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Line Length(km) Line Length (km)
1-2 410.32 7-12 300.00
1-4 426.77 8-11 349.09 
1-7 370.91 9-10 447.27
2-3 436.90 9-15 398.18
2-5 294.55 10-14 392.73
3-6 349.55 11-13 261.29
4-8 416.13 12-14 348.38 
5-6 415.20 12-16 406.45 
5-7 435.48 13-16 417.27 

5-10 376.36 14-15 458.18
6-9 316.36 14-17 403.64 
7-11 387.09 15-17 402.16 

Conductor and Bundle Information Line Parameters
Type 4 × Macaw R (Ω/km) 0.0228

Outside diameter of the 
conductor (inches) 1.055 L (mH/km) 0.878

Subconductor spacing(m) 0.45 C (nF/km) 12.975

�1
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Qgmax Pg Qgmax Pg

Bus (Type) |V| 
(p.u.)

ÿ� 
(MW)

Ā�ÿ�Ā 
(Mvar)

Ā�ÿ�� (Mvar)

Bus 3 (PV) 1.05 3600 -1080 2160
Bus 6 (PV) 1.05 3600 -1080 2160
Bus 8 (PV) 1.05 3600 -1080 2160

Bus 10 (PV) 1.05 3600 -1080 2160
Bus 12 (PV) 1.05 3600 -1080 2160
Bus 13 (PV) 1.05 3600 -1080 2160
Bus 15 (PV) 1.00 2500 -1050 2100

Bus Load Capacitors
(Mvar)ÿ� (MW) Ā� (Mvar)

Bus 2 1920.00 929.89 100 
Bus 3 1750.00 847.56 ---
Bus 4 1880.00 910.52 100 
Bus 5 1600.00 774.92 100 
Bus 6 1700.00 823.34 ---
Bus 7 1930.00 934.74 50 
Bus 8 1600.00 774.92 ---
Bus 9 2000.00 968.64 350 
Bus 10 1700.00 823.34 ---
Bus 11 1800.00 871.77 200 
Bus 12 1600.00 774.92 ---
Bus 13 1800.00 871.77 ---
Bus 14 2300.00 1113.94 ---
Bus 15 1700.00 823.35 ---
Bus 16 1740.00 842.72 50 
Bus 17 1110.00 537.59 150 

� = �Ā���                                                  (1)ÿ� + ĀĀ� = ����∗                                         (2)
ÿ� = |��| ∑|��||���|cos(�� 2 �� 2 ���)Ā

�=1       (3)
Ā� = |��| ∑|��||���|sin(�� 2 �� 2 ���)Ā

�=1       (4)|��| ��ÿ �|���| ��� �Ā�� ÿ� Ā�ÿ
0.95 ≤ |��| ≤ 1.05 �. �.                         (5)20.3ÿ�� ≤ Ā�� ≤ 0.6ÿ��                          (6)��� ≤ ���ÿÿ�                                      (7)

ÿ�� ÿ ā���ÿÿ�
√3 ���ÿÿ�

0.90 ≤ |��| ≤ 1.05 �. �.                         (8)
–
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Bus #
Voltage Generation|�| �. �. � (deg.) Pg (MW) Qg (Mvar)

1 1.050 0.00 3344.9 -1317.6
2 1.047 -11.66 0.0 0.0
3 1.050 11.42 3600.0 235.8
4 1.044 -15.79 0.0 0.0
5 1.049 -18.83 0.0 0.0
6 1.050 3.09 3400.0 198.06
7 1.042 -19.00 0.0 0.0
8 1.050 -3.50 3600.0 -71.5
9 1.037 -13.39 0.0 0.0

10 1.050 -4.97 3600.0 -116.8
11 1.035 -17.54 0.0 0.0
12 1.050 -9.69 3600.0 -360.3
13 1.050 -4.13 3600.0 284.7
14 1.044 -19.96 0.0 0.0
15 1.000 -5.15 3500.0 -416.6
16 1.050 -19.55 0.0 0.0
17 1.050 -21.256 0.0 0.0

–

Line outage Lowest Voltage The Highest Line 
Loading|�| �. �. Bus # % loading Line

1–2 (1 line) 0.969 2 33.79% 1–7
1–4 (1 line) 0.905 4 36.84% 1–4
1–7 (1 line) 0.963 7 45.84% 1–7
2–3 (1 line) 0.932 2 50.12% 2–3

2–5 0.963 5 34.21% 1–7
3–6 1.000 15 37.19% 2–3

4–8 (1 line) 0.921 4 31.17% 6–9
5–6 0.909 5 40.03% 6–9
5–7 0.972 5 31.64% 6–9

5–10 0.907 5 40.04% 5–6
6–9 (1 line) 0.913 9 54.31% 6–9

7–11 0.987 11 32.13% 2–3
7–12 0.971 7 38.79% 11–13

8–11 (1 line) 0.951 11 40.76% 8–11
9–10 0.950 9 35.30% 6–9
9–15 0.978 9 34.40% 6–9

10–14 (1 line) 0.986 14 35.91% 10–14
11–13 0.951 11 38.95% 7–12

12–14 (1 line) 0.991 14 32.61% 6–9
12–16 (1 line) 0.952 16 32.54% 5–6
13–16 (1 line) 0.937 16 38.16% 11–13

14–15 1.000 15 34.24% 5–6
14–17 0.932 17 32.25% 2–3

15–17 (1 line) 0.900 17 36.09% 15–17

|�17|
–|�4| –|�5|

– –

or the generating units, each unit’s scheduled voltage has been 
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Bus Load
(Mvar)ÿ� (MW) Ā� (Mvar)

Bus 2 1152.00 557.93 150 
Bus 3 1050.00 508.53 ---
Bus 4 1128.00 546.31 50 
Bus 5 960.00 464.94 200 
Bus 6 1020.00 494.00 ---
Bus 7 1158.00 560.84 150 
Bus 8 960.00 464.95 150 
Bus 9 1200.00 581.18 ---
Bus 10 1020.00 494.00 150 
Bus 11 1080.00 523.06 ---
Bus 12 960.00 464.95 500 
Bus 13 1080.00 523.06 ---
Bus 14 1380.00 668.36 200 
Bus 15 1020.00 494.00 200 
Bus 16 1044.00 505.63 100 
Bus 17 666.00 322.55 200  

each generating unit’s reactive power 

Bus #
Voltage Generation|�| �. �. � (deg.) Pg (MW) Qg (Mvar)

1 1.000 0.00 1945.2 -1972.3
2 1.049 -7.16 0.0 0.0
3 1.000 7.58 2160.0 -358.9
4 1.048 -9.84 0.0 0.0
5 1.046 -11.44 0.0 0.0
6 1.000 2.42 2160.0 -479.1
7 1.045 -11.72 0.0 0.0
8 1.000 -1.83 2160.0 -614.0
9 1.021 -8.07 0.0 0.0

10 1.000 -8.61 1980.0 -546.31
11 1.025 -12.89 0.0 0.0
12 1.000 -5.89 2160.0 -627.2
13 1.000 -2.04 2160.0 -372.3
14 1.046 -12.03 0.0 0.0
15 1.000 -3.04 2100.0 -588.4
16 1.043 -11.88 0.0 0.0
17 1.043 -12.73 0.0 0.0

Line outage Lowest Voltage The Highest Line 
Loading|�| �. �. Bus # % loading Line

1-2 (1 line) 1.000 PV Buses 22.80% 1–7
1-4 (1 line) 0.991 4 22.95% 1–4
1-7 (1 line) 1.000 PV Buses 27.94% 1–7
2-3 (1 line) 1.000 PV Buses 30.57% 2–3

2-5 0.991 5 22.07% 1–7
3-6 1.000 PV Buses 22.91% 2–3

4-8 (1 line) 0.994 4 20.66% 6–9
5-6 0.994 5 25.03% 6–9
5 -7 0.985 5 20.36% 5–6
5-10 0.999 5 25.22% 5–6

6-9 (1 line) 0.976 9 31.19% 6–9
7-11 0.984 11 23.21% 2–3
7-12 1.000 PV Buses 25.19% 11–13

8-11 (1 line) 0.993 11 24.90% 8–11
9-10 0.971 9 21.23% 11–13
9-15 0.976 9 21.55% 11–13

10-14 (1 line) 1.000 PV Buses 23.66% 10–14
11-13 1.000 PV Buses 25.40% 7–12

12-14 (1 line) 1.000 PV Buses 21.76% 11–13
12-16 (1 line) 0.995 16 23.46% 2–3
13-16 (1 line) 0.990 16 24.68% 11–13

14-15 1.000 PV Buses 23.67% 2–3
14-17 0.954 17 23.23% 2–3

15-17 (1 line) 0.965 17 23.48% 2–3

–

–
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Bus Load
(Mvar)ÿ� (MW) Ā� (Mvar)

Bus 2 768.00 371.95 450  
Bus 3 700.00 339.02 150 
Bus 4 752.00 351.13 300 
Bus 5 640.00 309.96 400 
Bus 6 680.00 329.33 400 
Bus 7 772.00 373.89 400 
Bus 8 640.00 309.96 600 
Bus 9 800.00 387.45 100 

Bus 10 680.00 329.33 600 
Bus 11 720.00 348.71 100 
Bus 12 640.00 309.96 900 
Bus 13 720.00 348.71 250 
Bus 14 920.00 445.57 450 
Bus 15 680.00 329.33 650 
Bus 16 696.00 337.08 300 
Bus 17 444.00 215.03 350  

Bus #
Voltage Generation|�| �. �. � (deg.) Pg (MW) Qg (Mvar)

1 1.000 0.00 1275.1 -2025.8
2 1.046 -4.70 0.0 0.0
3 1.000 5.19 2160.0 -412.2
4 1.048 -6.56 0.0 0.0
5 1.047 -7.50 0.0 0.0
6 1.000 1.77 2160.0 -411.5
7 1.048 -7.72 0.0 0.0
8 1.000 -1.13 2160.0 -417.4
9 1.045 -5.16 0.0 0.0

10 1.000 -1.44 1980.0 -427.2
11 1.047 -7.05 0.0 0.0
12 1.000 -3.45 2160.0 -428.2
13 1.000 -1.21 2160.0 -383.7
14 1.050 -7.83 0.0 0.0
15 1.000 -1.76 2100.0 -373.2
16 1.046 -7.78 0.0 0.0
17 1.042 -8.26 0.0 0.0

–
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