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ABSTRACT

In this study, a discrete event simulation model of the post-earthquake restoration process for
electric power systems was developed in collaboration with the Los Angeles Department of
Water and Power, using their electric power system as a test bed. The model explicitly
represents the real-life restoration process, enabling development of geographically-
disaggregated, guantitative restoration curves with uncertainty bounds, a dynamic map
showing the spatial distribution of outages changing over time, and information on how
personnel and repair materials are used throughout the process. The LADWP electric power
restoration model was then used to estimate the earthquake initiated power rapidity risk in Los
Angeles. The simulation-based restoration modeling approach used in this study enabled
guantification of the power rapidity risk for the whole study area, as well as an assessment of
the geographic variability of this risk, the stringency of restoration resource constraints, and
the expected effectiveness of various possible mitigation strategies. An extension of this work
IS examining methods for optimizing the allocation of limited resources for managing power
rapidity risk.

This study provides three primary benefits:

o It advances the state-of-knowledge of lifeline engineering by applying the discrete event
modeling approach to the post-earthquake restoration problem for the first time. The new
approach overcomes many of the limitations of past work providing more accurate outage
duration estimations

* It helps utilities better plan their post-earthquake restoration process

e It Improves regional loss estimation models by providing more accurate service outage
duration estimates. This study is part of a large MCEER project that aims to assess the
disruption to regional economic activity caused by earthquake-initiated lifeline service
outages.

OBJECTIVES

The main objectives of this study are to:

» Develop a post-earthquake restoration model for electric power

 Demonstrate application of the electric power restoration model for the LADWP system

* Develop an optimization model that would provide guidance on the optimal way to conduct
post-earthquake restoration of the electric power system.

RISK ASSESSMENT METHOD

 Hazard Model — Chang et al. (2000)
Estimates the ground shaking expected in the study area
Uses 47 scenario earthquakes with associated ‘hazard-consistent’ probabillities

« Damage Model — Dong (2002)
Estimates damage to power system components caused by ground shaking
Estimates initial system functionality
Based on fragility curves developed for main high voltage substation components and
Monte Carlo simulation

*Restoration Model
Describes the restoration process until the system reaches full functionality
Based on discrete event simulation
Considers resource constraints and uncertainty; explicitly represents utility companies’
decision variables (repair material, restoration teams, prioritization rules etc)

RESULTS

(1) Power Rapidity Risk Surface
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(2) Variation of Likelihood of Using All Available Resources Throughout the LADWP
Service Area

Circuit Breakers Repair Teams

(3) Sensitivity Analysis for Possible Improvements to the System

29% reduction in — (1) Annual probability of satisfying the
transformer repair time 1

| performance criteria of restoring 95 % of
| the customers within 12 hrs was
estimated to be 98.4% for the LADWP
electric power system. Results also
iIndicate that longer power outages than
those experienced after the Northridge
Earthquake are possible.
(2) Annual probability of running out of
circuit breakers and using all available
- repair teams at the northern LADWP
facilities is higher. With the current crew
and repair material levels, it is likely that
LADWP will exhaust their supply of
circuit breakers and use all available repair teams if a destructive earthquake occurs.
(3) Increasing the number of repair teams was found to be the most effective mitigation
strategy in reducing the overall system restoration time. Results indicate that this mitigation
strategy is more effective in preventing long duration power outages and has a larger impact in
the final phase of the restoration process. With number of repair teams at the critical district
yards increased by 50%, the annual probability of satisfying the performance criteria of
restoring 95% of the customers within 12 hrs was found to be 98.5%.

ONGOING RESEARCH

A simulation-based optimization model is being
developed to extend this work by allowing the
levels of crews and materials at different
locations to be optimized. This approach is
based on a genetic algorithm that iteratively
calls the simulation model to estimate the
restoration curve for different resource
allocations. The use of ridge regression to
approximate some of the simulation calls was
Investigated and shown to lead to a significant
reduction in the computation time. We are
currently implementing the approach for the full
LADWP power system.
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CONCLUSIONS

The main findings of this study are that:

e There Is significant risk of prolonged power outages in Los Angeles due to large earthquakes,
this power rapidity risk varies throughout the Los Angeles area

e There is a relatively high likelihood that more repair materials than are currently available will
be required if a large earthquake occurs

* There are ways to reduce the expected duration of earthquake-initiated power outages and
they should be subjected to full cost-benefit analysis.
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