in line outage. In this context in many 

cases the application of this technology is more cost effective without any loss of reliability. 

Consider the example of a comparative analysis of technical and economic efficiency of 

two technologies applied to increase the lightning performance level of power line on real 

facility of Myaksa 1, 2 of Vologdaenergo Affiliate of IDGC of North-West PJSC. 

 

35 kV line Myaksa 1, 2 protection options 

 

Table 3 shows calculated values of annual number of lightning outages in 35 kV line 

Myaksa 1, 2 with a total length of 20.5 km with arresters or cable installed at 1.3 km of the line. 

Table 3.  Сalculated values of annual number of lightning outages in 35 kV line Myaksa 1, 2 

with a total length of 20.5 km with arresters or cable installed at 1.3 km of the line. 

Type of outage 
Outages per 20.5 km a year 

Not protected With 1.3 km 
cable 

With RMKE-
35 for 1.3 km 

Single-circuit with successful ACR 0.607 0.595 0.571 
Single-circuit with unsuccessful ACR 0.400 0.391 0.376 
Double-circuit 0.060 0.058 0.056 
Total  1.067 1.044 1.004 

 



According to calculation results, the number of lightning outages in 35 kV line with 

grounding cable is 1.5 times less than in those without grounding cable. Installation of RMCE-35 

arresters along entire length of power line can reduce the number of lightning outages by 14 

times as compared to the original (no grounding cable). In this context, it is recommended to 

install 6 arresters per tower to protect each phase of each circuit.  

Thus, installation of arresters is almost 10 times more effective than grounding cable 

installation. Accordingly, arresters may be used for power lines lightning protection instead of 

grounding cable, resulting in higher line lightning performance. 

 

A feasibility study of RMKE-35 use as means of 35 kV line Myaksa 1, 2 lightning protection 

 

Consider the technical and economic comparison of two options of 35 kV line lightning 

protection: option 1 – standard, with grounding cable used as lightning protection, and option 2 – 

without grounding cable with installation of a multi-chamber arrester RMKE-35. 

The number of outages for double circuit 35 kV power line has been computed by experts 

of  S&T Department of NPO Streamer based on mathematical model taking into account 

lightning current distribution along the line.  

The line model includes the scheme of towers replacement, long lines blocks considering mutual 

positioning of wires against each other, and wave processes. The rate of power arc setting and 

successful automatic line reclosing factor were also considered.  

Characteristics of conditional 35 kV power line are presented in Table 4. 

Table 4. The characteristic of conditional 35 kV power line. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 Parameter  Items  Index Value  Note  

General power line characteristics (actual)  
1. Operating voltage kV Up 35.0  
2. Transmitted power MW S p 7.0  
3. 35 kV line length (circuits) km L c 41.0  
 35 kV line length (route) km L r 20.5  
 Length of estimated 35 kV approach to protection km L a 1.3  
4. Span m L sp 35.0  

5. 
Earthing type   Insulated  Myaksa - 1 
   Combined  Myaksa - 2 

6. Towers grounding resistance Ω R g 8-11 
with specific soil 
resistivity of 40-
150 Ω⋅m 

7. 

ACTUAL no. of outages in this line 
units 

a year 
 1.067 

Calculated data 
of Streamer 

NPO 

Including    
with successful ACR  Nph1 0.607 

Single-circuit with unsuccessful ACR  Nph2 0.400 
double-circuit  Nph3 0.060 

8. Mean time of line outage hours    
 with successful ACR  t1 0.017  
 Single-circuit with unsuccessful ACR  t2 0.3  
 double-circuit  t3 2.0  

 

Consider the values when equipping approaches with grounding cable: the estimated 

lightning protection of approaches will require installation of 1300 m of grounding cable. 

Consider the situation when cable installation to  existing towers is impossible, i.e. 10 poles not 

in compliance with requirements to poles upon cable installation, must be replaced. 

Consider the values when equipping approaches with RMKE-35: the estimated lightning 

protection of approaches will require installation of multi-chamber arresters to each phase on 

each pole. 5 poles must be equipped. Thus, given double circuit, each pole must be equipped 

with 6 RMKE-35s. 

The by-option volume of investments is given in Table 5. 

Table 5. By-option volume of investments. 

 

 

 

 

 

 

 



 

Parameter Items CAPEX 
(VAT-free) 

Costs for approaches equipping with grounding cable (1.3 
km) 

TRUB 118.7 

Costs for towers dismantle and mount TRUB 1885.6 
   

Costs forRMKE-35 installation (in 1.3 km)  
TRUB 750.0 With one unit installed per each phase. For double-circuit line - 6 

units per tower   
 

The calculation of project economic parameters was made without taking into account the 

project investment scheme (the whole volume of investments is referred to the first year of the 

project). 

Consider the revenue streams analysis: In frameworks of this analysis, the cost reduction 

associated with reduced number of line outages is accepted as income from the use of lightning 

protection equipment: 

- reduction of damage from interruption of electricity supply; 

- reduction of costs for emergencies liquidation. 

The estimated number of outages in considered power line under different lightning 

protection techniques is shown in Table 6. As said earlier, protection is provided only in 6.5% of 

the line length. 

It should be noted that as per calculations, the considered line supplies power only to 

human settlements. If the power supply area comprise an industrial facility, savings from 

reducing losses from the interruption in electricity supply will increase significantly. 

 

Table 6. Estimated number of outages in considered power line. 

Types of outage 

No. of outages per year  
in 35 kV power line (10 km)   

Actual 
With grounding 

cable in 
approaches 

With RMKE-35 in 
approaches 

with successful ACR 0.607 0.595 0.571 
Single-circuit with 
unsuccessful ACR 

0.400 0.391 0.376 

double-circuit 0.060 0.058 0.056 
 

 



Since the terms of the project assume a very small portion (less than 10%) to be 

equipped, savings from reducing the number of outages is also insignificant.  

Upon termination of the projected period, the expected annual savings from reducing the 

number of outages will be: 

when equipped with the grounding cable – 5.4 thousand rubles, RMKE-35 – 6.7 thousand rubles. 

With 100% equipment of the line with RMKE-35 the number of outages is reduced by 

90% as compared to grounding cable (see Table 7) 

Table 7. Estimated number of outages in considered power line with 100% equipped with 

RMKE-35 arresters. 

 

 Outages per year in 35 kV power line,  
units/100 km 

No lightning 
protection 

With grounding 
cable 

(100% of line) 

With RMKE-35 6 
units per tower 
(100% of line) 

With successful ACR 2.96 2.00 0.211 
SINGLE-circuit with unsuccessful 
ACR 1.95 1.28 0.138 

Double-circuit 0.29 0.18 0.020 
Total 5.20 3.47 0.369 

 

 

Since this project assumes only 6.5 % of the line length to be equipped, the decrease in 

outages number after RMKE-35 installation as compared to the grounding cable, is only 4%. 

Therefore, RMKE-35 installation is less capital-intensive as compared to grounding cable 

in cases when the use of the latter requires poles replacement or other expensive and complex 

solutions (complicated terrain, icy area, transportation crossroads, etc.). 

For example, in terms of this project the scope of investments for option I, standard, with 

grounding cable used as the lightning protection means, 2004,3 thousand rubles, for option II, 

without grounding cable with RMKE-35 multi-chamber arrester installation, is 750 thousand 

rubles. It should be noted that the costs for poles replacement are not included into line project 

cost, thus, real investment in equipping the power lines with grounding cable will be much 

higher. 

An important aspect when deciding on the use of multi-chamber arresters to ensure 

lightning performance of power lines allowed by Set of guidance (SDU-2016) Part 2 [7], is not 

mentioning of this technology as valid, in PUE [5]. 

 



Summary 

 

There was revealed a number of contradictions in instruments regulating requirements for 

measuring resistance of towers GDs. It is necessary to harmonize the requirements of various 

TSs. It is proposed to adhere to the requirements set forth in [3]. 

To ensure adequate evaluation of grounding devices of line towers, there arises the 

necessity to increase the scope of controlled towers which is possible when performing wireless 

measurements with the use of special clamp meters by maintenance personnel along with works 

on line survey and inspection. This is possible if the process of construction, reconstruction and 

major overhaul of power lines is supported by the following possibility: grounding lead 

accessibility, suitable design. 

Given the diversity of towers constructions applied, grounding devices design features 

required to incorporate the choice of measuring technique, the leading positions are taken by 

universal means of GD resistaance measurement. The largest advantage over others has the pulse 

method. This requires the revision of the existing instruments regarding regulation of permissible 

(threshold) values of pulse resistance, as well as setting mass production of the appliances to 

implement this method. An experimental sample of the device - tower GD pulse meter produced 

by Center for Physical and Technological Problems of Energy in Northern Regions of Kola 

Science Center of Russian Academy of Sciences, is an acceptable device for this task.     

As per results of technical and economic comparison of two options of 35 kV power lines 

lightning protection, the standard, using a grounding cable and without grounding cable with 

installation of multi-chamber arresters RMKE-35, it was found that that line equipment with 

RMKE-35 is less capital-intensive as compared to the grounding cable in cases when the use of 

cable requires replacement of towers and other capital-intensive complex solutions (complicated 

terrain, icy area, transportation crossroads, etc.). 

Based on successful experience of using long-spark gaps (RDI) and multi-chamber 

arresters (RMK) as technology providing lightning performance of power lines, PUE [5] should 

include these solutions as a valid means of enhancing power lines reliability at atmospheric 

surges.  
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