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Probabilistic Security Analysis in Composite Power System Reliability

H. Kim
Korea Railroad Research Institude

Abstract - This paper discusses a probabilistic method  for
power system security assessment. The security analysis relates to
the ability of the electric power systems to survive sudden
disturbances such as electric short circuits or unanticipated loss of
system elements. It consists of both steady state and dynamic
security analyses, which are not two separate issues but should be
considered together. In steady state security analysis including
voltage security analysis, the analysis checks that the system is
operated within security limits by OPF (optimal power flow) after
the transition to a new operating point. Until now, many utilities
have difficulty in including dynamic aspects due to computational
capabilities. On the other hand, dynamic security analysis is required
to ensure that the transition may lead to an acceptable operating
condition. Transient stability, which is the ability of power systems
to maintain synchronism when subjected to a large disturbance, is a
principal component in dynamic security analysis. Usually any loss
of synchronism may cause additional outages and make the present
steady state analysis of the post-contingency condition inadequate
for unstable cases. This is the reason for the need of dynamic
studies in power systems. Probabilistic criterion can be used to
recognize the probabilistic nature of system components while
considering system security. In this approach, we do not have to
assign any predetermined margin of safety. A comprehensive
conceptual framework for probabilistic static and  dynamic
assessment is presented in this paper. The simulation results of the
Western System Coordinating Council (WSCC) system compare an
analytical method with Monte-Carlo simulation (MCS).
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TABLE 1 Branch data dm %unon gult clearing time probability

Line R X B Typeal MCT® SD

(MVA) distribution () {s)
0000+ 0576 - 0000 300  Nomal 020 0.02
0000 0625 .0000 300  Nommal 020 062
.0000 | .0586 : .0000 300  Normal 020 0.02
0100 0850 0880 300  Nommal 020 0.02
0170 0920 . 0790 300  Normal 020 002

0320 1610 : 1530 300 Normal 0.03 0.02
.0390 - 1700 1790 300  Normal 0.10 002
.0085° 0720 0745 300  Nopmal 0.10 0.02
0119 . 1008 1045 300  Normal 015 0.02

* Mean clesnng trme
** Standard Devigtion
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TABLE 2 Failure rdtc angd repallr rate for generators and
€S

transmission
2178&[1/hours] | 3= -8{1/hours]
2371 1.5e-3 0.1
FAeg] 1.5e-5 0.1
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Fig. 2. The Example of Angle Curves of Each Generator
(when clearing time is O.§3 and fault is Line 5-7 in WSCC
ystem)
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Table 3. The Result of the Probability of Transient Stability
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Line N ] N

From To Probability of transient stability
! 4 0.0000
2 7 0.0000
3 9 0.0000
4 5 0.9332
4 6 09772
3 7 09332
6 9 09332
7 8 0.9994
8 9 0.9599
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Table 4 ent lta%e BStablhl}}/r It‘ﬂ.‘é’cfé‘c’&ﬁfnt%‘f' 8verall System

and Differ uses ontingency
Line Voltage stability indicator
Fe | To Bus No. Overall
4 5 6 7 8 9 system
1| 4] 4079 4311 3835 1306 1744 AM8 | 04311
2 | 711134 2433 1709 2310 2253 .0950F 02433
31 9].1075 1911 2027 1039 .1918 19581 0.2027
4 | 51.0398 .5023 1068 1284 .1501 06231 05023
4 | 6].0551 .1418 .2972 .0706 .1243 08491 02972
5 71.1124  .2563 1596 0433 .0954 0549 0.2563
6 | 9].1053 1819 2092 .0680 1017 0364 02092
7 | 8| 0828 1564 .1474 0410 2108  .0861| 02108
8 | 900818 .1716 1253  .0971  .1840  .0307| 0.1840
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Fig. 3. The Comparisonog,ana]ytical method and Monte-calro
imulation
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