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Project Overview

• Investigate methodologies and best practices for prioritizing electric 
power grid equipment improvements
• Best return on investment for resilience improvements

• Total award: $500k

• Period of performance: Sept 15, 2017 – December 31, 2018

• Bjorn Vaagensmith (PI), Jesse Reeves, and Carol Reid (PM)
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Context concerning the problem being addressed

• Power grid operations are critical to modern society
• Economics
• Culture
• Maintain livable conditions

• Understanding the most important power grid components can help 
researchers and utilities create a more resilient power grid
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State of the art approaches for addressing the problem

• Utilities focus on power flow studies to prevent outages 
and fast response to failed equipment 

• Nuclear regulatory commission uses probabilistic risk 
assessment (PRA)

• PRA used to predict the most likely sequence of events 
that result in a power outage

• Resilience studies focused on microgrid architecture, 
control algorithms, and distributed generation 
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Uniqueness of the proposed solution

• Combine power flow, PRA and resilience 
metrics

• Iterative relationship between Power 
World and SAPHIRE & PowDDER

• Programs modeled outcomes for:
• Electrical information
• System Failure
• Probabilities of Failure
• Adaptive Capacity (Resilience metric)
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Technical explanation of the proposed approach

• PowerWorld: 
• Contingency analysis → SAPHIRE
• Power flow and 

system information → PowDDeR
• SAPHIRE:

• Likelihood of specific components 
cause system failure

• Most likely failure 
scenarios → PowDDER

• PowDDER:
• Largest changes in adaptive capacity
• Potential power pinch points 
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Significance: data mining form OE-417 vs SAPHIRE simulation

• The Electric Emergency Incident and Disturbance Report (OE-417) form for high wind 
related events filtered based on
• Loss of 300 MW or more
• Loss of 50,000 customer-hours or more
• Powerlines and transformers are most associated component with large outages

• High wind event on the IEEE 14 bus system modeled in SAPHIRE
• Powerlines and transformers exhibit the highest unavailability/hour (UA/h) that 

contributed to system-wide failure 

Component 2017 2016

Power Lines 59 29

No Data Found 3 2

Transformer 1 1

OE-417 data: Significantly contributing 

component failure associated with high wind

Group (n-1)
Nominal, Single Bkr

(UA/h)
Nominal, Bkr & 

Half (UA/h)
HW, Single Bkr

(UA/h)
HW, Bkr & Half 

(UA/h)
Generators 5.97E-08 3.63E-08 5.97E-08 3.63E-08

Synchronous 
Condenser

1.38E-07 9.89E-08 1.38E-07 9.89E-08

Transformer 1.58E-04 5.35E-05 3.78E-04 3.25E-04

Powerlines 1.47E-03 1.61E-04 2.37E-03 1.06E-03

SAPHIRE IEEE 14 bus model: Generic component results unavailability/hour (UA/h) 

that contributed to system wide failure
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Significance: PowDDeR results for (a) nominal and (b) high wind

EcU4 most 
constrained

EcU8 largest 
change

(a) (b)

IEEE 14 bus segmented into economic units EcU1-10

Bus 1

Bus 2 Bus 3

Bus 4

Bus 5

Bus 6 Bus 7

Bus 9Bus 10Bus 11

Bus 12

Bus 13 Bus 14

G1

G2 SC2

SC1

SC3

T1
138 kV/138 kV

T3
138 kV/138 kV

T2
138 kV/138 kV

Load 1
21.7 MW, 
12.7 Mvar

 

Load 2
94.2 MW, 
19 Mvar

 

Load 3
47.8 MW, 
-3.9 Mvar

 

Load 6
9.0 MW, 
5.8 Mvar

 

Load 7
3.5 MW, 
1.8 Mvar

 Load 9
6.1 MW, 
1.6 Mvar

 

Load 10
13.5 MW, 
5.8 Mvar

 

Load 5
29.5 MW, 
16.6 Mvar

Load 11
14.9 MW, 

5 Mvar

 

Load 8
11.2 MW, 
7.5 Mvar

 

Load 4
7.6 MW, 
1.6 Mvar

 

L1

L2

L4

L3

L5

L7

Bus 8

L8L9

L10L11

L12

L14
L13

L16

L17

L15

L6

EcU2

EcU3
EcU1

EcU10

EcU8

EcU7 EcU6

EcU5

EcU4

EcU9
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Best 
Practices

Specific research questions being addressed

•Contingency 
analysis

•Electrical 
information

Power Flow

•System failure:

•Most likely 
scenario

•Most likely 
components

PRA

•Adaptive 
capacity 
metric

Resilience

Framework for evaluating power gird
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Monitor
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e Quality Assurance
Review thresholds

Critical 
Infrastructure 

Industries 
Evaluation

MilitaryNuclear

Aerospace

Telecommunications 

Oil and 
Natural Gas

Heath

Critical sector methodology comparison

Electric Power Grid

Common Best Practices Identified

• Which component improvements in the 
power grid will provide the biggest benefit 
to resilience?

• What system upgrades provide the best 
improvements to resilience?

• What best practices from other critical infrastructure sectors 
can be leveraged to improve power grid resilience?
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Project schedule, deliverables, and current status

• Budget expended: $500k

• Deliverables:
• Final report

• Project status: completed 
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Next steps

• Partner with Utilities for further modeling framework validation

• Automate the communication between tool sets

SAPHIRE
Components 
failed and time 
to failure

PowDDeR

Impact on grid performance

Power
World

Defines 
failure

Adaptive
capacity
metric
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Broader Impact

• Resilience Week paper
• Won best infrastructure R&D paper

• Final Report shared with Duke Energy

• Wind Energy Technologies Office
• MIRICAL project work package 3.2

• Provisional patent filed
• Utility patent planned to be filed late 

summer

• Follow on work with Idaho Falls Power and Duke 
Energy
• Further develop the tool to suit utilities 

needs
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Contact Information

Work email: Bjorn.Vaagensmith@inl.gov
Work phone: 208-526-4008

Work email: Jesse.Reeves@inl.gov
Work phone: 208-526-2872

Work email: Carol.Reid@inl.gov
Work phone: 208-526-1902

Special thanks to other Team members:
Liam Boire, Timothy McJunkin, Kurt Vedros, Jekob Meng, Jason Wayment, 
Shawn West, and James Case
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