
ラ オ ス 国

送変電設備マスタープラン調査

平成14年9月

日 本 工 営 株 式 会 社

東 京 電 力 株 式 会 社

国 際 協 力 事 業 団

工 業 手 工 芸 省

ラ オ ス 電 力 公 社

ファイナル・レポート

（付　録）

鉱 調 資

02 149

J R

No.



 

ラオス国 

送変電設備マスタープラン調査 

 
 

ファイナル・レポート 
（付録） 

 
 
目  次 

 
 

第 I部 マスタープラン 
 

付録 3.5 電力法 

付録 5.4 電力需要予測の詳細 

付録 6.2 22 kVおよび低圧配電系統の検討 

付録 6.4 既設 115 kV変電所の詳細データ 

付録 6.7 系統解析用の発電機定数 

付録 6.8-1 潮流と年経費の関係 

付録 6.8-2 乾季保証出力における検討 

付録 6.8-3 Thalat開閉所の変電所への増強ケースにおける検討 

 
 

第 II部 最優先プロジェクトに対する設備設計 
 

付録 5.2 運転・保守マニュアル（案） 

 



 
 
 
 
 
 
第 I部 

 
 

マスタープラン



 
 
 
 
 
付録 3.5 

 
電 力 法































 
 
 
 
 
付録 5.4 

 
電力需要予測の詳細
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1 

付録 6.2 22 kVおよび低圧配電系統の検討 

本報告書で提案する送変電プロジェクトの包括的な評価を行なうために、配電系統に関わる検討を行

なった。対象となる配電系統は、最適送電系統計画の中で提案されている 2000年から 2020年の間に完成
予定の 115/22 kV変電所からの高圧および低圧の配電系統である。 

第 1 章で述べたように、本マスタープランの業務範囲は、国内需要向け送電系統の最適計画の策定に
あり、配電系統に関わる検討は含まれていない。しかしながら、全国送電系統に新たに連系される配電系

統についても、包括的かつ最適な電力系統を作成のためには必要であると考え、調査団の一存により検討

することとした。 

1. 基本設計条件 

(1) 配電系統の標準電圧 

架空地線配電方式（SWER）を除いて、ラオスの現在の標準配電電圧は 22 kV である。これは JICA の
電力技術基準作成チームにも確認されている。 

(2) 22 kV配電線の架空電線種類 

EDL の既設 22 kV 配電線に使用されている架空電線は多種多様にあり、標準電線は決められていな
い。配電系統の建設コスト見積もりのため、次にあげる AAC（アルミニウム合金より線）を標準電線として考
慮する。 

表1.2 電線の技術パラメータ 

電線 
より線 

Nos./Dia.(mm) 
断面積 
(mm2) 

電線外径

(mm) 
電流容量

(A) 
重量

(kg/km)
引張強度 

(kg) 
抵抗（20oC）

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

(3) 架空電線の送電容量 

配電線末端における電圧降下を、送電端電圧（22 kV）の 10％以内に抑えることを基本方針とし、さらに
配電線の亘長に負荷が平均一様に分散している場合と、送電端から配電線末端に向けて直線的に減少

する場合を想定して、3相 3線式 1回線配電線の送電容量は以下のように計算される。 

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

ここに, Vd : 電圧降下 (volt) 
 I : 送電端電流 (ampere)  
 R : 電線抵抗 (ohm/km) 
 X : 電線リアクタンス (ohm/km) 
 φ : 電流 Iの力率 
 L : 配電線の距離 (km) 
 S : 負荷係数 
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ラオスにて使用されている標準 22 kV配電線による電力輸送の最大距離は、電圧降下 10 %として下記
式にて算出される。 

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

ここに、 P : 可能送電容量 
 Vr : 受電端電圧 

上記（1）式より、 

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

第（3）式を（2）式に代入すると、 

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

導体のリアクタンスは（5）式によって計算される。 

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

ここに、 f : 系統周波数 
 D : 等価線間距離 (1.2m標準相間隔において 1.51m) 
 R : 導体半径 

配電系統の平均力率（cos φ）を 0.85 と仮定すれば、電線のインピーダンス（r*cosφ + x*sinφ）は下
記の通りとなる。 

表1.2 導体のリアクタンス 
(単位: Ω/km） 

電線 抵抗 (75oC) リアクタンス インピーダンス 
 AAC 250 mm2 0.132 0.327  0.285  
 AAC 185 mm2 0.195 0.339  0.344 
 AAC 150 mm2 0.223 0.344 0.371 
 AAC 70 mm2 0.534 0.371 0.649 

最大電圧降下を 10 %とした場合の配電距離と配電容量の関係は、負荷分散係数を 1/2 または 1/31とし

て式（4）から下記の様に求められる。 

表1.3 距離に対する電線別の可能送電容量 
(単位 : kW) 

電線 負荷 距離 
 係数 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  負荷分散係数 1/2は、配電線の亘長に負荷が平均一様に分散している場合に、また 1/3は、電力の送出点から配電線末端に向
けて直線的に減少する場合に適用する。 



付録 6.2 

 

3 

2. 配電設備の必要数量予測 

(1) 配電設備の電力需要 

第 5 章で述べたように、全国の郡別の電力需要の大半は、2010 年では 2,000kW 以下、2015 年では
3,000kW以下、そして 2020年のおいては 5,000kW以下である。 

115/22 kV変電所からの 22 kV配電線のフィーダー数と距離を、各 5年ごとに以下に述べる手法により
予測した。 

(a) 115/22 kV変電所は主要な電力消費センターの近隣に位置する。一般的に、変電所の近隣で

は負荷の需要密度が高く、変電所から配電線の末端に向かうに従って需要家数が減少するた

め、需要密度は徐々に低下していく。そこで、全ての配電線について、負荷は送電端から配電

線末端に向けて直線的に減少すると仮定する。 

(b) 各郡ごとの需要予測の結果を参考にして、変電所から配電線末端までの距離と可能送電容量

の表を基に、変電所からのフィーダー数と各フィーダーの電線サイズを決定する。 

(c) 配電線は、比較的電力需要の高い主要道路に沿って建設される。配電線の距離は、

1:100,000サイズの地図から計測する。 

(d) 配電用変圧器(22/0.38-0.22 kV)の標準容量は、50、100、160そして 250 kVAである。配電用

変圧器の数量と単機容量は、これらの標準モデルから決定する。 

(e) 22 kV 配電線の建設される地区の電力需要に従って、配電用変圧器は配電線に沿って相当

の距離をおいて設置される。 

(f) ひとつの変電所に付随する 22 kV配電系統の配電用変圧器の総設備容量は、各年度におい

て電力需要予測の 120％以上とする。 

一方、低圧配電線については以下のように想定する。 

(g) 低圧配電線の支持物は現地産のコンクリート柱とし、電線には 50/35 mm2 ケーブルを採用す

る。低圧配電線の必要総延長距離は、ラオスの現状から想定して、22 kV 配電線の総亘長の

80％と仮定する。 

(2) 115/22 kV 変電所毎の配電設備の必要数量 

調査対象期間中に建設される 115/22 kV変電所についての詳細は、本報告書の第 5章および第 6章
に述べた通りであり、その電力需要予測は第 5章の表 5.5-2に示されている。 

各変電所の電力供給地域に必要な配電設備は、第 7章の図 7.8-1に示すように 22 kV配電系統の新
設・拡張を地図上で想定した上で検討を行ない、5年ごとの必要な数量を予想した。ビエンチャン特別市に
ついては、各変電所別ではなくビエンチャン市全体をひとつとして、電力需要の伸びをもとにして必要な配

電設備の追加数量を予想した。 
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3. 配電設備のコスト見積もり 

(1) 高圧および低圧配電設備の単価 

ラオスにおける最近の地方電化プロジェクトの業者契約書と、調査団が入手している国際市場価格を参

考に、以下の単価を想定し、配電設備のコスト算出に適用した。なお、この単価は 2001年 12月を基準とし、
CIF と工事費用を含んだものである。 

表3.1 配電設備の建設コスト 

電圧 機器/材料 単価 摘要 
22 kV AAC 250 mm2 O.H Line 11,000 US$/km 現地産コンクリート柱を使用 
 AAC 185 mm2 O.H Line 10,000 US$/km 現地産コンクリート柱を使用 
 AAC 150 mm2 O.H Line 9,000 US$/km 現地産コンクリート柱を使用 
 AAC 70 mm2 O.H Line 7,000 US$/km 現地産コンクリート柱を使用 
 Transformer : 50 kVA 6,500 US$/unit 雑材料を含む 
 Transformer : 100 kVA 7,000 US$/unit 雑材料を含む 
 Transformer : 160 kVA 8,000 US$/unit 雑材料を含む 
 Transformer : 250 kVA 8,500 US$/unit 雑材料を含む 
 Step voltage regulator 50,000 US$/unit 4,000 kVA 
 50 kVar shunt capacitor 15,000 US$/set 3相用 
380/220 V AL 50/35 mm2 O.H Line 5,000 US$/km 現地産コンクリート柱を使用 

(2) 高圧および低圧配電系統の建設コスト 

以上の検討結果から、各変電所および近隣地区へ 22 kV フィーダーにより電力供給を行なう発電所に
ついて、2020年までに建設される配電設備のコストを 5年単位に積算した。 

調査対象期間中に必要な変電所別の配電設備の必要数量と建設コストを表 3.3 に示す。概要は下表
に示す通りである。なお、コストはラオスの 2001年市場価格を基にしている。 

表3.4 建設コスト概要  
(Unit : US$) 

建設コスト 
完成年 FC LC Total 

2000 - 2005 29,503,200 7,375,800 36,879,000 
2006 - 2010 37,876,400 9,469,100 47,345,500 
2011 - 2015 35,704,800 8,296,200 44,631,000 
2016 - 2020 32,052,800 8,013,200 40,066,000 
合計 135,137,200 33,784,300 168,921,500 

これらのコストは、最適送電系統計画の経済評価に使用する。 

建設コストの支出計画は、表 3.5に示す通りである。 

4. EDL電力系統の予想販売電力量 

各変電所毎の電力量需要は、第 5章の表 5.5-1に示す通りである。この表に示す電力量を需要家に供
給するためには、EDLは115 kV送電系統の開発のみならず、全国に亘る配電設備の開発も実施する必要
がある。 
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最適送電系統の開発計画と配電設備の新設・増強の実施は、2000 年以降の EDL 電力系統の販売電
力量に便益を与える。表 4.1 は、2000 年以降の全ての変電所における年間販売電力量の増加分を示す。
これは、本報告書で提案する最適系統計画と配電設備計画の実施によってもたらされる第一の便益である。

その概要は、下表に示す通りである。 

表4.2 EDL電力系統の年間販売電力量における便益 (2000年基準) 

 2005 2010 2015 2020 
販売電力量における便益 486 GWh 1,216 GWh 2,219 GWh 3,349 GWh 

 



表3.2  EDLの配電設備の標準単価

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)



表3.3  変電所別の配電設備の必要数量と建設コスト

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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表3.3  変電所別の配電設備の必要数量と建設コスト

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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表3.3  変電所別の配電設備の必要数量と建設コスト

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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表3.3  変電所別の配電設備の必要数量と建設コスト

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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表3.3  変電所別の配電設備の必要数量と建設コスト

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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表3.3  変電所別の配電設備の必要数量と建設コスト

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
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付録 6.4 

 
既設 115 kV変電所の詳細データ



付録6.4  既設115 kV変電所の詳細データ  　（建設中のものも含む）

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
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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

 Single Line Diagram

Layout
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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

 Single Line Diagram
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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

 Single Line Diagram
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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

Layout
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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

Layout
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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

Layout
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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

 Single Line Diagram
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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

 Single Line Diagram

Layout



F
ig

ur
e 

N
o.

T
it

le

T
he

 S
tu

dy
on

 M
as

te
r 

P
la

n
of

 T
ra

ns
m

is
si

on
 L

in
e

an
d

Su
bs

ta
ti

on
 S

ys
te

m

Ja
pa

n 
In

te
rn

at
io

na
l C

oo
pe

ra
ti

on
 A

ge
nc

y
(J

IC
A

)

Jo
in

t V
en

tu
re

N
ip

po
n 

K
oe

i C
o.

, L
td

.
&

T
ok

yo
 E

le
ct

ri
c 

P
ow

er
 C

om
pa

ny
E

le
ct

ri
ci

te
 d

u 
L

ao
s

ELEC
T

R
IC

IT
E

D
U

LAOS

M
D

S

MMM

G
C

B

D
S

L
A

M
1
1

5
/3

4
.5

/2
3
k
V

, 
1
6
/6

/1
3
M

V
A

Y
N

d
1
1
y
n
0
, 
O

N
A

F

±
2
1
x
1
.2

5
%

Im
p
.=

1
0
.4

%
 a

t 
n
o
rm

a
l 
ta

p

1
1

5
 k

V
 m

a
in

 b
u
s

1
1

5
 k

V
 t
ra

n
s
fe

r 
b
u
s

U
n
d
e
r 

c
o
n
s
tr

u
c
ti
o
n
 b

y
 P

T
D

 P
ro

je
c
t

L
in

e
 T

ra
p

P
h
a
s
e
 A

&
C

P
L
C

L
A X
ie

n
g
 N

g
e
u
n

M

G
C

BD
S

 w
it
h
 E

S

M

D
S

 w
it
h
 E

S

M

D
S

MMM

G
C

B

D
S

D
S

 w
it
h
 E

S

M

2
2
 k

V
 b

u
s
 

F
u
s
e

s
ta

ti
o
n

s
e
rv

ic
eT

r

2
2
/0

.4
k
V

5
0
k
V

A

L
A

L
A

L
A

s
p
a
ir

L
A

L
A

D
S

 w
it
h
 E

S

D
S

G
C

B

S
h
ie

ld
 W

ir
e

X
a

y
a

b
u

ry
 S

u
b

s
ta

ti
o

n

S
in

g
le

 L
in

e
 D

ia
g

ra
m

s
p

a
ir
 s

p
a

c
e

 f
o

r

fu
tu

re
 t

ra
n

s
m

is
s
io

n
 l
in

e

D
S

F
a
s
t 
c
lo

s
in

g
 E

S

C
T

5
0
-1

0
0
-2

0
0
/1

/1
/1

/1
A

C
T

1
0
0
-2

0
0
-4

0
0
/1

/1
/1

/1
A

P
T

3
4

.5
k
V

/1
1

0
V

/1
1

0
V

C
T

5
0
-1

0
0
/1

/1
A

P
T

1
1

5
k
V

/1
1
0
V

/1
1
0
V

√
3
  
 √

3
  
 √

3
 

P
T

1
1

5
k
V

/1
1
0
V

/1
1
0
V

√
3
  
 √

3
  
 √

3
 

C
T

1
0
0
-2

0
0
-4

0
0
/1

/1
/1

/1
A

P
T

1
1

5
k
V

/1
1

0
V

/1
1

0
V

√
3
  
 √

3
  
 √

3
 

D
S

1
2
5
0
A

G
C

B

1
2
5
0
A

C
T

2
0
0
-4

0
0
/1

/1
/1

A

  
  
  
 P

T

  
2
2
k
V

/1
1
0
V

/1
1
0
V

√
3
  
 √

3
  
 √

3
 

P
T

  
2
2
k
V

/1
1
0

V
/1

1
0
V

√
3
  
 √

3
  
 √

3
 

G
C

B

1
2
5
0
A

G
C

B

1
2
5
0
A

G
C

B

1
2
5
0
A

C
T

2
0
0
-4

0
0
/1

/1
A

C
T

2
0
0
-4

0
0
/1

/1
A

C
T

2
0
0
-4

0
0
/1

/1
A



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

 Single Line Diagram

Layout
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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

Layout



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
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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
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