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D I R E C T I O N  1  ·  T H E  W E L L - S T U D I E D  S I D E

Wildfires break the grid

Physical destruction

Forced de-energization

Cascading outages

Smoke-induced faults

Case in point

Smokehouse Creek Fire 
Texas, 2024

The largest wildfire in Texas history 
knocked out power to thousands 
through both pre-emptive shutoffs 
and direct grid damage.

This direction, fire to grid, is where most of the literature already lives.
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D I R E C T I O N  2  ·  T H E  D E S T R U C T I V E  S I D E

The grid ignites wildfires
Conductor slap Vegetation contact Equipment failure Conductor sag High-impedance arcing

Camp Fire
2018 · PG&E

Arc between a line and a tower dropped molten metal onto dry vegetation.

California's deadliest fire: 85 deaths, ~18,800 structures. Drove PG&E to 
bankruptcy.

Dixie Fire
2021 · PG&E

A tree contacted energized distribution lines near the Cresta Dam.

Second largest single-ignition fire in state history

Eaton Fire
2025 · SCE

An idle transmission line re-energized during extreme wind.

14,000 acres, 19 deaths, ~9,400 structures. 

Lahaina, Maui
2023 · Hawaiian Electric

Downed lines amid hurricane-force winds in tinder-dry conditions.

Deadliest US wildfire in over a century: ~100 deaths. $2B pending 
settlement.
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T H E  T R E N D

A small share of ignitions, an outsized share of loss

From 2015-2020

~70%
of wildfire damages in California were 

due to grid-induced fires

Why?

Why is it rising? (200/yr in the early 1990s to ~2,500/yr today)

Aging infrastructure WUI expansion

The Grid–Wildfire Feedback Loop 3

~2-3%
ignitions are grid-induced (varies by 

state. ~ 10% in California) - High energy ignition

- Often happen during extreme weather condition

- Abundant fuel right under high-voltage lines

Climate-driven aridity
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T H E  R E S E A R C H  L A N D S C A P E

The literature is split into two silos

Grid resilience
against wildfire
MATURE, LARGE BODY OF WORK

• Physical hardening and undergrounding

• Outage and equipment-damage modeling

• Post-disaster restoration and recovery

Grid as an
ignition source
RECENT AND STILL EMERGING

• Environmental wildfire-risk indices

• Public Safety Power Shutoff optimization

• Isolated fault and waveform studies

Each side studies its own direction in isolation, and ignition is treated as an endpoint, not the start of a loop.
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T H E  G A P

What is missing: the feedback loop

Grid

FireEnvironment

Two blind spots

Grid resilience is studied without asking how the grid 
itself starts or intensifies the fire.

fault  →  fire  →  grid damage  →  secondary ignition

The Grid–Wildfire Feedback Loop 5

Wildfire mitigation is studied without the lens of grid 
operations and dynamics.



P L A N N I N G  B L I N D  S P O T

Expansion planning sees fire, but not the grid as its cause

How planning works today

Wildfire risk from
environmental proxies → Fed into expansion

and routing models → Hardened, expanded
infrastructure

The blind spot:  the grid is modeled only as a victim of fire, not as an endogenous ignition source.

Consequence  capital may flow to assets that raise 
regional fire hazard.

What is needed  expansion that accounts for the 
bidirectional grid–fire interaction.
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I G N O R E D  F A C T

Grid-induced wildfires potentially leave traces in sensor data
Maui, August 2023 · Whisker Labs "Ting" grid sensors

Ignition, caught twice:  The morning of Aug 8, a camera recorded an arc flash as the fire 
started, and several sensors logged a sharp voltage drop at that same instant.

The Grid–Wildfire Feedback Loop 6

A storm of faults:  78 sensors logged 122 grid faults from Aug 7 to 8, far above a normal day, 
with stress climbing for hours before ignition.

Not a one-off:  The same sensors caught voltage swings minutes before a 2022 Orange County 
fire destroyed 20 homes.
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T H E  O P E R A T I O N A L  T O O L

PSPS is blunt, and blind to real-time grid data

What it leans on

Historical risk indices and weather forecasts. Decisions 
are made largely offline, ahead of time.

What it ignores

The rich real-time telemetry already on the grid: high-
frequency waveforms and PMU data that carry ignition 
precursors.

The cost of bluntness

• Over-conservative shutoffs, unnecessary outages

• Reliability sacrificed for a coarse safety margin
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T H E  O P P O R T U N I T Y

Grid-induced fires leave fingerprints in grid data

Arcing and high-impedance faults could leave signatures in high-frequency waveforms and PMU data. Signal processing 
and ML can potentially surface them before ignition.

Real-time

Detect precursor signatures and 
trigger autonomous, protective 
mitigation.

Short-term

Fuse grid and environmental data 
for days-ahead risk and proactive 
action.

Long-term

Fire-aware grid expansion and post-
fire restoration that hardens by 
design.

Close the loop: a resilient, 
wildfire-aware grid.

The Grid–Wildfire Feedback Loop 8

Challenge: Availability of grid 
data!



Re fe rences  

7

1- American Red Cross (2025). Lessons Learned from the Texas Smokehouse Creek Fire. American Red Cross, North Texas Region. 
https://www.redcross.org/local/texas/north-texas/about-us/news-and-events/news/lessons-learned-from-the-texas-smokehouse-creek-fire.html

2- Butte County District Attorney (2020). The Camp Fire Public Report: A Summary of the Camp Fire Investigation. 
https://www.buttecounty.net/DocumentCenter/View/1881

3- CAL FIRE (2022). CAL FIRE Investigation Report — Case Number 21CABTU009205-58 (Dixie Fire). California Department of Forestry and Fire Protection. 
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/safety-and-enforcement-division/investigations-wildfires/dixie-fire-investigation-report.pdf

4-Plumas County (2022). Dixie Fire News & Updates. https://plumascounty.org/blog/health-and-safety/dixie-fire-update-summer-2022/

5- Los Angeles County Fire Department (2026, August 4). Eaton Fire Cause Determination. County of Los Angeles Fire Department, Arson Fire Investigation Unit, 
with CAL FIRE. https://file.lacounty.gov/SDSInter/lac/1214306_EatonPressRelease08-04-26.pdf

6-Associated Press (2024, October 3). Maui fire that killed 102 in Lahaina erupted from earlier blaze firefighters thought they put out, investigation finds. (via 
Fortune) https://fortune.com/2024/10/03/maui-fire-killed-102-lahaina-erupted-earlier-blaze-firefighters-investigation

7- Rhodes, N., Coffrin, C., & Roald, L. (2024). Security constrained optimal power shutoff for wildfire risk mitigation. IET Generation, Transmission & 
Distribution, 18(18), 2972-2986.

8- Headwaters Economics (2025). Lessons from 30 years of wildfire ignition data. Headwaters Economics. https://headwaterseconomics.org/natural-
hazards/wildfire/lessons-from-30-years-of-wildfire-ignition-data/

9- ABC News (2023, August 16). 1st reported Maui fire may have been caused by damaged power lines, independent report claims. https://abcnews.com/US/1st-
reported-maui-fire-caused-damaged-power-lines/story?id=102326367

10- Bloomberg (2025, July 1). Blackout, Fire Warnings Flashed From Home Sensors Hours Before Crises. https://www.bloomberg.com/graphics/2025-power-grid-
data-monitor/

https://www.redcross.org/local/texas/north-texas/about-us/news-and-events/news/lessons-learned-from-the-texas-smokehouse-creek-fire.html
https://www.redcross.org/local/texas/north-texas/about-us/news-and-events/news/lessons-learned-from-the-texas-smokehouse-creek-fire.html
https://www.redcross.org/local/texas/north-texas/about-us/news-and-events/news/lessons-learned-from-the-texas-smokehouse-creek-fire.html
https://www.redcross.org/local/texas/north-texas/about-us/news-and-events/news/lessons-learned-from-the-texas-smokehouse-creek-fire.html
https://www.redcross.org/local/texas/north-texas/about-us/news-and-events/news/lessons-learned-from-the-texas-smokehouse-creek-fire.html
https://www.redcross.org/local/texas/north-texas/about-us/news-and-events/news/lessons-learned-from-the-texas-smokehouse-creek-fire.html
https://www.redcross.org/local/texas/north-texas/about-us/news-and-events/news/lessons-learned-from-the-texas-smokehouse-creek-fire.html
https://www.redcross.org/local/texas/north-texas/about-us/news-and-events/news/lessons-learned-from-the-texas-smokehouse-creek-fire.html
https://www.redcross.org/local/texas/north-texas/about-us/news-and-events/news/lessons-learned-from-the-texas-smokehouse-creek-fire.html
https://www.redcross.org/local/texas/north-texas/about-us/news-and-events/news/lessons-learned-from-the-texas-smokehouse-creek-fire.html
https://www.redcross.org/local/texas/north-texas/about-us/news-and-events/news/lessons-learned-from-the-texas-smokehouse-creek-fire.html
https://www.redcross.org/local/texas/north-texas/about-us/news-and-events/news/lessons-learned-from-the-texas-smokehouse-creek-fire.html
https://www.redcross.org/local/texas/north-texas/about-us/news-and-events/news/lessons-learned-from-the-texas-smokehouse-creek-fire.html
https://www.redcross.org/local/texas/north-texas/about-us/news-and-events/news/lessons-learned-from-the-texas-smokehouse-creek-fire.html
https://www.redcross.org/local/texas/north-texas/about-us/news-and-events/news/lessons-learned-from-the-texas-smokehouse-creek-fire.html
https://www.redcross.org/local/texas/north-texas/about-us/news-and-events/news/lessons-learned-from-the-texas-smokehouse-creek-fire.html
https://www.redcross.org/local/texas/north-texas/about-us/news-and-events/news/lessons-learned-from-the-texas-smokehouse-creek-fire.html
https://www.redcross.org/local/texas/north-texas/about-us/news-and-events/news/lessons-learned-from-the-texas-smokehouse-creek-fire.html
https://www.redcross.org/local/texas/north-texas/about-us/news-and-events/news/lessons-learned-from-the-texas-smokehouse-creek-fire.html
https://www.redcross.org/local/texas/north-texas/about-us/news-and-events/news/lessons-learned-from-the-texas-smokehouse-creek-fire.html
https://www.redcross.org/local/texas/north-texas/about-us/news-and-events/news/lessons-learned-from-the-texas-smokehouse-creek-fire.html
https://www.redcross.org/local/texas/north-texas/about-us/news-and-events/news/lessons-learned-from-the-texas-smokehouse-creek-fire.html
https://www.redcross.org/local/texas/north-texas/about-us/news-and-events/news/lessons-learned-from-the-texas-smokehouse-creek-fire.html
https://www.redcross.org/local/texas/north-texas/about-us/news-and-events/news/lessons-learned-from-the-texas-smokehouse-creek-fire.html
https://www.buttecounty.net/DocumentCenter/View/1881
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/safety-and-enforcement-division/investigations-wildfires/dixie-fire-investigation-report.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/safety-and-enforcement-division/investigations-wildfires/dixie-fire-investigation-report.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/safety-and-enforcement-division/investigations-wildfires/dixie-fire-investigation-report.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/safety-and-enforcement-division/investigations-wildfires/dixie-fire-investigation-report.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/safety-and-enforcement-division/investigations-wildfires/dixie-fire-investigation-report.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/safety-and-enforcement-division/investigations-wildfires/dixie-fire-investigation-report.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/safety-and-enforcement-division/investigations-wildfires/dixie-fire-investigation-report.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/safety-and-enforcement-division/investigations-wildfires/dixie-fire-investigation-report.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/safety-and-enforcement-division/investigations-wildfires/dixie-fire-investigation-report.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/safety-and-enforcement-division/investigations-wildfires/dixie-fire-investigation-report.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/safety-and-enforcement-division/investigations-wildfires/dixie-fire-investigation-report.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/safety-and-enforcement-division/investigations-wildfires/dixie-fire-investigation-report.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/safety-and-enforcement-division/investigations-wildfires/dixie-fire-investigation-report.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/safety-and-enforcement-division/investigations-wildfires/dixie-fire-investigation-report.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/safety-and-enforcement-division/investigations-wildfires/dixie-fire-investigation-report.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/safety-and-enforcement-division/investigations-wildfires/dixie-fire-investigation-report.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/safety-and-enforcement-division/investigations-wildfires/dixie-fire-investigation-report.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/safety-and-enforcement-division/investigations-wildfires/dixie-fire-investigation-report.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/safety-and-enforcement-division/investigations-wildfires/dixie-fire-investigation-report.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/safety-and-enforcement-division/investigations-wildfires/dixie-fire-investigation-report.pdf
https://plumascounty.org/blog/health-and-safety/dixie-fire-update-summer-2022/
https://plumascounty.org/blog/health-and-safety/dixie-fire-update-summer-2022/
https://plumascounty.org/blog/health-and-safety/dixie-fire-update-summer-2022/
https://plumascounty.org/blog/health-and-safety/dixie-fire-update-summer-2022/
https://plumascounty.org/blog/health-and-safety/dixie-fire-update-summer-2022/
https://plumascounty.org/blog/health-and-safety/dixie-fire-update-summer-2022/
https://plumascounty.org/blog/health-and-safety/dixie-fire-update-summer-2022/
https://plumascounty.org/blog/health-and-safety/dixie-fire-update-summer-2022/
https://plumascounty.org/blog/health-and-safety/dixie-fire-update-summer-2022/
https://plumascounty.org/blog/health-and-safety/dixie-fire-update-summer-2022/
https://plumascounty.org/blog/health-and-safety/dixie-fire-update-summer-2022/
https://plumascounty.org/blog/health-and-safety/dixie-fire-update-summer-2022/
https://plumascounty.org/blog/health-and-safety/dixie-fire-update-summer-2022/
https://file.lacounty.gov/SDSInter/lac/1214306_EatonPressRelease08-04-26.pdf
https://file.lacounty.gov/SDSInter/lac/1214306_EatonPressRelease08-04-26.pdf
https://file.lacounty.gov/SDSInter/lac/1214306_EatonPressRelease08-04-26.pdf
https://file.lacounty.gov/SDSInter/lac/1214306_EatonPressRelease08-04-26.pdf
https://file.lacounty.gov/SDSInter/lac/1214306_EatonPressRelease08-04-26.pdf
https://fortune.com/2024/10/03/maui-fire-killed-102-lahaina-erupted-earlier-blaze-firefighters-investigation
https://fortune.com/2024/10/03/maui-fire-killed-102-lahaina-erupted-earlier-blaze-firefighters-investigation
https://fortune.com/2024/10/03/maui-fire-killed-102-lahaina-erupted-earlier-blaze-firefighters-investigation
https://fortune.com/2024/10/03/maui-fire-killed-102-lahaina-erupted-earlier-blaze-firefighters-investigation
https://fortune.com/2024/10/03/maui-fire-killed-102-lahaina-erupted-earlier-blaze-firefighters-investigation
https://fortune.com/2024/10/03/maui-fire-killed-102-lahaina-erupted-earlier-blaze-firefighters-investigation
https://fortune.com/2024/10/03/maui-fire-killed-102-lahaina-erupted-earlier-blaze-firefighters-investigation
https://fortune.com/2024/10/03/maui-fire-killed-102-lahaina-erupted-earlier-blaze-firefighters-investigation
https://fortune.com/2024/10/03/maui-fire-killed-102-lahaina-erupted-earlier-blaze-firefighters-investigation
https://fortune.com/2024/10/03/maui-fire-killed-102-lahaina-erupted-earlier-blaze-firefighters-investigation
https://fortune.com/2024/10/03/maui-fire-killed-102-lahaina-erupted-earlier-blaze-firefighters-investigation
https://fortune.com/2024/10/03/maui-fire-killed-102-lahaina-erupted-earlier-blaze-firefighters-investigation
https://fortune.com/2024/10/03/maui-fire-killed-102-lahaina-erupted-earlier-blaze-firefighters-investigation
https://fortune.com/2024/10/03/maui-fire-killed-102-lahaina-erupted-earlier-blaze-firefighters-investigation
https://fortune.com/2024/10/03/maui-fire-killed-102-lahaina-erupted-earlier-blaze-firefighters-investigation
https://fortune.com/2024/10/03/maui-fire-killed-102-lahaina-erupted-earlier-blaze-firefighters-investigation
https://fortune.com/2024/10/03/maui-fire-killed-102-lahaina-erupted-earlier-blaze-firefighters-investigation
https://fortune.com/2024/10/03/maui-fire-killed-102-lahaina-erupted-earlier-blaze-firefighters-investigation
https://fortune.com/2024/10/03/maui-fire-killed-102-lahaina-erupted-earlier-blaze-firefighters-investigation
https://headwaterseconomics.org/natural-hazards/wildfire/lessons-from-30-years-of-wildfire-ignition-data/
https://headwaterseconomics.org/natural-hazards/wildfire/lessons-from-30-years-of-wildfire-ignition-data/
https://headwaterseconomics.org/natural-hazards/wildfire/lessons-from-30-years-of-wildfire-ignition-data/
https://headwaterseconomics.org/natural-hazards/wildfire/lessons-from-30-years-of-wildfire-ignition-data/
https://headwaterseconomics.org/natural-hazards/wildfire/lessons-from-30-years-of-wildfire-ignition-data/
https://headwaterseconomics.org/natural-hazards/wildfire/lessons-from-30-years-of-wildfire-ignition-data/
https://headwaterseconomics.org/natural-hazards/wildfire/lessons-from-30-years-of-wildfire-ignition-data/
https://headwaterseconomics.org/natural-hazards/wildfire/lessons-from-30-years-of-wildfire-ignition-data/
https://headwaterseconomics.org/natural-hazards/wildfire/lessons-from-30-years-of-wildfire-ignition-data/
https://headwaterseconomics.org/natural-hazards/wildfire/lessons-from-30-years-of-wildfire-ignition-data/
https://headwaterseconomics.org/natural-hazards/wildfire/lessons-from-30-years-of-wildfire-ignition-data/
https://headwaterseconomics.org/natural-hazards/wildfire/lessons-from-30-years-of-wildfire-ignition-data/
https://headwaterseconomics.org/natural-hazards/wildfire/lessons-from-30-years-of-wildfire-ignition-data/
https://headwaterseconomics.org/natural-hazards/wildfire/lessons-from-30-years-of-wildfire-ignition-data/
https://headwaterseconomics.org/natural-hazards/wildfire/lessons-from-30-years-of-wildfire-ignition-data/
https://headwaterseconomics.org/natural-hazards/wildfire/lessons-from-30-years-of-wildfire-ignition-data/
https://headwaterseconomics.org/natural-hazards/wildfire/lessons-from-30-years-of-wildfire-ignition-data/
https://abcnews.com/US/1st-reported-maui-fire-caused-damaged-power-lines/story?id=102326367
https://abcnews.com/US/1st-reported-maui-fire-caused-damaged-power-lines/story?id=102326367
https://abcnews.com/US/1st-reported-maui-fire-caused-damaged-power-lines/story?id=102326367
https://abcnews.com/US/1st-reported-maui-fire-caused-damaged-power-lines/story?id=102326367
https://abcnews.com/US/1st-reported-maui-fire-caused-damaged-power-lines/story?id=102326367
https://abcnews.com/US/1st-reported-maui-fire-caused-damaged-power-lines/story?id=102326367
https://abcnews.com/US/1st-reported-maui-fire-caused-damaged-power-lines/story?id=102326367
https://abcnews.com/US/1st-reported-maui-fire-caused-damaged-power-lines/story?id=102326367
https://abcnews.com/US/1st-reported-maui-fire-caused-damaged-power-lines/story?id=102326367
https://abcnews.com/US/1st-reported-maui-fire-caused-damaged-power-lines/story?id=102326367
https://abcnews.com/US/1st-reported-maui-fire-caused-damaged-power-lines/story?id=102326367
https://abcnews.com/US/1st-reported-maui-fire-caused-damaged-power-lines/story?id=102326367
https://abcnews.com/US/1st-reported-maui-fire-caused-damaged-power-lines/story?id=102326367
https://abcnews.com/US/1st-reported-maui-fire-caused-damaged-power-lines/story?id=102326367
https://abcnews.com/US/1st-reported-maui-fire-caused-damaged-power-lines/story?id=102326367
https://www.bloomberg.com/graphics/2025-power-grid-data-monitor/
https://www.bloomberg.com/graphics/2025-power-grid-data-monitor/
https://www.bloomberg.com/graphics/2025-power-grid-data-monitor/
https://www.bloomberg.com/graphics/2025-power-grid-data-monitor/
https://www.bloomberg.com/graphics/2025-power-grid-data-monitor/
https://www.bloomberg.com/graphics/2025-power-grid-data-monitor/
https://www.bloomberg.com/graphics/2025-power-grid-data-monitor/
https://www.bloomberg.com/graphics/2025-power-grid-data-monitor/
https://www.bloomberg.com/graphics/2025-power-grid-data-monitor/


How Do Wildfires Affect Energy Systems?



©2024 Payman Dehghanian, All Rights Reserved

Acknowledgement

14



©2024 Payman Dehghanian, All Rights Reserved

Foundations for Improving Resilience in the Energy Sector 
against Wildfires on ALaskan Lands (FIREWALL)
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 Wildfires and The Electricity Grid: Strategies

Problem Statement
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Reinforcement 
and Preparedness

Wildfire Ignition

Mitigation and 
Recovery

Post-event 
Analysis

Time Horizon

Lessons Learnt/Adaptation

-12 months +36 hrs. +12 months

Detection and 
Prevention
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Power Grid Resilience to a Progressive Fire
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 Heat Transfer Mechanisms Acting on Overhead Power Lines

Note: Under extreme wildfire exposure, wooden poles may ignite and fail, while 
conductors may experience melting or severe thermal damage. This study instead focuses 

on small-to-moderate flame exposures (approximately 10 cm–4 m), where conductors 
may experience significant thermal stress without necessarily reaching melting conditions.
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 Parameterized Fragility Functions for Power Lines
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 Parameterized Fragility Functions for Power Lines
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How can we operate the electric power grid resiliently when exposed to wildfire smokes?
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How should we manage power flows during active wildfires not to further 
help its expansion and progression?



Thank You!

Payman Dehghanian
payman@gwu.edu



Changing the Way 
You See the Grid.



2022 Forbes Top 30<30
2022 TIME’s Best Inventions
2023 Grist50 Fixer
2025 PUF Top Innovator

Founded in 2020, we pioneered active grid response 
(AGR), focused on monitoring the electrical, physical, 
and environmental aspects of the grid. Our platform 
uses high-precision sensors and data science to detect 
issues in real-time, enabling proactive maintenance 
and fault identification. 

Investors Awards

About Gridware







Hazard Awareness Delay
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Ignition Avoidance

Pre-Ignition Red Flag Conditions RecoveryIgnition

Wildfire Timeline.

Situational Awareness Spread Avoidance Expedited Restoration



Ignition Avoidance

Detect incipient structural & electrical impacts to assets before an outage or ignition.

Confidential



Confidential

Situational Awareness
Hazard identification supports real-time awareness of imminent faults.



Spread Avoidance
Pinpoint hazard locations reduce possibility of spread post ignition.

Confidential



Recovery
De-energized infrastructure monitoring to expedite restoration and recover from high impact events.

Confidential



ASSET MANAGEMENT

RESILIENCE

PUBLIC SAFETY

STORM RESPONSE

WORKER SAFETY

RELIABILITY
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