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                                                                        CHAPTER 02 

MEDIUM VOLTGE NETWORK IN GALLE AREA 

2.1 MV Network 

Ceylon Electricity Board (CEB) power distribution system consists of Medium 

Voltage (MV) 11kV and 33kV overhead pole lines, overhead tower lines and 

underground cable networks. These distribution Feeders originate at a Grid 

Substation or a Primary Grid Substations. In CEB, the underground distribution 

system could be seen in urban area like Colombo and Kandy cities. Therefore a large 

part of the power distribution network lies on the open terrain as they are overhead 

lines. Hence the power distribution system is frequently disturbed by the lightning. 

MV network of Galle area solely consists of overhead lines and they were fed and 

originate from the Galle Grid Substation. Eight 33kV feeders originate at Galle grid 

and most of the feeders terminate within the Galle area. Galle Area consists of five 

operational consumer service centers they are Galle, Bataduwa, Habaraduwa, 

Wanduramba and Thawalama. The MV Network of Galle area has been being grown 

on the different geographical areas that are coastal regions, hilly regions, flat ground 

areas and forests. In addition to the Galle grid substation, there are three primary grid 

substations which are having incoming 33kV feeders and 11kV outgoing feeders.  

A Feeder may be a tower line or a pole line or combination of both. Table 2.1, Table 

2.2, and Table 2.3 show the MV Network of the Galle area. In this research, Feeder 

No3 Semidale is selected for simulation and analysis works as it end within the Galle 

area. Feeder No 3 consists of a 24 km long tower line and spurs with a total length of 

50.16 km long pole lines tapping at several points of the feeder. Shied wire of the 

tower line has been removed due to many breakdowns received as a result of falling 

the shield wire on phase conductors. Tripping of the feeders due to lightning in Galle 

area has not been investigated and therefore it is important to analyze the annual 

tripping due to lightning to design a lightning protection system. 
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Medium Voltage overhead lines connected to the distribution transformers and all 

devices installed in the substations are considered for this study. 

Table 2.1 33 kV Outgoing Feeders in Bataduwa GSS  

No Feeder Name 
Line Length No of Substations 

Tower (km) Pole (km) LA-1 LA-2 LA-3 

1 Indigasketiya 12.7 18.345 8 1  0 

2 Thalgaswala 6.5 81.1 19 4 17 

3 Semidale 24 50.16 4 7 15 

4 Matara DC 29.2 2.53 2  0 1 

5 Ambalangoda DC 7.5 0 0  0  0  

6 Udugama 24.7 101.532 78 9 78 

7 Baddegama 12.5 5.25 5 1 4 

8 Old Ambalangoda 10.9 20.01 27 3 18 

  Total 128 278.927 143 25 133 

 

 

Table 2.2 11 kV Outgoing Feeders of Dikela Primary Substation 

No Feeder Name 
Line Length No of Substations 

Tower (km) Pole (km) LA-1 LA-2 LA-3 

1 Dalawella 0 18.43 10 1 12 

 

 

Table 2.3 11 kV Outgoing Feeders of Koggala Primary Substation 

No Feeder Name 
Line Length No of Substations 

Tower (km) Pole (km) LA-1 LA-2 LA-3 

1 Dalawella 0 19.58 6 1 9 

2 BOI 0 6.94 26   4 0  

3 Deewaragama 0 2.04  2  1  2 

4 Ahangama 0 22.01 12 2 12 

  Total 0 50.57 18 3 21 
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2.2 Line Arrangement at Substations 

Several line arrangements for the distribution substations can be identified in the MV 

distribution network in the area. They can be classified in to 3 categories according 

to the position of the substation in the MV distribution line. 

 

 Figure 2.1 Segment of the MV Network of Galle Area

 

Figure 2.2 Feeder Segment of the MV Network  
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2.2.1 Line Arrangement 1 (LA-1) 

It can be seen in this line arrangement, the Medium Voltage distribution line is 

terminated at the substation. This type of arrangement can be seen in most of the 

Bulk Supply Substations and Rural Electrification distribution substations. 

Probability of damages due to lightning is very high in this type of arrangement, as 

there is no parallel path to flow a portion of the lightning current.  

2.2.2 Line Arrangement 2 (LA-2) 

Medium Voltage distribution line is terminated at a shorter distance passing the 

substation. It may be terminated at another one or few substations with the MV line 

travels a shorter distance. 

2.2.3. Line Arrangement 3 (LA-3) 

Medium Voltage distribution line extends to a long distance passing the substation. 

In the transient studies this can be considered that the substation is under the line and 

terminated at both ends with a line having infinite surge impedance. 

 

2.3 Different Configurations of Substation Installations 

In Galle area, all distribution and bulk substations can be classified in to three 

configurations according to their installed lightning arresters and earthing 

arrangement.  

2.3.1 Configuration 1  

Lightning Arresters are mounted on the top plate of the Transformer and arresters are 

directly earthed. Transformer body is connected to the lightning arrester earthing 

electrode at the ground level and neutral is separately earthed. Most of the 

substations in the Galle area are as in this configuration as shown in Figure 2.3. 
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2.3.2 Configuration 2   

Lightning Arresters are mounted on the top cover plate of the Transformer and 

arresters are earthed via Transformer body as shown in Figure 2.4. Neutral is 

separately earthed.  

2.3.3 Configuration 3 

Lightning Arresters are mounted on the pole bracket and directly earthed and 

transformer body is separately connected to the same earthing electrode of the 

arrester at the ground level. This configuration is shown in Figure 2.5. 

 

Figure 2.3 Configuration1   Figure 2.4 Configuration 2 

X1 - Connecting length between MV Line and DDLO 

X2 - Connecting length between DDLO and arrester 

X3 - Connecting length between arrester and the transformer HT Terminal 

X4 - Connecting length between arrester and transformer earthing terminal 

X5 – Connecting length between transformer earthing terminals to electrode 
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Figure 2.5 Configuration 3 

 

2.4 Earthing of the Substations 

Earthing of a system involves the provision of a connection to the general mass of 

earth. A connection to the earth helps to limit the voltage built up between 

transformer and the earth, protecting transformer insulation failure due to excessive 

voltage. According to the CEB Specification this connection should have a resistance 

not exceeding 10 ohms. The resistance to earth of a given electrode mainly depends 

upon the electrical resistivity of the soil in which it is installed. Construction costs of 

the earthing is varied over function of the resistivity. For earthing of the Lightning 

Arresters and Neutral earthing, CEB uses 75 cm diameter and 120 cm height 

cylindrical concrete blocks. When reinforced concrete is used for earthing, 5 m3 of 

reinforced concrete in ground having resistivity of 100 ohm-m, will have an earth 

resistance of 10 ohm. 
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2.4.1 Earth Resistivity of the Area 

Earth resistivity is another name for the specific resistance of the soil. It is measured 

in ohm-meters. An ohm-meter is the resistivity of the soil when it has a resistance of 

1 ohm between opposite faces of a cube with 1 m sides. Earth Resistance is directly 

proportional to soil resistivity. This relationship is not easy to compute in real life as 

it may sound, because the soil resistivity will inevitably vary with the depth. The 

resistivity of the soil varies widely from site to site and also changes with seasons. 

The second difficulty in dealing with different locations is that the resistivity can 

vary greatly across a large site and from one site to another. Earth resistivity data of 

different locations such as coastal, hilly, flat ground and marshy lands are not the 

same.  

2.4.2 Impulse Earth Resistance 

Impulse earth resistance is the resistance of earth electrode when the surge current 

passing to the earth. It is, lower than the normal values obtained by earth megger 

testing due to excessive ionization of the soil. The amount of reduction depends on 

several factors such as earth resistivity, number of earth rods in parallel, their shapes 

and geometry and the lightning current.  

Impulse Resistance can be expressed as follows 

Ri = Re/ (1+I/Ii) 
½                     (2.1) 

Where, 

Ri – Earth Impulse Resistance 

Re – Normal earth resistance 

I – Lightning current 

Ii – Limiting current initiating soil inozation  

Ii = ρε0/ (2πRe2)                           (2.2) 
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Where, 

ε0 – Soil ionization gradient 

ρ– Soil resistivity 

2.5 Transformer Insulation Strength 

Distribution transformers used in the CEB are oil filled transformers. The insulation 

considered is a combined type solid and the liquid. Transformer insulation is 

designed to withstand transformer operating voltages and to survive the effects of 

lightning strikes and other possible disturbances such as switching operations. 

Transformer’s insulation can withstand higher voltages than its insulation strength 

for shorter periods of time. Breakdown of transformer insulation depends on the time 

duration of the applied voltage. 

The electric stress which occurs in the oil is typically greater than that which occurs 

in the paper or pressboard. For this reason, breakdown generally occurs in the oil 

gaps first. The exact form of this breakdown and its time dependence is still 

somewhat uncertain, probably because of variations in material purity and/or 

experimental methods among different investigators [2],[3]. 

 

Figure 2.6 Relative Strength  vs. Breakdown time of Transformer 

Insulation [3] 
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The breakdown voltage vs. time relationship for an oil gap in the form [3] 

                  (2.3) 

Where,  

V1 – Impulse Voltage 1 

V2 – Impulse Voltage 2 

t1 – Time duration V1 voltage exists 

t2 – Time duration V2 voltage exists 

Experimentally it was found that for times from a few seconds to a few weeks, m is 

between 15 and 30. The common practice is to take the peak voltage and the time 

during which the voltage exceeds 90% of its peak value. Thus a standard impulse 

wave which rises to its peak value in 1.2 μs and decays to 50% of its peak value in 50 

μs and spending about 10 μs above its 90% voltage level. 

Table 2.4 Breakdown Levels of Transformer [3] 
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Figure 2.7 Breakdown Voltages Vs. Time 

Above graph is plotted substituting values to the equation (2.1), Using the graph, we 

can predict that if 316 kV of impulse voltage exists for  not more than 0.01 μs 

duration, insulation may not fail. 

2.6 Lightning Arrester 

Lightning arresters used in CEB are Metal Oxide Gapless type lightning arresters. 

Generally, a MO surge arrester is made up of two parts the active part consisting of 

one or more piled up MO resistors and an insulated housing, which guarantees both 

the insulation and the mechanical strength. MO resistors are made of different metal 

oxides in powder form which are compressed and sintered in the form of round 

blocks. 

Metal oxide resistors have an extreme non-linear current voltage characteristic, 

which is described as [2], 

I = k × Uα                   (2.4) 

α is variable between α ≤ 5 and α ≈ 50. An exact value for α can only be provided for 

a very restricted range of the current in the characteristic curve. 
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