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SOUTHERN CALIFORNIA

EDISON

ACCESS TO POWER B

REQUESTING ACCESS

By signing or submitting this form, you agree that any information you obtain through this
access to Power Bl shall only be used in connection with SCE’s Risk Assessment Mitigation
Phase (RAMP) or General Rate Case proceedings. If any SCE confidential information is
inadvertently disclosed to you as a result of your access to Power BI, you acknowledge that you

will treat that information as confidential.

To receive access to the Power Bl site, you should complete this form and send via email to:

Case Administration
Southern California Edison Company
Case.admin@sce.com

After SCE’s acceptance, the User will be notified of activation by email within 2-3 days.

Access Request for Power Bl

Case Name: SCE 2018 RAMP

User Name: User Title:

Organization:

Mailing Address:

Email:

Telephone Number:

Party or Governmental Entity Represented by User:

By:

User Signature

Date:

1
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INSTRUCTIONS TO ACCESS POWER Bl

SOUTHERN CALIFORNIA

EDISON

An EDISON INTERNATIONAL™ Company

If you don’t have already Microsoft account, follow the steps below to create one. If you

already have a Microsoft account for this email address, you can log-in as usual.

1. You will receive an invitation to access the
site, with a link to the Report.

2. Click on the link in the email.

3. Ifyou don’t already have a Microsoft
account, a new window will instruct you to
create one.

4. Click on “Next”

5. A new window will prompt you to create a
password

6. Create a unique password, using uppercase,
lowercase, a symbol, and a number

B2 Microsoft Power BI
I s shared a Power BI Report with
you

I'd like to shara this Power Bl raport with you:
RAMP PowerBl Prototype

Go to Report >

B Microsoft

B® Microsoft

Create account

Looks like you don't have an account with us. We'll
create one for you using

I <, oo.com.

B® Microsoft
< IR 2 -hoo.com
Create a password

Enter the password you would like to use with your
account.

[reate password L

Once a password has been created, a verification email will be sent to your email.

8. Go to the email titled “Verify your email address” to get the Security Code

2
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SOUTHERN CALIFORNIA

EDISON

An EDISON INTERNATIONAL™ Company

9. Enter your security code in the prompted
window B® Microsoft

< I G =hoo.com
10. Click “Next” Verify email

Enter the code we sent to

Iy 2hoo.com. If you didn't get the

email, check your junk folder or try again.

Send me promotional emails from Microsoft

Choosing Next means that you agree ta the Microsoft Services
Agreement and privacy and cookies statement

11. Verify that you are a human.
=§& Microsoft
12. Click “Next” < I G\ 2hoo.com

Create account

Before proceeding, we need to make sure a real
person is creating this account.

WS T New
Audio

Enter the characters you see

.

13. Verify your email address, if correct click

on “Looks Good!” B¥ Microsoft

I 2100, com

Is your security info still
accurate?

We just want to make sure this security info is up-
fo-date, so we can use it to verify your identity or
alert you if there's ever a problem with your
account.

« 0 com

Remind me later
Update now  [ETTEsTelole ]

3
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SOUTHERN CALIFORNIA

EDISON

An EDISON INTERNATIONAL® Company

14. Review permissions and click on “Accept”
B® Microsoft

I =100, com

Review permissions
E Edison International

The organization Edison International would like
to:

v Sign you in
“~ Read your name, email, and perhaps photo

You should only accept If you trust Edison International,
By accepting, you allow this organization to access and
process your data to create, control, and administer an
account according to their policies. Edison International
has not provided a link to their privacy statement for
you to review. Edison International may log information
about your access. You can remove these permissions at
https://myapps.microsoft.com/edisonintl.onmicrasoft.com.

15. Congratulations, you have successfully accessed the site!

RAMP Summary Results

Energy for What's Ahed. J Stom s

_ vil2

4
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Additional Power BI
Capabilities and Options
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Energy for What's Ahead™
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EEl Occupational Safety & Health Committee

Edison Electric
INSTITUTE

What is a SIF?

SIF was developed to be a metric that better facilitates the prevention of fatalities and serious injuries
that are life threatening or life changing for the employee. The metric should reflect the extent of
serious injury to employee(s) from events within the control of the employee and/or the employer.

Criteria
SIF’s are work related and serious injuries that occur within the control of the employee and/or
employer as defined below.

Defining Work Related

As the General Rule, work related injuries may result from:
e Activities included within the scope of employment or

e Activities related to a condition of employment.

If we pass the General Rule criteria, ask:
e Is this injury OSHA Recordable?

e Was the injured worker being paid for work or performing work on behalf of the employer at the
time of the event or exposure?

e Was the injured worker’s presence at the place of the injury exposure related to a condition of
employment?

e Was the cause of the incident within the control of the employee and/or the employer?

If the answer to all of these questions is “Yes,” consider the injury to be work-related.

Page 1 0f6
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EEl Occupational Safety & Health Committee

Edison Electric
INSTITUTE

Frequently Asked Questions

If an employee is injured while walking, should these be considered work-related?

The case should be evaluated to consider whether circumstances within the control of the
employee or the employer caused or contributed to the injury. It is the intent to count cases
where the employee trips, slips, stumbles, falls, or is injured by a hazard in the workplace. ltis
not the intent to count cases that are outside of the control of the employer, such as a heel
break.

Are dog bites in the control of the employer or employee?
Dog bite cases should be evaluated to consider whether the employee was a victim of an

unanticipated attack or whether the employee failed to take appropriate actions to prevent the
injury. If the employee was clearly a victim, it should not be considered work-related.

Examples of Work Related Events

Injuries that occur while the employee is performing a work task (e.g., production employee
engaged in construction work and operations)

Injuries that occur while the employee is engaged in normal activities that happen at work
between specific work tasks (talking to supervisor, selecting tools, etc.)

Injuries that occur while injured worker is engaged in work-related travel as defined by current
OSHA Recordkeeping Standards

Injuries resulting from employee slips or trips from a hazard within the work place including
employer parking lots and decks

Injuries that occur during charitable events endorsed by the employer

Examples of Non-Work Related Events

Injuries that occur on company property or while the worker is engaged in a work activity but
would have occurred at the same time and at the same level of severity even if the employee was
not engaged in a work activity (epileptic seizure, diabetic seizure, heart attacks, sudden joint
failure, etc.)

Injuries that are related to commuting to or from a place of employment outside of work hours

Injuries that result solely from normal body movements unrelated to work (sneezing, coughing,
bending over to tie a shoe, walking, etc.)

Page 2 of 6
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EEl Occupational Safety & Health Committee

Edison Electric
INSTITUTE

e Injuries that result solely from personal tasks performed outside of assigned work hours
(retrieving ice for personal use, holding community meeting at employer premises, etc.)
e Injuries that occur in a travel hotel unrelated to work

e Injuries that occur where the employee is present at the site as a member of the general public,
unrelated to his or her employment status

e Injuries that result from voluntary participation in wellness, medical, or fitness programs, or
recreational activity (team building events)

e Injuries where symptoms surface at work from a known non-work-related event or exposure
(yard work, sporting events, etc.)

e Injuries that result from eating/drinking or preparing food/drink for personal consumption
(food/drink not provided by employer)

e Injuries that result from personal grooming, self-medication for a non-work-related condition, or
intentionally self-inflicted injuries

e Injuries that result from non-preventable vehicle accidents

Identifying and Classifying Serious Injuries

When the work-related criteria have been met, compare the employee injury to the Serious Injury
criteria listed below to determine if the injury is deemed “Serious.” (Each case should be counted only
once. In cases with multiple injuries, assign the case to the category representing the most severe
injury.)

1. Fatalities

2. Amputations (involving bone)

3. Concussions and/or cerebral hemorrhages

Page 3 0of 6

Chapter 1 — RAMP Report Overview



1.44

Workpaper — Southern California Edison / SCE 2018 RAMP

Edison Electric
INSTITUTE

Occupational Safety & Health Committee

4. Injury or trauma to internal organs

Frequently Asked Question

When should a case of organ damage be classified as serious, such as an exposure to
chemical substance?

Injuries should be classified as serious if objective medical evidence indicates significant or
sustained (beyond initial event, acute treatment and testing) organ damage, or progressive
changes in organ function or anatomy. This criterion does not include rapidly dissipating
signs and symptoms from the acute event (such as irritation or localized redness) and their
associated treatment, or injury from long term or repetitive exposures.

Only cases that involve relatively short term events should be included in the serious
metric, even if the result is an illness (example, reactive upper-dysfunction syndrome
resulting from chlorine exposure event). llinesses that develop from exposure over long
periods of time (years) are not to be captured in this metric (example, fibrosis of the lung
from asbestos exposure).

Is a hernia considered a severe case?
A hernia by itself would not be classified as a severe case. However, if the hernia causes

damage to an internal organ such as a strangulated colon, it would be classified as a severe
case.

5. Bone fractures with the following considerations:

a.

b.
C.

Include fractures of the fingers and toes only if they are open, compound, or comminuted
(crushing)

Include all bone fractures of the face, skull, or navicular wrist bone

Exclude any hairline fractures unless described above

Frequently Asked Questions

Are all hairline fractures excluded?

Hairline fractures in the face, skull, or navicular wrist bone are considered a serious
injury. All other hairline fractures are excluded.

Are nasal fractures included as a serious injury in bone fracture criteria?

Typical nasal cartilage-only fractures are not likely to cause life altering or life threatening
injuries, unless other facial bone fractures are involved. If the employee has a “broken
nose” that involves facial bone fractures, the injury should be included as a serious injury.
Nasal cartridge-only fractures should not be included as a serious injury.

Page 4 of 6
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EEl Occupational Safety & Health Committee

Edison Electric
INSTITUTE

iii. Are broken teeth considered a severe case?

No, unless there were other injuries in addition that meet the criteria (Example: Broken
Jaw)

6. Complete tendon, ligament and cartilage tears of the major joints (e.g., shoulder, elbow, wrist, hip,
knee, and ankle).

Frequently Asked Questions

i. Are partial tendon, ligament and cartilage tears included?

No. Partial tears are not to be classified as a serious injury.

7. Herniated disks (neck or back)

8. Lacerations resulting in severed tendons and/or a deep wound requiring internal stitches

Frequently Asked Question

i. Does a puncture that requires internal sutures meet the laceration criteria?

Yes

9. 2nd (10% body surface) or 3rd degree burns

10. Eye injuries resulting in eye damage or loss of vision

Frequently Asked Questions

i. Does a corneal abrasion constitute eye damage injury?

No. Corneal abrasions and/or scratches due to foreign bodies are considered minor and
usually heal quickly.

ii. What are some examples of “eye damage” that meet the criteria?

Examples of eye damage would be cases where the eyeball is penetrated or damaged by a
significant foreign body.

Page 5 of 6
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EEl Occupational Safety & Health Committee

Edison Electric
INSTITUTE

iii. Does loss of vision mean total loss or is some degradation of vision all that is required to
meet the serious injury criteria?
Loss of vision means any permanent change in the employee’s vision or change that
requires corrective lenses.

11. Injections of foreign materials (e.g. hydraulic fluid)

12. Severe heat exhaustion and all heat stroke cases (Severe heat exhaustion cases are those where all
of the following symptoms are present: profuse sweating, nausea, and confusion). If confirmed
fainting occurs due to the heat exposure, this is an automatic severe case.

a. Exclude cases where confirmed personal medical conditions or medications significantly
contributed to heat exhaustion

Frequently Asked Question

i. If an employee receives an IV for heat exhaustion, does this make it a severe case?

The application of an IV does not necessarily indicate a severe case; further investigation
should be conducted to determine if the criteria for severe heat exhaustion were met
(profuse sweating, nausea, and confusion or confirmed fainting).

13. Dislocation of a major joint (hip, shoulder, elbow, etc.)

14. The Other Injuries” category should only be selected for reporting injuries not identified in the
existing categories. A Description box is also provided to briefly describe the nature of the injury.

Other Terms and Definitions

1. Serious Injury Incidence Rate (SIIR)
The Serious Injury Incidence Rate (SIIR) is calculated using the formula (# cases x 200,000/hours

worked). The calculation of the SIIR uses the same hours worked number as your calculation of
the Recordable Incidence Rate.

Page 6 of 6
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|.  Workpaper: Chapter 2 — Risk Model Lessons Learned — Additional Detail

A. Interdependence Assumptions in Mitigation Effectiveness Modeling

SCE gained greater insight into the increased challenges of modeling mitigation
effectiveness for a comprehensive mitigation portfolio versus for individual mitigations.

For example, in the Contact with Energized Equipment chapter, both the Proposed Plan
and Alternative Plan #2 include the C1 (Overhead Conductor Program (OCP)). However,
Alternative Plan #2 also includes M2 (Comprehensive Branch Line Fusing), while the Proposed
Plan does not. If these mitigations are truly independent, the modeling of C1 effectiveness can
be identical in both plans. However, if they are not completely independent, then there needs
to be two representations of C1 (OCP): one with M2 and one without M2.

In general, overlapping interactions among non-independent mitigations is difficult to
model for a number of reasons. For example, there are typically more mitigation options than
there are mitigation plans. Therefore, the interactions of mitigations within a plan are typically
not limited to any two individual mitigations but can involve, potentially, all mitigations under
consideration.

The interactions between non-independent mitigations also depend not only on the
mitigations themselves but also on their respective rates of deployment. The very question of
asking how much more (or less) effective one mitigation becomes in the presence of another is
an overly simplified question; that effectiveness relationship may likely change depending on
not only the presence of each mitigation but the deployment rates for each mitigation as well.

Mitigation effectiveness modeling also considers “targeting benefits” for those
mitigations where scoping tenets target specific assets rather than assets at random. For
example, SCE would not apply covered conductor as part of Cla (OCP Utilizing Covered
Conductor) through random identification of in-scope OCP spans. SCE would instead apply
covered conductor to those in-scope OCP spans that would yield the greatest benefit specific to
covered conductor, namely spans with the greatest frequency of faults associated with contact
from foreign objects such as animals, metallic balloons, and vegetation. Again, there will likely
be overlap within a high-risk asset base when multiple mitigations in a mitigation plan are
considered. Therefore the modeled “targeting benefit” for each mitigation is also subject to the
same challenge associated with mitigation independence assumptions.

For purposes of this analysis, SCE assumed all mitigations are strictly independent of all
other mitigations. This was the most straightforward way SCE found to model individual

mitigation effectiveness factors for purposes of the initial RAMP report. As SCE’s risk modeling
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capabilities grow, we look forward to implementing techniques to model mitigation

effectiveness interactions among multiple mitigations in a collective plan.

B. Degrees of Confidence in Mitigation Effectiveness Modeling

There can be a range of degrees of confidence in the modeling of mitigation
effectiveness. The methodology used in this RAMP report does simulate some risk uncertainty
through probabilistic analysis of consequence distributions; however, it does not at currently
describe underlying mitigation effectiveness modeling uncertainty.

Consider, for example, the difference between two controls in Chapter 5 (Contact with
Energized Equipment): C1 (OCP) and C2 (Public Outreach). In comparing the analysis results,
OCP was found to have an RSE approximately one-third of the RSE of Public Outreach.
However, there is a wide difference in the degrees of confidence of the underlying assumptions
of these two mitigations.

For example, the modeling of OCP was informed by a large amount of asset data and
refinement of previous detailed risk analyses. In contrast, the modeling of Public Outreach
mitigation effectiveness was based on very little data and was largely informed by educated
estimates. In other words, SCE is convinced of the direction of risk reduction benefit for Public
Outreach, but is less certain of the exact magnitude of the benefit. A direct comparison of the
RSEs of these two controls, without visibility of the underlying degrees of confidence, can lead
to incorrect interpretations of the results.

SCE will evaluate ways to evaluate and convey these underlying uncertainties in future

RAMP risk analyses. This may add meaningful context when interpreting risk model outputs.

C. Benefits of Mitigations that Span Multiple Risk Statements
SCE developed the risk statements in this RAMP report in a manner that

preserved their “independence.” For example, Chapter 10 (Wildfire) analyzes risks associated
with wildfire ignition, but does not analyze risks associated with contact with energized
conductor. Likewise, Chapter 5 (Contact with Energized Equipment) analyzes risks associated
with human contact with energized conductor, but does not analyze risks associated with wildfire
ignition. Ultimately, however, some of the mitigations applied for the former risk statement have
benefits for the latter. For example, application of covered conductor in the high fire risk area
will not only have benefits for reducing drivers of wildfire, but also in reducing consequences

associated with human contact with energized equipment.
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While evaluating the benefits of each mitigation only with respect to the specific
chapter it is in avoids double-counting of benefits, it can present a challenge for how to treat the
costs of each mitigation. For mitigations that span multiple chapters, SCE includes the full costs
in RSE calculations in both chapters. At this point, SCE does not have a clear methodology for
accurately dividing the cost of programs that are expected to provide benefits across multiple
independent risk statements. In essence, RSE calculations for covered conductor assumed only
some of the expected benefits (i.e., benefits specific to each chapter) but all of the expected costs
(i.e., the full program cost in both chapters). The net effect of this is that calculated RSEs for
mitigations like covered conductor — i.e., mitigations that provide benefits that span independent
risk statements — were understated in each of these two chapters.

Chapter 2 — Risk Model Overview
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Workpaper — SME Qualifications

Purpose: In cases where SCE has relied on SME judgment, we provide additional detail, where
applicable, as to why such judgment is prudent and should be used to inform RAMP analyses.

Risk Chapter

Building Safety

Risk Analysis Component

Development of baseline risk assessment and mitigation
effectiveness values.

Does historical data exist at
SCE to support the evaluation
of this risk analysis
component?

In most cases, SME judgment was utilized in conjunction with
historical or present-day data (e.g. D2 frequency, O1 fatalities, 02.2
reliability and financial, O3 reliability and financial, O4 reliability and
financial, and M3 effectiveness values). In two cases, little or no data
was available (C2 and M2 effectiveness values).

Additional back-up or sources
used by the SME(s) to
inform/validate guidance

In addition to the data sources described in the Mitigation
Effectiveness Workpaper and the Baseline Risk Assessment
Workpaper, SMEs engaged in discussions with fire-life safety (FLS)
and electrical vendors, with peers through the International Facility
Management Association (IFMA) network, and with CBRE (CBRE is
SCE's service provider for facility maintenance services).

SME(s) who have contributed
to this analysis

e Director, SCE Commercial Real Estate (CRE)

e Principal Manager, SCE CRE

e Senior Advisors, SCE CRE

e Consulting Engineer, SCE Generation

e Engineer 3, SCE Transmission & Distribution (T&D)

Relevant Experience of SME(s)

e The CRE SMEs collectively have over 75 years of experience in
facilities management, mechanical and building engineering,
operational maintenance of all building components including
FLS and electrical systems, and architectural design and
structural construction management experience (including
coordination of structural, mechanical, electrical and FLS
systems).

e CRE Director has over 20 years of experience establishing
capital construction budgets.

e CRE Principal Manager and Senior Advisor SMEs are active
members of IFMA, possess professional certifications such as
Certified Facility Manager (CFM), and engage in benchmarking
with other utilities via the Western Utilities Group.

e Generation SME has 18 years of research and professional
experience in the area of seismic risk, including seismic source
characterization, probabilistic seismic hazard modeling, finite-
element modeling of the seismic response of structures, and
probabilistic loss estimation.

e T&D SME has 10 years of experience in substation engineering,
including 3 years of experience in seismic analysis.
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Workpaper — Subject Matter Expert Qualifications

Purpose: In cases where SCE has relied on SME judgment, we provide additional detail, where
applicable, as to why such judgement is prudent and should be used to inform RAMP analyses.

Risk Chapter Cyber
Risk Analysis Component e Baseline risk assessment (Drivers, Outcomes,
Consequences)

e Control and mitigation effectiveness

Does historical data exist
at SCE to support the
evaluation of this risk
analysis component?

SCE and our external partner (Revolutionary Security)
leveraged our understanding of the attacks facing the electric
utility grid and SCE to inform the estimates used in this
chapter. However, SCE-specific historical data was not
explicitly used in this analysis.

Additional back-up or
sources used by the SME(s)
to inform/validate
guidance

There are a number of external cybersecurity-related research
studies, reports, and analyses that were leveraged to inform
this analysis.

SME(s) who have
contributed to this analysis

Internal SCE SMEs:

e Director of Cybersecurity & Compliance

Principal Manager, Cybersecurity

Senior Manager, Cybersecurity

Various Advisors within the Cybersecurity organization

External SMEs from Revolutionary Security:

e President & CEO

e Director, Security Assessments & Strategy

e Principal Security Consultant, IT & OT Services

e Consultants within the Security Assessments & Strategy
Practice

Chapter 6 — Cyberattack



6.6 Workpaper — Southern California Edison / SCE 2018 RAMP

Relevant Experience of
SME(s)

Internal SME Experience:

These SMEs have a combined 58 years of experience in the
field of information technology with expertise in information
security, cybersecurity intelligence and engineering,
technology analysis, incident response and forensics, policy
development and compliance, security strategy development,
risk assessment, and vulnerability management.

SMEs collectively possess various professional training,
certifications and degrees, including: CRISC (Certified in Risk
and Information System Control), CISSP (Certified Information
Systems Security Professional) Certifications, technical training
in the U.S Navy, and Bachelor's degrees.

External SME Experience:

These SME's have a combined 63 years of experience in the
fields of software engineering, system & network architecture,
cybersecurity policy & governance, information security &
cybersecurity development and practice, threat intelligence,
threat modeling, risk management, vulnerability assessment,
penetration testing, and regulatory & compliance within the
electric utility, oil & gas, manufacturing, defense contracting,
and pharmaceutical industries.

SMEs collectively possess various professional training,
certifications and degrees, including: GICSP (Global Industrial
Cyber Security Professional), CISSP (Certified Information
Systems Security Professional), C|EH (Certified Ethical Hacker),
Security+, and Network+ certifications, and various Bachelor
of Science and Art and Master Degrees.

Chapter 6 — Cyberattack
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REVOLUTIONARY
— SECURITY —

Summary

SCE partnered with Revolutionary Security, LLC (RevSec),! a cybersecurity services firm, to develop a
method to assess the risk reduction capabilities of the proposed and alternative controls and mitigations
in this RAMP report. This method is based on evaluating how well these controls and mitigations would
perform against the various scenarios of cyberattacks contemplated in the Cyberattack RAMP Chapter.
The team aligned the steps of those attack scenarios with existing SCE cybersecurity projects to predict
their effectiveness in stopping future attack campaigns. This method is based on how controls and
mitigations are applied to specific each of the five outcomes in the RAMP chapter, to determine the
amount of risk reduced. SCE then took these results and applied then to SCE’s RAMP model by
modifying the likelihood of each outcome occurring.

Controls & Mitigations

SCE employs a defense-in-depth cybersecurity strategy, which uses multiple layers of protection to
prevent unauthorized access and controls of its systems. This strategy involves deploying several
programs, implementing processes, and implementing a variety of proactive vulnerability testing,
training, and education programs. SCE organizes its cybersecurity defense into six program areas:

e Perimeter Defense

e Interior Defense

e Data Protection

e SCADA Cybersecurity

e Grid Modernization Cybersecurity
e NERC CIP Compliance?

Each of these programs protects our business against cyberattacks in different ways. Each program area
consists of different projects, each of which was arbitrarily assigned a code for RAMP filing purposes to
not disclose sensitive SCE information. One new project (V) was added that applies only to the
Alternative Mitigation Plan #2 to address the risk of hardware vulnerabilities similar to Spectre and
Meltdown (this is referred to as M1 — Accelerated Hardware Refresh in the chapter).

Program Area Project | Program Area Project
Code Code
Data Protection A Perimeter Defense L

Data Protection B Perimeter Defense M
Data Protection C Perimeter Defense N
Interior Defense D Perimeter Defense 0]
Interior Defense E SCADA Protection P
Interior Defense F GridMod Q
Interior Defense G GridMod R

1 See https://www.revsec.com/ for more information on this firm.
2 Since NERC CIP compliance is considered a compliance-based control, we did not model this control in the RAMP
model.

© 2018 Revolutionary Security LLC. All rights reserved
Page 1
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Program Area Project | Program Area Project
Code Code
Interior Defense H GridMod S
Interior Defense | GridMod T
Perimeter Defense J GridMod U
Perimeter Defense K Accelerated \Y
Hardware Refresh

Table 1: Program to Project Mapping

Outcomes

SCE identified a range of outcomes that would occur should control systems be compromised. Historical
examples of relevant cyber attacks were used to generate the Financial, Reliability, and Safety impacts
of each outcome. The examples for Outcomes 1 through 4 are based on real-world events, while
Outcome 5 uses two contrived examples based on real-world events. One that focuses on Safety was
translated into a hydro-electric power generation environment. The second focuses on Reliability and
Financial was based on physical attack against SCE substations and transformers but was translated to a
cyber-attack. SCE’s Dam Security personnel were consulted in the creation of this Outcome.

Number Outcome Examples of Real-World Events
Outcome 1 No impact to service or data Bowman Ave Dam (NY)
BlackEnergy Part of Ukraine 2015
Outcome 2 Exfiltration of CEl data .
Ponemon Institute
Loss of control with denial of use of electrical Merck (NotPetya)
Outcome 3
systems
Maersk (NotPetya)
Outcome 4 Adversary control with disruption to electrical 2015 Ukraine Attack
systems
Adversary control with physical damage to Cyb.er Attack on SCE dam refultlng in uncontrolled
Outcome 5 . . rapid release of water flooding a powerhouse and
/destruction of electrical system
campground

Table 2: Outcomes & Examples

Risk Reduction Model

The historical examples used as basis for the Outcomes were each deconstructed into a series of attack
steps that the adversary performed to achieve their goal. Each attack step was mapped to a current SCE
Program Area and Project Code. RevSec Subject Matter Experts (SME) graded the estimated
effectiveness of a project at addressing that attack step for each Outcome. This was done using the
following scale: 1 (low impact), 2 (minimum effectiveness for attack mitigation), or 3 (highly effective).
The following table shows the attack steps for Outcome 1, which has both the shortest number of attack
steps and the least impact to SCE operations (financial consequence only).

© 2018 Revolutionary Security LLC. All rights reserved
Page 2
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Estimated Effective -

Attack Number g Attack Step ad Control Area g Project Code g Mitigation Plan g
Prop Altl Alt2

Project) 3| 1] 3
AD-1 Social engineering (via phishing) Perimeter Defense
Project O 1] 1] 2|
Social - - 12 phvsical
AD-2 . ocial engineering (via physica Interior Defense Project D 3| 1] 3
implant)
Malware establishes C2 via some Project K 3 1] 3|
AD-3 external channel, scales from ftp- Perimeter Defense
>http->soap/api->https etc
Project L 3 1] 3|
Endpoint i ised. privil ProjectH 1] 1] 2|
n pm'n is compromised, privilege | .o e e
AD-4 escalation to system for memory
access
Project | 3| 1] 3
Accel HW Refresh Project V 0 0 3|
AD-5 End of Scenario N/A N/A N/A |N/A N/A

Table 3: Outcome 1 Attack Path

The team then aggregated the effectiveness of each control in addressing each outcome. This was used
as an input to the RAMP model. The estimated effectiveness for each of the mitigations plans for each
Outcome were also totaled, then divided by the maximum value of matched Project Codes to create the
percentage of estimated effectiveness shown in the table below.

Estimated Effectiveness as Percentage of Max Value of Outcome
Outcome Value / Max Value for Outcome

Outcome Prop Alt #1 Alt #2
01 71% 29% 92%
02 71% 31% 90%
03 65% 31% 90%
04 64% 31% 94%
05 70% 31% 94%
Average 68% 31% 92%

Table 4: Percentage of Estimated Effectiveness per Outcome

© 2018 Revolutionary Security LLC. All rights reserved
Page 3
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7.19

Workpaper — Risk Evaluation Memo

Purpose: In cases where SCE has relied on SME judgment, we provide additional detail, where
applicable, as to why such judgement is prudent and should be used to inform RAMP analyses.

Risk Chapter

Employee, Contractor & Public Safety

Risk Analysis Component

Mitigation Evaluation — Development of mitigation
effectiveness values.

Does historical data exist
at SCE to support the
evaluation of this risk
analysis component?

No, SCE does not have historical data to perform this analysis.
SME judgement was utilized to forecast the benefits of new
mitigations.

Additional back-up or
sources used by the SME(s)
to inform/validate
guidance

SMEs has regular interactions and discussions with colleagues
at various utilities that have experienced this risk event and
who have deployed similar mitigations. These interactions
typically take place through professional conferences and
through direct conversations. SCE SMEs used this information
as a resource in the design of our own system, and leveraged
that information to help inform the SME guidance to the
mitigation effectiveness found in this chapter.

SME(s) who have
contributed to this analysis

e Director, Corporate Health & Safety
e Principal Manager, Safety Programs & Compliance
e Advisor, Health & Safety

Relevant Experience of
SME(s)

These SMEs have a combined 51 years of professional safety
and business experience within the electric utility environment.

SMEs collectively possess various professional certifications
and advanced degrees, including: Certified Safety
Professionals (CSP), Juris Doctor, Master’s degree in Business
Administration, and Bachelor’s degrees in Business
Administration, and Project Management Certification.

Page 1 of 1
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Type

Safety Volume Compl Regulatory Body Notes
(definitions below)
CA Emergency Medical Services Authorit
Automated External Defibrillator (AED) gency L ¥ Organizations that provide AEDs must have a standard to
Standard Standard ves CA Civil Code meet regulatory requirements
CA Health & Safety Code g yreq
Contai | d saf k tices, th jority of
Accident Prevention Manual Manual Yes California OSHA / Federal OSHA on am? rules and sate work practices . € majority o
which are based on regulatory requirements
Program implemented to establish safe work practices of
best t wh fi i tructi
Asbestos Management for Construction California OSHA / Federal OSHA asbestos n'?a.n'agemen when peﬁ ormlng cons ru? 4|on
L Program Yes . R . related activities (e.g. constructing, altering, repairing,
Related Activities Air Quality Mgmt. District o R .
maintaining, or renovating asbestos-containing structures
or substrates)
Bloodborne Pathogens (BBP) Exposure BBP Exposure Control Manual accompanies the standard
s ( ) Exp Standard Yes California OSHA / Federal OSHA p. ) P .
Control Standard and explains how to accomplish the standard requirements|
CA Department of Transportation Also includes non-compliance-related rules and guidelines
Company Vehicle and Driver Policy Policy Yes p' P . P R o 8!
CA Air Resource Board rules (e.g. telematics, or GPS vehicle monitoring)
The purpose of this program is to ensure the protection of
Confined Space Program Program Yes California OSHA / Federal OSHA workers from the hazards associated with confined space
entry
Other Confined S Enclosed §| Specific to utilit: Its. Will b dated to "Enclosed
er Confine lpace( nclosed Space) Program Yes California OSHA / Federal OSHA peci yIIC' o utili yva'u s i ' e update .O nclose
Operations Program Space" in Q4 2018, in line with CA regulation changes
Contractor Safety Management Standard Yes CPUC The EHS Handbook for Contractors outlines how to
Standard California OSHA / Federal OSHA accomplish the standard requirements
Inform customers and employees about potential EMF
health effects, provide free EMF measurements, and use
Electric and Magnetic Fields (EMF) Program Yes CPUC R P ) . X
EMF-minimizing designs on new and rebuilt power lines
and substations
Part of Injury and lliness Prevention Program to identify and
Ergonomic Program Program Yes California OSHA / Federal OSHA ury . | g v
mitigate ergonomic hazards
Fall Protection M | outlines how t lish th
Fall Protection Standard Standard Yes California OSHA / Federal OSHA all Frotection Manual ou |ne's OWto accomplis €
standard requirements
Part of SCE's safety management system; defines
Fire Prevention Program Program Yes California OSHA / Federal OSHA requirements and responsibilities around fire prevention
plans
Electrical workers are required to be trained in CPR/First
X R - - 5 . Aid. Guidelines are available for inspection, replenishment
First Aid Response Guidelines Guidelines Yes California OSHA / Federal OSHA ) ,
and requests for changes to the contents of SCE First Aid
Kits
Hazard Communication & Chemical Standard provides criteria for classification of chemical
Standard Yes California OSHA / Federal OSHA hazards, and approach to safe labeling of such material
Management Standard
(e.g., Safety Data Sheets)
"Lockout/tagout" refers to specific practices and
Hazardous Energy Control — . ' proc?dures to safeguard empl?yees from th? unexpected
Program Yes California OSHA / Federal OSHA energization or startup of machinery and equipment, or the|
Lockout/Tagout (LOTO) Program ) . )
release of hazardous energy during service or maintenance
activities
Used to protect workers from hearing problems due to
Hearing Conservation Program Program Yes California OSHA / Federal OSHA P . Ep
noise exposure
P tablished t intai k bel
Hexavalent Chromium Program Program Yes California OSHA / Federal OSHA rogram established to ma!n 'aln V\,Ior, er exposure below
the permissible limits
This program is designed to prevent injury and loss of
Hot Work Program Program Yes California OSHA / Federal OSHA property from fire or explosion as a result of hot work (e.g.
welding, brazing, soldering, etc.)
Injury and lliness Prevention Program Program Yes California OSHA / Federal OSHA Program focused on prevention of injury and illness
The purpose of this program is to ensure the protection of
Lead Management Program Program Yes California OSHA / Federal OSHA purp prog . . P
workers from the hazards associated with lead exposure
Program to provide workers with medical support when
Medical Support for Remote Operations Directive Yes California OSHA / Federal OSHA g P . R PP
working a remote location
Program established to maintain worker exposure below
Radio Frequency Energy Safety Program Program Yes California OSHA / Federal OSHA e . L P
the permissible limits
i . . This standard protects workers from exposure to respirable
Respirable Crystalline Silica R . . I L . .
Standard Yes California OSHA / Federal OSHA crystalline silica, which is a common material found in
Management Standard . .
construction material such as sand, concrete, stone, etc.
The Respiratory Protection Handbook outlines how to
Respiratory Protection Program Program Yes California OSHA / Federal OSHA P y' .
accomplish the program requirements
This standard defines requirements and responsibilities for
notification and evaluation of safety incidents (injuries,
Safety Incident Management Standard Standard Yes California OSHA / Federal OSHA X ) X Y (inj )
ilinesses or close calls) involving employees conducting
company business and/or members of the public
Meets requirement that supervisors observe employees in
workplace at least once/year to identify hazards. SCE
Safety Observation Program Program Yes California OSHA / Federal OSHA P 7y Y

provides tool available to all employees, which also enables|
peer-to-peer observations

Governance Documents:

Policy: A corporate policy articulates the boundaries of business behavior and personal conduct. A corporate policy outlines who has specific authority or assigned accountability and what actions are
required in specific situations. Corporate policies are a principal control to manage compliance risks and demonstrate compliance to regulators. A corporate policy applies across the enterprise unless a
company or a specific group of individuals has been exempted by the Edison International General Counsel.
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Program: A corporate program is a set of related measures, events or activities with a particular long term aim. A corporate program may be related or unrelated to regulatory requirements. Compliance to a
corporate program is based on applicability. A corporate program is typically documented in a corporate program document.

Directive: An official instruction, or set of instructions, regarding a specific topic.

Guidelines: Advice or guidance on a particular topic or work practice.

Implementation Documents:
Standard: A corporate standard describes a minimum set of requirements for a method, material, or practice which, when followed, leads to consistent results. Corporate standards are usually governed by g
corporate policy, program or charter

Manual: A manual typically accompanies a Standard document and provides details regarding how to accomplish the Standard requirements

MP-Ch7="Safety StandardsPrograms-and-Potigies:xt
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Workpaper — Risk Evaluation Memo

Purpose: In cases where SCE has relied on SME judgment, we provide additional detail, where
applicable, as to why such judgement is prudent and should be used to inform RAMP analyses.

Risk Chapter

Building Safety

Risk Analysis Component

Development of baseline risk assessment and mitigation
effectiveness values.

Does historical data exist at
SCE to support the evaluation
of this risk analysis
component?

SCE does not have any historical incidents of failure of a high
hazard dam. Other data, such as field investigations and
instrumentation records, is used to inform SME judgement.

Additional back-up or sources
used by the SME(s) to
inform/validate guidance

SMEs consider design documents, drawings, construction and
inspection reports, field investigations, surveillance and monitoring
data, inundation mapping, seismic and hydrologic hazard
assessments, stability analyses and all other available technical
studies on dams. Semi-Quantitative Risk Assessments are
performed in facilitated workshops involving participants from SCE,
external consultants, and representatives from federal and state
dam safety regulators.

SME(s) who have contributed
to this analysis

e Senior Manager, SCE Dam & Public Safety

e Consulting Engineer, SCE Dam & Public Safety
e Senior Geologist, SCE Dam & Public Safety

e Engineer 3, SCE Dam & Public Safety

Relevant Experience of SME(s)

e Senior Manager has 16 years of experience with dams,
including computer modeling, field testing, instrumentation and
risk assessment. He has extensive experience interfacing with
senior leaders at state and dam federal regulators, and with
other dam owners.

e Consulting Engineer has 18 years of research and professional
experience in seismic risk analysis, including seismic source
modeling, seismic hazard analysis, and computer modeling of
structural response, and ten years of experience in dam safety,
including coordinating and implement risk assessment and risk
management.

e Senior Geologist has 29 years of experience as an engineering
geologist, including 15 years spent supporting dam safety and
other hydropower-related projects, including construction,
damage assessment and repair, and coordinating collection,
evaluation and reporting of dam surveillance data.

e Engineer 3 has 10 years of experience in dam safety, including
hydrology and hydraulic analyses, flooding risk assessment, and
probabilistic flood analysis.

Chapter 8 — Hydro Asset Safety
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Workpaper — Risk Evaluation Memo

Purpose: In cases where SCE has relied on SME judgment, we provide additional detail, where
applicable, as to why such judgment is prudent and should be used to inform RAMP analyses.

Risk Chapter

Physical Security

Risk Analysis Component

e Control and Mitigation Evaluation — Development of
mitigation effectiveness values.

e Outcome Evaluation — Development of frequency and
consequence estimates for coordinated attack on
multiple substations outcome

Does historical data exist
at SCE to support the
evaluation of this risk
analysis component?

While there is no historical data at SCE to support this part of
the analysis, comparisons were drawn with actual events
across the United States: Metcalf attack on PG&E, substation
attacks on other utilities over the previous 10 years, and NERC
GRIDEX 2015 simulation exercise.

Additional back-up or
sources used by the SME(s)
to inform/validate
guidance

SMEs hold membership and collaborate regularly with
members of the North American Transmission Forum (NATF)
and various professional organizations. They actively
participate in peer benchmarking activities and working
groups across the industry. In addition, SMEs held discussions
with colleagues at SDG&E and PG&E who experienced similar
risk events, and who have deployed similar mitigations. These
include: Concrete/block walls, cameras, lights, alarms, and
security officers. SMEs utilize this input and compared it to
the physical characteristics of SCE target facilities, the risk
tolerances/safety culture at SCE and industry best practices.
This information was utilized to design the system outlined
and to inform the SME guidance to the mitigation
effectiveness found in this chapter.

SME(s) who have
contributed to this analysis

e Principal Manager, Corporate Security
e Principal Manager, Grid Operations

e Senior Advisor, Corporate Security

e Security Specialist 2, Corporate Security
e Technical Specialist/Scientist 3

Chapter 9 — Physical Security
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9.5

Relevant Experience of
SME(s)

These SMEs have over 150 years combined of experience in
risk mitigation, intelligence operations, law enforcement,
security management and operations, threat analysis, risk
assessment, physical security standards, workplace violence
protection and emergency preparedness. SMEs serve on the
Department of Homeland Security Critical Infrastructure
Partnership Advisory Council as the Chair of the Dam Sector
Coordinating Council.

SMEs collectively possess various professional certifications
and advanced degrees, including: Doctorate in Law, Master's
degrees in Business Administration, Criminal Justice
Management, Security Management, and have graduated
from Georgetown University International Security
Management Association Senior Executive Leadership
Program. SME's are active members of the American Society
of Industrial Security. This is the preeminent security
organization in the world, recognized by governments and
private industries as a standard for security protocols.
Certifications include: Certified Information Privacy
Professional, and the following ASIS certifications: Certified
Protection Professional, Professional Certified Investigator and
Physical Security Professional.

Chapter 9 — Physical Security
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SCE estimates how effective each control and mitigation will be at reducing the
frequency of each driver, the probability of occurrence for each outcome, and the severity of
each consequence.

The Physical Security risk is unique in that each facility we protect has a different risk
profile based on its size, function, criticality, vulnerabilities, prior security work performed, etc.
As such, to perform the RAMP risk analysis and protect the disclosure of confidential security
information, SCE used the following approach which allowed us to show the effects of the
controls and mitigations on the risk without disclosing critical security information. SCE relied
on internal physical security experts! and prior evaluations of each of our sites’ criticality,

threats, vulnerabilities, and activities implemented, to do this.

1) First, our physical security experts estimated how effective a control or mitigation is
at reducing risk at a facility (or grouping of similar facilities). Because not every
facility has the same risk exposure, the actual set of physical security measures at
each facility may vary. Therefore, our experts assessed each facility type
independently (for example, different sizes and complexities or substations,
different administrative office building functions, etc.). SCE assigned an estimated
reduction value to each driver and consequence based on the control/mitigation’s
ability to affect each type or grouping of facilities. For example, a SME may estimate
that deploying uniformed security guards at electric substation facilities would
reduce the frequency of driver D1 (Security System Bypass/Breach) at those types of
facilities by 80%.

2) Second, we estimated the risk for the facilities being evaluated for security
enhancements over the RAMP period. SCE prioritizes which facilities (out of more
than 1,300) are treated with security enhancements. This is estimated to be about
100 facilities. In most cases, an enhancement will be deployed at the highest-impact
facilities first. Based on SCE’s internal evaluation of the risks associated with each
facility, SCE estimated that the facilities in scope for treatment during the RAMP
period represent approximately 25% of the total company-wide physical security

baseline risk.2

! See the ‘SME Qualifications’ workpaper for more detail on these experts.

2 For purposes of this analysis, our portfolio of controls/mitigations is expected to enhance security at roughly 100
facilities out of SCE's ~1300 total facilities (7.7%). SCE is enhancing the facilities with the highest expected impact,
measured by expected driver frequency and/or consequence severity. The majority of facilities are not critically
essential to large-scale grid reliability, and do not contain very significant materials of value. As a result, they have

1
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3) Third, we calculate the percentage reduction of each control/mitigation on the total
physical security baseline risk. To do this, SCE applied the percentage in Step 1 to the
percentage in Step 2: For our example, security guards are expected to reduce
frequency of security breach by 80% at targeted facilities, and this control is applied
to facilities representing 25% of the total physical security risk exposure. Thus, the
risk reduction effectiveness of the security guard program would be 20% (i.e., 80% x
25% = 20%). This 20% represents the risk reduction over six years. Therefore, we

apportioned the reduction over the six year period.3

The graphic below illustrates these three steps:

a low likelihood of being targeted or a low impact as the result of attack. As such, SCE assumes that facilities
targeted for enhancement represent a risk exposure three times greater than the average; three times 7.7% leads
us to 25% risk exposure at these facilities. For the purposes of this analysis, SCE is making the simplifying
assumption that each control is addressing 25% of SCE’s total physical security risk exposure.

3 This equates to a risk reduction for D2 of 3.7% in 2018.
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Figure 1 - Risk Mitigation Effectiveness Methodology

Targeted facilities represent 25% of total risk

A portion of facilities (shaded box) are exposure. Thus,‘ control/mitigation m‘{ﬁga‘tes
expected to be treated with security upgrades 20% of fO_fC'f risk. On an annual DUS.IS, this
over RAMP period. These facilities represent translates into a 3.7% annual reduction over
~25% of total Physical Security baseline risk the six-year implementation period.
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The results of this process, for all controls and mitigations evaluated in this chapter, are shown

in the tables below:

Controls & Mitigations

Controls/Mitigations

Description

Portfolios

Proposed Alternative Alternative
Plan Plan #1 Plan #2

Electric Facilities Blanket/Grid Continue baseline Risk Mitigation security controls, including targeted metal
Cla |Infrastructure Protection (Capital) - |theft abatement, security system refresh / break fix, security officer program, X
Baseline access control, and critical infrastructure protection.
Electric Facilities Blanket/Grid Continuing baseline Risk Mitigation security controls, plus: enhanced
C1lb [Infrastructure Protection (Capital) - |visitor/access management processes and controls (e.g., smart key), tiered X X
Enhanced critical facility program.
X . . Continuing baseline Risk Mitigations security controls as a focused Generation
Electric Facilities Blanket/Protection R i o L R
Cc2 . o i Protection strategy, including risk-based Facility security controls, and access X X X
of Generation Capabilities (Capital)
management / controls.
Non-electric Facilities Continue baseline Risk Mitigation security controls as a business capability-
C3a |Blanket/Protection of Major Business |focused protection strategy, e.g., risk-based security controls for critical X
Functions (Capital) - Baseline facilities protection based on enterprise Business Impact Analysis.
Non-electric Facilities Continuing baseline Risk Mitigation security controls as a focused protection
C3b |Blanket/Protection of Major Business |strategy, plus: comprehensive risk-based Facilities security controls, and X X
Functions (Capital) - Enhanced enhanced visitor / access management processes / controls (e.g., smart key).
X Continuing current Risk Mitigation security controls, plus focus on emerging
ca Asset Pll'otecnon ) Workforce Workplace violence risks, rising active shooter threats, and the people and X X X
Protection and Insider Threat (O&M) X K X o i X
environmental risks associated with increasing transient encampments.
Insider Threat Program Enhancement {Enterprise insider risk analysis program using internal resources, practices,
M1a |Information analysis (Capital/O&M) - |procedures, training, and jointly leveraging SCE internal technology capabilities X X
Low across key stakeholders.
Implementation of comprehensive Enterprise Insider Threat program,
Insider Threat Program Enhancement {including enhanced identity management, utilizing primarily external
M1b [Information analysis (Capital/O&M) - |contracted assets to analyze risk based on internal and external inputs to X
High evaluate employee risk probability, identify high risk employees, and report on
areas and issues of concern.
M2 Smart Key Program Phase 1 - Listed [Smart Key - Deployment at targeted sites restores master key accountability X X
BR/CS Critical Sites and CS Tier Sites |and helps close perimeter security vulnerabilities.
M3 Smart Key Program Phase 2 - Smart Key - Deployment at remaining electrical sites restores master key X
Remaining Electrical Sites accountability and helps close perimeter security vulnerabilities.
v Smart Key Program Phase 3 Smart Key - Deployment at remaining non electrical sites restores master key X
Remaining Non Electric Sites accountability and helps close perimeter security vulnerabilities.
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Workpaper: Chapter 10 — Wildfire
Circuit Deployment Prioritization

Introduction

SCE developed a deployment prioritization methodology for its Wildfire Covered Conductor
Program (WCCP) to guide the deployment of covered conductor in place of existing bare
distribution primary conductor in high fire risk areas (HFRA). This methodology prioritizes
deploying covered conductor on circuits posing the greatest wildfire risk, focusing on ignition
consequence and ignition frequency. This methodology also took into consideration the
mitigation effectiveness of covered conductor as deployed in specific areas of high fire risk.
Within each factor category, individual attributes were selected and subsequently assigned a
weighting, as shown below.

Total Category Individual Attribute
Category Weighting Attribute Weighting
Circuit Length in Tier 3 25%
Ignition Consequence Factors 50% Circuit Length in Tier 2 15%
Circuit Length in High Wind within HFRA 10%
Historic Vegetation Faults in HFRA 15%
Ignition Frequency Factors 30% Historic Wire Down Events 10%
Circuit Length of Vintage Small Conductor 5%
o . Estimated number of mitigated faults in
Mitigation Effectiveness Factor 20% proportion to circuit length in HERA 20%

Development of Methodology

SCE conducted a comprehensive process to determine how best to prioritize covered conductor
deployment within the HFRA. SCE initially considered deploying covered conductor on any
circuit located in CPUC Tier 3 HFRA. This approach was rejected, however, in favor of a more
nuanced analysis that took into account other contributing factors to wildfire risk in order to
provide for a more effective and efficient deployment strategy.

Given the variety of circumstances that could lead to a fire, SCE considered how best to leverage
additional datasets to develop a more sophisticated approach to its prioritization methodology.
For this effort, SCE formed a cross-function team to assess attributes best representing the
potential for wildfire risk. These internal stakeholders included representatives from SCE’s
Transmission and Distribution Engineering, Business Resiliency and Risk Management
organizations. Three general categories were determined to best inform SCE’s prioritization
methodology: ignition consequence, ignition frequency and mitigation effectiveness.

In order to determine the relative value between each category, SCE used a comparative
approach. When considering ignition consequence and ignition frequency, SCE recognized that
not all ignitions result in catastrophic wildfires. Therefore, placing greater priority on high
consequence areas of our system would likely address greater risk. As such, the ignition
consequence attributes, in aggregate, were given greater value than ignition frequency attributes.
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Similarly, in determining the relative value of mitigation effectiveness compared to the other two
general categories, SCE recognized that this factor—while valuable—would place greater
emphasis on deploying covered conductor in areas where it is likely to be most effective and
efficient, as opposed to areas where there is the greatest fire risk. SCE therefore gave this
category a lower value than the other two, in order to maintain appropriate emphasis on
deploying covered conductor in high fire risk areas and recognizing that covered conductor
provides overall substantial benefits for mitigating fire risk, as discussed in the RAMP Report.

Ultimately, an aggregate 50% weighting was assigned to ignition consequence, an aggregate
30% weighting was assigned to ignition frequency, and an aggregate 20% weighting was
assigned to mitigation effectiveness.

Ignition Consequence Factors

In sum, the ignition consequence factors account for 50% of the total prioritization weighting.
As noted in the table above, this category has three attributes. In determining how to divide this
50% among the three attributes, SCE relied on subject matter input to best inform the weightings
of the individual attributes, with validating analyses to further confirm the relative weightings
where possible.

Circuit length in Tier 2 and Tier 3: SCE has approximately 4,500 distribution circuits in its
service area. Approximately 1,300 of these circuits have at least some portion located within
HFRA, which includes CPUC Tier 2 and Tier 3 areas.! In prioritizing these circuits for the
WCCP, SCE placed a weight of 25% to the circuit length in a Tier 3 area and a weight of 15% to
the circuit length in a Tier 2 area to reflect the greater risk associated with Tier 3 areas relative to
Tier 2. This means that circuits with the longest length in Tier 3 are generally given priority over
circuits of comparable length in Tier 2. Under certain circumstances, however, circuits with
considerable length in Tier 2 could be prioritized over circuits with a short length in Tier 3.

In order to further validate these relative weightings, SCE reviewed the 2015-2017 fire history as
reported to the CPUC. A majority of fires at distribution voltages up to 33kV were determined
to occur within the Tier 3 area, providing further justification for Tier 3 receiving a greater
weighting than Tier 2.

Wind Load Considerations in HFRA: Wind plays an important role in many contact-related
faults, including contact with tree limbs and palm fronds. In addition, high wind speeds are a
known contributor to larger fires. SCE understands that wind loading is considered as part of the
CPUC’s Tier 2 and Tier 3 designations; however, SCE decided to undertake an additional review
of wind conditions on its system to further inform its deployment of covered conductor. For this
effort, SCE utilized GIS data mapping and existing data from its Pole Loading program to map
the estimated wind load on the portions of its circuits in HFRA and has also used this data in
prioritizing circuits for WCCP.

1 HFRA refers to areas designated as Tier 2 or Tier 3 in recent CPUC mapping proceedings or SCE HFRA not in
CPUC Tiers.
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This factor (wind load) was assigned a weight of 10% as part of SCE’s WCCP circuit
prioritization methodology. This means that circuits with greater exposure to high wind
conditions within the HFRA are generally given priority over circuits with minimal high wind
exposure. Because wind loading is also taken into account as part of the CPUC’s Tier 2 and Tier
3 designations, SCE assigned this factor a lower relative value, comparatively, within this
category of attributes.

Ignition Frequency Factors

In sum, the ignition frequency factors account for 30% of the total prioritization weighting. As
noted in the table above, this category has three attributes. In determining how to divide this
30% among the three attributes, SCE relied on subject matter input to best inform the weightings
of the individual attributes, with validating analyses to further confirm the relative weightings
where possible.

Number of historic vegetation faults in HFRA: Vegetation is a known contributor to ignition
events associated with SCE distribution equipment. During the 2015 to 2017 time period,
approximately 8% of annual faults associated with HFRA circuits were related to vegetation, yet
these faults were associated with approximately 17% of the annual fire events within the HFRA.
Since vegetation-related faults pose a heightened fire risk as compared to other fault types and
covered conductor is an effective mitigation tool for vegetation driven faults, this attribute was
assigned a weight of 15% as part SCE’s WCCP circuit prioritization methodology. This means
that circuits with a history of vegetation faults within the HFRA are generally given priority over
circuits with other historical fault types.

Furthermore, from 2015 to 2017, vegetation represented the leading cause of ignitions associated
with SCE distribution equipment within HFRA.2 This further justifies this attribute receiving the
highest individual attribute weighting within this category.

Number of historic wire-down events: Wire-down events in HFRA also pose an ignition
frequency risk. Therefore, circuits with a history of wire-down events are likely to indicate an
area of outsized ignition risk. This attribute was assigned a weight of 10% as part SCE’s WCCP
circuit prioritization methodology. This means that circuits with a history of wire-down events
are generally given priority over circuits without a history of wire-down events.

Similar to the above, from 2015 to 2017, conductor-related fires represented one of the leading
cause of ignitions associated with SCE distribution equipment within the HFRA.® Historical
wire-down events are considered to be a proxy for conductor-related ignitions. This provides
further justification for this attribute being included, albeit at a lower attribute weighting
compared to vegetation.

Circuit length of vintage small conductor: Vintage small conductor could be subject to damage
under fault conditions and is at risk of a wire-down event and posing an ignition risk. In
addition, smaller conductor is likely to be older than other parts of our system, and potentially

2 This analysis refers only to those ignition events recorded at voltage levels up to 33kV.
3 This analysis refers only to those ignition events recorded at voltage levels up to 33kV.
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exposed to corrosive conditions and degradation for a longer period. Under normal operating
conditions, however, vintage small conductor is considered to be of limited risk of leading to an
ignition event. Consequently, this attribute was assigned a weight of 5% as part of SCE’s WCCP
circuit prioritization methodology. This means that circuits with longer lengths of vintage small
conductor are generally given priority over circuits with less vintage small conductor.

Mitigation Effectiveness Factor

Mitigation effectiveness accounts for 20% of the total prioritization weighting. SCE relied on
subject matter input to determine this weighting value, and whether additional attributes were
necessary. No other attributes were determined to further assist in determining which areas
covered conductor would provide the greatest benefits when deployed.

Estimated number of faults mitigated in proportion to circuit length in HFRA: In conjunction
with the analysis of the 2015-2017 fault history in ODRM, SCE utilized the data on each
circuit’s fault history to estimate the relative mitigation effectiveness of installing covered
conductor. More specifically, a comparative value was calculated by dividing the number of
historical faults within the HFRA potentially mitigated through covered conductor by the
circuit’s length within the HFRA. This factor was assigned a weight of 20% as part of SCE’s
WCCP circuit prioritization methodology. This weighting, all else being equal, prioritizes
circuits with a greater recorded rate of potentially mitigated faults per circuit length, compared to
circuits with faults not expected to be addressed by covered conductor.

Results and Review

This methodology resulted in a prioritized listing of approximately 1,300 HFRA circuits with

overhead conductor exposure. Circuits intended to be remediated within the 2018-2020 time

period generally have greater Tier 3 and Tier 2 exposure, indicators of potential concerns with
overall asset health, such as the historical number of wire-down events, and a history of faults
that are likely to be mitigated by covered conductor.

The final prioritized results also underwent a review by stakeholders to help ensure the areas
selected for initial deployment of covered conductor were indicative of areas of highest risk. In
particular, the reviews focused on making sure that areas historically affected by wildfires were
highly prioritized relative to other areas, while also recognizing that future wildfires may not
occur in the same areas as the past.
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Workpaper — SME Qualifications

Purpose: In cases where SCE has relied on SME judgment, we provide additional detail, where
applicable, as to why such judgment is prudent and should be used to inform RAMP analyses.

Risk Chapter

Wildfire

Risk Analysis Component

Reliability (CMI) consequence assumptions for large (outcomes O1,
03) and small (outcomes 02, O4) wildfires

Does historical data exist at
SCE to support the evaluation
of this risk analysis
component?

Partially. ODRM tracks outage events in terms of cause (including a
“fire” cause code) but ODRM does not identify specific attributes of
the fire itself (i.e., fire name, size, etc.). Therefore, the SME task at
hand was to develop a method of filtering ODRM data to
reasonably approximate the range of CMI values for large (01, O3)
and small (02, O4) fires.

Additional back-up or sources
used by the SME(s) to
inform/validate guidance

Knowledge of how ODRM accrues CMI for multiple-day events (i.e.,
CMI is accrued to the day an outage is triggered), how Major Event
Days (MEDs) are calculated, and knowledge of SCE's SAIDI
performance trends for both MED-included and MED-excluded
scenarios.

SME(s) who have contributed
to this analysis

e Senior Manager, Asset Strategy & Analytics
e Senior Engineer, Maintenance, Performance & Reliability

Relevant Experience of SME(s)

e Senior Manager has 16+ years of T&D experience with system
reliability studies, including 6+ years of direct experience both
performing and reviewing studies regarding system SAIDI
metrics.

e Senijor Engineer has 10+ years T&D experience with system
reliability studies, all of which includes direct experience both
performing and reviewing studies regarding system SAIDI
metrics.
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1 EXECUTIVE SUMMARY

In 2015, SCE became one of 17 utilities voluntarily participating in a U.S Department of Energy (DOE)
project, Partnership for Energy Sector Climate Resilience, aimed at enhancing energy security by
improving the resilience of energy infrastructure against the impacts of extreme weather and climate
change. The goal was to understand how the wider trends of climate change on a global scale would
translate into local changes in energy system performance.

Building upon research done by the California Energy Commission (CEC) and the scientific community,
SCE created an Adaptation Planning Tool, which allowed SCE to analyze the impacts that long-term
climate change would have throughout its service territory, down to the local level. In early 2016, the
findings of this research were submitted in a report to the DOE and the California Public Utilities
Commission (CPUC). This report detailed the impacts that SCE would likely to experience over the next
100 years as a result of global climate change in southern California. Key vulnerabilities impacting SCE
over the next 100 years include:

- Increased risk for facility inundation and flooding, especially at 18 at-risk coastal facilities

- Transmission, distribution, and generation systems will operate less efficiently under extreme heat
- Increased demand due to ongoing increased average temperature and extreme heat days

- Disruption of service due to facility and equipment loss following flood and landslide events

- Limited generation capacity due to decreased reservoir levels

- Disruption of service due to facility and equipment loss due to wildfire events

- Employee and public safety and wellbeing impacted by wildfire events

- Increased liability due to higher potential of utility caused fires

Throughout the summer of 2016, SCE held a series of workshops, in which subject matter experts were
brought together to identify solutions to the impacts long-term climate change will have on the SCE
network. From these workshops numerous mitigation measures were identified and shared throughout the
company and will serve as the basis for continued development of a climate change resilience action plan.
Summarizing the findings of these workshops, key mitigation efforts would include:

- Design new facilities and equipment utilizing future modeling instead of historical data

- Initiate facility relocation well in advance of coastal inundation at at-risk facilities

- Implement engineering solutions to mitigate facilities at increased risk for inundation, flooding,
mudslides, and debris flows

- Install additional equipment to decrease burden on existing equipment

- Increase the use of distributed energy solutions to limit the burden on the transmission system

- Increase the capacity of the existing reservoir system through additional locations and a more
robust catchment system

- Mandate all new facilities in at-risk location for wildfires have 2 independent evacuation routes

Work will continue throughout 2017 and 2018 to further refine these proposals to determine the most
viable and realistic solutions that will best serve SCE’s communities.

The climate is changing, and will continue to change. SCE is committed to working with the DOE,
CPUC, and the communities we serve to ensure that together we are prepared for that future. Over the
next 3 years, SCE will work closely with subject matter experts to develop an effective resilience action
against long-term climate change for implementation into the 2020 general rate case.
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2 RESILIENCE PLANNING SCOPE

2.1 RESILIENCE PLANNING GOALS

SCE is a major business and significant contributor to the Southern California economy. SCE’s resilience
plan goal is to identify strategies that can meet California's regional climate adaptation needs while
continuing to ensure that electricity is safe, reliable, and affordable.

With this goal in mind, SCE joined the DOE’s Partnership for Energy Sector Climate Resilience on July
22,2014. As a Partner, SCE agreed to “identify priority vulnerabilities to energy infrastructure assets and
operations from extreme weather and climate change impacts” and to work with the partnership and
stakeholders to determine a resilience plan.

2.2 ADAPTATION PLANNING FRAMEWORK

SCE, in conjunction with external stakeholders, created an adaptation-planning framework that functions
as its DOE Partnership work plan. Key to this framework is four milestones: Choosing the Right Data,
Assessing Specific Vulnerabilities, Identifying the Climate ‘Risk Gap’, and Determining Cost—effective
Actions to address any remaining risks.

In the flow chart below, SCE has highlighted key questions to be answered, and actions to be taken, in
order to achieve each milestone. Along with the DOE Partners, SCE has completed the first phase of the
DOE partnership represented by the first two milestones and we will be focusing on the final two
milestones in the months ahead. At this point SCE has an understanding of the potential impacts, and is
now considering where risk mitigation is necessary, and which actions are appropriate to provide reliable,
safe, and affordable electric service to our customers.

Figure 1: Four milestones of the adaptation-planning framework

(o [oTe i [s R[S - Scientific Literature review
Right Data * Micro and Macro impacts data
* Utilize the state’s CalAdapt Tool

Assessing * What SCE assets are located in risk areas?
Specific + How will load adjust to changes?
AOIGEELIITEE - Whatare impacts on SCE operations?
* Use GIS to map risk and conduct spatial analysis

* How is SCE currently adapting to these
types of impacts ?

* Willa changing climate increase these
threats beyond current levels of resilience?

+ Prioritize Remaining Risks

Identify the
Climate ‘Risk
Gap’

Determine * Explore suite of
adaptation options to

close the climate ‘risk

Cost-effective
actions gap’
* DOE collaboration
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3 CLIMATE CHANGE ANALYSIS

Southern California Edison (SCE) utilized the data from the Cal-Adapt climate change research program
as the basis for its long-term impact and vulnerability assessment. The impacts outlined in the Cal-Adapt
study were further reviewed and categorized into broad vulnerability categories to allow for the
development of more effective mitigation strategies as outlined in Section 3.3 of this document.

3.1 DeVvELOP INPUTS ON CLIMATE CHANGE

Identify Climate Change Projections

Attempting to understand how global climate change will affect local communities, researchers have
refined methods of modeling global climate change in order to apply those projections to local regions
and communities. This progress is allowing climate scientists, state regulators, and now utilities, to speak
with added confidence about the impacts Southern California could face in the decades ahead. The trend
is clear, more warming can be expected, and with that warming, comes additional variability across a
number of weather and natural phenomena.

SCE’s internal analysis, and the scientific literature reviewed, both draw from many of the same down-
scaled models utilized in research funded by the California Energy Commission (e.g., Westerling and
Bryant 2008; Westerling et al. 2009; Cayan et al. 2009; Heberger et al. 2009).

The projections made in this climate impact analysis stem from an emission scenario (called ‘A2’) created
by the Intergovernmental Panel on Climate Change (IPCC). The A2 scenario is considered to represent a
medium-high emissions scenario. This scenario describes a world with a large income disparity, slow
technological diffusion, and high greenhouse gas emissions. In the A2 scenario, global carbon dioxide
(CO2) emissions reach nearly 30 gigatons of carbon (GtC) annually by 2100. SCE utilized this emissions
scenario to conduct an internal spatial analysis because SCE is interested in exploring the extent of the
climate risk gap (between current preparedness and the extremes of climate change) and also because
when viewing the data it appeared more optimistic emission scenarios track relatively near the A2
scenario in the near-term (out to 2030). SCE views this vulnerability analysis as an iterative process, and
as more accurate global emissions projections are developed in the future, the tool SCE created can
augment its assumptions by using different data sets.

Existing studies were consulted to verify analysis and draw further systemic conclusions. Two studies in
particular were drawn upon to cross check SCE’s internal analysis. The first was the ‘Climate Change in
the Los Angeles Region’ project run by UCLA. This project is a collection of ongoing studies that began
in 2010 and has been funded jointly by the City and County of Los Angeles, the U.S. Department of
Energy, and the U.S. National Science Foundation. Another study key to our analysis was ‘Estimating
Risk to California Energy Infrastructure from Projected Climate Change’ funded through the California
Energy Commission’s Public Interest Energy Research (PIER) Program and authored by researchers at
Lawrence Berkeley National Lab (LBNL) and UC Berkeley . When citing potential impacts from
previous studies, SCE has also attempted to draw from those works the climate impacts derived from the
A2 scenario (or explicitly flag the use of other scenarios) to ensure consistency.

The SCE Adaptation Planning tool was designed to utilize datasets from numerous sources, including the
Cal-Adapt climate impact that illustrates climate data over time within SCE’s service territory. By
utilizing different geospatial analysis processes, this tool extracts detailed climate impact data at each
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asset location. The tool easily iterates over multiple locations to create a time series impact at each asset
location and report impacts in a table, which allows SCE the ability to create an impact analysis by a
specific assets as the impact changes into the future. Utilizing the locational aspects allows SCE to draw
conclusions from climate projections across our system, as well as focus in on specific facilities and
assets. The ability to conduct this type of analytic over SCE’s diverse 50,000 square mile territory ensures
that SCE will be have geographic specific analysis to inform the effectiveness of mitigation strategies
identified in the second phase of this effort.

The SCE Adaption Planning tool was designed for the data sets provided through the State’s Cap-Adapt
research portal for this initial analysis, but SCE designed the tool to be flexible enough to accept new data
when it becomes available, allowing for iterative adaptation planning as the research community refines
methods and gathers additional data.

3.2 CLIMATE CHANGE HAZARDS

SCE’s analysis focused on understanding the climate impacts projected to occur to the energy assets that
customers most heavily rely upon, and which SCE controls. As mentioned in the overview of SCE’s
analysis above, this included utility—owned generation, transmission lines greater than 115 kV, all
substations, and a high-level look at distribution system impacts.

While there is still significant uncertainty regarding the likelihood of specific downscaled impacts at
specific locations, focusing SCE’s analysis at the facility (or asset) level has provided insights into trends
and specific concerns that require additional analysis. The data breakouts below offer a representative
look at how facility-level data can be generated from SCE’s Adaptation Planning tool. This facility-level
data combined with a thorough review of the scientific literature and a deep understanding of the
challenges facing the SCE system, has allowed SCE to prioritize the list of assets being studied and will
allow SCE to understand where our system may be vulnerable at the state, regional and facility-level.

These facility-level outputs provide SCE with a large quantity of information that can be analyzed to help
better understand climate change hazards. For instance, while the snowpack data for Big Creek Hydro
Generation (found in Table 2 below) is only representative of impacts at a specific facility, not the total
watershed, further analysis can reveal the total impacts to hydro production for the region. The same type
of analysis can be applied to other areas of concern such as extreme heat days and sea level rise.

Example of Facility-level Analysis Outputs

Table 1: Mesa substation facility analysis

Mesa Substation 2030 (2020 for Fire Data) | 2050 2085
Avg Air Temp (c) Aug 27 28.3 29.6
Fire Risk Multiplier 0 0 0

Max Air Temp (c) Aug 34.2 35.5 36.8
Min Air Temp (c) Jan 11.9 11.2 6.5

Net Surf Radi (watt per square meter) 25 25.6 28.9
Precipitation (mm per month) 0 35.4 74.2
Runoff (mm per month) 0 1.6 5.1

Snow Water Equiv (mm per month) 0 0 0
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Table 2: Big Creek facility analysis

Big Creek #1- Hydro Generation 2030 (2020 for Fire Data) | 2050 2085
Avg Air Temp (c) Aug 18.5 20.2 20.6
Fire Risk Multiplier 1 13 1.6
Max Air Temp (c) Aug 24.9 27.9 27.6
Min Air Temp (c) Jan -0.3 -3.4 -4
Net Surf Radi (watt per square meter) 335 27.9 14.3
Precipitation (mm per month) 2 152.9 196.2
Runoff (mm per month) 0 23.6 20.4
Snow Water Equiv (mm per month) 0 68.3 52.3

The following section describes the climate impacts most likely to affect SCE’s operations and assets.

Drawing upon relevant previous studies and our own analysis, SCE presents below a summary of key

findings and climate impact maps for the year 2050. Additional impact maps showing 2030, 2050, and
2085 snapshots side-by-side for reference are located in Appendix B, at end of this update.

1- Warming Temperatures:

According to research conducted by Cayan et al. (2009) mean temperatures in California are expected to
warm significantly over the twenty-first century in all widely studied climate scenarios, especially in the
summer and in inland areas. At a more regional scale, by mid-century, Hall et al. (2013) find the most
likely warming under the business-as-usual scenario is roughly 4.6 degrees Fahrenheit averaged over the
LA region’s land areas, with a 95% confidence that the warming lies between 1.7 and 7.5 degrees. The
high resolution of their projections reveals a pronounced spatial pattern in the warming: High elevations
and inland areas separated from the coast by at least one mountain complex warm 20% to 50% more than
the areas near the coast or within the Los Angeles basin (Hall 2013). Moving beyond mid-century and
urban centers, SCE’s analysis finds the eastern border of the service territory may see average monthly
ambient air temperature increases between 7 and 12 degrees Fahrenheit in the 2070-2099 period resulting
in decreased efficiency in SCE’s current transmission, distribution, and generation systems. The increase
in average temperatures will also drive an increase in customer demand as electricity usage goes up
during warmer weather. This region hosts five key transmission pathways serving load to southern
California.
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2- Extreme Heat Events:

According to research from Hall et al. (2013),
“The number of extreme heat days, defined as days in which the high temperature exceeds 95 degrees
Fahrenheit, rises everywhere at mid-century under the business-as-usual scenario. The number of
extreme heat days in the future follows a similar spatial pattern to that of the warming results, with
inland areas seeing much higher totals than coastal areas. For example, Santa Barbara sees average
annual extreme heat days rise from 5 in the baseline period to more than 123 at mid-century under
business-as-usual. By contrast, Riverside sees an increase from 58 days to 103 days.”

Overall, this research finds a tripling of extreme heat days by mid-century in dense urban areas in Los
Angeles County, the San Fernando Valley, and San Gabriel Valley.

Historically, most Southern California heat waves have occurred in July and August, but as climate
warming occurs, these events appear to begin earlier in the season and could continue through the fall,
while summer events become more frequent and more intense. The increasing tendency for multiple hot
days in succession — resulting in heat waves that last longer — could cause problems for distribution
infrastructure as well as transmission. Especially important may be the lack of nighttime cooling that has
characterized recent heat waves in California, which can cause additional stress on the transformers that
help serve customer load.
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High temperatures can also result in decreased efficiency in generation. The LBNL (2012) study finds
that higher temperatures will decrease the capacity of existing natural gas-fired power plants during
extreme heat events. While they note that the estimated decrease in capacity varies (by region, emission
scenario, climate model, and plant type) the trend is clear. During the hot periods of August at the end of
the century, under the high emission scenario, the models used for this study estimate a decrease in
natural gas power plant generating capacity of 3 percent to 6 percent in California. To put this
phenomenon in perspective, total nameplate Capacity losses at California’s gas-fired generating plants
could total 10.3 GW on hot days by the end of the century (LBNL 2012). This should be compared with
the 1961-1990 maximum coincident loss of 7.6 GW.(LBNL 2012)

The transmission of electricity will also be affected by increased ambient air temperature and extreme
heat events. As described in the State of California’s Third Climate Change:
“In addition to reduced efficiency in the electricity generation process at natural gas plants, reduced
hydropower generation, losses at substations, and increasing demand during the hottest periods
(resulting in more than 17 Gigawatts or 38 percent of additional capacity needed by 2100 due to
higher temperatures alone), transmission lines lose 7 percent to 8 percent of transmitting capacity in
high temperatures while needing to transport greater loads.”

According to SCE analysis and previous studies, average annual air temperature is projected to rise
between 7-12 degrees Fahrenheit along the eastern boundary of SCE’s Service territory by the end of the
century — subjecting at least 5 key transmission pathways to some of the most extreme warming our state
will face. (SCE analysis, LBNL 2012) According to the LBNL study, a 9 degree Fahrenheit air
temperature increase (the average increase predicted for hot days in August according to the
Intergovernmental Panel on Climate Change’s A2 scenario) diminishes the capacity of a fully loaded
transmission line by an average of 7.5 percent. (LBNL 2012) This warming and increased chance of
extreme heat will posing key risk due to the fact that Southern California draws on imports coming east
for about one-third of its needs.
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3- Increased Wildfire Risk:

Of the most damaging fires in the United States over the last 170 years, more than half occurred in
California, and California leads the nation in economic losses from wildfire (Fried et al. 2004; Torn et al.
1998). Southern California wildfires can be a serious threat to electrical transmission and distribution
lines, as they can result in increased maintenance costs and reduced line efficiency. As noted in the
scientific literature, wildfire risk is influenced by a number of factors, including climate, topography,
available fuel, and sources of ignition (Westerling et al. 2009). From studying the data, it seems that
climate change will only exacerbate the problem, as increased temperatures, a reduced snowpack, and
altered precipitation will lead to increased flammability of fuel for longer periods of time, which will
affect the size, frequency, and severity of wildfires (LBNL 2012). The escalation in flammability
increases the liability for all electric utilities due to a higher potential for utility caused fires.

One study summarized in California’s Third Assessment finds, “a 40 percent increase in the probability of
wildfire exposure for some major transmission lines, including the transmission line bringing hydropower

from the Pacific Northwest into California during peak demand periods” (Third Assessment 2012). These

fires will also heighten the risk to crews working in remote locations with limited evacuation routes.

According to SCE’s analysis of the data, this could mean tripling of wildfire risk in extreme cases (ex.
near transmission lines serving Santa Barbra) but also slightly decreasing risk across the southeastern
reaches of SCE’s service territory (possibly due to vegetation migration) by the end of the century.
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SCE currently utilizes CAL FIRE data, and on—the-ground inspections, to assess threats to SCE’s system
from wildfire. However, CAL FIRE’s Fire and Resource Assessment Program Fire Threat Map hasn’t
included the explicit impacts of increased fire risk due to climate change. SCE will seek to integrate this
climate change data into its planning process and risk maps.

4- Sea Level Rise/ Coastal Inundation:

Sea level along California’s coast has risen about 17-20 centimeters (cm) over the last century, and many
studies anticipate a larger rise over the coming century (Cayan et al. 2009). Researcher studying the
impacts of climate change (specifically the low (B1) to medium-high (A2) emissions scenarios) found
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that, “by 2100 average sea level along the California coast may rise between 1.0 and 1.4 meters (3.3 and
4.6 feet)” (Cayan et al. 2008; Cayan et al. 2009). This magnitude of sea level rise could pose an
increasing threat to energy infrastructure along the coast, including power plants, transmission and
distribution lines. SCE’s analysis corroborates the findings of other researchers, discovering that 18 SCE-
owned substations are at risk from a 100-year flood accompanied by a 1.4-meter sea-level rise by the end
of the century according to the data. (SCE Analysis, LBNL 2012)
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5- Precipitation and Snowpack Changes:

There will be significant challenges to California’s water systems over the next few decades.
Paradoxically, “the state may very well experience both drought and increased rainfall simultaneously,
with a greater share of precipitation coming from big storm events as was the case in San Diego this past
July where, while in the midst of a drought, they received more rainfall in a single month than they had
received in the previous 100 Julys combined” (CPUC 2016). Researchers also predict winter precipitation
falling as rain instead of snowpack, which will have significant impacts on hydropower generation. The
overall decrease in rainfall will result in limited reservoir capacity available for generation needs.
Alternatively, the intensification in big storm events will increase the risk of flooding and mudslides
damaging critical equipment throughout the SCE service territory. These projections are echoed in SCE’
analysis of data seen below and in Appendix B.
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SCE’s internal analysis sees a dramatic rise in January precipitation (+ 151 mm per month) and runoff
+23 mm per month) at some of our hydropower facilities between now and mid-century. The impacts on
hydropower generation require additional study, because specific data points fail to represent the
cumulative watershed impacts of this data set. SCE will engage in this analysis over the coming months.
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3.3 ELECTRICAL UTILITY SECTOR VULNERABILITIES
The long-term impacts of climate change were categorized into vulnerability categories to allow for more
effective mitigation strategy development. The following vulnerabilities were identified as the greatest
risks facing SCE over the next 100 years due to long-term climate change impacts:

o Increased risk for facility inundation and flooding, especially at 18 at-risk coastal facilities

e Transmission, distribution, and generation systems will operate less efficiently under extreme

heat

e Increased demand due to ongoing increased average temperature and extreme heat days

e Disruption of service due to facility and equipment loss following flood and landslide events

e Limited generation capacity due to decreased reservoir levels

o Disruption of service due to facility and equipment loss due to wildfire events

e Employee and public safety and wellbeing impacted by wildfire events

e Increased liability due to higher potential of utility caused fires

3.4 ESTIMATE CONSEQUENCES OF CLIMATE CHANGE IMPACTS

Southern California Edison (SCE) has initiated a study on the indirect and induced costs associated with
long-term climate change and the mitigations associated with overcoming them. Completing such a study
in a short period is prohibitive due to the complex variables involved and the interrelated nature of
associated costs. Every significant impact of climate change results in a cascading financial effect, many
of which are difficult to identify and measure.

Completion of an initial impacts cost analysis is anticipated early 2017, with a detailed study slated to be
completed mid-2017 to support the mitigation selection process.
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Direct Costs of Climate Change Impacts

Measuring the direct costs associated with climate change over the next 100 years will require an
extensive analysis of numerous variables. Factors such as increased flood risk, sea-level rise, and
diminished capacity of equipment during extreme heat events all result in financial risk to SCE equipment
and facilities. In order to effectively project direct costs it will be necessary to incorporate historical data,
such as average facility relocation costs, with projected costs like developing technology. The following
table provides an example of the direct costs associated with climate change and extreme weather
impacts.

Table 3: Direct costs associated with climate change and extreme weather impacts

Climate Impact Direct Cost of Impacts

¢ Restoration and repair costs, including parts and labor
Nuisance Flooding ¢ Replacement costs for damaged assets, including parts and labor

(Periodic, Temporary) e Administration of restoration and repair activities, including
inspections, procurement, and installation/removal of temporary
measures like portable substations

) ¢ Relocation costs, including property, infrastructure, engineering, and
Permanent Inundation due installation

to Sea-Level Rise o Costs to connect relocated assets and supporting infrastructure
¢ Replacement costs for equipment that cannot be relocated

e Restoration and repair costs, including parts and labor
Extreme Storm Surge Event | o Replacement costs for damaged assets, including parts and labor
e Administrative costs

¢ Inspection and repair/replacement costs for assets damaged by
Wildfire smoke exposure

e Replacement costs for assets damaged by fire

Warmer Temperatures and | e Restoration costs for outages
Extreme Heat Events e Replacement costs for equipment needing earlier replacement

Indirect and Induced Costs of Climate Change Impacts

In addition to the direct costs mentioned earlier, we also should be concerned with indirect and induced
costs. These costs can have a large impact on our residential, industrial, commercial, agricultural, and
infrastructure and public service customers. According to the DOE, some examples of indirect and
induced costs by consumer class are shown in the table below. SCE looks forward to a continued analysis
with state agencies and stakeholders.
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Table 4: Indirect costs associated with climate change and extreme weather impacts

Consumer

Class

Indirect Costs to Consumers

Induced Costs to Non-Consumers

e Inconvenience, lost leisure, stress, Costs to other households and firms
etc.
Residential o Qut-of-pocket costs:
- Spoilage
- Property Damage
e Health and safety effects
] e  Opportunity costs of idle resources Cost on other firms that are supplied
Industrial, such as labor, land, and capital by impacted firm (multiplier effect)
gﬁymerual, e Shutdown and restart costs Costs on consumers if impacted firm
Agricultural e Spoilage and damage supplies a final good
e Health and safety effects Health and safety related externalities
e  Opportunity cost of idle resources Costs to public users of impacted
Infrastructure | ¢ Spoilage and damage services and institutions
and Public Health and safety effects
Service Potential for social costs stemming
from looting, vandalism
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4 DEVELOPING MITIGATION STRATEGIES

4.1 SCE MITIGATION WORKSHOPS

In the summer of 2016, Southern California Edison (SCE) held a series of ‘course of action workshops’
meant to bring subject matter expertise together to detail specific mitigation strategies to overcome the
vulnerabilities outlined in Section 3.3. The mitigation measures will continue to be refined by subject
matter experts for future integration into executable mitigation plans, with detailed cost-benefit analyses
outlined to facilitate the selection process. These mitigation strategies represent an initial review of the
potential impacts of long-term climate change, and will require further study and analysis prior to
implementation.

A summary of the mitigation strategies outlined in the course of action workshops are detailed below.

1. Build to projected impacts

Current policy dictates that all new facility locations are built using historical flood projects and current
100-year flood plain maps. This policy change would use maps developed using future projections and
computer modelling for determining optimal building locations.

Vulnerabilities Mitigated:
e Increased risk for facility inundation and flooding, especially at 18 at-risk coastal facilities
o Disruption of service due to facility and equipment loss following flood and landslide events

Associated Costs:
e Building new facilities may become more expensive due to more stringent location
requirements and environmental standards
More analysis would be required in the planning phase of building new facilities
e This COA would have a much higher potential benefit and much lower cost than other items
on this list

Associated Benefits:
e Hardened infrastructure to weather events that will become more frequent in a future climate
regime
e The ability to maintain reliable service through a major weather event that would have been
interrupted at a previous location

2. Facility relocation

Relocate facilities located in projected 100-year flood plain locations 10 years prior to flood plain
encroachment.

Vulnerabilities Mitigated:
o Increased risk for facility inundation and flooding, especially at 18 at-risk coastal facilities
o Disruption of service due to facility and equipment loss following flood and landslide events

Associated Costs:
o Decommission and demolish old facilities and repurpose the land
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Cost associated with rebuilding (construction) a new facility in a potentially more costly
location

New environmental and regulatory constraints

A move to a new location may decrease efficiency or alter how certain facilities interact with
Edison infrastructure

Potential cost associated with moving out of a projected flood plain, but in reality, the flood
plain advances beyond the initial projection. This may cause the need to move once again

Associated Benefits:

3.

Hardened infrastructure to weather events that will become more frequent in a future climate
regime

The ability to maintain reliable service through a major weather event that would have been
interrupted at a previous location

Offers an opportunity to relocate facilities that were not places in ideal locations in the first
place

Individual facility flood mitigation engineering

Conduct site-specific engineering review to assess the potential need for unique engineering solutions, to
include but not limited to:

Raising each site above flood plain levels

Place critical equipment on raised or floating platforms
Place flood berms around facilities and equipment
Addition of seawalls in impacted communities

Vulnerabilities Mitigated:

Increased risk for facility inundation and flooding, especially at 18 at-risk coastal facilities
Disruption of service due to facility and equipment loss following flood and landslide events

Associated Costs:

Construction and equipment purchase cost associated with upgrading facilities
Potential failure of certain mitigating engineering solutions resulting in facility failure and
lack of reliable service

Associated Benefits:

4.

Hardened infrastructure to weather events that will become more frequent in a future climate
regime

The ability to maintain reliable service through a major weather event that would have been
interrupted at a previous location

Would eliminate costs of physically moving infrastructure or procuring land

Equipment specifications aligned to future weather models

Current policy requires that all equipment be built to specification matching historical weather conditions
for its area. This policy change would require all equipment be built to specifications matching the
modeled conditions projected for the end of the equipment’s lifespan (i.e. equipment with an 80 year life
expectancy would have to operate effectively under the projected conditions 80 years in the future).

Vulnerabilities Mitigated:
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e Transmission, distribution, and generation systems will operate less efficiently under extreme
heat
e Increased demand due to ongoing increased average temperature and extreme heat days

Associated Costs:
o R&D costs associated with determining appropriately engineered equipment
e Cost of procuring and replacing the outdated equipment
e Cost of replacing equipment to climate forecast standards that may not turn out to be accurate

Associated Benefits:
e Hardened infrastructure to weather events that will become more frequent in a future climate
regime
e A more accurate understanding of how your system will behave and endure the new climate
and during extreme weather conditions
e Less equipment failures would decrease cost and increase safety
e Equipment that is more efficient would decrease cost in the end

5. Add equipment to reduce increased system stress

As equipment becomes less efficient due to increased temperatures and increased demand, add new
equipment to reduce the burden on the existing equipment.

Vulnerabilities Mitigated:
o Limited generation capacity due to decreased reservoir levels
o Increased demand due to ongoing increased average temperature and extreme heat days
e Transmission, distribution, and generation systems will operate less efficiently under extreme
heat

Associated Costs:
o R&D costs associated with determining appropriately engineered equipment
e Cost of procuring and replacing the outdated equipment as well as siting new locations for
equipment

Associated Benefits:
o Increased reliability due to more contingency infrastructure in case of failure at certain points
o Increase the lifespan of older, overburdened equipment that would be negatively affected by
climate change

6. Increase focus on distributed generation availability

As increased demand and decreased generation efficiency occur, focus on increasing the availability of
distributed generation capacity and the ability of the grid to perform two directional flow.

Vulnerabilities Mitigated:
e Limited generation capacity due to decreased reservoir levels
e Increased demand due to ongoing increased average temperature and extreme heat days
e Transmission, distribution, and generation systems will operate less efficiently under extreme
heat

Associated Costs:
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o R&D costs associated with determining appropriately engineered equipment
e Costs associated with upgrading or replacing outdated equipment
e Costs associated with increased need for accurate localized load forecasts

Associated Benefits:
e Increased grid stability and reliability
o Decreases opportunities for equipment failures and costs associated with repairing or
replacing the impacted equipment
e Less need for additional traditional generation

7. Increase reservoir locations and capacity

As the frequency of rain becomes less frequent but the intensity increases, the ability to capture runoff to
support hydrological generation will decrease. By adding additional reservoir locations and increasing
capacity, additional rain can be captured during high intensity periods of rain.

Vulnerabilities Mitigated:
o Limited generation capacity due to decreased reservoir levels

Associated Costs:
o Building new reservoirs as well as increasing the capacity of existing reservoirs would
require significant construction spending
e  Optimizing reservoirs would require climatological analysis, downstream water user, and
environment studies
e Asignificant change to the system of reservoirs would increase Edison’s potential exposure
to infrastructure failure as well as environmental issues

Associated Benefits:
e Enhances Edison’s ability to maintain hydro generation during periods of extended drought
as well as optimizes the system for the anticipated changes in precipitation patterns
o Helps create a more positive public impression for Edison by showing increased water
stewardship

8. Align system specifications with modified weather conditions

Model future grid development off of existing U.S. city grid design/specifications that match projected
weather conditions (i.e. if 50-year weather projections for the rancho Cucamonga area match current
conditions in phoenix, model grid design and requirements off of Phoenix’ current design requirements.

Vulnerabilities Mitigated:
e Transmission, distribution, and generation systems will operate less efficiently under extreme
heat
e Increased demand due to ongoing increased average temperature and extreme heat days

Associated Costs:
e Could present significant costs in upgrading pre-existing infrastructure and standards
o May provide for somewhat misleading solutions that work better in a different city
e The adjustments might end up being costly in the long term
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o Fails to account for changes in technology over time (always looking to historical
technology)

Associated Benefits:
e  Utilizes pre-existing research and knowledge that may help provide realistic, workable
solutions to climate change challenges
e May help to identify additional challenges or best approaches to hardening the grid

9. Increased distributed energy resources at the distribution level

Increase the use of distributed energy resources at the distribution level to reduce the load impact on the
bulk transmission system.

Vulnerabilities Mitigated:
e Transmission, distribution, and generation systems will operate less efficiently under extreme
heat
e Increased demand due to ongoing increased average temperature and extreme heat days
e Limited generation capacity due to decreased reservoir levels

Associated Costs:
¢ Significant financial impact to implement new generation capabilities throughout the SCE
service territory
o These costs could be shared across political and industry boundaries and spread out
over an extended period of time if demand is forecasted long-term

Associated Benefits:
e Decreases impact on bulk transmission system
¢ Reduces impact of extreme heat days due to locally produced peak power production
e Greater potential for implementing ‘green’ power solutions

10. Multiple evacuation route policy

Implement a policy change that requires all SCE facilities to have two geographically independent
evacuation routes for every Southern California Edison (SCE) facility.

Vulnerabilities Mitigated:
o Employee and public safety and wellbeing impacted by wildfire events

Associated Costs:
e Extremely costly in remote areas to develop a secondary evacuation route if none exists (i.e.;
building and maintaining a new road, building a helipad)
e Insome areas, the secondary evacuation route may be as vulnerable to fire as the primary
evacuation route

Associated Benefits:
o Allows Edison employees to work more safely and confidently in areas of high fire risk
e Could potentially be lifesaving if fire conditions do threaten the facility
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5 CHALLENGES

5.1 COMMUNITY ENGAGEMENT

SCE cannot operate independently in preparing for the impacts of global climate change. The
interdependencies that exist between the utility industry, emergency management, and local communities
require that any broadly implemented resilience strategy must incorporate each of these entities. One
significant challenge will be aligning the mitigation strategies of SCE, with the long-term planning of
local communities and emergency management organizations. For instance, attempting to move
substations that may be inundated due to sea level rise must first take into account how the communities
those substations serve will adapt to the same sea level rise. If the community moves, or implements
coastal mitigation measures, it will significantly affect how SCE infrastructure will need to service those
areas.

5.2 FINANCIAL ANALYSIS

Understanding the financial impacts of long-term climate impacts, and the role mitigation measures may
have on those costs, will require extensive research and analysis. The complexity of analyzing financial
impacts assessed over 100 years will necessitate the creation of a standardized model for analyzing these
economic considerations across all partnering utilities to ensure consistency. At present, there is no
mechanism to guide partnering utilities through this analysis.

6 NEXT STEPS

The climate is changing, and will continue changing. SCE is committed to working with the communities
we serve to ensure that together we are prepared for that future.

SCE plans to continue active participation in these DOE efforts, and additionally work with state
regulators in California to continue the analysis of the energy sector’s climate impacts. SCE is specifically
interested in pursuing the opportunities to broaden the analysis conducted so far to include California
Public Utility Commission‘s recommendations. These recommendations urge California utilities to:

e Broaden the Definition of Assets

e Assess the System as a Sum of its Assets

e  Assess Future System Assets

e Assess Emergency Management Procedures

e Assess the Vulnerability of Customers

e Assess Internal and Operational Vulnerabilities

SCE will work with DOE partners to continue assessing cost-effective mitigation measures that can
address the impacts of global climate change on Southern California energy infrastructure. This work will
be shared with California energy agencies, stakeholders, and our communities to promote a
comprehensive understanding of the risks — and opportunities to mitigate those risks.
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6.1 PLANS TO MONITOR, EVALUATE, AND REASSESS

There is a lot of uncertainty around future climate change. Southern California Edison agrees with the
DOE that a robust plan should be created to address this uncertainty. Plans should include monitoring
progress, evaluation of implementation and reassessing the plan. SCE will have implementation
milestones, which are key points that indicate increased level of resilience to a climate threat. Key cost
and performance data will also be collected and monitored.

SCE agrees with the DOE that evaluating implementation should take into account new information from
outside sources. Outside sources include new climate change assessment and products form our state (ex.
Cal-Adapt), US Global Change Research Program reports, DOE reports on climate change resilience
planning, and NOAA climate change projections.

Reassessment is a regular part of planning and depends on how new information becomes available,
urgency or how different the new information is, and resource constraints. SCE agrees with the DOE
guidance that it should occur at least as often as climate change assessment reports are produced. If a
change to the plan is needed, it can be individually updated starting with the step most likely to be
affected.

6.2 EVALUATE AND PRIORITIZE RESILIENCE MEASURES

In mid-2017, SCE will be conducting a mitigation review process to facilitate the selection of defined
long-term mitigation strategies that will be adopted across the organization. In order for any long-term
mitigation strategies to be effective, they must be integrated into the highest-level of corporate decision-
making, therefore, senior executives will be brought in along with subject matter experts to help facilitate
the selection criterion.

6.3 DEVELOP A RESILIENCE ACTION PLAN

Once the appropriate mitigation strategies have been identified by the selection committee, a corporate
resilience plan will be published, detailing how the mitigation strategies will be built into long-term
planning effort across the company.
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Appendix A: Map of SCE’s Service Territory
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Appendix B: Side-by-side Climate Impact Maps (2030, 2050, 2085)
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SOUTHERN CAUFORNIA PRECIPITATI ON Legend
e EDIS(?WN SCE TERRITORY i B

it ] A 5

Precipitation
Monthly Mean
Millimeters per Month
= High:5.6

- Mean: 0.5

- Low: 0

January, 2030 s
Mesu Substation: 0 Mitlimeters |

Precipitation
Monthly Mean
Millimeters per Month
= High:198.5

- Mean: 20.8

- Low:1.5

January, 2050 4
Mesa Substation: 35.5 Millimeters |

| Precipitation
Monthly Mean
Millimeters per Month
- High :360.2

- Mean: 43.7

- Low:3.5

30|Page

Chapter 12 — Climate Change



Workpaper — Southern California Edison / SCE 2018 RAMP 12.31

SOUTHERN CAUFORNIA RUNO FF Legend
Rl SCE TERRITORY W Bl Sl

T T T T 1
| Runoft
| Monthly Mean

Millimeters per Month
| High:182.3

- Mean: 3.5

- Low: 0

| Runofr

j Monthly Mean
Millimeters per Month
| High:182.3

- Mean :3.5

- Low: 0

| Runofr

Monthly Mean
Millimeters per Month

| High:182.3

- Mean :3.5
=

- Low:0

31|Page

Chapter 12 — Climate Change



12.32 Workpaper — Southern California Edison / SCE 2018 RAMP

Clepicoy  SNOW WATER EQUIVALENT - e
An EDISON INTERNATIONAL® Campany SCE T ERR.I T ORY . Mesa SubStation

| Millim eters per Month
| High:170.4

- Mean:2.8

| Snowpack

‘ Monthly Mean
Millimeters per Month

32|Page

Chapter 12 — Climate Change



12.33

Workpaper — Southern California Edison / SCE 2018 RAMP

. uiayinos , .
1UaA3 U3 Uled pue Bululy3)| Sjesapow e semsIyLf |, | SULION ‘Wia1se3 €TL'ELT ST0Z/6T/0T | STOTZ/¥T/0T .T0°0 w01 Bululysii/uley LTST WUOXS | 6
"JUSAS WLI0S UleJ pUe 1e3y 91eJapoul e SeM Siy | SR PR €6T'6EC ST0Z/1T/6 S102/8/6 4€0°0 WJ03S uley/1eaH ZTST Wiols | 8
‘UIaylioN ‘usaisey :
"JUSAS WLIOIS Uled PUB PUIM 91eJ3POW € SeM SIy| eIsaM LIBLNOS 81SV9T 9102/8/¢ 9102/9/¢ Wr'T W03S Uley/puim ¥09T WIS | £
‘UIaylioN ‘uiaisey : )
"JUSAS WLIOS Uled pUB PUIM 31eJ3POW B SeM SIy| P eaiian. LL0'STY 9107/€/t 910Z/T€/T 4S0°0 W03S uley/puim Z09T Wiols | 9
‘UIaylioN ‘uiaisey : :
"JUSAS WLIOIS Uled PUB PUIM 918J3POW B SeM SIY] 2IsOM LIBUNOS 9/0°T0€ L102/0/C | LT0T/LT/C WEL°T WJ03S uley/puUIm GOLT WU0IS| §
‘UIaylioN ‘uiaisey : :
"JUSAS WLIOS Uled pUB PUIM 91eJ3POW B SeM SIY| Ry OIS 6L¥'69€ L102/ST/T | LT0Z/6T/T WEE°S WJ03S Uley/pUIM ZOLT WI0IS|
‘UIaylioN ‘uiaisey . :
‘[|eJUlBS JO YDUI SUO JBAO Y1IM JUSAD WIO]S UleJ P|ILW B SeM SIY || UIDISIN ‘UIBYLION 78962 8107/€2/€ 8102/02/€ JET WwJ03S uley - GO8T wIolIS| €
‘||_JUlel JO YOUI SUO JBAO Y1IM JUSAS WIS UIRJ plilW B SeM SIY L UJayLoN 99T’S 810¢/2/¢€ 8107/¢/¢€ WT0°T WJ0lS uley - 08T WU0IS| ¢
JIEjUIE] LIS "WIBLNOS ¥T0'€L 810¢/¥¢/T 8T07/8/T [{04 wlols uley - TOST WH0IS| T
4O S9YIUI OM] JSAO YIIM JUSAS WJO]S Uled pliw e Sem SIy]| ‘UJsayuop ‘uiaise] " )
Juswwo) eaJy/au0z 3DS| pa1dayy siawoisn) [e10] [pasol) wuols [pauadQ wuols| |jejuley Jo saydu| aweN 1uapnu|| #

"Pa3034E SISWOISND JO JAGUINU PUB WIISAS 2143I3]2 Y3 UO Ules3s
juedyyusis 03 anp ‘uoiieziuesio UoIINGISIQ 7@ UOISSIWISURL] S,3)S AQ SUOIIRIR[ISP WJO)S Ul uilnsal ‘A1011419] 821AISS 3)S Ul PaJINII0 SARY 1BY3 SIUSAS uled Jo sajdwexa sapinoid sadedsiom siy| :Alewwing

suoljeJe|dag WJ01S pue SjuaA3 uley Jo sjdwes

Chapter 12 — Climate Change



Workpaper — Southern California Edison / SCE 2018 RAMP

12.34

cjot

Xm_x.hwamav_gog JUBWISSaSSY Ysiy aullaseg - ZT "Yd dM

uonedynsnf / 34nos uonnquisia
‘(s4eaA ¢ Ul T 40 GZ°0) ‘S9ABMIEBY WO S1S0D JUdWaInd0Ld 17°0 %Sz 1507 UBWAINI0.4 ASI3UT [euondaxg
A843ua |euoi1daoxa Jo 9sed T Jo a8esane ue PaMOYS 8TOZ - STOZ WOy S3502 JuawaJtndoad ASJaua Jo sisAjeue uy
Jeah/syusns ) )
aABMIEAY G'E INOE JO 98BJIDAR UB PAMOYS 8TOT - STOZ WOJ) $1502 Judwaindoud ASiaua Jo sishjeue uy 8v'e %S'TE 1503 JusWauna01g AB1au3 JaYBIH
‘(4eaA Jad g0 J40) sieah g AJana T Inoqe
01 s91enba 1Y) ‘92uaLIadX3 JNO UO paseg 'SIUIAS Jay1eam d1ydoulseled [erualod Jo 1834y} aY) PIMBIARI 1S vs0 %0°s s1uan3 Jataeam alydouisele) pasealou]
£TOZ PUe 107 U29M13q Jeah Jad 1ndd0 SIUAAS Jayieam Jolew g INOGe SMOYS Blep [eulaiul 30S €79 %0°09 SJUDAT Jay1ea/N Jofe| paseatdu|

a0

vZo

a10

VIO

431

ai

(8T02)
uoneainsnr / 9dinos syuany Ayjigeqoad
jo#
a8ueyd
1ewl|D
‘Jeah/anoqe sa1dusnbaly JaALp JO wiNs 8yl sl 431 YL T0°0T 9T'0T 6C°0T v¥'0T LS0T |[eL0T 031depy
01 aunjle4
uoneosinsnr / 9d4nos aweN al
‘sisAjeue siyi Jo s|ie3ap yum Jadedyiom
|eauawajddns e sapnjaul 305 ‘pouad £Z0¢ - 8T0Z Y3 404 sanjeA 103foud pue ‘uoissaiSau e dojansp 01 £T0Z — 6461 S1UaA3
woJj e3ep pasn uayl 3\ “LT0Z — TTOZ WOJ4 BIep Uo paseq ‘9zIs alip|im 3|131uaduad Yige Aep Juasaud sy se saloe €T €Tt wT T 1 T IIPIIM
¥ZT'00T PalIUapP! 305 *(3Y¥14 TvD Ag paysi|geIss pjoysalyl e ‘sade 0OE PIIIXa 1Y) BSOYL) SUYP|IM BIUIOJI|ED awaunx3
984e| Ajuo JapISuOd 03 Pa3I3|3 3D ‘4edA Jad BlUIOI|ED Ul SAIISP[IM JO SPUBSNOY] JO SUDY AJe 3J3Y] 1BY) UBAID
‘sisAjeue siy3 4o s|ieiap yum sadedysom
|eauawa|ddns e sapnjoul 335 ‘polad €70z - 8T0Z Y3 404 sanjen 103foud pue ‘uoissasSau e dojanap 01 9/6T
03} 32eq /T0Z WOJ} BIEP PAsn UdY3 M "8TOT IShSny — TTOZ AJenuer wouy elep a4niesadwal aA13034 Jo sadesane
uo paseq ‘a4njesadwal aAI10344d JO) aN|eA 3]13ud2J4ad Yiee Y3 Se 4,TOT PauIuap! 30S "AJ0111I9] 3JIAI3S BY] SSOUde . . . . . . SIU9AT JedH
94n3eJadWa) 9AI109443 918|NJJBD 0} BIUIOI|ED UIBYINOS SSOJIOE PIIBIO| SUOIIRIS JBYIEIM AL} WOJ) Saunlesadwa) oew sy 9y vy wy oy awaJtIx3
wnwixew Ajlep papJodaJ pasn 9\ "S9PELIIP [BJIAIS SSOJJE SpUaJ] |BI1I0ISIY pazAjeue am ‘Dinjesadwal
91309443 SuiSN ‘9ABMIEY B SE Pajuasaidal Ajuowwod S| 1eay 40 SABP SAIINDISUOD 334y} ‘Dnjesadwal aAI3044d
91E|N2|ed 03 1eaYy JO SABP 9AIINIISUOD 924y} JO 95eiaAR PaySiam e Suisn SIUDAD 1B3Y dWDJIXD Pale|Ndjed 30§
‘sisAjeue siyi Jo s|ie3ap yum Jadedyiom [eyuswajddns e sapnjoul 3JS "SUOIIBIIUIIUOD
sed asnoyuaa.8 o1aydsowie 01 anp Ajjernied 3sea| 1e aseadoul 0} uedaq sainjesadwal [eqo|d asaym ,‘YIYs
ewl|d,, e jo uluuidaq ay3 se pagpajmoudde Ajapim st 9/6T Jeah ay] ‘pouad €207 - 8TOZ Y3 404 sanjeA 303foud suen3
pue ‘uoissauSas e dojanap 01 9/6T 031 )2eq LT WO BIBP Pasn 9\ 'SUOIIBIE[I9P WUO0]S pue S95eINo JO W0y 1517 S9'v 87 86’V v1's T€'S uley aWaIIxg
Y3 Ul uleJls JuedlIudis saoualadxa WalsAs 21430919 3y} ‘SIUBAS Yyons SulinQ 'ss3| JO SABP SAIINIISUOD € 10} UleJ JO '
S9YIUI G'T 9AIIR[NWIND B S| JUAS [|ejuled (aWaJ1xa) a]1nuadiad Yie6 9yl 1841 paulwialap am ‘e1ep siyl uisn ‘eale
Ajuno) a8ueiQ/s9|98uy SO 9yl SS0JOE SUOIIR]S JDYIRIM G/ WO BIEP PIIBN|EAS PUB P31I3||0d SISIS0[04918W IDS
uolnesynsnr / 34nos €202 [44{114 020¢ 610C  8TOT swenN

XeN ulin wuojiun
ySiH uea Mo JenSuen |
A2QPIS uesay |ewsoN
A2QPIS uea\ JewouSo
DEET lenuauodxy
uea\ uossiod

€ ndu) Znduj 1 nduj uonnquisia

puasdal

JUBWISSASSY YslY aulaseg

a8uey) arewid

sawo2nQ

Aduanbauy
JUaA3
Sunas88uy

SI9ALQg

1adedy om
:11deyd

Chapter 12 — Climate Change



12.35

Workpaper — Southern California Edison / SCE 2018 RAMP

cioc

xs|x"Jaded> O JUBWISSASSY YsiY duljaseq - 2T "Yd dM

‘sisAjeue siy3 Jo s|ielap yum Jadedysom [ejuswa|ddns e sapnjaul 30S ‘|ewaou uey Jaysiy Ajjeuonndacxa saoud
A843ud dA0.p 1eY) 532404 1934ew Suipunodwod paduslIadxa SAep 3SOY) USYM ‘BTOZ Ul SAep Jowwns anemieay
-uou SA sAep aAem 1eay Jawwns Sulnp s1502 JuswaJndoJid ASiaua Ajlep ul saduaJayip 2yl palen|eas 305

V/N

V/N

986°6L7'89S

|erusuodx3

|eueuly

“SISAjeue
SIY3 4O s|1e3ap Yyum sadedyiom [eauawajddns e sapnpoul 335 ‘poriad £T0Z-STOT Y3 JOA0 ‘shep Jawwins anemieay
-UOU SA SABP SABM }B3Y JSWWNS SULINP $}S02 JUBWJn20.d AZJaUS Ajlep Ul S3OUBISHIP BY) Palen|ead 30

V/N

V/N

6v8°798°8S

|enusuodx3

|eueuly

‘uoijesauas dn-3oeq Aduaguiuod 1oy sie||op INOZ-8TS PaIeWnsa 30
*3W023N0 3y} o syoedwi 3y} d3esniw o3 uonesauas dnydeq apirosd pue Jamod 2103S3J 03 1SOD Y3} PAJEWIIS DS

V/N

V/N

000°0TT'0C$

|enusuodx3

|epueuly

‘28eJane uo uondniiajul Jawoisnd JO se1nulw uoljjlw €G{ Ul }nsal p|nod pue
'sieaA G'£ € AJBAS UNDJ0 SIUBAS UlRS BWDIIXD yans jeyl pajewilsa 3DS 'SI9M0] uoissiusued] uiejuod eyl saplispue|
0} 2u0Jd SE3JE UO SIUDAD UlRJ BWDIIXD woJj spedwi 9yl palen|eAs 3DS ‘OW021N0 SiYyl Joj Q_Qmew ue sy

V/N

V/N

000°000°€ET

|erusuodx3

Aujigersy

JUBAD/Sa1I|eIR) €800 O3 Sd1e|Suel]

SIYL "493JoMm AN|IIN e 0} Aljele) T PaAIasqo pue sieah ZT 1sed ay) ul Saulyp|im 1sa81e| £ aY) PamaIAaL 305

V/N

V/N

SST'0

|enuauodx3

Aujeeq

anjeA Anful snolas e aAlIBp 01 ‘vTOT -

0TOZ wouJy eyep sasn yaiym ‘adA ] Ayuadoud 1o AduednadQ Aq sau14 uo Juodau S,uo11BI20SSY UOI3I9104d 3414 |euolieN
[9U1 Ul 10} pa1uNOolde $3IYI[eIR) PUE SBLIN[UI JO JaqWINU Byl Uo paseq (T:€°g) Jo oned e paijdde 305 "Juana/sanljele)
€€80°0 40 “4ay40M AM|IIn e 0} A}ljeie) T PaAISSCO pue siedA gT 3sed ayj ul saulp|im 1sa8Je| £ 3yl pamalnal 305

V/N

V/N

T6CT

|elusuodx3

Aun[u] snouas

‘Ajjenuue sjuana wJols Jofew g-G ynoge
pasuanadxa 3)S ‘elep papJodas Uo paseq "LTOT U! INL6S PUB 9TOT Ul INSIS P|e10] sasuadxa pajejas wiols
12301 9y3 9jdwiexa 404 "£T0Z - YT WOJ} (S13IA130B AJ9A0I3U pue 9suodsal WU03S J9Y10 SE ||9M Se ‘DNn3dnJisejul
mau 3unnsoud 4oy s2135180| ‘uoiielolsal pue Jiedal Juswdinba) sasuadxa pale|aJ-w.ols Uo elep PamalAal 35

V/N

V/N

S0T'vE8'STS

|enuauodx3

|eueuly

sasuanbasuo)

‘Allenuue sjuana wiois Jofew
9-G 1noge padualiadxe 3DS ‘e1ep papJodal uo paseq eyl a1ou 01 Juersodwi s3] ‘[9pow 3yl 01 syndul auljeseq
Se Paz||I3N 9J9M SWJ0IS PAIJIIUSPI JO) BIEP By *(*21D ‘SRJIP|IM ‘SWI0IS Uled ‘SAep jeay “8'3) Swi0Is/sIUaA
pa1e[aJ-19y1eam J0J £TOT - #TOTZ WoJ) (IAND) uoidnuaiajul JO S9INUIW JSWOISNI UO B1ep PamalAal DS

V/N

V/N

SL8°0LSY

|elusuodx3

Aujigersy

¥10T - 0TOC Woyy
e1EP S3SN YIIYM “S'N Y3 Ul 9414 UO 110daJ S,U0I1eID0SSY UOI1I9104d 2414 [EUOIIEN B3 Ul JO} PRIUNOIIE SBIM[eIRY
pue saun(ul Jo Jaquinu ay) uo paseq (T:€'8) saill|eie) 01 salinlul jo oned e paldde 30s ‘sisAjeue siyy jo sasodind
104 "[9pow Jno ul apnjaul 03 AJessa2au 92uaNbasu0d B 3q 03 SIY1 SA3I[SC dM ‘SDJ1JP[IM JUSI3J UO paseq ‘U9ASIMOH
*SIUDAD JaY1eam Jofew paliIuap! 9yl SSOJJ. SieaA Juadal Ul Sal1ie1e) J0) B1Bp SAIRIUSaIdaI 9ARY 10U S0P IDS

V/N

V/N

6T0°0

uossiod

Anjereq

*SWJ0)S SWBJIX3 1sow ay3 Sunp Jeah yoeas Suliunddo
Ainfur snouias auo Ajojewixoidde jo 91ewnss ue paljdde 3)S ‘MalAaJ SIY] UO paseg "salinful snoLas 0jul pauany
Ajisea aney p|nod salnful asay3 Jo Aue\ /107 — STOZ J2AO0 SWJ03S WOy Sul}NSad SaLIN[U] J93I0M PIMIIAL IDS

V/N

V/N

SST'0

uossiod

Ainfu| snouias

Chapter 12 — Climate Change



Workpaper — Southern California Edison / SCE 2018 RAMP

12.36

L1071 xs|x"Jadedyopn sainjesadwa) Jowwng 93eI9AY “SA dABMIEIH - ZT "YD dM

Chapter 12 — Climate Change

pr0°8€Y'98$ € 9ABM]ESH - 8T0Z| (350D JusWa.Ind0.d
0ST'19S'T6$ 7 9ABM1ESH - 8T0Z| AS1au3 |euonndaox3)
€L6'€LL'VTS T 9ABM]E3H - 8T0T g¢ dWwodInQ
7€0°6T8'97$ ¥ 9ABM1ESH - LTOT
v2L'9L5'8TS € 9ABM1B3H - LT0T
87567875 T 9ABM1B3H - LTOT
€9/728'9S T 9ABMIE3H - LT0T T
v98'LTV'TS T 9ABM1E3H - 9T0T
n " jJuswaJndold A8iaug
%0°00T |0T |el0L €SL°9VL'€S T 9ABM1E3H - 9T0T S S
(e1ep 9|gejieAR UO Paseq 92UO PaJInd0 Ajuo) Jeah/sawiy GZ'0 INOge SINXXO|%S'C  |ST0 (150D 1uawaindo.d ASiau3 [euoindasx3) gz swonno TT6'T89'TS ¥ 9ABM1EIH - STOT :
JeaA/sawi) GZ'€ IN0Qe SINXX0|%S'ZE |ST'E (350D 1uawaindo.d ASiau3 JaysiH) Yz awonno S/T‘8L8°0TS € 9ABMIEDH - STOT
JeahA/sawil §°0 INOQE SIN220|%0'S S0 (s1uan3 Jayieapn d1ydouisele) paseasdul) gT awoalno £S0‘08Y'TS 7 9\eM1Ie3H - STOT
Jeah/sawiy 9 1noge sind20(%0°09 |9 (s1uan3 Jayieapn Jole| pasealdu]) YT swodInQ £€89'SLECS T 9ABMIE3H - STOT
jJuswwo) %|Aduanbauy 53WO0231NQ 10} 3UBLINIIQ JO POOYIdNYIT % sanemjeay jo 1s0) |euiSie|nl| 1eah 1ad sanemieaq sawo2nQ




12.37

Workpaper — Southern California Edison / SCE 2018 RAMP

L340¢

xs|x-Jadedylopn saunilesadwa] Jawwng a8eIaAY ‘SA 9ARMIEIH - 2T "YD dM

910¢/8/01
ST0Z/2/0T |910T/S7/8
S10Z/T2/8 |910T/€2/8
G102/0Z/8 |9102/2Z/8
G102/L/8 |9102/1T/8
ST0Z/L2/L |910T/6T/8 L102/22/8
ST0Z/12/L |910Z/0T/8 LT0T/¥T/8
ST0T/LT/L |910T/8T/L LT0T/Y/L
STO0Z/¥T/L |910T/€T/L L10T/€/L 810¢/62/8
ST0T/€/L |910T/1T/L L102/827/9 |8102/97/8
GT0Z/6T/9 |910Z/€2/9 LT0Z/ST/9 |810T/C1/9
ST0C 9107 L102 8107

(1343 £'88-£°L8) sAe@ 1awwing anemieay-uon

8102/0T/8
L102/€/6 |8102/6/8
ST0C/T1T/0T1 L102/2/6 |8102/8/8
ST0T/11/6 L102/T/6 |8102/L/8
S102/0T/6 LT/TE/8 |8107/ST/L
ST0T/6/6 LT/0€/8 |8102/¥T/L
S107/8/6 L1/62/8 |8102/0T/L
S102/62/8 L102/€/8 |8102/6/L
ST07/82/8 £102/0T/L (8102/8/L
ST0Z/91/8 910T/€C/L |LT0C/6/L |8T0T/L/L
ST0Z/ST/8 910¢/0¢/9 |LT0T/8/L |8T0T/9/L
ST0C 9102 L102 8102

(1343 +T0T) SAeq Jawwng anemieaH awalx3

Chapter 12 — Climate Change



Workpaper — Southern California Edison / SCE 2018 RAMP

12.38

Liog

xs|x*Jadedy 0N sainiesadwa] Jawwng a8elany ‘SA dABMIEH - ZT "YD dM

LT'STY'IT $ STOZ |[el0L 9¥£‘800°$ |(0957ST) S102/2/0T
TI6°T89'T S| ¥aAemiesH-STOZ (TT6°T89'TS 859°069'¢$ |(88€‘6€7)  |STOZ/TT/0T 6¥6°000°€S |(21€TST) s102/22/8
SLT'8/8°0T S | €9ABMIBSH - STOZ (6/8°/89°TS LEVIY0'9S |(618°€€E)  |STOT/TT/6 €10°89€€S$ |(0£87LT) S102/02/8
€TTLSL'TS TLL'STT'9S |(L06°0¥E)  |STOZ/OT/6 TT.°90L€$ |(889°697) ST0T/L/8
ws0L8TS 660'622°9S |(vTLC2e)  |sTOT/6/6 TEETYE'ES |(S0£'897) S10T/LT/L
1¥S795CS 660'TC6SS |(PLET6C)  |STOT/8/6 6v1°281'vS |(609°297) ST0T/1T/L
LSO‘087'T S | C@ABMIBSH - STOZ (870'87LS 909°90T¥$ |(500°887)  |STOT/6T/8 6/6°86L'€S |(86v'597) ST0T/LT/L
600°C€LS 995°060'7$ |(865°92€)  |STOT/8T/8 9t/‘800°€ s | sT0Z 4990120| ¥9£°189°€S [(9€8°S52) STOT/YT/L
€89'GLET S | ToABMIBRH - STOZ (T98'687'TS 6Tv'8¥8'vS |(809°967)  |STOT/9T/8 85585€°E S| stozIsndny| T6T°12SCS [(€25°6€2) ST0T/€/L
778'S88% 6LEPYT'YS |(95€°TOE)  |STOT/ST/8 9S0‘TSL’E S STOZ AInr| S2S60L°2$ |(895°€ST) ST0T/6T/9
150D STOT Ul SanemiesH (z doas - € daas $150) 13N [(YMmIN) peoq aleq 150D 98esany YluoAl[ S150D 18N (YMIN) peol aleq
SsaABMIEdY 4O 150D |eulSiepl *9°1 "Aep anemieay-uou Jo 10 ST10¢ SAep anemieaHq (yauow Aq) sTOZ Ul shep ST0Z SAep anemieay-uon
98esane - 1500 Aep anemieay) 9ABM]E3Y-UON }O 1503 3Sesany
1500 anemieay Ajiep jeuiSiey
G dais p dais € days z dais T dais

(STOT) S9ABMIEDH JO 150D [BUISJEIA JO UOBWIIST

Chapter 12 — Climate Change



12.39

Workpaper — Southern California Edison / SCE 2018 RAMP

LioY xs|x"Jadedydop saunjesadwa | Jowwng 93eIaAY ‘SA 9ABMIESH - ZT "YD dM
ovv'eey'es ((819'802) 910¢/8/0T
801°9€LCS |(S6L°€5T) 910¢/5¢/8
ovT'vE8'S ((962'55¢) 910¢/€2/8
9€9°/€1eS$ |(881°957) 910¢/72/8
95/296'CS |(S68°L2T) 910¢/12/8
LO€'69L'€S |(18T'T97) 910¢/61/8
¥70'vT0'ES |(6%€°TST) 910¢/0T/8

ovv'eeye S [ 9T0Z 42q0300| €£9°2LTES [(0TZ6°8YT) 910¢/81/L
LTI'VITS $ ST0CZ |e1oL STL'SL0’E $ | 9tozasndny| 8z9's9Tes [(S5T°952) 9T0C/€T/L
¥98°LTV'T S| CoAemieaH - 9TOC |¥98'LTY'TS 181°85€VS |(T€2'20E)  |9TOT/€T/L LTEOY6C S 9t0Z AInr| 6%9°28+¢S [(£0022) 910Z/11/L
€SL°9vL's S| T aAemiesH -9T0Z [€SL9VL'ES 601'8£8°9S |(T€T2TE)  [9TOCT/0C/9 GSETET'E S 910z dunf| SSE‘TET'ES [(168'7ST) 910¢/€2/9
350D 9T0Z Ul S9AemieaH (z da3s - € daxs S150J 19N |(4YMINI) peor ajeq 150) agesany YIuoNl| S1S0D33N | (YMIA) peol a1eq
SaABM]IEIY JO 150D |eulSiepl *9°1 "Aep anemieay-uou Jo 10 910¢ SAep anemjeaHq (yauow Aq) 9107 sAep 910z SAep anemieay-uopn
98esane - 1500 Aep anemieay) 9ABM]E3Y-UON }O 1503 aSesany
1500 anemieay Ajiep jeuiSiey
G dais p dais € days z dais T dais

(9T0T) S9ABMIEDH JO 150D [BUISJEIA JO UOBWIIST

Chapter 12 — Climate Change



Workpaper — Southern California Edison / SCE 2018 RAMP

12.40

L30§

xs|x*Jadedy 0N sainiesadwa] Jawwng a8elany ‘SA dABMIEH - ZT "YD dM

v6LE6LL9 $ L10T |e10L
7€0°6T8°9C S | 77 9ABMIBRH - /TOT [SP6'EE0'ES S86'76S‘S S |(€£8T67)  |LT0T/€/6
SE6°0VT'9S SL6'T0L‘8 S |(£99°Cee)  |LTOT/C/6
€STPY9'LTS ¥61'S02°0CS |(558°25€)  |L10Z/1/6
¥2L'9/S'8T S | € @AeMIeSH - £TOZ (8S8'€T80TS 668'V8E‘€TS |(L0EvrE)  [LTOT/TE/S
898'6€1°9S 606'000'6 S |(0€v'vvE)  [LT0Z/0€E/8 ¥78'686'CS |(£61°95¢) L102/T2/8
L66TTETTS 8E0V/L8'ETS [(S9¢€‘eve)  |LTOT/6T/8 857'CET'CS |(6%5'652) LT0Z/¥T/8
875678V S| TonemiesH - /TOC |875'6C8VS 895°06€L S |(9zT'82E) [LT0T/€E/8 €88°967°CS |(¥81°S512) L10T/¥/L
0TS'89S'L S | T aAemiesH - /T0Z (vL1'0¥8°TS rLvE0’S § [(SLEC6T)  |LTOT/OT/L T¥0'T9SC S| stozasndny| £S2'T60CS [(€ETV'TCT) LT0T/€/L
18£°205CS 1S€°269'7 S |(£9v'9LT)  |LTOT/6/L 0L5'V6TC S L10Z AInr| s9°s61CS |(85€st) £102/82/9
§55'STTCS ser'oty'y S |(sce‘tee)  [LTOT/8/L LTL'TETC S LT0Z ™UNf 0£T0L0°TS |(LTT'VED) LT0Z/ST/9
1s0) LTOT Ul SanemiesH (¢ doas - € daas $150) 13N |(YMIN) peol aleq 350D 98esany YluoAl[ S150D 18N (YMIN) peol aileq
SaABM]IEY JO 150D |eulSie|nl *9°1 "Aep anemieay-uou Jo 1s0d £L10¢ SAep anemieaHq (yauow Aq) £10Z Ul sAep LT0¢ SAep anemieay-uopn
98esane - 1502 Aep anemieay) 9ABM]EIY-UON JO 3502 dSelany
1502 anemieay Ajiep |euiiep
g dais p dais € days z dass T dais

(£T0T) S9AEMIEBH JO 150D [BUISJEIA JO UOEeWIST

Chapter 12 — Climate Change



12.41

Workpaper — Southern California Edison / SCE 2018 RAMP

L3009

xs|x-JadedsJopn sainlesadwa] Jawwng 8. aAy SA dAeBMIBSH - 2T "YD dM

¥65‘952°20C $ L10C |erol
¥70'8EY'98 S | €9ABMIESH - 8TOT |[CTT'STY'ETS 6¥9°9/8°9T$ |(8¥0'S0€)  |810Z/0T/8
8S8°0TL LTS S6EC8T'TTS |(TEP TTE) 8T07/6/8
T¥8'€9t'0TS 8/€'sz6'eTs |(oTETTE) 8T0¢/8/8
€€7'8€8VES 0£1'66T°8€S |(8T9°TEE) 8T0¢/L/8
0ST'T9S‘T6 S | ¢°ABMIBSH - 8TOC |/8V'VIV'TVS €€0'T0L°SY$ |(586°2G€)  |810T/ST/L
€9/'960°05$ 60€‘€€EVSS |(LevLveE)  |8T0T/VT/L
00€°LSCVC S | T onemiesH -8T0¢ |Ivv'6ETVS 886'5/£'8 $ |(vzs'TOE) 810¢/0T/L
96.'675'CS Tre‘99L'9 S [(€L1°T0E)  [8T0T/6/L
YTE0L8'ES 098'90T‘8 $ |(£0€°00E) |8T0T/8/L 982°096'€$ |(66€15¢) 810¢/62/8
697°998'vS 918'201'6 $ |(68¥'£0€) 8T0C/L/L | LES'TIV'E S| stozisndny| 88/296CS |(006CT) 810¢/9¢/8
6/7'158'8S 970880°€T$ |(S9v'eTE) 8102/9/L | 9VS'9ET'Y S 810TZ dunr| 9%S‘9€T'vS ((888°L¥T) 810¢/C1/9
150D 8T0¢C Ul S9AnemleaH (z doas - g dass $150) 19N  [(UMIN) peol aleq 150D a8eJsany Yluo\I| S1s0D 19N (UmIN) peon aleq
S9ABM]E3Y }JO 150D |eulSie|n *9°1 *Aep anemjieay-uou Jo 3502 8T0¢ SAep anemieaH (yauow Aq) gT0Z UI SAep 8T0¢ sAep anemieay-uoN
98esane - 1500 Aep anemieay) 9ABM1IEIY-UON }O 150D d5eIaNny
1502 anemieay Ajiep jeuidien
g dais ¥ dais € dais zdais T dais
(8T0Z) SoABMIBAH JO 1SOD |[BUISJE|A 4O UOIIBWIAST

Chapter 12 — Climate Change



Workpaper — Southern California Edison / SCE 2018 RAMP

12.42

L30L

xs|x"Jadedy o sainiesadwa] Jawwng 98eI3AY 'SA SABMIESH - ZT YD dM
€T SIYIYM €' 1500 ABM]E3Y 0} 150D SABM]IE3Y-UOU JO Ol1eY
€T TSIYIYm €T Peo| aABMIE3Y 0] PEO| 9ABMIESY-UOU JO Ol1eY

6£9'765'56€ $ (810 - STOT) 350 aneMIEaY [10]] 7L9'€80'T6 S (8TOT - STOT) 350> @ABMIEY-UON [B3OL
8L9'850'0T (8T0Z - ST0Z) PeoT anemieay [e30] | 095'99%'L (8102 - ST0Z) Pe0] aAeMIE3Y-UON [E30]]
TIT'STY'ETS 6v9'9/8'9T  $ | 8¥0S0€E 8107/0T/8
858'07L'LTS S6€T8T'TC S | TEv'zeeE 810/6/8
Tr8'€9r'0T$ 8LE'ST6'ET S | 0TETeE 8102/8/8 982°096'c S | 66€'TST 8102/62/8
£€7'8E8'VES 0LL'662'8€ S | 8T9'TEE 810¢/L/8 88.'796'C  $ | o062z 8102/97/8
L8Y'vIV'TYS ££0'TOL'SY S | 586°LSE 8102/S¢/L 9vS'9gT’y S| 888'LiT 8102/21/9
£9.'960'05$ 60E'CEEDS S | LTv'LvE 8102/v2/L ve8'686'c S | L6195 £102/22/8
Trv'6ET VS 886'SLE'S S | ves‘Toe 8102/0T/L 8ST'CET'T S| 6¥S'6ST L102/v1/8
96L'625'TS TvE'99L’9 s | eL1'e0e 8102/6/L €88'967'C S | ¥8T'STT L102/v/L
YTE'0L8'ES 098'90T'8 S | Log‘00€ 8102/8/L 1ST'T60T S| €T¥'TET L102/€/L
697'998'7S 918'20T'6 s | e8v'L0€ 810¢/L/L sor'e6T’c S | 8eg'sve £102/82/9
6.7'758'8$ 970'880°€T S | Sov‘eTe 8102/9/L 0LT°0L0'T S| LTTvET £102/S1/9
SY6'EE0'ES 586'765'S s | eL816T L107/€/6 ovp'eer'e  $ | 819'807 9102/8/0T
SE6'0VT'9$ SL6'TOL'S S | £99cee £102/2/6 80V'9€L'T  § | S6L'EST 9102/5¢/8
£L8'6TL'ES 8107 €ST'PP9'LTS p61's0z'0z  $ | ss8'ssE £102/1/6 orT'yes’s  $ | 96z'ssz 9107/€2/8
9/L'S67'TS £10C 858'€78'0TS 668'V8E'ET S | LOE'vYE £107/1€/8 9E9'LET'E ¢ | 88195 9102/22/8
85Y'SLO'ES 9107 898'6£7'95 606'000'6 s | osr'vre L107/0€/8 95,296’ $ | ses'zzz 9102/12/8
9E6'TEE'ES ST0C L66TTETTS 8E0V/8'ET  $ | S9E'EvE £107/62/8 L0€'69L'E  $ | 18TT9C 9107/61/8
1500 aABMIERY-UON 23elany Jeap 875'678'7S 895'06€'L s | oer'see L107/€/8 vp0PI0'E  $ | 6vETST 9102/01/8
vLT'0v8'C$ YYL'YE0’S S | SLe‘TeT £102/0T/L €49°7LT'E S| 0T6'8KC 9102/81/L
vv0'8EV'98S € 3ABM}ERH - 8T0T 18.'205'TS TSE'L69'Y s | Lov'aLe £102/6/L 829's9T'e ¢ | ssz'9sz 9T0Z/€T/L
0S2'T95'T6$ T 3AeMieaH - 8T0C S85'5TTTS ser'oTy'y $ [ see't6T £102/8/L 6v9'z8v'c  $ | Lo0zve 9107/TT/L
00€'£5T'VT$ T 3ABMIESH - 8TOT ¥98'LTY'TS T81'85€'Y s | 1ec’e0e 9107/€2/L sse'TeET’e 5 | 168'ST 9107/€2/9
7€0'618'92S 7 9ABMIRBH - LTOZ €GL'IPL'ES 601'8£8'9 s [ terTare 9102/02/9 9v.'800't  $ | 095¥SC 5102/2/0T
vTL'9L5'8TS € 3ABMIERH - LTOT T16'T89'TS 8590697 s | 8s€’6e ST07/11/0T 6v6'000'c  $ | z1ETST s10z/Te/8
8T/E1/6 - 8T/1/1 Wodj eleq 825°6787S 7 9AeMiedH - £T0T 6£8'189'C$ LEY'9¥0'9 S | 6T8EEE S107/11/6 €10'89€'€ S | 048'VLC S102/02/8
LT/TE/TT - ST/T/1 Wouy ereq 0TS'895'2S T 3ABMIERH - LTOT €1T'LSL'TS TLL'STT'9 s | Los’ove 5102/01/6 T12'90L's S | 889'69C S107/L/8
uondudsag [ V98°LTY'TS 7 9AeMIedH - 9T0T ws'0L8°CS 660'622'9 S | viL'Tee S102/6/6 TEETVE'E S| S0L'89¢C ST07/LT/L
€SL'9vL'ES T 3ABMIERH - 9TOT T95'295°TS 660'T26'S s | vLeT6T S10/8/6 6v1'Z8TY  $ | 609797 s102/12/L
765'952'20C $ [ stozieol]  [116'T89°TS ¥ 9ABMIB3H - STOZ 870'8YLS 909'90T % $ [ s00'8se 5102/62/8 6/6'86L'c S | 867'59C ST0Z/LT/L
¥6L'€6L'L9 s | zroziemol|  [scT'8L8'0TS € 3ABMIERH - STOT 600'TELS 9950607 s | 865'9ze S107/82/8 v9,'189'€  $ | 9€8'ssz ST0T/¥T/L
L19P9T'S $ [ otozieor|  [£s0'08¥°TS T 3AeMIe3H - STOT 198'687'1$ 617’808y $ [ 809962 S102/91/8 1617257 § | €25'6€T ST0Z/€/L
£T8'STY'9T s | stoziemol|  [e89'ssETS T 3ABMIERH - STOT 778'5883 6LE VWL S | og€'T0e S102/S1/8 Sts'60L'T 5| 89s'Est S102/61/9
(3s02 FCENY sanemieay aeah sad sanemieay (3502 a3eJane Ajiep anemieayuou $150) 19N (4ymw) peo ajeq 5350 19N (ymw) peol ajeq
a8esane y - pouad y) 40 150) |euiSiey - 1500 Aep anemjeay)
aeah sad sanemieay o 3500 jeuiSiey 1500 anemyeay Ajiep [euiSien
aAemieaq anemieay-uoN

(5INS9Y PAUIqUI0]) BTOT - STOT ‘SPABMIESH JO 350D [BUIBIRIN JO UOREWNST

Chapter 12 — Climate Change



12.43

Workpaper — Southern California Edison / SCE 2018 RAMP

OTioTl

xs|x"JadedsJop uoiINPaY uonesINIA dINVY - 2T "YD dM

10edwi ou sey 1nq JeaA uaai3 ul aA13de = 1oedwi ou,,

JedA usAId ul aAIde JoU = BAIDeUl,

wes30.4d uoldnpay ssaJis wWalsAs uoinguisiq SN

(xeAl) sonAjeuy 1 SUlIOUOIA ‘SSUBIBMY |[BUOIIBNS qzIN
(lewnndQ) sonAjeuy @ SulIOHUOA ‘SSQUIEMY |EUOIIBN}IS ezIN
weJs30.d Jayieap 249G g uoleldepy alewl|d TN
1uswadeue|p a4l 49)

1uawadeuel Aduadiaw] 199)

swenN atl

suoniesSIHIAl g S|0J3u0)

150D udWaJInd04d A31au] |euonndadxy az0
150D Judawaindoud A34au3 JaysiH VvZO
SJUDAJ Jayleapn d1ydodisele) pasealou| a10
SIUDAT Jayleap\ Joleln pasealdu| VIO
sweN (q]]

sawo2InQ

SJUSAT SJIJP|IM SWBJIX] €d

SJUDAT 1B9H dWaJ1xX] rdq

SJUDAJ uley awaJaix] 1a

(¢]]

SIEVYI|

Chapter 12 — Climate Change



Workpaper — Southern California Edison / SCE 2018 RAMP

12.44

0T40¢

xs|x-Jadedyiop uoidnpay uoneSilAl dIAVY - ZT YD dM

‘suonedlyijenp 1adx3 Ja1ielA 199[qns uo Jadedyiom ay1 995 ases|d *$ass920.4d Uno suljal

pue anoidwi AjSNONUIIUOD 3M SE Je3A YoBS [0J1UO0D SIY] JO SSIUSAIIBYS B} Ul 9SEIDUI [BNUUE %T B SIWNSSE 3IS "JUaAd dlydouiseled
e 3uimoj|o} Jamod 2101524 01 s|elsalew pue pieA umopAe| ‘saainosal Suidelsaud ‘syoedwi Ayljigeljas aduaiadxa 1ySiw ey Aiojual
306 Jo suied ajqesau|na Joj uoijesauasd |edo| dnyoeq Sulinaas pue Joy Suliedaud :se yons sai8a1ells uoesiiw Jueaa|al Jo uonedijdde
Uo paseq si siyL 's92uanbasuod Alljiqel|aJ Ul uondNpal %z T INOge sapIAcd [041U0D SIY) 1By 91BWIISS S1IadXa Adual|isal ssauisng 305

%0°'LT

%097

%0°'ST

%0'vT

%0°€T

%0°CT

[STGLIEN]

‘suoliealyijenp 1adx3 Ja11e|A 123[gns - Jadedyiom 235 asea|d 's9ss9204d UNo aulyal pue aAoidwi

|SNONUINUOD 9M Se JESA YB3 [043U0D SIU] JO SSIUDAIIIDYS B Ul ISEIIUI [BNUUE %T B SIWNSSE DS "33 ‘S3IUNWWIOD JNO pue ‘siapuodsal
1541} ‘SI3XIOM U3IM UOIIBWIOJUI pJezey pue AJ3Jes JO UOIIEIIUNWILIOD ‘SUBWSSIsSe ysii piezey A1ajes o aouewopad ay) uo paseq s

SIYL "gTO YIM paleloosse saouanbasuod A1ajes ay) 03 UoIIINPal %0T e SapIAoid [0J1U0D SIY) 1ey) 1ewilsa syiadxa Adual|isal ssauisng 30

%0'ST

%0'vT

%0'€ET

%0°CT

%0'TT

%0°0T

Aujerey

‘suolealjijenp 1adx3 Ja11eA 129lgns uo Jadedsyiom ay) 99s asea|d 's9ss220.d uno aulyal pue arosdwi

|SNONUIUOD 9M Se JESA YB3 [043U0D SIY] JO SSIUDAIIIDYS BY] Ul ISEIIUI [BNUUE %T B SIWNSSE DS "33 ‘SIIHUNWWIOD JNO pUe ‘siapuodsal
1541} ‘SI3XIOM U}IM UOIIBWIOJUI pJeZeY pue AJ3JeS JO UOIIEIIUNLILIOD ‘SUBWSSIsSe ysii piezey A1ajes o aouewoad ay) uo paseq si

SIYL "gTO YIM paleloosse saouanbasuod A1ajes ayl 03 UoIIINPal %0T B SapIAoJd [0J1U0D SIY] 1ey) 1ewilsa spiadxa Adual|isal ssauisng 305

%0'ST

%0'vT

%0'€ET

%0°CT

%0'TT

%0°0T

Ainfu] snouas

SJUIAT JBYIEI
21ydouisele))
paseaudu)

4at0|

‘suoljealyljenp Madx3y

13118 193[qNS - Jadedyiom 335 3sea|d'sassad0.d Jno dulyas pue aaodwi AjSNONUIIUOD 3M S Je3A (IBS [0J1UO0D SIY] JO SSUIAINIRYD 3y}
U] 95B.0UI [ENUUE %T B SIWNSSE DS 'S1J0}J3 UOIIRIPAWAI PUE UOIIEI0}SI O} PIe[aJ $211SIS0| 91BUIPIO0D PUE ‘S|elialew JapJo ‘Ajjuaiiye
Jamod 3101534 0} $324NOS3J JO JUSWIFeueW [BIDUBULY PUB [BUOIIEISO JUBIDIYS apIAoid 01 [013U0D SIY} 1oy AlljIge 3y} uo paseq si siyL
"YTO YIM pPa1eID0Sse s92uanbasuod [eIDUBUL 3Y) 0] UOIINPaJ %0T  SapIAoad [0J1U0D SIY] 1ey) 1ewiisa spadxa Adualjisas ssauisng 30

%0'ST

%0'vT

%0'€ET

%0°CT

%0'TT

%0°0T

|eloueuly

*s9559004d UN0 Bulyas pue
anoJdwi A|SNONUIIUOD 9M SE JeaA UIB3 [0J1U0D SIY] JO SSUIAINIDYD BY) Ul 3SBDIDUI [BNUUR %T B SSWNSSE 3IS "UOIIINPaI %/ T € sjuasaidal
501 40 uonejuswa|dwi Jaye a8ueyd A aYL “uol|jiw 909 01 paddoup (9T0Z-¥T0Z 49A0) |IND 28eJaAe 3yl ‘€TOZ Ul [043U0D SIy3 pajuawa|dwi

306 Ja)y "98eJane uo Jeah sad uoljjiw 0gL sem [N ‘(uonejuswsajdwi sOJ-a4d) €TOZ - TTOZ WOJ4 |0J3u0d Juawadeue|p Adouadiawl
3y Jo Jed se (SD]) WaisAs puewiwo) 1uapIdu| 3y} Jo uoieiuswsa|dwi 0y Jold (J|AD) uondniiaiu| Jo 1NUIA Jawoisn) ayl paiedwod 305

%0'CC

%0'TC

%0°0C

%0°'6T

%0'8T

%0°'LT

Aqerjay

‘suonedlyijenp 1adx3 Jaiiep 123[gns - Jadedyiom 235 asea|d 's95s9204d UNo dulyal pue aAoidwi

|SNONUIUOD 9M Se JESA Y0BS [043U0D SIY] JO SSIUDAIIIDYS B Ul 9SEIIUI [BNUUE %T B SIWNSSE JDS "33 ‘SIIUNWWIOD JNO pue ‘siapuodsal
1541} ‘SI3XIOM U}IM UOIIBWIOJUI pJeZeY pue AJ3JeS JO UOIIEIIUNWILIOD ‘SUBWSSISSe ysii piezey A1ajes o aouew.oiad ay) uo paseq si

SIYL "YTO YUM paleIdosse sadouanbasuod A1ajes ay) 01 uononpal %0T e sapiacid [041U0D SIY} 18yl 91eWlSa s1adxa Adual|isal ssauisng 305

%0'ST

%0'vT

%0'€ET

%0°CT

%0'TT

%0°0T

Aujerey

‘suolealjijenp 1adx3 Ja11e|A 109[qns - Jadedyiom 935 asea|d $assa20.4d Ino sulyal pue anosdwil

|SNONUIUOD 9M Se JESA YBS [043U0D SIU] JO SSIUDAIIIDYS B Ul 9SEIIUI [BNUUE %T B SIWNSSE DS "33 ‘SIUUNWIIOD JNO pue ‘siapuodsal
141§ ‘SI3XI0OM U}IM UOIIBWIIOJUI PJeZeY pue AJ9JeS JO UOIIEIIUNWILWOD ‘SUBWSSIsSe ysii piezey A1ajes o aouewoad ay) uo paseq si

SIYL "YTO YUM PaleIdosse saouanbasuod A1ajes ay) 01 uononpal %0T e sapiAcid (04102 SIY) 18y 91eW1Sa S1adxa Adual|isal ssauisng 305
|opow ay3 ojul 3nduj 0} SAN|BA SSBUBAIIIBYS uonesSIW

dojanap 03 pasn aiam ajeuonies Suiroddns pue ‘sadunos eyep ‘suoindwnsse Suimo||oj ay3 ‘sishjeue dIAIVY Sy Jo sasodind Joj

%0'ST

%0'vT

%0°€ET

%0°CT

%0'TT

%0°0T

Aunlu| snouss

SUEYE]
Jayieapn Joley
paseaudu)

Vio

|apow ay3 ojui 3ndui 0} SAN|BA SSBUAAIRIAYD uoneSiIW

dojanap 03 pasn a1am ajeuonies Suioddns pue ‘sadinos ejep ‘suondwinsse Suimo||oj ay3 ‘sishjeue dIAIVY Sy Jo sasodind o4

“JAALIP SIY} 9duUaN|jul 10U s30p [013uo)] 1edwiou | 1pedwiou [ 1edwiou | 1oedwiou | joedwiou | 1oedwiou SIUBAT JIP|IM dWDIIX] €a
“JAALIP SIY} 9dUaN|jul 10U s30p [043uo)| 1edwiou | pedwiou | pedwrou | pedwiou | joedwiou | joedwiou SJUSAJ 1BSH SWAIIXT za
“JAALIP SIY} dduUaN|jul 10U sa0p [01juo)| 1edwrou | pedwiou | 1pedwiou | 3oedwiou | 1oedwiou | 10edwiou SJUSAT UleY dWaJIX] 1a

uoisnjou| o1joj110d

juawaseueln Aouagiawl
0

Chapter 12 — Climate Change



12.45

Workpaper — Southern California Edison / SCE 2018 RAMP

oT4o€

Xs|x"1adeds 10/ uoiINPaY UoeSIIA dINVY - ZT "UD dM

"aW021N0 sy} 21e31IW 10U S0P [0J3U0D

1oedwi ou

1oedwi ou

1oedwi ou

1oedwi ou

joedwi ou

1oedwi ou

|eloueury

150D
JUBWAINJ0.d
ASiau3
|euondasx3
az0

"2W021N0 Sy} 21e31IW 10U S0P [043U0D

10edwi ou

10edwi ou

10edwi ou

10edwi ou

10edwi ou

10edwi ou

|eloueury

150D
1UaWaIN204d
A319u3 JaysiH
V20!

Ja1m1e|A 109[gNns - Jadedyiom 935 asea|d sass9204d N0 dUaL pue dAoidwi A|SNONUITUOD M SE DA 2BD [043U0D SIY) JO SSDUDAIIRYD Y}
Ul 95B3J2UI [BNUUE %T B S3WNSSE 3D "S1J0}J9 UOIBIPSWaJ PUB UOI1eJI0]1S3I 01 pale|aJ $2115150] 91eUIPI00D pue ‘S[elialew JapJo ‘Ajuaioiye
Jamod 9101534 0} $324NOS3J JO JUSWISeUBW [BIDUBULY PUE [BUOIEISdO JUBIDIYS 3pIA0Id 0] [041U0D SIY) 40} AJ|Iqe 33 UO paseq s
*gT0 YUM pa1eIdosse s3duanbasuod [elauBUL BY] 01 UOIIONPAI %ST B SapIA0Ld [041U0D SIY1 JeY] 1eWIISa s1uadxa Adual|isal ssauisng 305

%0°0C

%067

%0'8T

%0°LT

%0°9T

%0'ST

|eldueuly

Chapter 12 — Climate Change




Workpaper — Southern California Edison / SCE 2018 RAMP

12.46

OoTjov

xs|x"Jadedy10/\ uonoNpay uone3IMA dIAVY - T YD dM

|2pow ay3 ojul 3Indul 03 SAN|BA SSBUBAIRIAYS uoneSIw
dojanap 03 pasn a1am ajeuoned Suipioddns pue ‘saainos ejep ‘suondwnsse Suimoj|oj ay3 ‘sisAjeue dINVY Sy Jo sasodand Jog

150D
1UBWAIN204d
jedwiou | pedwiou | 3pedwiou | 3oedwiou | pedwiou | 3oedwiou |eldueuly A8iau3
|euondaoxy
*3WO023N0 S1y} d3eSIHW JoU S0P [043U0D) 420
150D
1UBWIN204d
jedwiou | jpedwi ou edwiou | 1poedwiou | joedwiou
A81au3 JaySiH
*3WO023N0 SIY} 31eSIHW JoU S0P [043U0D) V2O
edwiou | 3edwiou | 3oedwiou | pedwiou | pedwiou aAIoeU| |edueuly sjusn3
*3W091N0 S1y1 91eS131W 10U S30P [043U0D Jayieam
*3W023N0 sIy1 d1es1Hw Jou saop [osuo)| 1oedwiou | 1oedwiou | 1pedwiou [ 1oedwiou [ 10edwiou | aanoeur Anjigenay|  oiydosisere)
*9W0231N0 s1y) 3e31Iw Jou saop |043uo)| 10edwi ou | 1oedwiou | 1oedwiou | oedwiou [ 30edwiou aAIdeUl Ayljereq paseaJdu|
*3W023n0 s1y1 31esiw Jou saop [oJuo)| 1oedwiou | 1oedwiou 1edwiou [ 1oedwiou [ aanoeur Ainluj snouias 4a10
‘suolesllienp 1adx3
J911BIN 103[qNS - Jadedyiom 235 ISE|d "SSUAIIIDYYD Ul ISEAIDUI [BNUUE %T SIWNSSY "SANIANIE 353y) Aq paonpad aq [|Im 1oedwii
|eroueuly wonxoﬁ >_8mcv__xo\aam =TV _EmEzmm m_mu&o Juswaseuew aJly mﬂﬁ *239 ‘YImous aaiy ywi| owmv_umﬂmcﬂ_v mc_MLu ‘a8ewep %051 %#0vL %0°€ %oct %0°TL %001 [eroueul
13sse Juanald 03 Juepuelas awely Suiddoup Ag syoedwi 21e8i1w 03 S310UISe 31 Y)IM S1BUIPIO0D SID1J0 JudWASeuew ally 30
‘suoiesllienp 1adx3
J911BIA 193[qNS - Jaded}Iom 235 ISEI|d "SSAUDAINIDYD Ul 9SEIIDUI [BNUUE %T SIWNSSY * SAIUAIIR 353y} Aq paonpai aq ||im syoedwil
Ajigerjaa MM %0T >_mumv“t_xo‘_nam um:u_ jewnsa m_w%_to u:wEwmm:_mE Ec\wﬁ *218 ‘YIMmou3 adiy 1w MH mv_nmw‘ﬁm”_ mcmu_:u ‘afewep %0'st %07 %O'EL woet %01 %00t
19sse Juanald 03 Juepielas awely Suiddoup Ag syoedw 21e8i31w 03 s310UISe a1 Y)IM S1BUIPIO0D SID1J0 JudWASeuew ally 30
“suoneslyl[eny Hadx3 Janen
123[qns - Jadedyi0m 335 asea|d "PAUILI| SUOSS| PUB JUSWAA0IAWI SNONUIIUOD UO PASE] SSBUSAINIDYS Ul 3SBIIUI [ENUUE %T SWINSSY
*S2J1JP|IM JO UOIIIRIIP 3Y3 Ul SUIALIP 350Y] 143[e 01 SMaJD DS 01 AosiApe paezey/uonedlyiiou Suipinoid Aq pue ‘saipuase auiy yum|  %0'ST %0 T %0°ET %0'CT %0'TT %0°0T Ayereq Sjuang
Supaulied AjaA1193)49 ySnouayy auop si siyl "saouanbasuod A1ajes upnpas Agasay) pue siasse 375 Sunoedwi wouy pajuanald aq ued Jay1ea W Jole|n
S3J1J JO %0T INOQE 1eY) 91eWISS [dUuosiad JuswaSeuew aJly 3say] “JeaA Jad sauly [eaAas 01 puodsal [auuosiad Juswaseuew all 30 paseatou|
‘suoneslyleny Hadx3 Janen
123[gns - Jadedyiom 335 asea|d "PAUIRS| SUOSS| PUR JUSWSA0IAWI SNONUIIUOD UO PISE] SSBUBAINIDYS Ul 3SBIIUI [ENUUR %T SSWINSSY
*S2J1JP|IM JO UOIID3IIP BY3 Ul SUIALIP 3S0Y] 143[e 0 SMaJD DS 01 AJoSIApe paezey/uonednyiiou Suipinoid Aq pue ‘saipuase aiiy yum|  %0°ST %0'vT %0°ET %0'ZT %0'TT %0°0T Ain(uj snouias VIO
Suuisuyied AjpA199))9 ySnoayy auop si siy| ‘seduanbasuod Alsjes Suidnpas Agalay) pue siasse 35 Sundedwi wouy pajussaid aq ued
S3aJ1} JO %0T INOGE 1BY]) 21BWISS [duuosiad Juawageuew aily asay ] "Jeah Jad sauly [e1anas 0} puodsal [auuosiad Juawadeuew ally 30
|2pow ay3 ojul Indul 03 SAN|BA SSAUBAIIBYS uonesiw
dojanap o3 pasn asam ajeuonies Suipsoddns pue ‘saaanos ejep ‘suondwnsse Suimo| o4 aya ‘sishjeue dIAVY Siy3 o sasodind oy ez eie Gz sauonno
*J3ALIP SIY1 duan(jul Jou saop [os3uo)| 10edwiou | 1oedwiou [ 1oedwiou | 1oedwiou | 10edwiou | 1oedwiou S1UDAT 2J1JP[IM dWAIIXT €a
*J3ALIP SIY1 92UaN|jul Jou s30p [os3uo)| 10edwiou | oedwiou [ 1oedwiou | 1edwiou | 10edwiou | 1pedwiou SJUSAJ 1BSH BWJIX] za
“J3ALIP SIY1 d2uan(jul Jou saop [os3uo)| 10edwiou | 1oedwiou [ 1oedwiou | 3edwiou | 10edwiou | 10edwiou SJUSAT Uley SWaJIX] 1a

uoisnpu| o1joj110d

Chapter 12 — Climate Change



12.47

Workpaper — Southern California Edison / SCE 2018 RAMP

xs|x"1adedy40n UOIIONPaY UOHESIMIA IAVY - ZT “YD dM

150D
JusWaInd0id
edwiou [ 3oedwiou | 1oedwiou | 30edwiou | 3pedwiou | 3pedwiou |eroueuly ASipu3
|euordaoxy
'3W021N0 Sy} 31e8NIW 10U S0P [0J3U0D az0
150D
JusaWaINd04d
1edwi ou | 1oedwiou | 10edwiou | poedwi ou | pedwiou
: : : : : A81au3 JaysiH
'3W021N0 Sy} 31e81IW 10U S0P [0J3U0D vZo
%0°S %0'S %0°S %0°S %0°S %0°S eroueury swend
an0qe se JWes Jayreap
anoqe se awes|  %0'S %0'S %0'S %0'S %0'S %0'S Ajjqeiey| oydosseied
anoqe se awes|  %0'S %0'S %0'S %0'S %0'S %0'S Ajereq pasea.ou|
"syoeduwl palyiauapl 8npaJ 01 suonesniw
pa1a8iel asodoud |im weiSoud siyy ‘shemyied uoneidepe 9|qixa|} JO UOIBUILLIRISP pUE SISA[eue Jayliny Ja)ye ‘Ajjeuonippy
‘Aemiapun aJe sa1391e41s UONESIIW SII PUB SJUBWSSISSE AJ|I[IGEI2UINA “JBASMOY ‘SSBUDAIIDYA JO SisAjeue aaneluenb|  %0's %0°S %0°S %0°S %0°S %0°S Ainfu] snouas a10
aAeY AjJUS.IND JOU SIOP PUE PIDUBWIWOI A[3Udas Wweidold JaY1eam 2193 pue uolieidepe a1ew|d Y| “UoIINPaL sk
%G 1583 1€ 3pIA0Id PINOM 11 1Y) 1BWIISS 3 "uoneluawaldwi Jo sagels AjJea ay) ul si uonesiiw siyl ‘sisAjeue syl Jo awil ayl 1y
%0°S %0°S %0°S %0°S %0°S %0°S |eueuly s
anoqe se awWes Jayream
9A0qe se dwes %0°S %0°S %0°S %0°S %0°S %0°S Aunigelay Joley
9N0QE Se dwes %0'S %0°'S %0°'S %0°'S %0°'S %0°'S Ajerey paseasou]
“syoeduw| palyiluap! 9npad 03 suonesniw
pa31a8ie)1 asodoud |jim weaSoud siyy ‘shemyied uoneidepe 9|qixa|} JO UoRUIWIISP pue SisAjeue Jayliny Ja1ye ‘Ajjeuonippy
‘AemIapun aie s31891e41s UOIIESIIIW JSLI PUB SJUBWISSISSE A|I|IGEIBUINA “ISASMOY ‘SSIUDAIIDYS JO Sisheue aaieluenb|  %0°s %0°S %0°S %0°S %0°S %0°S Ain[u| snolas VIO
aAey AjJUa.Jnd J0U S0P puE PIJUBWIWOI AjJUddal wesold JaY1eam 21aA3s pue uoljeldepe 31ew|d YL "UOINPaL SU
%G 1583 18 3pIA0Id PINOM 1l 1Y) S1BWIISS 3 "Uoneluawa|dwi Jo sagels AjJea ay) ul st uolieSiiw siyl ‘sisAjeue syl Jo awll 3yl 1y
|2pow ay3 ojui 3nduj 03 SaN|EA SSBUAAIIBYS uonesiIw
dojanap 03 pasn a1am ajeuonies Suioddns pue ‘sadunos ejep ‘suondwnsse Suimo|joj ay3 ‘sishjeue dIAIVY Sy Jo sasodind o4 $3UI0AN0
*J9AIIP S1Y1 2duan|jul Jou saop uonediiiA [ 10edwiou | 10edwiou [ 30edwiou | 1pedwiou | 10edwiou | 10edwiou SIUBAT 2JIP|IM dWa41X] €a
*JBALIP SIY} 9duanjjul 1ou saop uonesSiA| 19edwiou [ 1oedwiou | 1dedwiou | 10edwiou [10edwiou [ 3oedwiou SJUSAT 1BaH AWa.IX3 za
*J9ALIP SIY1 2duanjjul Jou saop uonedi|A [ 10edwiou | 10edwiou [ 30edwiou | 1pedwiou | 10edwiou | 10edwiou SJUBAJ UleY DWJIXT Ta

|opow ay3 ojul 3nduj 03 SBN|EA SSBUAIIDYD uonesiIw
dojanap 03 pasn aiam ajeuonies Suioddns pue ‘sadunos ejep ‘suonndwnsse Suimo||oj ay3 ‘sishjeue dIAIVY Sy Jo sasodind Joj

Chapter 12 — Climate Change



Workpaper — Southern California Edison / SCE 2018 RAMP

12.48

0T409

xs|x"1adedyiopn uonINpay uoneSIIAl JIAVY - 2T "4 dM

150D,
JUBWaIN044|
A813u3
|euondaoxy
%59 %09 %S°S %0°S %0'€ %0'T |eroueuly
‘suoneslyiienp 1adx3 Ja1eA 193lgns - Jadedyiom 9as asea|d *(a|npayds JuswAholdap Ayjiqeded Suljapow Jayieam azo0
Yum saseatoul a8ejusdiad ssauanilnayga) sAep juane 1eay 3ulinp juswaindold pue unsedsioy puewsp AS1aus 03 syyausq
|euonippe apioid ||1m eyl sanijigeded Suljapow pue Sui1sedalo) 491194 01 aNP UOIINPA YSU %S9 - %T JO a8uel e sawnsse 10
350D
1UBWaIN04d|
ASiau3 Jays3iH
%S9 %09 %S°S %0°S %0°€ %0'T |eroueuly
enp Wadx3 Janiey 109lgns - Jadedyiom aas aseald ‘(a|npayas JuawAo|dap Aljigedes Suijapow Jayieam vzo
yum saseauoul a8ejuadiad ssauanildaya) sAep usna jeay Sulnp Juawaindouad pue Suisedalo) puewap ASiaus 03 syyauaq
|euonippe apinoid ||1m eyl sanijigeded Suljapouw pue Sui1sedalo) 491194 01 aNP UOIINPaL YSU %S9 - %T JO 98uel e sawnsse 10
*PauJed| SUOSS3| puB JUBWAA0IdWI SNONUIIUOD UO PISE] SSIUBAIIDYD Ul 3SEIDUI [ENUUER %G SAWNSSY "YTO Ul SJUIAS Jofew %88 %E'8 %8'L %E'L %89 %E'9 |eloueuly
0 paJedwod gTO Ul SIUDAS 21yd011SeIEI UO DAII443 SE Jley Sulaq uonesiiw siy) Uo paseq UoldNPaJ ysi %Sz'9 e sawnsse 305
*PaUIED| SUOSS| PUB JUBWAA0JIAWI SNONUIIUOD UO PISE] SSAUDAIIIDYD Ul 9SEIJIUI [BNUUR %G"0 SDWNSSY "YTO Ul SIUIAS Jofew %S'L %0°L %S9 %09 %S'S %0'S Aungerjay
01 paJedwod gTO Ul SIUAS 21ydoJ1SeIEI UO DAIII9Y3 Se Jley Sulaq uoiesiiw siy) Uo paseq UoldNPal st %S e sawnsse 10 Sjuang
JEIGEETTY
‘PaUIED| SUOSS| PUB JUBWAACJIAWI SNONUIIUOD UO PASEF SSAUBAIFIDYD Ul 9SEIIIUI [BNUUR %G°0 SAWNSSY "YTO Ul SJuaAd Jolew |  %0°0T %S'6 %0°6 %58 %08 %S'L Avjerey Jydouiseie)
01 paJedwod gTO Ul SIUDAS 21yd0oJ1SeIEI UO DAII3Y3 SE Jley Sulaq uonesiiw siy) Uo paseq UoldNPal ysi %S/ & SaWnsse 10 paseasnu|
‘PaUIL| SUOSSI| PUE JUSWAACIAWI SNONUIIUOD UO PASE( SSIUIAINIDYD Ul 3SEIIDUI [BNUUE %G°0 SBWNSSY "YTO Ul SUAAS Jofew|  %0°0T %S'6 %06 %S'8 %0'8 %S'L Ainfu| snouas a10
01 paJedwod gTO Ul SIUAS 21yd0J1SeIEI UO DAIIY3 SE Jley Sulaq uonesiiw siy) Uo paseq UoldNPal ysid %S/ & SaWnsse 10
*(s@2usnbasuo) |eueuly)
SIUAJ JaY1ea Jofe|Al U0 GZIAI/BZIA JO SSBUDAIDRYT - Jadedy oM 935 "PauIea| SUOSS3| PUE JUSWIACIdWI SNONUIIUOD UO paseq o~ o~ - - - - -
SSDUIAIIDBYD Ul 3SEAIDUI [ENUUE %G°0 SAWNSSY "Saouage aJly Aq Juawulejuod pides pue sesawe) gH 39S Aq uo11da1ap adiy Aliea
10 1ynsaJ e se s3asse 39S Sundedwi wouy pajuana.d si aJ1y Jofew auo Ji $90UaNbISU0D [eIDUBULY Ul UOINPAI %G ZT B $91eWNS 305
‘pau.es|
SUOSS3| pue JUSWAA0JdWI SNONUIIUOD UO PASE] SSAUIAINIDLD Ul 95BIIIUI [ENUUE %G°0 SIWUNSSY JUSWUIBIUOD PUB UOIIIRBP|  %S'ZT %0°CT %S°TT %0°TT %S°0T %0°0T
2.1y Ajiea Jo 3nsad e se s)asse 35 Sundeduwi aily Yim paleldosse saouanbasuod Alijigeljal ul uonaNpal %QT e Ssawnsse 3J5 BUCYE]
‘suoljedlyljeny 1adx3 JanelA 123[gns - Jadedyiom 9as ases|d "paulea| SUossa| PEIREEYTY
pue Juawanoiduil SNONUIIUOD UO PASE( SSBUIAINIBYD Ul 9SEDIDUI [ENUUE %G°( SIWNSSY "SMaJD P|aly J0j S1I9|e Jayleam snopiezey| %G /T %0°LT %5°9T %0°9T %G°ST %0°ST Anjereq Jole|n)
aA130e0Id WIOJUI 03 S|apoW Jayieam padueape Suizi|ian Ag Ainful/juspiade Jo 82UepIOAR 03 8NP UOIIINP3I YSI %ST B sawnsse 305 paseasnu|
“suoIedIEND 14adX3 Ja11eIA 103[gNS - JadedyI0om 235 asea|d "PauIea| SUOSSa|
pue JusaWwanoIduil SNONUIIUOD UO PISE] SSIUDAINIDYS Ul 9SEIIIUI [ENUUE 9%G°0 SIWNSSY "SMaJD Pal} Joj S1I9Je Jayieam snopiezey|  %S'/T %0°LT %G°9T %0°9T %G°ST %0°ST Aunfu| snouas VIO
aA1Pe0Id WOyl 0] S|PPOW Jayleam pasueape Suizi|iin Ag Ainful/juspiode Jo 92UBPIOAR 0] BNP UOIIINPAI YSI %ST € SaWNSse 3JS
|apow 3y3 o3ul Induj 03 SAN|BA SSBUBARIBYS uonesIw
sawonnQ
dojanap 03 pasn asam ajeuonel Suiaoddns pue ‘saainos ejep ‘suonndwnsse Suimo||o} ay3 ‘sishjeue dIAIVY SIY: o sasodind Jo4
‘suonedsiyiieny 1adx3 491N 123[gngs - Jadedyiom 93s ases|d "paiojdap ale sjooy/iuawdinba ssauaiemy - %01 wes1 %oLT %ot %ot $UBAT BIYPIN SWIBIXT ca
|BUOIIEN}IS PUB SEIBWE) QH 2J0W SE sasea.ou] 33e3ua0iad SSaUBAIIIBYS DY 341y 3Y3 UIBIUOI 0} $32In0saJ punosd pue sie[  7° © © © © © i
0 JuawAo|dap pue asuodsa. Jaisey 0} aNP saJly JaJe| 01Ul MOIS PIN0D 1BY] S1J [[BLUS JO JAGUINU Ul UOIINPAL %GT B SIWNSSe 3IS
*J9ALIP SIY) dduan|jul Jou saop uonediiiA| 1vedwi ou [ 10edwiou | 10edwiou | 1oedwiou | 39edwiou | 30edwiou SJUBAJ JEDH dWaIIXT za
*JBALIP SIY1 32UN|JUl JOU S0P UOIIE! joedwi ou | 3oedwiou | 30edwiou | 3oedwiou [ 3oedwiou | 1oedwiou SIUDAJ UlRY SWJIX] 10

|apow ay3 ojul Indu| 03 SAN|EA SSAUBAIIYS UoneSHIW

dojanap 03 pasn asam ajeuonel Sunioddns pue ‘sainos ejep ‘suondwnsse Suimoj|o} ay3 ‘sishjeue dINVY SIYa Jo sasodind 104

(4414

Te0c

0z0C

uoisn|pu| oljoj3i0d

(lewndo) sonAjeuy g SuLio:

O|Al ‘SSBUDIBMY [BUOIIENNS
eZN

Chapter 12 — Climate Change



12.49

Workpaper — Southern California Edison / SCE 2018 RAMP

0T40L

xs|x"1adedyiopn uonINpay uoneSIIAl JIAVY - 2T "4 dM

350D,
1UBWaIN044|
A813u3
%S9 %09 %S'S %0°S %0°€ %0'T Jeueury|  [euondadx3
(ainpayos JuswAojdap Ayjiqeded Suijspow Jayieam
Yum saseasoul a8ejuadiad ssauanidayge) sAep juane 1eay Sulinp juswaindold pue Sunisedsloy puewsap AS1aua 03 syyauaq 4az0
qeded Sujjapow pue Sunsedaloy J9119q 0 BNP UONINPAI YSI %G’ - %T 4O d8UeJ B SBWNSSE IIS
150D,
JUBWaIN044|
AS1au3 J9ysIH
%S9 %09 %S'S %0°S %0°€ %0'T |eueuly
(aInpayos 1uswAo|dap Avjiqeded Suijspow Jayieam
yum saseatoul a8ejusdiad ssauanilnayga) sAep juane 1eay 3ulinp juswaindold pue Sunsessloy puewsp AS1aus 03 syyausq Vo
qeded Suljapow pue Su11sedalo) 191197 0 dNP UONINPAI XSI %G'9 - %T 40 98ues e sawnsse 305
‘PaUILD| SUOSS3| PUB JUSWIACIAWI SNONUIIUOD UO PAseq SSAUSAINIDYS Ul 9SEIIIUI [BNUUE 9%G°0 SIWNSSY YTO Ul SIUIAD Jolew|  %8'8 %E'8 %8'L %EL %89 %E9 |eroueuly
0] patedwod gTO Ul SIUDAS J1YdOJISeIED UO BAIIIDYD SE Jjey Sulaq uonesniw siy} Uo Paseq UondNPal sl %SGZ'9 B SSWNSSe 305
‘PaUILD| SUOSS| PUE JUSWAACIAWI SNONUIIUOD UO PASE( SSAUIAIIIDYD Ul 3SEIIDUI [BNUUE %G°0 SDWNSSY "YTO Ul SIUIAS Jolewr| %G/ %0°L %S9 %09 %S'S %0°S Aupgeray BUCYE]
01 paJedwod gTO Ul SIUAS 21ydoJ1SeIEI UO DAIII3Y3 Se Jley Sulaq uonesiiw siy) Uo Paseq UoldNpal st %S e sawnsse 10 JEIEETTY
‘PaUIead| SUOSS| PUE JUSWAACIAWI SNONUIIUOD UO PASE( SSUIAINIRYD Ul 9SEIIDUI [BNUUE %G°0 SIWNSSY "YTO Ul SJUIAS Jolew s1ydouisele))
. %0°0T %56 %0'6 %58 %0'8 %S'L
01 paJedwod gTO Ul SIUAS 21yd0oJ1SeIEI UO DAII3Y3 SE Jley Sulaq uonesiiw siy) Uo paseq UoldNPal ysid %S/ e sawnsse 10 paseasou|
‘PaUIea| SUOSS| PUE JUSWAACIAWI SNONUIIUOI UO PASEq SSUIAINIDYD Ul 9SEIIDUI [BNUUE %G°0 SIWNSSY "YTO Ul SJUIAS Jolew %00T %6 %06 %e'g %08 %ol sapnful snows 410
01 paJedwod gTO Ul SIUAS 21yd0J1SeIEI UO BAIIY3 SE Jley Sulaq uonesiiw siy) Uo paseq UoldNPal ysid %S/ & SaWnsse 10 B o :
*(s@2uanbasuo) |eueuly)
S1UAJ Jayreap Jofe|n uo QNS_\mNE jo mmmcm\,_wumtu - Jaded) oM 83§ "paules| SUOSS3| pue JUSWSA0IdW] SNONUIIUOD UO paseq we T - - - - - —
SSDUIAIIDBYD Ul 3SEAIDUI [ENUUE %G°0 SAWNSSY "salouage aJly Aq Juawulejuod pides pue sesdawe) gH 325 Aq uoi1da1ap adiy Aliea
10 1ynsaJ e se s3asse 39S Sundedwi wouy pajuana.d si aJ1y Jofew auo Ji $90UaNbasU0d [eIDUBULY Ul UONINPAJ %G ZT B $91eWNSa 305
‘pau.es|
SUOSS3| puE JUSWAA0JdWI SNONUIIUOD UO PASE] SSAUIAINIDLD Ul 95BIIIUI [ENUUE %50 SIWUNSSY JUSWUIBIUOD PUB UOIIDRBP|  %S'ZT %0°CT %S°TT %0°TT %S°0T %0°0T Aupgeray
2.1y Ajiea Jo 3nsad e se s)asse 375 Sundeduwi 2l Y1m paleldosse saouanbasuod Alijigeljal ul uonaNpal %QT e sawnsse 335 S1UaA3
‘pau.ea| SUO0Ssa| JEIEETTY
pue Juawanoiduil SNONUIIUOD UO PASE] SSBUIAINIBYD Ul 9SEDIDUI [ENUUE %G°( SIWNSSY "SMaJD P|aly J0j S1I9|e Jayleam snopiezey| %G /T %0°LT %G°9T %0°9T %G'ST %0'ST saleley Jole |
aA1de0Id WIOJUI 03 S|apoW Jayieam padueape Suz|ian Ag Ainful/auspiade Jo 82UepIOAR 03 8NP UOIINP3I YSH %ST B Sawnsse 305 paseasou|
‘pau.Iea| SUOSS3|
pue JusWaAoIdul SNONUIIUOD UO PASE] SSUSAINIDYD Ul 95BIIIUI [ENUUE 9%G°0 SIWNSSY "SMaJD p|al} Joj S1I9Je Jayieam snopiezey| %S '/T %0°LT %5°9T %0°9T %G°ST %0°ST salnfu| snouas V10!
aA1e0Id Wiojul 0] S|PPOW Jayleam pasueape Suizi|in Aq Ainful/juspiode Jo 92UBPIOAR 0 BNP UOIIINPAI YSI %GT B SaWNSse 3JS
|apow 3y3 o3ul Induj 03 SAN|BA SSBUBARIBYS uoneSiIw
sawonnQ
dojanap 03 pasn asam ajeuonel Suiuoddns pue ‘saainos ejep ‘suonndwnsse Suimo||o} ay3 ‘sishjeue dIAIvY SIY: o sasodind Jo4
‘suonediyiienp 1adx3 JaeA 123[gns - sadedyiom 93s ases|d "paiojdap ale sjooy/iuawdinba ssauaiemy
|euoienyiS pue sesawe) gH 240w Se saseatdoul a8ejuadiad SSaUaAIRY B “a41) 9Y) UIRIUOD 0] $324n0saJ punous pue e  %S'TC %0°'TC %S°0C %0°0C %081 %091 SIUSAT SIYP|IM dWd1IX]3 €a
0 JuawAo|dap pue asuodsal Jalses 0} aNP saJly Jae| 0JUl MOIS PIN0D 1BY] SIIJ [|BLUS JO JIGUINU Ul UOIINPAL %9T € SaWNSSe 3IS
*J9ALIP S1Y) d2uan|jul Jou saop uonediiiA| 1vedwi ou [ 10edwiou | 3oedwiou | 1oedwiou [ 3oedwiou | 30edwiou SJUBAJ JEDH dWAIIXT za
*J9ALIP SIY3 @2uanjjul Jou saop uonednin| 1edwi ou | 10edwiou [ 10edwiou [ 1oedwiou | 10edwiou | 1oedwi ou SJUSAT Uley SWaJIX] 10

|apow ay3 ojul Indu) 03 SAN|EA SSAUIAIIYS uonesiIw
dojanap 03 pasn asam ajeuonel Sunioddns pue ‘sadinos ejep ‘suondwnsse Suimoj|o} ay3 ‘sishjeue dINVY SIYa Jo sasodind 104

(4414

Te0c

0z0c

uoisn|pu| oljoj3i0d

(xeln) sonAjeuy g BuLio:

O|Al ‘SSBUDIBMY [BUOIIENNS
9N

Chapter 12 — Climate Change



Workpaper — Southern California Edison / SCE 2018 RAMP

12.50

01408

xs|x"1adedy40n UOIIONPaY UOHESIMIA IAVY - ZT “YD dM

150D
JusaWaINd04d

1oedwiou [ 3oedwiou | poedwiou | 3oedwiou | 3pedwiou | 3oedwiou |enueuly AS1au3

|euondaox3

*3W021N0 SIY} 31eS1IW 10U SIOP [0JIU0D) az0

150D

JuUsWaINd04d

joedwi ou | 3oedwiou | joedwiou | 3oedwi ou joedwi ou Ag10u3 JouBIH

*3W021N0 SIY} 31eS1IW 10U SI0P [0J3U0D) vZo

joedwi ou | 3oedwiou | joedwiou | 3oedwi ou joedwi ou Sjuang

*9WO021NO0 SIY} dIUSN|JUI J0U SBOP UONESNIA Jayreap

*aW021N0 SIY1 @duan|jul J0u saop uonednin| 1edwiou | 10edwiou | 10edwiou | 19edwiou | 19edwiou | 19edwiou oydouisele)

*aW021N0 SIy3 2duan|jul Jou saop uonedniA/| edwi ou [ pedwiou | 3oedwiou [ 30edwiou | 1pedwiou | 3oedwiou paseasdu|

*3W021N0 S1Y1 d2uanjjul J0u saop uonesniA| 1edwiou | 10edwiou | 1pedwiou | 10edwiou [ 10edwiou | 10edwi ou a10

*aW021N0 SIy3 2duan|jul Jou saop uonedniA| edwi ou | 1pedwiou | 3oedwiou [ 30edwiou | 10edwiou | 3oedwiou |edueuly SJUdA]

"Juswanoidwi $$9204d SNONUIIUOD WOJ) SSBUDAIIIDYS Ul 9582J2Ul [BNUUE %S0 . %09 . . %0 Angeey Jayream

SaWINSSY "UOIIdNPaI Y14 UO UOISIIa.d 491190 UIeIGO 0] Palinbal a1 S3IPNIS JBYLINS "%f JO UOIIdNPaI YSU [eUISIeW B S9IBWISS DS o Jofe\
*aW021N0 sy} a1e3n1w jou saop uonesnin| 1edwiou [ 10edwiou | 19edwiou | 30edwi ou 12edwi ou salljeleq paseasou|

*3W021N0 siy3 21e811w jou saop uonednin| 1edwiou [ 10edwiou | 19edwiou | 30edwi ou 1oedwi ou saln(u| snouas VIO

[2pow 3y3 ojul Indul 03 SAN|EA SSBUDAIIIBYD uoneSIw
dojansap 03 pasn a1am ajeuonies Suisoddns pue ‘sadinos ejep ‘suonidwnsse Suimo|joy ay3 ‘sisAjeue dINIVY SIY3 Jo sasodind 104

sawoonQ

*JALIP S1Y1 @duan|jui J0u saop uonesniA| 19edwiou | 10edwiou [ 30edwiou | 1edwiou 1oedwi ou SIUBAT 2JIP|IM SWaJ1X] €a
“JAALIP SIY) dUaN|jul 10U sa0p uonesnA| 1edwiou [ 3oedwiou [ 1oedwiou | 3oedwiou 1oedwi ou SJUSAT 1BaH AWa.IX] za
*J9ALIP S1Y1 @duan|jul J0u saop uonesni| 19edwiou | 10edwi ou [ 30edwiou | 1oedwiou 1oedwi ou SJUBAJ UleY DWJIXT Ta

[9pow 3y} o3ul Indui 03 SAN|EA SSBUDAIYS uonesniw
dojansp 03 pasn asam ajeuonies Suipsoddns pue ‘sadinos ejep ‘suondwnsse Suimoj|o) ay3 ‘sishjeue dINVY Siy3 Jo sasodind 104

(44174

120

0z0C

6T0C

8T0C

uoisnjouj oljoj3iod

weiSoud UoIINPaY SSaAIS WIISAS uonnqulsiq
EN

Chapter 12 — Climate Change



Workpaper — Southern California Edison / SCE 2018 RAMP 12.51

Effectiveness of C1 on Major Weather Events (Reliability Consequences)

Definition of terms:

CMI - Customer Minutes of Interruption

C1 - Emergency Management Control

ICS - Incident Command System (national framework for responding to incidents - subcomponent of the
Emergency Management Control)

Summary: This workpaper illustrates CMI Reduction from C1 on Major Weather Events.
Source: Data was obtained from SCE outage data and reliability metrics

Table 1: CMI Prior to ICS Implementation
Grand Total PRE ICS-Annual Average

Sum of CMI 1,145,490,041 535,306,671 510,781,049 | 2,191,577,762 730,525,920

Table 2: CMI Prior to ICS Implementation
Grand Total POST ICS- Annual Average % Reduction

Sum of CMI 561,851,540 577,961,823 680,531,070 | 1,820,344,432 606,781,477 17%

The difference in average CMI pre and post ICS implementation represents a 17% reduction.
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Effectiveness of M2a on Major Weather Events (Financial Consequences)

Summary: This workpaper provides a rationale of percentage risk reduction resulting from early fire
detection and containment

Source: Restoration cost for major fire storms obtained from associated storm work orders

2016 Major Fire Storms Restoration Cost

Storm 1611 $7,449,858
Storm 1614 $16,191,410
2017 Major Fire Storms Restoration Cost
Storm 1716 $247,350
Storm 1720 $46,261,191
Total cost of major fire storms from 2016 -2017 $70,149,808
Average cost of major fire storms from 2016 - 2017 $17,537,452

Percentage reduction if one fire is detected early by SCE HD Cameras and also
prevented from growing and impacting SCE assets by rapid containment from fire
agencies (average cost of fires listed above + total cost of fires listed above) 25%

Mitigation effectiveness for M2a (half % risk reduction is attributed to SCE and the
other half to responding fire agencies) 12.5%
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Workpaper: Number of Weather Stations

Obijective: This workpaper shows an approach for determining number of weather stations for SCE HFRA (High Fire Risk Area)

Summary: The following factors were utilized for benchmarking purposes; (i) SDG&E HFRA size (ii) Number of SDG&E weather stations (iii) SCE HFRA size (iv)
Ratio of HFRAs for both utilities

ltem Description Amount Notes
SDG&E Data and Assumptions
A [SDG&E territory (sq mi) 4,100|Per SDG&E webpage 8/29 (https://www.sdge.com/more-information/our-company/about-us)
B Assumed SDG&E % HFRA 70%|estimated @ 65%- 75%
C |SDG&E HFRA sq miles 2,870 |4100 sq miles * 0.7
D |SDG&E weather stations 170 |Per 2017 Sempra annual report

SCE Data and Assumptions

E |SCE HFRA (sq mi) 14,297 |Per GIS exercise (Tier 2, Tier 3, and related buffered)
F SCE / SDG&E HFRA ratio 5 |= E/C (rounded)
G |SCE target weather stations 850((Number of SDG&E weather stations) * (Ratio of SCE : SDG&E HFRA)
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Workpaper — Subject Matter Expert Qualifications

Purpose: In cases where SCE has relied on SME judgment, we provide additional detail, where
applicable, as to why such judgement is prudent and should be used to inform RAMP analyses.

Risk Chapter

Climate Change

Risk Analysis Component

Mitigation Evaluation — Development of mitigation
effectiveness values.

Does historical data exist
at SCE to support the
evaluation of this risk
analysis component?

No, SCE does not have historical data to perform this analysis.

Additional back-up or
sources used by the SME(s)
to inform/validate
guidance

SMEs had discussions with internal and external colleagues
that have experienced risk events similar to those modeled in
this chapter, and who have deployed similar types of
mitigations. SCE SMEs calibrated this feedback to make expert
judgements relating to the design of SCE's system to
determine the mitigation effectiveness values used in this
chapter.

SME(s) who have
contributed to this analysis

e Director, Business Resiliency

e Principal Manager, Business Resiliency

e Senior Manager, Business Resiliency

e Senior Advisor, Fire Management

e Senior Advisor, Hazard Assessment & Mitigation
e Senior Advisor, Meteorology

e Consultant(s), Climate Change Adaptation

Relevant Experience of
SME(s)

These SME's have a combined 65+ years of experience in the
fields of Business Resiliency, Energy and Climate Policy,
Wildfire Management and Prevention, Hazard Assessment and
Mitigation, and Disaster Recovery & Meteorology, all within an
electric utility environment. SCE's SMEs have performed
advanced incident complexity analysis and developed and/or
executed emergency action plans and climate adaptation
strategies for electric utility systems and processes.

SMEs collectively possess various professional qualifications
and advanced degrees, including: extensive T&D field
experience, Master's degrees in Community and Regional
Planning, and a Ph.D. in Ecology.
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