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■ During winter of 1811-1812, central 
Mississippi Valley was struck by three of the 
most powerful earthquakes in U.S. history
- One of the quakes may have been as large 

as magnitude 8.0
- Earthquakes were felt as far away as New 

York City and Boston, where church bells 
rang

■ Most seismically active area east of the 
Rockies 
- Chance of having an earthquake similar to 

one of the 1811–12 sequence in the next 
50 years is about 7% to 10%  *

- Chance of having a magnitude 6 or larger 
earthquake in 50 years is 25% to 40%  *

■ Exercise based on New Madrid earthquake 
scenario set for May 2011
- Coordinated by Department of Homeland 

Security and the Federal Emergency 
Management Agency

- First NLE to simulate a natural hazard

NEW MADRID SEISMIC EVENT – Background Material

4000 earthquake 
reports since 1974

* URL: http://pubs.usgs.gov/fs/2009/3071/pdf/FS09-3071.pdf
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Primary Objectives of the DOE New Madrid Electric 
Transmission Study
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■ Determine potential impacts of the 
seismic event on the regional grid. 

■ Determine extent of potential 
cascading failures and island grid 
formations.

■ Identify electric transmission lines,  
substations, and power plants that 
are at risk for potential damage.

■ Determine dispersal pattern of load 
losses; determine which areas would 
potentially experience the most 
losses/outage.

■ Identify components needing long 
lead times for repair and restoration.
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Overview of U.S. Power Grid

The U.S. power grid is a highly complex network of interconnected 
transmission lines, substations, and generation facilities.

. 
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Overview: Large Power Plants of Various Types in
Within the NMSZ Shake Contours
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Overview: High-voltage Transmission Lines and 
Substations in the NMSZ and WVSZ

7

Nominal Line Capacity
345kV ~ 800 MW
500 kV ` 2,200 MW
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Overview: Investor-Owned Electric Distribution 
Companies in the NMSZ and WVSZ
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Scenario Description and Key Assumptions
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■ Simultaneous New Madrid and 
Wabash quakes with M 7.7 and 
6.8, respectively.

■ Events occurred on peak-day 
Summer months of July or 
August.

■ Loading levels of transmission 
lines are at peak levels reaching 
up to 90% of line capacity for 
some lines.

■ A failure of the substation would 
cause the associated 
transmission lines to de-energize 
and halt operations.
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Overview: Affected NERC Regions
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Overview: Electric Loading Levels 
Among Pertinent NERC Regions
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Methodology and Sources of Data
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A. Methodology
■ Used HAZUS MH-MR3 for damage functions and fragility 

curves
■ HAZUS used to identify electric components directly at 

risk by the seismic event    
■ Argonne’s EPfast for downstream impact  assessment
■ Heuristics employed to account for potential effects of 

transients
■ Used industry-based opinions for estimating component 

procurement times

B. Data Sources and Graphics
■ For Ground Motion: Used FEMA-provided shake maps 

(PGA, PGV, liquefaction)
■ For transmission line and substation characterization 

and electric loads used:
- ERAG Summer 2010 Eastern Interconnection Model
- EIA NERC monthly loading DBF        
- Platt’s PowerMap for equipment inventory        

■ For parts procurement: industry experts
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Damage Algorithms for Substations Based on 
HAZUS Formulation 
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Note: Low voltage      - 115-kV to 229-kV
Medium Voltage- 230-kV to 499-kV
High Voltage     - 500-kV and above
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Definition of Different Damage States for 
Substations Based on HAZUS Formulation 
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■ Slight/Minor Damage is defined as the failure of 5% of the disconnect switches 
(i.e., misalignment) or the failure of 5% of the circuit breakers (i.e., circuit breaker 
phase sliding off its pad, circuit breaker tipping over, or interrupter-head falling to 
the ground) or by the building being in a state of minor damage.

■ Moderate Damage is defined as the failure of 40% of disconnect switches (e.g., 
misalignment) or 40% of circuit breakers (e.g., circuit breaker phase sliding off its 
pad, circuit breaker tipping over, or interrupter-head falling to the ground) or the 
failure of 40% of current transformers (e.g., oil leaking from transformers, porcelain 
cracked) or by the building being in a state of moderate damage.

■ Extensive Damage is defined as the failure of 70% of disconnect switches (e.g., 
misalignment), 70% of circuit breakers, or 70% of current transformers (e.g., oil 
leaking from transformers, porcelain cracked), or by failure of 70% of transformers 
(e.g., leakage of transformer radiators) or by the building being in a state of 
extensive damage.

■ Complete Damage is defined as the failure of all disconnect switches, all circuit 
breakers, all transformers, or all current.
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EPFast: Model for Uncontrolled Islanding and Load 
Flow Analysis
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 Linear, steady-state model provides a
quick estimate of impacts on the
downstream substations due:
− Uncontrolled islanding
− Single or multiple transmission line outages
− Plant siting and line reinforcement studies

 Can handle regional size networks:
~ up to 100,000 nodes and 150,000 lines 

 User-friendly graphical user interface (GUI)
 Graphical and tabular HTML –formatted outputs
 Applications

– FEMA New Madrid Study
– DOE New Madrid Study
– General seismic and hurricane analysis
– others as appropriate
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Steps in the Methodology
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1. Define scenario and establish Base Case Load Flow.
2. Identify components likely to be damaged directly by the earthquake.
3. Run load flow assuming all damaged assets are out of service.
4. Identify overloaded lines of surviving network as a result of Item 3.  Assume 

overloaded lines are outage.  Run load flow again.
5. Check if the system splintered into island grids. If not, Stop and generate 

report (no islanding occurred). Otherwise, proceed to next step.
6. Balance supply with demand for each island grid formed. Perform load flow 

for each balanced  island grid. Identify overloaded lines and assess losses.
7. Check if all island grids have been stabilized (i.e., balanced without line 

overloads). If not, trip all overloaded lines and see if more islands are 
formed and if so, repeat Step 6. Otherwise, end calculations and generate 
report.

8. Apply heuristics to enhance analysis, particularly, on the potential effects of 
transients.
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Typical Component Damages to Towers and Distribution 
Systems Due to Seismic Events
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■ Buckling or collapse tower frame due to 
ground liquefaction, deformation  and 
landslides.

■ Insulator damages due to PGA ground 
motion.

■ For distribution systems,  there are two 
major types: burn-down of feeder and 
service lines and failure of concrete 
distribution poles.

■ Downed lines can remain energized and 
cause fires. Assess, prioritize, and 
implement temporary quick work-around.      

■ Substations are more vulnerable to seismic 
shaking than transmission towers.

■ In the U.S. wood poles are typically used for 
distribution and  their performance in 
general has been very good. 

FOUNDATION FAILURE
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Description of Load Flow Data
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Model Load Dispersal (MW) Among Participating Regions
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Total Load: 663, 240 MW
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Result of Simulations
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Caveats in Understanding the Results
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■ Data quality issues
- Incomplete or lacking load data
- Unavailability of per-bus geospatial information
- Lacking some information on line rating 

■ Utilities or owners having widely dispersed properties or 
equipment presented problems in spatial depiction of 
islands grids.

■ Spatial depiction of buses is approximate and is based on 
an in-housed developed automatic clustering algorithm 
anchored around the locational centroid of the owner 
utilities.

■ The general layout and location island grids depicted  here  
are based on the 3 or 4 core largest utilities comprising 
each island. Other utilities with smaller number of bus 
contributions are not included to save space.

■ Utilities that appear far from the epicenter of the fault 
could experience severe load shedding due to its high 
stress level prior to the disturbance. 

■ A simple load shedding scheme is employed to balance 
supply and demand whenever an island is formed.
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Initial Estimate of Number of Transmission Lines and Substations 
Likely to Experience Moderate to Extensive Damage

(Based on Platt’s PowerMap data)
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A much larger quantity was revealed when the ERAG-provided 
load flow data was considered, particularly, data that pertained 

to equipment with voltage ratings below 230 kV.
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Initial Estimate of Installed MW likely to Experience 
Moderate to Extensive Damage 

(Based on Platt’s PowerMap data)
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The actual operational level MW might be lower than shown 
above due to maintenance or unit commitment considerations.
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Dispersal of Damaged Substations at the Instant of the Earthquake
(Based on ERAG Load Flow Data)
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About 310 buses, 750 lines and 11,300 MW of Generation would 
instantly  be made non-operational by the earthquake.
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Additional Buses Lost due to Line Overloads at the 
Second Iteration
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Additional 200 buses and  110 lines would be lost due to ensuing line overloadings.  
About 108 island grids would  be initially formed. Cascading  effects due to 

overloaded lines would reach 22 iterations prior to finally settling to new stable 
operating point.
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System State at End of Twenty Second Stage of Cascading 
Line Outages due to Successive Overloadings
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The original 56,261 bus system splintered further into 
about 5,018 island grids.

The full extent of impact requires consideration of transient events 
such as frequency and voltage decays, generator-tripping power 
swings and mitigating schemes by utilities involved. 
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Locations of Five of the Ten Largest Island Grids in the 
U.S. Eastern Interconnection  
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Locations of the Next Five of the Ten Largest Island Grids 
in the U.S. Eastern Interconnection  
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Locations of Major Island Grids Within S.E.E. Territory  
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Summary of MW Loss Among Participating NERC Regions 
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Top 25 Control Areas with the Largest Load Losses 
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Control Areas near NMSZ with Estimated Percent 
Reduction in Load
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Control Areas in the Eastern Interconnection with 
Estimated Percent Reduction in Load
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Applying Heuristics in the Analysis:
Summary of Major Blackouts in the U.S.
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The worst outage event in U.S. history (Aug. 14, 2003, blackout) was 
triggered by the failure of only two 345-kV lines (Stuart-Atlanta and 
Harding-Chamberlin lines) and the outage of a 597-MW power plant 
(Eastlake 5). 

The effects of transient frequency decays (supply-demand imbalance) and 
voltage collapse (lack of reactive power), power swings (generator 
synchronization), and other transient instability problems  can multiply the 
presented results so far by several factors, perhaps doubling the amount 
of load loss. 
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Summary of Heuristics Employed
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■ The level of reactive power directly affects the 
quality of voltage in the system. A sudden  loss 
of a large amount of reactive power  would 
most likely result in a large-scale systems 
collapse.

■ An imbalance in supply and demand can cause 
a steep frequency decay or upsurge, thus 
causing frequency relays to trip loads as well 
as generators.

■ Transient power swings due to sudden large 
disturbances (either loss of load or generation) 
can cause generators, especially those with 
lower electrical inertia, to step out of 
synchronism, thereby exacerbating the already 
imbalance system.   

Events at one large generator during a cascade 
on August 14, 2003
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Estimated Downstream Impacts due to Cascading Failures
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■ Far exceed impact of the August 14, 2003 
Northeast U.S.- Canada blackout.

■ Likely splinter a large portion of the 
national grid with potential load losses of 
290,000 to 400,000 MW across large 
number of states.

■ Eastern Interconnection would potentially 
break into numerous island grids and 
would likely collapse. 

■ Possibly affect 100 - 150 million people 
with the Northeast , Southeast, and 
Midwest regions likely to experience the 
brunt of the impacts.

■ Many areas within the Eastern 
Interconnection  will potentially have 
down times of at least 14 hrs to 5 days. 
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SUMMARY AND CONCLUSIONS
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■ The combined New Madrid and Wabash events could instantly de-energize about 
750 lines,  300 substations, and  11,300 MW of generation near epicenter. 

■ The combined events can put at risk for possible physical damage about 170-200 
high voltage towers. Locations of these towers are most along or near the New 
Madrid fault lines. 

■ The combined events potentially could directly affect a large number of oil, natural 
gas, coal, and hydro plants with a total combined operating level of about 11,300 
MW.

■ Possibly affect 100-150 million people especially in states nearer to the epicenter 
with the Northeast, Southeast, and Midwest experiencing most of the outages.

■ Eastern Interconnection would potentially break into numerous island grids and 
would likely collapse.

■ Many areas within the Eastern Interconnection would potentially have down times 
of at least 14 hrs to 5 days.

■ The equipment with the longest lead time is the transformer (8-12 months).

■ In general, there are more approved suppliers for towers, switches, bushings, 
arresters and inductive reactors, implying shorter lead times (1-4 months).
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Contact Information
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Edgar C. Portante
Senior Energy Systems Engineer
Argonne National Laboratory
E-mail: ecportante@anl.gov
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Load Losses Among Utilities within FRCC 
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Load Losses Among Utilities within MRO 
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Load Losses Among Utilities within RFC 
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Load Losses Among Utilities within SERC 
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Load Losses Among Utilities within SPP 
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