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Aftermath of Hurricane
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Problem Statement

e Hurricane Strikes
e Generation units fail

e Substations fail vE
* Transmission lines fail

e How the limited restoration resources to be
allocated?
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The Proposed Framework

Damage Assessment

Aerial survey and ground inspection
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Obtain generating unit recovery information

Identify mnitial outage state and TTR

Transmission Network Outage Management

Initial Data Preparation oL , ,
Minimize load interruption and crew cost

Subject to prevailing operational constraints
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Calculate load interruption and determine :
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. oy Mobilize crew based on the obtained results
Check resource availability
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The Objective Function

* To minimize the repair costs

* To minimize the load interruption cost.

Value of Lost Load
Load Interruption
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Load Balance and Power Flow Constraints

e Load Balance

Z P, + Z PL,, + LI,; = Dy,;, b, Vt.

e Power Generation - ’
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Line Power Flow Constraint

Line Power
Flow

—PL""w;; < PLjy < PL"" wy, VI, Vt,

—MZ BT 2y < PLy < MZ BT 2y, VIV,

A Very Large
Number

—MZ 1310|200 < PLj < MZ 85| 2. VIV,

The bus voltage angle constraint should also hold. /
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Restoration Constraints

Line Resource Line’s Time
Allocation Indicator To Repair
B t
0 <wy— () v —TTR +05)/M <1 VIVt.
Damage 1 The
State — + Resource
NG 0 < 2y — (Y ok — TTRy +0.5)/M < 1 Vb, Ve, | Constraint
- k=1 N Always
 t+TTR;—1
Z Ul 2 TTR{(’U,{t — ’Uz(t_l))g VZ\V/f
Repair k=t
Duration | (+TTRy—1
Z Up Z TTRb(’u,bt — ub(t_l)), Vb Vt.
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Simulation Results for IEEE 118-Bus

Setups:
Unit Number  Time to Repair Bus Number Time to Repair Line Number Time to Repair
G1 17 Bl 24 L1 20
G2 12 B2 11 L2 18
G3 24 B3 18 L10 16
G5 8 B4 15 L14 10
B5 5 L16 22
B8 4
Bl11 22
Results:
Scenario R¢=50 R¢=T75 R:=100 R¢=125 R¢=150

Cost (x10°)  $144,151 $140910 $140,070 $139.718  $139.718
Interruption 46 hours 35 hours 29 hours 24 hours 24 hours

The higher the restoration resource level, the
lower the interruption time and cost. f
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Conclusions and Future Work

* Restoration resource availability plays a
significant role in system resiliency.

e Securing enough resources, significantly
reduces the post-hurricane restoration time

and cost.

* The stochastic nature of the problem will be
considered in our future work.
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