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Probabilistic justification of 
planning, operating and control 

solutions 



Objectives 

  100% reliability ? 
  Reliability improvement  $$$ 
  Probabilistic studies: 
 verify functionality in wide range of conditions (not only  

extreme),  
 define long term costs and compare solutions; 
 compliance with a probabilistic standard if available; 
   develop/modify standards 
   … 
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Monte Carlo Simulation 
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Task 1. 1983-85. SCADA/EMS based RAS in the North 
Western region of the former USSR 

  Real time steady state contingency analysis for SPS arming 
  0.997 – desirable power flow solution availability   
  What if SCADA/EMS data + state estimate? 
  y=f(x) – modeling of a)topologies of the power and 

telecommunication systems; b)inability of state estimate to 
handle loss of data from two adjacent buses 

  x1, x2, x3…- probabilistic  data of telecom. components 
  Fortran program for Monte Carlo simulation 
  The 0.997 result contributed to the approval of the 

advanced arming algorithm 
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Task 2. 1998. Justification of the World Bank investment in 
transmission system development in Indonesia 

  y=f(x) – power flow model of small power system in Excel; 
time sequencing of peak, off-peak and intermediate load 
conditions with different flow patterns. 

  x1, x2, x3… probabilistic data for T1-time between line/
transformer failures, T2-restoration time.  Status is on 
during T1, off during T2. 

  Output – ratio of solved and unsolved power flow cases 
  Recommendation was to make investments rather in 

distribution than transmission system 
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Task 3. 2000. Simultaneous Forced Outages of Aging 
Generators in Bay Area  

  Objective – to correct “(n-1)&(g-1)” criteria because of increased 
outage frequency and duration of the aging generators. In 2000, 
industry FOF=3.8, Bay Area FOF=7.6-30%  

  y=f(x) – simultaneous status off of transmissions (4 lines, 9 xfrmrs) 
and generators (30 gens) during each peak hour. 

  x1, x2, x3… average probabilistic T1 and T2 data for lines/
transformers. PG&E statistical data for 1995-1999 for generators 
(10-40 status changes for each generator), NERC Gen. Availability 
Report (GAR) averaged data for comparison 

  Simulations with the NERC data gave one occurrence of the  
     (n-1)&(g-1) criteria violation in 45 years. The Bay Area criteria was 

defined with outage of more than one generator to provide the same 
frequency of violations.  
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Task 3. 2000. Simultaneous Forced Outages of Aging 
Generators in Bay Area (continue) 
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Task 4. 2008. MTBF-based Study of Simultaneous Forced 
Outages and Curtailments of Generators in Bay Area  

  What is new? a) 2003-2008 
CalISO data for unit outages and 
curtailments, b) PG&E Transm. 
Availability data,  c) MTBF 
reliability criteria, etc. 

  MTBF>300 years for Category D 
regardless of case severity 
(TPL-001-WECC-CRT-2) 

  MTBF would be 300 years for 
Cat.B due to predominantly light 
system conditions and mitiga-
tions, designed to overcome any 
MWs of forced outages besides 
existing less than 13% of time.  
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  Based on FODC, a critical forced 
outage/curtailment is 1,190 MW 



Distinguishing standard case severities (normal, heavy and forced) would  
help to define MTBF for categories B and C  
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Task 5, 6. California cost of COI flow reduction 

  Task 5. PG&E. 2002. Malin-R. Mnt and R. Mnt-T.Mnt 500 kV line outages, 
caused by frequent jumper failures.  

  Task 6. Quanta-Technology. 2011. T.Mnt-Tesla 500 kV line outages caused by 
nearby wind turbine blade failures. 

  COI energy to be replaced is defined by probabilistic outage simulations 
combined with variation of COI limits and flows as defined by the historical 
COI Flow Duration Curve.  
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Financial Effect of 500 kV Jumper Upgrade  
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