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Abstract— Shield wires are critical components of overhead 

lines (OHL) during icing events because under heavy icing they 

may sag closer to the phase conductors and flashovers may 

occur. The first countermeasure might be removal of shield 

wires from the critical section of the OHL. This would affect the 

lightning performance of the OHL. The goal of the present 

report is a case study of this concept. The Line Performance 

Estimator software (LPE 2020) was used for estimating the total 

lightning outage rate of two Norwegian 420 kV overhead lines 

by calculating the outage rates of shielded as well as unshielded 

sections of the lines. The reduction of lightning performance 

may be compensated by optimal installation of transmission line 

surge arresters. Therefore, the experience and impact of such 

was reviewed. 
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I. INTRODUCTION 

Shield wires are critical components of overhead lines 

(OHL) during icing events because when heavily iced, the 

shield wires can sag close to the phase conductors, and 

flashovers between the conductors may occur [1]. The first 

countermeasure, already applied in some countries, might be 

to remove the shield wires from the critical ice-affected 

section of the OHL. This measure will reduce the mechanical 

loading of the tower and avoid the risk for breakage of the 

heavily loaded shield wires. For the lines in this study, 

removal of the shield wires on the sections most exposed to 

heavy icing is expected to improve the outage rate 

significantly. About one event per year is expected to cause 

ice loads that are heavy enough to either break or sag the 

shield wires to a level below the phase conductors. In these 

cases, the line must be repaired or cleared from ice before 

putting it back into operation. 

However, the removal of shield wires deteriorates the 

lightning performance of the OHL because areas affected by 

ice are usually associated with high ground flash density (top 

of mountains) and high soil resistivity (rocks). In Norway the 

distribution of ice loading is very non-uniform because of the 

varying topography (mountains and valleys). Typically, ice-

affected sections constitute only small portions of the OHL 

(few km). Thus, a case study was initiated for estimating the 

reduction in total lightning performance of two Norwegian 

420 kV lines if shield wires are removed from parts of the 

line.  

The goal of this paper is to present the results from the 

case study of two 420 kV lines and compare the results with 

actual service records. Application of transmission line surge 

arresters are discussed as a measure to re-establish the 

lightning performance after removal of the shield wires. 

II. LIGHTNING PERFORMANCE CALCULATIONS 

Partial removal of shield wires has shown to be efficient 

for reducing the outage rate associated with ice and snow, 

however, flashovers due to lightning strikes to the line are 

expected to become more frequent on unshielded parts. In 

order to assess whether the total lightning performance of the 

lines can still be considered acceptable, an attempt was made 

to quantify the outage rate of the lines due to backflashovers 

and shielding failures before and after removal of the shield 

wires along a specified section of each line.  

The Line Performance Estimator (LPE 2020) was used for 

estimating the total lightning outage rate of each line by 

calculating the outage rates of shielded as well as unshielded 

sections of the lines. The LPE makes use of methods 

recommended by CIGRE [2], [3] for estimating the rate of 

backflashovers on shielded parts of the line, and the rate of 

shielding failures on shielded as well as unshielded parts.  

III. LINE CHARACTERISTICS 

The most frequent tower type used on the lines under 

study is the suspension tower shown in Figure 1. Since 

remaining tower types have the same horizontal conductor 

configurations, and thus similar lightning performance, the 

suspension tower was chosen to represent all tower types in 

the present study. 

The dimensions of towers, insulator V-strings and 

conductors, as well as the minimum tower top air clearances 

and strike distances of insulator strings, were derived from 

drawings and data submitted by Statnett, see Tables I and II. 

 

Fig. 1 Representative suspension tower type. 
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TABLE I. Specific geometrical data for the lines under study. 

Parameters OHL A OHL B 

Line length 92,6 km 28,1 km 

Line length without shield wires  4,2 km 1,6 km 

Average span length 400 m 350 m 

Average altitude  1000 m 1000 m 

 

TABLE II. REPRESENTATIVE GEOMETRICAL DATA. 

Parameters Values 

Crossarm height 24,9 m 

Phase spacing 9,0 m 

Shield wire spacing 10,0 m 

Phase conductor height at tower/midspan 21,4 m/9,4 m 

Shield wire height at tower/midspan 28,9 m/18,9 m 

Phase conductor type/number in 

bundle/diameter/spacing  

Parrot/2/38,3 

mm/450 mm 

Shield wire type/diameter  Sveid/21,0 mm 

Minimum tower top air clearance 2,485 m 

Insulator connecting length  3,060 m 

Insulator strike distance 2,900 m 

IV. LIGHTNING STATISTICS 

Lightning detection network data for the regions of 

interest were submitted by Statnett in terms of lightning 

stroke magnitudes and polarities for a period of 17 years, as 

recorded by the lightning detection system. The cumulative 

statistical distributions of lightning current magnitudes, 

including negative and positive strokes, are shown in Figure 

2 and 3. In a similar manner to the CIGRE distribution [2], 

two log-normal distributions were used to approximate 

recorded values from each region as shown in Table III.  

 

Fig. 2 Cumulative distribution of lightning current magnitudes in 

the region of OHL A (blue dots) and log-normal 

approximation (red curve). 

 

 

Fig. 3 Cumulative distribution of lightning current magnitudes in 

the region of OHL B (blue dots) and log-normal 

approximation (red curve). 

 

TABLE III. LIGHTNING CURRENT CHARACTERISTICS. 

  OHL A OHL B 

Lightning detection area 1306 km² 235 km² 

Time period   17 yrs 17 yrs 

No. of strokes  
Negative 2714 (72%) 483 (66%) 

Positive 1041 (28%) 251 (34%) 

Ground flash density 0,17/km²/yr 0,18/km²/yr 

Max. current 

magnitude 

Negative 251 kA 126 kA 

Positive 224 kA 109 kA 

Median current 

magnitude 

Negative 8 kA 8 kA 

Positive 7 kA 7 kA 

Log-normal 

approximation 

Median  
<12 kA: 8,0 kA 

>12 kA: 6,6 kA 

<6 kA: 6,8 kA 

>6 kA: 7,5 kA 

LN  
<12 kA: 0,75 

>12kA: 1,11 

<6 kA: 0,51 

>6 kA: 0,94 

V. TOWER GROUNDING 

The tower grounding resistance greatly affects the 

backflashover rate on shielded parts of the lines. On the other 

hand, tower grounding has no effect on the shielding failure 

rate. LPE accounts for variations in tower grounding 

conditions along a line by calculating the backflashover rates 

for up to five bins of tower grounding resistance and by 

weighing the results with regard to the number of towers 

belonging to each bin. The measured tower grounding 

resistance values submitted by Statnett were sorted into five 

bins as shown in Table IV. Note that actual measurements of 

grounding resistance were carried out for only 65-70% of the 

towers due to difficult terrain, etc.  

TABLE IV. TOWER GROUNDING RESISTANCES SORTED INTO BINS. 

OHL Measured tower grounding resistance values 

A 
Bin (Ω) 0-10 10-20 20-40 40-60 60-120 

Number 62 62 31 9 7 

B 
Bin (Ω) 0-20 20-40 40-60 60-80 100-150 

Number 20 17 6 6 3 
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VI. RESULTS OF LPE CALCULATIONS 

The lightning performance of the lines before and after 

partial removal of shield wires were calculated by the LPE 

program using the data shown in Table I through Table IV. 

The performance was calculated for a maximum service 

voltage of 420 kV. The soil resistivity, which affects the 

frequency dependence of the tower grounding resistance, 

was chosen as 2000 m. Since the typical tower grounds 

comprise several counterpoises 10-30 m in length, soil 

ionization was not considered, and the frequency dependence 

of the tower grounding system was modelled by the first 

return stroke impulse grounding impedance according to [4].  

The calculated lightning failure rates before and after 

partial removal of shield wires are shown in Table V. It 

should be noted that the shielding failure flashover rates for 

shielded parts of the lines are about three orders of 

magnitude lower than the backflashover rates. Note also that 

the share of positive lightning in the regions under study is 

about 30%, which is much higher than the global average 

value of about 10%. Thus, both negative and positive 

lightning strikes are included in the line performance 

calculations. 

TABLE V. CALCULATED LIGHTNING FAILURE RATES. 

OHL 

Shield 

wires 

partially 

removed 

Shielding 

failure 

flash-

over rate  

Back-

flash-

over 

rate 

Total lightning 

failure rate 

(Fl/year) 

 

 

(Fl/year) (Fl/yr) 

Per 

sec-

tion 

Per 

100 

km 

A 
No 0 0,024 0,024 0,026 

Yes 0,050 0,022 0,072 0,078 

B 
No 0 0,009 0,009 0,032 

Yes 0,020 0,008 0,028 0,100 

 

As seen from Table V, the calculated lightning failure 

rates for the lines are about 0,03 per 100 km/year before 

partial removal of the shield wires. This is much lower than 

the average lightning failure rate of about 0,25 per 100 

km/year for 420 kV lines in Norway as found by combining 

fault statistics reported in [5] and [6]. The discrepancy can be 

explained by the lower ground flash density, 0,17-0,18 vs. an 

average value of 0,3 fl/km²/yr for Norway [7]. The low 

median value of the lightning stroke magnitude in the regions, 

7-8 kA, may also be of importance, however, the 

corresponding median value for Norway as a whole was not 

available.    

Table V also show that, by removing the shield wires 

along the 4,2 km and 1,6 km line sections most heavily 

affected by ice, i.e. 4-6% of the total line lengths, the 

calculated lightning failure rates increase from about 0,03 to 

about 0,1 per 100 km/year. This is still significantly lower 

than the average lightning failure rate for 420 kV lines in 

Norway (0,25 per 100 km/year); thus, the study indicates that 

removal of shield wires along 5-10% of the total line length 

in regions of low lightning activity seems to be an acceptable 

measure for reducing the number of line outages caused by 

heavy snow and ice loads.   

It should be noted that, before deciding to remove the 

shield wires, other important aspects must also be considered. 

Typical issues are increased ground potential rise due to the 

interrupted grounding of the towers, and the need for optical 

fibres to enable signal and data transmission, normally 

obtained by the use of OPGW.  

VII.  TRANSMISSION LINE SURGE ARRESTERS 

When there is a need to re-establish the lightning 

performance of a line after removal of shield wires, 

installation of transmission line surge arresters (TLSA) can 

be considered.  

A. Overvoltage protection by TLSA 

Transmission line surge arresters based on metal-oxide 

varistor (MOV) technology can be used to reduce, or 

practically eliminate, the risk of flashover of line insulators 

caused by lightning strikes to the line. A TLSA provides 

local overvoltage protection of the insulator on the tower 

where it is installed but will usually not protect from 

flashovers of insulators on adjacent towers.  

Several decades of TLSA service experience have shown 

that the lightning overvoltage protection generally works as 

intended. If all line insulators were to be equipped with a 

TLSA, complete protection against lightning overvoltages 

would be achieved. Since this is probably not optimal from 

economical point of view, TLSAs are usually installed along 

critical parts of a line, and the number of phases protected by 

TLSA may vary. Studies have shown that the number of 

lightning faults is reduced roughly in proportion to the 

number of TLSAs installed on each tower; one example is 

shown in [8].  

B. Energy capacity of TLSA 

The risk of TLSA failure due to energy overloading and 

breakdown is an important parameter in making a rational 

and economical design for a TLSA installation. The basic 

difference in energy dissipation between shielded and 

unshielded lines is outlined below:  

On a shielded line, only a fraction of the total lightning 

current will flow through the TLSA since the major part will 

flow to the tower ground. The shape of the TLSA current 

will differ from the shape of the lightning stroke; the tail will 

be shorter due to the effect of adjacent tower grounds, and 

less energy will be absorbed by the arrester.  

On an unshielded line, the major part of the lightning 

current will flow though the TLSA before reaching the tower 

ground, and the shape of the current will be similar to that of 

the lightning stroke. Furthermore, the energy absorbed by the 

TLSA is essentially proportional to the charge transfer. The 

charge may be quite moderate for negative flashes, but 

positive flashes contain at least ten times more charge and 

may exceed the energy duty of the TLSA. The local rate of 

positive flashes is therefore important when specifying 

TLSA for unshielded lines. 

C. Mechanical issues with TLSA 

From electrical point of view, the service experience with 

TLSA is positive in terms of high effectiveness in reducing 

lightning failure rates and low risk of arrester failure due to 

high energy absorption. On the other hand, mechanical issues 

have been rather frequent in terms of ground lead breakage 
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and damage to TLSA attachment components [9]. The 

dynamic behaviour of the overhead line in terms of 

conductor aeolian vibration and galloping seems to be the 

sources of most mechanical problems [10]. As an example, it 

has been found that it is necessary to adjust the position of 

the dampers when a TLSA is installed hanging on the 

overhead line conductors [11].   

VIII. CONCLUSIONS 

The lightning performance study indicates that removal of 

shield wires along 5-10% of a line in regions of low lightning 

activity seems to be a recommendable measure for reducing 

the risk of outages caused by heavy snow and ice loads, 

without compromising the lightning performance of the line. 

The limited lengths of the unshielded sections of the lines 

result in calculated lightning failure rates that are 

significantly lower than the average lightning failure rate for 

420 kV lines in Norway. However, before making the 

decision to remove the shield wires other aspects and 

requirements must also be considered, e.g., regarding safety 

and communication. 

Application of transmission line surge arresters may be an 

effective measure for reducing the risk of lightning failures 

on unshielded line sections, especially in areas of low 

lightning activity considering the otherwise high energy 

stress on the arresters. However, for the lines in the present 

case study, there are several reasons why transmission line 

surge arresters are not recommended in the present case: 

• The environment of the lines is characterized by heavy 

wind and ice loads, suggesting that the risk of 

conductor movement is high.  

• The rate of positive lightning is unusually high in the 

regions where the lines are situated, suggesting that the 

energy stress on the surge arresters may be high.  
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