Wildfire Mitigation
at Southern California Edison
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A Little About Me

A California native
ABorn in Oxnard, CA (southernmost city of Califc¢
A Raised in Sonoma, CA (famed wine town ~1hr north of San Francisco)

A Graduated Cal State Long Beach with BSEE in 2010

A Hired as an Apparatus Engineer at SCE in 2010
A Equipment specs, standards, training development, field support

A Now Engineering Manager in Apparatus Engineering

ATeam devel oped and i mplemented significant port
starting ~2018 through present
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Why Does Wildfire Mitigation Matter?
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Drought area in California
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Why Does Wildfire Mitigation Matter?™

A Climate Change
A Higher temperatures
A Frequent and intense drought conditions
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Why Does Wildfire Mitigation Matteto Me?
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2017 Northern California Fires

128
Cobb Knoxville Guinda

POCket Va}i‘liéjf Egke
" Ly c @

Cloverdale

Middletown Tepaeed
Brooks
>240,000 acres burned i e
8,900 buildings destroyed Jitown _ . 50
4 4 deaths ot Aetna Springs Walter Springs
‘ f; 2 IR
192 injuries AN i "o, Nl
—_— . 1th Home alistoaa Cra A e Norton
~$15 billion in losses/costs S 4
Cazadero Deer Park Spanish Flat
. P‘.eg,pl,esga Winters
uemneville St Helena ighlands
G I
5 I R Q é. é enner @ Rmh;::‘:'e Allesksal
(HP/Ag .|Ient/ Keysight i, B s L
FountaingroveCampus) % ucklown
y Dak Knoll Vacaville
. Bodega Bay Rohnert Park
My h|gh school Valley Ford
Penngrove
© e
Dillon Beach o Fairfield @
Nicks Cove @ @
American gy
- A p A~ Marshall ’ RLIGGIL S T Grizzly Island
a e LJI NB y K2Y S (1) @\ 8 Wildlife Area
October 15,2017 . oo .. T LS
CAL FIRE / Wildfire T6d4y'/ Google San Pablo By A\ Suisiun Bay

Energy for What's Ahead™ 8



Mount St. Helena K
Tubbs Fire A
Oct. 8-9, 2017

Pochini
1 2 3 4 5 Family
Farm
Fire starts
9:43 p.m.
Bennett

ahy GKS yAIKG 2F hOouo
Tubbs Fire raged from Calistoga to
the Coffey Park neighborhood in
Santa Rosa, almost 12 miles in just
TAQOS K2dzN& €

pelena Rd
& /’“—f\ RS

\
e M Tubbs

~
? i ~ L\ // . .
””""““Rfeézf@d Fire final

‘ K perimeter
‘ y) Fountaingrove ' " ) Oct. 31
Anova = ) LA
#ehcol Y %"'||||||||F;;*eb]("2 {“’\/f’r\
go Skyhawk f‘/
arl S
) y A
i N

Fire reaches ||

2
\A
Coffey Park ¢ 1 y
2:45 am. s 7/
. k{(\ %
— D
o ’ wat's Ahead™

https://www.pressdemocrat.com/article/news/tubb$ire-map/ Erergy 101 vy




~1,500 residences destroyed In
Coffey Park neighborhood of Santa Rosa

After Tubbs fire
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Christmas in Coffey Park, 2017
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Layered Wildfire Mitigation Approach

A Detect
A Weather Stations
A Inspections
Aol ncipient Faulté Detection Technologies

A Prevent
A Vegetation Management
A Covered Conductor
A Targeted Undergrounding
A Public Safety Power Shutoff

A Respond
AoFast Curved Protection Settings
A Current Limiting Fusing
A REFCL
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Detectd Early Fault Detection (EFD)

EARLY FAULT DETECTION(EFD) ses radi o frequency sensors placed
radio frequency signals on power lines that indicate potential problems, such as frayed power lines, tracking, arcing

and vegetation contact, to help prevent potential ignitions before the equipment fails.

Radio frequency (RF) sensors are placed below overhead lined every 3 miles for distribution and every 5 miles for
transmission.
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_ Detectc EFD
EFD Construction Examples:

Distribution And Transmission Systems

EFD Control =
Enclosure |

~250 Distribution Sensors, Aug 2023 ~15 Transmission Sensors, Aug 2023
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Detectc EFD

Early Fault Detection Findings:
Gunshot Damage

A EFDled to discovery
of damaged conductor

A Damage not visually
apparent to naked
eye, required walking
the line and close
Inspection with
binoculars/hi-zoom
camerato identify
mid-span location of
event
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Detectc EFD

Early Fault Detection Findings:
Wire Damage Closaip

A Close-up of conductor from
gunshot damage

A Investigation showed presence
of lead at location
suggesting gunshot damage

A Proactive conductor
replacement mitigated risk of
in-service failure
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Early Fault Detection Findings:
Surge Arrester Tap Separation

Detectc EFD

Connection to surge arrester
located behind the fuse holder
was found arcing

Initial inspection did not identify
cause, the EFD sensors reported
an increase in energy and
detection frequency weeks later

A follow-up site visit found the
arcing connection/wire that was
repaired, which resolved further
EFD detection activity at location

Proactive replacement prevented
an in-service failure

Video captures sound from egipleRbr \What's Ahead™



_ _ _ Detectc EFD
Early Fault Detection Findings:

Pairing With Other Visual Inspection Tools To Enhance Detections
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progressed to a point where visual identification of the concern is apparent. Additional tooling, such asthe acoustic camera shown above, has proven
valuable in locating the cause of the EFD alert in some cases.
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Respondd Rapid Earth Fault Current Limiter (REFCL)
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Electric System Transformer Grounding:
4 Levels of Ground Fault Current

SOUTHERN CALIFORNIA
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Respondg REFCL

Solidly Grounded 4Wire System

Phase A
Phase B
Phase
Neutral High Fault
Br(:)l;q[ﬂteout Current (~10 kA) at } { } { } Single Phase Distributior
Substation — Transformers Connectec
ho . - Phase to Neutral
as 4" wire
Grounded at
Locations
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Ungrounded System

Respond; REFCL
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Resonant Grounded System

Respond; REFCL
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Respondg REFCL

System with Ground Fault Neutralizer

Ground Fault Neutralizer (GFN)
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Respondg REFCL

REFCL Background

A Wildfire Risk in California has forced international benchmarking for safest design
practices

A Many international utilities build much different distribution systems, some of which
address many seemingly unsolvable safety concerns

A Northern European grids designed around maximum ground fault currents of less than 10A
while detecting 5,000-ohm faults

A Victoria Australia, the Rapid Earth Fault Current Limiter (REFCL) Program existing record holder
for both the most sensitive protection, detecting 25,400 -ohm faults, and lowest energy release
from ground faults

A SCE is scaling up systems based on principles learned from these utilities
A Installation of equipment to reduce worst case energy release from ground faults

A Installation of equipment to balance distribution networks to the point that 0.5 ampere ground
faults can be detected.
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Respondg REFCL

Australian Rapid Earth Fault Current Limiter (REFCL)
Program

SOUTHERN CALIFORNIA
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Respondg REFCL

Australian Experience

A Black Saturday bushfires in 2009
173 fatalities
1,100,000 acres burned

A In response Victorian government commissioned significant studies on mitigation of
ignition hazards.

A Resulting laboratory ignition testing
A Development of operational criteria targeting 70 -90% reduced ignition risk
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Respond; REFCL

Down Wire on Resistance Grounded System

MarxsenConsulting,
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Respond; REFCL

Down Wire on a Ground Fault Neutralizer Grounded System

MarxsenConsulting,
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. . . . Respond; REFCL
Ground Fault Neutralizer Implementation in Australia

A2014-2016 testing showed a 90% reduction in ignitions from phase to
ground faults with a Rapid Earth Fault Current Limiter (REFCL)

AlIn 2016 regulators mandated REFCL installs at 45 substations

AFirst tranche completed in April 2019
A More than 10,000 circuit miles of 22 kV system protected today

ALast tranche on track for 2023
A Full project build out will be more than 19,000 miles
A Powercor installations are complete on 10,500 miles
A AusNet and Jemena expected to complete this year
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Victorian REFCL Program StatéisNov 2022 Respond REFCL

Victorian REFCL Network

- In Service at Required Capacity
A - In Service
0 25 5 100 I Not In Service
Kilometres State of Victoria

https://www.esv.vic.gov.au/aboutis/our-organisation/reports/rapidearth-fault-currentlimiter-refcl-reports Ene rgy for What's Ahead™



https://www.esv.vic.gov.au/about-us/our-organisation/reports/rapid-earth-fault-current-limiter-refcl-reports

Respondg REFCL

Challenges Installing Ground Fault Neutralizers on SCE System

A Many substations feed phase to neutral connected distribution transformers

A All transformers supplied by the substation must be replaced with phase-to-phase transformers
as a part of the upgrade

A Many substations feed only short distances of high fire circuitry

A Risk spend efficiency of Ground Fault Neutralizer much better when 50+ miles of high fire
circuitry supplied from the substation

A High cost limits application for non -fire mitigation purposes
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Respond; REFCL
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Respondg REFCL
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Down Wire Test Resonant Ground Testing Respond; REFCL
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Wire Contact Phase to Groun@ Resonant Grounded Testing Respond REFCL
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Respond; REFCL
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Tree Branch Contacd Resonant Grounded Testing Respond; REFCL

Grounded

/

Energized from
12 kV Isolation
Transformer
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Lichtenberg Figures Respond: REFCL
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Respond; REFCL
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Long Beach Metallic Balloon Contact Respondg REFCL

Energy for What's Ahead™ 43



