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System
Hardening

J,.!&.

= Substation
Enablement

Enhanced
Vegetation

Management
(EVM)

*  Risk Exposure - Count of circuit miles system
hardening in High Fire Threat Districts (HFTD) and
High Fire Threat Areas (HFRA). Goal was ~1,021
circuit miles over 3 years; 235 miles hardened YTD

in 2020
aa2
338
21

2020 2021 2022

Number of substations out of possible 64
substations that are “energizable” during a
Transmission-Level PSPS event

= 62 high priority substations are now operationally
ready within 48 hours (LTIP 3-yr 2.0 target = 50
substations

= Nometric was established for EVM

Evolution of the LTIP metric from units of work completed to
amount of risk being reduced

= B

2021-2023 LTIP Plan

Count of circuit miles in the HFTD
and HFRA areas. Less focus on number of miles and more on risk
Risk Profile —Majority of system hardening miles in the top 20 % of
the HFTD CPZs, Fire impacted areas and PSPS impacted circuits

high risk mitigation opt
(Undergrounding and Line removals)
[NE——

of high-risk tions and better
tailoring of operational actions to respond to high-risk threats and
events has decreased the need for substation energization during
PSPS events in 2020

Replace the Substation Enablement metric for the 2021-2023 LTIP
Period with EVM Risk Reduction Public Safety Metric

Quantifies the risk reduction obtained at the location level and
counts the number of miles worked in fire impacted areas to address
repeat fire danger from partially burnt fuel

Assumes exccution of the 10-year Enhanced Vegetation Management
Plan averaging 2,120 circuit miles annually for 2021-2030
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Risk Model and Risk Quantification
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LoRE

The likelihood of a risk event (LoRE) is the relative frequency of a

specific risk event occurring.

Inthe case of wildfire risk, this is the relative i

ignition occurring.

Ignition Model

Likelihood of ignition

2021 modalingprecicung
gnitionsatthe circuit
protectionzone

lihood of a

Wildfire Risk Models calculates risk units in CPUC framework

CoRE

The consequence of a risk event (CoRE) is the averageimpact of the
risk should it materialize across key metrics (Safety, Reliability,

Financial).
Inthe case of 3
fatalities, property damag:

e, and impacts to reliability.

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

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

combined results in a multi-attribute score that can inform risk based decision making

®

Methodolo,

Fire Model
Ukelinood ofspread I Consequence
sproad ikalhoodwas Consequence
PGRE and Technosyiva gt

X

Other
Considerations

Oparational Factors

Factoredinadditional
operational constrants
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2018 Risk Model

improved
Prediction of

High
Consequence
Fires
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Risk models provide risk buydown curves to guide workplan

The risk buydown curve shows the amount of risk that can be addressed with every subsequent mile or CPZ that is mitigated. This view showsthe
magnitude of potential projects and can compare impacts of programs with varied effectivencss. The visualization helps to highlight the consolidation o
by mile as you move down the prioritization list

2021 Model Ri: Curve

Ton 100Gz
oddresscs
12eofrisk

[MAVF)

Cumulativa Absolute Risk Scor,
3
8

-
0 S0 1,000 1,500 2,000 2500 3,000 3,500 4,000

- comem |
0500 1,000 1.500 2,000 2,500 3,000 3,500 4,000
CPZRanking

CPZRanking

System Hardening

ighlight the significant shift of where the top 100 CPZ’s are
between the two models
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The risk model is used to develop risk buydown curves for
EVM and System Hardening

ows the amount of risk that can be addressed with every subsequent mile or that is mitigated. This view sh erelative

tial projects and can compare impacts of programs cf s. The visualization helps to highlight the consolidation of risk
oy mile as you move down the prioritization list

Do you happen to have the i
2018 and 2021 Buydown curves for
System Hardening and EVM
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Project Example
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Project Example: Keswick 11011586 Circuit Protection Zone

Keswick 11011586 Circuit Protection Zone

6.6 Miles in total, the 100m X 100m squares are the absolute risk values for each
section of that protection zone

The total protection zone absolute risk score is 48.84 risk units (sum of all the
100m squares along the circuit)

Average risk score of all the squares gives the CPZ mean risk score 0f 1.25

0 0H /U

TotalC:
Total C0Z Residual fick Value

OveraliMiles [

O System Harden B

us s

Total Cost B
Fimple Risk spend efficency /s
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Mean CPZ Risk

Cumulative MAVF Risk

g

Mean CPZ Risk

The top 50 miles of CPZs will be targeted for 25 miles of system
hardening in 2021

Cumulative CPZ Risk

5000 10000 15000
CPZ Prioritized Gireuit Miles

20,000

4000

Smy—

25,000

Cumulative  Mean MAVF total risk
ProtectionZoneName  Miles e e | TotalcezMavi 0
OREGON TRAIL
1103CUs391 002 316 o01%
CALPINE 11442766 188 oo01%
MARIPOSA 210150130 = Y
SHEPHERD 2111683294 i | oeax |
1103C8 0.03%
UPPER LAKE 1101CB. oo
SWICK 11011586 017%
MIDDLETOWN
1102302610 092 856
KONOCTI 1102965078 088 5170
MARIPOSA 2102241564 [xz2 1081
UCKS X7 955
DELMAR 2109378436 X on 219
1102¢8 o042 2808 | on 870
{miDDLETOWN 1103830 | 2480 | 4788 072 15183
Key Takeaways

Mitigating 25 of the 50 riskiest miles within PG&E’s service territory would reduce ~0.5%
of PG&E's total wildfire risk

Some of these segments are relatively small and may be the result of edge effects
However trends in the data, such as the Middletown circuit, highlight areas of high risk
were more extensive remediation can occur

The team recommends creatinga strike team to assess the most effective way to address
and mitigate the wildfire risk across these circuits and locations to complete these in
2021as a stretch target

10
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Remaining Risk

* \
|
20

1000 l

andso% of rise

)

Map View of CPZ TBD

CPZ Attributes
* Quantified Risk Value:
= Estimated number of miles

10 150 20 B0 00 50

oz Ranking

The table summarizes the CPZ ranking along

Our first condition puts a focus on identifying projects that
are in the top 20% of riskiest CPZs

the risk eurve

Can we say anything
here to describe this
CPZ such as
likelihood of fire

pe etc ),
likelihood of spread
(wind, fuel type),
asset condition and
type - to bring this
CPZmore to life?

72%

90%

99%
100%
100%

Selected Project

Project Attributes

* Number of miles considered:
= Total addressable risk value:

11
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Our second condition puts a focus on the method

considered for System Hardening

Undergrounding s the reslacement Remote Grid uses stand-slons.

of the primary end some secondary) ditrbuted enagy souces 203
overhead condctors and cable, ity nfastructe or I
elminating the need for overhead E 2wpes reaveerersy Yy B 4%
nes atogetiar 4 debvery n e o rsdtcnsl
; wres
cxccuion | [ oot santion | [ mesdun Rk cxccion | [ oot sahation | [ mescont ik
compeaty compey o

1 P ,,"/ T JL AT 7

High C> Medum T Low

e — |
\ Total CPzRiskScore 12.06
System Hardening - Underground x 9% \
System Vinrdeniog - Overnesd. ¥ % ‘\ Risk Reduction| Can be
Line Remaval z oo% \ achieved

Examples of factors to determine )
Undergrounding, OH Hardening, and Removal: / ot

= PastPSPS occurrences / i ref
« Lifecycle cost considerations. { c'“d‘d dﬂ.t\s“
= Number of customers / ol Ve

i / is U2 sow®
Miles of work CPZRisk S (7 yd

«Timeline considerations
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has a very long lead time, between 1

System Hardening Project Life Cycle

The process for identifying and scoping specifi

projects

sy 2 Number = High Risk i
Preliminary, Field, & Project Status of Poiect | area ol (ol
Final Scoping projects | "M% | miles e
o = — . In Construction a7 a5 327 017
@ Estimating Zonn PP (NP R -
o = o \ PSPS Mitgation 2 145 105 12
i A
Dependencies & Contracts A Top 0% MAVE CP2 > 204 e aa
- i b Construction Ready 2 U6 0.02
@ Approvals & Scheduling Estimating s e e
Complete i
B b =2 z s oo
& Construction & QC 21 roposed s sote iz i I
et ECOP (ruture) n w0 50 0z

24
months
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Target Setting

14
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Approach to the 2021 work plan attempts to balance with
maximized risk reduction

Conditions 2021 System Hardening Workplan
Risk Exposure Expanded
| el T ——
the 2021 Risk Model
: s
; i e e e
Risk Proportion Focused Inciuded in Scope:

+ coas cumently i constmction
P e wp 20% of MAVE KSR CPE3
+ ECOP and 1595 Project

Maiority of system hardening miles in the top
20% of the HFTD CPZ's; remaining in Fire
impacted and PSPSimpacted CPZ's (Fire
rebuild

2021isatransition year given risk model

enhancements and evolution Alternatives

Aernative 1 aernative 2

Risk Effectiveness Enabled

work
Tnchudedin scope:

Prioritizes high risk mitigation options

{Undergrounding and Line removals) ,ml ,m‘
5%, 10% and 15% i
i S e ek oA |[emntsenmtrss | [ wotemntoeroizon ]| [ et inse. | [ o peetoarons |

2021, 2022 and 2023, respectively
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The LTIP targets for system hardening are set based on 2021
risk area miles and program funding assumptions

System Hardening LTIP Targets.

Program Fundi 2
- Fo:ms\ohwildﬁm Mitigation capital mpo.s TP 1.0
spend (bulk of which i iing) i

2021 consistent with the Settlement for the ‘\‘ 2021 208 320 350
2020-2022 GRC. 2022 forecast escalates 2021 \
by 15% and 2023 forecast escalates 2021 by \
30%. \ 2022 350 368 403
5 i \
\
Unit Costs ] 2023 39 416 as5
A:sumcsmh miles of Overhead |
SHworkan for Underground / g
ik / 2021-2023 1,051 1,103 1,209
Program Duration f
+ Execution of the 13-year plan focusing on top f : of th ?
20% CPZs by 2032 X 0.5) 0
\_goals(iT higher, y

16
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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

Program Funding

* Forecastol spend
on EVM programin 2021, 2022 and 2023
respectively (in alignment with POR)

* TBD (can we say anything here about cost

Unit Costs
assumptions?)

Program Duration
+ Assumes execution of the 12-year Enhanced
Vegetation management Plan (2019-2030)

Enhanced Vegetation Management LTIP Targets

P 0.5 TP 1.0

2021 2,120 2,226 2,438
2022 2,120 2,226 2,438
2023 2,120 2,226 2,438
20212023 6,360 6,678 7,314
work.
Thetotal 2021
goals (LTIP 1.0, 2.

17
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Appendix
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MAVE Risk

30,000

25,000

20,000

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% of sk
represents 1,250 CPZ miles.

15,000

The top 10% of CPZ miles
\/ represents 14% of the risk

10,000

The top 20% of CP:
73% of the
[

(mean MAVF)
3%

| The top 39% of CPZ miles.
| represents 80% of the risk

5,000 10,000 15,000 20,000 25,000
Cireuit Miles

30,000

Buydown Curve Conceptual Overview

The risk buydown curve shows the amount of risk
that can be addressed ith every su
or CPZ
magnitude of pc
impacts

The following table summarizes the mileage and
(CPZ coverage (%) along the risk curve

10% 2% 2%
20% 5% a%
50% 18% 1%
80% a0% 28%
95% 62% a0%

19
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m Risk Buydown curves have also been developed for EVM to
pas identify number of miles and CPZs to be targeted

Circuit Miles Remaining Risk The following table summarizes the mileage
o T

along the risk curve:

10% 1%

20% 1%
50% 6%
0% 19%
95% a2%

CPZs
The following table summarizes the CPZ
7000 ranking along the risk curve:
o
- |
Zox | | | 0% %
£ a0 A - T - 20% 90%
) 1 50% 99%
z \ a0 90% of risk
o T T T 80% 100%
°
00 1000 1500 2000 2500 2000 3500 95% 100%
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Cumulative Absolute Risk Scora (MAVF)

30,000

25,000

20,000

15,000

10,000

have evolved

012 Mode! Risk Buydown Curve
System Hardening Example

As a result of modeling enhancements risk buydown curves

2021 Wodel Risk Buydown Curve
System iing Example

The top 20% of
coz's

(7100 Miles)

5000 10000 15000 20,000

Circuit Miles

30,000

g

¢

Cumulative Absolute Risk Score (MAVF)

g

g

g

5000 10,000

15000 20000 25000

Circuit Miles

30,000
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MAVF Risk

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

Unaddressed Risk - System Hardening

30,000
The top 20% Cond
of CPZ's

n #1 Factors*

 Riskmodel driven

{* 20%ofthe population of
risk-ranked system
hardening protection

25,000

Risk Model driven H

20000 work tobe done s by
from this zone the approved risk model
15,000 work could take place anywhere -
along the risk buydown curve Areas where risk has
materialized
10,000 + N—— — — = |1 = System hardening work
strativerepresentation of ‘Areas where isk i performedin fire rebuild
tenialized butnot Inthe top 20% of CPZs. areas
5000 = Gircuits impacted multiple
times by PSPSactions in
2019and 2020
) s N =
0 5.000 10,000 15,000 20,000 25,000 30000 LTIP scoreis O if

Gireuit Miles condition not met

*Condition 1 does not apply to work performed in 2021 as it’s a transitional year due to the adoption of a new risk model and a long
lifecycle of System Hardening projects

22
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Public Safety metrics require that a port
focus on alternate hardening strategies

Underground Remote Grid

Condition #2 Factors

E6

{® Atleast5%,10%,and 15%of
undergrounding or ine removal |
workinthe system hardening

project portfolioin 2021, 2022, |
Undergrounding is the replacement Remote Grid uses stand-alone, and 2023, respectively 1
of the primary (and some secondary) distributed energy sources and utility
overhead conductors and cables, infrastructure for 24/7/385 reliable
eliminating the need for overhead energy delivery in lieu of traditional
lines altogether wires

23
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MAVE Risk

30,000

25,000

20,000

15,000

Sample System Hardening Project

Unaddressed Risk- CWSP-COLUMBIA HILL 1101-LR 2212 PH4

TotalCPZRiskscore 9,82

a8

cP7 Risk

0 5,000 10,000 15,000 20,000 25,000 30,000

Cireuit Miles

Project Plan

Map View of CPZ Columbia Hill

ERECTIVE
MITGATIONMETHODS | e

Srstem Hardening-Overbesd 037 67%

System Kardening. Undergrounding 0712 99%

Project Scope:

* Install 3,761" of 3-1/0A FPR & 1-4” Conduit
12kv

*Install 1,546' of 3-1/0ATW 12kV

* Install 335" of 2-1/0ATW 12kv

* Replace/install 10 poles

* Replace/install 1 transformers

= Replacefinstall 2 fuses

24
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Projects are often a combination of mitigation methods of
hardening

Geoscierce
Audit Team

Veg Management
Project Manage

ers

Can the OHIne 2|
be elminated?

- ' B

Underground: ool

I

» el
cnteon o] et 12
o
=]
o |

0% Harden
Crcuttinpiace

J

Subri EDRS for DOA
0 Laadersnip from

o tsumating
.M

2018 Risk  2021R Consequence:
Pz Rank Rank MAVF Core
LR 35598 554 159 296 2,054
1R9372 554 227 351 1,860
R13322 554 1,018 153 1,048
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Recommendation and Alternatives

Recommendation
utilize the 2021 wildfire Risk model to inform the prioritization of current scoped work, while maximizing the amount of efficient system
i canbe completed il 2021. Additional ot used to complete this plan will be assigned to address
the backlog of EC tagsin the HFTD. The workplan will focus on -
Included in Scope: Additional Review: (Complete partial CPZs)
*  CPZscurrentlyin construction +  Construction ready projects
*  CPZsin the top 20% of MAVF Risk CPZs *  Estimating complete projects awaiting
+  ECOPand PSPSProjects dependencies

‘h:stﬁlskArE:Mlls:?S.]I I Miles Addressed: 306.4 I IMAereducad:u/l,ss(o.s%)

Alternatives

Alternative 1 Alternative 2
Focus exclusively on the highest risk area miles, and utilize excess Maximize the amount of system hardening work that can be
omplete HFTD EC tags and oth i completed by carrying over all construction ready work for 2021
work
Included in Scope: Included in Scope:
+ Current scope of highest risk area miles = All current construction ready 2021 system hardening projects

Risk Area Miles 7.2

Miles Addressed: 73.2 I I Risk Reduced: 106.70 (0.4%) I I Miles Addressed: 254.18 ” k Reduced: 30.27 (0.1%)

26
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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 from up the canopy and
into more energy dense fuel sources. Accounting
for this effect in wildfire modeling de-emphasizes
areas of dense fuels as high risk for ignition, due
to lack of potential surface fuels.

Additionally, lacations that have large amounts of
surface fuels that can sustain high temperatures
are rated more highly as these are more likely to
ladder into difficult ta contain crown fires.

Progression of Wildland Fire Ladder Effect

naoret whee (1 o happn, bl @ Sutcetres @) Lasder es ko @ Teecrown e

bukds up: There's surface fuel (grass, ogs,  soread quicky. the fire 1o move: intense,

‘et deens, s o el s howhtas o the ey'e dicutto
il troa, 5). forest canopy control
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&

based wildfire

MAVF CoRE vs Reax Structures (10km Max) of destructive fires

Technosylva more accurately predicts high consequence fires as
having high risk

data better identifies historical destructive fire locations

REAX Score
T + Previous models used the REAX
1 wildfire consequence model
1 BRI - Relies on fuels as a main parameter
: SvaRSAYION to determine wildfire spread
i * REAX scores a portion of historical
1 fires high
1 i .ilPHUK
! @smes o =
e : score
1 ASCADE (@ Kocode P (MAVF CoRE)
1 * Uses the Technosylva model which
| models ladder effect of fire moving
! RERR0R VA from grass to scrub to tree-tops
.mg\"-“”""" = MAVF scores most historical
1 HEY MER catastrophic fires high
®czu tontn !
I @5CU Lightn
2000 00 €00 800 10000

Technosylva Score

28
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Risk Model Action ltems

Description Responsible Resolution
party

sen EricThaiman

z \ @
g \ 3
s ) 2
3 :
S0\
2 / 2 A\
H / 2
H |
é / 'i 5,000 4
¢ 1
3 5o
0 500 100 1,500 2,000 2500 3,000 3,500 4,000 0 500 1000 1500 2000 2500 3000 3500 4000
CPZRanking CPZ Ranking

Key Takeaways
+ NoCPzsin the top 100 overlap
+  This will result in significant change to the prioritization and expected risk buydown of mitigations
+ The 2018 riskresults were not distance weighted, where the 2021 prioritization included a distance factor.
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Mean CPZ Risk

o

The top 50 riskiest miles represent 4.9% of the system risk.

Mean CPZ Risk

Cumulative CPZ Risk

5000

10000 15,000
Gireuit Miles

4000

Smy—

20,000

25,000

Cumulative  Mean MAVF total risk
ProtectionZoneName  Miles e e | TotalcezMavi 0
OREGON TRAIL
1103CUs391 002 316 o01%
CALPINE 11442766 188 oo01%
MARIPOSA 210150130 = Y
SHEPHERD 2111683294 | oeax |
1103C8 0.03%
UPPER LAKE 1101CB. oo
SWICK 11011586 017%
MIDDLETOWN
1102302610 092 856
KONOCTI 1102965078 088 5170
MARIPOSA 2102241564 [xz2 1081
UCKS X7 955
DELMAR 2109378436 | 0. X on 219
1102¢8 o042 2808 | on 870
[miDDiETOWN 1103830 | 24.80 4788 072 15183
Key Takeaways

weremore extensive remediation can occur

2021asastretchtarget

Mitigating 25 of the 50 riskiest miles within PG&E’s service territory would reduce ~0.5%
of PG&E's total wildfire risk

Some of these segments are relatively small and may be the result of edge effects
However trends in the data, such as the Middletown circuit, highlight areas of high risk

The team recommends creating a strike team to assess the most effective way to address
and mitigate the wildfire risk across these circuits and locations to complete these in
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