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Evolution of the LTIP metric from units of work completed to

amount of risk being reduced

System

Hardening

Substation

Enablement

Enhanced

Vegetation

Management

EVM

20202022 LTIP Plan

Risk Exposure Focused Count of Grcuit Miles

performed in RFT° Tiers 23 and Tier 111FRA

Targets 1021 circuit miles over 3 years 235 miles

hardened in 2020

142
352

9020 902 2022

Number of substations ont of
possible

PP

substations that are nergivable during a

Transmission Level PSPS event

62 high priority substations are now operationally

ready within hours LTIP 3yr20
target

= SO

substations

No metric was estabfished for EVM

20212023 MP Plan

Risk Proportion Focused 00A of system hardening miles in the top
2056 of the liFTO CPZ5 and Fire impacted and MPS impacted CPrs

Risk Effectiveness enabled Amend the System Hardening metric to

Prioritize high
risk

mitigation options Undergrounding and Line

removals

Risk Exposure expanded 25000 RFT° circuk miles evaluated in

the risk model

1=re1

Improved identification of higfirisk fire conditions and better

tailoring Of oPeretionaiaMiOns to respond to highrisk threats and

events hos decmased the nev51 for subdation energimtion during

PSPS edents in 2020

Replace the substation Enahlement metric forthe 20212023 LTIP

Periods aura Risk Reduction Public Safety Metric

Quantifies the risk reduction obtained and the locatUnn level

Also mithe number of miles worked in high wildlife risk areas

Assumes execution of the 12 year Enhanced Vegetation

Management Plan 20192030 averaging 2120 circuit miles

annually for 20212030
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Risk Model and Risk Quantification
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The wildfire risk model considers the likelihood and

consequences of potential wildfires

LORE CORE

The likelihood of a risk event loRE is the relative frequency a The consequence of a risk event CoRE is the average impact Mem
specific

risk event occuriing risk should it materialize across key metrics Safety Reliability

In the case of vAldfire risk this is the relattye likelihood of a
Financial

ignition occurring Ingle case wildfim iisk consequence containsserious injuries

fatalities propertydamage and impacts to reliability

Risk is the product of the likelihood and consequence of a risk event

This method produces an expected value impact across the consequence metrics and when

combined results in a multi attribute scorethat can inform risk based decision malting

Ignition Model

Likelihood
ofignItyin

modelingprediceng

ignitionsatthecit
protectionzone

X

Fire Model

ityielhoad of Spread X Compuene

deteMr911525013

tokOtoibO
PGKEendrechnovOra

consequence
conswerationifccusee

Ifiepotentiel ineact

an wildfire

X

Other

Considerations

Pewme exPin

rad dinaddltional
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I Three enhancements have been considered in the 2021 Wildfire

Risk Model

E9

L2018 Risk Model 20211 Model 2018 Risk Model

ex01 lea

0 00 tele en

Rick
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Equipment Failure Remaining Risk

0100

Enhanced Vegetation Remaining Risk

moo

ssn

1000

angi goy 60

1000 1SIO E 0000 0
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The process for identifying and scoping specific projects

has a very long lead time between 1218 months

System Hardening Project Life CycleMO Preliminary Field

Final Roping

41110 Estimating

Approvals Scheduling

41010 Construction QC

41191MINIE

2222 NMI 12 193

10226 NNW 9 109

24 9

number

of

Project

Estimating

nmIM`t

I

ELOP 191299

2026295

ElMIZSINIMI
CEMOIEN=MEN

209

101

922729
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In order to communicate simplistically we adopted a top
down approach to LTIP target setting for System Hardening

Risk Inmorikin

Condition 8096 of the miles performed in

the top 20 of the CP Fire rebuild and PSPS

impacted circuits

2021 is a transition year then risk model

Mvot

Risk Effectivensa

Condition 2 5961096 arid 15 of

Undergroo nding mirk in the System

Hardening ormectimMol in 20212022 and

2023 nspecdoely

MeklExposure Expended

MI 251300 HMO miles were evaluated within

the 202111011de

ie 14

Mrekilentlftai Moms

1111601 app15SMale

€111

Worn laming TargslaE77
s are

miles of system hardening worklar speerisltprioriazed
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ir2

DIK

In order to communicate simplistically we adopted a top
down approach to LTIP target setting for System Hardening

System Hardening Assumptions

1114 of Mokcilisten xardeninalin 2021 consitert0 it thr 2011> nor NI
forecast escalates 2021

by
ISM and 2023 forecast

lat 2021
by

30

Worl

Assumes YA10antl 19 of Untlargrounekng work

In the System Hardening project portfolio In 2021

2022 and 2023 epechvely

fllregramOurnien

Execution alive 13 year plan focusing on top 2036

cp by zen

preiminary 2021511

project portfolio was

doifolopod informed by the

2021 risk model and is

comprised of inflight

prnjert rno ri 17s ami

f
mitigations

long Gleoyde of 511

Maggots adoption of new

risk model the 20211g a

onetime year 2022 and

2023 portfolios soill be

aripqN1 primanlyfrru

on 2096 of CPZe

ANL
Rig total mileage of the proposed 202 1

ProjeftlfigEW
threSM101tl goal TIP 05 MO021 2270 anrI2

igen escalation of progra inMil level The target andsgegth

goals lig P 10 20 weresot as 596 and 1S96 higheg respectively

2032

2072

2023

11

20 350

003

055

1209

1e0n11sternbard001n1v0Auleespeel ehbpelmitlabd
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In order to communicate simplistically we adopted a top
down approach to LTIP target setting for EVM

EVM Assumptions

OW tetvf te r
v
e
l

t
ir
n
t

segments PORI

assemesotecoch of the utveacEntonced

Based on historical completion rates a
12 year program waschosen

to address all enhanced vegetation risk in the system

amount of enhanced vegetation management work forth°

IIFTD etas evaluoted fur the system

Me remaining enhanced vegetation management work Pottle

system wasforecast over the 10 remaining years of the program to

determine the yearly miles forthe threshold LTIP 05

Enhanced Vegetation PolaneReme Taro

2022
2023

20212022

2120
7 123

A 161

2226 2638

2226 2638

7333

6628 6313

Targets aramilasolEV633633163631613 riskrter1113331 wart
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Sample System Hardening Project

tine Busines Electric Operations Dislxibution

inSwvirta0a9070
I

6nIpletion Da12000

Retornmonda Reconducter llor Flre RPrea 11 Is raarnmanded that the Scnior AMCION

part of the 2020 08W WIldflre MitlgatIon Pnogram

ST

Land arid Enuironmental issues
are

known and have been addressed

remain nod
through project cornpletion

Peconductor 5612

Irma113761310A EPP gcl Conduit SAV

011116 of 310A TW 12W

nstallagg of 210A 1N121a

ReplaceInstall 10poles

ReplaceOristall
1 trandormers

Replaceinstall
loses

IrnpaCted Mertrpts Goal of hardening Mmiles 2020 this project will contribute 107

lu lowagithp goal

13==

===r1=21
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Public Safety metrics consider a combination of historical

event driven and predictive wildfire risk model analysis

BM
Hardening

4 Enhanced

Vegetation

Management
EVM

1V2171117113=71 1111111M1

requires us to rebuild °yearend
circuitry

to cumsnt

hardening design standards

Chcuits impacted multiple dmes by MPS actions in

2019 and 2020

EVad work performed in fire impacted areas

Vegetation delvi removal

Risk models guide where
potential

risk could be

experienced

Risk models guide where
potential

k could be

experienced

includes areas with high strike potential oees and

overhang based on 2019 uZIAR data

What Mitigation Method Gets Selected

E21=11
Rebuild of overhead circuitry to current hardening design

standar

Undergrounding

Removal overhead
circuitry

Enablement for remote
grid

r
il
lk Enhanced Vegetation Management EVM

Achieve 12 recommended radial clearance

Remove abate trees as idenhfied through the tree asseasment tool

tall or a subsequent approved hazard tree assessment process

Remove overhangs above and within 4 feet of power lines

Reduce
vegetative

fuels under and
adjacent

to
powerlines on

targeted
basis

15

PGEDIXIENDCAL000008876



Three enhancements have been considered in the 2021 Wildfire

Risk Model

Ignition

Probability

Improvement

Veg and

Equipment

Consequence
Value

Improvement

Technosylva

Additional variables are included

increasing model accuracy tree

Wes mnd scores pround cOVei

Iffigbliglffing Me importance of

fast burnIng fuels

The dependent variable was

updated aligning modeling 20 the

oulcamo lo be predicted

mc sed model efficacy

in absolute values in 100m

Changes to lbe mode4ng approach

hae addressed nearer

concerns

to date prediction at fire behavior

Hsi values are now additive
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30000

25000

19000

The Wildfire Risk Model is used to develop a Risk Buydown
curve for potential System Hardening projects

Unaddressed Risk System Hardening

2021 Wildfire Risk Model

The
top

10 or lisk

represents L2900 miles

Theme fox of unz mks
represents 3 of dsk

be tap aoft et can Imean meat

af tam milesle

beton 396 of Mettles

ferns am ofthe risk

10002 15 2fl 259130 MAO

03295122

Buydown Curve Conceptual Overview

The risk huydown curveshows the amount ofrfsk

t can addre tserl wi every subsequent mile

or CP2 that is mitigated This view shows the felon
magnitude of potential projects anti can compete

impacts of programs with varied effectiveness

visuelizetim hely to
highlight

the consolidation of

nsk bv mile as you move down the onoritization list

The following table summarizes the mileage and

tIe coverage t along the risk curve

MI

0036 3 2304
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Risk Buydown curves have also been developed for EVM to

identify number of miles and CPZs to be targeted

9 9091

Remaining Risk

I

F74
MIMMEI

106

2D

60 19
9596 6

Remaining Risk

CR Raking

=TIMM=
20 90

S056 99
00 LW
95 100
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0

As a result of modeling enhancements risk buydown curves

have evolved

2018 Model Risk Suydown Curve

System Hardening Example

10030 15000 20000

25000

_ 20000

_
dorio

mono

5 5

2021 Model Risk Suydown Curve

System Hardening Example

003 15000

cruet miles

003
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Public Safety metrics require that risk reduction will be focused on

areas were risk has materialized or that are in the top 20 of CPZs

30000

25000

2wo

15000

Unaddressed Risk System Hardening

The top 20
of Cgrs

Risk Model driven

work lobe done Is

from tillsone

Condition 01 factors°

work could take piece enywhere

along the risk buydown come

44J ==727rcepr

Risk model driven

20 of the population of

risk ranked system

hardening protection

zones as determined by

the approved risk model

aresewhere raglan

materialized

System hardening work

performed in fire rebuild

We
Grails impacted multiple

times by PSPSeeti011a in

2019 and 2020

0tern 10030 I5000 20000 room ammo LTIP score is bib

ciriaaarsar condition not met

Condition 1 does not apply to work performed in 2021 softs a mansitional year duet° the adoption of a new risk model and a long

Iffecycle
of System Hardening projects
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Public Safety metrics require that a portion of the mitigation

focus on alternate hardening strategies

Underground 2177171M10

Undergrounding is the replacement

of the primary and some secondary
overhead conductors and cables

eliminating the need for overhead

lines altogether

Ikm4

Remote Grid uses standalone
distributed energy sources and utility

infrastructure for 247365 reliable

energy delivery in lieu of traditional

wires

Condition 2 Factors

Mitigation Method

Atleart5951096and 15 of

undergrounding °dine removal

work Inthe system hardening

projectportfolio in 20212022
and 2023 respectively

LT IP score is 0 if

condition not met
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if Public Safety metrics require that EVM consider four aspects

0 0 0 0

Arisceng 12 recommended radial

rearance

Tree ASSeSSnlentT001

nemrreng abate trees as elerefied

through ti tree assessment tool TAT
or a subsequent approved hazard tree

assessment process

ugh

very nigh

p

Assessment on mdleutie

retiree and impact attributes targeted

laniards Wire impact on PGSE assets

Removing overhangs above and

ellen ilfitiet ripener nnes

Plectuang vegetative
fuels under and

adecert to power on targeted Pees
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30000

10000

A project is evaluated based on where it is being performed
and what mitigation method is being used

Unaddressed Risk Illustrative System Hardening Project Example Proiect X Plan

nrojew
33101031111033eara 0112

031 304

I Removal

1311110 15000 200110 23000 3000

Example Project X Plan

Ell=111119111

2 I 9933

Eonnlranftartootodatemnn

Undergrounding Hardeningentl 130010051

Past P5PS occurrences

Lifecycle cost considerations

erne customers

Miles of work

lineeline conshone
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30030

10030

Sample System Hardening Project

Unaddressed Risk CWSPCOLUMBIA RILL 11014R 2212 P144

Project Homy CW51
COLUMBIA Mil

1112
otal ERZ Risk riX2

10COD 15000 20030 25000 WO

Project Plan

I I

=11111iffil

_ 1soPm

install 31DAEPna 14 Conduit

121V

I nsta111506 of 320ATW 121V

Install 335 of 21041W 12kv

Pepluminstall 10 pules

Ileplarefinstan
1 transformers

PeplaceAnstall 2 fuses
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Projects are often a combination of mitigation methods of

hardening

4r

and

ns to at

PAM
Safety

Environmental

foutraalon

rierrntlim

Veg Management

Pm Managers

A1111411

Com rikl

644ement
antoreenta

Customer

Ed cHE ri

Example Shingle Springs 21091219372 81 Dorado Caunty

rE1

1R35598 554 159 296 4954

149342 554 227 351 1360

1813222 554 1018 152 1048

gt

Segmant UeZ
ritbad

GuTdanes

I0770679
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Utilize the 2021 wildfire task model to inf nun the primifizefion of current soaped work while maximizingthe amount of efficient system

hardeningthat cante completed before wildfire season 20E1Additional resources wt usell to complete this plan will be assigned to address

the backlog of EC tags in the OThO The workplan will focus on

induded in Scope Additional Review iCoinplete partial CP2s

CP2s currently in construction Construction ready projeCts

CP2s in the top 2036of MAVE Risk Cffis Estimating comp projects awaiting

ECOP and P5P5 Projects dependencies

Highest gist Area tffilm 732 Mlles Addressed3061 ROMS Reduced 12155105

Foffis
exclusively on the highest tisk aea miles and utilize excess

resources to complete KED EC tags and other nonhardeningrapftal

included in ova
Current scope of highest risk area miles

Highest Risk Area Meese 112

stiles Addressed 32 Risk Reduced I 061010496

Maximize the amountof system hardening woik thatcan be

completed by carrying over all construction ready work for 2021

ncluded in Scope

r
All cumentconstruction ready 2021 system hardening projects

Highest Risk Area Miles 72

Miles Addressed25912 Risk Reduced 3021 OA
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Example Shingle Springs 2109 LR 9372 El Dorado County

2013 2021 Consequence Consequence

RI Risk TecoIva NIAVG Core

Rank Rank ire Area

LR 35598 554 159

LR 9372 554 227

296

351

2054

1860

1R1332 554 1018 153 1048

Top 20 MAVF Risk Rank Cut Line is 727
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Example Calistoga 1101 Napa County

ECOP Csfisloga1101
x0204392e

ILIMECRIMMTFIR
MITMETI1
IMIEEMEIN

Consequence Consequence

Technosylea rhe N4A1fr Cana

Area

8823
LI1 36 24 833

Lit 34 MB
43924

182

811

312

2186

690

446

Top 20 MAVF Risk Rank Cut Line is 727
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Example Miwuk 1701 CB Zone Tuolumne County

CP2 2018 2921 Consequence Consequence

Risk
Risk rechnosylva MAW Core

Rank Rank fire Area

LR8050 95

11000 139

LR953336 12

CR

LR10600 1

1882

2262

2 351

2690

148

103

114

296

242

Top 20 MAVF Risk Rank Cut Line is 727
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Ladder Effects

ladder effects in wildland fires create the

conditions for low lying fast burnIng fuels to

intensify as they move hors up the canopy and

into more energy dense fuel sources Accounting

lot this ellett in wildfire modeling deemphasizes

areas of douse fuels as high risk for ignition due

to lack of potential surface fuels

Additionaily locations that have large amounts of

surface fuels that can sustain high temperatures

are rated more highly as these are mom
likely

to

ladder into difficult to contain crown fires

Progression of Wildland Fire Ladder Effect

tttsOorseutlede 0 Su Meet OLatMer tu Mow 0Ie iv
mum Tim mria I Mr te Weed WM Metro to meee am intensemum tnwremuamumps lutinte a end wady mu
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Technosylva more accurately predicts high consequence fires as

having high risk

Technosylva based wildfire consequence data better Identifies hIstodcal destrucdve flee locations

600

400

MO

100

MAW CORE vs Reap Structures 1000 Max of destmenve fires

erau won

111Cams

revolatrArl

eurrE

Runs muff

tagarme

elscu can

REAR Score

Previous models used the REA
wildfire consequence model

Relies on fuels as a main parameter

or to determine wildfire spread

RFAX scores a portion of historical

fires high

91111

iechnosylva Score

MAW CORE
Uses the Technosylva model which

models ladder effect of fire moving

ORWMNi from grass to scrub to treetopsAwl MAVF scores most historical

em45rwass catastrophic fires high

rwro s000

ore

9000 10000

31
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Risk Model Action Items

C
u
m

u
la

ti
v
e
id

n
a
lu

te

Rid

S
c
o
re

M
A

V
F

I 25000

20000

15000

100150

2012115415211elaisk 131212noinCune

0 1000 1500 2000 2500 IMO 2500 0000

we nankin

L
35000

1
10000

5002

o

2021Nlodel51050plown Curve

Top 100 CRUMB

SOO 1000 15C0 2000 2500 3000 1500

Key Takeaways

No CPI5 in the top 100 overlap

This will result in
significant change to the

prioritization
and expected risk boydown of mitigations

The 2018 risk results were not distance weighted where the 3021orioritliation induded a distance factor
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Fri

o

The top 50 riskiest miles represent 49 of the system risk

Mean CPZ Risk

1000 2000

113910713

Orault Potiles

OREGON TRA

ALPINE

MASIIPO

SHENER

UGPER

KFSWIC1

rvOnnl F

1102302

KUNOCI

NAMPO

BUCKS

MOW

=1111
3

I
sa I I I

On 169 169 0112

ma atom

616 130 6099

0729 01114

1204

2255

0 12 23 00

flO

Ney Takeaways

Mnigating 25 of the 50 riskiest miles within PGEs senriceterritory would reduce 0596
of PGCs total wildfire risk

some of these segments are relatively
small and may he the result of edge effects

Howevertrends in the data such as the Middletown
circuit highlight

areas3f high risk

Isere more extensive remechation nen occur

The team retommendscreeling a strike teem to assess the most effective way to address

end mitigate the wildfire risk across thesecircutis ond locations to complete these in

2021 ma stretch target
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