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1. Affiliates-specific problematic issues of lightning protection for substations and 
overhead lines. 

Thunderstorms are very common for the Russian Federation territory. The general 
trends of their distribution include the increase in thunderstorms number from North to South 
and rise of storm activity at higher terrains. Therefore, the largest number of stormy days can 
be attributed to mountainous regions in the South of the European part of Russia (Southern 
Federal district, Krasnodar Krai). 

Significant storm activity has been observed in those parties of the region, which are 
within mountain zone and foothills of the Northern Caucasus (the Republic of Adygeya) and 
near the Black sea coast (Sochi, Adler, Tuapse, etc.), due to the difficult terrain and prevailing 
circulation processes characteristics. Thunderstorm activity in the region is observed each year 
and almost all  the year round, although thunderstorms recurrence in winter months is small (1 
per month). Most often thunderstorms are observed, as for all of the Russian Federation, in 
May-September period. 

The mean duration of thunderstorms in Sochi energy district is more than 100 hours per 
year which is significantly higher than that in other parts of Russia.  

However, subject to State Institution of Krasnodar Territorial Center for 
Hydrometeorology and Environmental Monitoring (GU KCGMS) for the Krasnodar Krai and 
the Republic of Adygeya, 2017 demonstrated the decrease in average duration of thunderstorm 
hours as compared to 2016. In particular, average duration of thunderstorm hours in 2016 was 
71.1 hour, in 2017 – 45 hours (36.8% decrease) 

 On average, the number of thunderstorm hours in the Krasnodar Krai and the Republic 
of Adygeya, according to many years of observations (last 20 years) exceeds 76 hours per year 
and ranges from 45 (in 2017) to 94 (2012).  

With such thunderstorm activity, the annual number of 35-110 kV power line faults 
during thunderstorm over 2013-2017 in Kubanenergo PJSC was 77 to 113, more than 100 
faults on the average. 

 
 

Table 1 
35-110 kV power line faults dynamics during thunderstorm in 2013-2017 

 2013 2014 2015 2016 2017 
Average of 

Kubanenergo 
PJSC 

Number 
of OH 
faults 

35 kV 42 39 31 30 18 

102.8 110 kV 63 54 75 83 59 

Total 105 93 106 113 77 

Storm activity, h. 84.09 85.45 58.4 71.1 45.0 68.8 

 
The total length of Kubanenergo 35-110 kV power lines is 11924 km (35 kV – 6969 km, 

110 kV – 4955 km) 



 
The specific number of lightning faults in the Company per 100 km of overhead lines for 

the reporting period is: 
for 2017: 
- for 110 kV power line – 1.25; 
- for 35 kV OH line – 0.29; 
for 2016: 
- for 110 kV power line – 1.65; 
- for 35 kV OH line – 0.43; 
The increased specific number of lightning faults in 2016 is associated with flashovers 

from  insulator strings surface, poor condition of suspended insulation (aging, contamination of 
insulation as a result of OH line location in intensive agricultural area, coastal territories, etc.); 
the implementation of activities specified in point 2 below resulted in reduced number of faults 
in 2017. 

Given that per year duration of thunderstorm hours may differ significantly in different 
affiliates within the energy system, the dynamic change in specific number of lightning faults 
considering the lightning activity calculated for 100 km and 100 thunderstorm hours (Table 2), 
was analyzed. 

 
Table 2 

Dynamics of change in specific number of lightning faults in 2013 – 2017. 

UнOH, kV. 
per 100 km and one year of 

operation 
per 100 km and 100 lightning 

hours (kl) 

2013 2014 2015 2016 2017 2013 2014 2015 2016 2017 

110 1.46 1.06 1.62 1.65 1.25 1.92 1.37 2.66 2.32 2.76 

35 0.65 0.61 0.32 0.43 0.29 0.77 0.85 0.71 0.63 0.75 

 
The specific number of lightning faults per 100 km of OH line and 100 lightning hours in 

2017 for the Company made 2.76 faults for 110 kV power line.  
A significant increase in specific number of lightning faults (kl) per 100 km and 

100 lightning hours in 2015 was associated with the reconstruction and grounding cable 
replacement with surge arresters in 110 kV power line of Sochi power grid affiliate which, 
on the one hand, increased the frequency of direct lightning strike to the cable but, at the 
same time, increased the number of faults with successful automatic circuit Reclosing 
(ACR) activation. 

 
 
2. Activities implemented to ensure steady operation of power grid facilities. 
One of the main measures to ensure normal operation of power grid facilities in 

thunderstorm period is the installation/replacement of the defective grounding cable (hereinafter 
referred to as GC) in 110 kV power lines (Electrical installation code, 7th ed., p.2.5.116).  

The length of GC-free 110 kV power lines in all Company affiliates has recently 
decreased  due to GC restoration and installation (Table 3). In particular, starting from 2014, 
Leningrad and Tikhoretsk power grids launched a widespread GC replacement in 110 kV power 
lines; the overall length of GC-free overhead lines sections in the said grids at present has reduced 
from 200 km to 40 km, and that for the Company at present is about 87 km, or 1.76% of the 
total length of 110 kV. 

 
 
 



Table 3 
The length of GC-free 110 kV power line on route, km Current % 

of total 
length of 
110 kV 
powered 

line 

Total length 
of 110 kV 
power line 2013 2014 2015 2016 2017 

494.37 495.97 89.71 108.30 86.97 1.76 4955.070 

 
An exception is Sochi power grid affiliate where GC reconstruction, dismantling 

and replacement with 110 kV surge arresters was performed in 110 kV power line. 
 
Regarding performance of the said activities, starting from 2015 110 kV lines in Leningrad 

and Tikhoretsk power grids show dynamic decrease of  both the total number of lightning faults (in 
2-2.5 times, on average) and the specific number of lightning faults per 100 km of overhead line 
and 100 lightning hours (in 1.5-2 times, on average). 

Besides, with a view to successful outcome of the lightning period and reduction in the 
number of thunderstorm-induced process failures of 110 kV line, Kubanenergo PJSC annually 
performs a number of key activities to ensure reliable operation of power facilities, in particular: 

1. All 35-110 kV substations, fuel and lubricants storage facilities, oil facilities and 
antenna masts are inspected, as well as engineering inspections of 35 kV and higher voltage lines 
are checked. 

2. Conductivity currents of 110 kV surge arresters are measured without being 
disconnected from the network, and their thermo-vision examination. 

3. The efficiency and settings of all capacitive earth fault current compensating devices. 
4. Records are made of all cases of faults and damages caused to power lines and 

substations equipment by lightning surges to evaluate the surge protection reliability in 
distribution devices and power lines.  

Given the equipment operation peculiarities under increased lightning activity, the 
following extra activities are scheduled and implemented on annual basis: 

1. Replacement of 35-110 kV valve type arresters being in operation for more than 25 
years, with surge arresters according to Kubanenergo repair program. 

2. Non-routine insulation inspections in substations and 35 kV power lines were 
lightning faults were registered. 

3. Permanent monitoring of lightning faults along with the efficacy analysis of earlier 
implemented activities to prevent lightning faults. 

4. In case traces of insulation flashover or destruction by electric arc is found in 35 kV 
tower, the grounding devices resistance is measured in this tower and two adjacent towers.  

5. In frameworks of 2017 Kubanenergo repair program, Sochi power grid performs the 
replacement of old type arresters disconnectors installed in 110 kV power lines with modified 
disconnectors resistant to mechanical and UV impacts. 

6. Defective linear insulation replacement in 35-110 kV power line. 
7. Review of lightning protection circuits in 35-110 kV power lines subjected to 

frequent faults during lightning period of 2017. 
 
3. Analysis of accidents in lightning period of 2017. 
For the period of thunderstorm activity in 2017, 35-110 kV network of the Company 

showed 77 technological failures induced by the lightning, of them 50 faults in 35-110 kV power 
lines were not followed by damage to the equipment its components.  

Of the total number of lightning faults in 35-110 kV network, 27 (35%) were followed by 
equipment or components damage due to lightning surge or direct lightning stroke: 



- 14 faults (18%) resulted in insulation damage; 
- 6 faults (8%) were caused by downed (melted) cables/crossarm flashover; 
- 4 faults (5%) with arrester damage; 
- 3 faults (4%) with grounding wire damage. 
Lightning faults in 35 kV and higher voltage lines caused damage to 63 items of 35-110 

kV line equipment, in particular: 
- damage to insulators – 50 pcs. 
- damage to cable – 6 pcs. 
- damage to surge arresters – 4 pcs. 
- damage to grounding wire – 3 pcs. 
Of the total number of lightning faults 47 (61%) technological failures were induced by 

insulation flashover followed by equipment insulating properties recovery (with successful 
ACR), and 30 faults (39%) – with unsuccessful ACR. 

 
Summary  
The main reason of 110 kV power line lightning technological failures is: 
- insulation flashover caused by loss of its insulating properties due to the long operation 

period and, given its contamination in certain areas due to 110 kV line crossing agricultural land; 
To ensure the successful completion of the thunderstorm period in 2018 and reduce the 

number of 35-110 kV power lines process failures it is necessary to continue the implementation 
of basic and additional activities to ensure power facilities reliable operation. 

 
4. The analysis of increasing lightning performance effectiveness through the use of 

linear surge arresters in 110 kV power lines of Sochi electrical grid affiliate of Kubanenergo 
PJSC.  

Due to objective circumstances (high values of power towers grounding resistance 
grounding due to high specific resistivity of soil and impossibility to use grounding cables due to 
high wind and ice loads) traditional means of lightning protection applied in Sochi electrical grid 
affiliate of Kubanenergo PJSC can not ensure the required lightning performance of power lines. 
This is why to increase lightning performance of the power line, the affiliate applies more 
expensive but effective method, – installation of surge arresters in line towers to protect its 
insulation from flashovers. 

On the whole, in the course of 110 kV power line reconstruction, 4133 110 kV linear 
surge arresters were installed in Sochi power district, including: 

- Polimer-Apparat – 1465 pcs (OPNp-110/800/88-10-III UHL1-P type);  
- Siemens – 2668 pcs (3EL2 110-2LJ31-4ZA9 type). 
- the length of 110 kV power line protected by surge arresters - 437,537 km;  
- in 2016, there were 24 emergency faults of 110 kV line due to arrester failure, in 2017 – 

5 faults.  
In total, 59 failures of linear surge arresters were registered in Sochi power grids over the 

operation period;  besides, 124 defects were registered, 113 of which did not resulted in faults 
and 11 led to line outage.  The larger part of 110 kV arresters damage (49 cases) were associated 
with lightning frontline crossing. Only in nine cases arresters failures were not associated with 
lightning activity since surge arresters failures are possible in clear weather, without any network 
malfunctions. This occurs in case of partial damage to the arrester during previous 
thunderstorms. The partially damaged surge arrester will transport a high leak current that will 
subsequently lead to arrester destruction even in clear weather.  

Main causes for surge arresters damage: 
1. Unpredictable lightning behavior during thunderstorm; 
2. The use of poor quality components; 
3. Wrong choice of the surge arresters parameters 
4. Off-design impact 



5. Design errors 
6. Low-quality installation 
 
Based on equipment manufacturers, the following damage statistics is available: 
- Polimer-Apparat surge arresters (OPNp-110/800/88-10-III UHL1-P type) – 22 pcs out 

of 1465 were damaged making 1.50% of the total number of surge arresters by this 
manufacturer;  

- Siemens surge arresters (3EL2 110-2LJ31-4ZA9 type) – 37 pcs out of 2668 were 
damaged making 1.39% of the total number of surge arresters by this manufacturer. 

Thus, depending on the manufacturer, the percentage of arresters damage is almost 
identical.  

 
The brief analysis of the efficacy of surge arresters application instead of grounding 

cable in 110 kV power lines.  
  
1. The specific damage of surge arresters in power lines of Sochi electric grids made in 

2016: 
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where: n is the number of lightning faults, pcs; 

N is the number of lightning hours per year in the place of overhead line crossing; 
lOH is the length of overhead line, km. 

 
in 2017: 
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The specific number of arresters damage per 100 km power line over 100 lightning hours 

per year is within regulated range of 0.95 to 6.5 for double-circuit 110 kV lines without GC, with 
surge arresters installed in upper phases, with tower resistance ranging 10 to 100 Ω. This 
indicator is the main criterion for surge arresters reliability in power lines. 

2. On average, the number of lightning faults in 110 kV power line of Sochi power grids 
remained unchanged but there is practically no faults with unsuccessful ACR which resulted in 
power supply reliability of Sochi power district as a whole.  

3. Periodic inspections of 110 kV Tuapse - Shepsi power lines did not reveal significant 
damage to the upper layer of AeroZ type wire operated free of GC since 2007. 

  
 Damage caused to surge arresters and disconnectors against manufacturers is shown in 

diagram.  
Large number of Polimer-Apparat disconnectors failures is associated with applied 

materials nonpersistency to intense solar radiation and mechanical impacts. Having studied and 
tested disconnector arresters by world producers, Polimer-Apparat CJSC developed a metal case 
disconector. Based on this, one of addditional measure to ensure stable operation of 110 kV line 
in Sochi power grids is the replacement of old disconnectors arresters with modified metal case 
disconnectors resistant to mechanical and UV impacts.  

 
 



Notice: 
- the total cost of reconstruction in 2017, performed on own account considering labor 

costs, transportation and materials, is RUB 1,773,134; 
- the operational cost of 1 km 110 kV line protected with surge arresters, against that 

spent on repair, made RUB 4,052 
 
Summary 

Installation of surge arresters instead of grounding cable to 110 kV line in Sochi power 
grids increased the number of direct lightning strokes to the wire, thus resulting in suspended 
arresters damage since  the lightning induced energy in the most loaded 110 kV arrester exceeds 
the protection device capacity, but at the same time the number of outages with unsuccessful 
ACRs almost disappeared. 

Reduction in number of 110 kV surge arresters failures requires further systematic 
replacement of  III class Polimer-Apparat arresters of 800 A capacity and Siemens arresters of 
850 A capacity, with IV class arresters of 1200 A capacity, thus increasing the arresters specific 
energy intensity and reducing the its damage likelihood. 

It is recommended to equip 110 kV lines with 110 kV arresters with consequently 
switched disconnectors providing arresters disconnection if they are damaged. 
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