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Appendix-01  

Present Transmission System of Sri Lanka 
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Appendix-02 

Transmission System of Sri Lanka (Single Line Diagram) 
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Appendix-03 

Mathugama-Kukule, 132kV Transmission Line Parameters 

No.  Line parameters’ description  Value Unit 

1  Voltage  132  kV  

2  Steady state Frequency  50  Hz  

3  Line/Span length  As per the tower 

schedule (Appendix 

5)  

Km  

4  Line shunt conductance  1x10-11  mΩ/m  

5  No. of circuits  02  Nos.  

6  Conductor Type/Name  ACSR “LYNX”   

7  Conductor size  226.2  mm2  

8  Conductor radius  0.009765 m  

9  Conductor DC resistance  0.1576 Ω/km  

10  Sag of all phase conductors  5.59 m  

11  No. of sub conductors per phase  01 Nos.  

12  No. of Earth wires  02  Nos.  

13  Earth wire-1 Type/Name  GSW 7/3.25   

14  Earth wire-1 size  58.07  mm2  

15  Earth wire-1 radius  0.004875 m  

16  Earth wire-1 DC resistance  3.297 Ω/km  

17  Earth wire-2 Type/Name  OPGW  

18  Earth wire-2 size  81.1  mm2  

19  Earth wire-2 radius  0.006  m  

20  Earth wire-2 DC resistance  0.519 Ω/km  

21  Sag of Earth wire  4.09 m  

22 Ground resistivity  1000  Ωm  

23 Relative ground permeability  1.0   

24 Ideally Transposed Line No.  
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Appendix-04 

Typical Transmission Tower  
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Appendix-05 

Tower Schedule

 

 Type Body Ext Type Body Ext

Gantry 103.16         40 381.17   KMDL 0

1 164.47         KMDT 0 41 395.26   KMD1 9

2 152.45         KMD1 12 42 289.47   KMD3 9

3 449.63         KMD3 12 43 216.95   KMDL 0

4 439.39         KMD1 12 44 169.36   KMDL 0

5 283.51         KMDL 0 45 455.21   KMD1 12

6 392.42         KMDL 3 46 420.26   KMD1 0

7 513.07         KMD1 12 47 568.47   KMD1 0

8 610.77         KMD1 12 48 620.54   KMD1 0

9 506.71         KMD1 12 49 525.74   KMD1 0

10 244.24         KMD1 0 50 507.65   KMD1 12

11 259.78         KMD3 0 51 200.18   KMD1 6

12 334.60         KMD3 12 52 265.07   KMDL 6

13 194.59         KMD1 12 53 158.30   KMDL 6

14 306.09         KMDL 12 54 172.01   KMDL 0

15 233.31         KMDL 12 55 418.90   KMD1 6

16 284.89         KMD3 12 56 267.00   KMD1 6

17 241.51         KMDL 9 57 391.51   KMDL 3

18 256.72         KMDL 3 58 366.21   KMD1 6

19 306.51         KMDL 9 59 207.96   KMDL 6

20 563.00         KMD3 6 60 469.12   KMD1 6

21 543.29         KMD1 0 61 431.79   KMD1 12

22 468.59         KMD1 12 62 291.02   KMDL 0

23 496.04         KMD3 0 63 403.26   KMD1 0

24 642.45         KMD1 12 64 427.34   KMD1 12

25 322.96         KMD1 0 65 413.93   KMD1 12

26 372.77         KMDL 12 66 864.50   KMD1 3

27 278.81         KMD3 9 67 166.69   KMD1 3

28 199.77         KMDL 6 68 380.50   KMDL 0

29 428.02         KMDL 0 69 250.49   KMD3 0

30 368.73         KMD1 6 70 166.24   KMDL 0

31 376.98         KMD1 6 71 305.26   KMD1 9

32 212.93         KMDL 6 72 417.09   KMDL 12

33 278.95         KMDL 0 73 255.06   KMDL 6

34 268.50         KMDL 6 74 250.88   KMDL 6

35 230.99         KMD3 3 75 530.40   KMD1 0

36 309.44         KMDL 9 76 218.93   KMD1 0

37 354.23         KMDL 12 77 221.72   KMD1 6

38 244.67         KMD3 9 78 428.83   KMD1 3

39 348.39         KMD1 0 79 50.00     KMDT 0

Gantry

Span (m)Tower 

Number

TowerTower 

Number

 Tower  Span (m) 
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Appendix-06 

Grounding Resistance Variation of Towers due to soil ionization 

effect 
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Appendix-07 

Calculations of Tower Surge Impedance [4] 
 

1. Steps and Equations used for finding effective self-surge impedance of the 

conductor 

Step 1: Drawing of the tower  
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Step 2: Establishing the isokeraunic level 

Isokeraunic level of the transmission line is selected for the calculations from below 

map.  

 

Figure A7.1 - IKL map of Sri Lanka 

Mathugama-Kukule, 132kV transmission line is traversed through the Rathnapura 

and Colombo districts and when considering these two areas, the lowest isokauranic 

level is selected for the calculations. 

 

Therefore, IKL = 89  

Step 3: Computation of strokes to earth per square kilometer per year 

𝑁 = 0.12𝑇       (A7-1) 

where 

N Number of flashes to earth per square kilometer per year 

T  Thunder days or IKL 

 

𝑁 = 0.12 𝑥 89 = 𝟏𝟎. 𝟔𝟖 
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Step 4: Computation of mean shield wire height 

Since the conductor sags at the middle, a mean value is calculated 

ĥ = ℎ𝑠 − 𝑠𝑎𝑔 ×
2

3
  (A7-2) 

where 

ĥ  Mean shield wire height 

hs  Height of the shield wire 

sag  Sag of the shield wire 

 

 

ĥ = 27.9 − 5.59 ×
2

3
= 𝟐𝟑. 𝟔𝟑 𝒎 

 

Step 5: Calculation of total number of flashes to the line 

The following equation is from Whitehead, 

𝑁1 = 0.012𝑇(𝑏 + 4ĥ1.09)  (A7-3) 

where 

N1 Number of flashes to the line per 100km per year 

T Thunder days or IKL  

b Distance between parallel shield wires  

ĥ Average height of the Shield wire from Step 4 

 

T = 89 

b = 7.64 m 

ĥ = 23.63 m 

𝑁1 = 0.012 𝑥 89(7.64 + 4𝑥23.631.09)

= 𝟏𝟒𝟐. 𝟑𝟓 (𝐹𝑙𝑎𝑠ℎ𝑒𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 𝑝𝑒𝑟 100𝑘𝑚)  
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Step 6: Flashover voltage of the most exposed insulator string at 6µs  

From Darveniza, Popolansky and Whitehead, 

𝑉 = 𝐾1 +
𝐾2

𝑡0.75   (A7-4) 

where 

V Flashover voltage of the most exposed insulator string at 6µs.  

Since the air gaps of all the insulators are the same, the same 

voltage applies. 

hs Height of the shield wire, 

Ag arching horn air gap  

K1 = 0.4 x Ag Constant 

K2 = 0.71 x Ag  Constant 

t = tt = 6µs  Duration 

Ag = 1.5 m 

K1 = 0.4 x 1,5 = 0.6 

K2 = 0.71 x 1.5 = 1.065  

𝑽 = 𝟖𝟕𝟖𝒌𝑽 

 

Step 7: Computation of mean height of the top phase conductors 

ĥ𝛷 = ℎ𝛷 − 𝑠𝑎𝑔 ×
2

3
  (A7-5) 

where 

ĥφ Mean of phase conductor height 

hφ Height of the top phase wire, 

Sag  Sag of the phase wire  

hφ = 23.74 m 

Sag = 7.09 m 

ĥ𝜱 = 𝟏𝟗. 𝟎𝟏 𝒎 
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Step 8: Single conductor corona radius  

𝑅 ln
2ĥ𝛷

𝑅
=

𝑉

𝐸𝑜
   (A7-6) 

where 

R Single conductor corona radius using iterative techniques 

ĥ φ Average height of the top phase conductor from step 7 

Eo = 1500kV/m Corona inception voltage gradient  

V Flashover voltage of the most exposed insulator string at 6µs 

from step 6  

ĥΦ = 19.01 m 

V = 878kV 

R = 0.098m 

 

 

Step 9: Equivalent single conductor radius of the phase conductor  

𝑹𝒆𝒒 = 𝟎. 𝟎𝟎𝟗𝟕𝟔𝟓𝒎 

 

Step 10: Approximate corona radius of the phase conductor  

𝑅𝑐 =  𝑅𝑒𝑞 +  𝑅   (A7-7) 

where 

Rc Approximate Corona radius of the phase conductor  

R Single conductor corona radius from step 8 

Req Equivalent single conductor radius of the phase conductor from 

step 9 

𝑹𝒄 = 𝟎. 𝟏𝟎𝟖𝒎 

 

Step 11: Effective self surge impedance of the conductors Zo  

𝑍𝜙 = 60√ln
2ĥ𝛷

𝑅𝑒𝑞
× ln

2ĥ𝛷

𝑅𝑐
   (A7-8) 

where 

Zφ Effective self surge impedance of the conductor 

Rc Approximate corona radius of the phase conductor step 10 
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ĥ φ Average height of the top phase conductor from step 7 

Req Equivalent single conductor radius of the phase conductor from 

step 9 

ĥ φ = 19.01 m 

Req = 0.009765m 

Rc = 0.108m 

 

𝒁𝝓 = 𝟒𝟏𝟕. 𝟕 𝜴 
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2. Steps and Equations used for finding effective self-surge impedance of the 

earth wire 

Step 1: Flashover voltage of the insulator string at 2µs  

From Darveniza, Popolansky and Whitehead, 

𝑉2 = 𝐾1 +
𝐾2

𝑡0.75   (A7-9) 

where 

V2 Flashover voltage of the insulator string at 2µs  

hs Height of the shield wire 

Ag Insulator string air gap  

K1 = 0.4 x Ag Constant 

K2 = 0.71 x Ag  Constant 

t = tt = 2µs  Rise time of wave front 

hs = 27.90 m 

Ag = 1.5 m 

K1 = 0.4 x 1.5 = 0.6 

K2 = 0.71 x 1.5 = 1.065 

V2 = 1233.3 kV 

 

Step 2: Flashover voltage of the most exposed insulator string at 6µs  

From Darveniza, Popolansky and Whitehead, 

𝑉6 = 𝐾1 +
𝐾2

𝑡0.75
   (A7-10) 

where 

V6 Flashover voltage of the insulator string at 6µs Since the air 

gaps of all the insulators are the same, the same voltage applies. 

hs Height of the shield wire, 

Ag Insulator string air gap  

K1 = 0.4 x Ag Constant 

K2 = 0.71 x Ag  Constant 

t = tt = 6µs Insulator string air gap  
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K1 = 0.6 

K2 = 1.065 

hs = 27.90 m 

 

V6 = 877.8 Kv 

 

Step 3: Estimate of tower top voltage and average for all phases (kV) 

Tower Top voltage = V2 x 1.8 = 2219.9 kV 

From Transmission Line Reference Book, 

 

Step 4: Shield wire corona diameter at tower height 

𝑅 ln
2ℎ𝑠

𝑅
=

𝑉

𝐸𝑜
   (A7-11) 

where 

R Single conductor corona radius using iterative techniques  

h s   Height of the top shield wire  

Eo = 1500kV/m Corona inception voltage Gradient  

V Estimated tower top voltage from step 3  

 

Rc = 0.279m 

 

Step 5: Self surge impedance of each shield wire at tower 

𝑍𝑠ℎ = 60√ln
2ℎ𝑠

𝑅𝑠
× ln

2ℎ𝑠

𝑅𝑐
   (A7-12) 

where 

Zsh Effective self surge impedance of each shield wire at tower 

Rc Approximate corona radius of the shield wire, step 4 

h s Height of the top shield wire  

Rs Conductor radius of the shield wire 

hs = 27.90 m 

Rs = 0.004875 m 
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Rc = 0.279m 

𝒁𝒔𝒉 = 𝟒𝟐𝟐. 𝟐𝜴 
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Appendix - 08 

Technical Data for MCIA String 
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Appendix - 09 

Simulation Results 

Step-1, Simulation No. 02 

 
Figure A9.1 – Simulation results with no MCIA protection for 8/20µS Surge for the 

ground resistance of 38Ω 

 

Step-1, Simulation No. 03 

 
Figure A9.2 – Simulation results with no MCIA protection for 8/20µS Surge for the 

ground resistance of 146Ω 
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Step-1, Simulation No. 05 

 
Figure A9.3 – Simulation results with no MCIA protection for 1.2/50µS Surge for 

the ground resistance of 38Ω 

 

Step-1, Simulation No. 06 

 
Figure A9.4 – Simulation results with no MCIA protection for 1.2/50µS Surge for 

the ground resistance of 146Ω 
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Step-2, Simulation No. 08 

 
Figure A9.5– Simulation results with Two MCIA protection on TOP phases for 

8/20µS Surge for the ground resistance of 38Ω 

 

Step-2, Simulation No. 09 

 
Figure A9.6– Simulation results with Two MCIA protection on TOP phases for 

8/20µS Surge for the ground resistance of 146Ω 
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Step-2, Simulation No. 11 

 
Figure A9.7– Simulation results with Two MCIA protection on TOP phases for 

1.2/50µS Surge for the ground resistance of 38Ω 

 

Step-2, Simulation No. 12 

 
Figure A9.8– Simulation results with Two MCIA protection on TOP phases for 

1.2/50µS Surge for the ground resistance of 146Ω 

0

20

40

60

80

100

120

140

160

180

200

0

2
0

4
0

6
0

8
0

1
0

0

1
2

0

1
4

0

1
6

0

1
8

0

2
0

0

2
2

0

2
4

0

2
6

0

2
8

0

3
0

0

3
2

0

3
4

0

3
6

0

M
in

im
u

m
 S

u
rg

e 
P

ea
k 

C
u

rr
en

t 
(k

A
)

Phase Angle (Degrees)

Backflashover Minimum Current Variation of Tower-M 
when Rf=38Ω (for 1.2/50µS Surge) 

T9_C2_Mid

T9_C2_Bot

T9_C1_Mid

T9_C1_Bot

0

20

40

60

80

100

120

140

160

180

200

0

2
0

4
0

6
0

8
0

1
0

0

1
2

0

1
4

0

1
6

0

1
8

0

2
0

0

2
2

0

2
4

0

2
6

0

2
8

0

3
0

0

3
2

0

3
4

0

3
6

0

M
in

im
u

m
 S

u
rg

e 
P

ea
k 

C
u

rr
en

t 
(k

A
)

Phase Angle (Degrees)

Backflashover Minimum Current Variation of Tower-9 
when Rf=146Ω (for 1.2/50µS Surge) 

T9_C2_Mid

T9_C2_Bot

T9_C1_Mid

T9_C1_Bot



113 
 

Step-2, Simulation No. 14 

 
Figure-A9.9 - Simulation results with Four MCIA protection on TOP and MIDDLE 

phases for 8/20µS Surge for the ground resistance of 38Ω 

 

 

Step-2, Simulation No. 16 

 
Figure-A9.10 - Simulation results with Four MCIA protection on TOP and MIDDLE 

phases for 8/20µS Surge for the ground resistance of 146Ω 
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Step-2, Simulation No. 17 

 
Figure-A9.11 – Simulation results with Four MCIA protection on TOP and 

MIDDLE phases for 1.2/50µS Surge for the ground resistance of 38Ω 

 

Step-2, Simulation No. 18 

 
Figure-A9.12 – Simulation results with Four MCIA protection on TOP and 

MIDDLE phases for 1.2/50µS Surge for the ground resistance of 146Ω 
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Appendix - 10 

Loss of Profit Calculation  

Table A10.1- Loss of Profit Calculation (if Generation loss is Substitute) for Kukule Regulatory Pond is Spilling 
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Table A10.2- Calculation Results of Simple Payback Period when Kukule 

Regulatory Pond is not Spilling 

 
 

Table A10.3 - Calculation Results of Simple Payback Period when Kukule 

Regulatory Pond is Spilling 

 
 

 

 


