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Details of Electricity Demand Forecast 
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Appendix 6.2 Examination on 22 kV and LV Distribution Networks 

Main purpose of the examination is for use of the comprehensive project evaluations.  MV and LV networks 
studied herein are those for the 115/22 kV substations to be completed during the studied period of 2000 to 
2020 in the optimum transmission system. 

Scope of works for this Master Plan Study limits to formulate an optimum HV transmission system for the 
domestic supply purpose and excludes examination on the distribution networks as stated in Chapter 1 of this 
report.  However, new distribution networks connected to national grids was also examined for formulating 
the comprehensive and optimum domestic power system at the Team’s option. 

1. Basic Design Criteria 

(1) Standard Voltage of Distribution Network 

The present standard voltage of distribution networks in the Lao PDR is 22 kV except for SWER 
system, which is confirmed in JICA’s study team for Electric Power Technical Standard Establishment.  
For the Master Plan study, the standard 22 kV distribution voltage is employed. 

(2) Overhead Conductors for 22 kV Distribution Lines 

Current sizes of EDL’s overhead conductors for the 22 kV distribution lines are various, and no 
standard sizes are defined.  For examination of cost estimate of distribution networks, following 
AAC (Aluminium Alloy Conductor) are taken into account. 

Table 1.1 Technical Characteristics of Conductors 

Conductor 
Stranding 

Nos./Dia.(mm) 
Sectional

Area (mm2)
Diameter of
Conductor

Current
Capacity

Weight
(kg/km)

Ultimate 
Strength 

Resistance at 
20oC (Ω/km)

AAC 250 mm2 19/4.22 265.70 21.10 mm 600 amp 731 4,120 kg 0.1083 
AAC 185 mm2 37/2.50 181.60 17.50 mm 490 amp 501 3,105 kg 0.1600 
AAC 150 mm2 19/3.25 157.60 16.24 mm 430 amp 434 2,620 kg 0.1825 
AAC 70 mm2 19/2.10 65.82 10.50 mm 280 amp 181 1,150 kg 0.4380 

(3) Carrying Capacity of Overhead Conductors 

Limiting a maximum voltage drop at 10 % of sending end voltage 22 kV and assuming the load 
distribution along the line to be even or delta-dispersed model, carrying capacity of a 3-phase/3-wire 
single-circuit line are computed as mentioned below: 

Vd = 31/2 * I * (r * cosφ + x * sinφ) * L * S .................................................................... (1) 

Where, Vd : Voltage drop (volt) 
 I : Sending end current (ampere)  
 R : Resistance of conductor (ohm/km) 
 X : Reactance of conductor (ohm/km) 
 φ : Power factor of I 
 L : Distance of distribution line (km) 
 S : Distribution factor 
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Following are computations for the maximum distance of energy distribution by the standard 22 
kV distribution lines employed in Lao PDR, under the 10 % voltage drop. 

P = 31/2 *I * Vr * cosφ ......................................................................................................... .(2) 

Where,  P : Transmittable power 
 Vr : Voltage at receiving end 

From the above formula (1), 

I = Vd / {31/2 * (r * cosφ + x * sinφ) * L * S} ....................................................................(3) 

The formula (2) is expressed in the following formula by inserting the formula (3). 

P = (Vd * cosφ * Vr) / {(r * cosφ + x * sinφ) * L * S} ....................................................(4) 

Reactance of conductor is computed by the formula (5). 

x = 2*π*f {0.05 + 0.4605 log D/r’}*10-3 (Ω/km) ................................................................(5) 

Where,  f : System frequency 
 D : Equivalent spacing  

(1.51m for 1.2m standard phase spacing of conductors) 

Assuming the average power factor (cos φ) to be 0.85 in the distribution network, impedance 
(r*cosφ + x*sinφ) of the conductors are computed as follows: 

Table 1.2 Impedance of Conductors 

Conductor Resistance (75oC) Reactance Impedance 
 AAC 250 mm2 0.132 Ω/km 0.327 Ω/km 0.285 Ω/km 
 AAC 185 mm2 0.195 Ω/km 0.339 Ω/km 0.344 Ω/km 
 AAC 150 mm2 0.223 Ω/km 0.344 Ω/km 0.371 Ω/km 
 AAC 70 mm2 0.534 Ω/km 0.371 Ω/km 0.649 Ω/km 

Relation between distance and transmittable power under the conditions of the maximum voltage 
drop of 10 % and distribution factor of 1/2 and 1/31 are obtained from the formula (4) and tabled 
below: 

Table 1.3 Transmittable Power by Conductors 
(Unit: kW) 

Conductor Demand Distance 
 Factor 20 km 30 km 40 km 50 km 60 km 70 km 80 km 

AAC 250 mm2 1/3 19,500 13,000 9,700 7,800 6,500 5,500 4,800 
 1/2 13,000 8,600 6,500 5,200 4,300 3,700 3,200 
AAC 185 mm2 1/3 16,100 10,700 8,100 6,400 5,400 4,600 4,000 
 1/2 10,700 7,200 5,400 4,300 3,600 3,100 2,700 
AAC 150 mm2 1/3 15,000 10,000 7,500 6,000 5,000 4,200 3,700 
 1/2 10,000 6,600 5,000 4,000 3,300 2,800 2,500 
ACSR 70 mm2 1/3 8,500 5,700 4,300 3,400 2,800 2,400 2,100 
 1/2 5,700 3,800 2,800 2,300 1,900 1,600 1,400 

                                                  
1 Distribution factor of 1/2 is assumed for the load equally distributed along the line.  While, the factor of 1/3 is for such a load 

distribution that heavy demand is loaded near the sending end and then gradually lessened toward the end of the line. 
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2. Estimate of Quantities for the Required MV & LV Facilities 

(1) Power Demands in Districts and MV/LV Feeders 

The demand forecast in Chapter 5 reveals that most of power demands per district in the country are 
less than 2,000 kW in the year 2010, 3,000 kW in the year 2015, and 5,000 kW in the year 2020. 

Required numbers and lengths of 22 kV feeders from 115/22 kV substations are estimated for every 5 
years-interval in the following procedures. 

(a) 115/22 kV substations are planned to be located in vicinities of the major demanding towns.  

All feeders will have such a delta pattern loading that vicinity of the related substation will be 

heavily loaded, and then load demand along the feeders will gradually decrease toward the end 

of feeder due to less number of customers in further areas from the substation. 

(b) Referring to demand forecasts for each district, number of the feeders from the substation and 

size of the conductor used for the feeder will be determined from the above table, in accordance 

with distance from the substation to estimated terminal of the feeder. 

(c) The feeders will be aligned along the major roads where demand is usually heavier.  Distances 

of feeders are estimated from 1:100,000 maps. 

(d) Standard capacity of distribution transformers (22/0.38-0.22 kV) in the country is of 50, 100, 

160, and 250 kVA.  Numbers and capacity of distribution transformers are selected from those 

standard models. 

(e) Depending on load demands in the areas along the 22 kV feeders, distribution transformers for 

customers will be located in considerable intervals along the feeders. 

(f) Total capacity of the transformers on 22 kV feeders from the related substation will be assumed 

at more than 120 % of the forecasted demand for the feeder in every horizon year with an 

allowance. 

While, LV circuits are estimated in the following consideration. 

(g) LV lines for customers are assumed to be on local-made concrete poles with 50/35 mm2 cable.  

Total distance of LV lines is estimated at 80 % of total distance of the 22 kV feeder as an 

average amount in the country. 

(2) Estimated Quantities of MV and LV facilities per 115/22 kV Substation 

115/22 kV substations to be constructed during the study period are discussed in Chapters 5 and 6 of 
this report and listed with forecasted demand shown in Table 5.5-2 for Chapter 5. 
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MV and LV facilities required for electricity distribution in the supplying area of each substation are 
examined and estimated for every five years based on the assumed 22 kV distribution grid extensions 
as shown on the Figures 7.8-1 to Chapter 7.  As for Vientiane Municipality, the additional quantities 
of MV & LV facilities to be developed during the study period are estimated not for individual 
substations, but for the whole of Vientiane Municipality according to the growth of forecasted 
electricity demand in that area. 

3. Cost Estimate for MV & LV Facilities 

(1) Unit Rates of Facilities for MV and LV Networks  

From the recent contracts for electrification projects in the Lao PDR and also international market 
prices, following unit rates are applied for the cost estimates for construction of MV and LV networks.  
Those rates as of 2001 include CIF and local construction. (Refer to Table 3.2) 

Table 3.1 Cost for Construction of MV & LV Networks 

Voltage Equipment/Materials Rate Remarks 
22 kV AAC 250 mm2 O.H Line 11,000 US$/km With local-made concrete poles 
 AAC 185 mm2 O.H Line 10,000 US$/km With local-made concrete poles 
 AAC 150 mm2 O.H Line 9,000 US$/km With local-made concrete poles 
 AAC 70 mm2 O.H Line 7,000 US$/km With local-made concrete poles 
 Transformer : 50 kVA 6,500 US$/unit With ancillaries for trans.-pole 
 Transformer : 100 kVA 7,000 US$/unit With ancillaries for trans.-pole 
 Transformer : 160 kVA 8,000 US$/unit With ancillaries for trans.-pole 
 Transformer : 250 kVA 8,500 US$/unit With ancillaries for trans.-pole 
 Step voltage regulator 50,000 US$/unit 4,000 kVA 
 50 kVar shunt capacitor 15,000 US$/set For 3-phase 
380/220 V AL 50/35 mm2 O.H Line 5,000 US$/km With local-made concrete poles 

(2) Construction Costs of MV and LV Networks from the new 115/22 kV substations 

From the above examinations, construction costs of MV and LV facilities for each 115/22 kV 
substation as well as generating power plants which supply electricity by 22 kV feeder lines in the 
vicinity are estimated for 5-years interval period. 

The estimated quantities of MV & LV facilities required for study period and the construction costs 
are shown in Table 3.3. 

Following are summary of construction costs of MV and LV facilities including the future extension 
from the planned 115/22 kV substations to be completed by the year 2020.  The costs are based on 
the market prices in Lao PDR in 2001.  
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Table 3.4 Summary of Construction Cost  
(Unit: US$) 

Construction Cost Commissioning 
Year FC LC Total 

By 2005 29,503,200 7,375,800 36,879,000 
By 2010 37,876,400 9,469,100 47,345,500 
By 2015 35,704,800 8,296,200 44,631,000 
By 2020 32,052,800 8,013,200 40,066,000 

Total 135,137,200 33,784,300 168,921,500 

Those costs will be utilized for the economic evaluation of the optimum transmission network. 

Disbursement schedule for the above MV & LV construction costs is shown in Table 3.5. 

4. Forecasted Energy Sales of EDL Grid 

Energy demand forecast by each substation is shown on Table 5.5-1 for Chapter 5.  In order to secure 
power supply to the consumers as forecasted in the same table, EDL needs to develop and expand MV 
& LV facilities over the country as stated in the above clause as well as the development of 115 kV 
transmission network.  

The implementation of optimum development plan of transmission network and MV & LV facilities 
will produce benefit in the energy sales of EDL's grid after the year 2000.  Table 4.1 shows the 
increment of annual sold energy of all substations after the year 2000, which is considered as primary 
benefit caused by the development of transmission and distribution facilities recommended in this 
report.  The summary of benefit is shown in the following table. 

Table 4.2 Benefit in Annual Energy Sales of EDL's Grid (Base year 2000) 

 2005 2010 2015 2020 
Benefit in Annual Energy Sales (GWh) 486 1,216 2,219 3,349 

 



Table 3.2  EDL's Standard Cost of MV and LV Facilities

Facilities Unit EDL's Rate Section or Project Note JICA/MP
 (US$) (Rate: US$)

 22 kV ACSR 240mm2 Line km 10,600  Non Hai ~ Xanakham, 73
km

including materials, erection and
civil works

11,000 /km

 22 kV ACSR 185mm2 Line km 9,800  Ponsavan Feeder-3, 16 km -ditto- 10,000 /km

 22 kV ACSR 150mm2 Line km n.a  - -ditto- 9,000 /km

 22 kV ACSR 70mm2 Line km 6,500  M. Feuang Feeder-2, 19
km

-ditto- 7,000 /km

 22/0.4 kV Transformer : 50 kVA pcs 6,400  PT & DP including miscellaneous equipment
& materials : (5,000+1,400)

6,500 /set

 22/0.4 kV Transformer : 100 kVA pcs 7,000  PT & DP including miscellaneous equipment
& materials : (5,500+1,500)

7,000 /set

 22/0.4 kV Transformer : 160 kVA pcs 7,700  PT & DP including miscellaneous equipment
& materials : (6,000+1,700)

8,000 /set

 22/0.4 kV Transformer : 250 kVA pcs 8,400  PT & DP including miscellaneous equipment
& materials : (6,300+2,100)

8,500 /set

 22/0.4 kV Transformer : 400 kVA pcs 9,200  PT & DP including miscellaneous equipment
& materials : (6,800+2,400)

9,500 /set

 LV Line (AAC & ABC) in
township

connect. 227  PT & DP including miscellaneous materials 5,000 /km

 LV Line (AAC & ABC) in village connect. 249  PT & DP including miscellaneous materials 5,000 /km

 

 Remarks:
 Construction cost of LV lines per km

 Number of connections Rate/km Note
 Case of 14 connections per km : 3,220  (US$ 230 x 14

connections)
 a connection in every 70 m

 Case of 20 connections per km : 4,600  (US$ 230 x 20
connections)

 a connection in every 50 m

 Case of 33 connections per km : 8,250  (US$ 250 x 33
connections)

 a connection in every 30 m

 Average (5,000)



Table 3.3  Estimate of MV and LV Costs per Substation

Substation Unit Rate
(US$) 2005 2010 2015 2020 Total 2005 2010 2015 2020 Total

Bounneua SS  22 kV Feeders  AAC 250mm2 km 11,000 0 0 0 0 0 0 0 0 0 0
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 0 95 0 0 95 0 855,000 0 0 855,000
 AAC 70mm2 km 7,000 0 30 130 130 290 0 210,000 910,000 910,000 2,030,000

 22 kV Trans.  50 kVA unit 6,500 0 40 38 46 124 0 260,000 247,000 299,000 806,000
Station  100kVA unit 7,000 0 20 0 4 24 0 140,000 0 28,000 168,000

 160 kVA unit 8,000 0 0 0 0 0 0 0 0 0 0
 250 kVA unit 8,500 0 0 0 0 0 0 0 0 0 0

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 0 0 0 0 0 0 0 0 0

 LV Facilities km 5,000 0 100 104 104 308 0 500,000 520,000 520,000 1,540,000
- - 0 1,965,000 1,677,000 1,757,000 5,399,000

Luang Namtha  22 kV Feeders  AAC 250mm2 km 11,000 0 180 0 0 180 0 1,980,000 0 0 1,980,000
SS  AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0

 AAC 150mm2 km 9,000 0 0 0 0 0 0 0 0 0 0
 AAC 70mm2 km 7,000 0 30 120 40 190 0 210,000 840,000 280,000 1,330,000

 22 kV Trans.  50 kVA unit 6,500 0 40 44 49 133 0 260,000 286,000 318,500 864,500
Station  100kVA unit 7,000 0 19 20 22 61 0 133,000 140,000 154,000 427,000

 160 kVA unit 8,000 0 10 6 6 22 0 80,000 48,000 48,000 176,000
 250 kVA unit 8,500 0 4 2 2 8 0 34,000 17,000 17,000 68,000

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 0 0 0 0 0 0 0 0 0

 LV Facilities km 5,000 0 168 96 40 304 0 840,000 480,000 200,000 1,520,000
- - 0 3,537,000 1,811,000 1,017,500 6,365,500

Oudomxai SS  22 kV Feeders  AAC 250mm2 km 11,000 123 135 83 0 341 1,353,000 1,485,000 913,000 0 3,751,000
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 0 0 0 0 0 0 0 0 0 0
 AAC 70mm2 km 7,000 95 185 80 70 430 665,000 1,295,000 560,000 490,000 3,010,000

 22 kV Trans.  50 kVA unit 6,500 40 40 42 28 150 260,000 260,000 273,000 182,000 975,000
Station  100kVA unit 7,000 30 26 30 20 106 210,000 182,000 210,000 140,000 742,000

 160 kVA unit 8,000 12 14 20 10 56 96,000 112,000 160,000 80,000 448,000
 250 kVA unit 8,500 4 6 10 5 25 34,000 51,000 85,000 42,500 212,500

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 2 2 0 0 0 30,000 30,000
 SVR unit 50,000 0 0 1 0 1 0 0 50,000 0 50,000

 LV Facilities km 5,000 176 256 64 56 552 880,000 1,280,000 320,000 280,000 2,760,000
- - 3,498,000 4,665,000 2,571,000 1,244,500 11,978,500

Huaxai SS  22 kV Feeders  AAC 250mm2 km 11,000 0 0 0 0 0 0 0 0 0 0
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 0 45 60 0 105 0 405,000 540,000 0 945,000
 AAC 70mm2 km 7,000 0 30 75 50 155 0 210,000 525,000 350,000 1,085,000

 22 kV Trans.  50 kVA unit 6,500 20 29 49 28 126 130,000 188,500 318,500 182,000 819,000
Station  100kVA unit 7,000 4 7 20 15 46 28,000 49,000 140,000 105,000 322,000

 160 kVA unit 8,000 0 0 5 3 8 0 0 40,000 24,000 64,000
 250 kVA unit 8,500 0 0 0 0 0 0 0 0 0 0

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 0 0 0 0 0 0 0 0 0

 LV Facilities km 5,000 0 60 108 40 208 0 300,000 540,000 200,000 1,040,000
- - 158,000 1,152,500 2,103,500 861,000 4,275,000

Nam Beng PS  22 kV Feeders  AAC 250mm2 km 11,000 0 0 0 0 0 0 0 0 0 0
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 0 0 0 0 0 0 0 0 0 0
 AAC 70mm2 km 7,000 0 55 0 0 55 0 385,000 0 0 385,000

 22 kV Trans.  50 kVA unit 6,500 0 32 41 21 94 0 208,000 266,500 136,500 611,000
Station  100kVA unit 7,000 0 12 9 12 33 0 84,000 63,000 84,000 231,000

 160 kVA unit 8,000 0 2 2 2 6 0 16,000 16,000 16,000 48,000
 250 kVA unit 8,500 0 0 0 0 0 0 0 0 0 0

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 0 0 0 0 0 0 0 0 0

 LV Facilities km 5,000 0 44 0 0 44 0 220,000 0 0 220,000
- - 0 913,000 345,500 236,500 1,495,000

Hongsa SS  22 kV Feeders  AAC 250mm2 km 11,000 0 85 60 10 155 0 935,000 660,000 110,000 1,705,000
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 0 10 0 0 10 0 90,000 0 0 90,000
 AAC 70mm2 km 7,000 0 0 95 0 95 0 0 665,000 0 665,000

 22 kV Trans.  50 kVA unit 6,500 0 62 24 44 130 0 403,000 156,000 286,000 845,000
Station  100kVA unit 7,000 0 18 8 30 56 0 126,000 56,000 210,000 392,000

 160 kVA unit 8,000 0 8 4 12 24 0 64,000 32,000 96,000 192,000
 250 kVA unit 8,500 0 6 20 6 32 0 51,000 170,000 51,000 272,000

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 0 0 0 0 0 0 0 0 0

 LV Facilities km 5,000 0 76 124 0 200 0 380,000 620,000 0 1,000,000
- - 0 2,049,000 2,359,000 753,000 5,161,000

Cost Estimate (US$)Estimated Quantities

Total

Total

Particulars

Total

Total

Total

Total
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Table 3.3  Estimate of MV and LV Costs per Substation

Substation Unit Rate
(US$) 2005 2010 2015 2020 Total 2005 2010 2015 2020 Total

Cost Estimate (US$)Estimated QuantitiesParticulars

Xayabuly SS  22 kV Feeders  AAC 250mm2 km 11,000 0 0 0 0 0 0 0 0 0 0
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 90 0 0 0 90 810,000 0 0 0 810,000
 AAC 70mm2 km 7,000 0 89 70 0 159 0 623,000 490,000 0 1,113,000

 22 kV Trans.  50 kVA unit 6,500 41 10 33 30 114 266,500 65,000 214,500 195,000 741,000
Station  100kVA unit 7,000 12 5 14 16 47 84,000 35,000 98,000 112,000 329,000

 160 kVA unit 8,000 8 0 4 5 17 64,000 0 32,000 40,000 136,000
 250 kVA unit 8,500 4 0 0 0 4 34,000 0 0 0 34,000

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 0 0 0 0 0 0 0 0 0

 LV Facilities km 5,000 72 71 56 0 199 360,000 355,000 280,000 0 995,000
- - 1,618,500 1,078,000 1,114,500 347,000 4,158,000

Paklay SS  22 kV Feeders  AAC 250mm2 km 11,000 0 90 0 55 145 0 990,000 0 605,000 1,595,000
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 0 30 0 0 30 0 270,000 0 0 270,000
 AAC 70mm2 km 7,000 0 0 50 80 130 0 0 350,000 560,000 910,000

 22 kV Trans.  50 kVA unit 6,500 22 42 25 28 117 143,000 273,000 162,500 182,000 760,500
Station  100kVA unit 7,000 6 13 10 14 43 42,000 91,000 70,000 98,000 301,000

 160 kVA unit 8,000 2 5 2 3 12 16,000 40,000 16,000 24,000 96,000
 250 kVA unit 8,500 0 2 0 0 2 0 17,000 0 0 17,000

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 0 0 0 0 0 0 0 0 0

 LV Facilities km 5,000 0 96 40 108 244 0 480,000 200,000 540,000 1,220,000
- - 201,000 2,161,000 798,500 2,009,000 5,169,500

Xam Nua SS  22 kV Feeders  AAC 250mm2 km 11,000 0 90 0 55 145 0 990,000 0 605,000 1,595,000
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 0 30 0 0 30 0 270,000 0 0 270,000
 AAC 70mm2 km 7,000 0 0 50 80 130 0 0 350,000 560,000 910,000

 22 kV Trans.  50 kVA unit 6,500 22 42 25 28 117 143,000 273,000 162,500 182,000 760,500
Station  100kVA unit 7,000 6 13 10 14 43 42,000 91,000 70,000 98,000 301,000

 160 kVA unit 8,000 2 5 2 3 12 16,000 40,000 16,000 24,000 96,000
 250 kVA unit 8,500 0 2 0 0 2 0 17,000 0 0 17,000

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 1 1 0 0 0 15,000 15,000
 SVR unit 50,000 0 0 1 1 2 0 0 50,000 50,000 100,000

 LV Facilities km 5,000 0 96 40 108 244 0 480,000 200,000 540,000 1,220,000
- - 201,000 2,161,000 848,500 2,074,000 5,284,500

Non Hai SS  22 kV Feeders  AAC 250mm2 km 11,000 55 0 0 0 55 605,000 0 0 0 605,000
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 0 0 0 0 0 0 0 0 0 0
 AAC 70mm2 km 7,000 0 45 0 0 45 0 315,000 0 0 315,000

 22 kV Trans.  50 kVA unit 6,500 18 10 26 24 78 117,000 65,000 169,000 156,000 507,000
Station  100kVA unit 7,000 6 1 13 10 30 42,000 7,000 91,000 70,000 210,000

 160 kVA unit 8,000 0 0 0 0 0 0 0 0 0 0
 250 kVA unit 8,500 0 0 0 0 0 0 0 0 0 0

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 0 0 0 0 0 0 0 0 0

 LV Facilities km 5,000 44 36 0 0 80 220,000 180,000 0 0 400,000
- - 984,000 567,000 260,000 226,000 2,037,000

Ban Don SS  22 kV Feeders  AAC 250mm2 km 11,000 10 0 0 0 10 110,000 0 0 0 110,000
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 0 0 0 0 0 0 0 0 0 0
 AAC 70mm2 km 7,000 0 55 0 0 55 0 385,000 0 0 385,000

 22 kV Trans.  50 kVA unit 6,500 20 10 29 29 88 130,000 65,000 188,500 188,500 572,000
Station  100kVA unit 7,000 6 2 15 12 35 42,000 14,000 105,000 84,000 245,000

 160 kVA unit 8,000 0 0 2 2 4 0 0 16,000 16,000 32,000
 250 kVA unit 8,500 0 0 0 0 0 0 0 0 0 0

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 0 0 0 0 0 0 0 0 0

 LV Facilities km 5,000 8 44 0 0 52 40,000 220,000 0 0 260,000
- - 322,000 684,000 309,500 288,500 1,604,000

Luang Prabang  22 kV Feeders  AAC 250mm2 km 11,000 95 0 0 0 95 1,045,000 0 0 0 1,045,000
SS  AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0

 AAC 150mm2 km 9,000 60 0 0 10 70 540,000 0 0 90,000 630,000
 AAC 70mm2 km 7,000 0 70 50 0 120 0 490,000 350,000 0 840,000

 22 kV Trans.  50 kVA unit 6,500 18 25 54 60 157 117,000 162,500 351,000 390,000 1,020,500
Station  100kVA unit 7,000 11 18 35 36 100 77,000 126,000 245,000 252,000 700,000

 160 kVA unit 8,000 6 10 13 16 45 48,000 80,000 104,000 128,000 360,000
 250 kVA unit 8,500 4 4 6 8 22 34,000 34,000 51,000 68,000 187,000

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 0 0 0 0 0 0 0 0 0

 LV Facilities km 5,000 124 56 40 8 228 620,000 280,000 200,000 40,000 1,140,000
- - 2,481,000 1,172,500 1,301,000 968,000 5,922,500

Total

Total

Total

Total

Total

Total
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Table 3.3  Estimate of MV and LV Costs per Substation

Substation Unit Rate
(US$) 2005 2010 2015 2020 Total 2005 2010 2015 2020 Total

Cost Estimate (US$)Estimated QuantitiesParticulars

Phonsavan SS  22 kV Feeders  AAC 250mm2 km 11,000 50 0 0 0 50 550,000 0 0 0 550,000
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 80 0 0 0 80 720,000 0 0 0 720,000
 AAC 70mm2 km 7,000 0 50 45 0 95 0 350,000 315,000 0 665,000

 22 kV Trans.  50 kVA unit 6,500 50 18 60 45 173 325,000 117,000 390,000 292,500 1,124,500
Station  100kVA unit 7,000 20 14 37 30 101 140,000 98,000 259,000 210,000 707,000

 160 kVA unit 8,000 0 0 6 4 10 0 0 48,000 32,000 80,000
 250 kVA unit 8,500 0 0 0 2 2 0 0 0 17,000 17,000

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 0 0 0 0 0 0 0 0 0

 LV Facilities km 5,000 26 64 36 8 134 130,000 320,000 180,000 40,000 670,000
- - 1,865,000 885,000 1,192,000 591,500 4,533,500

Nam Leuk  PS  22 kV Feeders  AAC 250mm2 km 11,000 100 0 0 0 100 1,100,000 0 0 0 1,100,000
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 0 0 0 0 0 0 0 0 0 0
 AAC 70mm2 km 7,000 0 50 0 0 50 0 350,000 0 0 350,000

 22 kV Trans.  50 kVA unit 6,500 30 18 26 28 102 195,000 117,000 169,000 182,000 663,000
Station  100kVA unit 7,000 0 0 0 0 0 0 0 0 0 0

 160 kVA unit 8,000 0 0 0 0 0 0 0 0 0 0
 250 kVA unit 8,500 0 0 0 0 0 0 0 0 0 0

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 0 0 0 0 0 0 0 0 0

 LV Facilities km 5,000 80 40 0 0 120 400,000 200,000 0 0 600,000
- - 1,695,000 667,000 169,000 182,000 2,713,000

Vangvieng  SS  22 kV Feeders  AAC 250mm2 km 11,000 100 0 0 10 110 1,100,000 0 0 110,000 1,210,000
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 70 0 0 0 70 630,000 0 0 0 630,000
 AAC 70mm2 km 7,000 0 45 0 0 45 0 315,000 0 0 315,000

 22 kV Trans.  50 kVA unit 6,500 46 21 35 42 144 299,000 136,500 227,500 273,000 936,000
Station  100kVA unit 7,000 21 10 19 18 68 147,000 70,000 133,000 126,000 476,000

 160 kVA unit 8,000 18 4 8 8 38 144,000 32,000 64,000 64,000 304,000
 250 kVA unit 8,500 6 0 4 6 16 51,000 0 34,000 51,000 136,000

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 1 0 0 1 0 50,000 0 0 50,000

 LV Facilities km 5,000 136 36 0 8 180 680,000 180,000 0 40,000 900,000
- - 3,051,000 783,500 458,500 664,000 4,957,000

Vientiane Mun.  22 kV Feeders  AAC 250mm2 km 11,000 20 20 25 30 95 220,000 220,000 275,000 330,000 1,045,000
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 50 60 70 80 260 450,000 540,000 630,000 720,000 2,340,000
 AAC 70mm2 km 7,000 100 130 165 250 645 700,000 910,000 1,155,000 1,750,000 4,515,000

 22 kV Trans.  50 kVA unit 6,500 0 0 0 0 0 0 0 0 0 0
Station  100kVA unit 7,000 200 260 265 320 1045 1,400,000 1,820,000 1,855,000 2,240,000 7,315,000

 160 kVA unit 8,000 90 100 170 220 580 720,000 800,000 1,360,000 1,760,000 4,640,000
 250 kVA unit 8,500 50 80 100 150 380 425,000 680,000 850,000 1,275,000 3,230,000

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 1 0 0 1 0 50,000 0 0 50,000

 LV Facilities km 5,000 160 210 270 360 1000 800,000 1,050,000 1,350,000 1,800,000 5,000,000
- - 4,715,000 6,070,000 7,475,000 9,875,000 28,135,000

 Pakxan SS  22 kV Feeders  AAC 250mm2 km 11,000 0 0 0 15 15 0 0 0 165,000 165,000
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 20 25 50 0 95 180,000 225,000 450,000 0 855,000
 AAC 70mm2 km 7,000 0 0 0 0 0 0 0 0 0 0

 22 kV Trans.  50 kVA unit 6,500 10 10 25 30 75 65,000 65,000 162,500 195,000 487,500
Station  100kVA unit 7,000 5 7 15 15 42 35,000 49,000 105,000 105,000 294,000

 160 kVA unit 8,000 5 5 5 7 22 40,000 40,000 40,000 56,000 176,000
 250 kVA unit 8,500 0 2 5 5 12 0 17,000 42,500 42,500 102,000

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 0 0 0 0 0 0 0 0 0

 LV Facilities km 5,000 12 20 40 12 84 60,000 100,000 200,000 60,000 420,000
- - 380,000 496,000 1,000,000 623,500 2,499,500

 Thakhek SS  22 kV Feeders  AAC 250mm2 km 11,000 20 70 40 5 135 220,000 770,000 440,000 55,000 1,485,000
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 5 5 0 0 10 45,000 45,000 0 0 90,000
 AAC 70mm2 km 7,000 0 0 0 0 0 0 0 0 0 0

 22 kV Trans.  50 kVA unit 6,500 85 110 140 120 455 552,500 715,000 910,000 780,000 2,957,500
Station  100kVA unit 7,000 40 60 80 60 240 280,000 420,000 560,000 420,000 1,680,000

 160 kVA unit 8,000 20 40 60 50 170 160,000 320,000 480,000 400,000 1,360,000
 250 kVA unit 8,500 10 25 40 35 110 85,000 212,500 340,000 297,500 935,000

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 1 0 1 0 0 15,000 0 15,000
 SVR unit 50,000 0 0 1 0 1 0 0 50,000 0 50,000

 LV Facilities km 5,000 20 65 37 30 152 100,000 325,000 185,000 150,000 760,000
- - 1,442,500 2,807,500 2,980,000 2,102,500 9,332,500

Total

Total

Total

Total

Total

Total
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Table 3.3  Estimate of MV and LV Costs per Substation

Substation Unit Rate
(US$) 2005 2010 2015 2020 Total 2005 2010 2015 2020 Total

Cost Estimate (US$)Estimated QuantitiesParticulars

Nam Theun 2  22 kV Feeders  AAC 250mm2 km 11,000 0 0 0 0 0 0 0 0 0 0
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 0 20 0 0 20 0 180,000 0 0 180,000
 AAC 70mm2 km 7,000 0 20 60 0 80 0 140,000 420,000 0 560,000

 22 kV Trans.  50 kVA unit 6,500 0 37 33 33 103 0 240,500 214,500 214,500 669,500
Station  100kVA unit 7,000 0 10 10 10 30 0 70,000 70,000 70,000 210,000

 160 kVA unit 8,000 0 0 4 4 8 0 0 32,000 32,000 64,000
 250 kVA unit 8,500 0 0 0 0 0 0 0 0 0 0

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 0 0 0 0 0 0 0 0 0

 LV Facilities km 5,000 0 32 48 30 110 0 160,000 240,000 150,000 550,000
- - 0 790,500 976,500 466,500 2,233,500

 Xaibouathong S  22 kV Feeders  AAC 250mm2 km 11,000 90 25 15 10 140 990,000 275,000 165,000 110,000 1,540,000
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 0 0 0 0 0 0 0 0 0 0
 AAC 70mm2 km 7,000 0 0 0 0 0 0 0 0 0 0

 22 kV Trans.  50 kVA unit 6,500 20 40 30 20 110 130,000 260,000 195,000 130,000 715,000
Station  100kVA unit 7,000 10 25 20 10 65 70,000 175,000 140,000 70,000 455,000

 160 kVA unit 8,000 9 10 20 10 49 72,000 80,000 160,000 80,000 392,000
 250 kVA unit 8,500 5 10 20 7 42 42,500 85,000 170,000 59,500 357,000

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 0 0 0 0 0 0 0 0 0

 LV Facilities km 5,000 72 20 12 8 112 360,000 100,000 60,000 40,000 560,000
- - 1,664,500 975,000 890,000 489,500 4,019,000

 Pakbo SS  22 kV Feeders  AAC 250mm2 km 11,000 80 18 67 35 200 880,000 198,000 737,000 385,000 2,200,000
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 5 15 10 15 45 45,000 135,000 90,000 135,000 405,000
 AAC 70mm2 km 7,000 0 0 0 0 0 0 0 0 0 0

 22 kV Trans.  50 kVA unit 6,500 21 100 120 120 361 136,500 650,000 780,000 780,000 2,346,500
Station  100kVA unit 7,000 10 70 90 100 270 70,000 490,000 630,000 700,000 1,890,000

 160 kVA unit 8,000 5 30 50 50 135 40,000 240,000 400,000 400,000 1,080,000
 250 kVA unit 8,500 5 12 26 30 73 42,500 102,000 221,000 255,000 620,500

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 0 0 0 0 0 0 0 0 0

 LV Facilities km 5,000 68 26 62 36 192 340,000 130,000 310,000 180,000 960,000
- - 1,554,000 1,945,000 3,168,000 2,835,000 9,502,000

 Kengkok SS  22 kV Feeders  AAC 250mm2 km 11,000 92 30 15 10 147 1,012,000 330,000 165,000 110,000 1,617,000
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 58 10 5 15 88 522,000 90,000 45,000 135,000 792,000
 AAC 70mm2 km 7,000 0 0 0 0 0 0 0 0 0 0

 22 kV Trans.  50 kVA unit 6,500 20 20 40 50 130 130,000 130,000 260,000 325,000 845,000
Station  100kVA unit 7,000 20 20 30 30 100 140,000 140,000 210,000 210,000 700,000

 160 kVA unit 8,000 20 20 30 30 100 160,000 160,000 240,000 240,000 800,000
 250 kVA unit 8,500 10 10 20 20 60 85,000 85,000 170,000 170,000 510,000

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 0 0 0 0 0 0 0 0 0

 LV Facilities km 5,000 120 32 16 20 188 600,000 160,000 80,000 100,000 940,000
- - 2,649,000 1,095,000 1,170,000 1,290,000 6,204,000

 Xepon SS  22 kV Feeders  AAC 250mm2 km 11,000 70 20 15 15 120 770,000 220,000 165,000 165,000 1,320,000
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 35 10 5 5 55 315,000 90,000 45,000 45,000 495,000
 AAC 70mm2 km 7,000 0 0 0 0 0 0 0 0 0 0

 22 kV Trans.  50 kVA unit 6,500 100 100 80 100 380 650,000 650,000 520,000 650,000 2,470,000
Station  100kVA unit 7,000 20 45 40 40 145 140,000 315,000 280,000 280,000 1,015,000

 160 kVA unit 8,000 10 10 20 23 63 80,000 80,000 160,000 184,000 504,000
 250 kVA unit 8,500 6 10 10 20 46 51,000 85,000 85,000 170,000 391,000

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 0 0 0 0 0 0 0 0 0

 LV Facilities km 5,000 84 24 16 16 140 420,000 120,000 80,000 80,000 700,000
- - 2,426,000 1,560,000 1,335,000 1,574,000 6,895,000

 Xepon PS  22 kV Feeders  AAC 250mm2 km 11,000 0 0 0 0 0 0 0 0 0 0
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 0 0 20 0 20 0 0 180,000 0 180,000
 AAC 70mm2 km 7,000 0 0 20 20 40 0 0 140,000 140,000 280,000

 22 kV Trans.  50 kVA unit 6,500 0 0 33 15 48 0 0 214,500 97,500 312,000
Station  100kVA unit 7,000 0 0 5 1 6 0 0 35,000 7,000 42,000

 160 kVA unit 8,000 0 0 0 0 0 0 0 0 0 0
 250 kVA unit 8,500 0 0 0 0 0 0 0 0 0 0

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 0 0 0 0 0 0 0 0 0

 LV Facilities km 5,000 0 0 32 16 48 0 0 160,000 80,000 240,000
- - 0 0 729,500 324,500 1,054,000

Total

Total

Total

Total

Total

Total
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Table 3.3  Estimate of MV and LV Costs per Substation

Substation Unit Rate
(US$) 2005 2010 2015 2020 Total 2005 2010 2015 2020 Total

Cost Estimate (US$)Estimated QuantitiesParticulars

 Saravan SS  22 kV Feeders  AAC 250mm2 km 11,000 0 50 20 0 70 0 550,000 220,000 0 770,000
 AAC 185mm2 km 10,000 0 60 15 15 90 0 600,000 150,000 150,000 900,000
 AAC 150mm2 km 9,000 0 0 0 0 0 0 0 0 0 0
 AAC 70mm2 km 7,000 0 0 0 0 0 0 0 0 0 0

 22 kV Trans.  50 kVA unit 6,500 0 80 25 30 135 0 520,000 162,500 195,000 877,500
Station  100kVA unit 7,000 0 17 10 10 37 0 119,000 70,000 70,000 259,000

 160 kVA unit 8,000 0 10 5 7 22 0 80,000 40,000 56,000 176,000
 250 kVA unit 8,500 0 4 5 6 15 0 34,000 42,500 51,000 127,500

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 0 0 0 0 0 0 0 0 0

 LV Facilities km 5,000 0 128 48 24 200 0 640,000 240,000 120,000 1,000,000
- - 0 2,543,000 925,000 642,000 4,110,000

 Bang Yo SS  22 kV Feeders  AAC 250mm2 km 11,000 80 5 10 20 115 880,000 55,000 110,000 220,000 1,265,000
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 0 0 0 0 0 0 0 0 0 0
 AAC 70mm2 km 7,000 40 0 5 0 45 280,000 0 35,000 0 315,000

 22 kV Trans.  50 kVA unit 6,500 42 100 150 30 322 273,000 650,000 975,000 195,000 2,093,000
Station  100kVA unit 7,000 10 40 80 10 140 70,000 280,000 560,000 70,000 980,000

 160 kVA unit 8,000 5 12 20 7 44 40,000 96,000 160,000 56,000 352,000
 250 kVA unit 8,500 2 5 10 6 23 17,000 42,500 85,000 51,000 195,500

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 0 0 0 0 0 0 0 0 0

 LV Facilities km 5,000 96 4 12 16 128 480,000 20,000 60,000 80,000 640,000
- - 2,040,000 1,143,500 1,985,000 672,000 5,840,500

 Lakpet SS  22 kV Feeders  AAC 250mm2 km 11,000 0 75 10 15 100 0 825,000 110,000 165,000 1,100,000
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 0 0 0 0 0 0 0 0 0 0
 AAC 70mm2 km 7,000 0 0 0 10 10 0 0 0 70,000 70,000

 22 kV Trans.  50 kVA unit 6,500 0 82 80 150 312 0 533,000 520,000 975,000 2,028,000
Station  100kVA unit 7,000 0 15 17 58 90 0 105,000 119,000 406,000 630,000

 160 kVA unit 8,000 0 5 10 30 45 0 40,000 80,000 240,000 360,000
 250 kVA unit 8,500 0 2 5 20 27 0 17,000 42,500 170,000 229,500

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 0 0 0 0 0 0 0 0 0

 LV Facilities km 5,000 0 60 8 20 88 0 300,000 40,000 100,000 440,000
- - 0 1,820,000 911,500 2,126,000 4,857,500

 Ban Boun SS  22 kV Feeders  AAC 250mm2 km 11,000 65 15 15 0 95 715,000 165,000 165,000 0 1,045,000
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 0 0 0 0 0 0 0 0 0 0
 AAC 70mm2 km 7,000 0 0 0 0 0 0 0 0 0 0

 22 kV Trans.  50 kVA unit 6,500 12 35 50 50 147 78,000 227,500 325,000 325,000 955,500
Station  100kVA unit 7,000 10 12 12 15 49 70,000 84,000 84,000 105,000 343,000

 160 kVA unit 8,000 3 5 5 10 23 24,000 40,000 40,000 80,000 184,000
 250 kVA unit 8,500 3 3 3 4 13 25,500 25,500 25,500 34,000 110,500

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 0 0 0 0 0 0 0 0 0

 LV Facilities km 5,000 52 12 12 0 76 260,000 60,000 60,000 0 380,000
- - 1,172,500 602,000 699,500 544,000 3,018,000

 Thakho SS  22 kV Feeders  AAC 250mm2 km 11,000 55 10 65 10 140 605,000 110,000 715,000 110,000 1,540,000
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 0 0 0 0 0 0 0 0 0 0
 AAC 70mm2 km 7,000 0 0 0 0 0 0 0 0 0 0

 22 kV Trans.  50 kVA unit 6,500 10 10 15 20 55 65,000 65,000 97,500 130,000 357,500
Station  100kVA unit 7,000 6 6 5 8 25 42,000 42,000 35,000 56,000 175,000

 160 kVA unit 8,000 5 5 5 5 20 40,000 40,000 40,000 40,000 160,000
 250 kVA unit 8,500 3 3 5 5 16 25,500 25,500 42,500 42,500 136,000

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 1 0 1 0 0 15,000 0 15,000
 SVR unit 50,000 0 0 1 0 1 0 0 50,000 0 50,000

 LV Facilities km 5,000 44 8 52 8 112 220,000 40,000 260,000 40,000 560,000
- - 997,500 322,500 1,255,000 418,500 2,993,500

Attapeu SS  22 kV Feeders  AAC 250mm2 km 11,000 0 0 0 0 0 0 0 0 0 0
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 0 0 65 0 65 0 0 585,000 0 585,000
 AAC 70mm2 km 7,000 0 0 15 75 90 0 0 105,000 525,000 630,000

 22 kV Trans.  50 kVA unit 6,500 20 14 35 33 102 130,000 91,000 227,500 214,500 663,000
Station  100kVA unit 7,000 5 3 11 9 28 35,000 21,000 77,000 63,000 196,000

 160 kVA unit 8,000 2 0 4 4 10 16,000 0 32,000 32,000 80,000
 250 kVA unit 8,500 0 0 2 2 4 0 0 17,000 17,000 34,000

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 0 0 0 0 0 0 0 0 0

 LV Facilities km 5,000 0 0 44 60 104 0 0 220,000 300,000 520,000
- - 181,000 112,000 1,263,500 1,151,500 2,708,000

Total

Total

Total

Total

Total

Total
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Table 3.3  Estimate of MV and LV Costs per Substation

Substation Unit Rate
(US$) 2005 2010 2015 2020 Total 2005 2010 2015 2020 Total

Cost Estimate (US$)Estimated QuantitiesParticulars

Xeset  22 kV Feeders  AAC 250mm2 km 11,000 0 0 0 0 0 0 0 0 0 0
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 0 0 0 0 0 0 0 0 0 0
 AAC 70mm2 km 7,000 70 0 0 50 120 490,000 0 0 350,000 840,000

 22 kV Trans.  50 kVA unit 6,500 30 0 0 26 56 195,000 0 0 169,000 364,000
Station  100kVA unit 7,000 16 0 0 10 26 112,000 0 0 70,000 182,000

 160 kVA unit 8,000 7 0 0 5 12 56,000 0 0 40,000 96,000
 250 kVA unit 8,500 4 0 0 4 8 34,000 0 0 34,000 68,000

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 0 0 0 0 0 0 0 0 0

 LV Facilities km 5,000 56 0 0 40 96 280,000 0 0 200,000 480,000
- - 1,167,000 0 0 863,000 2,030,000

Sekong SS  22 kV Feeders  AAC 250mm2 km 11,000 0 0 0 0 0 0 0 0 0 0
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 0 0 0 0 0 0 0 0 0 0
 AAC 70mm2 km 7,000 0 10 10 50 70 0 70,000 70,000 350,000 490,000

 22 kV Trans.  50 kVA unit 6,500 0 21 12 13 46 0 136,500 78,000 84,500 299,000
Station  100kVA unit 7,000 0 6 0 2 8 0 42,000 0 14,000 56,000

 160 kVA unit 8,000 0 2 0 0 2 0 16,000 0 0 16,000
 250 kVA unit 8,500 0 0 0 0 0 0 0 0 0 0

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 0 0 0 0 0 0 0 0 0

 LV Facilities km 5,000 0 8 8 40 56 0 40,000 40,000 200,000 280,000
- - 0 304,500 188,000 648,500 1,141,000

Pakxon SS  22 kV Feeders  AAC 250mm2 km 11,000 0 0 0 0 0 0 0 0 0 0
 AAC 185mm2 km 10,000 0 0 0 0 0 0 0 0 0 0
 AAC 150mm2 km 9,000 0 0 0 0 0 0 0 0 0 0
 AAC 70mm2 km 7,000 30 20 20 0 70 210,000 140,000 140,000 0 490,000

 22 kV Trans.  50 kVA unit 6,500 11 13 16 23 63 71,500 84,500 104,000 149,500 409,500
Station  100kVA unit 7,000 2 2 3 5 12 14,000 14,000 21,000 35,000 84,000

 160 kVA unit 8,000 0 0 2 2 4 0 0 16,000 16,000 32,000
 250 kVA unit 8,500 0 0 0 0 0 0 0 0 0 0

 22 kV Ancillaries  S. Capacitor unit 15,000 0 0 0 0 0 0 0 0 0 0
 SVR unit 50,000 0 0 0 0 0 0 0 0 0 0

 LV Facilities km 5,000 24 16 16 0 56 120,000 80,000 80,000 0 280,000
- - 415,500 318,500 361,000 200,500 1,295,500

Grand Total 36,879,000 47,345,500 44,631,000 40,066,000 168,921,500
        FC portion (80%) 29,503,200 37,876,400 35,704,800 32,052,800 135,137,200
        LC portion (20%) 7,375,800 9,469,100 8,926,200 8,013,200 33,784,300

Note: In  the  areas which are being supplied through import from neighboring countries or IPP plants, investment costs for MV & LV facilities meeting growing demand
before completion of new substations are excluded for economic evaluation purpose.

Total

Total

Total

6/7



Ta
bl

e 
3.

5 
 D

is
bu

rs
em

en
t S

ch
ed

ul
e 

fo
r M

V 
& 

LV
 C

os
ts

(U
ni

t:1
,0

00
U

S$
)

N
am

e 
of

 S
ub

st
at

io
n

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

1
Ph

on
et

on
g

94
3.

0
94

3.
0

94
3.

0
94

3.
0

94
3.

0
1,

21
4.

0
1,

21
4.

0
1,

21
4.

0
1,

21
4.

0
1,

21
4.

0
1,

49
5.

0
1,

49
5.

0
1,

49
5.

0
1,

49
5.

0
1,

49
5.

0
1,

97
5.

0
1,

97
5.

0
1,

97
5.

0
1,

97
5.

0
1,

97
5.

0
2

Th
an

al
en

g
3

Th
a 

N
go

n
4

La
kx

ao
si

5
N

ax
ai

th
on

g
6

Ph
on

es
ou

ng
7

N
am

 N
gu

m
 1

8
V

an
gv

ie
ng

61
0.

2
61

0.
2

61
0.

2
61

0.
2

61
0.

2
15

6.
7

15
6.

7
15

6.
7

15
6.

7
15

6.
7

91
.7

91
.7

91
.7

91
.7

91
.7

13
2.

8
13

2.
8

13
2.

8
13

2.
8

13
2.

8
9

Lu
an

g 
Pr

ab
an

g
49

6.
2

49
6.

2
49

6.
2

49
6.

2
49

6.
2

23
4.

5
23

4.
5

23
4.

5
23

4.
5

23
4.

5
26

0.
2

26
0.

2
26

0.
2

26
0.

2
26

0.
2

19
3.

6
19

3.
6

19
3.

6
19

3.
6

19
3.

6
10

O
ud

om
xa

i
1,

16
6.

0
1,

16
6.

0
1,

16
6.

0
93

3.
0

93
3.

0
93

3.
0

93
3.

0
93

3.
0

51
4.

2
51

4.
2

51
4.

2
51

4.
2

51
4.

2
24

8.
9

24
8.

9
24

8.
9

24
8.

9
24

8.
9

11
N

am
 B

en
g

18
2.

6
18

2.
6

18
2.

6
18

2.
6

18
2.

6
69

.1
69

.1
69

.1
69

.1
69

.1
47

.3
47

.3
47

.3
47

.3
47

.3
12

B
ou

n 
N

eu
a

39
3.

0
39

3.
0

39
3.

0
39

3.
0

39
3.

0
33

5.
4

33
5.

4
33

5.
4

33
5.

4
33

5.
4

35
1.

4
35

1.
4

35
1.

4
35

1.
4

35
1.

4
13

Lu
an

g 
N

am
pt

ha
70

7.
4

70
7.

4
70

7.
4

70
7.

4
70

7.
4

36
2.

2
36

2.
2

36
2.

2
36

2.
2

36
2.

2
20

3.
5

20
3.

5
20

3.
5

20
3.

5
20

3.
5

14
X

ay
ab

ur
y

32
3.

7
32

3.
7

32
3.

7
32

3.
7

32
3.

7
21

5.
6

21
5.

6
21

5.
6

21
5.

6
21

5.
6

22
2.

9
22

2.
9

22
2.

9
22

2.
9

22
2.

9
69

.4
69

.4
69

.4
69

.4
69

.4
15

H
on

gs
a

68
3.

0
68

3.
0

68
3.

0
47

1.
8

47
1.

8
47

1.
8

47
1.

8
47

1.
8

15
0.

6
15

0.
6

15
0.

6
15

0.
6

15
0.

6
16

H
ua

xa
i

31
.6

31
.6

31
.6

31
.6

31
.6

23
0.

5
23

0.
5

23
0.

5
23

0.
5

23
0.

5
42

0.
7

42
0.

7
42

0.
7

42
0.

7
42

0.
7

17
2.

2
17

2.
2

17
2.

2
17

2.
2

17
2.

2
17

Pa
kl

ay
40

.2
40

.2
40

.2
40

.2
40

.2
43

2.
2

43
2.

2
43

2.
2

43
2.

2
43

2.
2

15
9.

7
15

9.
7

15
9.

7
15

9.
7

15
9.

7
40

1.
8

40
1.

8
40

1.
8

40
1.

8
40

1.
8

18
N

on
 H

ai
19

6.
8

19
6.

8
19

6.
8

19
6.

8
19

6.
8

11
3.

4
11

3.
4

11
3.

4
11

3.
4

11
3.

4
52

.0
52

.0
52

.0
52

.0
52

.0
45

.2
45

.2
45

.2
45

.2
45

.2
19

B
an

 D
on

64
.4

64
.4

64
.4

64
.4

64
.4

13
6.

8
13

6.
8

13
6.

8
13

6.
8

13
6.

8
61

.9
61

.9
61

.9
61

.9
61

.9
57

.7
57

.7
57

.7
57

.7
57

.7
20

Ph
on

sa
va

n
37

3.
0

37
3.

0
37

3.
0

37
3.

0
37

3.
0

17
7.

0
17

7.
0

17
7.

0
17

7.
0

17
7.

0
23

8.
4

23
8.

4
23

8.
4

23
8.

4
23

8.
4

11
8.

3
11

8.
3

11
8.

3
11

8.
3

11
8.

3
21

X
am

 N
ua

40
.2

40
.2

40
.2

40
.2

40
.2

43
2.

2
43

2.
2

43
2.

2
43

2.
2

43
2.

2
16

9.
7

16
9.

7
16

9.
7

16
9.

7
16

9.
7

41
4.

8
41

4.
8

41
4.

8
41

4.
8

41
4.

8
22

N
am

 L
eu

k
33

9.
0

33
9.

0
33

9.
0

33
9.

0
33

9.
0

13
3.

4
13

3.
4

13
3.

4
13

3.
4

13
3.

4
33

.8
33

.8
33

.8
33

.8
33

.8
36

.4
36

.4
36

.4
36

.4
36

.4
23

Pa
xa

n
76

.0
76

.0
76

.0
76

.0
76

.0
99

.2
99

.2
99

.2
99

.2
99

.2
20

0.
0

20
0.

0
20

0.
0

20
0.

0
20

0.
0

12
4.

7
12

4.
7

12
4.

7
12

4.
7

12
4.

7
24

Th
ak

he
k

28
8.

5
28

8.
5

28
8.

5
28

8.
5

28
8.

5
56

1.
5

56
1.

5
56

1.
5

56
1.

5
56

1.
5

59
6.

0
59

6.
0

59
6.

0
59

6.
0

59
6.

0
42

0.
5

42
0.

5
42

0.
5

42
0.

5
42

0.
5

25
X

ai
bo

ua
th

on
g

55
4.

8
55

4.
8

55
4.

8
19

5.
0

19
5.

0
19

5.
0

19
5.

0
19

5.
0

17
8.

0
17

8.
0

17
8.

0
17

8.
0

17
8.

0
97

.9
97

.9
97

.9
97

.9
97

.9
26

Pa
kb

o
31

0.
8

31
0.

8
31

0.
8

31
0.

8
31

0.
8

38
9.

0
38

9.
0

38
9.

0
38

9.
0

38
9.

0
63

3.
6

63
3.

6
63

3.
6

63
3.

6
63

3.
6

56
7.

0
56

7.
0

56
7.

0
56

7.
0

56
7.

0
27

K
en

gk
ok

52
9.

8
52

9.
8

52
9.

8
52

9.
8

52
9.

8
21

9.
0

21
9.

0
21

9.
0

21
9.

0
21

9.
0

23
4.

0
23

4.
0

23
4.

0
23

4.
0

23
4.

0
25

8.
0

25
8.

0
25

8.
0

25
8.

0
25

8.
0

28
X

ep
on

80
8.

7
80

8.
7

80
8.

7
31

2.
0

31
2.

0
31

2.
0

31
2.

0
31

2.
0

26
7.

0
26

7.
0

26
7.

0
26

7.
0

26
7.

0
31

4.
8

31
4.

8
31

4.
8

31
4.

8
31

4.
8

29
Sa

ra
va

n
84

7.
7

84
7.

7
84

7.
7

18
5.

0
18

5.
0

18
5.

0
18

5.
0

18
5.

0
12

8.
4

12
8.

4
12

8.
4

12
8.

4
12

8.
4

30
X

es
et

 1
23

3.
4

23
3.

4
23

3.
4

23
3.

4
23

3.
4

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

17
2.

6
17

2.
6

17
2.

6
17

2.
6

17
2.

6
31

B
an

g 
Y

o
40

8.
0

40
8.

0
40

8.
0

40
8.

0
40

8.
0

22
8.

7
22

8.
7

22
8.

7
22

8.
7

22
8.

7
39

7.
0

39
7.

0
39

7.
0

39
7.

0
39

7.
0

13
4.

4
13

4.
4

13
4.

4
13

4.
4

13
4.

4
32

Pa
kx

on
13

8.
5

13
8.

5
13

8.
5

63
.7

63
.7

63
.7

63
.7

63
.7

72
.2

72
.2

72
.2

72
.2

72
.2

40
.1

40
.1

40
.1

40
.1

40
.1

33
B

an
 B

ou
n

39
0.

8
39

0.
8

39
0.

8
12

0.
4

12
0.

4
12

0.
4

12
0.

4
12

0.
4

13
9.

9
13

9.
9

13
9.

9
13

9.
9

13
9.

9
10

8.
8

10
8.

8
10

8.
8

10
8.

8
10

8.
8

34
Th

ak
ho

33
2.

5
33

2.
5

33
2.

5
64

.5
64

.5
64

.5
64

.5
64

.5
25

1.
0

25
1.

0
25

1.
0

25
1.

0
25

1.
0

83
.7

83
.7

83
.7

83
.7

83
.7

35
Se

ko
ng

10
1.

5
10

1.
5

10
1.

5
37

.6
37

.6
37

.6
37

.6
37

.6
12

9.
7

12
9.

7
12

9.
7

12
9.

7
12

9.
7

36
A

tta
pe

u
36

.2
36

.2
36

.2
36

.2
36

.2
22

.4
22

.4
22

.4
22

.4
22

.4
25

2.
7

25
2.

7
25

2.
7

25
2.

7
25

2.
7

23
0.

3
23

0.
3

23
0.

3
23

0.
3

23
0.

3
37

X
ep

on
 P

S
14

5.
9

14
5.

9
14

5.
9

14
5.

9
14

5.
9

64
.9

64
.9

64
.9

64
.9

64
.9

38
La

kp
et

0.
0

0.
0

0.
0

36
4.

0
36

4.
0

36
4.

0
36

4.
0

36
4.

0
18

2.
3

18
2.

3
18

2.
3

18
2.

3
18

2.
3

42
5.

2
42

5.
2

42
5.

2
42

5.
2

42
5.

2
39

N
am

 T
he

un
 2

 P
S

15
8.

1
15

8.
1

15
8.

1
15

8.
1

15
8.

1
19

5.
3

19
5.

3
19

5.
3

19
5.

3
19

5.
3

93
.3

93
.3

93
.3

93
.3

93
.3

To
ta

l
5,

34
1.

0
5,

34
1.

0
8,

73
2.

3
8,

73
2.

3
8,

73
2.

3
8,

48
9.

8
8,

48
9.

8
10

,1
22

.0
10

,1
22

.0
10

,1
22

.0
8,

92
6.

2
8,

92
6.

2
8,

92
6.

2
8,

92
6.

2
8,

92
6.

2
8,

01
3.

2
8,

01
3.

2
8,

01
3.

2
8,

01
3.

2
8,

01
3.

2
   

FC
 P

or
tio

n
4,

27
2.

8
4,

27
2.

8
6,

98
5.

9
6,

98
5.

9
6,

98
5.

9
6,

79
1.

8
6,

79
1.

8
8,

09
7.

6
8,

09
7.

6
8,

09
7.

6
7,

14
1.

0
7,

14
1.

0
7,

14
1.

0
7,

14
1.

0
7,

14
1.

0
6,

41
0.

6
6,

41
0.

6
6,

41
0.

6
6,

41
0.

6
6,

41
0.

6
   

LC
 P

or
tio

n
1,

06
8.

2
1,

06
8.

2
1,

74
6.

5
1,

74
6.

5
1,

74
6.

5
1,

69
8.

0
1,

69
8.

0
2,

02
4.

4
2,

02
4.

4
2,

02
4.

4
1,

78
5.

2
1,

78
5.

2
1,

78
5.

2
1,

78
5.

2
1,

78
5.

2
1,

60
2.

6
1,

60
2.

6
1,

60
2.

6
1,

60
2.

6
1,

60
2.

6
N

ot
e:

 C
os

ts
 sh

ow
n 

in
 th

e 
lin

e 
fo

r P
ho

ne
th

on
g 

su
bs

ta
tio

n 
m

ea
n 

to
ta

l c
os

ts
 fo

r M
V

 &
 L

V
 c

on
st

ru
ct

io
n 

re
qu

ire
d 

fo
r a

ll 
su

bs
ta

tio
ns

 in
 V

ie
nt

ia
ne

 M
un

ic
ip

al
ity

.

D
is

bu
rs

em
en

t S
ch

ed
ul

e 



Ta
bl

e 
4.

1 
 In

cr
em

en
t o

f A
nn

ua
l S

ol
d 

En
er

gy
 b

y 
Su

bs
ta

tio
n

N
am

e 
of

 S
ub

st
at

io
n

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

1
Ph

on
et

on
g

18
,2

99
37

,6
08

59
,1

33
-7

3,
10

3
-6

0,
15

8
-4

6,
93

1
-3

2,
87

9
-1

8,
00

0
-2

,1
55

-3
2,

51
5

-1
9,

07
7

-4
,8

82
10

,1
12

25
,9

49
42

,6
79

60
,2

40
78

,7
84

98
,3

65
11

9,
04

2
14

0,
87

5
2

Th
an

al
en

g
12

,0
49

15
,8

60
22

,7
28

7,
02

1
12

,0
48

17
,1

73
23

,7
58

29
,5

51
35

,7
36

42
,2

85
49

,7
00

56
,3

59
63

,3
93

70
,8

22
79

,7
82

88
,0

20
96

,7
20

10
5,

90
6

11
6,

71
7

12
6,

96
0

3
Th

a 
N

go
n

2,
69

7
5,

60
3

9,
50

6
12

,7
16

16
,1

82
19

,7
60

24
,3

96
28

,5
64

33
,0

67
37

,9
33

43
,3

17
48

,2
45

53
,5

18
59

,1
60

65
,9

74
72

,4
02

79
,2

87
86

,6
62

95
,3

40
10

3,
81

3
4

La
kx

ao
si

17
3,

78
4

18
3,

49
5

19
3,

33
6

20
6,

36
2

21
7,

39
7

22
9,

13
7

24
1,

61
1

25
7,

41
7

26
9,

85
7

28
2,

99
5

29
6,

87
1

31
4,

16
6

32
9,

54
3

34
5,

77
8

36
2,

91
9

38
3,

65
5

40
2,

76
2

5
N

ax
ai

th
on

g
76

,4
81

80
,7

82
85

,3
25

90
,1

22
95

,1
88

10
0,

53
9

10
6,

14
9

11
2,

07
2

11
8,

32
4

12
4,

92
5

13
1,

89
3

6
Ph

on
es

ou
ng

2,
79

0
5,

69
8

9,
53

5
12

,9
90

16
,6

94
20

,5
84

25
,4

07
29

,7
45

34
,4

63
10

,2
32

14
,9

32
19

,1
44

23
,2

80
27

,5
58

32
,9

38
37

,9
03

43
,2

69
49

,1
18

56
,0

61
62

,8
99

7
N

am
 N

gu
m

 1
48

5
1,

04
1

1,
98

2
2,

64
8

3,
35

0
4,

11
2

5,
27

1
6,

18
0

7,
14

1
8,

22
8

9,
58

8
10

,6
71

11
,8

40
13

,1
03

14
,8

68
16

,3
38

17
,9

26
19

,6
45

21
,8

62
23

,8
75

8
V

an
gv

ie
ng

1,
39

8
10

,5
77

12
,2

19
21

,6
65

25
,2

05
27

,3
83

29
,7

91
32

,3
44

35
,1

10
38

,0
28

41
,6

40
45

,5
31

49
,6

42
53

,4
79

57
,3

50
61

,3
23

65
,4

68
69

,9
71

74
,8

10
80

,0
04

9
Lu

an
g 

Pr
ab

an
g

1,
86

1
3,

83
9

6,
04

5
13

,2
74

16
,4

33
19

,6
87

23
,2

57
26

,9
23

30
,8

66
35

,1
24

41
,5

30
47

,8
20

54
,1

88
60

,2
55

66
,5

74
73

,1
63

80
,1

31
87

,5
90

95
,4

64
10

3,
91

5
10

O
ud

om
xa

i
21

,4
77

24
,0

44
26

,7
15

39
,6

89
43

,5
90

49
,4

62
56

,0
10

62
,8

53
70

,1
78

76
,8

45
83

,8
11

90
,6

83
97

,9
14

10
5,

57
7

11
3,

88
4

12
2,

62
6

11
N

am
 B

en
g

6,
00

6
6,

80
5

7,
66

2
8,

62
8

9,
60

5
11

,4
77

13
,4

01
15

,5
82

17
,7

54
19

,5
49

21
,1

28
22

,7
35

24
,5

41
26

,3
67

28
,3

63
12

B
ou

n 
ne

ua
9,

87
7

10
,8

38
11

,8
66

12
,9

94
14

,1
22

15
,3

70
16

,7
01

18
,1

71
19

,6
59

21
,3

17
23

,0
17

24
,8

59
26

,8
53

13
Lu

an
g 

N
am

th
a

23
,0

52
25

,2
55

27
,7

02
31

,2
59

34
,8

64
38

,6
72

42
,1

84
45

,8
97

49
,4

17
53

,2
28

57
,2

97
61

,5
66

66
,2

01
14

X
ay

ab
ur

y
14

,2
46

16
,7

13
19

,2
49

22
,0

23
24

,9
46

27
,9

05
30

,8
53

24
,6

36
27

,1
60

29
,4

91
31

,5
49

33
,7

62
36

,1
69

38
,4

65
40

,8
98

43
,4

30
46

,2
35

49
,1

01
15

H
on

gs
a

23
,3

74
27

,4
54

31
,7

90
36

,3
30

41
,1

47
46

,4
00

51
,8

99
57

,7
30

63
,3

41
68

,9
22

74
,6

81
16

H
ua

xa
i

21
,5

49
23

,3
55

25
,1

99
27

,1
39

29
,1

04
31

,2
96

33
,6

02
36

,0
28

38
,6

31
17

Pa
kl

ay
17

,5
99

19
,3

40
21

,1
81

22
,6

88
24

,2
49

25
,8

67
27

,5
86

29
,5

25
31

,4
42

33
,4

78
35

,6
41

38
,0

61
40

,5
06

18
N

on
 H

ai
3,

17
9

3,
51

7
3,

88
4

4,
27

1
4,

68
9

5,
08

8
5,

57
6

6,
10

3
7,

51
1

9,
01

3
10

,6
16

12
,3

24
14

,2
15

15
,8

28
17

,0
26

18
,3

04
19

,6
69

21
,1

26
19

B
an

 D
on

3,
21

8
3,

67
2

4,
05

4
4,

56
5

5,
05

9
5,

59
7

6,
24

9
6,

88
9

8,
69

8
10

,5
66

12
,6

26
14

,7
57

17
,1

00
19

,5
99

21
,5

41
23

,2
67

25
,0

02
26

,9
10

20
Ph

on
sa

va
n

11
,4

62
12

,8
25

14
,1

75
15

,6
72

17
,3

08
19

,0
34

20
,8

01
22

,8
12

27
,7

90
33

,0
10

38
,5

10
42

,6
16

46
,7

77
50

,6
55

54
,6

47
58

,8
17

63
,3

02
67

,9
64

21
X

am
 N

ua
34

,0
58

37
,3

53
40

,8
21

44
,3

89
47

,9
70

51
,8

36
55

,8
52

60
,1

56
64

,6
75

22
N

am
 L

eu
k

24
1

44
4

3,
17

8
3,

88
9

4,
66

3
5,

41
3

6,
12

3
6,

91
8

7,
71

6
8,

53
1

9,
42

6
10

,2
95

11
,2

51
12

,2
65

13
,0

18
13

,8
19

14
,7

53
15

,6
75

16
,6

64
17

,6
96

23
Pa

xa
n

1,
21

1
2,

62
2

6,
07

3
7,

65
6

8,
78

9
10

,4
89

14
,2

29
16

,2
04

18
,1

83
20

,2
77

24
,8

40
27

,1
68

29
,4

26
31

,9
08

36
,4

75
39

,1
85

42
,1

68
45

,7
57

50
,5

83
54

,1
61

24
Th

ak
he

k
9,

42
7

16
,6

56
32

,8
83

44
,3

07
55

,1
65

81
,5

78
94

,5
81

10
8,

53
9

12
2,

13
7

13
7,

88
4

15
8,

40
3

17
2,

05
7

21
9,

81
1

23
5,

62
3

25
5,

80
9

27
3,

57
6

29
5,

08
6

31
5,

95
5

25
X

ai
bo

ua
th

on
g

13
,5

30
17

,9
44

24
,2

65
28

,8
26

30
,4

74
41

,2
23

44
,2

81
46

,9
45

55
,5

72
73

,6
46

76
,9

59
80

,1
07

83
,4

83
87

,0
23

91
,1

14
94

,8
70

26
Pa

kb
o

8,
07

7
16

,7
38

-2
,5

88
3,

35
2

16
,4

63
23

,1
93

40
,2

31
48

,5
79

56
,9

73
81

,3
35

95
,1

96
10

8,
26

5
12

0,
88

3
13

3,
99

5
17

7,
39

4
19

0,
07

7
20

4,
38

6
21

8,
98

0
23

5,
24

9
28

2,
70

6
27

K
en

gk
ok

30
,4

85
34

,6
01

43
,0

97
48

,1
08

54
,6

14
60

,2
27

66
,0

26
72

,2
39

82
,8

06
91

,8
33

10
0,

94
4

10
9,

40
1

11
9,

33
5

12
8,

35
6

13
7,

96
1

14
8,

22
1

16
0,

29
8

17
1,

98
6

28
X

ep
on

25
,2

50
42

,7
15

45
,2

61
47

,8
15

50
,4

34
68

,6
21

74
,1

59
80

,0
14

86
,0

50
10

7,
00

3
11

2,
83

0
11

8,
65

9
12

4,
30

5
12

9,
62

1
16

6,
09

6
17

1,
82

3
29

Sa
ra

va
n

25
,2

75
28

,1
59

30
,6

08
33

,2
40

35
,9

85
39

,2
99

42
,1

79
45

,2
56

48
,5

26
52

,4
11

56
,1

13
30

X
es

et
 1

2,
89

3
5,

94
4

9,
96

0
12

,9
78

16
,0

71
19

,0
02

22
,5

48
25

,3
43

28
,3

08
10

,7
97

13
,0

28
14

,8
54

16
,8

37
18

,9
08

21
,6

08
23

,8
85

26
,3

99
29

,0
26

32
,2

80
35

,2
54

31
B

an
 Y

o
7,

90
0

16
,2

71
26

,8
23

36
,1

76
9,

60
7

14
,8

40
21

,3
74

33
,5

94
40

,2
85

26
,3

18
33

,0
19

48
,4

62
55

,2
15

62
,4

56
54

,5
98

47
,4

51
48

,4
86

54
,7

80
52

,3
80

59
,1

31
32

Pa
kx

on
5,

59
9

6,
11

3
6,

66
7

7,
26

4
7,

90
6

8,
57

9
9,

41
6

10
,2

80
11

,2
37

12
,2

27
13

,3
19

14
,4

41
15

,6
77

16
,9

59
18

,3
69

19
,8

34
33

B
an

 B
ou

n
18

,5
79

20
,6

96
23

,2
98

25
,7

49
28

,2
21

30
,7

42
34

,4
19

37
,4

15
40

,4
70

43
,7

37
47

,5
58

51
,2

12
55

,1
64

59
,3

88
64

,2
82

69
,0

65
34

Th
ak

ho
11

,2
81

13
,1

69
15

,6
18

17
,2

35
18

,8
11

20
,4

93
22

,5
90

24
,3

30
26

,2
19

28
,4

06
30

,7
59

32
,9

57
35

,2
91

37
,8

18
40

,8
91

43
,6

88
35

Se
ko

ng
5,

89
1

6,
26

9
6,

67
1

7,
09

9
7,

55
4

8,
03

9
8,

55
0

9,
09

3
9,

67
2

10
,2

88
10

,9
45

36
A

tta
pe

u
17

,0
85

18
,4

33
19

,8
47

21
,4

15
25

,2
49

27
,1

38
29

,0
53

31
,1

90
33

,3
63

37
X

ep
on

 P
S

5,
56

6
5,

96
4

6,
34

7
6,

75
7

7,
19

1
7,

65
5

8,
19

9
8,

73
0

9,
29

7
38

La
kp

et
21

,1
06

23
,0

24
25

,0
38

27
,1

77
29

,5
09

48
,5

51
66

,4
94

92
,5

02
98

,7
19

11
5,

36
4

12
3,

00
5

39
N

am
 T

he
un

 2
 P

S
7,

05
2

7,
80

4
8,

60
7

10
,6

11
12

,4
81

14
,4

14
16

,4
10

18
,9

24
21

,1
88

23
,1

36
25

,1
13

27
,3

45
29

,4
14

40
Th

eu
n 

H
in

bo
un

41
H

oa
y 

H
o

46
3

87
5

3,
70

1
4,

52
3

6,
06

8
7,

02
6

8,
05

1
9,

05
2

10
,0

24
11

,0
43

12
,0

18
42

N
am

 M
o

43
Im

po
rt 

at
 X

ep
on

1,
33

0
2,

79
5

19
,8

13
21

,3
83

44
Im

po
rt 

at
 H

ou
ph

an
2,

01
6

3,
95

6
6,

15
4

8,
25

9
10

,2
87

12
,2

92
14

,4
07

16
,4

54
18

,6
99

20
,7

75
22

,9
84

45
Im

po
rt 

at
 B

ok
eo

72
6

1,
23

9
2,

93
1

3,
71

3
4,

41
2

5,
06

8
5,

76
9

8,
44

8
9,

45
8

10
,5

66
11

,8
74

46
Im

po
rt 

at
 K

en
th

ao
43

0
89

1
4,

31
8

5,
24

2
6,

02
9

6,
84

0
7,

63
7

47
N

am
 T

he
un

 3
48

N
am

 O
u

49
X

e-
ka

m
an

g-
3

50
X

e-
ka

m
an

g-
1

51
Se

ko
ng

-5
52

X
ep

ie
n 

X
en

am
on

y
53

Su
pp

ly
 fr

om
 P

ro
vi

nc
e

To
ta

l
64

,8
68

13
2,

00
1

27
3,

52
9

36
6,

14
9

50
8,

69
5

62
8,

89
9

75
6,

14
3

94
8,

54
6

1,
06

8,
39

5
1,

26
1,

99
5

1,
43

3,
12

8
1,

63
2,

23
0

1,
81

3,
93

0
2,

01
5,

74
3

2,
27

0,
66

1
2,

45
7,

55
2

2,
67

1,
74

5
2,

87
7,

29
2

3,
14

0,
54

9
3,

40
2,

93
9

N
ot

e:
 T

he
 a

bo
ve

 fi
gu

re
s s

ho
w

 th
e 

in
cr

em
en

ta
l a

nn
ua

l s
ol

d 
en

er
gy

 fo
r e

ac
h 

su
bs

ta
tio

n 
ba

se
d 

on
 th

e 
an

nu
al

 so
ld

 e
ne

rg
y 

in
 th

e 
ye

ar
 2

00
0



 

 

 

 

 

 

 

 

 

 

 

Appendix 6.4 
 

Database of the 115 kV Substation Facilities 
 



Appendix 6.4  Detail Data of the existing 115 kV Substations (including under cosntruction)

Summary

Busbar system 115kV TR
(Nos)

TR Capaciy
(MVA)

115kV feeder
(nos)

115 kV CB
(nos)

22 kV feeder
(nos) note

Substations (existing)
Bang Yo double (M&T) 3 32 2 6 8
Luang Prabang double (M&T) 1 12.5 1 2 3
Pakbo single 2 20 1 3 4
Pakxan double (M&T) 1 5 2 4 3
Phonesoung without (T-off) 1 10 1 1 4
Phonetong double 3 90 6 10 10
Thanaleng single 2 22 2 2 3 10MVA-TR, standby
Tha Ngone without (T-off) 1 22 1 1 4
Vangvieng double (M&T) 1 12.5 2 3 3

Power Station (existing)
Nam Ngum PS double (M&T) 1 7.5 4 9(+1GIS) 2 step-up Tr not includin

Power Station (extension of 115 kV switch yard)
Nam Leuk PS (PTD) double (M&T) 1 10 2(+1) 6(+1) 2 step-up Tr not includin

SWL
total of 115 kV TR for domestic supply 17 243.5

Theun Hinboun (230 kV) 1 50 step-up Tr not includin

Switching Station (existing)
Thalat SwS (PTD) double (M&T) 0 0 3 2 0 to B.Don is U/C
Nakxaytong SwS single 0 0 2 0 0

Substations (under construction)
PTD project
Ban Don double (M&T) 1 16 2 4 2 SWL
Non Hai double (M&T) 1 16 1 3 1 SWL
Phonesavan double (M&T) 1 16 1 3 3 SWL
Xayabury double (M&T) 1 16 1 3 2 SWL
SPRE project
Kengkok single 2 20 1 0 4 TR from Pakbo
Pakbo (extension) single 2 40 2 4 6

Switching Station (under construction)
Xieng Ngen SwS (PTD) without (T-off) 0 0 1 0 0



BangYo

Station Name Bang Yo Site visit 22-Jun-01
Province Champasak
District Pakse
Year of Construction 1989
Communication System PLC, Telephone, Radio
Protection System Distance, 67R, 67N, OC(51R), OC(51N), AR(79), Check Synchronizing
Busbar Double (Main and Transfer Bus)                  

115 kV Switchyard No. of  bays : 6
Connection CB DS CT PT Communication note

No.1 Sirindhorn 1 3 3 2 PLC, Tel, Radio EGAT

No.2 Xeset 1 3 3 2 PLC, Tel, Radio
No.3  TR#1 1 3 3
No.4 Bus-tie 1 3 3 3
No.5  TR#2 1 3 3
No.6  TR#3 1 3 3   

22 kV Feeders (outdoor)
Tr. from bays feeders from TR PT spair feeder service TR Bus-tie
TR#1 5 2 1 3 0 1 1
TR#2 5 3 1 3 0 0 1
TR#3 5 3 1 3 0 0 0

Transformers No. of  Tr. : 3
Items No.1 No.2 No.3
Voltage (kV) 115/23 115/23 110/22
Capacity (MVA) 8.0 8.0 10/16
Connection Dyn11 Dyn11 Dyn11
Tap ratio ±8x1.25% ±8x1.25% ±7x1.25%

(17 taps) (17 taps) (15 taps)
Cooling System ONAN ONAN ONAN/ONAF
% impedance at normal ta 8.48 8.35 8.16
No. of Windings 2 2 2
Installation Year 1991 1991 1997

Manufacture Hyosung,
Korea

Hyosung,
Korea

Pauwels Trafo,
Belgium

Manufacturing Year 1989 1989 1989
Manufacturing No. P89-8501 P89-8501 8846392
Peak Demand (MW) 7.1 7.1 standby
Peak time and day 7:00 PM 7:00 PM

2001/5/9 2001/5/9
CIRCUIT  BREAKERS No. of  CB : 6

No.1 No.2 No. 3 No. 4 No. 5 No. 6
Bays Sirindhorn Xeset TR#1 Bus-tie TR#2 TR#3
Rated Voltage (KV) 121 121 121 121 121 123
Rated Capacity (A) 1250 1250 1250 1250 1250 2500
Short circuit current (KA) 31.5 31.5 31.5 31.5 31.5 25
Rated breaking time (sec)
Type HGF112/1 HGF112/1 HGF112/1 HGF112/1 HGF112/1 FXT11
Manufacture Specher Energie Specher Energie Specher Energie Specher Energie Specher Energie GEC Alsthom
Manufacturing year 1989 1989 1989 1989 1989 1997
Manufacturing  No. 2130951-01 2130951-01 2130951-01 2130951-03 2130951-02
Installation Year 1989 1989 1989 1989 1989 1997

 Single Line Diagram

Layout
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LuangPrabang

Station Name Luang Prabang Site visit 02-Jul-01
Province Luang Prabang
District Luang Prabang
Year of Construction 1994
Communication System PLC, Telephone,Radio, SCADA
Protection System Distance, 2pole IDMT O/C, IDMT Earth fault, Sensitive Earth fault
Busbar Double ( Main & Transfer )                  

115 kV Switchyard No. of  bays : 3
Connection CB DS CT PT Communication note

No.1  TR#1 1 3 3 0  BCT

No.2  Bus-tie 1 2 0 0

No.3 Vangvieng 0 2 0 2
PLC, Tel, Radio,
SCADA

      
There are 2 spare bay for transmission line and 1 for transformers.
22 kV Feeders (outdoor)

Tr. from bays feeders from TR incoming PT service TR SWER system
TR#1 8 3 1 1 3 1 1

Transformers No. of  Tr. : 1
Items No.1 SWER system Shield Wire Earth Return system
Voltage (kV) 115/23  25/22 to Sala Phoukoune, 1 phase, 25 kV
Capacity (MVA) 12.5  1000 kVA
Connection Dyn11  1 phase
Tap ratio ±8x1.25%  ±2x2.5%

(17 taps) (5 taps)
Cooling System ONAF  ONAN
% impedance at normal ta 8.024  5.97
No. of Windings 2
Installation Year 1994  2001
Manufacture Fuzhou, China  Thai Maxwell
Manufacturing Year Dec. 1985  2000
Manufacturing No. 346101  1010394
Peak Demand (MW) 5.2  
Peak time and day 8:00 PM  

2001/4/13  
CIRCUIT  BREAKERS No. of  CB : 2

No.1 No.2
Bays  TR#1 Bus tie  
Rated Voltage (KV) 126 126  
Rated Capacity (A) 3150 3150  
Short circuit current (KA) 40 40
Rated breaking time (sec)
Type LW6-126 LW6-126  
Manufacture Pingdingchan Pingdingchan  
Manufacturing year Dec. 1992 Dec. 1992  
Manufacturing  No. 92222 92223  
Installation Year 1994 1994
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Pakbo

Station Name Pakbo Site visit 20-Jun-01
Province Savannakhet
District Khanthaburi
Year of Construction 1996
Communication System PLC, Telephone, Radio
Protection System Inverse time phase & ground O/C & Instantaneous O/C relay
Busbar Single                  

115 kV Switchyard No. of  bays : 3
Connection CB DS CT PT Communication note

No.1  TR#1 1 2 3 0  
No.2  TR#2 1 2 3 0
No.3 Mukdahan 1 3 3 3 PLC, Tel, Radio EGAT
No.4

      

22 kV Feeders (outdoor)
Tr. from bays feeders from TR bus-tie PT spair feeder service TR
TR#1 5 2 1 1 0 0 1
TR#2 4 2 1 0 1 0

Busbar 3
Transformers No. of  Tr. : 2
Items No.1 No.2
Voltage (kV) 115/23 115/23  
Capacity (MVA) 10.0 10.0  
Connection Dyn11 Dyn11  
Tap ratio ±7x1.25% ±7x1.25%  

(15 taps) (15 taps)
Cooling System ONAN ONAN  
% impedance at normal ta 8.634 8.599  
No. of Windings 2 2
Installation Year 1996 1996  
Manufacture Crompton Greaves Crompton Greaves  
Manufacturing Year 1996 1996  
Manufacturing No. T8540/1 T8540/2  
Peak Demand (MW) 7.78 7.78
Peak time and day 7:00 PM 7:00 PM

2001/3/16 2001/3/16
CIRCUIT  BREAKERS No. of  CB : 3

No.1 No.2 No. 3
Bays  TR#1  TR#2 Mukdahan  
Rated Voltage (KV) 145 145 145  
Rated Capacity (A) 3150 3150 3150  
Short circuit current (KA) 31.5 31.5 31.5
Rated breaking time (sec) 3 3 3
Type S1-145F1 S1-145F1 S1-145F1  
Manufacture AEG AEG AEG  
Manufacturing year 1996 1996 1996  
Manufacturing  No. 3005558/3 3005558/3 3005558/3  
Installation Year 1996 1996 1996
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Pakxan

Station Name Pakxan Site visit 18-Jun-01
Province Bolikhamxai
District Pakxan
Year of Construction 1999 (115 kV), 1996 (22 kV)
Communication System PLC, Telephone, Radio, SCADA
Protection System Distance, Directional Earth Fault, Inverse Earth Fault, Inverse O/C
Busbar Double (Main and Transfer bus )                  

115 kV Switchyard No. of  bays : 4
Connection CB DS CT PT Communication note

No.1  TR#1 1 3 3 0  
No.2  Bus-tie 1 2 0 3

No.3 Bungkan SS 1 3 3 3
PLC, Tel, Radio,
SCADA EGAT

No.4 Numleuk PS 1 3 3 3
PLC, Tel, Radio,
SCADA

      
There are 2 spare bay for transmission line and 1 for transformers.
22 kV Feeders (outdoor)

Tr. from bays feeders from TR bus-tie PT spair feeder service TR
TR#1 5 3 1 0 0 1

Busbar 6

Transformers No. of  Tr. : 1
Items No.1
Voltage (kV) 115/23   
Capacity (MVA) 5.0   
Connection YNyn0   
Tap ratio ±8x1.25%   

(17 taps)
Cooling System ONAN   
% impedance at normal ta 7.93   
No. of Windings 2
Installation Year 2000   
Manufacture  ABB, Elta Sp.   
Manufacturing Year 1999   
Manufacturing No. 1133014   
Peak Demand (MW) 3.8  
Peak time and day 11:00 AM  

 31/Jan/01  
CIRCUIT  BREAKERS No. of  CB : 4

No.1 No.2 No. 3 No. 4
Bays  TR#1 Bus-tie Bung Kan SS Num Leuk PS  
Rated Voltage (KV) 145 145 145 145  
Rated Capacity (A) 2500 2500 2500 2500  
Short circuit current (KA) 40 40 40 40
Rated breaking time (sec) 3 3 3 3
Type HGF112/1 HGF112/1 HGF112/1 HGF112/1  
Manufacture ABB ABB ABB ABB  
Manufacturing year 1999 1999 1999 1999  
Manufacturing  No. 8423079 8423080 8423078 8423077  
Installation Year 2000 2000 2000 2000
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Phonesoung

Station Name Phonesoung Site visit 5-Jul-01
Province Vientiane
District Phonhong
Year of Construction 1989
Communication System PLC, Telephone, Radio
Protection System Distance, Synchrocheck, Instantaneous and Definite time lag O/C
Busbar Tap off                  

115 kV Switchyard No. of  bays : 1
Connection CB DS CT PT Communication note

No.1 TR#1 1 1 3 3  
Phongtong PLC, Tel, Radio
Thalat PLC, Tel, Radio

      
22 kV Feeders 22 kV switchgears are indoor cubicle type.

Tr. from Cubicles feeders from TR bus-tie PT spair feeder service TR
TR#1 6 4 1 0 3 0 (1)

Transformers No. of  Tr. : 1
Items No.1
Voltage (kV) 110/22  
Capacity (MVA) 10.0  
Connection Dyn11  
Tap ratio ±8x1.25%  

(17 taps)
Cooling System ONAN  
% impedance at normal ta 8.20  
No. of Windings 2
Installation Year 1989
Manufacture Trafo-Union  
Manufacturing Year 1988  
Manufacturing No. 339471  
Stabdard IEC78
Peak Demand (MW) 8.6
Peak time and day 7:00 PM

2001/4/11
CIRCUIT  BREAKERS No. of  CB : 1

No.1
Bays  TR#1  
Rated Voltage (KV) 123  
Rated Capacity (A) 800  
Short circuit current (KA) 31.5
Rated breaking time (sec) 1
Type 3AQ1  
Manufacture Siemens  
Manufacturing year 1988  
Manufacturing  No. K88/31237989  
Installation Year 1989
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Phonetong

Station Name Phonetong Site visit 26-Jun-01
Province Vientiane Municipality
District Chanthabuli
Year of Construction 1966
Communication System PLC, Telephone, Radio
Protection System Distance, Synchrocheck, Instantaneous and Definite time lag O/C
Busbar Double                  

115 kV Switchyard No. of  bays : 9
Connection CB DS CT PT Communication note

No.1 Nam Ngum#1 1 3 3 3 PLC, Tel, Radio
No.2 Nam Ngum#2 1 3 3 3 PLC, Tel, Radio
No.3 TR#3 1 2 3
No.4 Nam Ngum#3 1 3 3 3 PLC, Tel, Radio
No.5 Bus-tie 1 2 3 6
No.6 Tanaleng 1 3 3 3 PLC, Tel, Radio
No.7 TR#2 & 1 1 2+1 3

1 1 3
No.8 Udon II 1 3 3 3 PLC, Tel EGAT

No.9 Nongkhai 1 3 3 5 PLC, Tel EGAT

22 kV Feeders (Outdoor)
Tr. from bays feeders from TR PT Capacitor service TR Bus-tie
TR#1 6 3 1 3 2 X 5 Mvar 1 1
TR#2 5 3 1 3 0 0 1
TR#3 8 6 1 3 3 X 5 Mvar 0 0

Transformers No. of  Tr. : 3
Items No.1 No.2 No.3
Voltage (kV) 110/22/15 110/22/15 110/22/15
Capacity (MVA) 30.0 30.0 30.0
Connection YNyn0(d) YNyn0(d) YNyn0(d)
Tap ratio ±8x1.25% ±8x1.25% ±8x1.25%

(17 taps) (17 taps) (17 taps)
Cooling System ONAN/ONAF ONAN/ONAF ONAN/ONAF
% impedance at normal ta 8.78 8.78 8.78
Standard IEC-76, 1993 IEC-76, 1993 JEC-168, 1966
No. of Windings 3 3 3
Installation Year 1997 1997 1977

Manufacture GEC Alsthom GEC Alsthom Meiden, Japan

Manufacturing Year 1997 1997 1977
Manufacturing No. 159141 158637 578882T1
Peak Demand (MW) 24.5 24.2 24
Peak time and day 7:00 PM 7:00 PM 7:00 PM

2001/4/1 2001/4/1 2001/4/1
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Phonetong

115 kV CIRCUIT BREAKERS No. of  CB : 10
No.1 No.2 No. 3 No. 4 No. 5 No. 6

Bays Nam Ngum #1 Nam Ngum #2 TR#3 Nam Ngum #3 Bus-tie Tanaleng
Insulation GCB GCB GCB GCB GCB GCB
Rated Voltage (KV) 123 123 123 123 123 123
Rated Capacity (A) 1250 1250 1250 1250 1250 1250
Short circuit current (KA) 20 20 20 20 20 20
Rated breaking time (sec) 1 1 1 1 1 1
Type 3AQ1FG 3AQ1FG 3AQ1FG 3AQ1FG 3AQ1FG 3AQ1FG
Manufacture SIEMENS SIEMENS SIEMENS SIEMENS SIEMENS SIEMENS
Manufacturing year 1995 1995 1995 1995 1995 1995
Manufacturing  No. 95/K350,13295 95/K350,13296 95/K350,13297 95/K350,13298 95/K350,13299 95/K350,13300
Installation Year 1997 1997 1997 1997 1997 1997

No.7 No.8 No.9 No.10
Bays TR#1 TR#2 Udon II Nong Kai
Insulation GCB GCB GCB GCB
Rated Voltage (KV) 123 123 123 123
Rated Capacity (A) 1250 1250 1250 1250
Short circuit current (KA) 20 20 20 20
Rated breaking time (sec) 1 1 1 1
Type 3AQ1FG 3AQ1FG 3AQ1FG 3AQ1FG
Manufacture SIEMENS SIEMENS SIEMENS SIEMENS
Manufacturing year 1995 1995 1995 1995
Manufacturing  No. 95/K350,13301 95/K350,13304 95/K350,13303 95/K350,13302
Installation Year 1997 1997 1997 1997
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Thanaleng

Station Name Thanaleng Site visit 12-Jul-01
Province Vientiane Municipality
District Hatxayphong
Year of Construction 1976
Communication System PLC, Telephone, Radio, SCADA
Protection System Distance, Synchrocheck, Instantaneous and Definite time lag O/C
Busbar Single                  

115 kV Switchyard No. of  bays : 2
Connection CB DS CT PT Communication note

No.1 TR#1 1 1 3 0  standby

No.2 TR#2 1 1 3 0

No.3 Phongtong 0 0 0 3
PLC, Tel, Radio,
SCADA

No.4 Nongkhai 0 0 3 3
PLC, Tel, Radio,
SCADA EGAT

      
22 kV Feeders 22 kV switchgears are indoor cubicle type.

Tr. from Cubicles feeders from TR bus-tie PT spair feeder service TR
TR#1 6 2 1 1 3 0 1
TR#2 5 1 1 1 3 2 0

Transformers No. of  Tr. : 2
Items No.1 No.2
Voltage (kV) 110/22 110/22/15  
Capacity (MVA) 7.0/10.0 22.0/17.6  
Connection YNyn0d1 YNyn0d1  
Tap ratio ±8x1.25% ±8x1.25%  

(17 taps) (17 taps)
Cooling System ONAN/ONAF ONAN/ONAF  
% impedance at normal ta 6.61/8.81 8.83/7.06  
No. of Windings 3 3
Installation Year 1977 1997 from Pongtong
Manufacture Meiden, Japan Meiden, Japan  
Manufacturing Year June, 1977 April, 1968  
Manufacturing No. 5J8883T1 2T52092  
Stabdard JEC-168(1966) JEC-168(1966)
Peak Demand (MW) standby 15
Peak time and day 19:30

Jan. & Feb,01
CIRCUIT  BREAKERS No. of  CB : 2

No.1 No.2
Bays  TR#1  TR#2  
Rated Voltage (KV) 123 123  
Rated Capacity (A) 2500 2500  
Short circuit current (KA) 25 25
Rated breaking time (sec) 3 3
Type FXT11 FXT11  
Manufacture Alsthom Alsthom  
Manufacturing year 1997 1997  
Manufacturing  No.  
Installation Year
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ThaNgone

Station Name Tha Ngone Site visit 26-Jun-01
Province Vientiane Municipality
District Xaythani
Year of Construction 1989
Communication System PLC, Telephone, Radio, SCADA
Protection System Distance, Synchrocheck, Instantaneous and Definite time lag O/C
Busbar Tap off                  

115 kV Switchyard No. of  bays : 1
Connection CB DS CT PT Communication note

No.1 TR#1 1 1 3 3  

Naxaythong SwS
PLC, Tel, Radio,
SCADA T-branch

      
22 kV Feeders (outdoor)

Tr. from bays feeders from TR bus-tie PT spair feeder service TR
TR#1 7 4 1 0 3 0 1

Transformers No. of  Tr. : 1
Items No.1
Voltage (kV) 110/22/15  
Capacity (MVA) 22.0/17.6  
Connection YNyn0d1  
Tap ratio ±8x1.25%  

(17 taps)
Cooling System ONAN/ONAF  
% impedance at normal ta 8.81/7.05  
No. of Windings 3
Installation Year 1997 from Pongtong
Manufacture Meiden, Japan  
Manufacturing Year April, 1968  
Manufacturing No. 2T52091  
Stabdard JEC-168(1966)
Peak Demand (MW) 9.4
Peak time and day 19:00

10-Apr-01
CIRCUIT  BREAKERS No. of  CB : 1

No.1
Bays  TR#1  
Rated Voltage (KV) 121  
Rated Capacity (A) 1200  
Short circuit current (KA) 31.5
Rated breaking time (sec)
Type FKF2-6  
Manufacture Sprecher Energie  
Manufacturing year 1989  
Manufacturing  No. 2130586-01  
Installation Year 1989
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Vangvien

Station Name Vangvien Site visit no visit
Province Vientiane
District Vangvien
Year of Construction 1994
Communication System PLC, Telephone,Radio, SCADA
Protection System Distance, 2pole IDMT O/C, IDMT Earth fault, Sensitive Earth fault
Busbar Double ( Main & Transfer )                  

115 kV Switchyard No. of  bays : 3
Connection CB DS CT PT Communication note

No.1 TR#1 1 3 3 0  
No.2 TR#2 0 0 3 0 not use

No.3 Thalat 0 2 0 2
PLC, Tel, Radio,
SCADA

No.4
Lunag
Prabang 1 3 3 3

PLC, Tel, Radio,
SCADA

No.5 Bus-tie 1 2 0 0
      

22 kV Feeders (outdoor)
Tr. from bays feeders from TR incoming PT service TR SWER system
TR#1 7 3 1 0 3 1 1

Transformers No. of  Tr. : 1
Items No.1 SWER*1 SWER*2 Shield Wire Earth Return system
Voltage (kV) 115/23 25/22 25/22 *1:to Hin Heup, 1 phase, 25 kV
Capacity (MVA) 12.5 1000 kVA 800 kVA *2:to Kasi, 1 phase, 25 kV
Connection Dyn11 1 phase 1 phase
Tap ratio ±8x1.25%

(17 taps)
Cooling System ONAF
% impedance at normal ta 8.005
No. of Windings 2
Installation Year April, 2001
Manufacture Fuzhou, China
Manufacturing Year 2001
Manufacturing No. A88401
Peak Demand (MW) 3.3  
Peak time and day 7:00 PM  

2001/4/9  
CIRCUIT  BREAKERS No. of  CB : 3

No.1 No.2 No.3
Bays  TR#1 Bus tie Luang Prabang  
Rated Voltage (KV) 126 126 126  
Rated Capacity (A) 3150 3150 3150  
Short circuit current (KA) 40 40 40
Rated breaking time (sec)
Type LW6-126 LW6-126 LW6-126  
Manufacture Pingdingchan Pingdingchan Pingdingchan  
Manufacturing year Dec. 1992 Dec. 1992 Dec. 1992  
Manufacturing  No. 9226 9224 9225  
Installation Year 1994 1994 1994
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Thalat SwS

Station Name Thalat Site visit 5-Jul-01
Province Vientiane
District Phonhong
Year of Construction 1994
Communication System PLC, Telephone, Radio, SCADA
Protection System Distance, 2 pole IDMT O/C, IDMT earth fault, Sensitive earth fault
Busbar Double (main and transfer)                  

115 kV Switchyard No. of  bays : 4
Connection CB DS CT PT Communication note

No.1 Nam Ngum 0 2 0 2 PLC, Tel, Radio, SCADA
No.2 Phongtong 0 2 0 2 PLC, Tel, Radio, SCADA
No.3 Bus-tie 1 2 0 0
No.4 Vangvieng 1 3 3 3 PLC, Tel, Radio, SCADA

      
22 kV Feeders 0

Tr. from Cubicles feeders from TR bus-tie PT spair feeder service TR

Transformers No. of  Tr. : 0
Items
Voltage (kV)  
Capacity (MVA)  
Connection  
Tap ratio  

Cooling System  
% impedance at normal tap  
No. of Windings
Installation Year
Manufacture  
Manufacturing Year  
Manufacturing No.  
Stabdard
Peak Demand (MW)
Peak time and day

CIRCUIT  BREAKERS No. of  CB : 2
No.1 No.2

Bays Bus-tie Vangvieng  
Rated Voltage (KV) 126 126  
Rated Capacity (A) 3150 3150  
Short circuit current (KA) 40 40
Rated breaking time (sec)
Type LW6 LW6  
Manufacture Pingdingshan Pingdingshan  
Manufacturing year 1992 1992  
Manufacturing  No. 92220 92221  
Installation Year 1994 1994
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Naxaythong SwS

Station Name Naxaythong Site visit 26-Jun-01
Province Vientiane Municipality
District Xaythani
Year of Construction 1989
Communication System
Protection System
Busbar Single                  

115 kV Switchyard No. of  bays : 3
Connection CB DS CT PT Communication note

No.1 Nam Ngum 0 1 0 2
No.2 Thalat 0 1 0 2
No.3 Tha Ngone 0 1 0 2
No.4

      
22 kV Feeders 0

Tr. from Cubicles feeders from TR bus-tie PT spair feeder service TR

Transformers No. of  Tr. : 0
Items
Voltage (kV)  
Capacity (MVA)  
Connection  
Tap ratio  

Cooling System  
% impedance at normal tap  
No. of Windings
Installation Year
Manufacture  
Manufacturing Year  
Manufacturing No.  
Stabdard
Peak Demand (MW)
Peak time and day

CIRCUIT  BREAKERS No. of  CB : 0
No.1 No.2

Bays  
Rated Voltage (KV)  
Rated Capacity (A)  
Short circuit current (KA)
Rated breaking time (sec)
Type  
Manufacture  
Manufacturing year  
Manufacturing  No.  
Installation Year

 Single Line Diagram
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BanDon

Station Name Ban Don Site visit 5-Jul-01
Province Vientiane
District
Year of Construction under construction by PTD project
Communication System PLC, Telephone, Radio, SCADA
Protection System
Busbar Double (main and transfer)                  

115 kV Switchyard No. of  bays : 4
Connection CB DS CT PT Communication note

No.1 TR#1 1 3 3 0
No.2 Bus-tie 1 2 3 6
No.3 Non Hai 1 3 3 3 PLC, Tel, Radio, SCADA
No.4 Thalat 1 3 3 3 PLC, Tel, Radio, SCADA

      
22 kV Feeders (indoor cubicles)

Tr. from Cubicles feeders from TR bus-tie PT spair feeder service TR
TR#1 6 2 1 0 3 1 1

Transformers No. of  Tr. : 1
Items No. 1 Shield Wire Earth Line
Voltage (kV) 115/34.5/23  2 lines - 1 phase
Capacity (MVA) 16/6/13  
Connection YNd11yn0  
Tap ratio ±10x1.25%  

(21 taps)
Cooling System ONAF  
% impedance at normal ta 10.40  
No. of Windings 3
Installation Year 2001
Manufacture ABB, India  
Manufacturing Year 2000  
Manufacturing No.  
Stabdard IEC76
Peak Demand (MW) ---
Peak time and day ---

CIRCUIT  BREAKERS No. of  CB : 4
No.1 No.2 No.3 No.4

Bays TR#1 Bus-tie Non Hai Thalat  
Rated Voltage (KV)  
Rated Capacity (A)  
Short circuit current (KA)
Rated breaking time (sec)
Type  
Manufacture ABB ABB ABB ABB  
Manufacturing year 2000 2000 2000 2000  
Manufacturing  No.  
Installation Year 2001 2001 2001 2001

 Single Line Diagram
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NonHai

Station Name Non Hai Site visit no visit
Province Vientiane
District
Year of Construction under construction by PTD project
Communication System PLC, Telephone, Radio, SCADA
Protection System
Busbar Double (main and transfer)                  

115 kV Switchyard No. of  bays : 3
Connection CB DS CT PT Communication note

No.1 TR#1 1 3 3 0
No.2 Bus-tie 1 2 3 6
No.3 Ban Don 1 3 3 3 PLC, Tel, Radio, SCADA
No.4

      
22 kV Feeders (indoor cubicles)

Tr. from Cubicles feeders from TR bus-tie PT spair feeder service TR
TR#1 5 1 1 0 3 1 1

Transformers No. of  Tr. : 1
Items No. 1 Shield Wire Earth Line
Voltage (kV) 115/34.5/23  2 lines - 1 phase
Capacity (MVA)  
Connection YNd11yn0  
Tap ratio  

Cooling System  
% impedance at normal tap  
No. of Windings 3
Installation Year
Manufacture  
Manufacturing Year  
Manufacturing No.  
Stabdard
Peak Demand (MW) ---
Peak time and day ---

CIRCUIT  BREAKERS No. of  CB : 3
No.1 No.2 No.3

Bays TR#1 Bus-tie Ban Don  
Rated Voltage (KV)  
Rated Capacity (A)  
Short circuit current (KA)
Rated breaking time (sec)
Type  
Manufacture  
Manufacturing year  
Manufacturing  No.  
Installation Year

 Single Line Diagram
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Phonsavan

Station Name Phonsanan Site visit no visit
Province Xieng Khuang
District
Year of Construction under construction by PTD project
Communication System PLC, Telephone, Radio, SCADA
Protection System
Busbar Double (main and transfer)                  

115 kV Switchyard No. of  bays : 3
Connection CB DS CT PT Communication note

No.1 TR#1 1 3 3 0
No.2 Bus-tie 1 2 3 6
No.3 Nam Leuk 1 3 3 3 PLC, Tel, Radio, SCADA
No.4

      
22 kV Feeders (indoor cubicles)

Tr. from Cubicles feeders from TR bus-tie PT spair feeder service TR
TR#1 7 3 1 0 3 1 1

Transformers No. of  Tr. : 1
Items No. 1 Shield Wire Earth Line
Voltage (kV) 115/34.5/23  2 lines - 1 phase
Capacity (MVA)  
Connection YNd11yn0  
Tap ratio ±10x1.25%  

(21 taps)
Cooling System ONAF  
% impedance at normal tap  
No. of Windings 3
Installation Year
Manufacture  
Manufacturing Year  
Manufacturing No.  
Stabdard IEC76
Peak Demand (MW) ---
Peak time and day ---

CIRCUIT  BREAKERS No. of  CB : 3
No.1 No.2 No.3

Bays TR#1 Bus-tie Nam Leuk  
Rated Voltage (KV)  
Rated Capacity (A)  
Short circuit current (KA)
Rated breaking time (sec)
Type  
Manufacture  
Manufacturing year  
Manufacturing  No.  
Installation Year
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Xayabury

Station Name Xayabury Site visit 3-Jul-01
Province Xayabury
District
Year of Construction under construction by PTD project
Communication System PLC, Telephone, Radio, SCADA
Protection System
Busbar Double (main and transfer)                  

115 kV Switchyard No. of  bays : 3
Connection CB DS CT PT Communication note

No.1 TR#1 1 3 3 0
No.2 Bus-tie 1 2 3 6
No.3 Xieng Nguen 1 3 3 3 PLC, Tel, Radio, SCADA
No.4

      
22 kV Feeders (indoor cubicles)

Tr. from Cubicles feeders from TR bus-tie PT spair feeder service TR
TR#1 6 2 1 0 3 1 1

Transformers No. of  Tr. : 1
Items No. 1 Shield Wire Earth Line
Voltage (kV) 115/34.5/23  2 lines - 1 phase
Capacity (MVA) 16/6/13  
Connection YNd11yn0  
Tap ratio ±10x1.25%  

(21 taps)
Cooling System ONAF  
% impedance at normal ta 10.40  
No. of Windings 3
Installation Year 2001
Manufacture ABB, India  
Manufacturing Year 2000  
Manufacturing No.  
Stabdard IEC76
Peak Demand (MW) ---
Peak time and day ---

CIRCUIT  BREAKERS No. of  CB : 3
No.1 No.2 No.3

Bays TR#1 Bus-tie Xieng Nguen  
Rated Voltage (KV)  
Rated Capacity (A)  
Short circuit current (KA)
Rated breaking time (sec)
Type  
Manufacture ABB ABB ABB  
Manufacturing year 2000 2000 2000  
Manufacturing  No.  
Installation Year 2001 2001 2001
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XiengNgeun SwS

Station Name Xieng Ngeun Site visit no visit
Province Luang Prabang
District
Year of Construction under construction by PTD project
Communication System PLC
Protection System
Busbar Tap-off                  

115 kV Switchyard No. of  bays : 1
Connection CB DS CT PT Communication note

No.1 Xayabury 0 1 0 2
Luang Praban 0 0 0 2 PLC
Vangvien 0 0 0 2 PLC

      
22 kV Feeders 0

Tr. from Cubicles feeders from TR bus-tie PT spair feeder service TR
0

Transformers No. of  Tr. : 0
Items No. 1
Voltage (kV)  
Capacity (MVA)  
Connection  
Tap ratio  

Cooling System  
% impedance at normal tap  
No. of Windings
Installation Year
Manufacture  
Manufacturing Year  
Manufacturing No.  
Stabdard
Peak Demand (MW)
Peak time and day

CIRCUIT  BREAKERS No. of  CB : 0
No.1

Bays  
Rated Voltage (KV)  
Rated Capacity (A)  
Short circuit current (KA)
Rated breaking time (sec)
Type  
Manufacture  
Manufacturing year  
Manufacturing  No.  
Installation Year
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NamLeuk_PS

Station Name Nam Leuk PS 115 kV Switch Yard Site visit 25-Mar-01
Province Saisomboune Special Resion
District Longxan
Year of Construction 2000 (under construction of extension by PTD project)
Communication System PLC, Telephone, Radio, SCADA
Protection System
Busbar Double (main and transfer)                  

115 kV Switchyard No. of  bays : 7
Connection CB DS (ES) CT PT Communication note

No.1 HG#1 1 3 (1) 3 0
No.2 HG#2 1 3 (1) 3 0
No.3 TR#1 1 3 (1) 3 0
No.4 Pakxan 1 3 (1) 3 3 PLC, Tel, Radio, SCADA
No.5 Nam Ngum 1 3 (1) 3 3 PLC, Tel, Radio, SCADA
No.6 Bus-tie 1 2 0 3
No.7 Phonsavan 1 3 (1) 3 3 U/C

      

22 kV Feeders (indoor cubicles)
Tr. from Cubicles feeders from TR bus-tie PT spair feeder service TR
TR#1 5 2 1 0 0 1 1

Transformers No. of  Tr. : 3
Items No. 1 HG#1 HG#2 Shield Wire Earth Line
Voltage (kV) 115/34.5/23 121/11 121/11 2 lines - 1 phase
Capacity (MVA) 10/4.5/8 34.5/23 34.5/23
Connection YNd11yn0 YNd11 YNd11
Tap ratio ±8x1.25% ±2x2.5% ±2x2.5%

(17 taps) (5 taps) (5 taps)
Cooling System ONAN ONAN/ONAF ONAN/ONAF
% impedance at normal ta 10.56 10.08 10.03
No. of Windings 3 2 2
Installation Year 2000 2000 2000
Manufacture ABB,Elta Sp. ABB,Elta Sp. ABB,Elta Sp.
Manufacturing Year 1998 1998 1998
Manufacturing No. 1133013 1133011 1133012
Stabdard IEC76 IEC76 IEC76
Peak Demand (MW) --- --- ---
Peak time and day --- --- ---

 Single Line Diagram
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NamLeuk_PS

115 kV CIRCUIT  BREAKERS No. of  CB : 7
No.1 No.2 No.3 No.4 No.5 No.6

Bays HG#1 HG#2 TR#1 Pakxan Nam Ngum Bus-tie
Rated Voltage (KV) 145 145 145 145 145 145
Rated Capacity (A) 2500 2500 2500 2500 2500 2500
Short circuit current (KA) 40 40 40 40 40 40
Rated breaking time (sec) 3 3 3 3 3 3
Type LTB145D1/B LTB145D1/B LTB145D1/B LTB145D1/B LTB145D1/B LTB145D1/B
Manufacture ABB, Sweden ABB, Sweden ABB, Sweden ABB, Sweden ABB, Sweden ABB, Sweden
Manufacturing year 1998 1998 1998 1998 1998 1998
Manufacturing  No.  
Installation Year 2000 2000 2000 2000 2000 2000

No.7
Bays Phonsavan
Rated Voltage (KV)
Rated Capacity (A)
Short circuit current (KA)
Rated breaking time (sec)
Type
Manufacture
Manufacturing year
Manufacturing  No.
Installation Year

U/C
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Kengkok

Station Name Kengkok Site visit 20-Jun-01
Province Savannakhet
District
Year of Construction under construction by SPRE project
Communication System PLC, Telephone, Radio
Protection System
Busbar Single                  

115 kV Switchyard No. of  bays : 3
Connection CB DS CT PT Communication note

No.1  TR#1 0 1 3 0  
No.2  TR#2 0 1 3 0
No.3 Pakbo 0 1 0 1 PLC, Tel, Radio
No.4

      

22 kV Feeders (outdoor)
Tr. from bays feeders from TR bus-tie PT spair feeder service TR
TR#1 6 2 1 1 3 0 1
TR#2 4 2 1 3 0

Transformers No. of  Tr. : 2
Items No.1 No.2
Voltage (kV) 115/23 115/23  
Capacity (MVA) 10.0 10.0  
Connection Dyn11 Dyn11  
Tap ratio ±7x1.25% ±7x1.25%  

(15 taps) (15 taps)
Cooling System ONAN ONAN  
% impedance at normal ta 8.634 8.599  
No. of Windings 2 2
Installation Year --- --- from Pakbo
Manufacture Crompton Greaves Crompton Greaves  
Manufacturing Year 1996 1996  
Manufacturing No. T8540/1 T8540/2  
Peak Demand (MW)
Peak time and day

115 kVCIRCUIT  BREAKERS No. of  CB : 0
No.1 No.2

Bays  
Rated Voltage (KV)  
Rated Capacity (A)  
Short circuit current (KA)
Rated breaking time (sec)
Type  
Manufacture  
Manufacturing year  
Manufacturing  No.  
Installation Year

 Single Line Diagram

Layout
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Pakbo(Ex)

Station Name Pakbo (Extension) Site visit
Province Savannakhet
District Khanthaburi
Year of Construction 1996 (under construction by SPRE project)
Communication System PLC, Telephone, Radio
Protection System Inverse time phase & ground O/C & Instantaneous O/C reray
Busbar Single                  

115 kV Switchyard No. of  bays : 3+1
Connection CB DS CT PT Communication note

No.1  TR#1 1 2 3 0  
No.2  TR#2 1 2 3 0
No.3 Mukdahan 1 3+1 3 3 PLC, Tel, Radio EGAT
No.4 Kengkok 1 3+1 3 3 PLC, Tel, Radio U/C

      

22 kV Feeders (outdoor)
Tr. from bays feeders from TR bus-tie PT spair feeder service TR
TR#1 6 2 1 1 3 0 1
TR#2 5 2 1 3 1 0

TR#1(EX) 4 2 0 1 3

Transformers No. of  Tr. : 2
Items No.1 No.2
Voltage (kV) 115/23 115/23  
Capacity (MVA) 20.0 20.0  
Connection Dyn11 Dyn11  
Tap ratio ±6x1.25% ±6x1.25%  

(13 taps) (13 taps)
Cooling System  
% impedance at normal ta 10 10  
No. of Windings 2 2
Installation Year  
Manufacture  
Manufacturing Year  
Manufacturing No.  
Peak Demand (MW)
Peak time and day

CIRCUIT  BREAKERS No. of  CB : 3
No.1 No.2 No. 3 No. 4

Bays  TR#1  TR#2 Mukdahan Mukdahan  
Rated Voltage (KV) 145 145 145  
Rated Capacity (A) 3150 3150 3150 2000  
Short circuit current (KA) 31.5 31.5 31.5 31.5
Rated breaking time (sec) 3 3 3 3
Type S1-145F1 S1-145F1 S1-145F1  
Manufacture AEG AEG AEG NMG  
Manufacturing year 1996 1996 1996  
Manufacturing  No. 3005558/3 3005558/3 3005558/3  
Installation Year 1996 1996 1996

 Single Line Diagram

Layout
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Appendix 6.7 Characteristics of Generators for System Analysis  

1. Generator Model 

(1) Type: GENSAL 

 

T’do (>0) (sec) Direct-axis open circuit time constant 
T”do (>0) (sec) Direct-axis open circuit subtransient time constant 
T”qo (>0) (sec) Quadrature-axis open circuit subtransient time constant 
H (pu) Inertia constant 
D (pu) Damping constant 
Xd (pu) Direct-axis Synchronous reactance 
Xq (pu) Quadrature-axis Synchronous reactance 
X’d (pu) Direct-axis Transient reactance 
X”d (=X”q) (pu) Direct-axis Subtransient reactance 
Xl (pu) Armature leakage reactance 
S(1.0)  Saturation factor 
S(1.2)  Saturation factor 
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(2) Type: GENROU 

 

T’do (>0) (sec) Direct-axis open circuit time constant 
T”do (>0) (sec) Direct-axis open circuit subtransient time constant 
T’qo (>0) (sec) Quadrature-axis open circuit time constant 
T”qo (>0) (sec) Quadrature-axis open circuit subtransient time constant 
H (pu) Inertia constant 
D (pu) Damping constant 
Xd (pu) Direct-axis Synchronous reactance 
Xq (pu) Quadrature-axis Synchronous reactance 
X’d (pu) Direct-axis Transient reactance 
X’q (pu) Quadrature-axis Transient reactance 
X”d (=X”q) (pu) Direct-axis Subtransient reactance 
Xl (pu) Armature leakage reactance 
S(1.0)  Saturation factor 
S(1.2)  Saturation factor 
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2. Exciter Model 

Type: SCRX 

 

Ta/Tb  Coefficient 
Tb (>0) (sec) Time constant 
K  Gain 
Te (sec) Time constant 
Emin (pu) Minimum limit 
Emax (pu) Maximum limit 
Cswitch  0: Bus fed, 1: solid fed 
rc/rfd  Bypassing thyristor resistance / Field resistance 
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3. Governor Model 

(1) Type: IEEEG1 

 

K  Gain 
T1 (sec) Time constant 
T2 (sec) Time constant 
T3 (>0) (sec) Time constant 
Uo (pu/sec) Opening gate rate limit 
Uc (<0) (pu/sec) Closing gate rate limit 
Pmax (pu) Maximum gate position 
Pmin (pu) Minimum gate position 
T4 (sec) Time constant 
K1  Gain 
K2  Gain 
T5 (sec) Time constant 
K3  Gain 
K4  Gain 
T6 (sec) Time constant 
K5  Gain 
K6  Gain 
T7 (sec) Time constant 
K7  Gain 
K8  Gain 
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(2) Type: IEEEG3 

 

Tg (>0) (sec) Gate servomotor time constant 
Tp (>0) (sec) Pilot value time constant 
Uo (pu/sec) Opening gate rate limit 
Uc (<0) (pu/sec) Closing gate rate limit 
Pmax (pu) Maximum gate position 
Pmin (pu) Minimum gate position 
Sig  Permanent speed droop coefficient 
Del  Transient speed droop coefficient 
Tr (>0) (sec) Time constant 
Tw (>0) (sec) Water time constant 
A11 (>0) Coefficient 
A13  Coefficient 
A21  Coefficient 
A23 (>0) Coefficient 
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4. PSS Model 

Type: IEEEST 

 

A1  coefficient 
A2  Coefficient 
A3  Coefficient 
A4  Coefficient 
A5  Coefficient 
A6  Coefficient 
T1 (sec) Time constant 
T2 (sec) Time constant 
T3 (sec) Time constant 
T4 (sec) Time constant 
T5 (sec) Time constant 
T6 (>0) (sec) Time constant 
Ks  Coefficient 
Lsmax  Maximum limit 
Lsmin  Minimum limit 
Vcu (pu) Maximum limit of output limiter 
Vcl (pu) Minimum limit of output limiter 
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Relationship between 
“Power Flow” and “Annual Cost” 
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1 

Appendix 6.8-2 Case Study on Generation at Firm Capacity 

In dry season, some power stations can’t be operated at the rated capacity and would generate only by the 

firm capacity.  Therefore, the system analysis for the case of generation at the firm capacity was also 

conducted.  Xeset 2 PS and Xeset 3 PS, whose firm capacity is 0 MW, are connected to Xeset 1 PS through 

115 kV transmission line in order to supply the generation power to the domestic supply system. 

1. Firm Capacity 

The firm capacity given by EDL is shown in Table 1. 

Table 1  Rated Capacity and Firm Capacity 

Name 
Commissioning 

Year 
Rated Capacity 

[MW] 
Firm Capacity 

 [MW] 
Nam Ngum Existing 150 110.0 
Selabam Existing   5   1.0 
Xeset Existing  45  13.5 
Nam Dong Existing   1   0.0 
Nam Leuk Existing  60  60.0 
Nam Mang 3 2004  35  35.0 
Xeset 2 2005  76  38.0 
Nam Ngum 5 2006 100  82.1 
Nam Beng 2006  45  31.2 
Tha Kho 2008  36  36.0 
Nam Theun 2 2008  75  75.0 
Xeset 3 2008  20   0.0 
Houay Lamphan Gnai 2010  65  35.5 
Hongsa Lignite 2010  40  40.0 
Nam Ngum 4B 2012  54  45.3 
Xepon 2012  75  66.3 
Nam Pot 2014  23  21.6 
Nam Kong 3 2016  34  24.7 
Nam Bak 2B 2016 116 100.0 
Nam Ngum 4A 2018  54  45.3 
Xexou 2020  59  41.3 
Nam Sane 2 2020  60  40.7 

2. Results of System Analysis 

(1) Results of Power Flow and Voltage Regulation Analysis 

(a) Planned Transmission System in 2005 

Figure 1 shows the results of power flow and voltage analysis in 2005 under normal operation 

conditions, and any overload conditions and voltage violations are not found. 

Table 2 shows the results of power flow and voltage analysis in 2005 at any single contingencies.  



 

2 

The situations are as same as the case of generation at the rated capacity. 

(b) Planned Transmission System in 2010 

Figure 2 shows the results of power flow and voltage analysis in 2010 under normal operation 

conditions, and any overload conditions and voltage violations are not found. 

Table 3 shows the results of power flow and voltage analysis in 2010 at any single contingencies.  

Compared with the case of generation at the rated capacity, an overload condition on 

transformers at Bang Yo SS by loss of a transformer at the substation is additionally caused, 

because the generation power at Selabam PS decreases.  However, overload conditions on 115 

kV transmission lines by loss of a circuit of “between Thalat SwS and Phonesoung SS”, 

“between Phonesoung SS and Phonetong SS”, “between Vangvieng SS and Phoukhoun SwS”, 

“between Thalat SwS and Nam Ngum PS” or “between Phonetong SS and Udon 2 SS” are 

disappeared, because the generation power at power stations in Northern Area and Central-1 

Area decreases in the case of generation at the firm capacity. 

(c) Planned Transmission System in 2015 

Figure 3 shows the results of power flow and voltage analysis in 2015 under normal operation 

conditions, and any overload conditions and voltage violations are not found. 

Table 4 shows the results of power flow and voltage analysis in 2015 at any single contingencies.  

Compared with the case of generation at the rated capacity, overload condition on transformers 

at Bang Yo SS by loss of a transformer at the substation is additionally caused, because the 

generation power at Selabam PS decreases.  However, any overload conditions and voltage 

violations are not found in the trunk system at any single contingencies. 

(d) Planned Transmission System in 2020 

Figure 4 shows the results of power flow and voltage analysis in 2020 under normal operation 

conditions, and any overload conditions and voltage violations are not found. 

Table 5 shows the results of power flow and voltage analysis in 2020 at any single contingencies.  

Compared with the case of generation at the rated capacity, overload condition on transformers 

at Bang Yo SS by loss of a transformer of the substation is additionally caused, because the 

generation power at Selabam PS decreases.  Overload condition on transformers at Luang 

Prabang SS by loss of a transformer at the substation is also added, because the generation 

power at Nam Dong PS decreases.  However, any overload conditions and voltage violations 

are not found in the trunk system at any single contingencies. 

(2) Results of Fault Current Analysis 

Figures 5, 6, 7 and 8 show the results of 3 phase short circuit current analysis in 2005, 2010, 2015 and 

2020, respectively.  Figures 9, 10, 11 and 12 show the results of “one phase to ground fault current” 
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analysis in 2005, 2010, 2015 and 2020, respectively.  Compared with the case of generation at the 

rated capacity, the fault currents in Southern Area and Central-2 Area are increase, because the fault 

current flown from Xeset 2 PS is added.  However, the maximum fault current in the whole system 

decreases, because some generators are not operated in the case of generation at the firm capacity.  

The value of the maximum fault currents and the locations are shown in Tables 6 and 7. 

Table 6  Maximum 3 Phase Short Circuit Currents and Locations 

Year 115 kV Bus-bar 22 kV Bus-bar 
2005 6.1 kA Phonetong SS 13.7 kA Phonetong SS
2010 8.2 kA Phonetong SS 15.4 kA Phonetong SS
2015 8.4 kA Phonetong SS 18.4 kA Phonetong SS
2020 9.3 kA Phonetong SS 19.3 kA Thakhek SS 

The allowable maximum fault current level 25 – 31.5 kA 25 – 31.5 kA 

Table 7  Maximum One Phase to Ground Fault Currents and Locations 

Year 115 kV Bus-bar 22 kV Bus-bar 
2005 6.9 kA Nam Ngum PS 0.3 kA Bang Yo SS 
2010 8.5 kA Nam Ngum PS 0.3 kA Bang Yo SS 
2015 8.8 kA Nam Ngum PS 0.4 kA Lakxaosi SS 
2020 9.5 kA Nam Ngum PS 0.4 kA Lakxaosi SS 

The allowable maximum fault current level 25 – 31.5 kA 25 – 31.5 kA 

(3) Results of Stability Analysis 

Tables 8, 9, 10 and 11 show the results of stability analysis in 2005, 2010, 2015 and 2020, respectively.  

Compared with the case of generation at the rated capacity, only Xeset 2 PS is added as the case of 

generator shedding by Islanding.  However, the domestic supply system itself can maintain the 

stability.  The planned transmission systems in 2010, 2015 and 2020 can maintain the stability. 

(4) Summary of System Analysis 

Any overload conditions and voltage violations are not found in the planned transmission systems 

under normal operation conditions.  At some single contingencies, voltage violations are caused in 

the trunk system in 2005 as same as the case of generation at the rated capacity.  However, these 

difficulties can be resolved by a small amount of load shedding.  There are not any difficulties in the 

trunk system in 2010, 2015 and 2020 at any single contingencies.  The planned transmission systems 

do not have any difficulties in terms of fault current and stability.  Therefore, even in the case of 

generation at the firm capacity, the Base Plan satisfies the system planning criteria for power flow, 

voltage regulation, fault current and stability simultaneously. 
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Table 8  Results of Stability Analysis in 2005 (Base Plan, Generation: Firm Capacity) 

Fault Location  
From To CKT Results 

Name KV Name kV   
Nam Ngum (3,4,5G) 115 Phonetong (3,4B) 115 1 stable 
Nam Ngum (3,4,5G) 115 Nam Leuk 115 1 stable 
Thalat 115 Vangvieng 115 2 stable 
Thalat 115 Phonesoung 115 1 stable 
Thalat 115 Nam Ngum (L) 115 1 stable 
Vangvieng 115 Xieng Nguen 115 1  
Luang Prabang 115 Xieng Nguen 115 1 stable 
Xieng Nguen 115 Xayabury 115 1  
Phonesoung 115 Naxaithong 115 1  
Tha Ngon 115 Naxaithong 115 1 stable 
Phonetong (3,4B) 115 Naxaithong 115 1  
Phonetong (3,4B) 115 Thanaleng 115 1 stable 

(Generator shedding at Nam Mang 3)
Phonetong (3,4B) 115 Udon 2 (EGAT) 115 3 Stable 
Nam Leuk 115 Pakxan 115 1 Stable 
Pakxan 115 Bungkhan (EGAT) 115 1 Stable 
Nam Mang 3 115 Lakxaosi 115 1 Stable 
Thakhek 115 Pakbo 115 1 Stable 
Thakhek 115 Nakonphanom (EGAT) 115 1 Stable 
Pakbo 115 Mukudahan 2 (EGAT) 115 1 Stable 
Xeset 1 115 Xeset 2 115 1 Stable 
Xeset 1 115 Lakpet 115 1 Stable 

 (Generator shedding at Xeset 1, 2) 
Xeset 2 115 Pakson 115 1 stable 

Table 9  Results of Stability Analysis in 2010 (Base Plan, Generation: Firm Capacity) 

Fault Location  
From To CKT Results 

Name KV Name kV   
Nam Ngum (3,4,5G) 115 Nam Leuk 115 1 stable 
Nam Ngum (3,4,5G) 115 Naxaithong 115 2 stable 
Thalat 115 Vangvieng 115 2 stable 
Thalat 115 Phonesoung 115 1 stable 
Vangvieng 115 Phoukhoun 115 2 stable 
Luang Prabang 115 Xieng Nguen 115 2  
Xieng Nguen 115 Xayabury 115 1 stable 
Xieng Nguen 115 Phoukhoun 115 2  
Phonesoung 115 Phonetong (3,4B) 115 1 stable 
Phonetong (3,4B) 115 Nong Khai (EGAT) 115 2 stable 
Pakxan 115 Bungkhan (EGAT) 115 1 stable 
Xayabury 115 Hongsa S/S 115 1 stable 
Kengkok 115 Xepone 115 1 stable 
Kengkok 115 Lakpet 115 1 stable 
Bang Yo 115 Lakpet 115 1 stable 
Bang Yo 115 Sirindhorn (EGAT) 115 1 stable 

 



Appendix 6.8-2 

5 

Table 10  Results of Stability Analysis in 2015 (Base Plan, Generation: Firm Capacity) 

Fault Location  
From To CKT Results 

Name kV Name kV   
Nam Ngum (3,4,5G) 115 Nam Leuk 115 1 stable 
Nam Ngum (3,4,5G) 115 Naxaithong 115 2 stable 
Thalat 115 Phonesoung 115 1 stable 
Vangvieng 115 Phoukhoun 115 2 stable 
Luang Prabang 115 Xieng Nguen 115 2  
Xieng Nguen 115 Xayabury 115 1 stable 
Xieng Nguen 115 Phoukhoun 115 2  
Phonesoung 115 Phonetong (3,4B) 115 1 stable 
Nam Leuk 115 Nam Mang 3 115 1 stable 
Nam Leuk 115 Nam Pot 115 1 stable 
Phonsavan 115 Nam Pot 115 1 stable 
Pakxan 115 Bungkhan (EGAT) 115 1 stable 
Xayabury 115 Hongsa S/S 115 1 stable 
Nam Mang 3 115 Lakxaosi 115 1 stable 
Kengkok 115 Xepone 115 1 stable 
Xepone 115 Xepon Gen 115 1 stable 
Oudomxai 115 Namo 115 1 stable 
Bang Yo 115 Lakpet 115 1 stable 

Table 11  Results of Stability Analysis in 2020 (Base Plan, Generation: Firm Capacity) 

Fault Location  
From To CKT Results 

Name kV Name kV   
Nam Ngum (3,4,5G) 115 Naxaithong 115 2 stable 
Thalat 115 Phonesoung 115 1 stable 
Vangvieng 115 Phoukhoun 115 2 stable 
Luang Prabang 115 Xieng Nguen 115 2  
Xieng Nguen 115 Xayabury 115 1 stable 
Xieng Nguen 115 Phoukhoun 115 2  
Luang Prabang 115 Phoukhoun 115 3 stable 
Nam Leuk 115 Pakxan 115 1 stable 
Nam Leuk 115 Nam Mang 3 115 1 stable 
Nam Leuk 115 Nam Pot 115 1 stable 
Nam Leuk 115 Nam Bak 2 115 1 stable 
Pakxan 115 Bungkhan (EGAT) 115 1 stable 
Nam Mang 3 115 Lakxaosi 115 1 stable 
Kengkok 115 Lakpet 115 1 stable 
Xepone 115 Xepon Gen 115 1 stable 
Oudomxai 115 Namo 115 1 stable 
Bang Yo 115 Lakpet 115 1 stable 
Bang Yo 115 Sirindhorn (EGAT) 115 1 stable 
Attapeu 115 Ban Boun 115 1 stable 
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Table 3  Results of Power Flow and Voltage Analysis at any Single Contingencies in 2010
(Base Plan, Generation: Firm Capacity)

Name kV Name kV
Phontong 22 Phontong (3,4B) 115 3
Phontong 22 Phontong (1,2B) 115 1
Vangvieng 22 Vangvieng 115 1 Overload From Vangvieng 22 kV To Vangvieng 115 kV CKT 2
Vangvieng 22 Vangvieng 115 2 Overload From Vangvieng 22 kV To Vangvieng 115 kV CKT 1
Luangprabang 22 Luangprabang 115 2 Supply interruption Luangprabang 22 kV
Phonsoung 22 Phonsoung 115 2 Supply interruption Phonsoung 22 kV
Thangon 22 Thangon 115 1 Supply interruption Thangon 22 kV
Thanaleng 22 Thanaleng 115 1
Thanaleng 22 Thanaleng 115 2 Overload From Thanaleng 22 kV To Thanaleng 115 kV CKT 1
Nam Ngum (L) 22 Nam Ngum (L) 115 1 Supply interruption Nam Ngum (L) 22 kV
Non Hai 22 Non Hai 115 1 Supply interruption Non Hai 22 kV
Pakxan 22 Pakxan 115 2 Supply interruption Pakxan 22 kV
Phonsavan 22 Phonsavan 115 1 Supply interruption Phonsavan 22 kV
Xayabury 22 Xayabury 115 1 Supply interruption Xayabury 22 kV
Ban Don 22 Ban Don 115 1 Supply interruption Ban Don 22 kV
Hongsa S/S 22 Hongsa S/S 115 1 Supply interruption Hongsa S/S 22 kV
Parklay 22 Parklay 115 1 Supply interruption Parklay 22 kV
Nam Leuk (L) 22 Nam Leuk 115 1 Supply interruption Nam Leuk (L) 22 kV
Nam Beng (L) 22 Nam Beng 115 1 Supply interruption Nam Beng (L) 22 kV
Naxaythong 22 Naxaythong 115 1
Lakxaosi 22 Lakxaosi 115 1 Overload From Lakxaosi 22 kV To Lakxaosi 115 kV CKT 2,3
Nam Ngum (3,4,5G) 115 Nam Leuk 115 1
Nam Ngum (3,4,5G) 115 Naxaythong 115 2
Nam Ngum (3,4,5G) 115 Nam Ngum (3T) 11 3 Generator shedding Nam Ngum (3T) 11 kV
Nam Ngum (3,4,5G) 115 Nam Ngum (4T) 11 4 Generator shedding Nam Ngum (4T) 11 kV
Thalat 115 Vangvieng 115 1
Thalat 115 Vangvieng 115 2
Thalat 115 Phonsoung 115 1
Thalat 115 Nam Ngum (L) 115 1
Thalat 115 Ban Don 115 1 Supply interruption Non Hai 115 kV , Ban Don 115 kV
Vangvieng 115 Luangprabang 115 1
Vangvieng 115 Phoukhoun 115 2
Luangprabang 115 Xieng Ngeun 115 2
Xieng Ngeun 115 Xayabury 115 1
Xieng Ngeun 115 Phoukhoun 115 2
Luangprabang 115 Phoukhoun 115 3
Luangprabang 115 Oudomxai 115 1
Phonsoung 115 Phontong (3,4B) 115 1
Thangon 115 Naxaythong 115 1
Thangon 115 Naxaythong 115 2
Phontong (3,4B) 115 Thanaleng 115 1
Phontong (3,4B) 115 Naxaythong 115 2
Phontong (3,4B) 115 Nong Khai (EGAT) 115 2
Phontong (3,4B) 115 Udon 2 (EGAT) 115 3
Thanaleng 115 Lakxaosi 115 1
Nam Leuk 115 Phonsavan 115 2 Supply interruption Phonsavan 115 kV
Nam Leuk 115 Pakxan 115 1
Nam Leuk 115 Pakxan 115 2
Nam Leuk 115 Nam Mang 3 115 1
Nam Leuk 115 Nam Leuk (2T) 11 2 Generator shedding Nam Leuk (2T) 11 kV
Nam Leuk 115 Nam Leuk (1T) 11 1 Generator shedding Nam Leuk (1T) 11 kV
Pakxan 115 Thakhek 115 1
Pakxan 115 Bungkhan (EGAT) 115 1
Nam Ngum (1,2G) 115 Nam Ngum (1T) 11 1 Generator shedding Nam Ngum (1T) 11 kV
Nam Ngum (1,2G) 115 Nam Ngum (2T) 11 2 Generator shedding Nam Ngum (2T) 11 kV
Non Hai 115 Ban Don 115 1 Supply interruption Non Hai 115 kV
Xayabury 115 Hongsa S/S 115 1
Xayabury 115 Parklay 115 1 Supply interruption Parklay 115 kV
Hongsa S/S 115 Nam Beng 115 1
Hongsa S/S 115 Hongsa Lignite 115 1
Phoukhoun 115 Nam Ngum 5 115 1
Nam Mang 3 115 Lakxaosi 115 1

Locations of Problems

Location of Fault

CKT Problems
From To

Results



Table 3  Results of Power Flow and Voltage Analysis at any Single Contingencies in 2010
(Base Plan, Generation: Firm Capacity)

Name kV Name kV
Locations of Problems

Location of Fault

CKT Problems
From To

Results

Nam Mang 3 115 Nam Mang 3 (1T) 11 1 Generator shedding Nam Mang 3 (1T) 11 kV
Nam Mang 3 115 Nam Mang 3 (2T) 11 2 Generator shedding Nam Mang 3 (2T) 11 kV
Nam Beng 115 Nam Beng (1T) 11 1 Generator shedding Nam Beng (1T) 11 kV
Nam Beng 115 Nam Beng (2T) 11 2 Generator shedding Nam Beng (2T) 11 kV
Nam Beng 115 Oudomxai 115 1
Nam Ngum 5 115 Nam Ngum 5 (1T) 11 1 Generator shedding Nam Ngum 5 (1T) 11 kV
Nam Ngum 5 115 Nam Ngum 5 (2T) 11 2 Generator shedding Nam Ngum 5 (2T) 11 kV
Nam Mo 115 Nam Mo (1T) 11 1 Generator shedding Nam Mo (1T) 11 kV
Nam Mo 115 Nam Mo (2T) 11 1 Generator shedding Nam Mo (2T) 11 kV
Nam Mo 115 EVN(EVN) 115 1
Hongsa Lignite 115 Hongsa Lignite 11 1 Generator shedding Hongsa Lignite 11 kV
Thakhek 22 Thakhek 115 1 Overload From Thakhek 22 kV To Thakhek 115 kV CKT 2
Pakbo 22 Pakbo 115 1 Overload From Pakbo 22 kV To Pakbo 115 kV CKT 2
Kengkok 22 Kengkok 115 1 Overload From Kengkok 22 kV To Kengkok 115 kV CKT 2
Kengkok 22 Kengkok 115 2 Overload From Kengkok 22 kV To Kengkok 115 kV CKT 1
Xepone 22 Xepone 115 1 Supply interruption Xepone 22 kV
Nam Theun 2 22 Nam Theun 2 115 1 Supply interruption Nam Theun 2 22 kV
Xaybouathong 22 Xaybouathong 115 1 Supply interruption Xaybouathong 22 kV
Thakhek 115 Pakbo 115 1
Thakhek 115 Nam Theun 2 115 1
Thakhek 115 Nakonphanom (EGAT) 115 1
Pakbo 115 Kengkok 115 1
Pakbo 115 Mukudahan 2 (EGAT) 115 1
Kengkok 115 Xepone 115 1 Supply interruption Xepone 115 kV
Kengkok 115 Lakpet 115 1
Nam Theun 2 115 Xaybouathong 115 1 Supply interruption Xaybouathong 115 kV
Nam Theun 2 115 Nam Theun 2 (1T) 11 1 Generator shedding Nam Theun 2 (1T) 11 kV
Nam Theun 2 115 Nam Theun 2 (2T) 11 2 Generator shedding Nam Theun 2 (2T) 11 kV
Boun Neua 22 Boun Neua 115 1 Supply interruption Boun Neua 22 kV
Lauangnamtha 22 Lauangnamtha 115 1 Supply interruption Lauangnamtha 22 kV
Oudomxai 22 Oudomxai 115 1 Supply interruption Oudomxai 22 kV
Lauangnamtha 115 Namo 115 1 Supply interruption Lauangnamtha 115 kV
Oudomxai 115 Namo 115 1 Supply interruption Lauangnamtha 115 kV , Boun Neua 115 kV
Namo 115 Boun Neua 115 1 Supply interruption Boun Neua 115 kV
Bang Yo 22 Bang Yo 115 1
Bang Yo 22 Bang Yo 115 2
Bang Yo 22 Bang Yo 115 3 Overload From Bang Yo 22 kV To Bang Yo 115 kV CKT 1,2
Thakho 22 Thakho 115 1 Supply interruption Thakho 22 kV
Saravan 22 Saravan 115 1 Supply interruption Saravan 22 kV
Sekong 22 Sekong 115 1 Supply interruption Sekong 22 kV
Ban Boun 22 Ban Boun 115 1 Supply interruption Ban Boun 22 kV
Lakpet 22 Lakpet 115 1 Supply interruption Lakpet 22 kV
Xeset 1 115 Xeset 2 115 1
Xeset 1 115 Saravan 115 1
Xeset 1 115 Lakpet 115 1
Xeset 1 115 Lakpet 115 2
Xeset 1 115 Xeset 1 (1T) 11 1 Generator shedding Xeset 1 (1T) 11 kV

Supply interruption Xeset 22 kV
Bang Yo 115 Lakpet 115 1
Bang Yo 115 Sirindhorn (EGAT) 115 1
Thakho 115 Ban Boun 115 1
Thakho 115 Thakho (1T) 11 1 Generator shedding Thakho (1T) 11 kV
Xeset 2 115 Xeset 3 115 1
Xeset 2 115 Xeset 2 (1T) 11 1 Generator shedding Xeset 2 (1T) 11 kV
Saravan 115 Sekong 115 1
Sekong 115 Houay Lamphan Gnai 115 1
Houay Lamphan Gnai 115 Houay Lamphan Gnai (1T) 11 1 Generator shedding Houay Lamphan Gnai (1T) 11 kV
Houay Lamphan Gnai 115 Houay Lamphan Gnai (2T) 11 2 Generator shedding Houay Lamphan Gnai (2T) 11 kV
Paksong 115 Xeset 3 115 1
Ban Boun 115 Lakpet 115 1
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Table 4  Results of Power Flow and Voltage Analysis at any Single Contingencies in 2015
(Base Plan, Generation: Firm Capacity)

Name kV Name kV
Phontong 22 Phontong (3,4B) 115 3
Phontong 22 Phontong (3,4B) 115 4
Phontong 22 Phontong (1,2B) 115 1
Vangvieng 22 Vangvieng 115 1 Overload From Vangvieng 22 kV To Vangvieng 115 kV CKT 2
Vangvieng 22 Vangvieng 115 2 Overload From Vangvieng 22 kV To Vangvieng 115 kV CKT 1
Luangprabang 22 Luangprabang 115 2 Overload From Luangprabang 22 kV To Luangprabang 115 kV CKT 3
Phonsoung 22 Phonsoung 115 2 Supply interruption Phonsoung 22 kV
Thangon 22 Thangon 115 1
Thanaleng 22 Thanaleng 115 1
Thanaleng 22 Thanaleng 115 2
Nam Ngum (L) 22 Nam Ngum (L) 115 1 Supply interruption Nam Ngum (L) 22 kV
Non Hai 22 Non Hai 115 1 Supply interruption Non Hai 22 kV
Pakxan 22 Pakxan 115 2 Supply interruption Pakxan 22 kV
Phonsavan 22 Phonsavan 115 1 Supply interruption Phonsavan 22 kV
Xayabury 22 Xayabury 115 1 Supply interruption Ban Don 22 kV
Ban Don 22 Ban Don 115 1 Supply interruption Ban Don 22 kV
Hongsa S/S 22 Hongsa S/S 115 1 Supply interruption Hongsa S/S 22 kV
Parklay 22 Parklay 115 1 Supply interruption Parklay 22 kV
Nam Leuk (L) 22 Nam Leuk 115 1 Supply interruption Nam Leuk (L) 22 kV
Nam Beng (L) 22 Nam Beng 115 1 Supply interruption Nam Beng (L) 22 kV
Naxaythong 22 Naxaythong 115 1
Lakxaosi 22 Lakxaosi 115 1
Nam Ngum (3,4,5G) 115 Nam Leuk 115 1
Nam Ngum (3,4,5G) 115 Nam Ngum (L) 115 1
Nam Ngum (3,4,5G) 115 Naxaythong 115 2
Nam Ngum (3,4,5G) 115 Nam Ngum (3T) 11 3 Generator shedding Nam Ngum (3T) 11 kV
Nam Ngum (3,4,5G) 115 Nam Ngum (4T) 11 4 Generator shedding Nam Ngum (4T) 11 kV
Thalat 115 Vangvieng 115 1
Thalat 115 Vangvieng 115 2
Thalat 115 Phonsoung 115 1
Thalat 115 Nam Ngum (L) 115 1
Thalat 115 Ban Don 115 1 Supply interruption Non Hai 115 kV , Ban Don 115 kV
Vangvieng 115 Luangprabang 115 1
Vangvieng 115 Phoukhoun 115 2
Luangprabang 115 Xieng Ngeun 115 2
Xieng Ngeun 115 Xayabury 115 1
Xieng Ngeun 115 Phoukhoun 115 2
Luangprabang 115 Phoukhoun 115 3
Luangprabang 115 Oudomxai 115 1
Phonsoung 115 Phontong (3,4B) 115 1
Thangon 115 Naxaythong 115 1
Thangon 115 Naxaythong 115 2
Phontong (3,4B) 115 Thanaleng 115 1
Phontong (3,4B) 115 Naxaythong 115 2
Phontong (3,4B) 115 Nong Khai (EGAT) 115 2
Phontong (3,4B) 115 Udon 2 (EGAT) 115 3
Thanaleng 115 Lakxaosi 115 1
Nam Leuk 115 Pakxan 115 1
Nam Leuk 115 Pakxan 115 2
Nam Leuk 115 Nam Mang 3 115 1
Nam Leuk 115 Nam Pot 115 1
Nam Leuk 115 Nam Leuk (2T) 11 2 Generator shedding Nam Leuk (2T) 11 kV
Nam Leuk 115 Nam Leuk (1T) 11 1 Generator shedding Nam Leuk (1T) 11 kV
Phonsavan 115 Nam Ngum 4B 115 1
Phonsavan 115 Nam Pot 115 1
Phonsavan 115 Xamneua 115 1 Supply interruption Xamneua 115 kV
Pakxan 115 Thakhek 115 1
Pakxan 115 Bungkhan (EGAT) 115 1
Nam Ngum (1,2G) 115 Nam Ngum (1T) 11 1 Generator shedding Nam Ngum (1T) 11 kV
Nam Ngum (1,2G) 115 Nam Ngum (2T) 11 2 Generator shedding Nam Ngum (2T) 11 kV
Non Hai 115 Ban Don 115 1 Supply interruption Non Hai 115 kV
Xayabury 115 Hongsa S/S 115 1
Xayabury 115 Parklay 115 1 Supply interruption Parklay 115 kV
Hongsa S/S 115 Nam Beng 115 1
Hongsa S/S 115 Hongsa Lignite 115 1
Phoukhoun 115 Nam Ngum 4B 115 1
Phoukhoun 115 Nam Ngum 5 115 1
Nam Mang 3 115 Lakxaosi 115 1
Nam Mang 3 115 Nam Mang 3 (1T) 11 1 Generator shedding Nam Mang 3 (1T) 11 kV
Nam Mang 3 115 Nam Mang 3 (2T) 11 2 Generator shedding Nam Mang 3 (2T) 11 kV
Nam Ngum 4B 115 Nam Ngum 4B (1T) 11 1 Generator shedding Nam Ngum 4B (1T) 11 kV

Location of Fault Results

CKT Problems
From To

Locations of Problems



Table 4  Results of Power Flow and Voltage Analysis at any Single Contingencies in 2015
(Base Plan, Generation: Firm Capacity)

Name kV Name kV

Location of Fault Results

CKT Problems
From To

Locations of Problems

Nam Pot 115 Nam Pot (1T) 11 1 Generator shedding Nam Pot (1T) 11 kV
Nam Beng 115 Nam Beng (1T) 11 1 Generator shedding Nam Beng (1T) 11 kV
Nam Beng 115 Nam Beng (2T) 11 2 Generator shedding Nam Beng (2T) 11 kV
Nam Beng 115 Houayxay 115 1 Supply interruption Houayxay 115 kV
Nam Beng 115 Oudomxai 115 1
Nam Ngum 5 115 Nam Ngum 5 (1T) 11 1 Generator shedding Nam Ngum 5 (1T) 11 kV
Nam Ngum 5 115 Nam Ngum 5 (2T) 11 2 Generator shedding Nam Ngum 5 (2T) 11 kV
Nam Mo 115 Nam Mo (1T) 11 1 Generator shedding Nam Mo (1T) 11 kV
Nam Mo 115 Nam Mo (2T) 11 1 Generator shedding Nam Mo (2T) 11 kV
Nam Mo 115 EVN(EVN) 115 1
Hongsa Lignite 115 Hongsa Lignite 11 1 Generator shedding Hongsa Lignite 11 kV
Thakhek 22 Thakhek 115 1 Overload From Thakhek 22 kV To Thakhek 115 kV CKT 2,3
Pakbo 22 Pakbo 115 1 Overload From Pakbo 22 kV To Pakbo 115 kV CKT 2
Kengkok 22 Kengkok 115 1 Overload From Kengkok 22 kV To Kengkok 115 kV CKT 2
Xepone 22 Xepone 115 1 Overload From Xepone 22 kV To Xepone 115 kV CKT 2
Xepone 22 Xepone 115 2 Overload From Xepone 22 kV To Xepone 115 kV CKT 1
Nam Theun 2 22 Nam Theun 2 115 1 Supply interruption Nam Theun 2 22 kV
Xaybouathong 22 Xaybouathong 115 1 Supply interruption Xaybouathong 22 kV
Thakhek 115 Pakbo 115 1
Thakhek 115 Nam Theun 2 115 1
Thakhek 115 Nakonphanom (EGAT) 115 1
Pakbo 115 Kengkok 115 1
Pakbo 115 Mukudahan 2 (EGAT) 115 1
Kengkok 115 Xepone 115 1
Kengkok 115 Lakpet 115 1
Xepone 115 Xaybouathong 115 1
Xepone 115 Xepon Gen 115 1
Nam Theun 2 115 Xaybouathong 115 1
Nam Theun 2 115 Nam Theun 2 (1T) 11 1 Generator shedding Nam Theun 2 (1T) 11 kV
Nam Theun 2 115 Nam Theun 2 (2T) 11 2 Generator shedding Nam Theun 2 (2T) 11 kV
Boun Neua 22 Boun Neua 115 1 Supply interruption Boun Neua 22 kV
Lauangnamtha 22 Lauangnamtha 115 1 Supply interruption Lauangnamtha 22 kV
Oudomxai 22 Oudomxai 115 1 Overload From Oudomxai 22 kV To Oudomxai 115 kV CKT 2
Houayxay 22 Houayxay 115 1 Supply interruption Houayxay 22 kV
Xamneua 22 Xamneua 115 1 Supply interruption Xamneua 22 kV
Lauangnamtha 115 Namo 115 1 Supply interruption Lauangnamtha 115 kV
Oudomxai 115 Namo 115 1 Supply interruption Lauangnamtha 115 kV , Boun Neua 115 kV
Namo 115 Boun Neua 115 1 Supply interruption Boun Neua 115 kV
Bang Yo 22 Bang Yo 115 1 Overload From Bang Yo 22 kV To Bang Yo 115 kV CKT 2,3
Bang Yo 22 Bang Yo 115 2 Overload From Bang Yo 22 kV To Bang Yo 115 kV CKT 1,3
Bang Yo 22 Bang Yo 115 3 Overload From Bang Yo 22 kV To Bang Yo 115 kV CKT 1,2
Thakho 22 Thakho 115 1 Supply interruption Thakho 22 kV
Saravan 22 Saravan 115 1 Supply interruption Saravan 22 kV
Sekong 22 Sekong 115 1 Supply interruption Sekong 22 kV
Attapeu 22 Attapeu 115 1 Supply interruption Attapeu 22 kV
Xepon Gen 22 Xepon Gen 115 1 Supply interruption Xepon Gen 22 kV
Ban Boun 22 Ban Boun 115 1 Supply interruption Ban Boun 22 kV
Lakpet 22 Lakpet 115 1 Supply interruption Lakpet 22 kV
Xeset 1 115 Xeset 2 115 1
Xeset 1 115 Saravan 115 1
Xeset 1 115 Lakpet 115 1
Xeset 1 115 Lakpet 115 2
Xeset 1 115 Xeset 1 (1T) 11 1 Generator shedding Xeset 1 (1T) 11 kV

Supply interruption Xeset 22 kV
Bang Yo 115 Lakpet 115 1
Bang Yo 115 Sirindhorn (EGAT) 115 1
Thakho 115 Ban Boun 115 1
Thakho 115 Thakho (1T) 11 1 Generator shedding Thakho (1T) 11 kV
Xeset 2 115 Xeset 3 115 1
Xeset 2 115 Xeset 2 (1T) 11 1 Generator shedding Xeset 2 (1T) 11 kV
Saravan 115 Sekong 115 1
Sekong 115 Houay Lamphan Gnai 115 1
Attapeu 115 Ban Boun 115 1
Xepon Gen 115 Xepon Gen (1T) 11 1 Generator shedding Xepon Gen (1T) 11 kV
Xepon Gen 115 Xepon Gen (2T) 11 2 Generator shedding Xepon Gen (2T) 11 kV
Houay Lamphan Gnai 115 Houay Lamphan Gnai (1T) 11 1 Generator shedding Houay Lamphan Gnai (1T) 11 kV
Houay Lamphan Gnai 115 Houay Lamphan Gnai (2T) 11 2 Generator shedding Houay Lamphan Gnai (2T) 11 kV
Paksong 115 Xeset 3 115 1
Ban Boun 115 Lakpet 115 1
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Table 5  Results of Power Flow and Voltage Analysis at any Single Contingencies in 2020
(Base Plan, Generation: Firm Capacity)

Name kV Name kV
Phontong 22 Phontong (3,4B) 115 3
Phontong 22 Phontong (1,2B) 115 1
Vangvieng 22 Vangvieng 115 1 Overload From Vangvieng 22 kV To Vangvieng 115 kV CKT 2
Vangvieng 22 Vangvieng 115 2 Overload From Vangvieng 22 kV To Vangvieng 115 kV CKT 1
Luangprabang 22 Luangprabang 115 2 Overload From Luangprabang 22 kV To Luangprabang 115 kV CKT 3
Phonsoung 22 Phonsoung 115 2 Supply interruption Phonsoung 22 kV
Thangon 22 Thangon 115 1
Thanaleng 22 Thanaleng 115 1
Thanaleng 22 Thanaleng 115 2
Nam Ngum (L) 22 Nam Ngum (L) 115 1 Supply interruption Nam Ngum (L) 22 kV
Non Hai 22 Non Hai 115 1 Supply interruption Non Hai 22 kV
Pakxan 22 Pakxan 115 2 Supply interruption Pakxan 22 kV
Phonsavan 22 Phonsavan 115 1 Overload From Phonsavan 22 kV To Phonsavan 115 kV CKT 2
Phonsavan 22 Phonsavan 115 2 Overload From Phonsavan 22 kV To Phonsavan 115 kV CKT 1
Xayabury 22 Xayabury 115 1 Supply interruption Xayabury 22 kV
Ban Don 22 Ban Don 115 1 Supply interruption Ban Don 22 kV
Hongsa S/S 22 Hongsa S/S 115 1 Supply interruption Hongsa S/S 22 kV
Parklay 22 Parklay 115 1
Parklay 22 Parklay 115 2
Nam Leuk (L) 22 Nam Leuk 115 1 Supply interruption Nam Leuk (L) 22 kV
Nam Beng (L) 22 Nam Beng 115 1 Supply interruption Nam Beng (L) 22 kV
Naxaythong 22 Naxaythong 115 1
Lakxaosi 22 Lakxaosi 115 1
Nam Ngum (3,4,5G) 115 Nam Leuk 115 1
Nam Ngum (3,4,5G) 115 Nam Ngum (L) 115 1
Nam Ngum (3,4,5G) 115 Naxaythong 115 2
Nam Ngum (3,4,5G) 115 Nam Ngum (3T) 11 3 Generator shedding Nam Ngum (3T) 11 kV
Nam Ngum (3,4,5G) 115 Nam Ngum (4T) 11 4 Generator shedding Nam Ngum (4T) 11 kV
Thalat 115 Vangvieng 115 1
Thalat 115 Vangvieng 115 2
Thalat 115 Phonsoung 115 1
Thalat 115 Phontong (3,4B) 115 2
Thalat 115 Nam Ngum (L) 115 1
Thalat 115 Ban Don 115 1 Supply interruption Non Hai 115 kV , Ban Don 115 kV
Vangvieng 115 Luangprabang 115 1
Vangvieng 115 Phoukhoun 115 2
Luangprabang 115 Xieng Ngeun 115 2
Xieng Ngeun 115 Xayabury 115 1
Xieng Ngeun 115 Phoukhoun 115 2
Luangprabang 115 Phoukhoun 115 3
Luangprabang 115 Oudomxai 115 1
Phonsoung 115 Phontong (3,4B) 115 1
Thangon 115 Naxaythong 115 1
Thangon 115 Naxaythong 115 2
Phontong (3,4B) 115 Thanaleng 115 1
Phontong (3,4B) 115 Naxaythong 115 2
Phontong (3,4B) 115 Nong Khai (EGAT) 115 2
Phontong (3,4B) 115 Udon 2 (EGAT) 115 3
Thanaleng 115 Lakxaosi 115 1
Nam Leuk 115 Pakxan 115 1
Nam Leuk 115 Pakxan 115 2
Nam Leuk 115 Nam Mang 3 115 1
Nam Leuk 115 Nam Pot 115 1
Nam Leuk 115 Nam Bak 2 115 1
Nam Leuk 115 Nam Leuk (2T) 11 2 Generator shedding Nam Leuk (2T) 11 kV
Nam Leuk 115 Nam Leuk (1T) 11 1 Generator shedding Nam Leuk (1T) 11 kV
Phonsavan 115 Nam Ngum 4B 115 1
Phonsavan 115 Nam Pot 115 1
Phonsavan 115 Xamneua 115 1 Supply interruption Xamneua 115 kV
Pakxan 115 Nam San 2 115 1
Pakxan 115 Thakhek 115 1
Pakxan 115 Bungkhan (EGAT) 115 1
Nam Ngum (1,2G) 115 Nam Ngum (1T) 11 1 Generator shedding Nam Ngum (1T) 11 kV
Nam Ngum (1,2G) 115 Nam Ngum (2T) 11 2 Generator shedding Nam Ngum (2T) 11 kV
Non Hai 115 Ban Don 115 1 Supply interruption Non Hai 115 kV
Xayabury 115 Hongsa S/S 115 1
Xayabury 115 Parklay 115 1 Supply interruption Parklay 115 kV
Hongsa S/S 115 Nam Beng 115 1
Hongsa S/S 115 Hongsa Lignite 115 1
Nam Ngum 4A 115 Nam Ngum 4B 115 1
Nam Ngum 4A 115 Nam Ngum 4A (1T) 11 1 Generator shedding Nam Ngum 4A (1T) 11 kV
Phoukhoun 115 Nam Ngum 4B 115 1
Phoukhoun 115 Nam Ngum 5 115 1
Nam Mang 3 115 Lakxaosi 115 1
Nam Mang 3 115 Nam Mang 3 (1T) 11 1 Generator shedding Nam Mang 3 (1T) 11 kV
Nam Mang 3 115 Nam Mang 3 (2T) 11 2 Generator shedding Nam Mang 3 (2T) 11 kV
Nam Ngum 4B 115 Nam Ngum 4B (1T) 11 1 Generator shedding Nam Ngum 4B (1T) 11 kV
Nam Pot 115 Nam Pot (1T) 11 1 Generator shedding Nam Pot (1T) 11 kV
Nam San 2 115 Nam San 2 (1T) 11 1 Generator shedding Nam San 2 (1T) 11 kV

Location of Fault Results

CKT Problems
From To

Locations of Problems



Table 5  Results of Power Flow and Voltage Analysis at any Single Contingencies in 2020
(Base Plan, Generation: Firm Capacity)

Name kV Name kV

Location of Fault Results

CKT Problems
From To

Locations of Problems

Nam Bak 2 115 Nam Bak 2 (1T) 11 1 Generator shedding Nam Bak 2 (1T) 11 kV
Nam Bak 2 115 Nam Bak 2 (2T) 11 2 Generator shedding Nam Bak 2 (2T) 11 kV
Nam Bak 2 115 Nam Bak 2 (3T) 11 3 Generator shedding Nam Bak 2 (3T) 11 kV
Nam Beng 115 Nam Beng (1T) 11 1 Generator shedding Nam Beng (1T) 11 kV
Nam Beng 115 Nam Beng (2T) 11 2 Generator shedding Nam Beng (2T) 11 kV
Nam Beng 115 Houayxay 115 1 Supply interruption Houayxay 115 kV
Nam Beng 115 Oudomxai 115 1
Nam Ngum 5 115 Nam Ngum 5 (1T) 11 1 Generator shedding Nam Ngum 5 (1T) 11 kV
Nam Ngum 5 115 Nam Ngum 5 (2T) 11 2 Generator shedding Nam Ngum 5 (2T) 11 kV
Nam Mo 115 Nam Mo (1T) 11 1 Generator shedding Nam Mo (1T) 11 kV
Nam Mo 115 Nam Mo (2T) 11 1 Generator shedding Nam Mo (2T) 11 kV
Nam Mo 115 EVN(EVN) 115 1
Hongsa Lignite 115 Hongsa Lignite 11 1 Generator shedding Hongsa Lignite 11 kV
Thakhek 22 Thakhek 115 1
Pakbo 22 Pakbo 115 1 Overload From Pakbo 22 kV To Pakbo 115 kV CKT 2,3
Kengkok 22 Kengkok 115 1 Overload From Kengkok 22 kV To Kengkok 115 kV CKT 2
Xepone 22 Xepone 115 1 Overload From Xepone 22 kV To Xepone 115 kV CKT 2
Xepone 22 Xepone 115 2 Overload From Xepone 22 kV To Xepone 115 kV CKT 1
Nam Theun 2 22 Nam Theun 2 115 1 Supply interruption Nam Theun 2 22 kV
Xaybouathong 22 Xaybouathong 115 1 Supply interruption Xaybouathong 22 kV
Thakhek 115 Pakbo 115 1
Thakhek 115 Nam Theun 2 115 1
Thakhek 115 Nakonphanom (EGAT) 115 1
Pakbo 115 Kengkok 115 1
Pakbo 115 Mukudahan 2 (EGAT) 115 1
Kengkok 115 Xepone 115 1
Kengkok 115 Lakpet 115 1 Overload From Bang Yo 22 kV To Bang Yo 115 kV CKT 2,3
Xepone 115 Xaybouathong 115 1
Xepone 115 Xepon Gen 115 1
Nam Theun 2 115 Xaybouathong 115 1
Nam Theun 2 115 Nam Theun 2 (1T) 11 1 Generator shedding Nam Theun 2 (1T) 11 kV
Nam Theun 2 115 Nam Theun 2 (2T) 11 2 Generator shedding Nam Theun 2 (2T) 11 kV
Boun Neua 22 Boun Neua 115 1 Supply interruption Boun Neua 22 kV
Lauangnamtha 22 Lauangnamtha 115 1 Supply interruption Lauangnamtha 22 kV
Oudomxai 22 Oudomxai 115 1 Overload From Oudomxai 22 kV To Oudomxai 115 kV CKT 2
Houayxay 22 Houayxay 115 1 Supply interruption Houayxay 22 kV
Xamneua 22 Xamneua 115 1 Supply interruption Xamneua 22 kV
Lauangnamtha 115 Namo 115 1 Supply interruption Lauangnamtha 115 kV
Oudomxai 115 Namo 115 1 Supply interruption Lauangnamtha 115 kV , Boun Neua 115 kV
Namo 115 Boun Neua 115 1 Supply interruption Boun Neua 115 kV
Bang Yo 22 Bang Yo 115 1
Bang Yo 22 Bang Yo 115 2 Overload From Bang Yo 22 kV To Bang Yo 115 kV CKT 1,3
Bang Yo 22 Bang Yo 115 3 Overload From Bang Yo 22 kV To Bang Yo 115 kV CKT 1,2
Thakho 22 Thakho 115 1 Supply interruption Thakho 22 kV
Saravan 22 Saravan 115 1 Supply interruption Saravan 22 kV
Sekong 22 Sekong 115 1 Supply interruption Sekong 22 kV
Attapeu 22 Attapeu 115 1 Supply interruption Attapeu 22 kV
Xepon Gen 22 Xepon Gen 115 1 Supply interruption Xepon Gen 22 kV
Ban Boun 22 Ban Boun 115 1 Supply interruption Ban Boun 22 kV
Lakpet 22 Lakpet 115 1 Overload From Lakpet 22 kV To Lakpet 115 kV CKT 2
Xeset 1 115 Xeset 2 115 1
Xeset 1 115 Saravan 115 1
Xeset 1 115 Lakpet 115 1
Xeset 1 115 Lakpet 115 2
Xeset 1 115 Xeset 1 (1T) 11 1 Generator shedding Xeset 1 (1T) 11 kV

Supply interruption Xeset 22 kV
Bang Yo 115 Lakpet 115 1
Bang Yo 115 Sirindhorn (EGAT) 115 1
Thakho 115 Ban Boun 115 1
Thakho 115 Thakho (1T) 11 1 Generator shedding Thakho (1T) 11 kV
Xeset 2 115 Xeset 3 115 1
Xeset 2 115 Xeset 2 (1T) 11 1 Generator shedding Xeset 2 (1T) 11 kV
Saravan 115 Sekong 115 1
Sekong 115 Houay Lamphan Gnai 115 1
Attapeu 115 Xexou 115 1
Attapeu 115 Nam Kong 3 115 1
Attapeu 115 Ban Boun 115 1
Xepon Gen 115 Xepon Gen (1T) 11 1 Generator shedding Xepon Gen (1T) 11 kV
Xepon Gen 115 Xepon Gen (2T) 11 2 Generator shedding Xepon Gen (2T) 11 kV
Houay Lamphan Gnai 115 Houay Lamphan Gnai (1T) 11 1 Generator shedding Houay Lamphan Gnai (1T) 11 kV
Houay Lamphan Gnai 115 Houay Lamphan Gnai (2T) 11 2 Generator shedding Houay Lamphan Gnai (2T) 11 kV
Xexou 115 Xexou (1T) 11 1 Generator shedding Xexou (1T) 11 kV
Xexou 115 Xexou (2T) 11 2 Generator shedding Xexou (2T) 11 kV
Nam Kong 3 115 Nam Kong 3 (1T) 11 1 Generator shedding Nam Kong 3 (1T) 11 kV
Paksong 115 Xeset 3 115 1
Xeset 3 115 Xeset 3 (1T) 11 1 Generator shedding Xeset 3 (1T) 11 kV
Ban Boun 115 Lakpet 115 1
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Case Study on  
Reinforcement to Substation at Thalat SwS 



Appendix 6.8-3 

1 

Appendix 6.8-3 Case Study on Reinforcement to Substation at Thalat SwS 

EDL requested the Team to study the additional case that Thalat SwS is reinforced to Substation and the local 

load of Nam Ngum PS is shifted to Thalat SS until 2010. 

Power flow and voltage analyses in 2010, 2015 and 2020 were examined.  Figure 1, 2 and 3 show the 

results of power flow and voltage analyses in 2010, 2015 and 2020 under normal operation conditions, and 

any overload conditions and voltage violations are not found.  The significant difference from Base case is 

only the power flow of transmission line between Nam Ngum PS to Thalat SS, and the differences of 3 MW 

in 2010, 4 MW in 2015 and 6 MW in 2020 are just a little.  Therefore, this alternation case is almost 

equivalent to the Base case. 

Table 1, 2 and 3 show the results of power flow and voltage analyses in 2010, 2015 and 2020 at any single 

contingencies.  The situations of this alternation case are same as those of Base case.  That is the overload 

conditions of 115 kV transmission lines are caused by loss of one circuit of some 115 kV transmission lines 

in 2010.  However, these overload conditions can be resolved by a small amount of generation power 

limitation.  Any overload conditions and voltage violations are not found in the trunk system at any single 

contingencies in 2015 and 2020. 

The fault current analysis and stability analysis were omitted, because the shifted load from Nam Ngum PS 

to Thalat SS of 3 MW in 2010 and 6 MW in 2020 is very small and the distance of 5 km from Nam Ngum PS 

to Thalat SS is very close, therefore this alternation does not affect the fault current and stability. 
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Appendix 5.2 Expected Contents of O & M Manuals 

A Transmission Lines 

A1 Patrol 

A1-1 Ordinary Patrol 

The line patrol is to be achieved for confirming proper conditions of transmission line facilities so as to 
prevent faults of lines, damage of facilities and accidents of inhabitants.  

Items to be confirmed during the patrol are generally as below: 

For Transmission Line Facilities :   
(a) Towers & 

foundations 
: deformation, missing and rust of tower members; missing and degradation 

of tower accessories; subsidence and collapse of land around foundations; 
damage on foundation concrete 

(b) Insulators : crack, breakage or dirt of insulator unit; deformation, missing, damage or 
rust of hardware 

(c) Conductor & 
ground-wires 

: breakage of individual wires; vibration; missing and rust of dampers and 
spacers 

(d) Fences : breakage or rust of fences  

For Circumstances around Lines : 
(a) Buildings : new or renewed buildings, railways, telephone lines and antenna poles,  

roads, water and sewerage facilities, and other constructions 
(b) Land change : reclamation of land; extraction of earth or sand 
(c) Land slide : landslide; collapse; new buildings in ROW 
(d) Tree growth : Branch clearances to line facilities; existence of danger trees 
(e) Patrol road : degradation or damage of or obstructs on roads  
(f) Illegal dumping : operation or illegal leaving of tall construction machines; dumping of 

explosives or inflammables 
(g) Obstacles : advertising balloons, flying kites, and other danger obstructs  

Seasonal Particulars : 
 

(a) Tree clearing : anticipated tree clearing works near lines 
(b) Growing plants : rapid growth of plants like bamboo 
(c) Birds : bird nesting 
(d) Fishing : jumping of fishing rods and fish-lines 

A1-2 Emergent Patrol 

The patrol will be carried out when any fault occurred.  Purpose of the patrol is for finding position of the 
fault, condition of the fault, damage or improper conditions, and for judging necessity of repair of facilities. 

A1-3 Special Patrol 

The line facilities and route will be patrolled for confirming conditions of the facilities before forecasted 
abnormal weather condition and also immediately after restoration of the abnormal weather. 
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Main items to be cared during the patrol are conditions of the line facilities, flying obstructions to the 
facilities, land slide or collapse, falling trees and branches, flood, water ways, access roads, and bridges to the 
line routes. 

A1-4 Plan of Patrol 

Each section of the lines should have detailed daily, annual, and seasonal patrol programs. 

(a) Means of patrol will be mainly on foot or by vehicles or helicopters. 

(b) Minimum frequency of ordinary patrol is 4 per year for all sections. 

(c) Sections where more troubles than others are anticipated should be patrolled once a month. 

A1-5 Follow-up of Patrol 
(a) Defects of line facilities 

Depending on the results of patrol, an urgent patrol or a repairing work should be programmed.  
The standard manuals of patrols and inspections should be amended in accordance with the 
experienced facts. 

(b) Abnormality on security and preservation of land around the line 

Detailed investigations should be achieved for the defects, and the following measures should be 
taken.  The standard manuals of patrols and inspections should be amended in accordance with 
the experienced facts. 

Items Measures 
Infringe of rights on ROW and 
owned land 

Confirmation of rights and coordination of 
counter-measures 

Land collapse around foundation, 
filling or land cutting 

Examination on affect to towers and 
countermeasures 

A2 Inspections 

A2-1 Initial Inspection 

The inspection should be executed to all facilities using measuring instrument and tools.  In case of 
abnormality or defect found, the items should be immediately restored and referred to the succeeding O & M 
works. 

A2-2 Periodical Inspection 

This inspection is visually to inspect the facilities at the time of the ordinary patrol.  

A2-3 Particular Inspection 

This inspection is also periodically to be done over the whole section of line to special parts of the facilities 
that deem important and can not be inspected in detail during the periodical inspection by using measuring 
instrument and tools.  
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A2-4 Special Inspection 

This is urgent inspection to facilities in particular line portions on which some disorders or damages are 
anticipated in the following cases. 

(a) When a storm, a local downpour or a long rain occurred, the inspection should be done to 

sections that possibility of disorder or damage is foreseen. 

(b) When a trouble has been found in a section or position, the inspection should be carried out to 

sections that the similar troubles are anticipated. 

(c) When and where necessity of the particular inspection for superannuated facilities is anticipated. 

A2-5 Plan of Inspections 

Annual and long-term inspection schedules should be prepared. 

A2-6 Execution of Inspections 
(a) Inspection Items 

Items Major Inspection  Frequency 
Initial Inspection    
Towers Tightening and missing of bolts, deformation of members  in 1st to 2nd year
Insulator sets Failure and crack of units, deformation of hardware  after commission
Spacers/dampers Missing, deformation and bolt-tightening  in 1st year 
Periodical Inspection    
Towers Structures inclination; deformation, missing, rust, and 

corrosion of members 
 Foundations subsidence or movement; condition of filling or 

cutting of land; crack and defect of concrete; 
 

 Counterpoises tightening of bolts; corrosion or missing of wires once 6 months 
Insulator sets Defects, missing, cracks and dirt of discs; deformation, rust, 

defects of hardware 
 

Conductors and 
ground-wires 

corrosion and breakage of individual wires, kink of conductors 
and wires; defects of accessories  

 

Particular Inspection   
Towers Structures tightening and missing of bolts, deformation of 

members, rust, corrosion 
once 4 years 

 Foundations measurement of subsidence, filling and cutting 
conditions of foundations in soft-ground area 

once 4 years 

Insulator sets Detection of inferior units and cracks, bolt-tightening  once 4 years 
Spacers/dampers Bolt-tightening, deformation and rust of clamping parts  once 4 years 
Grounding measurement of earth resistance  once 3 years 
Special Inspection  
Immediately after 
Storm/Rain 

Displacement of foundations, collapse of land in hills, 
cutting-lands, and land-sliding areas 

 

Change of landform measurement of earth resistance  
Occurrence of fault 
current 

Inside of clamps  

(b) Follow-up of Inspections 

- Restoration, if required, should be immediately carried out after specific measures would 
have been examined. 

- Manuals should be amended if the results of inspections and countermeasures taken would 
be referred to the future O & M. 
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A3 Countermeasures to Faults 

A3-1 Advance Measures 

When a storm or a local downpour is foreseen, following should be made in advance. 

(a) Establishment of acting system for restoration works 

(b) Preparation of materials for restoration 

A3-2 Urgent Patrol 

The patrol should be achieved for figuring out the fault position and its state, when a fault was occurred on 
the line. 

A3-3  Restoration 

Confirming the state of fault, the maintenance group should program the restoration measure, arrange the 
materials required, and restore the fault. 

A3-4 Preventive Measures for the Similar Faults 

After restoration, reasons of the fault should be analyzed and the preventive measures should be established. 

A4 Safe Clearances  

Minimum safe clearances to charged parts to be kept during the works of transmission lines are as below: 

System Voltage (kV) 3.3/6.6 22 33 66 115 220 500 
Min. Clearance (cm) 15 30 45 75 150 200 370 

B Substations 

B1 Patrol 

B1-1 Daily Patrol 

For confirming proper conditions of all facilities in the substation shall be patrolled in the frequency of once 
a day 

B1-2 Periodical Patrol 

Detailed inspection on all equipment in the substation in the frequency of once every 2 months.  Purpose of 
the patrol is for finding any damage or improper conditions and for judging necessity of repair of facilities. 

B1-3 Special Patrol 

For confirming conditions of the facilities before forecasted abnormal weather condition and immediately 
after restoration of the abnormal weather. 
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B1-4 Check Points during Patrol 
Equipment Items to be Checked  Records 

  Daily Periodical 
Transformers Noise, smell, vibration, oil leakage, 

painting, overheat, bushing(pollution, 
crack, damage) 

oil temperature & 
oil level 

oil temperature 
and oil level 

Circuit Breakers Noise, air/gas/oil leakage, overheat of terminal, 
bushing(pollution, crack, damage), ON-OFF 
position and indication, indicators’ conditions 

 pressure and 
number of 
operations 

GIS Noise, smell, leakage of gas/oil, connecting parts, 
ON-OFF position /indication, indicators’ 
conditions 

 pressure and 
number of 
operations 

Lightning Arresters Crack/damage/pollution of insulator part, 
breakage of lead-wires 

 number of  
operations 

LS & DS Crack/damage/pollution of insulator part, 
overheat of contacting parts, ON-OFF 
position/indication 

  

PT, PD & CT Noise, smell, vibration, oil leakage, overheat of 
terminal, breakage of lead-wires, 
bushing(pollution, crack, damage), 

  

MC & Cubicles Noise, smell, vibration, conditions of relay and 
switches, indication of meters, tightness of 
terminals, invasion of small animals 

currents and 
voltages of 
each feeder 
and bank  

currents and 
voltages of 
each feeder 
and bank  

Static Capacitors Noise, smell, vibration, oil leakage, overheat of 
terminal, breakage of lead-wires, bushing 
(pollution, crack, damage), 

  

Shunt Reactors Noise, smell, vibration, oil leakage, overheat of 
terminal, breakage of lead-wires, bushing 
(pollution, crack, damage), rust, painting 

 temperature and 
level of oil 

Air Compressors Pollution, rust, air/oil leakage, valve tightness, 
test running of spare unit, conditions of all valves

pressure and 
number of 
operations 

pressure and 
number of 
operations 

Relay/Distribution 
Panels 

Noise, smell, vibration, conditions of relay and 
switches, indication of meters, tightness of 
terminals, invasion of small animals, indicating 
lamps 

 indicating values of 
each indicator 

Remote 
Supervisory & 
Control Units 

Noise, smell, vibration, conditions of relay and 
switches, indication of meters, tightness of 
terminals, invasion of small animals, Indicating 
Lamps 

 voltages and 
currents 

Batteries & 
Chargers 

Noise, smell, vibration, conditions of switches, 
indication of meters, tightness of terminals, 
indicating lamps, liquid level and specific gravity

voltages and 
currents 

voltages and  
currents, 
temperature of 
cells,  

B1-5 Special Attentions 
(a) In case that a person in charge found any damage or any abnormality of equipment, he shall 

immediately report the fact to the responsible person.  In an emergency case, he will do an 

emergency measure to the fact in a way of adequate safety, and then report it to the responsible 

person. 

(b) The patrol shall be executed on all facilities keeping characteristics of equipment, composition of 

equipment, the day’s particular operation of the substation if any, weather condition, preceding 

troubles, etc., in mind. 
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(c) The persons in charge shall take care that they find indications of any trouble through careful 

inspections and their experience. 

(d) The periodical patrol shall be executed on the following points in particular. 

- Possibly detailed check on operational conditions of each equipment in a safe extent from 
energized parts. 

- Check on values of indicating instrument comparing with standard values of each 
instrument. 

- Confirmation on working conditions of facilities as far as the situation is allowed. 
- All results of patrols shall be recorded following the table in B1-4. 
- Patrol shall be executed by 2 persons in charge as much as possible for safety and 

prevention of wrong conceptions. 

B2 Inspections 

(a) Normal Inspection 

This inspection is to inspect the facilities from outside and treat damages, if any. 

(b) Detailed Inspection 

This inspection is to inspect and repair the facilities after dismantling them. 

(c) Special Inspection 

This is urgent inspection to and repair of facilities on which some disorders or damages are 
observed after the abnormal weather passed. 

B2-1 Preparation of Inspection 
(1) The responsible person for inspection shall discuss and confirm with operators in detail on the 

inspection items and repair assigned for each person, de-energized time, earthing points, safety 

measures, etc. 

(2) The responsible person for inspection shall thoroughly explain the matters confirmed with the 

operators to his crew. 

B2-2 Change of Works during the Inspection 
(1) The responsible person shall not leave the working site.  In inevitable case, he shall appoint 

another person as his representative. 

(2) In case the responsible person judges that the inspection would not be completed by the 

predetermined time, he shall request the operators to extend the time in sufficient advance. 

(3) When other inspection items than the scheduled works are found during the works, the 

responsible person shall report the matters to his senior person and operators.  He shall follow 

instructions of his senior person. 
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B2-3 Completion of the Inspection 
(1) After the inspection completed, the responsible person shall confirm whether all tools, materials, 

and meters used for the inspection as well as removed parts have been collected from the 

working sites. 

(2) The responsible person shall ask his inspection crew not to enter the site any more for safety of 

crew and also facilities. 

(3) The responsible person shall report completion of the inspection to his senior person and 

operators, and then shall confirm together with operators. 

(a) Removal of earthing device, 
(b) Inspected and repaired equipment, 
(c) No omission and fault in the scheduled inspection works, and 
(d) No inspection crew in the site. 

B2-4 Safety Measures 
(a) Provision of ropes around energized equipment, danger boards, scaffolding, lighting, etc. 

required for the safe works, 

(b) The roping and boarding shall be provided by the operators at their responsibility, but those shall 

be confirmed by the inspection crew. 

(c) The inspection works around energized parts or at high points shall be executed under control of 

the full-time watcher(s) appointed by the responsible person. 

(d) The inspection crew working near energized parts shall wear insulated protection clothes and use 

live-line tools.  In such narrow places as cubicles, a special arrangement shall be made so as to 

separate the working areas from energized parts. 

(e) At high points, the crew shall use safety belts and work on an adequate scaffolding.  Full 

attention of the crew shall be given so as not drop tools from the working points. 

B3 Inspection Items of Equipment 

B3-1 Transformers 
(1) Tank (Normal Inspection) 

Items Frequency Remarks 
(a) Outside and cleaning Once a year  
(b) Tap changer Once a year  
(c) Tightness of main connections Once a year  
(d) Cleaning of bushings Once a year  
(e) Circuit of control box Once a year  
(f) Measurement of insulation resistance Once a year  
(g) Tests of alarm circuits Once a year  
(h) Cooling facility Once a year  
(i) Inside of ducts Once a year  
(j) Others Once a year  
(k) Test of insulation oil Once a year  
(l) Gas analysis in oil Once a year  
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(2) Air Cooling facilities 
Items Frequency Remarks 

Normal Inspection   
 (a) Outside and cleaning Once a year  
 (b) Radiators and cleaning Once a year  
 (c) Motors Once a year  
 (d) Measurement of air volume and pressure Once a year at the same unit 
Detailed Inspection   
 (a) Replacement of bearing, packing and fan-belt Once 6 years  
 (b) Other s Once 6 years  

(3) Water Cooling facilities 
Items Frequency Remarks 

Normal Inspection   
 (a) Confirmation of motor driving function Once a year  
 (b) Confirmation of valve function Once a year  
 (c) Inspection and cleaning of strainers Once a year  
 (d) Others (outside) Once a year  
Detailed Inspection   
 (a) Confirmation of motor driving function Once 3 years  
 (b) Confirmation of valve function Once 3 years  
 (c) Inspection of flow and level meters Once 3 years  
 (d) Operation of relays Once 3 years  
 (e) Other s Once 3 years  

(4) Tap Changers (Detailed Inspection) 
Items Frequency Remarks 

(a) Inspection of contacts Every 100,0000 operations  
(b) Motor driving device Every 100,0000 operations  
(c) Control circuits Every 100,0000 operations  
(d) Test of changing switches Every 100,0000 operations  
(e) Torque of driving mechanism Every 100,0000 operations  
(f) Measurement of motor input current Every 100,0000 operations  
(g) Oil withstand voltage test  Every 100,0000 operations Before and after 
(h) Sequence test Every 100,0000 operations  

B3-2  Static Capacitors, Rectors and Discharging Coils 
Items Frequency Remarks 

Normal Inspection   
 (a) General inspection on tank Once 3 year  
 (b) Outside inspection on feeding tank Once 3 year  
 (c) Bushing and supporting insulators Once 3 year With cleaning 
 (d) Confirmation of tightness of terminal Once 3 year  
 (e) Earthing device Once 3 year  
 (f) Inside of terminal box Once 3 year  
Detailed Inspection   
 (a) Measurement of capacitance When abnormality found.  
 (b) Others When abnormality found.  

B3-3 Gas Circuit Breakers 
Items Frequency Remarks 

Normal Inspection-1   
 (a) Operation test Once 2 years  
 (b) Measurement of opening time Once 2 years  
 (c) Trip free test Once 2 years  
 (d) Operation tests of pressure switches Once 2 years  
 (e) Measurement of insulation resistance Once 2 years  
 (f) Gas leaking test Once 2 years  
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 (g) Measurement of minimum trip voltage Once 2 years  
 (h) Measurement of gas consumption Once 2 years  
Normal Inspection-2   
 (a) Outside and cleaning Once 4 years  
 (b) Main circuit terminal & control circuit Once 4 years  
 (c) Inspection and improvement of 
    operating mechanism 

Once 4 years  

 (d) Various tests as (a) to (h) for the 
     Normal Inspection-1 

Once 4 years  

 (e) Operation of all valves Once 4 years  
 (f) Measurement of contact resistances Once 4 years  
 (g) Function of reduce valves Once 4 years  
Initial Inspection    
 (a) Visual outside inspection within 1 year after operation energized cond. 
 (b) Gas leakage within 1 year after operation  
 (c) Gas & water leakage on pipes & valves within 1 year after operation  
 (d) Gas analysis  within 1 year after operation by gas checker 

B3-4 Air Circuit Breakers 
Items Frequency Remarks 

Normal Inspection   
 (a) Visual outside inspection Once 2 years  
 (b) Operation mechanism Once 2 years from outside 
 (c) Inspection on bushing & insulators Once 2 years with cleaning 
 (d) Main circuit terminal & control circuit Once 2 years  
 (e) Breaking parts and care Once 2 years  
 (f) Air leakage Once 2 years  
 (g) Operation of various valves Once 2 years  
 (h) Trip-free test Once 2 years  
 (i) Measurement of On-Off time Once 2 years  
 (j) Measurement of air consumption Once 2 years  
 (k) Operation test of pressure switches Once 2 years  
 (l) Measurement of insulation resistance Once 2 years  
Detailed Inspection   
 (a) Main breaking parts Once 4 years after dismantling 
 (b) Axial breaking parts Once 4 years after dismantling 
 (c) Insulated air tubes Once 4 years  
 (d) Shunt resistance and condensers Once 4 years  
 (e) Various valves on control blocks Once 4 years  
 (f) Control box (pressure gauge, switches, Once 4 years  
    tripping device, control circuit)   
 (g) Air leakage test Once 4 years  
 (h) Measurement of air consumption Once 4 years  
 (i) Open-phase protection test Once 4 years  
 (j) Air pressure test of minimum making Once 4 years  

B3-5 Vacuum Circuit Breakers 
Items Frequency Remarks 

Detailed Inspection   
 (a) Visual outside inspection Once 4 years cracks on mold 
 (b) Operation mechanism Once 4 years  
 (c) Terminal on main circuit and control cct Once 4 years with cleaning 
 (d) Cleaning of current flow parts Once 4 years  
 (e) Operational condition of unit Once 4 years  
 (f) Measurement of insulation resistance Once 4 years  
 (g) Check of degree of vacuum Once 4 years  
 (h) Measurement of electrode exhaustion Once 4 years  
 (i) Air pressure test of minimum making Once 4 years  
 (j) Measurement of making time Once 4 years  
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 (k) Trip-free test Once 4 years  
 (l) Measurement of spring stored time Once 4 years  
First Inspection within 1 year after operation as the detailed 

inspection 

B3-6 Oil Circuit Breakers 
Items Frequency Remarks 

Normal Inspection   
 (a) Visual outside inspection Once 2 years cleaning & oil add. 
 (b) Oil level and oil leakage Once 2 years  
 (c) Inspection on bushing & insulators Once 2 years with cleaning 
 (d) Visual inspection on operating mechanism Once 2 years  
 (e) Main circuit terminal & control circuit Once 2 years  
 (f) Measurement of insulation resistance Once 2 years  
 (g) Operation test Once 2 years  
 (h) Measurement of making time Once 2 years  
 (i) Trip-free test Once 2 years  
 (j) Voltage test of insulation oil Once 2 years  
 (k) Measurement of minimum making voltage and pressure Once 2 years  
Detailed Inspection   
 (a) Main breaking parts Once 4 years after dismantling 
 (b) Operating mechanism Once 4 years  
 (c) Various valves Once 4 years  
 (d) Withstand voltage test of oil in N2 tank Once 4 years  
 (e) Filtering of insulation oil Once 4 years  
 (f) Phase balancing Once 4 years  
 (g) Contact resistance of aux. switches Once 4 years  

B3-7 GIS 
Items Frequency Remarks 

Normal Inspection-1   
1. Circuit Breakers Once 2 years same as for gas 
  circuit breakers 
2. DS & Earthing Switches   
  (a) Operation mechanism Once 2 years with improvement 
  (b) Operation test Once 2 years  
  (c) Gas leakage Once 2 years  
3. Control Box    
  (a) Operation tests of pressure switches Once 2 years  
  (b) Measurement of insulation resistance Once 2 years  
4. Gas Circulation Apparatus Once 2 years same as for air 
  Compressors 
5. Instrument Transformer   
  (a) Second side terminals Once 2 years  
  (b) Measurement of insulation resistance Once 2 years  
  (c) Protective gap Once 2 years  
  (d) Cable terminals Once 2 years  
  (e) Earthing wires Once 2 years  
6. Lightning Arresters   
  (a) Visual outside inspection Once 2 years  
  (b) Earthing terminals Once 2 years  
  (c) Gas leakage Once 2 years  
  (d) Measurement of insulation resistance Once 2 years  
  (e) Measurement of leakage current Once 2 years  
Normal Inspection-2   
1. Circuit Breakers Once 4 years same as for gas 
  circuit breakers 
2. DS & Earthing Switches   
  (a) Operation mechanism Once 4 years with improvement 
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  (b) Operation test Once 4 years  
  (c) Measurement of make and break stroke Once 4 years  
  (d) Gas leakage Once 4 years  
  (e) Measurement of water content in gas Once 4 years  
  (f) Measurement of contact resistance of  Once 4 years  
     breaking parts   
3. Control Box   
  (a) Operation test of pressure switches Once 4 years  
  (b) Pressure gauge Once 4 years  
  (c) Function of reversible and reducible valves Once 4 years  
  (d) Reset pressure of safety valves Once 4 years  
  (e) Measurement of insulation resistance Once 4 years  
  (f) Sequence tests Once 4 years  
4. Gas Circulation Apparatus  same as for air 
  Compressors 
5. Instrument Transformer   
  (a) Second side terminals Once 4 years  
  (b) Measurement of insulation resistance Once 4 years  
  (c) Protective gap Once 4 years  
  (d) Cable terminals Once 4 years  
  (e) Earthing wires Once 4 years  
6. Lightning Arresters   
  (a) Visual inspection on outside Once 4 years  
  (b) Gas leakage Once 4 years  
  (c) Measurement of leakage current Once 4 years  
  (d) Earthing terminals Once 4 years  
  (e) Measurement of insulation resistance Once 4 years  
Initial Inspection within 1 year after 

operation start 
 

1. Circuit Breakers  same as for gas 
  circuit breakers 
2. DS & Earthing Switches   
  (a) Visual inspection on outside   
  (b) Gas leakage   
  (c) Gas analysis by gas checker   
3. Control Box   
  (a) Visual inspection on outside   
4. Lightning Arresters   
  (a) Visual inspection on outside   
  (b) Gas leakage   
  (c) Measurement of leakage current   
  (d) Gas analysis by gas checker   

B3-8 Cubicles 
Items Frequency Remarks 

Detailed Inspection   
 (a) Visual outside inspection Once 4 years  
 (b) Tightening of all connections in the box Once 4 years  
 (c) Bus and separator Once 4 years  
 (d) Heater conducting Once 4 years  
 (e) Wiring Once 4 years  
 (f) Measurement of insulation resistance Once 4 years  
 (g) Sequence test Once 4 years  
 (h) All equipment and parts in the box Once 4 years  

B3-9 Air Compressors 
Items Frequency Remarks 

Normal Inspection every 500 hours or  
 once a year  
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 (a) Visual outside inspection  cleaning & oil add. 
 (b) Check of lubrication oil and aux. apparatus   
 (c) Air filters  with cleaning 
 (d) Removal of water from oil-separators   
 (e) Pipe valves   
 (f) Air leakage and water drainage from air 
    tank  

  

 (g) Control Panel   
 (h) Function of auto-valves   
 (i) Function of pressure switches   
 (j) Tests for auto-start and stop   
 (k) Alarm test   
 (l) Measurement of air filling   
Detailed Inspection every 1,000 hours  
 or once 3 year  
 (a) Cleaning of crank cabin  after dismantling 
 (b) Inspection of pistons  after dismantling 
 (c) Inside of cylinder and Inhalation/exhausting  after dismantling 
    valves  after dismantling 
 (d) Separator of oil and water  after dismantling 
 (e) All kinds of bearings  after dismantling 
 (f) Auto-valves  after dismantling 
 (g) Oil pumps and Strainers  after dismantling 
 (h) Connection mechanism  after dismantling 
 (i) Pressure gauges  after dismantling 
 (j) Adjustment and function test of safety valve  after dismantling 
 (k) All items as for the Normal Inspection  after dismantling 

B3-10 Instrument Transformers 
Items Frequency Remarks 

Normal Inspection   
 (a) Inspection and cleaning of bushings during de-energisation  
 (b) Terminals on primary side during de-energisation  
 (c) Terminals on secondary side during de-energisation  
 (d) Measurement of insulation resistance during de-energisation  
 (e) Protective gap during de-energisation  
 (f) Visual inspection and cleaning of outside during de-energisation  
 (g) Cable termination parts during de-energisation  
 (h) Earthing wires during de-energisation  

B3-11 Busses 
Items Frequency Remarks 

Normal Inspection   
 (a) Inspection and cleaning of bushings once 2 years visual  
 (b) Overheat conditions of conductors and  once 2 years resistance measurement 
    terminals on connecting parts  or infrared rays censor 
Detailed Inspection   
 (a) Measurement of insulation resistance when required  
 (b) Terminals on secondary side when required  
 (c) Visual inspection and cleaning of outside when required  
 (d) Bolt-tightening on every part when required  
 (e) Measurement of contact resistance when required  
 (f) Corona measurement when required  

B3-12 Disconnecting Switches 
Items Frequency Remarks 

Normal Inspection   
 (a) Visual outside inspection once 2 years  
 (b) Confirmation of switching operation once 2 years  
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 (c) Visual inspection of operation mechanism once 2 years  
Detailed Inspection   
 (a) Contacting portion when required check & cleaning 
 (b) Support insulators  when required check & cleaning 
 (c) Operation confirming apparatus when required check & cleaning 
 (d) Condition of bolt-tightening when required  
 (e) Inside of operating mechanism box when required check & cleaning 
 (f) Air leakage of air system when required  
 (g) Measurement of insulation resistance when required  
 (h) Operation test of each functioning parts when required  
 (i) Magnetic valves and cylinders when required dismantling and cleaning 
 (j) Replacement of packing when required  
 (k) Replacement of rubber piston for operation when required  
    and dash pots when required  

B3-13 Earth-resistors for Neutral Points 
Items Frequency Remarks 

Normal Inspection   
 (a) Bushings and supporting insulators once 4 years check & cleaning 
 (b) Bolt-tightening once 4 years  
 (c) Earthing-wires once 4 years  
 (d) Current transformers once 4 years same items as for 
  instrument trans. 
 (e) Main body of resistors  once 4 years  
 (f) Measurement of resistance of resistors once 4 years  
 (g) Measurement of insulation resistance once 4 years  
 (h) Control and terminal boxes once 4 years  
 (i) Operation mechanism of DS once 4 years Same items as for  
  disconnecting switch 
 (j) Alarm tests once 4 years  
Various Tests   
 (a) Characteristic of insulation oil once 4 years  
 (b) Analysis of gas in oil when required  

B3-14 Batteries 
Items Frequency Remarks 

Normal Inspection   
(Lead-bent type batteries)   
 (a) Uniform charging once 6 months  
 (b) Measurement of voltage once 6 months before & after charge 
 (c) Measurement of specific gravity once 6 months before & after charge 
 (d) Visual check on outside once 6 months  
 (e) Adjustment of liquid level  once 6 months  
(Lead-sealed type batteries)   
 (a) Measurement of voltage once 6 months  
 (b) Visual check on outside and cleaning once 6 months  
(Alkaline batteries)   
 (a) Uniform charging once 6 months  
 (b) Measurement of voltage once 6 months before & after charge 
 (c) Measurement of specific gravity once 6 months before & after charge 
 (d) Visual check on outside once 6 months  
 (e) Adjustment of liquid level  once 6 months  

B3-15 Battery Chargers 
Items Frequency Remarks 

Normal Inspection-1   
 (a) Operation change of floating and uniform once 6 months  
 (b) Confirmation on dropper operation once 6 months  
 (c) Confirmation on indicators once 6  
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months 
Normal Inspection-2   
 (a) Inside of chargers once 4 years cleaning 
 (b) Measurement of voltage once 4 years manual/float/uniform 
 (c) Dropper function once 4 years  
 (d) Indicator tests once 4 years  
 (e) Measurement of insulation resistance once 4 years  
 (f) Calibration tests of meters once 4 years  
 (g) Relay tests once 4 years  
 (h) Confirmation on waves for input & output  once 4 years  

B3-16 Switch Boards and Control Circuits 
Items Frequency Remarks 

Normal Inspection   
 (a) General and wiring once 2 years  
 (b) Synthetic performance tests once 2 years incl. Sequence tests 
 (c) Measurement of insulation resistance once 2 years  
 (d) Measurement of voltage and current once 2 years transformer circuit 
Detailed Inspection once 2 years  
 (a) Meter characteristics tests once 4 years  
 (b) Inspection on meter construction  once 4 years  
 (c) Inspection on relay construction once 4 years  
 (d) Relay function tests once 4 years  
 (e) Earthing confirmation on transformer cct. once 4 years  
Initial Inspection 1 year after  same as detailed  
 commissioning inspection 

B4. Special Attentions to Operation 

(1) The chief of operation department will appoint a chief operator and its representative of each 

substation. 

(2) Operation of substations shall be carried out strictly following the instructions given by the 

load-dispatching center.  The instructions shall be received by the chief operator of the 

substation, and shall be driven to all operators by the chief operator. 

(3) Specific operation of all equipment shall be conducted fully in accordance with the operation 

manuals provided for each substation.  The manual shall cover standard procedures for 

operation of the substation and specific operation in various emergency cases. 

(4) Actual operation of equipment in the substation shall be done by operators in accordance with 

instructions of the chief operator of the respective substation. 

(5) In case that any special operation or repairing works of equipment is instructed by the 

dispatching center, the chief operator shall report the center the operation or repairing works with 

results after completion. 

(6) All repairing works shall be executed after installation of earthing device for keeping safety of 

operators and also facilities from short circuit with other facilities.  After completion of the 

related works, the chief operator shall confirm that the device have been removed.  However, 

such special works to be done without earthing as phase test, measurement of insulation 

resistance, etc. shall be carried out under temporary disconnection of earthing device after 

confirmed that no possibility of wrong connection with other circuits. 
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