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Wanlapha Tangkananuruk 2008: Multi-Zone Transmission Expansion Planning using
Genetic Algorithm. Master of Engineering (Electrical Engineering), Major Field: Electrical
Engineering, Department of Electrical Engineering. Thesis Advisor: Assistant Professor

Parnjit Damrongkulkamjorn, Dr.Ing. 54 pages.

This thesis presents transmission expansion planning of a practical multi-zone system by
using the famous genetic algorithm (GA). The system, which consists of 19 buses, 7 zones and 3
voltage levels, is part of a transmission network of Electricity Generating Authority of Thailand
(EGAT). The zones are defined based on the geography of Thailand. The objective of transmission
expansion for this system is to find the routes, conductor types and voltage levels of the new set of
transmission lines that yield the least cost while satisfying forecast load demand. The load forecast
for each zone is given for 5 years. The percent increases of load are taken from the System Planning
Division, EGAT. The cost considering as an objective function for GA includes installation cost of
transmission lines and the cost of losses in additional transmission lines. The loss cost is the present
worth computed from the annual loss cost of transmission lines assuming that the lines are in service
for 20 years, while the line losses are obtained from optimal power flow of the system with forecast

load as the annual average load.

The analysis results of transmission expansion planning show that the best location for
additional transmission lines is the route between zone 2 and zone 7, at 115 kV, with the 3 conductors

of MCM 1x795 ACSR/GA connected between buses 15 and 16

Student’s signature Thesis Advisor’s signature
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From Bus Injection To Bus Injection Loss (I"2 * Z)
From To
p Q p Q p Q
Bus Bus
(MW) (MVAR) MW) (MVAR) MW) (MVAR)
1 2 824.36 458.80 -819.14 -517.86 5.29 95.39
1 4 -168.76 -357.95 169.46 -376.40 0.705 12.93
1 5 -868.46 -11.41 873.89 -106.01 5.428 99.97
2 7 1,827.49 1,312.54 -1,807.93  -1,039.77 19.640 35591
3 12 -154.82 24.16 164.18 -23.20 9.359 73.63
3 12 -154.82 24.16 164.18 -23.20 9.359 73.63
3 10 -131.17 6.18 140.58 -31.66 9.412 74.05
3 10 -131.17 6.18 140.58 -31.66 9.412 74.05
6 11 183.50 7.33 -160.84 45.97 22.662 178.29

6 11 183.50 7.33 -160.84 45.97 22.662 178.29
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From Bus Injection

To Bus Injection

Loss (I"2 * Z)

From To
P Q P Q P Q

Bus Bus

(MW) (MVAR) MW) (MVAR) (MW) (MVAR)
8 12 -114.97 -66.59 116.88 61.89 1.910 15.02
8 12 -114.97 -66.59 116.88 61.89 1.910 15.02
10 12 21.55 -49.64 -21.33 -45.44 0.214 1.69
10 12 21.55 -49.64 -21.33 -45.44 0.214 1.69
11 13 85.73 -31.71 -84.68 11.92 1.047 8.24
11 13 85.73 -31.71 -84.68 11.92 1.047 8.24
13 14 339.47 234.54 -323.43 -124.74 16.037 126.15
13 14 339.47 234.54 -323.43 -124.74 16.037 126.15
14 8 -264.62 -129.31 272.52 181.16 7.898 62.10
14 8 -264.62 -129.31 272.52 181.16 7.898 62.10
11 14 456.89 248.31 -432.24 -69.84 24.641 193.86
11 14 456.89 248.31 -432.24 -69.84 24.641 193.86
17 9 47.59 -9.31 -42.67 10.82 4.913 21.60
17 9 47.59 -9.31 -42.67 10.82 4.913 21.60
17 9 47.59 -9.31 -42.67 10.82 4913 21.60
17 18 -4.21 -11.90 4.27 -14.68 0.059 0.26
17 18 -4.21 -11.90 4.27 -14.68 0.059 0.26
17 18 -4.21 -11.90 4.27 -14.68 0.059 0.26
15 16 60.94 34.02 -58.59 -26.50 2.350 10.34
15 16 60.94 34.02 -58.59 -26.50 2.350 10.34
15 16 60.94 34.02 -58.59 -26.50 2.350 10.34
18 19 -2.18 -14.43 2.20 -16.60 0.023 0.10
18 19 -2.18 -14.43 2.20 -16.60 0.023 0.10
18 19 -2.18 -14.43 2.20 -16.60 0.023 0.10
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MS519N 8 (710)

From Bus Injection To Bus Injection Loss (I"2 * Z)
From To
P Q P Q P Q
Bus Bus
(MW) (MVAR) (MW) (MVAR) (MW) (MVAR)

1 12 2,559.58  1,011.34  -2,559.58 -993.09 0 78.25

1 13 509.58 498.17 -509.58 -492.93 0 5.25
2 8 3,030.74  1,941.36  -3,030.74 -1,791.74 0 149.62
3 9 1,871.98  1,131.89  -1,871.98 -1,082.45 0 49.44
4 10 2,330.54 741.50 -2,330.54 -679.71 0 61.79
5 11 2,510.15  1,663.25  -2,510.15 -1,569.58 0 93.67

12 17 130.11 -63.42 -130.11 63.64 0 0.22
8 15 2,715.65  1,562.60  -2,715.65 -1,444.11 0 118.49
10 18 2,006.28 842.31 -2,006.28 -792.67 0 49.64
11 19 1,746.60  1,044.45 -1,746.60 -1,000.19 0 44.26

14 16 -351.55 -156.70 351.55 158.99 0 2.28
7 14 4307.85 341942  -4307.85 -2,995.50 0 423.91
*15 *16 60.94 34.02 -58.59 -26.50 2.350 10.34
*15 *16 60.94 34.02 -58.59 -26.50 2.350 10.34
*15 *16 60.94 34.02 -58.59 -26.50 2.350 10.34

Total loss 246.435 3,234.94

Weme *15 - *16 Ao aedeiiudn I luszuudiaea

sae llthigapdeluaedeiiind U Tasmanmldnsiinnzims lvaves

[

aa lilihedramunzay As 7.05 MW (@a135139% 8) Mviualian lWihaeniinede 2.28 1m

1 o @ = = 1 dyd 9 o
mmaqmﬁqmma"lviﬁmaaﬂ 13 1uﬁ1ﬂﬁﬁl“ﬁ@uﬂﬂ 140.808 a1UUIN LAZTINITOATUIN

e

aldnonnuyamilopinldai (eeldaumsi (13))



c (1+0.061)® -1

I, loss

~ 140 .808 =
0.061 (1+ 0.061)

Y Y [
gariu s lgaenaive (Faunsn (12)

TC=C +C = 2,232.1826 41111

I, inst 1, loss

J =1,602.1826 41111
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! ) [} 4 1 a 3 { Y a
Gn§1ﬁwulﬂﬁ],GH?WQMﬁﬂQ@WMWHQﬂTﬂ%@N@@Iﬂﬂiﬁﬂ51ﬂ1ﬂ1iﬁﬂﬁﬂua$§1ﬂ1ﬁqﬂﬂ1ﬂﬂ1iﬂﬂ

amsgapdeoiigs b

JEUIN TIUIN SEUIN IeHIN TN
watud wefud efud efud eiud (i s Ci s JC
GRATMIRYY AUUM AUV
1-7 1-2 1-5 2-7 5-7
0 0 0 3 0 630 1,602.1826  2,232.1826
0 0 3 3 0 1,974 1,964.6025  3,938.6025
0 3 0 3 0 1,630 2,603.4403  4,236.4403
0 0 2 2 0 2,021 3,680.9837  5,701.9837
0 2 3 3 0 3,006 2,800.7937  5,806.7937
2 2 0 0 0 1,978 4,277.5456  6,255.5456
3 1 0 0 0 3,144 4,076.7997  7,220.7997
0 0 1 2 0 3,605 3,723.3261  7,328.3261
0 0 0 0 3 882 6,826.1516  7,708.1516
2 2 0 3 0 2,608 5,294.5497  7,902.5497
2 3 0 3 0 2,584 5,532.4466  8,116.4466
3 0 2 2 0 2,945 6,075.0132  9,020.0132
0 0 3 0 3 2,226 7,149.1883  9,375.1883
3 1 3 0 0 4,488 5,031.1884  9,519.1884
0 0 3 0 2 2,247 7,703.2664  9,950.2664
0 0 0 3 2 1,533 8,470.4878 10,003.4878
3 0 0 1 0 2,311.5 7,930.0690 10,241.5690
3 2 2 2 0 3,977 6,341.9004 10,318.9004
0 1 0 0 3 3,102 7,291.2166 10,393.2166
0 3 0 3 3 2,520 7,905.2120 10,425.2120
0 0 3 3 3 2,856 7,778.4885 10,634.4885
0 3 2 0 3 3,266 7,668.0570 10,934.0570
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FEUIN TTHIN STHIN SEWIAN IEHAN
watud  waiud wadud wadud wadd i it Ci o JC
AUVIN AUVIN amuum
1-7 1-2 1-5 2-7 5-7
0 3 3 0 3 3,234 7,750.5674  10,984.5674
3 3 1 3 0 5,522 5,768.4363  11,290.4363
0 3 2 2 1 4971.5 6,419.8380 11,391.3380
0 3 3 2 1 4,939.5 6,472.3467 11,411.8467
2 1 3 2 0 5,155 6,481.8901 11,636.8901
3 0 3 2 1 4,855.5 6,932.0361 11,788.0361
0 2 3 3 3 3,888 7,947.7891  11,835.7891
0 1 0 3 2 3,753 8,159.5242  11,912.5242
0 0 3 2 2 2,892 9,205.3055  12,097.3055
0 1 3 0 3 4,446 7,725.7300  12,171.7300
0 0 1 2 3 4,487 7,957.7022  12,444.7022
3 0 3 1 0 3,655.5 8,853.3403  12,509.3403
0 2 1 2 1 6,579.5 6,042.5037  12,621.5037
3 2 2 2 1 5,919.5 6,890.4754 12,810.4754
3 3 2 2 1 5,895.5 6,994.5845  12,890.0845
3 3 2 0 3 4,190 8,836.9173  13,026.9173
2 2 0 1 2 4,268 8,851.5965 13,119.5965
1 1 0 2 2 5,803 7,569.5347  13,372.5347
3 2 0 2 3 3,483 9,951.5671 13,434.5671
0 3 3 2 2 3,900 9,552.0852  13,452.0852
3 3 2 0 2 4,211 9,303.8353  13,514.8353
3 3 3 0 2 4,179 9,471.9457  13,650.9457
3 2 3 1 0 4,687.5 9,047.1554  13,734.6554
2 1 0 3 3 4,678 9,199.8795 13,877.8795
0 2 3 1 2 3,909 9,992.4135 13,901.4135
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JTHIN FZHIN ITHIN STHIN 52U
watud vefuR el eiud wadd (i e S o J—C
AUVIN AUVIN amum
1-7 1-2 1-5 2-7 5-7
1 3 2 2 2 5,967 8,000.5972  13,967.5972
2 2 1 0 1 6,886.5 7,105.2098  13,992.2098
3 3 3 1 0 4,663.5 9,367.4694 14,030.9694
0 3 0 1 3 3,277.5 10,766.1083  14,043.6083
2 2 1 1 0 6,325.5 7,813.6698 14,139.1698
0 0 3 1 3 3,613.5 10,593.4370 14,206.9370
1 3 3 0 2 5,290 8,962.7433  14,252.7433
3 3 1 2 1 7,479.5 6,841.9808  14,321.4808
3 2 1 0 2 5,819 8,557.7725 14,376.7725
3 0 1 3 3 5,396 9,012.5760 14,408.5760
2 1 0 2 2 4,714 9,804.4410 14,518.4410
1 3 3 3 2 5,920 8,803.5670 14,723.5670
3 3 2 3 2 4,841 10,024.3288  14,865.3288
2 1 1 2 1 8,713.5 6,176.9228  14,890.4228
2 2 2 3 2 4,887 10,041.5842  14,928.5842
1 3 3 2 3 5,914 9,071.2349  14,985.2349
3 3 3 3 2 4,809 10,188.2043  14,997.2043
1 3 2 2 3 5,946 9,075.3702 15,021.3702
3 1 2 1 0 5,907.5 9,123.1268 15,030.6268
3 2 3 3 1 5,872.5 9,240.9516 15,113.4516
3 0 1 2 3 5,411 9,718.6834  15,129.6834
3 2 2 2 3 4,859 10,288.1650  15,147.1650
3 2 2 2 2 4,880 10,284.7069  15,164.7069
0 1 0 1 3 4,889.5 10,326.3227 15,215.8227
2 2 3 2 3 4,849 10,582.7774 15,431.7774
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FTHIN ITHIN IZHIN ITHIN T8N
watud  weituf weiud weiud et i it (z o J—C
AUVIN AUVIN amuum
1-7 1-2 1-5 2-7 5-7
2 3 2 2 2 4,878 10,555.1932  15,433.1932
0 0 1 1 3 5,229.5 10,238.1953  15,467.6953
2 3 3 2 3 4,825 10,813.0923  15,638.0923
0 2 2 1 3 4,677.5 10,997.1084 15,674.6084
0 2 3 1 3 4,645.5 11,045.4994 15,690.9994
2 1 3 1 2 6,800.5 8,908.8991  15,709.3991
2 3 3 1 3 5,567.5 10,197.2194  15,764.7194
3 1 2 2 3 6,047 9,769.5838  15,816.5838
0 3 3 1 3 4,621.5 11,264.8161 15,886.3161
3 3 1 1 0 6,279.5 9,669.8521 15,949.3521
2 2 1 3 3 6,450 9,552.0841 16,002.0841
1 1 2 2 3 7,158 8,921.2895  16,079.2895
2 1 2 2 2 6,090 10,012.7551 16,102.7551
2 0 0 1 1 4,276 12,050.9109 16,326.9109
3 3 1 2 3 6,419 10,040.0060 16,459.0060
1 3 1 2 3 7,530 9,064.5480  16,594.5480
1 0 2 3 3 4,923 11,690.9090 16,613.9090
2 1 1 3 2 7,659 9,136.4662  16,795.4662
2 1 1 1 2 8,416.5 8,494.1047 16,910.6047
3 1 1 2 2 7,652 9,345.6108  16,997.6108
0 1 3 1 3 5,833.5 11,234.2710 17,067.7710
0 3 1 1 3 6,237.5 11,021.7690 17,259.2690
3 1 1 1 0 7,491.5 9,821.9513  17,313.4513
1 0 0 1 2 4,325.5 13,151.5174 17,477.0174
2 1 0 1 1 6,496 12,273.0151 18,769.0151
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MSHUINN 1 (910)

FTHIN  FEHINW  TTHIN TTHAN SEHAN

L"ll("ﬁ’d\:,uﬁ mm‘ﬁuﬁ' mm‘ﬁuﬁ' L"ll@ﬁ’d\:,uﬁ L"U@lﬁ%’uﬁ ¢ st ci o s:rC
AUUM AU aUUM
1-7 1-2 1-5 2-7 5-17
1 2 2 1 2 6,260.5 14,533.6695  20,794.1695
1 1 2 1 2 7,448.5 14,474.2797  21,922.7797
0 0 0 0 0 0 Infinity N/A
0 3 0 0 0 1,008 Infinity N/A
0 2 0 0 0 1,032 Infinity N/A
0 0 3 0 0 1,344 Infinity N/A
0 0 0 1 0 1,387.5 Infinity N/A
0 0 2 0 0 1,376 Infinity N/A
1 0 0 0 0 2,035 Infinity N/A
0 1 0 0 0 2,220 Infinity N/A
0 3 3 0 0 2,352 Infinity N/A
0 2 0 1 0 2,419.5 Infinity N/A
0 2 2 0 0 2,408 Infinity N/A
0 0 3 1 0 2,731.5 Infinity N/A
0 0 2 1 0 2,763.5 Infinity N/A
0 1 0 3 0 2,850 Infinity N/A
0 2 0 0 1 2,974.5 Infinity N/A
1 3 0 0 0 3,043 Infinity N/A
1 2 0 0 0 3,067 Infinity N/A
0 0 3 0 1 3,286.5 Infinity N/A
0 0 0 1 1 3,330 Infinity N/A
1 0 3 0 0 3,379 Infinity N/A
1 0 2 0 0 3,411 Infinity N/A
0 1 3 0 0 3,564 Infinity N/A

0 1 2 0 0 3,596 Infinity N/A
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FTUIN STHAN FIHIN FETHIN FTHIN

!mﬁﬁ:’uﬁ meﬁs’uﬁ' mm‘ﬁuﬁ' mm‘ﬁuﬁ' !ﬂlﬁﬁ:’uﬁ ¢ ot (i o ;I-C
AUV M AUUIN a1um
1-7 1-2 1-5 2-7 5-7
0 3 3 1 0 3,739.5 Infinity N/A
0 2 3 1 0 3,763.5 Infinity N/A
0 3 2 1 0 3,771.5 Infinity N/A
0 0 3 3 1 3,916.5 Infinity N/A
1 3 0 0 3 3,925 Infinity N/A
0 3 1 0 0 3,968 Infinity N/A
1 2 0 0 3 3,949 Infinity N/A
0 2 1 0 0 3,992 Infinity N/A
1 1 0 0 0 4,255 Infinity N/A
0 0 1 1 0 4,347.5 Infinity N/A
1 0 2 0 3 4,293 Infinity N/A
0 3 3 0 1 4,294.5 Infinity N/A
0 3 0 1 1 4,338 Infinity N/A
0 2 3 0 1 4,318.5 Infinity N/A
0 2 0 1 1 4,362 Infinity N/A
0 3 2 0 1 4,326.5 Infinity N/A
0 2 2 0 1 4,350.5 Infinity N/A
1 3 3 0 0 4,387 Infinity N/A
1 3 0 1 0 4,430.5 Infinity N/A
1 2 3 0 0 4,411 Infinity N/A
1 2 0 1 0 4,454.5 Infinity N/A
1 3 2 0 0 4,419 Infinity N/A
1 2 2 0 0 4,443 Infinity N/A
0 0 3 1 1 4,674 Infinity N/A

1 0 3 1 0 4,766.5 Infinity N/A
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FTUIN FEHINW STHAIN  SEHIN TTHIN

lelﬁﬁglUﬁ L"ll@]ﬁyuﬁ mmﬁu‘ﬁ' !m@lﬁu‘ﬁ L"Uﬂ'ﬁuﬁ ¢ ot (5:} o ;I-C
AUV M AU auum
1-7 1-2 1-5 2-7 5-7
1 0 2 1 0 4,798.5 Infinity N/A
0 0 1 0 1 4,902.5 Infinity N/A
1 0 1 0 0 4,995 Infinity N/A
0 1 2 1 0 4,983.5 Infinity N/A
0 2 3 3 1 4,948.5 Infinity N/A
1 2 0 0 1 5,009.5 Infinity N/A
3 3 0 1 1 5,262 Infinity N/A
3 3 2 0 1 5,250.5 Infinity N/A
1 0 3 0 1 5,321.5 Infinity N/A
1 0 0 1 1 5,365 Infinity N/A
0 3 1 1 0 5,355.5 Infinity N/A
1 3 2 0 3 5,301 Infinity N/A
1 0 2 0 1 5,353.5 Infinity N/A
0 1 3 0 1 5,506.5 Infinity N/A
0 0 1 3 1 5,532.5 Infinity N/A
0 1 2 0 1 5,538.5 Infinity N/A
1 3 0 3 1 5,615.5 Infinity N/A
1 1 2 0 0 5,631 Infinity N/A
1 0 3 1 3 5,648.5 Infinity N/A
1 0 2 1 3 5,680.5 Infinity N/A
0 2 3 1 1 5,706 Infinity N/A
0 1 1 3 0 5,810 Infinity N/A
1 3 3 1 0 5,774.5 Infinity N/A

1 2 3 1 0 5,798.5 Infinity N/A



MS51WUINT 1 (71D)

FTUIN FEHINW STHAIW  STHAW FTHIN

watud  welul e weiud e (i e Ci o IC
AUVIN AUVIN amuum
1-7 1-2 1-5 2-7 5-7
1 3 2 1 0 5,806.5 Infinity N/A
1 2 2 1 0 5,830.5 Infinity N/A
0 3 1 0 1 5,910.5 Infinity N/A
1 0 3 3 1 5,951.5 Infinity N/A
1 0 3 2 1 5,966.5 Infinity N/A
1 3 1 0 0 6,003 Infinity N/A
1 0 2 3 1 5,983.5 Infinity N/A
1 2 1 0 0 6,027 Infinity N/A
0 0 1 1 1 6,290 Infinity N/A
1 0 1 1 0 6,382.5 Infinity N/A
1 3 3 0 1 6,329.5 Infinity N/A
1 3 0 1 1 6,373 Infinity N/A
1 3 2 0 1 6,361.5 Infinity N/A
1 2 0 1 1 6,397 Infinity N/A
1 2 2 0 1 6,385.5 Infinity N/A
3 1 3 0 1 5,7165 Infinity N/A
1 3 1 3 0 6,533 Infinity N/A
1 0 3 1 1 7,726.5 Infinity N/A
1 0 2 1 1 7,758.5 Infinity N/A
1 3 2 1 3 6,6688.5 Infinity N/A
1 2 2 1 3 6,712.5 Infinity N/A
0 1 3 1 1 6,894 Infinity N/A
1 0 1 0 1 6,937.5 Infinity N/A
0 1 2 1 1 6,926 Infinity N/A

1 3 3 3 1 6,959.5 Infinity N/A
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FTHIN  FTUIN FEHIN  FTHIN SEHAN

!Wﬁluﬁ mm‘ﬁuﬁ !"llﬁﬁluﬁ lelﬁﬁ?u‘ﬁ !."U@l'ﬁuﬁ ¢ s S o ;I-C
AUUM AU aum
1-7 1-2 1-5 2-7 5-17
1 3 3 2 1 6,974.5 Infinity N/A
1 2 3 3 1 6,983.5 Infinity N/A
1 2 2 3 1 7,015.5 Infinity N/A
1 1 1 0 0 7,215 Infinity N/A
0 3 1 1 1 7,298 Infinity N/A
0 2 1 1 1 7,322 Infinity N/A
1 3 1 1 0 7,390.5 Infinity N/A
1 2 1 1 0 4,414.5 Infinity N/A
1 1 3 0 1 7,541.5 Infinity N/A
1 1 2 0 1 7,573.5 Infinity N/A
1 3 3 1 1 7,717 Infinity N/A
1 2 3 1 1 7,741 Infinity N/A
1 3 2 1 1 7,749 Infinity N/A
1 2 2 1 1 7,773 Infinity N/A
1 3 1 0 1 7,945.5 Infinity N/A
1 2 1 0 1 7,969.5 Infinity N/A
1 1 3 3 1 8,171.5 Infinity N/A
1 3 1 1 3 8,272.5 Infinity N/A
1 0 1 1 1 8,325 Infinity N/A
1 2 1 1 3 8,296.5 Infinity N/A
1 1 1 1 0 8,602.5 Infinity N/A
1 3 1 3 1 8,575.5 Infinity N/A
1 2 1 3 1 8,599.5 Infinity N/A
1 3 1 1 1 9,333 Infinity N/A

1 2 1 1 1 9,357 Infinity N/A
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M519INUINT 1 (91D)

FTUIN FEUIN TEHIN TIHIN FETNIN

2 g 2 g 2 g 2 g v o Cllin C i oloss TC
WANUN AN UN AN UN AU lanun ) Y v
AUUN AUV auUmMm
1-7 1-2 1-5 2-7 5-7
1 1 1 1 3 9,4845 Infinity N/A
1 1 1 3 1 9,7875 Infinity N/A
1 1 1 1 1 10,545 Infinity N/A

1 1 Y a a wva
Wineme N/A fie lanunsamiar laeselumaliia
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a0 Y dy a 1 ]
, U l¥9eienasnevuIe (fuel cost)

uaz Aias lihgeganazdrgamasostuie ihawnsoiauld dwaadluaisiawuan

A A IS 9 o 1
n2 uaﬂumiwwu’mw 3uaz 4 L‘]Ju@]'li'lﬂ!tﬁﬂﬂﬂl’f]ﬂaﬂ TN

u

]
~

MIHUINT 2 M udastoyaveunsosuia Tuih

19594 - aP?+bP +c A ldne
U FUAVD . y mex  Prmin
2 4 fwida p (Mbtu/#Ta3) IFRING
WUN 1BDINAY MW)  (MW)
Il a b c (VM/Mbtu)
1 Al 2.164 9645.8 156185.6 0.31065 800 200
1 2 Mas 1.957 32182 1404111 0.10194 2200 720
3 fc1v1°]$ 0.001 72477 633656.1 0.10194 1200 300
? 4 Ve 2.088  7165.7 94379.4 0.14975 3600 1500
5 My 11465  9393.6  94379.4 0.06488 550 130
’ 6 ey 0.001  2090.9 1616983 0.10141 750 250
4 7 DUHY 4272 60355 804977.9 0.05379 2500 850
8 ﬁy1ﬁulﬁ1 3.904 8497.6  149245.6 0.15783 250 120
: 9 fcﬁ"]f 1.922 2671.3 155777.3 0.10194 3800 1000
6 10 fc1v1°]$ 0.001 9644.8 100804.7 0.09791 2100 900
11 ALy a 2.164  9645.8 156185.6 0.31065 300 100
! 12 Ve 4276  6663.6 495117.6 0.14924 2200 1000

nneve P =Maximum Power, P, = Minimum Power, MW = Megawatt, Mbtu = Megabtu

NW1: A (2543)
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Bus Type pd A Gs Bs Area Vm Va BasekV Zone Vmax Vmin
(MW) (MVAR)
1 3 0 0 0 o0 1 1 0 500 1.1 0.9
2 2 0 0 0 o 1 1 0 500 1.1 0.9
3 2 0 0 0 o0 1 1 0 230 1.1 0.9
4 2 0 0 0 o 1 1 0 500 1.1 0.9
5 2 0 0 0 o0 1 1 0 500 1.1 0.9
6 2 1300 685 0 o 1 1 0 230 1.1 0.9
7 2 0 0 0 o0 1 1 0 500 1.1 0.9
8 1 0 0 0 o 1 1 0 230 1.1 0.9
9 1 2000 1050 0 o 1 1 0 115 1.1 0.9
10 1 0 0 0 0 1 1 0 230 1.1 0.9
11 1 0 0 0 0 1 1 0 230 1.1 0.9
12 1 1910 1010 0 0 1 1 0 230 1.1 0.9
13 1 0 0 0 0 1 1 0 230 1.1 0.9
14 1 6700 3800 0 o0 1 1 0 230 1.1 0.9
15 1 2350 1240 0 o0 1 1 0 115 1.1 0.9
16 1 0 0 0 0 1 1 0 115 1.1 0.9
17 1 0 0 0 0 1 1 0 115 1.1 0.9
18 1 2000 880 0 0 1 1 0 115 1.1 0.9
19 1 1740 1050 0 o 1 1 0 115 1.1 0.9
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Rate  Rate  Rate
From To
T X b A B C Ratio Angle Status
Bus Bus
MW)  (MW)  (MW)
1 2 0.00065 0.01188 1.34746 2250 2250 2250 0 0 1
1 4 0.00297 0.05445 6.17584 2250 2250 2250 0 0 1
1 5 0.00086 0.01584 1.79661 2250 2250 2250 0 0 1
2 7 0.00041 0.00743 0.84218 2250 2250 2250 0 0 1
3 12 0.04092 0.32193 0.60668 520 520 520 0 0 1
3 12 0.04092 0.32193 0.60668 520 520 520 0 0 1
3 10 0.05589 0.43971 0.82863 520 520 520 0 0 1
3 10 0.05589 0.43971 0.82863 520 520 520 0 0 1
6 11 0.07086 0.55749 1.05059 520 520 520 0 0 1
6 11 0.07086 0.55749 1.05059 520 520 520 0 0 1
8 12 0.01198 0.09422 0.17756 520 520 520 0 0 1
8 12 0.01198 0.09422 0.17756 520 520 520 0 0 1
10 12 0.05489 0.43186 0.81384 520 520 520 0 0 1
10 12 0.05489 0.43186 0.81384 520 520 520 0 0 1
11 13 0.01597 0.12563 0.23675 520 520 520 0 0 1
11 13 0.01597 0.12563 0.23675 520 520 520 0 0 1
13 14 0.01098 0.08637 0.16271 520 520 520 0 0 1
13 14 0.01098 0.08637 0.16271 520 520 520 0 0 1
14 8 0.00749 0.05889 0.11098 520 520 520 0 0 1
11 14 0.01048 0.08245 0.15537 520 520 520 0 0 1
11 14 0.01048 0.08245 0.15537 520 520 520 0 0 1
17 9 0.25752 1.13250 0.16962 200 200 200 0 0 1
17 9 0.25752  1.13250 0.16962 200 200 200 0 0 1
17 9 0.25752 1.13250 0.16962 200 200 200 0 0 1
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Rate  Rate  Rate
From To
T X b A B C Ratio Angle Status
Bus Bus
MW)  (MW)  (MW)
17 18  0.34546 1.51921 0.22754 200 200 200 0 0 1
17 18  0.34546 1.51921 0.22754 200 200 200 0 0 1
17 18  0.34546 1.51921 0.22754 200 200 200 0 0 1
15 16  0.04711 0.20717 0.03103 200 200 200 0 0 1
15 16  0.04711 0.20717 0.03103 200 200 200 0 0 1
15 16  0.04711 0.20717 0.03103 200 200 200 0 0 1
18 19  0.40827 1.79543 0.26891 200 200 200 0 0 1
18 19  0.40827 1.79543 0.26891 200 200 200 0 0 1
18 19  0.40827 1.79543 0.26891 200 200 200 0 0 1
1 12 0 0.00125 0 5500 0 0 0 0 1
1 13 0.00125 0 5500 0 0 0 0 1
2 8 0 0.00125 0 5500 0 0 0 0 1
3 9 0 0.00125 0 5500 0 0 0 0 1
4 10 0 0.00125 0 5500 0 0 0 0 1
5 11 0 0.00125 0 5500 0 0 0 0 1
12 17 0 0.00125 0 5500 0 0 0 0 1
8 15 0 0.00125 0 5500 0 0 0 0 1
10 18 0 0.00125 0 5500 0 0 0 0 1
11 19 0 0.00125 0 5500 0 0 0 0 1
14 16 0 0.00125 0 5500 0 0 0 0 1
7 14 0 0.00125 0 5500 0 0 0 0 1
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