ik

Risk Models
&
2021 Workplans

November 17, 2020

( Together, Building
a Better California
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Evolution from units of work completed to risk reduced

* Risk Exposure - Court of circult miles system - Ri ‘ountof circuit in the HFTD
hardening in High Fire Threat Districts (HFTD) and and HFRA arees
"'?" FRaRisbfress ‘"FR‘I" Gy ;mu U = Risk Profile — E0% of system hardening miles have to be high-risk
alles over 3 yeals, 235 miles hardened Y 0o 2020 miles; High risk miles include — 1 Top 20 % of tha risk buydown curve,
System 2) Fire rebuild and, 3] PSPS mitigation miles.
: a2 : i S T s
Hardening 55 - Prioritizes highe risk options
255 {Undergroundingand Line removals}
Equipment Failure Remaining Risk
2020 2021 2022
= Risk Exposura - 18Count of EVM miles worked in . HFRA
’ Enhanced HFTD and HFRA areas, 1800 miles per year areas
Vegetation *  Risk Profile - 80% of EVM miles worked in the top 20% of the HFTD’s
Mandgement includes Fire impected areas e
. efine: scope
(EVM) 3
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Risk Model and Risk Quantification
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LoRE s CoRE

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

The consequence of = risk event (CoRE) is the aversge impact of the

specific risk event accurring . risk should it materialize across key outcomes [Safety, Reliability,
* Inthe case of this i the rel an i) Eendal);
ignition oecurring. | % In the case of wildfire risk, consequence contains serious njuries,

fatalities, property damage, and impacts to reliability.

Risk = LORE X CoRE
= Riskis 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
e ———

Methodology

Ignition Model Fire Spread Model

[ Likelhoad of Ignition Uikelihood of Spread x Consequence

x

Jgnition lkelibood was & licelibocd was. i
determined based on bt
study rondustedby o0 tid poterdTepat
PakE and Technosylva S

protectionzone (CF7]
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outages

2018 Risk Model
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Risk models provide risk buydown curves to guide workplan

buydown curve shows the amount of risk that can be addressed with every subsequent mile or CPZ that is mitigated. This view shows the rela:
tude of potential projects and can compare impacts of programs with varie ctiveness. The visualization helps to highlight the consolidation of ris

by mile as you move down the prioriti

cumulative Relative Risk Score:

2018 Model Risk Buydown Curve 2021 Model Risk Buydown Curve

500 2500
@ Top 109CPz (2021 Model] \ 3 \ ® Top1000P2 (2621 Mode)
Top 100CP7 (2078 Madel) | op- 7| fode
20000 ® Top & g 20000 @ Top 100CP7 (3618 Model)
15000 L g 10w
)y 2
¢ [ H 10,00 1
t00m o
| 3
[ |-
5,000 | g 5.000
\ i
- g o
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4.000 0 500 1000 1,500 2,000 2,500 3,060 3,500 4,000
CPZ Ranking P2 Ranking

System Hardening Risk Buydown curves highlight the significant shift of where the top 100 CPZ’s are

between the two models
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System Hardening

( Together, Building
PRIE| 2 Better California
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System Hardening Project Life Cycle
Preliminary, Field, &
Final Scoping
@ Estimating

Dependencies & Contracts

@ Approvals & Scheduling
® Construction & QC

24
months

2021 Portfolio under review by Wildfire Governance Committee

Any ECO? projects in the

) 092

AIPSPS Mitigaton Projects

All Fire Rebuild Projects
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scope

Included Scope

Al projects in the top 20%

AnyECO? projects inthe
20% CPZ

(%)

AILPSPS Mitigation Projects

(1)

Al Fire Rebulld Projects

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

* o Caratucion
- tor

* pspsuigation
= Tap 20 cireait,
o FreRcbiid

Cumulative MAVF Risk

~

0 ey

c 5000 10000 15000 20,000
Pz Prioritized Circult Miles

Miles Projects Risk Reduction*

P 5 R

PSPs Mitigation

Top 20% MAVF CPZ

High Risk Area
Miles

The “Ne Regrets” olan is an initial scope of work
for the 2021 wildfire season that restsin the
highest risk locations for either experienced or
predicated fire risk. This scope of work will allow
for the system hardening exccution teams to
remain fully utilized while confirmation of the
remaining workplan is undarviay.

The system hardening team is requesting approval
to move forward with this initial scope of work
from the wildfire governarce team

. Rk Reducticn per Mile

In KO PSS A Fire
Comtrucion MAVE Rebuild

Unknown
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Mean CPZ Risk

Cumulative MAVF Risk

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

By Mean CPZ Risk
i oREGONTRAIL
25 1103CUS391 00z 002 316 3.16 0.01%
Ze 4O JE I8 ) LIbE
3 012 169 169 0.02%
] 013 183 143 0.02%
i 018 130 520 [
a5 117 128 277 0%
" ) 13 4820 0.47%
o 1000 00 000 4000
Rank of P2 1204 022 4356 0.29%
17.65 088 5170 0.02%
1529 o7 1061 o.a%
2258 073 555 0.
2500 g Cumulative CPZ Risk e 53 FrT) e
2308 on 870 0.09%
20000 1) [VIDDLETOWN 1103830 4758 072 15183 0.87%
15000 Koy Takeaways
* Mitigating 25 of the 50 riskiest miles within PGRF's service territory would reduce ~0.5%
10,000 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 clrcuit, highlight areas of high risk
were more extensive remediation can oceur
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
2021 25 a stretch target

5000 10000 15000 20000 25000
CPZ Pricritized Circuit Miles

10
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Enhanced Vegetation Management

( Together, Building
a Better California

11
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Highlights

Methodology

exists Ineach area

Does not take Into account tree count within the vicinkey of the
erid

that were capiured in 201910 2020

Treinect on historic gnition data (wildfire season 2015-2018)
Includes Technosylvasimulation cutputs ino the MAVF
consequence dats

While preserving the Technosylva outcames at the 100m pixel
Tevel, MAVF scores are then scaled to the Risk Scores
generated in reguiatory filings such as RAMP and WMF.

within ach pizel

HFTDs.

Pivel-level results are rolled up to higher level CPZ results

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

) of Existing.
/ Trea Work

= The 100m x 200m risk pxels are re-aggregated info=1 km x 1
Km gric areas (utilzing the unified erid (PlatMap))

* An ertire grid area is assignedto  sirgle CPZ

« All risks in the gridarea thatare assigned to the same CPZ are
‘aggregated to obtain a risk score for the CPZ

USeG 10 estimate axsting tree work

segr
« On the basis of LINAR and ground inspection cata, regrassion
medels were built to predict estmated tree work

The the
traes alreacy workad to determine remaining CPZ trae work.

* The number of remaining trees were then used 1o weighthe
CFZ risk

p Aumber 7

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

12
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A “no regrets” approach of tackling the CPZs identified as high risk

<l by both models is proposed for adoption to operationalize work
Top 10% of VM Wildfire Risk Top 10% of Tree Weighted
Decision VM Risk

1,646 Miles 1,056 Miles 1,430 Miles
(141 cpzs) {49 cpzs) (67 ¢Pzs)

49 CPZs and 1,056 miles were common across the VM Wildfire risk ranking and the Tree Weighted risk ranking. Both medels highlight these
areas as high impact, and should be prioritized for EVM work 13

Note: CP2si ing 2,295 mile:

13
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Circuit Protection Zones with ‘No Regret’ Remaining Miles

EVM is requesting approval to commence work on ~1,056 ‘no regret’
miles involving a total of 49 Circuit Protection Zones (CPZs)

Remaining Miles (Top 10% of Risk)

Overall
1,125

Higgins 110950072 - 51 1893
Deschutes 11011580 = as 2321
Shingle Springs 210913322 - a0 1532
Red Bluff 11011334 a0 506
Auberry 1101R2578 3 a0 1.260
wertposa 210210850 ) oo QAL o0
Aubsrry 1102 Gircuit Breaker 1 S 380
Bell 11082202 2 EY 526
Codar Croek 11011664 - 2 203
Higgins 1109 Crrcuit Breaker 25 1217
Remaining 39 CPZs 58 620 29,873
Compleled
Tatal 6 1,056 42,709 Miles
While the full EVM 2021 work pian is being discussed, the EUM ks

to the approval of the full 2021 work plan

By Region

Horh Caast

Centrai Valey

Horth Valey

siema

for viork starting in December that includes 1,056 miles prior

14
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11/20/2020

High Level Timeline

Final Decision on System Hardening
Plen (1 feasible)

into Inspections 2021

Plan

Initial Review into Repairs 2021 Plan

Close out Completed Action Items

12/01/2020

Final Decision on EVM 2021 Plan (If
feasible)

Decision Items needed for Inspections.
2021 Work Plan

Close out Completed Action Items

12/08/2020

Decision needec on Inspection. Initial
views of 2021 Work Plan

Decisions neaded on Repairs 2021
Work Plan

Tier 1~ Overheac Conductor
Replacement Discussion

15
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Appendix

16
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Damage Overview
86,509acres Activefor37 days b i
burned ured
ol b 3 d
140structures damaged Lompary. LRy
Fire Description and Observations
- Thewi a7 441 on Augist 15, tofa
of fires thraughout California
- ! “enear
Fre,
A\ would become the northem acge of the GZU Complex fire,
- - Twod m 22,2 change i ons caused these three
SANTA GRUZ 20,000 8cres
. e
account na than
Source: GALFRE wilcfire

17
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Project Example: Keswick 11011586 Circuit Protection Zone

Keswick 11011586 CircuitProtection Zone

i s the 100mx tat
protection tone

kunits (sumof 3l the
along the circuit)

. allthe izd core of 125

NoSystem | Overhead

Kaswick (.6 Miles)

Hardening_| _Hardening
i r
A CPE R SaaaTtet 4884 3028 4835 3932
[ azma 1856 015 | osr
Overall Wiles 55
m Hardering =
mile)
igiii con Harduning .
‘mile)
_Total Capital Cast s

NPV @ 75% discount rate
$ NPV per unit of risk (RSE)

Assumptions:
Discount Rate: 75%, Cost Escaletion / Inflation: 3%
BenefitDuration: 30 years for OH 33 60 for UG
Foutine Veg Tree Count / Mile: 50.76
s Costof eenerzving NN e
+ ratroisand Inspections [l mie ror on znc I mite tor UG

18
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MAVF Risk

15,000

10,000

v

Cumulative CPZ Risk

5000 10000 15000 20,000

Cireuit Protection Zone (CPZ) Ranked Miles.

i
reduced (62%)

EGON TRAIL
1103CUs391 o0z 002 316 _ 316
[CALPINE 1144276-G 001 003 188 188 |

008 012 169 169 |

001 013 188 143

005 018 130 520

100 117 128 277

688 7.82 13 4.5
MIDDLETOWN
1102302610 421 1204 092 4856 0.29%
KONOCTI 1102565078 561 17.65 oss 5170 0.42%
IMARIPOSA 2102241564 | 064 1829 077 1061 0.045%
BUCKS CREEK 1101CE 429 2258 073 9.55 0.47%
DELMAR 2109378445 008 2267 073 219 I oarx
[MIDDLETOWN 11028 043 2308 o7 270 0.09%
IMIDDLETOWN 1103830 | 24.80 4788 072 15183 | o087%

Key Takeaways

WVitigating 25 of the 50riskiest miles within FGRE's service territory would reduce ~0.5% of
PGEF's total wildfire risk

Reason it Is only 0,5%1s because this Is across all circuits in HFTD's (~25000miles)

On each project a more granular risk spand efficiancy caleuiation can and il be parformed on
an NPV basis once the project s fully scoped similar to what is STown on the Keswick 11011585
cirauit prorection zcne

19
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2021 Dx Model

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

o PRIORITIZATION DETAILS

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

For cach pixel, assign risk score based upon the product
of.

(1) Likelihood of ignition
12) Effect f  potential ignition

A ier3
A Ter2

BER OO {7 tikelihood: via ignition prediction (Max Entropy)
Effect: va :
(1) Ignition spread (Technolylva)
(2)1gnition consequence (Technolylva)

(18] RISK EQUATION

Wildfire risk=

LoRe X CoRe (Ignition Spread X
Consequence)

Ignition likelihood:

The likelihood of Ignition In 100m x 100m pixels
Ignition spread:

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

Consequence:

The Consequence score is the effect on structures and
natural resources In 100m x 100m pixels

20

PGE-DIXIE-NDCAL-000009833



2021 Dx Model (EVM Model)

Gl

10N LIKELIHOOD

Wildfire Risk

oRE » CoRE (Igniticn Spread « Consequence)

‘enition i i
“gnitions in 100m pixels. The model was trained on ignitions limited to fires season
vens and CPUC reportatle fgnitions from 2015 to 2018

1 | Variables importance ranking.

Imporanc

eeeR-sTETE =L oL EY

Model Type

knowledge

asta

LoRE Ignition likelihood calculation

Top 10 it i i
vegetation caused ignitions:

Feedernome Predicted count

GARBERVILLE 1103 2.000336
FRUTLAND 1142 0.00033
FRUTLAND 1141 2000274
GARBERVILLE 1102 0000265
BEN LOMOND 0201 000245
BENLOMOND 1101 000024
GARBERVILLE 1101 000216
HOOPA 1101 0.000216
FELTON 0401 0.000215
PARADISE 1108 0000204

Model Statistics and Performance

« Predicted annual HFTD ignitions laverage). 100 Model Performance
» Observec total HFTD ignitions (2025-2018): * ROC-AUG-0.737 (ir-sample)
« RCC-AUC-0.716 (out-at-samole)

21
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Gl

ION LIKELIHOOD

Wildfire Risk = LoRE  CoRE (Ignition Spread  Consequence)

Scoring methodology

2021 Dx Model (Conductor Model)
LoRE Ignition likelihood calculation

gnition L
ikelihood of ot lesst one ignition oer year &t 3 given 100m by 100m pirel locaticn.
nd. the

1 | Variables importance ranking.

Nos bumanieares ED
Daiy precipitation, mean 8
Corductormateral:ACSR 97
Estmatcdconductor 236 ()
Natroe hoight a3
Proganspice s

Vapor pressure defict, main an
Condurtorsi: 3
10

1

)

i

03

o1

b

Comducton material-Ce v

Model Results

Top
Faadarrame
eresTa 1101
PARADISE 1105
BIGBASIN 1101
APPLEHILL1IOH
cam EvEas 2100
PaRADISE 1105
curmis 170
PAREDISE 1104
CEDAR CREEK 1101
PARADISE 1106

Mesn igniticn Srotabity
001
2.00098
0.000911
2.00085
0.00078
0.00072
2.00070
2.00067
2.00065
2.00064

Model Statistics and Performance

. FTD
+ Dbserved tatal HFTO ignitions (2015-20181: 292« RGG-AUG- 0,76 (in-sample)

 ROC-AUC-0.74 (curt-of-sample)

22
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o IGNITION SPREAD

Wildfire Risk = LoRE « CoRE Ignition Spreac » Consequence;

Ignition Spread Calculation Concpt

* Ignition peints were selected withina 200m buffer around PG&E’s assets,
creating 2 grid of 100m squares. {~254,000)

Simulatea fire and let it burn for 8 hours using underlying fuel and
weather conditions.

Simulation results were aggregated including acres burned, flame length,
rate of spread, buildings destioyed, and fire volume.

Pixzls were then averaged across CPZs to create scores for

2021 Dx Model — Technosylva Modeling and CoRE Calculation

For each point on the grid pick a date from the worst weather dates (452)

p CONSEQUENCES

= LoRE « CRE G

Within PG&E, the Metaarology team is working with Technosylva to
create fire spread simulation for every 100 x 100m pixel within HFTD
regions. By leveraging the Technosylva fire spread modeling outputs and
histarical Red Flag fi model are developed
to distinguish the consequence within the HFTD tranche at 100m x 100m
rid level. The steps implemented included:

1) Caleulate RFW and Fire Size Probabliities
N

CPZs
Destructive fire probability

Adestructive fire probability is calculated at each of the 255k H£10
locations by taking a ratlo of number of simulations thetmet the
following criteria

1) Acres burnt* >= 300

2) Buildingdestroyed® »=50 O 1) FBI>=3
3) Fire hehavior index (FBI)>= 2

* Acres barnt ard bding éestroyed are 3t the end of the 8 hes simulation

ed Fl

%) jice
reused to calculate the Probability of the firesize given an ignition, and the
probability of RFW at 100m pixel level

2 Calculate pre-calibrated MAVF CoRE

‘Combiningthe fire size probabilities and RFW probabilities calculatedin Step1 with

MAVF CORE valuesat tranche, the MAVF CORE values at 100m Tranche Level are
caleulated.

3) Calibrate MAVF CoRE w.rt Ignition Driver

Calibrate the CoRE by melching uncalibrated Risk per event 1o e weighted
average CoRE from she wildfire bowtic modsl. By apalying un form calioration
tac methoc pi i

difference between 100m pixels

23
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Redacted for Privilege

24
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Evaluating Wildfire Consequence (REAX vs. Technosylva)

Technosylva score
(MAVE) identifies
locations in the foothills
based on ability of
Ignitions to ladder
from gross to Chaparrol
to trees more readily

REAX identifies
highest risk ee
dense areas based
on fuels

Key Insights

have the astrophic ire, it for an igniti

resides.

impact on reducing overall wildfire risk.

o a i

25
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Risk Model Action Items

Workstream Action Itom Dascription Responsible Rasolution

Risk Models Riskmoce contributors | Brovide a detaled cescription Jon Eric Thalman compiate- 14/12/2020
madel zontributors argeted fo inclasonin

coop dire sessions

Vegetation Model - Cantributors Description Conductor Modsl — Contributors Description

e Mt e, . o 30 O OMpA e TG | o ST p—————
e diibtongic & st typicaby dortgaie whens spak s
10C-hour-Tuels-avg e dezd fuel moisture data fror GHIOME( Dalyprecipitation,mezn  The average Gaily precipitation from the GRIDMET dataset
Vagorpressure deficitam The average vapor aressure defcitfrom the GROMET dataset Conductor materiar ACSR  Aluminum conductor stee
cusy G o 5 -
i Jhom dke o Waximumree height, in mecer, for each 100m  100m pieel rea 307G,
- Fiaast Maxtrce beght ‘the distribution arid
imservo msevous round cowr s, non-ammibie R e e
- Vapus s el mean The avrage vapon s e lanthe GHOMET datct
P Ao Conductor 2 Conductor-size 2
aspects of a location = >
Vingmas o Contucorsaci £ Conductorsiasa
Mesesal nalis(FTMA) datastataresouticnct 2 hm 100 bourfuls,mean e dead el moiture dot ors GRIOMET
T o i s G GRONE] it L
Wantsmpsratare, soan [T verag rasirwum fompesatue o e GROVET dase.

thave awrage

incy sumime cay pet o
risraon] age waintselacty 3t 2 heght of 10.meders o the Real Time
The o aiscsdgial | |Windsooed, mean Wecoscale Analyeic(RTIAA) ditasat ot resoiutcn of 25 km
sievation model (DEM) at 100-eter resolut on he topographic postion ncex(IP1) was extrazted 17om 3 USGS dighal
The dead fuel maisiure data from GROMET Localzopography levaticn model (0614) U 100-metet resolazon

Average release of cnergy from fue's
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