. Resilipce,

N\

Heuristics-Based Approach for
entifying Critical N — k Contingencies
in Power Systems

Saqib Hasan

Department of Electrical Engineering and Computer Science

Vanderbilt University




\_ Resiliopee,

N\

Introduction

Reliable operation of power systems is of primary importance.

Challenge?

Efficient and Effective methods to identify critical multiple N - k contingencies are necessary.

Identifying all the possible critical N — k contingencies is computationally
Infeasible.
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Contingency Analysis

onsider a power system G, consisting of buses, transmission lines,
ransformers, loads and generators.

allure(s) can occur in one or more component of the power system.

hese failures are referred to as N — k contingencies.

ystem failure causing contingencies are referred to as critical
— k contingencies.
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Contingency Analysis

represents the universal set of all the N possible component outages in a power
ystem.

Iven a value of k, the search space S, is defined by:
S, ={alae?2,|a| < k}

¢ denote the system failure criterion.
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Heuristic Algorithms

Algorithm I.

Based on the iterative pruning of the current candidate contingency set using the previously
identified critical N - k contingencies.

Algorithm I11.

Based on the frequency distribution curve representing the frequency distribution of the
candidate contingency set and the idea from Algorithm | to employ a 2- stage pruning of the
candidate contingency set S,,.
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Algorithm |

Let F € S, be a contingency.

If F causes, a system failure then for all k > k’, any other contingency F’ € S,
satisfying F < F’ will cause a system failure.

For example, consider a power system with universal set U containing transmission
lines tl,, tl,,...,tl,.

If an outage F = {tl,} satisfies C,, any contingency F' = {tl, tl;}, where
i € {1,...,m} — {a}, isassumed to cause a system failure.
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Algorithm 11

or any transmission line a € U, let z, denote its impedance. Given a value of k and
contingency F € S, the mean impedance Z(.F) of the contingency is given by:

Zaef “a

_ Z(F) ¥
verage impedance Z, of the frequency distribution curve for search space S, Is given
y:

|Sk|

he standard deviation ¢ z of the frequency distribution is defined by:

o \/zfeggzmzw
: Skl
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Algorithm 11

he window size is then obtained by:
Zy =2y —0z,2,+0z]
ost critical N - k contingencies fall within this region.

contingency F e S, that appears within Z,,, is considered as the critical contingency
nd is pruned from S, (Stage-1 prediction and pruning).

Stage-2 prediction and pruning is done based on Algorithm I,
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Fig. 11: Frequency distribution curves of the candidate contingency set (Ss) for different standard power systems.
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orithm 1 Algorithm for Finding N — k Contingencies

Input: G, U, Cy k
Initialize: T +— 0, R « 0, cppe + 0
for all F £ 5; do
loss + simulate_contingency(Gy. F)
if loss = C'y then
R+~TRUF
end if
end for
cforp=2..., k do

Alg

00 = O LA P b b

for all 7' € 5, do
for all F € R do

if 7 C 7' then 1-stage pruning
P+ PUF
end if
end for
end for
T«TUuP
S = S\ P t> prunes Search space S,

for all F € 5, do
loss + simulate_contingency(Gp, F)
if [oss = (,‘J- then

Rcur — Rcur F

end if

end for

R+ RUR

if |Reur| < cpre then
break

end if

. cplf‘l.‘ — |Rcm-|

31: end for

32 returm T
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Simulator and Approach

OpenDSS, a steady state simulator is used to compute the results.

Algorithm 2 Algorithm for Finding N — k& Contingencies

L e A

Input: Gy, L4, C;. Zw K

Initialize: 7 < 0, R + 0. cpre < 0

for all F £ &; do
loss +— simulate_contingency(Gy. F)
if loss = (','j- then

R+—RUF
end if
end for

for all 7 £ &5, do
if Z(:F} i Z. then
S, +— S, UF
end if
end for .
T+ TU(S\S,)
for all 7' € S, do
for all 7 € R do
if 7 C 7' then
P+—PUF
end if
end for
end for
T+—TUF
Sp S, P
for all 7 € S, do
loss +— simulate_contingency(Gy. F)
if loss > Cy then
Rewr — Reur UF
end if
end for
T+ TRUReur
if [Reur| = cpre then
break

> prunes search space S,

2-stage pruning

’
> prunes search space 5,

end if
Cpre +— |Rcur'|

: end for
: returnm T
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Contingency Simulator

Integrated OpenDSS power system model and cascade simulation model with the
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Cascade Simulation Model
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Fig. 3: Cascade Simulation Model
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Evaluation

Execution Time Analysis of the Algorithms

= For IEEE-57 bus system exhaustive search for N - 4 analysis identifies a total of 346,214
critical contingencies out of 722,865 contingencies.

= Algorithm | uses 24,469 simulations to identify the same 345,662 critical N —
k contingencies out of the 346,214 critical contingencies.

= To identify the remaining 552 critical N — 4 contingencies, Algorithm | uses 259,600
simulations in its final iteration.

Time Complexity Analysis-IEEE 14 Bus System Time Complexity Analysis-IEEE 39 Bus System Time Complexity Analysis-IEEE 57 Bus System
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Fig. 8: Execution Time Analysis-Time taken by Exhaustive search, Algorithm [ and Algorithm II to Identify Critical N — k Contingencies
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Evaluation

eduction in the Total Number of Simulations

= [For IEEE-14 bus system, there are 89845, 3095, and 1734 number of simulations performed.
= For IEEE-39 bus system, there are 1676115, 117536, and 48046 number of simulations

carried out.

= For IEEE-57 bus system, if 259,600 simulations are avoided, the total number of simulations
will be reduced to only 24,469.
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Fig. 9: Total Number of Simulations Run using Exhaustive Search, Algorithm I and Algorithm II to Identify Critical N — k Contingencies
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Evaluation

erformance Accuracy of the Algorithms

= A total of 14,968 out of 19,778 and a total of 15,272 out of 21,879 critical contingencies for
IEEE- 14 bus and IEEE-39 bus systems respectively are identified.
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Fig. 11: Effectiveness of Stage-1 Prediction and Pruning Process of Algorithm L.
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erformance Accuracy of the Algorithms

Algorithm Accuracy- IEEE-14 Bus System Algorithm Accuracy- IEEE-39 Bus System
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Fig. 10: Prediction Accuracy of Algorithm I and Algorithm 1I
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Conclusions

wo heuristic algorithms were developed for N - k contingency analysis problem.

he approach is able to capture all the critical contingencies without missing any
angerous contingency.

pproach is validated on the standard IEEE-14, 39, and 57 bus systems.
he algorithms perform significantly better than the exhaustive search.

he identified critical N — k contingencies can be used to design effective
itigation strategies to improve system resilience and reliability.

Future Work
= Using efficient data structures to improve the algorithms efficiency.
= Using the concept of distributed computing for optimizing the approach.
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