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System
Hardening

* Enhanced
Vegetation

Management
(EVM)

Evolution

= Risk Exposure - Count of circuit miles system
hardening in High Fire Threat Districts (HFTD) and
High Fire Risk Areas (HFRA). Goal was 1,021 circuit
miles over 3 years; 235 miles hardened YTD in 2020

aa2
338

2020 2021 2022

Risk Exposure - 18Count of EVM miles worked in
HFTD and HFRA areas, 1800 miles per year

om units of work completed to risk reduced

Count of circuit miles in the HFTD

and HFRA areas

Risk Profile — 80% of system hardening miles have to be high risk
miles; High risk miles include 1) Top 20 % of the risk buydown curve,
2) Fire rebuild and, 3) PSPS mitigation miles

Risk Effectiveness- Pricritizes higher risk reduction mitigation options
{Undergrounding and Line removals)

Equipment Failure Remaining Risk

Risk Exposura -~ Count of EVM miles worked in the HFTD and HFRA
areas

Risk Profile - 80% of EVM miles worked in the top 20% of the HFTD's
includes Fire impacted arcas

Risk Effectiveness — Execute work consistent with defined EVM scope
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Risk Model and Risk Quantification
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Wildfire Risk Models calculates risk units in CPUC framework

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

CoRE

LoRE
*  The consequence of a risk event (CoRE] is the averageimpact of the
risk should it materialize across key outcomes (Safety, Reliability,

dof Financial).

isk, this is the relative likelih

Inthe case of 5
fatalities, property damage, and impacts to r

ilty.

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

This method produces an expected value of impact across the consequence outcomes, and when
combined results in a multi-attribute score that can inform risk-based decision making

Methodology
Ignition Model Fire Spread Model
Ukelihvood ofspread I Consequance
Tgnition ikebiood wes x spread ikalhoodwas pe—

letermined based on

2021 mocelingpredicung o
ignitionsat the circuit BGEF and Technosyiva ofs wikdfte

protectionzone (CPZ)
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System Hardening

Risk models provide risk buydown curves to guide workplan

uydown curve shows the amount of risk that can be addressed with every subsequent mile or CPZ that is mitigated. This view shows
e of potential projects and can compare imps
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CPZRanking

f programs with varied effectivencss. The visualization helps to highlight the consolidation of
by mile as you move down the prioritization list

CPZRanking

ighlight the significant shift of where the top 100 CPZ’s are
between the two models
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System Hardening

‘ Together, Building
PGAE| @ Better California
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System Hardening Project Life Cycle
Preliminary, Field, &
Final Scoping
@ Estimating
Dependencies & Contracts
@ Approvals & Scheduling
@ Construction & QC
24
months

AllFire Rebuild Projects

PGE-DIXIE-NDCAL-000010838



Fire Rl

Included Scope

The team proposes a “No Regrets” plan for approaching initial wildfire
scope

g0 The “No Regrets” plan is an initial scope of work
20000 il s for the 2021 wildfire season that restsin the
% o Fireebuils highest risk locations for either experienced or
£ predicated fire risk. This scope of work will allow
§ 15,000 for the system hardening execution teams to
. remain fuly utilized while confirmation of the
2 1000 remaining workplan is underway.
H
s The system hardening team is requesting approval
to move forward with this initial scope of work
o trom the wildfire governance team.
o . i A .
o 5000 10000 15000 20000 25000

CPZ Prioritized Circult Miles

igh Risk Area

Miles Projects RiskReduction'  Miles Expected Case

5,000

In Construction

Top 20% MAVI CPZ

build
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The top 50 miles of CPZs will be targeted for 25 miles of system

hardening in 2021

Mean CPZ Risk

Cumulative CPZ Risk

20000 25000
CPZ Prioritized Gireult Miles

ProtectionZoneName  Miles

Cumulative  Maean MAVF
Mil Score

Total CPZ Mavf

316

total risk
reduced (62%)

o7

ioiErowN | 2s0s o
wioDiErown s or

Key Takeaways

188
163
148
5.20
377

78.81

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 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

2021asa stretchtarget
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Enhanced Vegetation Management

‘ Together, Building
PGAE| @ Better California
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VM Wildfire Risk Mods!

= Loaks at the overall wildfire risk caused by vegetation that
existsInea

= Does not take Into account tree count within the vicinity of the
grid

that were captured in 2019 to 2020.

* Trained on historic Ignition data (wildfire season 2015-2018)

= Includes Technosylva simulation outputs into the MAVF
consequence data

* While preserving the Technosylva outcomes at the 100m pixel
evel, MAVF scores are then scaled to the Risk Scores

‘generated in regulatory filings such as RAMP and WMP.

= Riskpar-pixel is spread across all traes Inthe VM database
within each pixel

* Modelling and EVM work are consirained to pixels within
HFTDs

Methodology

* Pixellevel results are rolled up o higher level CPZ results

Tree Weighted Risk = (VM Wildfire Risk) X (% CPZ Completed) X (Trees in CPZ)

The VM Wildfire Risk Model, which forms the basis of EVM risk
calculations, has been modified to obtain a tree-weighted risk scoring

@89 VM Wildfice Risk Mode! with Tree-Weighted Scoring Adjustments

* The 100m x 100m risk pixsls are re-aggregated into 1 km x 1
km grid areas (utilizing the unified grid (PlatMag))

* An entire gnd area is assigned o a single CPZ.

* Al isks in the grid area that are assigned tothe same CPZ are
‘sggregated to obtain @ risk score for the CPZ

* LIDAR data spanning 25K miles of HFTD distribution circuits was
\ used to estimate existing tree work

g i prepared based on i dsiting 5K
\ E—— mills of conductor segments 10 validate LIDAR information
of Existing,
[PRPIHEAIN « On the basis of LIDAR and ground inspection dats, regression
models were buil to predict estimated tree work

= The predicted tree work was combined with the number of
trees already worksd to determine remaining CP7 tree work

= The number of remaining trees were then used to weigh the
CPzrisk

* Iree-Weighted Adjusted Grid Risk = Average MAVF core riskx
percent of tree work complate x numbar of trees In the CPZ

12
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m A “no regrets” approach of tackling the CPZs identified as high risk
E by both models is proposed for adoption to operationalize work

Top 10% of VM Wildfire Risk Top 10% of Tree Weighted

Decision NN sk

1,056 Miles 1,430
(49 cPzs) (67 cPzs)

49 CP7s and 1,056 miles were common across the VM Wildfire risk ranking and the Tree Weighted risk ranking. Both models highlight these
areas as high impact, and should be prioritized for FvM work. 12
Note: CPZs Indicated are based on the draft 2021 EVM Plan targeting 2,295 miles.
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EVM is requesting approval to commence work on ~1,056 ‘no regret’
miles involving a total of 49 Circuit Protection Zones (CPZs)
Circuit Protection Zones with ‘No Regret’ Remaining Miles Remaining Miles (Top 10% of Risk)
Risk Tier:<=10%
Overall By Region
o Complated mtag Mg 1125 )
il o
MNoah Coast
Higgins 110350072 s )
Deschutes 11011580 45 2,321
Shingle Springs 210913322 - 20 1,632 Coniral Valey
Red Bluff 11011334 40 506
Auberry 110182578 B w )
Remaining 5 e
Mariposa 210210880 39 676 AL 056 (94
| e -
Aubaerry 1102 Circuit Brasker 1 33 380
Bell 11082202 2 30 886
Cadar Creek 11011664 29 2,143
Higgins 1109 Circuit Breaker 28 1,217
sors
[ = -
Completed
Total | = 1,056 2,749 Miles
EVIM 2021 work plan is being di d, the EVM ks an approved scope for 1,056 mile
to the approval of the full 2021 work plan
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High Level Timeline

11/20/2020

Final Decision on System Hardening
Plan (If feasible)

Initial Review into Inspections 2021
Plan

Initial Review into Repairs 2021 Plan

Close out Completed Action Items

12/01/2020

n on EVM 2021 Plan (if

Final Dec
feasible)

Decision Items needed for Inspections
2021 Work Plan

Close out Completed Action Items

12/08/2020

Decision needed on Inspection. Initial
views of 2021 Work Plan

*  Decisions needed on Repairs 2021
Work Plan

Tier 1 - Overhead Conductor
Replacement Discussion

15
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Appendix
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Damage Overview

M © =

X 1,480 structures
86,509 acres Active for 37 days
et destroyed
& J‘k ‘
Tl st aiel Linjury 1 fatality

Fire Description and Observations.

= The wildfires started at 6:41 AM on August 16, 2020 and wers the result of #
thunderstorm that produced close to 11,000 bolts of lightning and started hundreds.
offires throughout Califomia

. The the Warnella Fire near
Davengort and the Waddell Fire, naar Waddell Crack, as well as threa fires on what
would become the northen edge of the CZU Complex fire.

DAVENPORT;

= Two days after the fires beg

NSSANTAGRUZ

40,000 acres

* The modeling complaxity
than treating this as a singl

Source: CALFIRE wildfire

17
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Project Example: Keswick 11011586 Circuit Protection Zone

Keswick 11011586 Circuit Protection Zone

6.6 Milesin total, the 100m X 100m th that
protection zone

The total protaction 20ne absolute risk score is 28.84 risk units (sum of all the 100m squares
along the circuit)

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

NoSystem | Overhead
Hardening | _Hardenir

884 028
Total CPZResidual Risk Value | 4884

1836

Overal Miles 33
e Hardening

| dulel —
UG Sicter Hardening

| Total Capital Cost
| NPV @ 75% discount rate
§ NPV per unit of risk (RSE)

Assumpti

* Discount Rate: 7%, Cost Escalation / Inflation: 3%
* Benefit Duration: 30 years for OH and 60 for UG
= Routine Veg Tree Count / Mile: 50.76

= PSPS Cost of Reenergi |/ mile

oo I e oo

* Patrols and Inspecti

18
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The top 50 riskiest miles represent 4.9% of the system risk.

MAVE Risk

25,000

20,000

15,000

10,000

5,000

Cumulative CPZ Risk

5000 10,000 15000 20,000

Circuit Protection Zone (CP2) Ranked Miles

25,000

ProtectionZone Name | Miles

002 316 316 001%
001 188 188 0.01%
008 168 163 0.02%
001 144 148 0.02%
005 130 520 0.03%
100 12 377 0.08%
B 125 5,81 0a7%
an 1200 092 2856 029%
561 1765 088 | 51w 0.42%
064 1829 077 1081 0.88%
129 2258 07 | 9.55 [ oam
008 267 o7 219 047%
042 2308 o7 870 0.49%
MIDDLETOWN 2480 4788 [%7] 15183 087%
Key Takeaways

MA i s
cun’\\:::w: [ E——" total risk

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

Reason It s only 0.5% Is because this Is across all circults In HFTD's (~25000 miles)

On each project a more granular risk spend efficiency calculation can and will be perf
an NPV basis once the project is fully scoped similar to what is shown on the Keswick|

circuit protection zone

19
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2021 Dx Model

In the effort to prioritize circuits, 2021 Dx Model continues advancement of risk model capabilities compared to earlier models

y el PRIORITIZATION DETAILS

Make ignition predictions at a scale of 100m x 100m
“pixels” along the Dx grid
Rolls-up pixels to Circuit Protection Zones

For each pixel, assign risk score based upon the product

of:

(1) Likelihood of ignition
(2) Effect of a potential ignition

VTier3
W Tier2

{/ Likelihood: via ignition prediction (Max Entropy)

S/ Eftect:via:
(1) Ignition spread (Technolylva)
(2) Ignition consequence (Technolylva)

i!ﬁ RISK EQUATION

Wildfire risk=

LoRe X CoRe (Ignition Spread X

Consequence)
Ignition likelihood:
The likelihood of ignition in 100m x 100m pixels

gnition spread:

The likelihood of ignition spread in 100m x 100m
pixels.

Consequence:
The Consequence score is the effect on structures and
natural resourcesin 100m x 100m pixels

20
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2021 Dx Model (EVM Model)
LoRE Ignition likelihood calculation

IGNITION LIKE!

Lele]

wildfire Rick = LoRE* CoRE (Ignition Sproad» Consequence)

Igrition lkelinood (LoRE) i n @ probabil is predict Top
ignitions in 100m pixel. The model was trained on Ignitions limited to fires season vegstation caused Ignitions:
evens and CPUC reportable i ions from 2015 to 2018:

Feeder name Predicted count
GARBFRVILLE 1103
FRUTLAND 1142

FRUITLAND 1141

GARBERVILLE 1102
BEN LOMOND 0401
BEN LOMOND 1101
GARBERVILLE 1101

FELTON 0401
PARADISE 1106 0.000204
‘maximum entropy * ROC-AUC-0.716 (out-of-sample)
Isthe one with inthe context of
data.

21
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2021 Dx Model (Conductor Model)
LoRE Ignition likelihood calculation

wildfire Rick = LoRE CoRE (Ignition Sproad Consequencs)

Top

Igrition likelinood (LoRe)is calculated using classification model that identifes the.
Tikelihood of at least one ignition per year at a given 100m by 100m pixel location.
More specifically, the Conductor Failura models tha conditional probability that a
reportable Igaition will occur within a given pixel location :

(71 ) Variables importance ranking

variable ation importa |
Non-burasleares ED i
Daityprecioiation,mean 28
Conductor masarisl: ACSR 97
Esumated conductor age 5
Mastree b a3
Selisbiiey rogramssice s
Vapor eaccura deticn. maan. 0
Condurtor eim s 3s
Conductor size- 4 16
100 hour fucis,mean 11
Max teemperature, mean 10
Windspeed, mean )
Localtoseraphy 02
Conductor ize-6, 01
Conductor materinl Al B
Conductor maserial:u -

IGNITION ELIHOOD

Fouder name
cresta 1101
PARADISE 1105
BigEasINLIOL
APPLEMILL 1104
camp EveRs 7108
PARADISE 1103
cukms 170
PARADISE 1104
CEDAR CREEK 1101
PARADISE 1105

d Perfor

* Predicted annual HFTD ignitions (average): 60
| = Observed total HFTD Ignitions (2015 2018): 242

Meanigaition probabilty
o0

000038

000911

00007
o.00072
0000

Model Performance
* ROC-AUC-0.76 (in-sample)
* ROC-AUC-0.74 (out-of-sample)

22
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p IGNITION SPREAD

‘Wildfire Risk = LoRE~ CoRE Ignition Spread Consequence]

Ignition Spread Calculation Concept

* Ignition points were selected within a 200m buffer around PG&E's assets,
creating a grid of 100m squares. (~254,000)

For each point on the grid pick a date from the worst weather dates (452)
Simulate a fire and let it burn for 8 hours using underlying fuel and
weather conditions.

simulation resuits were aggregated including acres burned, flame length,
rate of spread, buildings destroyed, and fire volume.

Pixels were then averaged across CPZs to create consequence scores for
P25

Destructive fire probability

Adestructive fire probability is calculated at each of the 255k HFTD
locations by taking a ratio of number of simulations that met the
following crite

1) Acres burnt® >= 300
2) Building destroyed®>=50  Or  1)FBI>=3
3)Fire behavior index (FBI)>=2

2021 Dx Model — Technosylva Modeling and CoRE Calculation

Ve CONSEQUENCES

Wildfire Risk = LoRE* CoRE (Ignition Spread » Consequence)

Within PG&E, the teamis i it w0
create fire spread simulation for every 100 x 100m pixel within HFTD
regions. By leveraging the lechnosylva fire spread modeling outputs and
historical Red Flag Warning shapefiles, consequence model are developed
to distinguish the consequence within the HFTD tranche at 100m x 100m
grid level. The steps implemented included:

(1) Calculate RFW and Fire Size Probabilities
Technosylva and (Red Flag Wamning) RFW shape files from National Weather Service
o e used to calculate the Probabilty of the ire ize given an ignition, and the
probability of RFW at 100m pixel level

(2) Calculate pre-calibrated MAVF CoRE

Combining the fire size

babilities and RAW probabilities calculated in Step1 with
MAVF CoRE values at tranche, the MAVF CoRE values at 100m Tranche Level are
calculated.

(3) Calibrate MAVF CoRE w.r.t Ignition Driver
Calibrate the CoRE by matching uncalibrated Risk per event 1o the weighted
average CORE from the wildfire bowtie model. By applying uniform callbration
factor across all pixels, this method preserves the relative consequence
difference between 100m pixels

23
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Redacted for Privilege
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Evaluating Wildfire Consequence (REAX vs. Technosylva)

RFAX identifies
highest risk in tree
dense areas based
on fuels

Key Insights

technosylva score
(MAVF) identifies
focations in the foothills
based on ability of
ignitions to ‘ladder’
from grass to Chaparral
to trees more readily

have the fuels to support fire,

resides.

. h even highs due 0 the more.

+ Inmany areas of highest wildfire risk the probability of ignition is low. Therefore,

1o Uee-tops.

where the fuel

impact on reducing overall wildfire risk.
* Vegetation ignitions are stll highly correlated with trees and fucls.
+ Conductor ignitions sre correlated with conductor type and sge.

25
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Risk Model Action ltems

Srovdea dera
model contributore

Treeheight-max Masimum (7o helght, 1n matars, or s2ch 100 X LOOM P 3rea 21502 ipaoe smitar o mperviousnecs pm—

Non-burnabearea o
e disrbutongrid that ypically con's gnite whin 2 sparkocears

L S Oalypreciprationmean  The average dailysrecipRation romthe GRIOET dataset

efic tfrom the GRIDMET datos:

= Conductor maerial ACSR_ Aum
£ cayzthat nave bigh frequency of guzts ,

s Mumber o

Maximum tree Saight.inoaters. foreach 100m x 10
the distributionid

Toitation v onfromne GRIDMET dotmset S

[ mpervicus ground cover (6. nor-frammabe]
Soecifichumiiteaz | The averaze cpacifichumidityfromthe GRIDWIFT datacst
e = ! Vasorpressure delicit, mean The averags vepsr oreasare de!
Surn index avg a0 derive =
asaectzcta location Corductor size 2 Conductor-size2
Vilramax Tha maximum vand VEIGEIR 513 Rlght of 10-meters from the AeaiTime rductor sie & Conductor aize 4

e ) P e 100 houreis, mean Toe dead el moturedatafrom GRIOMET
Temsersneng The sverage tmperate from the GRIOWET aataser
o s ranich T Vastenserature, mean  Tre average masimum temperature fromthe GRIOET dataset
Vindy-summerdoy et | Pecertage o daythat have whigh rcontage of daya st high avecge
windspesd Tre average wing velcit ata hign o Lmeter from the BeniTime
[r— The opouachic pusiion e TP wos exrocid fom UGS digial | Wied soeed, mean Mesoseale Arnl I RTMA) Eatac Bt reeo0n o2 4
cievetionmosl DEM) st 100-meis resoluion The tozographicpes:on ndex (17) was ecroced from 0 USGS gl
1000 Houruclvove | Thedead fuel mosture doto from GAIDWIT pcatvopography einationmode (€M) at G0 reso
Erermyriessenz | erage ressect ey from s
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