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Evolution of the LTIP n

amount of risk being rt

System

Hardening

Substation

Enablement

Enhanced

Vegetation

Management

EVM

Moved this up to align

with thebullexon left

20202022 LTIP Plan

Risk Exposure Focused Count of Drcuit Miles

performed in EIFTODerz 23 and Tier 111FRA

Targets 1021 circuit miles over 3 years 235 miles

hardened NTLI in 2020

142
352

9020 902 2022

Number of substations oat of
possible

64

substations that arenergizable during a

Transmission Level P5P5 event

GOSH priority substations are now operationally

ready within rtg hours LTIP 3yr20
target

=50

substations

No metric was estabkshed f EVM

nits of work completed to

20212023 LTIP Plan

Risk Exposure Expanded 25000 HFIll circuit milm evaluated in

the dsk model

Risk DroportionFocused 80 Majority° system hardening miles

in De top 2D 96 of De DITD CP2s and remaining in Fire impacted

and P5PS impacted CP2s Fire rebuild

Prioritizes
high

risk mitigsgiarepptiranDindergrounding

reMs

Improved identificatice of higfrrisk fire conditions and better

tailoring of operational actions to respond to highrisk threats and

Does this need to be modified to state etric forthe 20222023 ITIP

10 remaining years see additional ic Safety Metric

Quantifies the ri obtained and the locaDan level

Also couMs the nu f miles worked in high wildlife risk areas

Assumes executio 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

rad dinaddltional
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FT0 Three enhancements have been considered in the 2021 Wildfire

Risk Model

m=7

2018 Risk Model Rick

opessicoof
wilelane Firs000Etran

e

2018 Risk Model

eca ex01 lea

0 00 tele en

Risk

172
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The risk model is used to develop risk buydown curves for

EVM and System Hardening
Thc risk bushown curve shows the omounrofriskrhot con be addreseedwith every subsequent mile or CPZ that is mitigated This view shows the relative

igniturle of potential projects aria ran compare imparts et programs with varied effectivenessThevisualiration helps to highlight the osnsalidation orris

hy mile as vou move down the priorgirationlist

WOoyoI1appento M the

2018 and 2021 Buywn curves for

System Hardening and EVM

Equipment Failure Remaining Risk

Enhanced Vegetation Remaining Risk

urn

IOW
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Our first condition puts a focus on identifying projects that

are in the top 20 of riskiest CPZs

KUM

1
0
C

to

Remaining Risk

crs mak sag

Mao View of CC jap

CifiZ MONA
Quantified Risk Value

estimated number of miles

113=IMMEMI
10 72
20 90
50 99
BO 100

95 100

Can we say anything
here to demi this

Cisi such as

likelihood of fire

pree

Spade can
shape etcl

likelihood of spread

wind Fuel typo
asset concatIon and

kjected Proiert

ProjectMaiis

Number of miles considered

fatal addressable risk value
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Our second condition

considered for

puts a focus on the method

System Hardening
i11=

ourrhregnareeningoev

°woe rerntrtors eta 7 al

ry in lieu
of tr al

rag re nmehnevz

4
High

c> gredhen 0 Lew=MOM
Svstem Herder Overneee

N 6E

Examples of factors to determine

TotalsIV ilisk
Stare 1206

an be

throughPO
Undergrounding 01111erdening and Removal

Past P5PS occurrences

lifecycle
cost considerations

Number of customers

nen
boldaM01

pla7tosveaomilof wait CFLIIIsla

rmeline considerations
boi
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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 Cycle

Preliminary Field

Final Soaping

40 Estimating

41 Dependencies Contracts

111FApprovals Scheduling

ORO Construction QC

€11mmommill

PIMP Risk Per

iiLLSZAtMgalial

20 zOn9

12 143

104

346

E=1
MPS

Mitigation

1096 NNW OV

Fstimating

CelraPnght
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Approach to the 2021 work plan attempts to balance with

maximized risk reduction

Conditions

1105Exposure Expanded

All 25000 HMO miles were evaluated within

the 2021flisk Model

Mak Proportion Focused

Majority of system hardening miles in the top

2096 ante HMO PCsremaining in Fire

impacted and PSIS impacted CPrs rFire

rebuild

2021 is a transition veer given risk model

enhanmments and evolution

Ristaffectivemms Erebled

Prioritirm high risk mitigation options

Undergrounding and Lim removals

59610 and 15ot Undergroundingwork in

the System Hardening project portfolio in

2021 2022 and 2023 respectively

2021 System Hardening Workplan

0

bad

00

I

I I

Orsmeamm van ra
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The LTIP targets for system hardening are set based on 2021

risk area miles and program funding assumptions

72CreaFuendlaM96ldfire
Mitigation capital

spend bulk of which is System Hardening in

3031 consistent wighthe Settlement forthe

302020236PG 2122 forecast escalates 2021

41596 and 2032962w escalates 2021 try

3096

Unit Costs

Assumesnleriles
of Overhead

512 work and or Underground

work

ProgrernOurartion

Enure of the 1329 plan focusing on IOU

20CrLs by 2022

2021

2022

2023

20212022

90669 Hardaning 13le Tern

5
350

396

1051

320

368

416

1103

350

403

5

1209

es el syrtem hardming work f or specific riskprier

11¢ total mileage of the proposed zonProjecoortfoliowassaas

tire threshold goal 131P05for 20313032 and 202313IP 05 goals

reflect escalation of program funding level The target and stretch

goals 9LT1P 10 20were sw as S96 and 159610w respectively
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The LTIP targets for EVM are set based on work to be

completed over the remaining ten years of the program

Pro= Fund

Forecast

cm p 3
orJIIIIIIorlin

an

spend

respectively in alignment with 108

UnttCosts

MD can we say anything here about cosl

assumptions

Program Durittlon

Assumes ezeunionotthe 12 year Enhanced

VOgOtaliOn mOnogeMent Men 20192030

Enhanced Slagetation Management LIM Targets

2011

2022

2023

2021xon

2120 1226 2430

2120 2226 2438

2120 2226 2438

6360 6678 7314

iargas ors miles eriAlcyrieri411

The total mileage Of the proposed 2021 Project Portfolio was set

as Me threshold goal 1318051os 2023 The targetand stretch

goals LTIP 1020 were sel as 546and 1596higher respectively
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Sample System Hardening Project

Una of Busines Electric
Operations

Ilistribution

loSwvirta 089070 Oemplaston 1000Start Nu G1201

TtotIonliotornroondoP0014LICTIn
llor 3 FlrolaOree Is raornmanded that the Scnlor AMCION

part of the 2020 08W WIldflre MitgatIon Pnogram

ST

Land and Enuironmental issues
are

known and have ken addressed

Crew will remain nod
through project coropletloo

Peconductor 5612

Irma11376rot310A EPP gcl Conduit Sald

1546 of 3101W 12W

flIIfaVuA1wn1a
ReplaceInstall tOpoles

ReplaceInstall
1 trandormers

Replaceinstall
loses

111116 new OfiUG Enclosure

8aration inoncornPOenre tree dog $3sanoo

Helicopter
Contract Gon5S50000

expere

cononenw $0

CaPtal

Allowance

Asa Prefect Cost

lilskantingenry

64CF Goss famingenty

I
I

I
TRAY Au Amant
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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 cummt

hardening design standards

Ckeuits impacted multiple dmes by MPS actions in

2019 and 2020

DM work performed in fire impacted areas

Vegetation delvi removal

Risk models guide where
potential

risk could be

experienced

Risk models guide where potential could be

experienced

includes areas with high strike potential nees and

overhang based on 2019 uZIAR dam

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 assessment 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
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Three enhancements have been considered in the 2021 Wildfire

Risk Model

Ignition

Probability

Improvement

Veg and

Equipment

Consequence
Value

Improvement

Techno ylva

Model Output

Improvement

Additional variables are included

increasing model accuracy tree

tYPes mnd scores ground ceVer

ffigblightmg die importance of

fast burnIng fuels

The dependent variable was

updated aligning modeling to
outcome to be predicted

increased model efficacy

in absolute values in 100m

Changes to the mode4ng approach

have address erre
concerns

to date predicrion at tire behavior

Hsi values are now additive
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The Wildfire Risk Model is used to develop a Risk Buydown
curve for potential System Hardening projects

30000

25000

5 an

O000

Unaddressed Risk System Hardening

2021 Wildfire Risk Model

The
nos

10 ordsk

repro900 miles

re
Thema cvz miles

represents MO of dsk

ike top zo OPLs Imean NIA2k

nr inks SPA

The top 39of Crl miles

represents sox al the risk

MOOD 15000 25020 MAO

Ona10020

Buydown Curve Conceptual Overview

The risk buydown curve shows the amount °frisk

t can addre sserl wi every subsequent nnle

or CP2 that is mitigated This view shows the relative

magnitude of potential projects ansl can compare

impacts of prastrams with varied effectivenessThe

visualizstiun hely to
highlight

the consolidation of

Flak bv mile as you move down the pnortazation list

The following table summarizes the mileage and

LYZ coverage alonothe riSk curve

MI

11016 40 Mk
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Risk Buydown curves have also been developed for EVM to

identify number of miles and CPZs to be targeted

LIIIMEIX111271

9991

Remaining Risk

f771
MIMMEI

106

2D

SO 19
9596 6

Remaining 10

CR Raking

=TIMM=
20 90

SO 99
90 100

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 guydown 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

Risk Model driven

work to be done Is

from this zone

Condition 01 factors°

work could take piece enywhere

alone the risk buydown curve

44J ==727rcepr

Risk model driven

20 of the population of

risk ranked system

hardening protection

zones as determined by

the approved risk model

Areas where raglan

materialized

System hardening wail

performed in fire rebuila

We
Grails impacted multiple

Omen by PSPSaCti011a in

2019 and 2020

0tern 10C00 I5000 20000 osom soma LTIP Anomie bib

oraarrsHar condition not met

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

liferycle
of System Hardening prefects
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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

izm
e

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

undergroundingorline removal

work Inthe system hardening

projectportfolio in 20212022
and 2023 respectively

LT 17 score is 0 if

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

0 0 0 0ME=
Weaving 12 recommended radd

clearance

Tree ASSeSSnlentT001

Flawed° abide trees as elertafied

through tree assessment tool TAT
or a subsequent approved hued tree

assessment process

very sign

p

Assessment on mdttiude of strike

retiree and impact edibles targeted

dear Wire impact on PGSE assets

Removing overhangs above and

widen greet of power nnes

Predieng vegetative
reels under and

adecent to bowed on targeted bass
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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
0330103z 01313135 082

1311104

031300

Example Project X Plan

131010 15000 200110 23000 3000

Ell=111119111

2 1 303

Eonnlranftartootodatemnn

Undergrounding Hardeningentl

Past P5PS occurrences

Lifecycle cost considerations

erne customers

Iivaline

Miles of work

considerahons
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30030

25000

15000

10000

Sample System Hardening Project

Unaddressed Risk CWSPCOLUMBIA HILL 11014R 2212 P144

30002 15000

Invit Mi
25000 30000

Project Plan

12130010053213Zirniumbla Hill

ITL=1

=MIMI
Instal13761of 3100EPP t114 Conduit

121V

I nsta111506 of 310ATW 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

Pro foal

stetelmidera

sew
57rnMeMal

PomIttin

Ves MenteremeM
Project Riermers

5 Team

Comb fkid

6
15Meet

151enagem2M

Eretameental

Customer

bee
160e

Can
Mo011

lindergroune

Ithe01ne
relocated

to cr66=6

from

lte

Example 5M1Ing
le Swings 2109 LI39372 El Dorado County

N61165

IMM 554 159
I

296
I

2054

554 227 351 1860

554 1018 153 1018

OesP0
Pm

Redd

008
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Utilize the 2021 wildfire Risk model to inf own the miorintalion of current soaped work while maximizingthe amount of efficient system

hardeningthat centre completed before wildfire season 2021 Additional resources wt useg to complete this plan will be assigned to address

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

induded in Scope

CP2s currently in construction

CP2s in the top 206of MAVF Aisk CPLs

ECOP and P5P5 Projects

Highest gist Area TXT

Additional ReviesetiCoinplete partial CM
Construction ready preieCIS

Essimaeng comp projecO

dependencies

Mlles Addressed 3061 ROMS Reduced 1215505

eIsie

Foam
exclusively on the highest Tisk wee miles and utilize excess

resources to complete I MO EC tags and other nonhardeningcapftal

included in ova
Current scope of highest risk area miles

Highest Risk Area Mile 732

stiles Addressed 32 Risk Reduced 10610 MAN

0111=fri

Maximize the amount of system hardening wog k thatcan be

completed by carrying over all construction ready work for 2021

Included in Scope

All currentconstruction ready 2021 system hardening projects

Highest Risk Area Miles 72

Miles Addressed 25418 Risk Reduced 3001 01
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Example Shingle Springs 2109 LR 9372 El Dorado County

CP2 2018 2021 Consequence Consequence

Risk RI5k NMIva MA Core

Rank Rank ire Area

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

ECOP Csfisloga1101
x02043

VDMECRIMMTFIR
MITMETI1
IMMEMEGil

Consequence Consequence

Technosylea rhe N4A1IF Cana

Area

Sa2

Z4 833

34 1005

182

B11

312

Top 20 MAVF Risk Rank Cut Line is 727

2186

690

446
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Example Miwuk 1701 CB Zone Tuolumne County

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

0 0000Nes Are 0 ITee crorvnThmace lue WPM O to muee am intenseO up omen tnwremtwl io

Inte MM and wady de Maa1
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Technosylva more accurately predicts high consequence fires as

having high risk

Technosylva based wildfire consequence data better Identifies hlstodcal destrucdve flee locations

600

400

MO

100

MAW CORE vs Rees Structures 1000 Mao of destmclive fires

so=etma

erau won

111Cam0

115110011

13019

NUNS CENT

tagarm

elscu simm

REAR Score

Previous models used the REAX

wildfire consequence model

Relies on fuels as a main parameter

or to determine wildfire spread

TEA 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

wrxirlitffwass catastrophic fires high

9000 90
Technosvakore

9000 100C

33
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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 15000

20000

25000

10000

20121152521112212yelown Curve

0 1000 1500 2000 2500 SAO 2500 0000

we nankin

L
35000

1
1
0
0
0
0

5202

s

2021 Model 12121020002202 0trie

100 CR WHO

500 1000 1500 2000 2500 2000 2500 0000

en punk
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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25000

20000

10050

5000

The top 50 riskiest miles represent 49 of the system risk

Mean CPZ Risk

1000 2000 00 4000

Rank 0CP75

Cumulative CPZ Risk

arson miles

25000

1111111
60X114411

rALPINE

MEM
006

100

Sv66

121

561

064

429

009

OA
2980

012

015

169

315

169

len

009K

001115

0012

OMB
130

126 377

003
nen

789

1204

125

092

4541

4956

017

1765

IAA
2255

2257

2902

17188

008

071

1173

011

WayeaMaways

Mitigating 25 of the 50 riskiest miles within PGEs senriceterritory would reduce 0596
of PGEs 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 areas of high risk

were more extensive remon can occur

The team retommendscrealing a strike team to assess the most effective way to address

and mitigate the wildfire risk across thesecircuits and locations to complete these in

2021 as a stretch target

51A
Mel
955

219

151113

eiea

BATA

00194

OZSM
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