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Driving Forces for 
Electric Grid Situational Awareness 

Blackout 2003 Hurricanes 2005
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Department of Energy - Office of Electricity 
Delivery & Energy Reliability

• DOE is lead agency for executing 
Emergency Support Function #12

• Activated by DHS when a coordinated 
federal effort is needed
– Coordinate protection of critical energy assets
– Assist federal, state & local governments 

involving a disruption
– Preparation, response, restoration & mitigation
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Electric Grid & Energy Infrastructure 
Situational Awareness

This effort will 
assist the 
government in 
managing the 
preparedness for 
and response to 
destructive events

Major power outages over the past 
decade have occurred due to a lack of 
wide-area situational understanding

ORNL, in partnership with TVA, is 
developing a resource for the U.S. 
DOE’s Office of Electricity Delivery & 
Energy Reliability that will enable real-
time status of the electric grid and 
assess inter-dependencies with critical 
energy sectors 

Assist in coordination of federal 
response to natural disasters or major 
events 

VERDE
Visualizing Energy Resources Dynamically on Earth
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Computational Techniques for Electric 
Delivery Systems R&D

Data-
analysis

Modeling 
and 

Simulation

Decision 
Support

• Wide-area visualization

• Spatio-temporal 
representation

• Distributed control and 
communication

• Data-directed discovery 

• Hybrid simulation

• Parallel contingency evaluation

Application 
scenarios: grid-
state, outagesUser-

discovery

Algorithm 
parameters

Specifications

Simulation-
based 
discovery Scenario-

steering
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VERDE Capabilities
Visualizing Energy Resources Dynamically on Earth

• Platform to provide wide area 
visualization capability 

– Flexible system 

• Real-time status of transmission 
lines

• Real-time weather overlays

• Predictive impact models & 
Animated replay

• Data analysis

• Energy infrastructure 
interdependencies: 

– Coal delivery and rail lines
– Refinery and oil wells
– Natural gas pipelines
– Transportation and evacuation routes
– Population impacts - LandScan

Wide-Area Power Grid Situational Awareness

Real-time Weather Overlays

Impact ModelsStreaming Analysis
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Grid Monitoring Architecture*
Phase 1: Hurricane Prone Areas

ICCP Data from NERCnet

TVA Extract Translate & Load Data Engine

Query status of network (i.e., line flows)

PowerWorld Retriever 
Application

PowerWorld Retriever 
Configuration

Real-time data update every 1 minute

TVA Interface

Electrical 
Network Data

Weather
Data

Population &
Transportation 

Data

Components
for ORNL Display 
Wall (EVEREST)

Visual Display
DOE HQ OE

1. VERDE on Google Earth
2. Web-page Display
3. EDGAR JAVA Client

Visual Display
DOE ESF -12

1. VERDE on Google Earth†

2. Browser to Graphic Displays
FEMA JFO

Data Service

ORNL Interface

1. ORNL Server to VERDE

2. ORNL Webserver for PowerWorld Retriever Graphic Displays

TVA Interface

DOE/Utility Interface

ORNL Interface

*Contingent upon DOE obtaining access to 
NERC Operational Reliability Data

Line Status from 
Hurricane Prone Areas

† High speed internet 
connection required

-

NERC MMWG Case

Line Status (In-service or Out-of-service)

Graphical Displays

Utility Participants
1. VERDE on Google Earth &  2. Browser to Graphic Displays

Electric Grid

Line Mapping Data

Key Elements of 
Process Flow

• ICCP data from NERCnet
provides real-time data 
every minute

• TVA extracts data and 
translates line status – in 
or out of service

• ORNL overlays weather, 
population, transportation, 
electrical network data –
electric dynamic grid 
analysis

• Visual displays are sent to 
DOE every minute
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Verde Coverage

• 2007: Eastern Coastal Regions

• 2008: Expansion across the U.S. 
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Grid Lines
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Live Outages
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Live Display and Analysis of Feeds
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Flexible Visualization Platform to 
Expand in the WECC region

• Phasor
Measurement 
Data being 
incorporated into 
VERDE

• Entergy 
incorporating 
PMU data into 
their system
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VERDE Integration
with Various Data 

Sources
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Weather Updates

• Weather overlays from NOAA and other 
sources

Sources: VERDE, NOAA
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Wind Data

Sources: VERDE, The Weather Channel
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Hurricane Views
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Earthquake Data

Sources: VERDE, USGS

18 Managed by UT-Battelle
for the Department of Energy Presentation_name

Forest Fires Data

Sources: VERDE, USDA Forest Service
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Integration of Analytical 
Capabilities into VERDE
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September 2003 - OEA formed Working Group on Energy Assurance Visualization, Modeling, and 
Simulation

Office of Electricity and Energy AssuranceOffice of Electricity and Energy Assurance
Visualization & Modeling Working GroupVisualization & Modeling Working Group
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Operational Capability for VMWG 

• Links served to the clients 
(Verde connector)

• 0ne of the links connects to 
the upload page

• Authentication on the 
upload page

• Upload
• Administrators have 

access to logs and user 
list
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LandScan Population Distribution

• Population counts for active display
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Impacts: Population, Commodities
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nightday
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Hurricane Preparedness and Response

687,1015,592,956Total

224,2791,701,59325%

184,3721,505,19650%

187,6771,594,80675%

90,773791,361100%

SENIOR
TOTAL 

POPULATIONDAMAGE

Public 

Assistance

Individual & 
Public Assistance

1,362,4773,153,293Louisiana

1,391,233707,506Mississippi

56,801575,133Alabama

Source: FEMA Impacted Areas, August 31, 2005

FEMA Impacted Areas

1,513,871Catastrophic damage (5–20 ft surge)

1,007,676Significant damage (< 5 ft surge)

Total 
population
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Railroad Routing Analysis



14

27 Managed by UT-Battelle
for the Department of Energy Presentation_name

Energy Infrastructure Analysis
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Analysis of Drought Conditions on Energy 
Infrastructure 
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Drought Impacts & Analysis
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Florida Lines Out and 
FMU Frequency Graph
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Outage Prediction Analysis

• Electrical 
service areas 
impacted by 
Florida 
Blackout 

• Feb 26, 2008
– Estimates 

derived from 
news reports 
of impacted 
regions
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Summary

• DOE Office of Electricity Delivery and Energy 
Reliability is providing leadership for wide 
area situational awareness

• Tools, such as VERDE, will help in 
coordination and federal response of major 
disruptions to the energy and electric 
infrastructure


