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BEFORE THE PUBLIC UTILITIES COMMISSION
OF THE STATE OF CALIFORNIA

Order Instituting Investigation Into the

November 2017 Submission of Pacific Gas and Investigation 17-11-003
Electricity Company’s Risk Assessment and (Filed November 9, 2017)
Mitigation Phase. ’

2017 RISK ASSESSMENT AND MITIGATION PHASE REPORT
OF PACIFIC GAS AND ELECTRIC COMPANY (U39 M)

In compliance with California Public Utilities Commission (Commission or CPUC)
Decisions (D.) 14-12-025 and 16-08-018, and the Commission’s Rules of Practice and
Procedure, Pacific Gas and Electric Company (PG&E or the Company) respectfully submits its
2017 Risk Assessment Mitigation Phase (RAMP) Report (Report). Consistent with the
Commission’s requirements set forth in the above decisions and related proceedings, PG&E’s
RAMP submission precedes PG&E’s 2020 General Rate Case (GRC) Application and, among
other things, provides initial quantitative, probabilistic views of the Company’s top safety risks;
identifies the costs associated with controlling these risks; and describes future mitigation plans
based on an alternatives analysis and informed by the concept of risk-spend efficiency. PG&E
also has included in its RAMP filing a specific discussion on the Company’s safety culture,
executive engagement, and compensation practices, risk evaluation of substations, and
information on steady state asset replacement for Gas Operations, Electric Operations and Power

Generation.
I. BACKGROUND AND PROCEDURAL HISTORY

In Decision 14-12-025, the Commission adopted a risk-based decision-making
framework (Framework) into the Rate Case Plan (RCP) for the energy utilities” GRCs. The
Framework was developed as a result of Senate Bill (SB) 705 (Statutes of 2011, Chapter 522),
which stated in Public Utilities Code Section 963(b)(3):



It is the policy of the state that the commission and each gas
corporation place safety of the public and gas corporation
employees as the top priority. The commission shall take all
reasonable and appropriate actions necessary to carry out the safety
priority policy of this paragraph consistent with the principle of
just and reasonable cost-based rates.

Under Public Utilities Code Section 750, the Commission was directed to “develop
formal procedures to consider safety in a rate case application by an electrical corporation or gas
corporation.”

The Framework consists of the following, based on these directives:

For the large energy utilities, this will take place through two new
procedures, which feed into the GRC applications in which the
utilities request funding for such safety-related activities. These
two procedures are: (1) the filing of a Safety Model Assessment
Proceeding (S-MAP) by each of the large energy utilities, which
are to be consolidated; and (2) a subsequent Risk Assessment
Mitigation Phase (RAMP) filing in an Order Instituting
Investigation for the upcoming GRC wherein the large energy
utility files its RAMP in the S-MAP reporting format describing
how it plans to assess its risks, and to mitigate and minimize such
risks. The RAMP submission, as clarified or modified in the
RAMP proceeding, will then be incorporated into the large energy
utility’s GRC filing."”

In D.16-08-018, the Commission adjudicated the consolidated S-MAP applications and
the format of the RAMP submissions. In that decision, the Commission adopted guidelines for
what the RAMP submissions should include, as well as an evaluation method for RAMP
submissions. In addition, the Commission held that PG&E’s November 30, 2017 RAMP filing
shall include the Gas Transmission and Storage system.Z/

On September 1, 2017, PG&E submitted a letter requesting an Order Initiating

Investigation (OII). OII 17-11-003 was filed by the Commission on November 9, 2017.
II. RISK ASSESSMENT MITIGATION PHASE REPORT

PG&E’s Report is organized in chapters, as follows:

1/ D.14-12-025 at 2-3.
2/ D.16-08-018, pp. 154-5.



CHAPTER | TITLE

A Introduction

B Risk Model Overview

C Safety Culture

D Compensation Policies Related To Safety

Attachment A | 2016 and 2017 PG&E STIP Scorecards

1 Transmission Pipeline Rupture With Ignition

2 Failure To Maintain Capacity For System Demands

3 Meggurement And Control Failure — Release Of Gas With
Ignition Downstream

4 Me?ls'urement And Control Failure — Relea§§ Of Gas With
Ignition At Measurement And Control Facility

5 Release Of Gas With Ignition On Distribution Facilities — Cross
Bore

6 Compression And Processing F ailur.e' — Release Of Gas With
Ignition At Manned Processing Facility

7 Release Of Gas With Ignition On Distribution Facilities —
Non-Cross Bore

3 Nat'u'ral Gas Storage We.tl'l Failure — Loss Of Containment With
Ignition At Storage Facility

9 Distribution Overhead Conductor Primary

10 Transmission Overhead Conductor (TOHC)

11 Wildfire

12 Nuclear Core Damaging

13 Hydro System Safety — Dams

14 Contractor Safety

15 Employee Safety

16 Motor Vehicle Safety

17 Lack Of Fitness For Duty Program Awareness

18 Cyber Attack

19 Insider Threat

20 Records And Information Management

21 Skilled And Qualified Workforce




CHAPTER TITLE

22 Climate Resilience

Appendix 1 Risk Assessment For Substations

Appendix 2 Steady State Operations

PG&E has also provided supporting Workpapers to this Report.
III. CONCLUSION

The models presented in this RAMP filing are first generation probabilistic operational
risk models intended to represent progress and a step forward on PG&E’s path to data-driven,
risk-informed decision making. PG&E has made significant progress and has evolved its
approach to risk management during the development of this RAMP filing. PG&E is committed
to building on the progress made through the RAMP process by incorporating lessons learned,
and additional regulatory comments and insights, with the goal of minimizing risk and

maximizing the safety of PG&E’s customers and the communities PG&E serves.
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Executive Summary

A.

Introduction

Pacific Gas and Electric Company (PG&E or the Company) respectfully submits its
first Risk Assessment and Mitigation Phase (RAMP) filing. The RAMP filing is a
requirement of the California Public Utilities Commission (CPUC or Commission)
General Rate Case (GRC) process, applicable to all large investor-owned utilities
in the state, and is intended to provide the Commission and other stakeholders
with an early indication of each utility’s risk priorities and mitigation plans that
have been informed by the development and application of probabilistic risk
models.

This RAMP precedes PG&E’s 2020 GRC Application and provides initial
guantitative, probabilistic views of the Company’s top 22 safety risks; identifies
the costs associated with controlling these risks; and describes future mitigation
plans based on an alternatives analysis and informed by the concept of risk-
spend efficiency.

PG&E also has included in its RAMP filing a specific discussion on the Company’s
safety culture, executive engagement, and compensation practices; risk
evaluation of substations; and information on steady state asset replacement for
Gas Operations, Electric Operations and Power Generation.

It is important to note that the analysis and identified risks presented in this
RAMP filing reflect PG&E data and modeling efforts as of November 2017. This
filing evaluates the risks using best currently available data and assumptions as
necessary; analyzing mitigation alternatives by understanding the potential risk
reduction effectiveness of each and the associated costs—two fundamental
pieces of the Risk Spend Efficiency (RSE) calculation; and making decisions about
how to effectively manage the risk that will be included in the Company’s 2020
GRC application.

As shown in the Gas Operations risk chapters within this filing, following the San
Bruno gas pipeline explosion, extensive analysis was completed internally and by
third-party experts to identify long-term actions to enhance the management of
gas assets and to reduce risk. The modeling of specific risk events included in
RAMP confirmed that the Company is taking the right actions and new actions
are not yet needed. In Electric Operations, new insights have been gained. For
example, the data used for the RAMP analysis shows that the safety
consequence associated with Distribution Overhead Conductor is more often a
result of people coming in contact with intact conductor, rather than resulting
from wire down events. As a result, mitigations chosen in that chapter include a
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focus on getting the message out to populations of people most likely to be
working at heights around energized overhead conductor. PG&E believes there
is value in further developing operational risk modeling techniques and using
them in management-led risk and compliance committees and within the senior
management-led integrated planning process to help drive better decision
making and clearly demonstrate line of sight between risks, drivers, alternative
mitigations and anticipated risk reduction.

PG&E continues to learn and adapt to a changing environment by refining its
approach to quantitative risk assessment, applying additional sources of data,
and gathering more information about the interrelationship between risks. As a
result, risk models presented in this filing will improve over time and actions
taken to manage risks may change.

Background

Managing risk is a continually evolving process, and while there are inherent
risks in delivering gas and electricity to 16 million Californians, PG&E’s top
priority is always the safety of its customers, employees and the public. While it
may not be possible to eliminate all risks such as those associated with natural
disasters, wildfires and earthquakes, PG&E’s goal is to proactively prepare and
enhance its infrastructure to deliver safe and reliable energy every day. By
systematically and comprehensively identifying, analyzing, evaluating, mitigating,
and monitoring risks that could potentially prevent PG&E from achieving its goal,
PG&E’s Enterprise and Operational Risk Management (EORM) program enables
PG&E to reduce this inherent risk.

Since 2011, when PG&E first established its EORM Program, the Company has:

o Developed and refined a comprehensive, prioritized risk register;

e Implemented a strong central governance function to provide risk
management guidance and insights into the progress being made;

e Incorporated risk into the Integrated Planning process;

e Set annual goals year-over-year to improve risk quantification and improve
the Company’s ability to measure risk reduction; and

e Enabled visibility of risk management progress through discussion at Line of
Business (LOB) Risk and Compliance Committee meetings and executive-led
risk governance committees, and regular presentations to committees of the
Boards of Directors of PG&E Corporation and PG&E. In these different
forums, PG&E continues to evaluate any new information and determine
whether or not a change in course of action is required to respond to
immediate or short-term crises outside of the RAMP/GRC process and adjust
as necessary. PG&E expects an explanation of measures taken to mitigate
risk will occur annually in accordance with accountability reporting, once
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requirements are established through the S-MAP process. This report will
also contain a description of any changes to previously stated mitigation
plans.
In the interests of providing safe and reliable energy to all our customers and
communities, PG&E continues to evolve its risk management process to better
understand the sources of risk and identify the best possible opportunities for
further reducing them. This has involved developing probabilistic operational
risk models that enable the Company to: (1) describe risks as events with a
distribution of outcomes, rather than a point estimate, (2) quantitatively
evaluate alternative mitigation strategies and estimate risk reduction, (3) choose
implementable risk mitigations informed by RSE, and (4) better monitor
top risks.

PG&E’s Approach

In its approach to the RAMP and in the filing itself, PG&E has taken great care to
be transparent, accountable and inclusive. In doing so, parties have been able to
see how PG&E has modeled each of its top safety risks and offer ideas and
feedback on how its approach may be refined or improved.

The Company has demonstrated transparency by documenting its modeling
assumptions and rationale for decisions in a manner that the Company believes
is repeatable, straightforward and understandable.

Risk chapters and supporting workpapers include data that will provide the basis
for accountability reporting such as risk driver frequencies and metrics. This can
help PG&E demonstrate where the Company has met its risk reduction goals,
and provide a basis to explain any variance from forecast.

In the spirit of participatory inclusivity, PG&E has reached out and met with
interested parties, sharing assumptions, modeling approaches, and lessons
learned with the goal of delivering a RAMP filing that reflects comments and
feedback provided throughout the process. Beginning in November 2016, PG&E
has met with various stakeholders including the CPUC SED, CPUC Office of
Ratepayer Advocates (ORA), CPUC Office of Safety Advocates (OSA), Coalition of
California Utility Employees (CUE), The Utility Reform Network (TURN) and
Indicated Shippers (IS) among other to share how PG&E is preparing for RAMP,
the assumptions the Company is making, and what is being learned. PG&E has
shared the list of top safety risks and the methodology used to identify them; the
general modelling and approach assumptions being considered and used; how
the probabilistic operational risk models were being constructed; the approach
to identifying and using data sources; any identified limitations; and next steps.
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All parties asked questions and provided feedback that was incorporated as
appropriate.

Figure A-1 provides some specific takeaways from the efforts undertaken over
the past year to deliver on the objectives of RAMP.

Figsure A-1: PG&E’s RAMP Filing Approach

1. Transparency 2. Accountability

* Industry data is publicly
available; PG&E data is
available upon request

+ Mitigation programs are
connected with measurable
risk driver frequencies

+ Models are documented (both and/or consequences

in-model and a user guide) + Risk reduction estimates are
quantified (e.g. reduction in
injuries per year) and can
be tracked

+ Risk calculations are
transparent in Excel

+ Probabilistic approach outlines
the full distribution of
outcomes

* Quantification of both risk
reduction and spend allows
measurement of progress

3. Participatory inclusivity

+ Approach has been shared with the Joint Intervenors and modified to suit objectives of multiple parties

* Common risk dimensions (safety, reliability, etc.) have been shared with other utilities and the CPUC

In addition to being transparent, accountable, and inclusive, PG&E’s RAMP
approach is also based on achieving seven main objectives:

1. Focus on Safety

This RAMP filing includes a probabilistic assessment of the Company’s top
safety risks including a description of the controls currently in place,
mitigations underway, and plans for improving the mitigation of each risk,
including two alternatives. It also includes chapters dedicated to describing
PG&E’s safety culture, executive engagement and compensation policies.

2. Move Towards Probabilistic Calculations as Much as Possible

PG&E developed individual and comparable risk models for each of the
identified top safety risks. The risk models are meant to help PG&E LOBs
understand, from a quantitative perspective, the frequencies associated with
risk drivers and the range of consequences associated with each risk event.
The RAMP operational risk models produce full risk distributions (where a tail
average, expected value, or any point on the curve can be measured) based
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on PG&E-specific data whenever feasible, industry data where applicable,
calibrated subject matter expertise, and combinations thereof. A description
of the data sources used to assess each risk is discussed in the individual risk
chapters of this filing and in associated workpapers.

3. Present Two Alternative Mitigation Plans for Each Risk

All the risks included in PG&E’s RAMP filing are presented in their own
chapter, in the same manner, using the same framework that, in each
chapter, culminates in an alternatives analysis showing the proposed
mitigation plan and two alternative plans. The information included in each
risk-specific chapter addresses the first eight of the ten steps in the Cycla
10-step Risk-informed Resource Allocation Process with the final two steps to

be addressed later.1 Each risk chapter includes the following:

e An executive summary that includes the risk name, scope of the risk, the
data sources used, and a brief discussion of PG&E’s experience in
managing the risk;

e Arisk assessment based on a bow tie assessment framework, including a
data-driven evaluation of the risk exposure, risk drivers and frequencies,
and the range of consequences associated with the risk resulting in a
Multi-Attribute Risk Score (MARS)2 [Cycla Step 1: Identify Threats; Cycla
Step 2: Characterize Sources of Risk];

e  Current controls and mitigations underway through 2019;3

e A proposed plan to mitigate the risk, which identifies a mitigation
strategy informed by an early stage RSE calculation to be included, or
adjusted as necessary, in the 2020 GRC and an alternatives analysis
[Cycla Step 3: Mitigation Identification; Cycla Step 4: Evaluate the
Anticipated Risk Reduction; Cycla Step 5: Determine Resource
Requirements; Cycla Step 6: Mitigation Selection; Cycla Step 7: Identify

The RAMP filing addresses the first eight of the 10 Cycla Steps for Risk-informed Resource
Allocation. The two steps this process does not address Step 9: Adjusting mitigations following
CPUC decision on allowed resources and Step 10: Monitoring the effectiveness of risk mitigations
will be addressed after receiving the GRC decision and in the submission of the Accountability
Report, respectively.

Reference Section 1.9 — Multi-Attribute Risk Score (MARS) in Chapter B for explanation of the MARS
calculation and methodology.

Controls are limited to work completed and in place in 2016. Mitigations are listed in this filing in
two sections: (1) work to be completed in the 2017-2019 timeframe; and (2) work to be completed
in the 2020-2022 timeframe. The first section of mitigations was reflected in the 2017 GRC (unless
otherwise stated) and the second section of mitigations will be included in the 2020 GRC (again,
unless otherwise stated).
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Total Cost; and Cycla Step 8: Adjust Mitigations Considering Resource
Constraints];

¢ Proposed metrics for evaluating risk reduction effectiveness; and
e Asummary of next steps.

4. Present an Early State “Risk Mitigated to Cost Ratio” or Related “Risk
Reduction Per Dollar Spent”

The outputs of the risk assessments, i.e., the baseline MARS evaluation and
RSE calculations for each mitigation, are presented to show the potential for
comparing risks and proposed mitigations.

It is important to note that given this is PG&E’s first attempt at developing
probabilistic risk models for its top safety risks (beyond what is done under
the purview of the Nuclear Regulatory Commission for PG&E’s Diablo Canyon
Power Plant (DCPP) operations)4 improvements in the quality and availability
of data and a deeper understanding of risk tolerance are needed before risks
and the effectiveness of mitigations truly can be compared. However, using
the RSE metric based on a consistently calculated MARS is a first step
towards comparability across risks and mitigations.

5. Describe the Company’s Safety Culture, Executive Engagement, and
Compensation Policies

The safety culture chapter describes PG&E’s plan to improve safety culture
over time and includes descriptions about executive engagement in the

process. Included in a separate chapter,® PG&E has described how its
compensation policies align with promoting safety as a key objective of
the Company.

6. ldentify Lessons Learned

PG&E describes lessons learned and next steps throughout this filing. In
addition to programmatic lessons learned about quantitative operational risk

modeling® and alternatives analysis that are included in next steps, each

PG&E’s DCPP Nuclear Operations team has an established Probabilistic Risk Assessment (PRA)
model developed and refined over the past two plus decades. The DCPP PRA model is regularly
used by the plant for decision-making.

Chapter D, Compensation Policies Relating to Safety.

For example, as described in Chapter B, PG&E has found that the trust attribute—which is difficult
to obtain meaningful data for — may have limited value in assessing safety-related risks.
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individual risk chapter includes a similar discussion about how to improve the
models that have been developed.

One of the main lessons learned in this process is with respect to cross
cutting risks. Three of PG&E’s top safety risks presented in this filing—
Records and Information Management, Skilled and Qualified Workforce, and
Climate Resilience—are interrelated and can be considered sub drivers of
other risks. For example, the Skilled and Qualified Workforce risk, i.e., not
having a skilled and qualified workforce to correctly perform work, could
have significant safety consequences and is considered by PG&E a risk in and
of itself. Additionally, the lack of a skilled and qualified workforce also can
cause “incorrect work operations” which is an identified risk driver for a
number of risks such as the Gas Transmission Pipeline Failure with

Ignition risk.

To address this, PG&E developed a cross-cutting model that is dependent on
the outputs from other asset or stand-alone risk models. These models are
not specific risk events; instead, they are an aggregation of the associated
stand-alone or asset risks.

The three cross-cutting risk models are Records and Information
Management, Skilled and Qualified Workforce, and Climate Resilience.
Records and Information Management and Skilled and Qualified Workforce
evaluate each of the stand-alone risks and estimate what portion of the risk
could be attributed to a records issue or a skilled and qualified workforce
issue, respectively. The portion attributed to these two cross-cutting risks is
an input to the appropriate cross-cutting model. A slightly different
approach is taken for Climate Resilience. The Climate Resilience model
anticipates that climate change may increase some of the stand-alone risks.
For example, stronger and more frequent storms could lead to additional
Distribution Overhead Conductor Primary risk as more wires may be downed
as a result. These inputs are anticipated in the output of the Climate
Resilience model.

Figure A-2 shows a graphical representation of the approach taken to model
cross-cutting risks.
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Figure A-2: Cross-Cutting Risk Model Methodology
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7. Prepare for Annual Accountability Reports

This filing includes information that may be used in future accountability
reports, including metrics and forecasted risk reduction. PG&E expects more
work will be done with the SED-sponsored Metrics Working Committee to
solidify what accountability reporting will ultimately include and will
participate in that process.

Choosing the Top Safety Risks for Inclusion in RAMP

PG&E started the RAMP process with the Company’s Risk Register that contains
over 200 risks. To populate this risk register with the most important risks to the
Company, LOBs hold workshops and brainstorming sessions to identify “worst
case probable events” (loosely described as “P95” events) that could prevent
PG&E from achieving its objective of providing safe, reliable, affordable and
clean energy to our customers every day. These risk events are evaluated using
a standard risk evaluation tool (RET) and rank ordered on a relative basis based
on a risk score. This list of risks becomes the Company Risk Register.

The RET is a 7x7 matrix consisting of seven consequence levels that range from
negligible to catastrophic across six weighted attribute areas and seven
frequency levels that range from once every 100+ years to >10 times/year.

When assessing identified risks, LOBs choose the appropriate consequence level
(1-7) for each of the six weighted consequence attributes based on how the risk
is described and then assign the frequency level (1-7) by which those
consequences might occur.



Next, an algorithm is applied using consequence and frequency “inputs” to
establish the risk score (“output”).

The weighting of the consequence attributes in the algorithm is designed such
that safety risks score higher than financial or reliability risks. Also, the
consequences are weighted more heavily than frequency in the overall score. As
a result, this approach tends to prioritize high consequence, low frequency
safety risks.

The top risks are then flagged for senior management attention and oversight
and are prioritized for assessing additional risk reduction options. In addition,
any risk that is assessed as having a potentially catastrophic impact, regardless of
frequency, is designated as an Enterprise Risk and is currently overseen by
PG&E’s Board of Directors.

PG&E evaluated several options for determining which risks to include in its
RAMP filing and reviewed these options with internal and external
stakeholders.? Based on stakeholder feedback, PG&E included the highest
scoring risks that had a potential safety consequence of causing permanent or
serious injuries or illnesses to employees, the public or to contractors. This
captured the 22 top risks noted in Table A-1 below.

7 External stakeholders included Sempra, CPUC SED, ORA, OSA, TURN, IS and Energy Producers and
Users Coalition, and CUE.
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Table A-1: PG&E RAMP Risks

Chapter

1

10

11

12

13

14

15

16

17

18

19

20

21

22

Name

Transmission Pipeline Failure — Rupture with
Ignition

Failure to Maintain Capacity for System
Demands

Measurement and Control Failure — Release of
Gas with Ignition Downstream

Measurement and Control Failure — Release of
Gas with Ignition at M&C Facility

Release of Gas with Ignition on Distribution
Facilities — Cross Bore

Compression and Processing Failure — Release
of Gas with Ignition at Manned Processing
Facility

Release of Gas with Ignition on Distribution
Facilities — Non-Cross Bore

Natural Gas Storage Well Failure — Loss of
Containment with Ignition at Storage Facility

Distribution Overhead Conductor — Primary
Transmission Overhead Conductor
Wildfire

Nuclear Operations and Safety — Core
Damaging Event

Hydro System Safety — Dams
Contractor Safety

Employee Safety

Motor Vehicle Safety

Lack of Fitness for Duty Awareness
Cyber Attack

Insider Threat

Records and Information Management

Skilled and Qualified Workforce

Climate Resilience
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E. Risk Assessment and Model Overview
Through the RAMP process, PG&E has developed 22 first generation probabilistic
operational risk models based on the bow tie analysis framework illustrated in
Figure A-3 below.

Figure A-3: lllustrative Bow Tie Analysis Framework

A bow tie approach encapsulates drivers and consequences of a risk event and, with

probabilistic simulation tools, can be used to quantify overall risk

r

pr=mmm |
g I -
| B N
v Drivers v Consequences
— _____'_ 1 r ______' 1
Exposure Frequency _ _— (imiuri
P q ¥ — Safety
Miles of Driver i1 Frequency T Reliability (Customer Min)
ipeline events / mile [ year,
Pip [ / [yearl Trust {Brand Favorability)
Driver #2 Frequency .
Hours worked [events / hour / year] Environmental (USD)
Number of Driver #3 Frequency Compliance (USD)
employees [events [ person [ year] -

Financial {USD)

Risk = f (Exposure, Frequency, Consequences)

A bow tie analysis is constructed using four basic components:

1.

The Risk Event: The center of the bow tie. The risk is an event or events that
PG&E seeks to avoid and could impact PG&E’s ability to deliver on its
objective of providing safe, reliable, affordable, and clean energy.

The Exposure: The far left side of the bow tie. Exposure is the measure that
fundamentally determines the physical materiality of the risk, e.g., miles of
transmission pipeline, number of employees, miles of overhead distribution
lines, etc. Exposure is important for defining the scope, context and
granularity of the risk, i.e., is the risk associated with the entire system, or
focused on one piece of it?

The Risk Drivers: To the immediate left of the center of the bow tie. Risk
drivers are the factors that could cause one or more risk events to occur. The
bow tie uses actual data (PG&E data, industry data, or calibrated subject
matter expertise, or some combination thereof), to measure the frequencies
associated with each risk driver. These frequencies are reported as number
of risk events caused by that risk driver, per unit of exposure, per unit of
time, e.g., number of pipeline transmission failures with ignition events/miles
of transmission pipeline/year caused by external corrosion. This level of
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detail enables PG&E to focus attention on the most important risk drivers.
Risk driver frequency data, combined with exposure, enables PG&E to
compare its performance against industry performance to begin to
understand what may be driving any differences.

4. The Consequences: The right side of the bow tie. Consequences are the
range of outcomes associated with the risk occurrence. In PG&E’s risk
framework, consequences are measured across six attributes:

(1) Safety-separated into injuries and fatalities; (2) Environmental;

(3) Compliance; (4) Reliability; (5) Trust; and (6) Financial (excluding below
the line, shareholder costs). Continuing with the Gas Transmission Pipeline
Failure with Ignition example, the consequences depend largely on where
the event occurs. If the risk occurs in a heavily populated area, the
consequences are more likely to be severe than consequences resulting from
the same event occurring in a remote area. The consequence data is then
used in Monte Carlo simulations to develop a full distribution of risk
consequences to understand the probability associated with each
consequence attribute.

A more detailed description of PG&E’s approach to probabilistic risk modeling,

for stand-alone and cross-cutting risk models is included in Chapter B — Risk

Model Overview.

Expected Value and Tail Average

PG&E’s EORM Program considers the possibility of low frequency, high
consequence events, even if they have never occurred in the Company’s history.
As such, in modeling our top safety risks, PG&E has included the Tail Average
(TA), i.e., the average of the worst 10 percent of simulated outcomes, to ensure
that PG&E considers these low frequency/high consequence events and that the
Company maintains the level of visibility and oversight needed to appropriately
manage these types of risks.

The Expected Value (EV), or the “average” event, also is a useful measure for
ensuring the Company is focused on choosing mitigations and targeting controls
in the most efficient manner possible, i.e., mitigations that reduce risk across the
distribution of possible outcomes, not just the TA.

By measuring both EV and TA, PG&E examines the potential impact of
mitigations across the distribution of risk and can focus on mitigations that affect
“extreme” events (TA) and “everyday” (EV) events.

Controls, Mitigations, and Risk Spend Efficiency
Control is defined as:

“A currently established measure that is modifying risk”;

and mitigation is defined as:
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“A measure or activity proposed or in process that is designed to reduce the
impact/consequences and/or the likelihood/probability of an event.”

PG&E has identified existing controls and mitigations for each top safety risk to
understand the current level of risk and use this understanding to inform the
2020-2022 mitigation plans. The frequencies of the risk drivers and the
distributions of the associated consequence attributes reflect available data
through 2016. For purposes of RSE calculations, PG&E focused on mitigations
(rather than controls) due to the forward looking nature of its program and the
desire to understand the potential risk reduction associated with new mitigation
investments. In some cases, mitigations included in the RAMP risk chapters are
new items and in other cases, mitigations represent a strengthening of

existing controls.

Mitigations proposed in each chapter are designed either to reduce one or more
of the risk driver frequencies or modify the consequence outcomes of one or
more attributes. The connection between the mitigation and the risk driver(s) or
consequence attribute(s) each mitigation addresses is illustrated in table format
within each risk specific chapter.

PG&E did not estimate RSE for controls and existing mitigations that end prior to
2020. Controls already funded through the regulatory process are often
associated with work necessary for compliance and have been subject to
regulatory review in prior rate cases. PG&E instead focused on calculating RSEs
for all proposed mitigations for items to be included in the 2020 GRC over the
years 2020-2022.

In this filing, individual mitigations are “bundled” together to create mitigation
plans. Each mitigation plan may include both mitigations (risk reducing
activities) and “foundational” activities. Foundational activities can be thought
of as initial work needed to implement future mitigations, e.g., investments in
Information Technology (IT) infrastructure or data gathering. Foundational
activities generally do not result in risk reduction and therefore do not have
associated RSE calculations. RSEs for the entire mitigation plan are calculated as
follows:

Risk Reductionyisigation1 + - + Risk Reductiony;tigation n
Total Cost of All Mitigations in the Plan

RSEMitigation Plan —

The RSEs presented in the alternatives analysis section of each chapter are based
on costs and risk reduction forecasted over the 2017-2022 timeframe. This
methodology was shared during stakeholder meetings and there was general
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agreement that it was unrealistic to use first generation models, populated with
first generation data, to predict the risk reduction achieved in the 2017 GRC
period (2017-2019), then re-baseline and predict again what risk reduction
would be achieved over the 2020 GRC period (2020-2022).

PG&E approached the concept of RSE as a way to evaluate risk mitigation plans
as one of many inputs into the overall decision making process; however, it does
not always dictate a particular result. In some cases, work that has low or no RSE
will be selected above mitigations with high RSE. These cases generally fall into
four categories:

1. Some risks may require foundational work before risk reducing work can
begin. IT infrastructure is a good example of this type of risk. The
investment in IT infrastructure (e.g., servers, operating systems, databases,
etc.) may not directly reduce risk and would naturally receive a “0” RSE
score. But without that investment, PG&E may not be able to efficiently
manage risk in the future.

2. Some risks may have little or no associated data. Data may not be readily
available; it may be insufficient or not collected at all. Risk reduction from
given activities may not be measurable or observable. Cyber Attack and
Insider Threat are two such risks where lack of event data has made
performing RSE calculations infeasible at this time.

3. Risks where the long term benefit of the project outweighs the shorter
term costs. PG&E’s probabilistic risk model is a 6-year model that spans
2017-2022. Risk benefits that extend beyond the 2020 GRC time horizon are
not captured; therefore, some capital projects where costs tend to be higher
will receive a lower RSE (higher cost and equal or less risk reduction) than
operations and maintenance-type expense projects because the benefits are
truncated at the six year mark. Over the longer term, these capital cost
intensive mitigations may prove to have better RSEs than their expense
alternatives.

4. Other constraints. In some cases, the best RSE mitigation may not be
executable for any number of reasons including feasibility, qualified
workforce availability, materials availability, permitting constraints, etc.

Additionally, because RSE is a ratio, high cost mitigations with large associated

risk reduction may have the same RSE as low cost mitigations with small

associated risk reduction and the current risk level may warrant greater spend to
achieve greater risk reduction.

Due to all of these factors, each of the risk mitigation plans includes a
justification for the chosen alternative and additional justification is provided
when the decision is not based on RSE alone.
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H. Estimating Costs
In this filing, PG&E has presented both capital and expense recorded costs
associated with risk controls and mitigations for 2016. PG&E also identifies
mitigations for 2017-2019 and mitigations anticipated to be requested in the
2020 GRC, the 2019 Gas Transmission and Storage (GT&S) Rate Case, and future
Transmission Owner rate cases under Federal Energy Regulatory Commission
jurisdiction.

PG&E made a number of assumptions in estimating costs as follows:

1. Costs are reported in ranges due to the uncertainty associated with
predicting future mitigation needs. Gas Operations provided point estimates
for alignment with the 2019 GT&S Rate Case forecast. PG&E has used the
best available information when calculating and estimating the costs
associated with each mitigation. Because PG&E’s GRC forecasting process is
still in the early stages, however, the mitigation cost forecasts included in the
2020 GRC application may be significantly different from the estimates
included in this filing.

2. Some risks are mitigated using labor not typically associated with planning
orders or major work categories. PG&E has estimated costs based on the
number of associated Full Time Equivalent hours multiplied by the standard
employee rate for the specific job function.

3. Some mitigations have a risk reduction benefit across multiple risks. PG&E
has made a best effort to estimate cost allocations between risks where
feasible. Where this allocation cannot be reasonably estimated, PG&E will
apply the full cost of the mitigation to each applicable risk. PG&E will not
“double count” these costs in its GRC application or in any other rate case.

4. Some Below the Line (BTL) costs may be difficult to predict. PG&E removed
cost types defined in its BTL Standard when analyzing financial consequences
associated with risk events included in this filing.

1. Lessons Learned and Next Steps for PG&E

A. Risk Assessment

1. Quantitative Operational Risk Modeling. Since early 2017, PG&E began
transitioning from its historical qualitative approach to a more probabilistic
and quantitative approach, consistent with the expectations for this filing.
Parallel to the development of its RAMP filing, PG&E has participated in
Commission-led Safety Model Assessment Proceeding (S-MAP) workshops
whereby intervenors and the large California IOUs shared risk assessment
methodologies and explored ways to improve utility risk modeling
approaches. PG&E has adopted much of what was learned during these
workshops to inform the probabilistic models presented in this RAMP.
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As PG&E implements this more sophisticated approach to risk assessment,
data quality and availability is improved across all risks, and risk reducing
activities are implemented, PG&E expects risk scores and priorities to change
over time.

The Company sees value in the potential of probabilistic operational risk
modeling, not only for deepening its understanding of risks but for enabling
data-driven, risk-informed decision making. This quantitative approach can
also support to transparent discussions about risk, mitigation strategies, and
levels of risk.

This transition will involve the development of new skills, techniques and
data sources. It will take time and resources to complete this transition;
however, PG&E believes it can make meaningful progress toward achieving
its stated goal of quantifying its top risks by 2020, while continuing to
improve and evolve the operational risk models developed as part of the
RAMP process.

Governance, Oversight, and Evolution. RAMP has accelerated PG&E’'s
progress in its risk management journey towards quantifying its top risks.
Today, the Company has 22 probabilistic risk models for its top safety risks
and defined plans for evolving and improving these models so that even
better decision making capabilities can be developed. As mentioned above,
PG&E needs to better understand longer term risk reduction potential
beyond the 6-year time horizon and refine its operational risk models to
accommodate this type of analysis.

PG&E has started creating a governance structure for the management and
development of these and other risk models and data so they can
increasingly be used in decision making. PG&E is also working on
warehousing inputs and outputs; model validation and acceptance; and the
development of additional analytical tools for making decisions within
programs to further enhance its ability to identify, model and manage risk.

Risk Tolerance. Providing gas and electric service is an inherently risky
endeavor and risk cannot be completely eliminated. Greater measurement
and transparency allows the Company to discuss current levels of risk and
contemplate new mitigations. Understanding risks at a more detailed level
provides opportunities for the Company and its stakeholders to attempt to
define a risk tolerance that can further guide investments in risk mitigation.

Interrelationships between risks. As PG&E continues to refine its approach
to risk modeling, improvements will be made in identifying and
understanding how risks interrelate. A more granular understanding of risk
drivers obtained through fault tree/event tree analysis, for example, may
enable PG&E to better understand how different failure modes interact with
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one another to cause a risk event to occur. This may provide additional
insights into effective mitigation options for managing risk.

B. Tracking of Associated Financials
Previously, PG&E’s accounting system (SAP) was set up to track costs by major
work category, work orders and planning orders, but not necessarily in the
context of how those activities relate to risks on the risk register. The company
has made adjustments to SAP to incorporate RAMP related IDs to track
mitigation costs for use in future accountability reporting.

C. Limitations
The completeness and availability of relevant data is a challenge. To
compensate for lack of data, additional assumptions, subject matter expertise
and proxy data were used and referenced in work papers. Therefore, the inputs
and outputs of the models may not completely mirror PG&E’s experience.

PG&E does not currently optimize investments across risks. The data is not
robust enough, nor are the risks comparable enough to do this effectively.
Additionally, optimization is best done in the context of risk tolerance, which has
yet to be defined.

Conclusion

The models presented in this RAMP filing are first generation probabilistic operational
risk models intended to represent progress and a step forward on PG&E’s path to data-
driven, risk-informed decision making.

The bow tie analysis foundational to PG&E’s risk assessment approach allows the
Company to better see the connections between risk drivers, controls and mitigations.
By using this analysis to predict the impact mitigations may have in reducing risk and
understanding the effectiveness of existing controls, PG&E is able to communicate what
the Company is doing to manage safety risks inherent in the business.

PG&E has made significant progress and has evolved its approach to EORM during the
development of this RAMP filing. PG&E is committed to building on the progress made
through the RAMP process by incorporating lessons learned, and additional regulatory
comments and insights, with the goal of minimizing risk and maximizing the safety of
our customers and the communities we serve.
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I Introduction
As discussed in Chapter A, this Risk Assessment and Mitigation Phase (RAMP) filing
includes first generation, high level models, that provide strategic insights for upcoming
General Rate Case (GRC) applications. The objective of this section is to explain the
methodology employed in developing the 22 models used to probabilistically assess the
consequence of various risks reported in Pacific Gas and Electric Company’s (PG&E or
the Company) 2017 RAMP filing.

In the development of these models the following objectives were achieved:

“IM]ov[ing] toward probabilistic calculations as much as possible”1;

e Developing a consistent approach for quantitative modeling for different types
of risk;

e  Comparing risks across Lines of Business (LOB);

e Presenting an early stage “‘risk mitigated to cost ratio’ or related ‘risk reduction per
dollar spent’”2 — using quantitative risk assessment methods;

e Outlining all assumptions and inputs used in each model — using a consistent
approach and record of the analyses and assumptions; and

¢ Modeling risks through the GRC period — emphasizing quantitative analytics as
compared to subjective judgement when addressing risk drivers.

A. Risk Quantification
When less is known about various future events, and potential outcomes,
decision makers tend to rely on experience, rules-of-thumb, and “gut feel.”
Understanding and measuring those components of risk has been a central

research topic and decision makers continue to grapple with it.

Understanding risks requires that uncertainties be measured in a consistent and
robust manner, including what can cause an event occurrence, the likelihood of
that occurrence, the options to mitigate the event, and the relative costs and
impacts of those mitigations. This is a significant challenge since risks are
characterized by multiple dimensions such as expected outcome, worst possible
outcome, or a range of likely outcomes. This challenge is compounded by the
nature of PG&E’s business, operating diverse assets in a dynamic environment.
PG&E embarked on a path to use more detailed and consistent measures of risk,

1 california Public Utilities Commission (CPUC or Commission) Decision (D.) 16-08-018, p. 151.
2 g
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and to support those analyses with objective data, in order to better inform
critical business decisions.

B. Probabilistic Models
For the RAMP filing, PG&E developed Monte Carlo or Excel-based stochastic
models using @Risk, software developed by Palisade Corporation (an add-in to

Microsoft Excel).3

As described on the @Risk website:4

@RISK (pronounced “at risk”) performs risk analysis using Monte Carlo
simulation to show you many possible outcomes in your spreadsheet model—
and tells you how likely they are to occur. It mathematically and objectively
computes and tracks many different possible future scenarios, then tells you
the probabilities and risks associated with each different one.

The following is a description of the Monte Carlo simulations used by @RISK:3

Monte Carlo simulation is a computerized mathematical technique that
allows people to account for risk in quantitative analysis and decision making.
The technique is used by professionals in such widely disparate fields as
finance, project management, energy, manufacturing, engineering, research
and development, insurance, oil & gas, transportation, and the environment.

During a Monte Carlo simulation, values are sampled at random from the
input probability distributions. Each set of samples is called an iteration, and
the resulting outcome from that sample is recorded. Monte Carlo simulation
does this hundreds or thousands of times, and the result is a probability
distribution of possible outcomes. In this way, Monte Carlo simulation
provides a much more comprehensive view of what may happen. It tells you
not only what could happen, but how likely it is to happen.

By using probability distributions, variables can have different probabilities of
different outcomes occurring. Probability distributions are a much more
realistic way of describing uncertainty in variables of a risk analysis.

When the program is launched, an additional ribbon is created in Excel with
functions to efficiently run Monte Carlo simulations. The general process to
create a Monte Carlo model is to: (1) define output attributes, such as its
probability distributions, the parameters of such distributions, and the mapping
between input and outputs; (2) identify the number of iterations to be
simulated; (3) run the simulation; and finally (4) review the results (in the form of
probability distributions). Input distributions can be defined by fitting raw data
or fitting to subject matter expertise expectations. Output distributions are then

3 For additional information on the models, see the Risk Model Guide, provided as WP B-1.

4  http://www.palisade.com/risk/.

5  http://www.palisade.com/risk/monte carlo simulation.asp.
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derived from input distributions using Excel formulas. All @Risk functions use

the prefix “Risk” to distinguish @Risk functions from other Excel functions.

PG&E recognizes that there may be alternative solutions for developing

probabilistic models and does not advocate the use of only this tool for

probabilistic analysis.

1.

Common Distributions

A fundamental objective of RAMP is to move to probabilistic calculations
and away from individual scenario based scoring to a range of possible
outcomes. This is facilitated by using statistical distributions to model
potential inputs. Depending on the nature of the risk driver and the type of
data available, PG&E relied on a variety of distributions to describe the
ranges and subject matter based judgements were made on which
distributions to use for each model input. The selection of which
distribution to use is not a science and outcomes can change with any
adjustment to input distributions.

There are two main types of distributions: discrete and continuous.
Discrete distributions take on distinct or separate values while continuous
distributions can take on any value. Below are common continuous and
discrete distributions used in the risk models:

e Uniform (continuous distribution)

The RiskUniform function creates a simple distribution where all
continuous values between a minimum and
maximum are equally possible. This is typically
used when there is only information on a

minimum and maximum value and nothing else
is known about the uncertain event (random variable). A uniform
distribution with a maximum of 10,000 and minimum of 0 has equal
probability for all random samples between the 10,000 and 0.

e  Triangular (continuous distribution)

The RiskTriang function creates a simple and versatile function for
modeling a continuous distribution when we -

only have data for the minimum, maximum, and
most likely (mode) values of the uncertain event

T g &8 & § 8 8 8 % 3 8

(random variable). The probability density
function of such distribution has a triangle shape: increasing from the
minimum value to a peak at the most likely value and then decreasing
to the maximum value.
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Normal (continuous distribution)

The RiskNormal function creates the symmetrical bell-shaped
distribution which is defined by the average or mean and standard
deviation. The standard deviation indicates the
spread of the distribution where a smaller
standard deviation indicates a narrower bell-

shaped curve. Many large set of losses roughly
follows a normal distribution such as the number of customers affected
during an outage. The minimum and maximum values of a normal
distribution are negative infinity and positive infinity, respectively.
However, these distributions can be truncated if, for example, only non-
negative values are reasonable outcomes.

Exponential Decay (continuous distribution)

The RiskExpon function creates a continuous non-negative distribution,
of which the probability density function

decreases at a rate proportional to its current

value. This distribution has a single scale

parameter, its mean. The density function of :: _—_——
such distributions always decreases from a

modal value at 0. That is, the most likely values are always small values.
This function is typically used when a loss happens significantly more
often around zero, has fewer mid-range losses, and has a tail of
significantly larger losses. If the mean is known, then the RiskExpon
function can be used.

Log normal (continuous distribution)

Similar to the normal distribution, the
RiskLognorm function creates a distribution
with a given mean and standard deviation.
However, unlike the normal distribution the log

normal distribution has only positive values.

This characteristic is similar to an exponential decaying distribution,
however, the log normal distribution does not have a modal value of 0,
but has a modal value of non-negative value.

Poisson (discrete distribution)

The RiskPoisson function generates a

This distribution is often used to describe the

distribution with non-negative integer values. .
number of “events” in some amount of time . | | ‘ ' ‘ | | 1.
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such as the number of equipment failures in a year. It has a single
parameter, usually denoted by the Greek A (lambda), which is the mean
and variance of the distribution. This parameter can be interpreted as
a rate.

If the equipment failures of a risk event is A =125 failures events per
year, on average, the RiskPoisson function can be used to create a
discrete distribution with mean 125. It is important to note that a
discrete distribution should be used when a failure is binary (i.e., a
failure occurs or it does not occur).

e Binomial and Bernoulli (discrete distributions)

The RiskBinomial function is used to create a distribution of the number
of “successes” in a sequence of n independent trials when the
probability of success, p, remains constant from trial to trial.

A situation where you would use this function is to model the outcomes
of flipping 10 fair coins where heads is a “success”. There are 10 flips or
10 independent trials (n=10), with a probability, p, of obtaining a
successful head outcome 50 percent of the time.

The RiskBernoulli function is a specific form of the RiskBinomial function
with n=1.

There are many distributions that can be used to describe events and data.
Judgments on which input distributions to use were made with the
knowledge of common distributions, understanding the available data, and
probabilistic modeling expertise through internal resources supported

by consultants.

Bow Tie Methodology

The scope of each risk has been defined with a bow tie methodology,

(see Figure B-1) and precedes the risk modeling quantification effort. Using the
bow tie methodology allows for consistency across all RAMP risk models. Using
a bow tie methodology enables the risks to be decomposed into risk drivers and
consequence attributes.
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Figure B-1: Bow tie Methodology Overview

A bow tie approach encapsulates drivers and consequences of a risk event and, with

probabilistic simulation tools, can be used to quantify overall risk

Drivers v

Exposure

Bdiles of
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Houirs worked

Mumber of
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Frequency

Diriver #1 Frequency
[events f mile f year]

Driver #2 Frequency
[events f hour [ year|

Driver #3 Frequency
[events [ person [ year]

Safety [Injuries fatalities)
Rehability [Customer Min)
Trust {Brand Favorability)
Erviranmental (US0)

Compliance [LISD)

Financial [LISD)

Risk = f (Exposure, Frequency, Consequences)

In the center of the bow tie is the risk event, which is a single, measurable event
caused by the drivers on the left-hand side, which brings about the
consequences on the right-hand side.

Careful definition of the risk event is critical for understanding the overall risk.
Only the defined risk event will have been quantified in the risk models. For
example, in the case of the “Gas Transmission Pipeline Rupture with Ignition”

risk,

the risk event excludes “gas transmission pipeline rupture without ignition”

events.

Principles for defining risk events:

1.

Risks should be characterized by a single risk event, which drivers
independently contribute to, in order for automatic allocation (through the
VBA code) of mitigation risk reduction to function appropriately in the
models. If multiple risk events are tabulated or particular drivers lead to
different sets of consequences, then allocation of risk reduction must be
performed manually.

Risk consequences should be defined to be mutually exclusive of other risks,
such that risk events and consequences are not double-counted. For
example, a wildfire could be seen as a consequence of an electric
distribution overhead conductor or electric transmission overhead
conductor wire-down event. For RAMP, the risk event definitions of electric
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distribution overhead conductor and electric transmission overhead
conductor risks have explicitly excluded wildfire consequences, which are
evaluated in the Wildfire Risk bow tie.

Drivers on the left-hand side of the bow tie are the causes for the risk event.
The list of drivers should be exhaustive and encapsulate all possible causes
for the risk event. Drivers should also be measureable, with an associated
frequency that can be informed by industry and/or PG&E data. Drivers can
be broken down into an exposure and a frequency in units of counts per
exposure per given time period, to further decompose the left-hand side.
See Exposure and Frequency section below for further detail.

On the right hand side of the bow tie are the consequences—what could
possibly happen after a single risk event has occurred. See the Consequence
Severity section below for further details on consequences.

PG&E endeavored to adhere to these principles; however, due to variations
in defining risk scope among LOBs and differences in how data is recorded
for different purposes, there are deviations. For example, the electric
distribution risk is quantifying the risk of electrocution through contact
either with intact energized wires or with energized wires as a result of
wires down events. Most wires down events result in the wire being
de-energized thus not impacting safety consequences, but is a major
contributor to reliability consequences. These different events result in
different consequences and an adjusted risk bow tie and a modified model
was created to accommodate. Similarly, the Insider Threat and Cyber Attack
risks consist of disparate risk events aggregated into one model.

Next Step: Regarding risk event definitions, learnings from the modeling
work will lead to future modifications of the risk scope to continuously
improve consistency among the organizations. Regarding mutual
exclusiveness, the current assumption is that any remaining overlap
between risks is small due to the rare nature of these risks as well as the
disparate nature of the risk events. For example, possible overlaps would
result in an employee or contractor that was injured or killed in another risk
but is also accounted for in the Employee and Contractor Safety risk.

Timeframe

All 2017 RAMP models cover a period of six years, between 2017 and 2022.

The 6-year view allows calculations of Risk Spend Efficiencies (RSE) across the
GRC time period which is critical as the RAMP is a precursor to the 2020 GRC.
However, due to the near-term time horizon of the modeling, long-term benefits

of mitigations and their expected risk reduction impacts (i.e., asset replacement,
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new capacity projects, etc.) will be underestimated. Although, building a model
that details calculations for a longer time period (>6 years) can be performed,
the optimal timeframe is unclear (i.e., 10 years or 40 years, etc.) as well as longer
periods also require many more inputs and assumptions.

Next Step: PG&E will consider future model developments that allow a longer
time horizon over which to calculate costs and benefits and more accurately
capture RSEs.

Exposure and Frequency

Defining the Exposure, Frequency and Consequences of a risk will determine the
baseline or current residual risk profile. After a baseline is calculated, mitigation
effects are defined and the estimated residual risk can be simulated.

Exposure is the measurement of the asset or activity. The choice of an exposure
measure is driven by the granularity of the risk scope. For example, for the “Gas
Transmission Pipeline Failure with Ignition” risk the exposure is measured as
miles of Gas Transmission pipeline. Exposure is a time dependent scalar value
that can vary from year to year. For example, in the motor vehicle safety risk,
the exposure is vehicle miles driven and these values increase over the years of
the model from 2017-2022.

Often, frequency is represented as a number of events per unit of time.
Although this definition of frequency is used in the PG&E risk models, it is first
decomposed into an exposure value and a frequency per exposure value.
Frequency is the number of events per exposure unit per time and is defined
for each high-level driver for each risk. The frequency distributions are time
independent, that is, there is one distribution defined for each year of

the model.

Next the consequence distributions of the risk were determined to complete the
current view of the risk or baseline modeling of current residual risk.

Consequence Severity

Utilities have many objectives including providing safe, reliable and affordable
energy to customers. To thoroughly represent the objectives of PG&E, a
multi-attribute approach is taken to assess the range of consequences
associated with a risk.

To enable comparisons among risks, the same consequence attributes and
natural units have been used for each risk. A list of the seven consequence
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attributes used in the risk models, which is based on PG&E’s consequences in the
Risk Evaluation Tool (RET),® is presented in Table B-1.

Table B-1: Consequence Attributes and Units

Consequence Natural Units
Safety — Injuries Injuries
Safety — Fatalities Fatalities
Reliability Customer outage minutes
Trust Percentage change in brand favorability
Environmental U.S. Dollars (USD) ($)
Compliance usD (S)
Financial usD (S)

Note that not all of the consequence attributes are applicable to all risk models.
For example, the motor vehicle safety risk does not include an environmental
impact, since none is anticipated as a result of this risk. Further details for each
consequence are presented in the following sub-sections.

Through the Safety Model and Assessment Proceeding (S-MAP) process, that
determines the requirements of RAMP, PG&E is ordered to “remove
shareholders’ financial interests from consideration in...risk models.” To satisfy
this requirement, PG&E has removed shareholder dollars from the risk models
consequence attributes. PG&E used the Company’s Below-the-Line (BTL)

Accounting Standard? to determine which costs should be excluded.

1. Safety Consequence Attribute
The safety consequence attribute includes both injuries and fatalities as a
result of risk events. Because injuries can vary in severity, a consistent
definition of what constitutes as an injury is important in risk quantification.
For the quantification models, the federal Occupational Safety and Health
Administration (OSHA) definition of injuries has been used in the RAMP risk
models. The OSHA definition is as follows:

You must consider an injury or illness to meet the general recording
criteria, and therefore to be recordable, if it results in any of the
following: death, days away from work, restricted work or transfer to
another job, medical treatment beyond first aid, or loss of consciousness.
You must also consider a case to meet the general recording criteria if it
involves a significant injury or illness diagnosed by a physician or other
licensed health care professional, even if it does not result in death, days

6  RETis described in PG&E S-MAP Prepared Testimony, May 1, 2015.

7 Utility Procedure: FIN-3901S Below-the-Line Accounting Standard, Publication Date: December 21,
2016, Rev 8.
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away from work, restricted work or job transfer, medical treatment
beyond first aid, or loss of consciousness. [from
https://www.osha.gov/pls/oshaweb/]

When OSHA data is not available, it is assumed other public sources of
information such as data reported to the CPUC or Pipeline and Hazardous
Materials Safety Administration (PHMSA) are comparable to the

OSHA definition.Environmental Consequence Attribute

The natural unit used for the environmental consequence attribute is

USD (S). The value in this consequence input section captures remediation
and clean-up costs, and excludes environmentally related fines. For some
risk models (e.g., Electric Distribution Overhead Conductor Primary and
Transmission Overhead Conductor Primary) the environmental consequence
attribute are left blank as the consequences are covered in another risk
model, or they are determined to be not applicable.

Reliability Consequence Attribute

The natural unit used for the reliability consequence attribute is outage time
measured in customer-minutes. A simplifying assumption in the risk models
is that an electric customer minute lost is equivalent to a gas customer
minute lost.

Next step: Revisit this natural unit to ensure the equivalence is accurate and
that the metric covers the most important aspects of reliability (i.e., worst
performing circuits) and update model as necessary.

Trust Consequence Attribute

The purpose of the trust consequence attribute is to ensure that every
action to maximize safety and reduce risk is made with the customer in
mind. PG&E views customer trust as an extremely important consideration
in delivering safe, reliable, affordable, and clean energy, and how PG&E
models the risks. In evaluating its models, PG&E found the trust attribute to
be the least quantifiable measure. Through the S-MAP, PG&E has come to
realize the other large California Investor-Owned Utilities (IOUs) are not
using the trust attribute. As PG&E works to achieve greater uniformity
among the risk management methodologies used by the IOUs, PG&E looks
forward to further collaboration with the Commission and S-MAP
participants on whether to continue to include the trust attribute and—

if so—how to quantify it.
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With respect to past and current modeling, and to better understand how
customers view the Company and its operations, PG&E uses customer

surveys8 to measure the trust attribute. In PG&E’s initial assessment of how
risk events could impact the way customers view the Company, PG&E
applied customer survey results for the years 2009-2016.

The trust consequence for each iteration is drawn from one of three uniform
distributions, which can be adjusted. The default settings are:

e High Severity = 12 to 20 percent impact
e Severe =510 12 percent impact
e Low=0to5 percent impact

Depending on whether an incident has an impact to life safety, the
distribution will range from low, severe, to high severity. When there is
no impact to life safety, there is no measureable effect.

Compliance Consequence Attribute

Compliance consequences reflect the cost of additional investment or effort
to attain and maintain compliance with all applicable regulations after the
risk event occurs. The natural unit used for this attribute is USD (S).

In line with RAMP filing requirements, costs that are considered BTL have
been excluded from the models. For example, penalties or notice of
violations due to failure to comply with federal or state regulations are
excluded from consideration in these models.

Financial Consequence Attribute

The natural unit for the financial consequence attribute is USD ($) and
excludes costs that are considered BTL. This attribute encompasses financial
outcomes that are not included in the compliance or environmental
category such as costs related to repairing property or equipment,
compensatory claims, and/or other restoration costs.

G. Baseline and Mitigations

With the above inputs for exposure, frequency and consequence the current

state of the risk event can be simulated to provide a current residual risk value —

that is, the state of the risk with the information we have at a moment in time.

This current state view or baseline is a starting point to determine any additional

8

The term “Brand Favorability” is used to describe PG&E customer surveys used to measure the

trust attribute.
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activities or mitigations that can be performed to reduce the risk outcomes
further.

A mitigation is defined as a measure or activity proposed or in process that is
designed to reduce the impact/consequences and/or the likelihood/probability
of an event. Mitigation adequacy and effectiveness is judged based on how
much of the exposure is affected, the change to specific driver frequencies (and
how those frequencies may change over time), the change to specific
consequence attributes, and the associated cost. In the current RAMP risk
models, these changes alter the mean of the input distributions and the
estimated residual risk distribution can be simulated.

Stand Alone vs. Cross-cutting Risk Modeling
There are two types of risk models: stand-alone models and cross-cutting
models.

A stand-alone model is used to represent asset related risks, such as the Gas
Transmission Pipeline Rupture with Ignition Risk.

Some risks on PG&E’s list of top safety risks can be considered sub-drivers to
many other risks. To address this, PG&E developed a cross-cutting model. The
cross-cutting model is dependent on the outputs from other asset or stand-alone
models. These models are not specific risk events and instead are portions of
the associated stand-alone or asset risks.

In PG&E’s 2017 RAMP filing there are three cross-cutting models: Enterprise
Records and Information Management (ERIM), Skilled and Qualified Workforce
(SQWF), and Climate Resilience (CR). The process by which these cross-cutting
risks are compiled to produce an output is described in Figure B-2 and in the
text below:

e Step 1: Individual asset or stand-alone models are completed.

e Step 2: Outputs from all associated risk models are collected into the
cross-cutting model.

e Step 3: The cross-cutting risk owners worked with asset risk owners to
determine the percentage of the asset risk event attributable to the
cross-cutting risk.

e Step 4: The product of these percentages and the asset modeled
distributions then become the cross-cutting risk distributions.

This cross-cutting modeling approach allows PG&E to pivot disparate risks into a

view of specific sub driver effects and to focus on mitigation strategies that are

programmatic in nature, prioritized by the areas of the business where the

largest percentages of cross-cutting risk are attributed. For example, the ERIM
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risk is focused on strengthening the key tenets of ERIM maturity and applying
those first in Gas Operations, where among all top safety risks, ERIM is
most attributed.

The drawback of using this cross-cutting approach is the dependence on the
outputs of the stand-alone models. Also because these cross-cutting risks are an
alternative view of the associated risks, double counting will occur and the
cross-cutting risks will be more susceptible to change when additional risks are
modeled and when existing stand-alone models are updated or modified,
making risk reduction difficult to measure.

The consequences of all risks are limited to first order impacts, i.e., what may
happen directly after and explicitly attributable to an event, except for the ERIM
and CR risks.

ERIM risk may increase the financial outcomes of many risks if after a risk event
additional work is required to support discovery efforts.

The CR risk also incorporates estimates of additional risk event frequencies due
to specific climate change events. This estimating is represented by multiplier
distributions that are applied to the contribution of each driver to the CR risk
(see Climate Resilience, Chapter 22 for additional details).

Figure B-2: Cross-cutting Model Diagram

Cross-cutting risk effects must be aggregated across individual asset models

L 2 3 | Determine percentage 4

Model individual asset risk Ptggljegal_te el assetrisk event is Combine into cross-
distributions from

effects attributable to cross- cutting model for analysis

individual asset risks

cutting risk

Gas Operations | smm-emme--- .
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| Gas risk 2
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B-13



Multi-Attribute Risk Score

After all models are simulated, PG&E combined the various consequence
attribute outcomes into a single value for risk reduction calculations. This is
required in order to compare risks with each other (i.e., the “worth” of a gas risk
relative to an electric risk). To enable comparisons across risks, each risk score
is converted into a Multi-Attribute Risk Score (MARS). This is done by using a
scaling approach to convert each consequence attribute from its natural unit to
a point along a common scale.

While beginning the process for PG&E-wide risk scoring comparisons, PG&E is
also concurrently participating in the S-MAP Joint Intervenor Approach (JIA) and
Joint Utility Approach (JUA) processes to establish common attributes and
approach to weightings among utilities, with the goal of consistency and
comparability across the largest I0Us. PG&E currently has the following
attributes in common with the JIA and JUA process: safety, reliability, and
financial with similar natural units for safety and financial. PG&E will continue to
work with the CPUC and other stakeholders as a decision is reached on this and
future risk management proceedings.

Through the JIA process, PG&E acknowledged the importance of first setting the
natural units and ranges of each attribute before discussion of how each
attribute is weighted relative to each other. The natural units of each
consequence attribute are listed in Table B-2 with the reasoning in Table B-3.

For the RAMP filing, the weights from the RET tool are used as a placeholder and
discussion point for initial MARS calculations (Table B-2) that will spur further
refinement with PG&E leadership, the Commission, and other utilities and
parties. PG&E’s approach to calculating MARS in this RAMP filing is to scale the
risk outcome values by a range for each consequence attribute, multiply by
weights, and aggregate into a unitless MARS.

It is possible to calculate apparent equivalence among the consequence
attributes using the placeholder amounts for weights and range found in

Table B-2. But such calculations should only be performed to understand the
relationship between the consequences based on PG&E’s proposed MARS
approach in this RAMP filing. Because they are based on placeholder amounts
that need more refinement, if calculations of consequence attribute equivalence
are performed, the resulting equivalences themselves are not meaningful.
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Table B-2: RAMP Ranges and Weighting Approach

Weights
Consequence Attribute Units/Year Range (RET)(a)
Safety Fatalities and Injuries 30 percent
Safety — Injuries Injuries 0-1,000 3 percent
Safety — Fatalities Fatalities 0-100 27 percent
Environmental usD S0-$5B 5 percent
Reliability Customer minutes 0-1B 25 percent
Compliance usD S0-$5B 5 percent
Trust percent change in brand 0-100 percent 5 percent
favorability
Financial usD S0-$5B 30 percent
(a) Rounded to the nearest percent.

Table B-3: RAMP Ranges and Weights Notes

Attribute

Range Notes

Weight Notes

Safetyl_Injury

Based on historical annual OSHA
reportable injury values and JIA
bounds for serious injuries.

Total safety weight set to RET

weight. Weights between injury and

fatalities set to 1:100 through S-MAP
(a)

JUA™ process.

Safetyl_Fatality

Based on historical annual fatalities
and JIA bounds.

Total safety weight set to RET
weight. Weights between injury and
fatalities set to 1:100 through S-MAP
JUA process.

Environmental

Range set to $0-$5billion range in-
line with RET financial bounds as this
is also a USD metric.

Weight set to RET weight.

Reliability

Range set to 0-1billion customer min
range based on historical electrical
outages. (4million customers for

4 hours=1billion)

Weight set to RET weight.

Compliance

Range set to $0-$5billion range in-
line with RET financial bounds as this
is also a USD metric.

Weight set to RET weight.

Trust

This metric is a change in brand
favorability and the natural range is
0-100 percent change.

Weight set to RET weight.

Financial

Range set to $0-S5billion range in-
line with RET financial bounds.

Weight set to RET weight.

(a) “Updated Summary Report on the Joint Utilities Approach Safety Attribute Test Driver Results” S
MAP JUA process September 8, 2017.

The outcome measurement or probability metric for each attribute is calculated

for each risk. The probability metric used in the RAMP is the calculation of the
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90-100 percent Tail Average (i.e., the average of the worst 10 percent of
all outcomes).

Although the use of the mean or expected value outcome distribution is also
available and is shown in the filing as an additional data point for comparison,
it is only somewhat responsive to small changes in extreme outcomes and is
heavily focused on average events that are largely managed through regular
operations and maintenance work.

The selection of the 90-100 percent tail average measurement is influenced by
PG&E’s past experience of catastrophic risks (not an average occurrence). In
2010, PG&E experienced a tragic gas pipeline rupture with ignition event in

San Bruno, California where there were several fatalities, many injuries, and
significant property damage. From this tragic event came a strong focus on the
identification, evaluation and reduction of high consequence risk outcomes. It is
therefore reasonable to look closely at a tail percentile or tail average metric

for a risk program. Tail percentile measures (such as the P95 value or the

95 percentile) are easily understood, but are insensitive to small changes in the
extreme outcomes. Tail averages (such as the average of the worst 10 percent
of all outcomes) are stable measures, responsive to subtle changes, and can be
readily understood.

After the outcome measurement, weights, and ranges are established, the below
formula is used to calculate each consequence attribute score.
Outcome measurement

Consequence attribute score = x Weight x Scalar
Range

The scalar used in the 2017 RAMP has the value of 10,000. The use of the scalar
provides more intuitive scoring values from 0-10,000 instead of small decimal
values between 0-1.

The Consequence attribute scores are summed into a MARS.
MARS = )Consequence attribute score

For the RAMP the overall MARS is the average across all six years modeled.
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J. Risk Spend Efficiency
A requirement for the RAMP filing is to “present an early stage risk mitigated to
cost ratio...”9 PG&E is using the RSE to present this ratio. RSE reflects the
mitigation benefits, measured in risk reduction value, relative to its cost.

Figure B-3 is an illustrative output from a model. For each model with
mitigations, the current residual risk, or baseline risk, and estimated residual risk
output (based on the assumption that the mitigations will achieve the expected
risk reduction) can be compared. In the figure, the current residual risk is in dark
blue and the estimated residual risk is in light blue. The difference between
these values is the risk reduction achieved through implementing the mitigation
or mitigation program (a group of mitigations).

The sum of all years of risk reduction is then divided by the cost of the associated
mitigation program(s) to calculate the RSE. A ranked list of PG&E’s 2017 RAMP
(based on Tail Average RSE) is provided as a workpaper B-60 supporting

this chapter.

Figure B-3: Illustrative Risk Outcome for a Consequence OQutcome vs. Time (left) and the
Associated Risk Reductions (right)

50 50 . . .
45 M43 .

) . 39 - ESt'm?teq Total = 5.7 units
Estimated : 37 reduction in (injuries, fatalities, etc.)

risk outcome per
outcome year 13
per year (injuries, 11 12 .
(injuries, fatalities, .
fatalities, financial 07 :
financial cost, etc.) 05 .
cost, etc) Illustrative

2017 2018 2018 2020 2021 2022 2017 2018 2019 2020 2021 2022
Il Baseline risk Mitigated risk
4 ; Risk common
RSE — LRisk reduction 5.7 0.057 e e
- - . fatalities, etc.) per

Y Cost ~ $100

K. List of Risks and Model Types
There are currently 22 top safety risks quantified as part of RAMP. There are
two main types of models: asset or stand-alone models and cross-cutting

9  D.16-08-018, p. 151.
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models. Cross-cutting models are informed by the results from asset or

stand-alone models.

Each risk also has a prefix that is used when naming variables that allow for

structured aggregation of risk model data into results tables. Prefixes and the

@Risk variable naming conventions (documented in-model) should be followed

when modifying risk models.

Table B-4: Asset or Stand-alone Models

10
11
12
13
14
15
16
17
18
19

Line of Business
Gas Operations
Gas Operations

Gas Operations

Gas Operations

Gas Operations

Gas Operations

Gas Operations

Gas Operations

Electric Operations
Electric Operations
Electric Operations
Generation

Generation

Safety and Health
Safety and Health
Safety and Health
Safety and Health
Information Technology

Information Technology

Model Prefix
GAS
GSO

MCDS

MCFAC

DMSCB

CPFAC

DMS

STO

DIST
TRANS
WILD
NUC
HYD
CONSAFE
EMPSAFE
MVS
FFD
CYB
INSIDER
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RAMP Risk Name
Transmission Pipeline Failure — Rupture with Ignition
Failure to Maintain Capacity for System Demands

Measurement and Control (M&C) Failure — Release of
Gas with Ignition Downstream

M&C Failure — Release of Gas with Ignition at M&C
Facility

Release of Gas with Ignition on Distribution Facilities —
Distribution Cross-bore

Compression and Processing Failure — Release of Gas
with Ignition at Manned Processing Facility

Release of Gas with Ignition on Distribution Facilities —
Non-Cross-bore

Natural Gas Storage Well Failure — Loss of Containment
with Ignition at Storage Facility

Distribution Overhead Conductor Primary
Transmission Overhead Conductor

Wildfire

Nuclear Operations and Safety — Core Damaging Event
Hydro System Safety — Dams

Contractor Safety

Employee Safety

Motor Vehicle Safety

Lack of Fitness for Duty Program Awareness

Cyber Attack

Insider Threat



Table B-5: Cross-cutting Models

# Line of Business Model Prefix RAMP Risk Name
20 Enterprise Records and ERIM Records and Information Management
Information
Management
21 Human Resources SQWF Skilled and Qualified Workforce
22 Strategy and Policy CR Climate Resilience
L. Preview of Bow Tie and Consequence Tables

Figure B-4 and Figure B-5 are previews of the risk bow ties and consequence
tables that will be shown in the risk specific chapters. As stated in Section C,

a bow tie methodology is used, where the left-hand side of the bow tie
represents the drivers of the risks. Drivers can be broken down into an exposure
and a frequency in units of counts per exposure per time to further decompose
the left-hand side.

On the right-hand side of the bowtie are the consequences—what could possibly
happen after a single risk event has occurred.

Figure B-4 shows the bow tie for the Gas Transmission Pipeline Failure with
Ignition risk. The risk event is the center of the bow tie with the text defining the
risk: “Gas Transmission Pipeline Failure with Ignition.” The risk event value
shown is the expected value of the number of risk events per year and has a
value of 0.1142 per year or 8.76 years/risk event. This 0.1142 value is a
summation of the driver frequencies as stated in the bow tie footnote:

Equipment 0.0149
External Corrosion 0.0099
Incorrect Operations 0.0079
Internal Corrosion 0.0144
Manufacturing Defects 0.0167
Stress Corrosion Cracking 0.0061
3™ Party/Mechanical Damage 0.0249
Weather-related/outside forces 0.0087
Welding/Fabrication Related 0.0107
Risk Event 0.1142

There are nine drivers associated with this risk event labeled D1-D9: Equipment,
External Corrosion, Incorrect Operations, Internal Corrosion, etc. Each driver has
an associated distribution of events that lead to the center risk event. For
example, using PG&E data and PHMSA data, the Equipment driver has an
average of 0.0149 events that have led to a gas transmission pipeline failure with
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ignition event. This 0.0149 is modeled using a Poisson distribution; also stated
within the footnote of the bow tie. All drivers are listed in the order as they
appear in their respective models (unless otherwise stated) and at this point are
assumed to be mutually exclusive.

The exposure of the risk is stated on the far left-hand column and in this case
extends the length of the driver list, representing that the exposure is applicable
to all drivers.

Figure B-4: Gas Transmission Pipeline Failure With Ignition Risk — Year 1 — Bow Tie

Risk top-level drivers

Exposure Frequency!? Risk event(s)! Consequences
D1 - Equipment: [PG&E data * PHMSA Data] — —0.0149
— Safety-Injuries
D2 - External Corrosion: [PG&E data ¥ PHMSA Data] —@— 0.0099
— Safety-Fatalities
D3 - Incorrect Operations: [PG&E data * PHMSA Data] —.— 0.0079
| — Environmental
D4 - Internal Corrosion: [PG&E data * PHMSA Data] —.— 0.0144 Gas transmission
pipeline failure —
Transmission ith igniti
with ignition ] E—
Pipeline Miles: . R Reliability
[PG&E Data] D5 - Manufacturing Defects: [PG&E data * PHMSA Data] —.— 0.0167
6.5k
— Compliance
D6 - Stress Corrosion Cracking: [PG&E data * PHMSA Data] 7.7 0.0061
N —— Trust
D7 - 3" Party/Mechanical Damage: [PG&E data * PHMSA Data] —.— 0.0249
0.1142
D8 - Weather-related/outside forces: [PG&E data * PHMSA Data] —.— 0.0087 J/ — Financial
‘ 8.76 Years/Risk
Event
D9 - Welding/Fabrication Related: [PG&E data * PHMSA Data] —.— 0.0107

Walues displayed are means of each distribution and are in the units of events/year. Driver frequencies are summed to obtain the Risk event frequency.
2Drivers are modeled using Poisson and Binomial distributions.

The right-hand side of the bow tie quantifies the impact if/when a risk event
occurs. However, when a risk event occurs, the consequence outcomes for each
risk event are different from one event to another. For example, when a gas
transmission pipeline failure with ignition event occurs, there may be

three injuries reported associated with that event or there may be 10 injuries or
zero injures, etc. Consequence input distributions are used to quantify the
possible outcomes resulting from each risk event.

Figure B-5 is the associated risk consequence table that accompanies the bow tie
from Figure B-4. Input data and distributions used to calculate output
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distributions are show in the seven consequences columns within the table.

For example, when a gas transmission pipeline failure with ignition event is
simulated within the model, the Safety-Injuries outcome is calculated using the
input percent of 13.3 percent of the risk events will result in an injury (based on
PHMSA data). If an injury is calculated to occur, a distribution of the number of
injuries is sampled (i.e., will there be 1 injury, 2 injuries, 3 injuries, etc.). The
injury distribution used for this risk is a Poisson distribution with a mean value
of 7.2. A similar consequence outcome calculation is performed for each
associated attribute.

After all calculations are completed, the model produces outcome distributions
for each modeled attribute for each year modeled. From the outcome
distributions the tail average and MARS can be calculated using the methodology
from Section 1.9. The consequence table includes the outcome tail average
value in natural units with the same value converted to a MARS calculation in the
last two rows. Finally, the MARS for the overall risk is displayed in the bottom
right cell. In this instance, MARS is calculated to be 37.62.

Figure B-5: Gas Transmission Pipeline Failure With Ignition Risk — Consequence Table

Safety-Injuries Safety-Fatalities Environmental Reliability Compliance Financial
Source PHMSA PHMSA PG&E Data PG&E Data NA PG&E Data PHMSA
Percent of onshore, Percent of onshore, Min=50 System likelihood of Dependent on Safety Ave=$8.6M
ignited incidents with ignited incidents with Max=51M customer outage outcomes. Std Dev=561.2M
injury or injury or fatality=13.3% (Uniform) =12% (Lognormal)
fatality=13.3% x Customers If there are any
Mean=1.5 (Normal): fatalities= High
Mean=7.2 (Poisson) Ave=22k severity brand
(Poisson) Std Dev=23k favorability change

If there are injuries
without fatalities,
50/50 chance of Low
or Severe

x Customer minutes High severity=12-20%
(Uniform): Severe=5-12%

Min=0 days *24*60 Low=0-5%

Max=2 days *24*60 (Uniform)

Consequence Distributions

Outcome-

TA-NU! 106 0.22 $ 565,851 6,299,387 2.0% $9,685,119
Outcome-
TA-MARS2 0.29 5.94 0.06 15.75 9.78 5.81
Ave of Year 1-6 Tail Ave outcomes in Natural units MARS Total 37.62

2Ave of Year 1-6 Tail Ave outcomes in MARS units

Similar figures will accompany each risk in individual risk chapters to follow.
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Introduction

The focus of this chapter is on Safety Culture, a central and overarching component of
Pacific Gas and Electric Company’s (PG&E or Company) overall safety approach. PG&E
has an unwavering commitment to safety and continues to work to improve its safety
culture, creating a consistent, well-communicated, and consolidated approach. As part
of that commitment, PG&E’s Safety and Health department has aligned under the Chief
Operating Officer (COO) to improve accountability and governance. Opportunities for
improvement were also identified in communication. In addition, PG&E is focusing on
strengthening its safety culture as part of the One PG&E Occupational Health and Safety
Plan, and to ensure that it is prevalent throughout the Company, fundamental in all
operations, and consistent with PG&E’s Mission, Vision, and Culture.

Our Mission

To safely and reliably deliver affordable and clean energy to our customers and
communities every single day, while building the energy network of tomorrow.

Our Vision

With a sustainable energy future as our North Star, we will meet the challenge of
climate change while providing affordable energy for all customers.

Our Culture

o We put sdafety first.

o We are accountable. We act with integrity, transparency and humility.
e  We are here to serve our customers.

o We embrace change, innovation and continuous improvement.

o  We value diversity and inclusion. We speak up, listen up and follow up.
o  We succeed through collaboration and partnership. We are one team.

To achieve these goals and drive consistency, PG&E is developing a comprehensive
Enterprise Safety Management System (ESMS) covering public, employee and
contractor safety. This change will enable systematic identification of hazards,
reduction of risks and promote an effective safety culture to reduce incidents and
injuries. “Management System” in this context refers to a systematic approach to
managing a business process, including the necessary governance structures, policies
and procedures that support continuous improvement. PG&E implemented a Safety
Management System (SMS) in Gas Operations known as PG&E’s Gas Safety Excellence
Program. This comprehensive approach improved the safety performance and culture
of Gas Operations and has contributed to the development of enterprise-wide system to
be applied more broadly across PG&E.
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Figure C-1: Enterprise Safety Management System Framework
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In 2016, PG&E issued its ESMS Policy (the Policy) applicable to all Lines of Business
(LOBs) and then engaged Lloyd’s Register, an independent third-party auditor, to
perform a gap analysis to assess the line of business programs with respect to the Policy.
PG&E also performed a review of the major nationally and internationally recognized
safety-related management systems and determined that a broader framework was
required to reflect the diversity and complexity of PG&E’s business.

Moving to an ESMS will help PG&E manage assets and processes to reduce the safety
risks, foster continuous learning and improvement, and connect the behavior of
employees and contractors to the desired safety culture.

As a part of the implementation of the ESMS, PG&E is developing the One PG&E
Occupational Health and Safety Plan, a comprehensive plan to prevent injuries to
employees and contractors. The remainder of this chapter will describe how PG&E’s
One PG&E Safety & Health (S&H) plan will further enhance PG&E’s Safety Culture. The
plan will be implemented in two phases:

1. The first phase, (a five-year planning cycle) which has been completed, included
identifying the risk drivers and developing a mitigation plan for those risks, setting
long-term goals and establishing the strategies to meet them.

2. The second phase is a rolling two-year tactical plan which describes how those
strategies will be applied within each individual line of business and will incorporate
many of the recommendations from the report on PG&E’s safety culture that was
submitted to the California Public Utilities Commission in May 2017.

A. PG&E’s Safety Context
In the last seven years, PG&E has made progress across the enterprise in
integrating safety into how it plans, executes and measures work. PG&E’s
current safety culture and practices are in large part based on the feedback from
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internal assessments, third-party investigations, benchmarking, and regulatory
proceedings.

PG&E has incorporated this feedback in its development and implementation of
a number of important new programs designed to strengthen PG&E’s overall
safety profile. Examples of these programs include safety initiatives in each of
the three operational LOBs such as the Gas Safety Excellence Program; the Speak
Up program; the Corrective Action Program (CAP); and the 24/7 Nurse

Report Line.

In addition to these new programs, PG&E has also accelerated improvements in
existing programs, standards, and procedures. For example, PG&E has
accelerated improvements in the Contractor Safety Program. These have helped
PG&E make significant progress, particularly in public safety—measured by
improvements in key performance indicators such as reductions in emergency
response times and reductions in gas-system “dig-in” rates. Although this
chapter focuses on safety culture, PG&E continues to implement numerous
other initiatives and programs in the areas of asset management, process safety
and to improve public safety.

Since 2010, there has been moderate progress in reducing rates of employee
and contractor injuries and motor vehicle incidents, but PG&E’s goals in these
areas have not yet been met. The culture, while improved, needed more
cohesive vision and coordinated organization required to move forward. The
“One PG&E Occupational Health and Safety Plan” is intended to accelerate
progress in meeting these goals throughout the Company.

PG&E’s Focus on Safety Culture

Safety culture is a broad, organization-wide approach to safety management
informed by the effectiveness of the systems and processes that are put into
place. Safety culture includes the accountability and communication at all levels
with established metrics that ensure clear visibility into what is getting done.
Safety culture is also the outcome of the systems and process that are
implemented. At PG&E, the safety culture is the end result of combined
individual and group efforts toward values, attitudes and goals. In creating the
One PG&E Occupational Health and Safety Plan, the safety culture will evolve
and will be exhibited and driven by a deep concern for employee safety and well-
being, and be reflected in all areas and levels within the enterprise. PG&E is
working to enhance its safety culture by focusing on instilling safety knowledge,
policies and behaviors throughout the organization. Building this strong safety
culture requires the framework of the ESMS and the organizational vision of the
Five-Year Plan. To drive engagement across the Company, PG&E has focused on
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empowering employees and promoting open communication in the

following ways:

1.

PG&E’s front-line employees actively participate in the development and
implementation of safety mitigations to develop a sense of ownership and
accountability needed for successful implementation. PG&E has begun
using a process referred to as “learning teams.” These teams, facilitated by
corporate safety, are comprised of employees who perform the work to
improve work processes. The improvements cover areas such as
procedures, tooling and pre-job safety briefs. This type of early involvement
helps ensure that employees are fully committed to the solutions that are
ultimately implemented.

PG&E continues to promote a culture where people can raise issues and
take actions to improve safety in the field. PG&E has created an
environment where employees who openly raise safety issues and near hits
are supported for doing so. Furthermore, PG&E employees are authorized
and expected to take any actions necessary to protect the safety of the
public, their fellow employees and PG&E contractors.

A healthy safety culture comes from employees’ willingness to speak up
about the deficiencies they see, share information, and have crucial
conversations with each other. Several initiatives are designed to empower
the workforce and encourage these behaviors such as:

e The Corrective Action Program:

CAP gives all employees a voice by providing the tools for the
identification of safety issues and opportunities for improvement, as
well as accountability for follow-up in instances where investigation and
corrective actions are necessary.

e “Speak Up for Safety”:

This communication campaign, implemented in 2016, is designed to
encourage the workforce to better communicate around safety without
fear of reprisal, allowing for early identification and remediation of
potential safety issues.

e Biennial Employee Survey and quarterly ‘pulse’ Survey:

Both surveys are tools to inform progress on safety culture, and identify
areas where improvement is needed.

e Supervisory Leadership Development Program:

This program provides procedures, guidelines, workshops and coaching
for leaders to engage with their employees and each other about safety
risks and their mitigation.



e Leadership:

Leaders are personally accountable for creating a safety culture by
demonstrating that PG&E’s safety values hold true at every level of the
enterprise. Their actions set the tone, clarify expectations, and
demonstrate that nothing comes before safety - not deadlines,
productivity, or profit.

Implementing PG&E’s One PG&E Occupational Health and Safety Plan
The plan will include the following components to achieve the outlined vision of

safety performance:

1.

Define the One PG&E Occupational Health and Safety Plan, by conducting
benchmarking studies and leveraging data to drive better decision making.
By defining the plan, PG&E is also defining the communication, setting
metrics and establishing enterprise alignment (see Employee Safety Chapter
for more detail).

PG&E has implemented programs that will be enhanced into 2018 and will
be maintained as mitigations for the Employee Safety risk. PG&E’s vision for
continuously improving safety performance is grounded in a structured
behavior model, the Plan-Do-Check-Act, for describing specific strategies to
achieve these goals across the four focus areas.

e The “Plan” step includes identifying drivers and tactics;

e The “Do” step describes the high-level implementation for the tactics;
e The “Check” step describes how progress will be measured; and

e The “Act” step describes the process for continuous improvement.

Implementation of the ESMS Governance process to support the safety plan.
This Governance builds on the existing policies and procedures by
introducing frequent audits and observations to analyze risks and exposures
and determine whether the mitigations are correctly implemented and
effective.
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Figure C-2: One PG&E Occupational Health and Safety Plan
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Methodology for Developing the One PG&E Occupational Health and Safety Plan
The One PG&E Occupational Health and Safety Plan, which is being developed in 2017,
provides the overall enterprise strategy and approach to employee and contractor

occupational safety and health covering the next five years. It encompasses the four

categories of employee safety and health, contractor safety, motor vehicle safety, and

SMS.

This plan will help to drive a robust safety culture as it relates to achieving safety and

health improvement goals for employees and contractors. The plan includes an

integrated approach to drive shared accountability with Corporate Safety and the LOBs.

The procedures followed in developing the foundation of the plan includes:
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Conducting benchmarking studies:

This benchmark analysis, e.g., serious injuries and fatalities, informed the
development of Safety Improvement Plans for the three operational LOBs and
improved safety practices.

Leveraging data, e.g., incident type and location, to drive decision making, including
data analytics to target improvements throughout systems, processes and
communication.

Developing dashboards to provide a strategic view of loss drivers:

Dashboards (such as the “Safety and Health Dashboard”) were created to
provide a strategic view of losses across the enterprise and for each line of
business across the strategic focus areas of safety.

Defining and implementing appropriate metrics, such as Business Plan Review:

By utilizing appropriate metrics, PG&E is able to better target its efforts, monitor
progress, and hold company leadership accountable for executing its plans.

Aligning communications across the LOBs to improve transparency and visibility:

An aligned communication plan helps the workforce to feel that PG&E creates a
supportive, comfortable environment that fosters open communication about
safety, compliance and ethics, and other specific topics.

Conducting Benchmarking Studies

PG&E’s safety plans have been shaped by the feedback from internal
evaluations, third-party assessments, benchmarking, and regulators. This
feedback informed the development of Safety Improvement Plans for the three
operational LOBs, which were reviewed at the enterprise level as part of PG&E’s
Integrated Planning Process (IPP).

The Company has undertaken benchmarks in the two following main areas:
e The Bureau of Labor Statistics (incidents, illnesses and fatalities by industry);

and

e Peer company benchmarking (workforce health conditions, contractor
safety, motor vehicle safety, and serious injuries and fatalities).

In addition to these benchmarks, the Company holds:
e Aonce ayear roundtable for California utilities to share utility insights in
terms of best practices to decrease the number of incidents; and

e Atwice a year peer industry group of outside safety professionals to focus
on the prevention of serious injuries and fatalities.
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Leveraging Data to Drive Decision Making

PG&E has conducted analyses of the safety incidents that have occurred within
PG&E to get a holistic view of not only where the incidents were occurring but
also the type of incidents.

This analysis informed PG&E how it compared to similar utilities and best in class
organizations and provides a means to focus PG&E’s resources to have the
greatest impact on preventing injuries and illnesses for employees and
contractors of PG&E.

In the first phase of plan development, PG&E applied data analytics to drive
targeted improvements throughout systems, processes and communication.
The identified five-year goals for occupational safety and health are:

e Achieve 1st quartile Lost Work Day (LWD) performance

e Achieve 35 percent reduction in Days Away, Restrictions and Transfers rate
e Target exposures that drive musculoskeletal disorders (MSD)

¢ Reduce percentage of workforce unavailable due to health by 8 percent

e Expand safety education beyond current workshops

e Achieve 80 percent of prime contractors with “A” grade

e Achieve 1st quartile preventable motor vehicle incidents performance

e Achieve conformance with an independent occupational safety and health
standard such as ANSI Z10

These goals cover the five years of the One PG&E Occupational Health and Safety
Plan and were defined considering the following eight focus areas:

e  Musculoskeletal Disorder, Sprains and Strains

e Serious Injury and Fatality Prevention

e  Workforce Unavailable Due to Health

o Safety Leadership

e Injury Management

e Motor Vehicle Safety

e Contractor Safety

e Safety Management System

Developing Dashboards to Provide a Strategic View of Loss Drivers

In order to provide visibility to the line of business, owners’ dashboards were
created to provide a strategic view of losses across the enterprise and for each

line of business across the strategic focus areas of people safety. A separate
dashboard exists for contractor safety. In 2018, PG&E will bring this information
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together onto one platform with additional detail to improve decision making by
leaders.

Defining and Implementing Appropriate Metrics

PG&E has started tracking a more extensive set of safety metrics. These metrics
allow PG&E to better target its efforts, monitor progress, and hold company
leadership accountable for executing its plans. These measures are primarily
tracked through the Business Plan Review process, a monthly, data driven
conversation in which senior leadership reviews the Company’s performance
against its two-year goal. Scorecards are developed for each review to ensure
clarity and accountability for results.

Since 2012, PG&E’s safety metrics expanded to include contractor safety as well
as public and employee safety measures and have evolved to include more
leading indicators. The Company now tracks 27 safety metrics as part of its
safety dashboard, including:

e 14 employee safety measures
e 3 contractor safety measures
e 10 public safety measures

PG&E’s use of public, employee and contractor safety performance metrics has
matured in recent years and PG&E is now employing more leading indicators
such as:

e Near hit reporting, which allows employees to participate in a program
designed to avoid repeat incidents;

e Evaluation of the quality and timeliness of corrective actions (known as the
“corrective action index”) to mitigate the potential for repeat incidents;

e Use of in-vehicle monitoring technology to provide data around hard
braking, hard acceleration and potential incidents of speeding.

These indicators measure the behaviors we are trying to encourage, and we
expect that positive results with these leading indicators will drive positive safety
results.

Aligning Communications to Improve Transparency and Visibility

S&H has developed a communication strategy that is focused on creating
awareness, engagement and appreciation of our programs. The strategy—
developed by a cross-section of communication professionals and line-of-
business safety leaders—positions S&H as an organization that employees can
rely on for timely information and safety expertise. PG&E seeks to encourage a
supportive environment that fosters open communication about safety,



compliance and ethics, and other topics. This aids in all aspects of reporting,
behavior change, engagement, and safety performance.

PG&E is establishing new communication processes to provide transparency on
lessons learned from prior events and regular communications on specific
required actions. This includes:

e Daily communications through the Daily Digest (an email bulletin pushed to
all employees) on related Safety and Health topics.

e Monthly leader packets that target a specific area of focus for the month
such as preventing strains and sprains. The leader packets provide the right
information to the right level at the right time to target specific behaviors
that are impacting loss.

e Enhanced communications by reporting, training and support to improve
timely reporting through the 24/7 Nurse Report Line “timeliness of reporting
injuries” metric, which PG&E began tracking in 2014, as a company-wide
Short-Term Incentive Plan metric for 2016. This reaffirmed PG&E’s
emphasis on encouraging employees to “speak up” to get care faster for
work-related injuries and discomfort. Timely reporting of injuries, a leading
indicator, was added to PG&E’s safety dashboard to help set goals and track
progress in this area.

e PG&E also began to leverage work done in 2014 to improve PG&E’s
communications about safety in response to feedback from employees
across the Company. In 2014, an analytical consulting firm Monitor 360
completed analysis of survey comments from the 2012 and 2014 Premier
surveys to identify “narratives” that indicate strategic opportunities to
support continuous improvement of PG&E’s safety culture. This report
began to inform PG&E’s safety communications in 2015 and was later
utilized in 2016 to develop a safety communication campaign called “Speak
Up for Safety.”

Prior to Session 1 of our IPP, a meeting was held individually with each member
of the Executive Management team as well as a presentation to the Board of
Directors to socialize with them the One PG&E Occupational Health and Safety
Plan. Alignment for the plan was approved at the end of the Session 1 meetings
in July.
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Figure C-3: Planning Process
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The Key Initiatives of the Occupational Health and Safety Plan

As discussed above, to support the development of the One PG&E Occupational Health
and Safety Plan, PG&E utilized historical data, industry benchmarking and its IPP to align
the enterprise on the Plan.

The resulting One PG&E Occupational Health and Safety Plan reflects the collaboration
and engagement across all aspects of PG&E’s business and provides the basis for
2018-2019 tactical plans. The 2018-2019 tactical plans are being developed now as part
of Session 2 and will be completed in 2017.

PG&E promotes the enterprise’s governance through the eight following focus areas:

¢  Musculoskeletal Disorder, Sprains and Strains
e Serious Injury and Fatality Prevention

e  Workforce Unavailable Due to Health

o Safety Leadership

e Injury Management

¢ Motor Vehicle Safety

e Contractor Safety
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A.

Safety Management System

Musculoskeletal Disorder, Sprains and Strains: Musculoskeletal Disorders
MSDs, Sprains and Strains make up 64 percent of all injuries. Focus on this area
is essential to reduce LWDs, restricted time due to health and severity of MSDs.

MSDs are caused by repetitive over use or exertion on the body. The result can
be long term injuries.

To address this risk, PG&E’s plan focuses on the enhancement of the Ergonomic
Assessments, Industrial Athlete Program and Early Symptom Intervention
activities as defined by the work areas with most injuries. PG&E will use

Learning Teams1 to develop approaches and solutions to this risk, and will
ensure each LOB is accountable for implementing the Learning Teams’
recommendations.

To measure progress in addressing this risk, PG&E will look at percentage of
participation in the Industrial Athlete program, the number of ergonomic
assessments and the extent that that the LOBs have implemented solutions to
ergonomic risks.

PG&E will quarterly review the results of these programs through injury data
analysis to evaluate the effectiveness of the programs, and to determine
whether there is adequate cross functional alignment among LOBs.

Serious Injury and Fatality Prevention

A SIF (Serious Injury and Fatality) is any incident that results, or could potentially
result, in any of the following to employees or directly supervised contractors
resulting from work performed for PG&E:

1) Work-related fatal injury or illness;

2) Work-related injury or illness that required immediate life-preserving rescue
action, and if not applied immediately would likely have resulted in the
death of that person; and

3) Work-related injury or illness that resulted in a permanent and significant
loss of a major body part or organ function.

PG&E’s SIF Prevention program focuses on the specific exposures which have led
to serious injuries at PG&E in the recent past. Initial analysis of SIF data found

Learning Teams are small teams of 5-7 front-line employees led by a credible facilitator, who has
respect of both of front-line employees and management. These teams build on employees’
extensive first-hand experience and skills to develop durable and practical solutions to on-going
safety issues.
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22 such exposure factors, many of which are common across LOBs. The SIF
Prevention Field Guide and the Observation Program leverage the exposure
factors to ensure SIF is in the forefront for field workers. Rigorous processes
identifying incidents with SIF potential focus investigative resources on
understanding these situations and developing the appropriate corrective
actions to prevent and reduce the likelihood of recurrence. This same process is
applied to actual SIF events.

The SIF Prevention Field Guide explains the exposure factors and the prevention
measures and behaviors that reduce SIF potential. PG&E is currently enhancing
its Observation Program through better tools, governance, oversight, and
reporting. By recording specific aspects of an observation (e.g., at-risk behaviors
observed, SIF exposure factors identified), the opportunity to learn from
observations is multiplied through visibility to the data.

Through review of all injuries and near hits, PG&E identifies incidents with SIF
potential for an in-depth cause evaluation. The results of these investigations
and the identified corrective actions are monitored through the CAP to ensure
timely completion and effectiveness. The CAP encourages employees to speak
up for safety and identify issues related to assets, records, or processes that,
when addressed, reduce public safety risks. It gives all employees a voice by
providing the tools for the evaluation of all safety issues as well as accountability
in instances where investigation and corrective actions are necessary. As of July
2017, all employees have access to CAP.

PG&E will continue to enhance its causal evaluation standards and expand the
use of Learning Teams to increase learning and SIF prevention. PG&E will
review, annually at minimum, the results of these programs to evaluate the
effectiveness of the programs, and to determine whether there is adequate
cross functional alignment among LOBs.

Workforce Unavailable Due to Health

A key driver for the risk of an unavailable workforce due to health is the fact that
5 percent of the population accounts for 55 percent of medical spend,

50 percent of PG&E’s working population has at least one chronic condition, and
individuals with at least one chronic condition are up to three times more likely
to be injured on the job.

To address this risk, PG&E plans to expand from 5 percent to 20 percent of this
highest-risk population by end of 2017 a program which provides targeted
healthcare decision-support for medical care, treatment and medications. PG&E
will encourage employee participation in annual health screenings, increase
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health coaching to support healthy habits and changes, and increase use of
clinics and telemedicine kiosks for immediate care.

PG&E will regularly review the results of these programs through injury data
analysis to evaluate the effectiveness of the programs, and to determine
whether there is adequate cross functional alignment among programs.
Additionally, PG&E will review employee utilization of clinics, participation in
health screenings, and utilization of health coaching.

Safety Leadership
Leadership in safety is essential to an effective safety culture. Leaders drive
culture, culture change and accountability.

To enhance safety leadership, PG&E will accelerate and enhance the Crew
Leader Training, enhance its coaching and observations program, use
observations to target areas where follow-up is necessary, and establish the use
of Learning Teams. Continued integration of the skills and language from the
Safety Leadership Development (SLD) Program into the new and improved
programs described earlier will reinforce PG&E’s desired safety culture. This
program began in 2014 and targeted supervisors, managers, and
superintendents overseeing employees with the highest potential for hazards.
This program provides procedures, guidelines, workshops and coaching for
leaders to engage with their employees and each other about safety risks and
their mitigation. Classroom training is supplemented by in-field coaching,
observations, metrics and annual Officer and Director Safety Summits. Efforts
are underway to refine the program to accelerate and improve the quality based
on lessons learned from the first year of delivery to crew leaders. To measure
progress, PG&E will monitor the percent of participants who have received
coaching and feedback after participating in SLD training. Metrics are also being
developed to assess the quality of the observations of SLD participants
completed by safety coaches that are experts in the SLD curriculum.

PG&E will review annually at minimum the results of these programs through
injury data analysis to evaluate the effectiveness of the programs, and determine
whether there is adequate maturity of these capabilities and cross functional
alignment among LOBs. Safety leadership will also be an integrated element of
the ESMS described earlier.

Injury Management

Injury management is essential to employee safety. Injury management is
important because it shows employees that their leaders are concerned with
their well-being; promotes healing and early return to work; and ensures quality
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and appropriate medical care for the employee. Early injury reporting and early
return to work is essential to Injury Management.

To address the risk of prolonged injury due to lack of proper early care and/or
lack of adequate reporting processes, PG&E is instituting Injury Management
programs. PG&E has established a job task bank available to all LOBs. The job
task bank allows PG&E employees to return to work while accommodating any
medical restrictions associated with an injury. In addition, PG&E will enhance its
overall management of an employee’s journey from initial notification of an
injury to his/her return to work.

Ways to measure the effectiveness of PG&E’s Injury Management program
include a review of the number of lost time cases, the number of cases where an
accommodation was not made, and whether injuries were reported in a timely
fashion. PG&E will review at least annually the results of these programs
through injury data analysis to evaluate the effectiveness of the programs, and
to determine whether there is adequate cross-functional alignment among LOBs.

Motor Vehicle Safety

The primary driver for the Motor Vehicle Safety risk is the fact that 94 percent of
Motor Vehicle Incidents are due to driver behaviors (including distracted driving,
risky driving behaviors and fatigue).

To address this risk, PG&E is enhancing its DriverCheck coaching program, as well
as its LOB accountability for driver safety (see Motor Vehicle chapter). PG&E is
also focused on delivering consistent, timely and targeted Driver Training,
adopting and implementing Vehicle Safety Technology, and introducing a Driver
Selection process that uses all data points to create a driver risk profile.

PG&E expects to measure effectiveness of these activities through analysis of the
DriverCheck rate, training completion and vehicle technology data, e.g., hard
brake rate, hard acceleration rate, and over 80 miles per hour rate. These
metrics are leading indicators of potential motor vehicle incidents and provide a
method for targeting interventions to improve driver behaviors.

PG&E will review annually at minimum the results of these programs through
injury data analysis to evaluate the effectiveness of the programs, and to
determine whether there is adequate cross functional alignment among LOBs.

Contractor Safety

The Corporate Contractor Safety Program was fully implemented as of
December 31, 2016 and includes measures to effectuate the requirements in the
Kern Settlement Agreement (Kern Oll). PG&E seeks to implement additional
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program initiatives to improve contractor safety performance and to ensure
compliance is maintained with the program requirements throughout the
enterprise with the goal of reaching 1st quartile contractor safety performance
over the next several years. (See Contractor Safety chapter). There are

four primary components to the program:

e  Pre- Qualification — Ensure that all prime contractors and subcontractors
sourced for medium- and high-risk work at PG&E meet minimum safety
qualifications prior to contract execution and commencement of work
activities.

e Safety Planning — Ensure that all medium- and high-risk work activities have
safety factored into the job plan from start to finish.

e Oversight — Ensure that all medium- and high-risk work activities are
governed by qualified PG&E oversight and that all work follows the safety
plan designed for the job.

e Evaluate — Conduct post-job evaluations to capture contractor safety
performance, including lessons learned, to enhance continuous
improvement and to identify quality or problematic contractors.

Enhancements are planned in all aspects of this program, including quarterly

Contractor Safety Program compliance assessments, integrating contractor field

safety observations as part of PG&E’s observation program and implementing a

contractor badging system to track training and qualifications in the field.

To measure the effectiveness of these enhancements, PG&E will review the
number of assessments completed, whether the corrective actions were
completed on time, and whether contractors complied with their training
requirements.

PG&E will regularly review the results of these programs through injury data
analysis to evaluate the effectiveness of the programs, and to determine
whether there is adequate cross functional alignment among LOBs.

Safety Management System

The SMS is a component of the ESMS and provides a uniform approach to the
management of Corporate Safety, ensuring governance, process consistency,
and rigor. PG&E is implementing an SMS that will include controls and
governance for all safety and health-related processes, and will focus not only on
public safety, but on employee and contractor safety as well. The SMS is
expected to be fully implemented by 2021.
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Internal Governance Framework: Board Engagement

The PG&E Corporation and Utility Boards of Directors are ultimately responsible for
oversight of safety at the companies, and have recently clarified the oversight roles for
safety generally, as well as expanded the oversight roles into governance of the

Both Boards of Directors have established a Safety and Nuclear Oversight Committee
(SNO Committee) that has a basic responsibility to specifically oversee and review
policies, practices, standards, goals, issues, risk, and compliance relating to safety.
Corporate Safety plays a role in every SNO meeting by providing updates on safety plans
(like the five-year plan) and relevant topics (outcomes of investigations). There is ample
time for the board to ask questions and in each meeting they have asked if Corporate
Safety requires additional support. Among other things, the SNO Committees review

o Significant safety issues and legal developments;
e How to improve safety performance at the companies;
e Instillation of strong safety culture at the companies;

e Appropriate safety goals to be included in company executive compensation

e The adequacy and direction of each company’s corporate safety function (including
oversight for the Chief Safety Officers and for the budget and staffing for the

The Boards hold regularly scheduled meetings, and the SNO Committees must meet at
least six times per year. Members of PG&E management regularly attend Board and
Committee meetings. The SNO Committees’ charters specifically require that the Chief
Safety Officer provide regular reports regarding:

e  Status of safety policies, practices, standards, goals, issues, risk and compliance; and
e Activities relating to establishment and performance on safety metrics.

The SNO Committee meetings include extensive discussion and engagement with Board
members and management regarding safety. Each company’s Board of Directors also
receives reports regarding matters reviewed—including safety matters—and discussed
at SNO Committees, and may request presentations regarding specific safety topics.

As of Q1, 2017, Safety now reports to the Chief Operating Officer and as a result, all
LOBs leads and Corporate Safety reporting to the same person. This elevates Safety to
an enterprise perspective and provides Safety with the authority and direction to

V.
corporate safety function.2
and discuss:
programs; and
function).
2

For information regarding PG&E’s compensation policies related to safety, see Chapter D.
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address issues that impact the enterprise. This also ensures a clean line of
communication regarding any gaps in programs or performance and also ensures if
there are things not getting support they have the reporting structure to report it up
and then it can come down to the LOB’s through that process. Further, Corporate
Safety also has a dual reporting structure to the SNO Board. This ensures safety can
elevate issues to the highest level if needed to bring visibility and garner support to
drive the intended outcomes.

Conclusion

PG&E has made moderate progress in reducing rates of employee and contractor
injuries and motor vehicle incidents, but has not yet achieved it goals. PG&E is moving
towards adopting an enterprise-wide SMS over the next five years. Within the adoption
of the ESMS, PG&E will focus on improving the employee and contractor safety program
by adopting a “One PG&E Occupational Health and Safety Plan” for the entire
enterprise. The “One PG&E Occupational Health and Safety Plan” is intended to
accelerate PG&E’s progress in this important area on an enterprise-wide basis.
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Introduction

One of the ways that Pacific Gas and Electric Company (PG&E or Company) is focusing
on strengthening its culture of safety is by incorporating safety into its compensation
policies and has made safety a significant component of employees’ at-risk
compensation.l This chapter will describe: (i) the structure of compensation for
PG&E’s employees, including the role that safety plays in PG&E’s at-risk compensation,
and (ii) how safety metrics included in that compensation are established and
evaluated.

Overview of Compensation
A general overview of the structure of PG&E employee’s compensation can be found in
Figure D-1 below.

Figure D-1: PG&E Compensation Structure

PG&E Compensation Structure

( Long-Term + Variable pay program tied to long-term company value
Incentive Plan + Performance affects relative value
(Long-Term - 5% directly tied to safety
- Value) + May be modified to reflect individual performance
2 < Short-Term
= Incentive . .
< * Variable pay program tied to annual company
(CULUE] performance
Performance) - 50% tied directly to Safety
\ + Modified to reflect individual performance
= Pension &
£ Benefits * Provides stable income
= + Provides for employee health and wellness
T + Retirement
o Base Pay
(18

| Shareholder funded
Ll Ratepayer funded

Generally, PG&E employee compensation consists of two distinct categories—
“foundational” and “at-risk” compensation, with the proportion of at-risk pay, and the
overall proportion funded by shareholders increasing as you move up the organizational
structure.

1

This chapter is included in PG&E’s Risk Assessment and Mitigation Phase filing as required in
Decision 16-08-018 at 152.



Foundational Compensation
As defined by PG&E, foundational compensation includes an employee’s base

pay, as well as pension and benefits. This is the portion of an employee’s

compensation designed to provide a stable income, as well as health, wellness

and retirement benefits. Foundation pay, by design, is not meant to be at-risk.

For executive employees, the foundational piece constitutes about 40 percent of

their overall compensation, whereas for the majority of PG&E’s represented

employees it represents 100 percent of their overall compensation.

1.

How Safety factors into Foundational Compensation

PG&E’s non-represented employees, from the Chief Executive Officer
(CEO) to front line employees, as well as those salaried employees
represented by the International Brotherhood of Electrical Workers, Local
1284 (IBEW) and the Engineers and Scientists of California, Local 20 (ESC)
are evaluated each year on individual performance goals and how well
they demonstrate a defined set of competencies. Performance goals will
frequently include safety related objectives, specific to the employees job
function. The first competency is “Puts Safety First,” PG&E’s safety
competency. The following are some of the ways that employees are
expected to demonstrate their commitment to safety for themselves and
their team:

e Openly acknowledges safe behavior and encourages employees to
report safety issues;

e Provides appropriate training, resources and support to foster a
safety-first culture;

o Identifies and takes action to mitigate safety risks;

e Shows by actions and words that public and employee safety come
first;

e Acts to improve safety practices for self and team;

e  Stops unsafe behavior and raises safety concerns regardless of “chain
of command”; and

e Safeguards physical and electronic/digital assets.

Each participating employee is assigned a performance rating that
measures how well they did in achieving their individual goals and how
well they demonstrated PG&E’s defined competencies, including “Puts
Safety First.” This performance rating is then considered when
determining an employee’s annual base pay or “merit” increase and,
therefore, the amount of the employee’s base pay for the following year.
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While the majority of PG&E’s represented employees do not participate
in this annual evaluation, the leaders who establish work priorities and
are personally accountable for instilling the safety culture in their
employees, do participate. In this way, they are responsible for creating
an environment where all employees understand that Safety is PG&E's
first and foremost priority.

B. At-Risk Compensation
As defined by PG&E, at-risk compensation is designed to be conditioned on one
or more aspects of the employee’s and/or the Company’s level of performance
against set goals. There are two main at-risk components of compensation—the
Short-Term Incentive Plan (STIP) and the Long-Term Incentive Plan (LTIP). All
salaried employees, those hourly paid employees who are not represented by a
labor agreement, and salaried employees represented by the IBEW and the ESC
participate in PG&E’s STIP.

Participation in PG&E’s LTIP program is more restricted, with only a portion of
PG&E’s management employees and all executive level employees participating.

1. STIP
STIP is PG&E’s variable pay program tied to annual company
performance. PG&E has one STIP program for all employees, while
participation rates vary with level, metrics and weighting applied to those
metrics do not vary by level or organization. Table D-1 below shows the
target STIP participation rates for employee level.

Table D-1: Target STIP Participation Rates

Target Participation Rate

Job Level (% of Base Pay)
All Support Levels 6%
Professional Levels: Associate, Career, Senior 10%
and Expert
Leadership Level: Supervisor 12%
Professional Level: Principal 15%
Leadership Levels: Manager and Senior Manager
Professional Level: Chief 20%
Leadership Level: Director
Leadership Level: Senior Director 30%
Executives Approved by Compensation Committee or Board

of Directors (in 2017 the participation rate ranges
from 40% to 125%)




STIP is comprised of Safety Financial, Customer, and metrics, with the
safety metrics currently constituting 50 percent of the total STIP
program. The 2017 STIP program consists of the following nine public
and employee safety measures:

e Diablo Canyon Power Plant Reliability and Safety Indicator for Unit 1
and Unit 2;

e Electric Overhead Conductor Index (composed of the circuit miles of
electric distribution infrared inspections completed, the circuit miles
of distribution electric conductor upgraded/replaced, and the
number of trees trimmed/removed as part of the vegetation
management program);

e 911 Emergency Response;

e Gas In-Line Inspection (ILI) and Upgrade Index (composed of two
equally weighted components: ILIs and In-Line Upgrades);

e  Gas Dig-ins Reduction;
e Gas Emergency Response;

e Serious Injuries and Fatalities (SIF) Corrective Action Index
(composed of the percentage of SIF corrective actions completed on
time, and the quality of corrective actions as measured against an
externally-derived framework);

e Serious Preventable Motor Vehicle Incident Rate; and
e Timely Reporting of Injuries.

The remaining 50 percent of PG&E’s STIP is made up of customer
measures that comprise 25 percent, and a financial metric that
constitutes 25 percent of the total program.

a) How STIP Safety Metrics Are Established and Evaluated
STIP metrics are established each calendar year (Plan Year) by the
Compensation Committee of the PG&E Corporation Board of
Directors (Compensation Committee).

The process begins with PG&E’s Integrated Planning process,
through which lines of business identify the key safety risks and
other issues, along with potential metrics. The Company sets
specific goals for the metrics, which are based on historical
performance, benchmarking data, and other relevant information.

Typically, the Company’s senior leadership makes
recommendations on the metrics to be included in the following
year STIP in the fourth quarter of each year. (Many metrics
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b)

beyond those ultimately included in the STIP become part of the
Business Plan Review process and are monitored by the
Company’s senior leadership on a monthly basis.) The STIP metric
recommendations move along parallel tracks to the Safety and
Nuclear Oversight (SNO) Committee and to the Compensation
Committee of the PG&E Corporation Board. The SNO Committee
reviews the metrics and provides feedback to the Compensation
Committee about the metrics that should be included in the STIP.
Ultimately, the Compensation Committee makes final decisions
about which metrics will be included in the STIP for all employees.

The Company evaluates its performance against the goals each
month, and the annual result is used as the basis for the STIP
payout. Goals for the following year are established using the
same process described above. PG&E has provided its 2016 and
2017 STIP Scorecards as Attachment A to this exhibit. Each
Scorecard provides key pieces of information about the metrics
that make up the program for the year, including the weighting of
each metric; the threshold, target and maximum payout target
performance goals; the results (i.e., PG&E’s actual performance
for the metric); and the overall STIP score for the year.

How Safety Affects STIP Payout

With respect to safety, both an executive and non-executive
employee’s STIP payout is affected by the Company’s STIP score
(i.e., Company performance against established metrics). The
Company’s final STIP performance score is determined by
evaluating achievement of business performance measures based
on the rating scales and standards established at the beginning of
each Plan Year. The STIP Score can range from 0 percent to

200 percent of target each year. Before the final STIP score is
finalized, the Compensation Committee reviews and approves the
results. Notwithstanding the Company performance score, the
Compensation Committee has ultimate discretion when
approving STIP each year for all employees, other than those
holding a president or CEO position (which requires approval by
the full board). The Compensation Committee has exercised this
discretion in the past—some examples include the reduction in
2015 of the score on the Lost Work Day Case Rate to zero for all
employees, to reflect the seriousness of Employee Safety, due to
the death of an employee and a contractor. And, in 2011, the
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Compensation Committee of the Board exercised its discretion
and reduced executives’ 2010 STIP payout to 0 percent, and the
appropriate full Boards exercised the same discretion and
reduced the 2010 payout to 0 percent for the President and CEO
as a result of the San Bruno accident.

Additionally, both an executive and non-executive employee’s
STIP payout is impacted by the individual employee’s
performance on competencies and individual goals. The STIP
payout can be impacted In addition to employee’s annual base
pay or “merit” increase as described above.

LTIP

LTIP is PG&E’s long-term variable pay program. LTIP consists of

two components—Performance-based shares (Performance Shares) and
Restricted Stock Units (RSU). Performance Shares pay out in a range
from zero to 200 percent based predominantly on how well PG&E’s stock
performs compared to a comparator group over a 3-year period. While
LTIP performance is tied primarily to long-term company value, it also
includes a 5 percent safety metric. In 2017 that safety metric is SIF:
Effectiveness of Corrective Actions.

While the safety metric accounts for 5 percent of LTIP, long-term
company value, the primary driver of LTIP performance, can also be
significantly impacted by safety issues. For example, following the

San Bruno accident, for the respective 3-year periods corresponding to
2012-2014 payouts, PG&E’s stock underperformed the comparator
group, resulting in a zero payout of Performance Shares for three years.
Performance Shares paid out at 35 percent and 50 percent respectively in
2015 and 2016—significantly below target.

RSUs pay out each year notwithstanding the Company’s performance
against the Performance Comparator Group. However, the value of
those shares is also affected by the performance of the Company’s stock.

Reward and Recognition
When an employee goes above and beyond their regularly assigned job duties,

supervisors can recognize that performance through PG&E’s Reward and

Recognition program. The Reward and Recognition program supports PG&E’s

efforts to strengthen the safety culture by providing a means to recognize

employees who contribute over and above their normal job duties. Examples of

safety specific performance recognized in 2017 include, developing new

procedures to address specific operational issues, providing after hours or
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emergency support, or performing safety related work beyond assigned job
duties.

Conclusion

PG&E’s compensation policy strengthens the culture of safety by appropriately
incorporating safety performance into both base pay and at risk compensation. From
the front line supervisor to the chief executive officer, safety behaviors and results
impact annual and long-term compensation. When safety performance has fallen short,
the PG&E Corporation board of directors has taken action to reduce at-risk pay in
response. As PG&E’s safety culture changes and matures the specific safety metrics and
how safety impacts employee compensation will continue to evolve so that safety
remains in the forefront.
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Key Points

We were successful in hitting our year-end targets for seven of our thirteen Short-term Incentive Plan (STIP)
measures. As a result of our performance, the overall PG&E 2016 STIP score is 0.936". A detailed
interpretation of the STIP 2016 Scorecard follows along with an explanation of our final results.

STIP 2016 Scorecard
2016 STIP Measures Weight | Threshold | Target | Maximum Results | Quartile Unweighted | Weighted
0.5 1.0 2.0 Score Score
Safety 50% 0.423
DCPP Reliability and Safety Indicator — Unit 1 4% 94.2 98.7 100.0 100.0 Ist 2.000
DCPP Reliability and Safety Indicator — Unit 2 4% 94.2 98.7 100.0 90.0 3rd 0.000
Transmission & Distribution (T&D) Wires Down 5% 3,000 2,572 2,400 3299 2nd 0.000
911 Emergency Response 5% 95.0%  97.5% 98.5% 98.3% Ist 1.800
Gas In-Line Inspection (ILI) and Upgrade Index 6% 0.500 1.000 2.000 0.88 -- 0.880
Gas Dig-ins Reduction 5% 2.18 2.03 1.96 2.02 2nd 1.143
Gas Emergency Response 5% 21.5 21.0 20.0 20.0 Ist 2.000
Lost Workday Case Rate 6% 0.353 0.320 0.275 0.402 3rd 0.000
Serious Preventable Motor Vehicle Incident (SPMVI) Rate 6% 0.252 0.239 0.226 0.280 - - 0.000
Timely Reporting of Injuries 4% 64.0%  67.1% 70.2% 67.3% - - 1.065
Customer 25%
Customer Satisfaction Score 15% 75.5 75.7 76.3 76.1 3rd 1.667
System Average Interruption Duration Index (SAIDI) 10% 101.1 96.3 93.9 109.0 2nd 0.000
Financial 25%
Earnings from Operations ($M) ) 25% - - 1.053
Overall YID 2016 STIP Score 100.00% 0.936

Our EFO target is not publicly reported. Unbudgeted items impacting comparability (such as changes in accounting methods) will be excluded.

The Compensation Committee of the PG&E Corporation Board of Directors has complete discretion to determine and pay all STIP awards to officers and non-officer
employees. This includes discretion to reduce the final score on any and all measures downward to zero.

1
To reinforce the importance of leadership accountability for safety, the Compensation Committee reduced the 2016 score for PG&E’s senior officers to 0.900 due to the
tragic deaths last year of employee Dave Spurgeon and contractor Nash Mayer.

D-AtchA-2



Detailed Interpretation of STIP 2016 Scorecard

Safety —

50 percent of total STIP score

Public Safety
Nuclear Operations - (8 percent weighting). As measured by:

Diablo Canyon Power Plant Performance Indicator: The year-end score as reported to Institute of
Nuclear Power Operations (INPO) for PG&E'’s Diablo Canyon Power Plant Units 1 and 2 is based
on twelve performance indicators for nuclear power generation, including unit capability, radiation
exposure and safety accident rate.

Performance: Unit 1 Exceeded year-end stretch goal. Unit 2 Did not meet the threshold goal,
experiencing a 10 point loss due to a redundant safety system valve that required manual operation
to perform its safety function.

Gas Operations - (16 percent weighting). As measured by:

In-Line Inspection (ILI) and Upgrade Index — (6 percent weighting): PG&E’s ability to complete
planned in-line inspections and pipeline retrofit projects. Includes two equally weighted
components: In-Line Inspections and In-Line Upgrades.

Performance: Did not meet year-end target. Performance driven by inspecting 259 miles (vs. 336
miles target) and upgrading 107 miles (vs. 111 miles target). Inspection mileage target was not
achieved due to damaged in-line “pigs,” poor performance with Rosen’s tools, and projects deferred
awaiting new tool development. Upgrade mileage target was not achieved, as projects were
deferred to align with future bundle efforts and the re-scoping to non-traditional design.

Gas Dig-Ins Reduction - (5 percent weighting): The total number of third-party dig-ins to PG&E gas
assets per 1,000 Underground Service Alert (USA) tickets. A dig-in refers to any damage (impact or
exposure) that result in a repair or replacement of an underground facility as a result of an
excavation.

Performance: Exceeded year-end target. Year-end performance attributed to Gas Operations
Compliance Programs focusing on educating contractors, patrolling excavation sites, meeting with
companies that had damaged PG&E facilities, visiting supply stores and equipment rental
companies, and inviting contractors to safe digging workshops.

Gas Emergency Response - (5 percent weighting): The average response time that a Gas Service
Representative (GSR) or qualified first responder takes to respond to the site of an immediate
response gas emergency order.

Performance: Met year-end stretch goal. Gas Service Representatives (GSRs) now respond to
all gas odor calls as Priority 0, Immediate Response.

Electric Operations - (10 percent weighting). As measured by two equally weighted metrics:

Transmission and Distribution (T&D) Wires Down - (6 percent weighting): The number of wires-
down events with resulting sustained unplanned outages.

Performance: Did not meet year-end target due to unfavorable weather and tree failures due, in
part, to the impact of the extended drought. Despite missing the target, significant work was
performed in 2016 to reduce incidents, including replacing overhead conductors and circuits,
clearing vegetation, infrared inspections, and improving the corrective action process.
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911 Emergency Response - (5 percent weighting): The percentage of time that PG&E staff relieve
first responders at the site of a potential PG&E electric hazard within 60 minutes.

Performance: Exceeded target and nearly met year-end stretch goal. Continued process
improvements in resource dispatching, pre-storm damage estimating, and other areas to improve
metric performance.

Employee Safety - (16 percent weighting). As measured by:

Lost Workday (LWD) Case Rate - (8 percent weighting): The number of LWD cases incurred per
200,000 hours worked, or for approximately every 100 employees. An LWD case is a current-year
OSHA recordable incident that has resulted in at least one lost workday.

Performance: Did not meet year-end target. The result is mainly driven by sprain and strain and
musculoskeletal injuries, which account for 67 percent of the total LWD cases in 2016.

Serious Preventable Motor Vehicle Incident (SPMVI) Rate - (8 percent weighting): The total number
of serious preventable motor vehicle incidents that the driver could have reasonably avoided, per
one million miles driven.

Performance: Did not meet year-end target. Result is mainly due to rear-ending and striking a
third-party, which account for 48 percent of total SPMVIs in 2016.

Customer — 25 percent of total STIP score

Customer Satisfaction Score (CSS) - (15 percent weighting): The overall satisfaction of customers
with the products and services offered by PG&E, as measured through an ongoing quarterly survey.

Performance: Exceeded year-end target. Satisfaction increased among residential and business
customers in 2016. Reliability, plus community outreach, offset negative media associated with the
criminal trial.

System Average Interruption Duration Index (SAIDI) - (10 percent weighting): The total time the
average customer is without electric power during a given time period (measured in number of
minutes). Includes all planned and unplanned sustained outages.

Performance: Did not meet year-end threshold goal. Performance was impacted by unfavorable
weather and below target equipment and vegetation-related performance. 2016 was the second
best system reliability ever recorded.

Financial — 25 percent of total STIP score

Earnings from Operations (EFO) - (25 percent weighting): Net income excluding items impacting
comparability, which represent income or expenses associated with events or circumstances
considered unusual and not part of ongoing core operations. The measurement is non-GAAP.

o Performance: The 2016 earnings from operations target is not publicly reported.

The Compensation Committee of the PG&E Corporation Board of Directors has complete discretion to determine and pay all STIP awards to
officers and non-officer employees. This includes discretion to reduce the final score on any and all measures downward to zero.
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Executive Summary

RISK NAME Transmission Pipeline Rupture with Ignition.
Rupture of a transmission pipeline with ignition which may result in loss of
IN SCOPE .
containment and/or severe consequences.
OUT OF SCOPE Transmission pipeline rupture without ignition.
DATA . L .
Assessment informed by PG&E data, Pipeline and Hazardous Materials Safety
QUANTIFICATION . . . .
SOURCES Administration (PHMSA) data, and subject matter expertise.

Pacific Gas and Electric Company (PG&E) owns and operates approximately 6,585 miles
of gas transmission pipeline and associated major equipment (including transmission
valves) through which PG&E transports natural gas to distribution centers, storage
facilities and large volume customers. The risk analyzed in this chapter is the rupture of
a transmission pipeline resulting in loss of containment and/or uncontrolled gas flow
leading to ignition. Potential consequences associated with this event include: injuries
and fatalities, prolonged outages, property damage, and/or significant environmental
damage. There are nine risk drivers that can lead to this event as outlined by the
American Society of Mechanical Engineersl (ASME) B31.8S standard. These drivers2
include external corrosion, internal corrosion, stress corrosion cracking, manufacturing-
related defects, welding/fabrication related, equipment related, third-party/mechanical
damage, incorrect operations, and weather-related/ outside force.

Transmission pipeline ruptures with ignition do not happen frequently. Between 2010
and 2016, the natural gas transmission industry experienced a total of 83 rupture with

ignition reported events with 11 having safety impacts,3 the largest of which was the
PG&E incident in San Bruno.

Transmission Pipeline Rupture with Ignition Risk has been on PG&E’s risk register since
2013. ltis also an Enterprise Risk overseen by the Nuclear, Operations, and Safety
Committee of PG&E’s Board of Directors. Transmission Pipeline Rupture with Ignition

See ASME standard B31.85-2004 “Managing System Integrity of Gas Pipelines.” This ASME code is
incorporated by reference in 49 Code of Federal Regulations (CFR) Part 192.7.c.5.

The risk drivers are referred to as “threats” in the ASME B31.8S standard and these two terms are
used interchangeably throughout this document.

Data source: Pipeline and Hazardous Materials Safety Administration (PHMSA) Major Incident
Data, 2010-2016.
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can result in very high consequences or result in very few consequences, largely
depending on where and when the event occurs. Although there is a low probability of
a high consequence event, PG&E manages the risk at the highest levels of the company.

PG&E is actively addressing this risk through a variety of controls and mitigations. The
mitigation programs proactively target risk reduction on specific risk drivers. These
include programs such as (1) Valve Automation, (2) In-Line Inspection (ILI),

(3) Hydrostatic Testing, and (4) pipe replacement programs that address threats arising
from vintage pipeline construction methods or shallow and exposed pipeline.

The risk assessment undertaken as part of the Risk Assessment and Mitigation Phase
(RAMP) process showed that 13 percent of events could result in serious safety
consequences in the form of fatality or injury. By implementing the proposed mitigation
plan outlined in this chapter, PG&E forecasts a potential 7 percent in overall multi-
attribute risk score (MARS) between 2017 and 2022.

Going forward, PG&E plans to collect and analyze more data, when available, to improve
the model inputs and continue the move towards more quantitative, data driven risk
models. For the Transmission pipeline rupture with ignition risk described in this
chapter, one of the key next steps is to identify the data needed to quantify the
compliance category. A detailed list of next steps is included in Section VIII below.

. Risk Assessment

A. Background
The risk assessed is the rupture of a transmission pipeline with ignition resulting
in loss of containment and/or uncontrolled gas flow leading to potential public
and employee safety issues, prolonged outages, property damage, and/or
significant environmental damage. While this is generally a low probability risk,
the consequences can be very high. Much of PG&E’s gas transmission backbone
is located in rural areas; however, a significant portion of PG&E’s local
transmission system is located in densely populated areas. PG&E’s natural gas
transmission pipe represents approximately 7 percent of the nation’s High

Consequence Areas (HCA).4

The risk bow tie, in Figure 1-1 below, shows the exposure and frequency drivers
for this risk as well as the probability of a risk event. The risk event, at the center
of the bow tie, is defined as a rupture of a transmission pipeline with ignition.

4  Asof March 2017, PG&E reported in the 2016 PHMSA annual report, a total of 1,512 HCA miles. In
the same period, the rest of the nation’s transmission and gathering pipelines reported 20,352 HCA
miles (including PG&E miles).
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Based on the model inputs for frequency, this risk event is expected to occur

approximately every nine years on average.

Figure 1-1: Risk Bow Tie

Risk top-level drivers

Exposure Frequency'?

D1 - Equipment: [PG&E data * PHMSA Data]

D2 - External Corrosion: [PG&E data * PHMSA Data]

D3 - Incorrect Operations: [PG&E data * PHMSA Data]

D4 - Internal Corrosion: [PG&E data * PHMSA Data]

Transmission
Pipeline Miles:
[PG&E Data]
6.5k

D5 - Manufacturing Defects: [PG&E data * PHMSA Data]

D6 - Stress Corrosion Cracking: [PG&E data * PHMSA Data]

D7 - 3 Party/Mechanical Damage: [PG&E data * PHMSA Data]

D8 - Weather-related/outside forces: [PG&E data * PHMSA Data]

D9 - Welding/Fabrication Related: [PG&E data * PHMSA Data]

Risk event(s)*

— —0.0149
—@— 0.0099
—@ 0.0079
—@—0.0144 Gas transmission
pipeline failure
with ignition
_._ 0.0167
—.— 0.0061
—.— 0.0249
0.1142
—@ o.0087 \L
‘ 8.76 Years/Risk
Event

—.— 0.0107

Walues displayed are means of each distribution and are in the units of events/year. Driver frequencies are summed to obtain the Risk event frequency.

2Drivers are modeled using Poisson and Binomial distributions.

B. Exposure

Consequences

— Safety-Injuries

— Safety-Fatalities

— Environmental

— Reliability

— Compliance

— Trust

— Financial

PG&E measured the risk exposure as the number of miles of transmission

pipeline owned and operated by PG&E. As a result, the total exposure used in

the model equates to 6,585 miles> of transmission pipeline for 2017-2022.

PG&E assumes that the exposure stays constant over the 2017-2022 time

period and makes no distinctions between the different pipe segments within

the model.

5

The miles include 55.3 miles of StanPac and 14 miles that are within PG&E’s storage facilities. The
data is as of 2016 as reported in the PHMSA 7100.2 report.
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Drivers and Associated Frequency

PG&E identified nine risk drivers® associated with the Transmission Pipeline
Rupture with Ignition risk, which are described in detail below. PG&E is
identifying all nine drivers as causes that have the potential to lead to the risk
event even though PG&E has not historically experienced incidents from some of
these risk drivers. PG&E used two datasets for the frequency calculation
including: (1) PHMSA annual report (7100.2-1 report);7 and (2) PHMSA Major

Incident Reporting data.8 The data sets were filtered to include only natural gas

and blanks (gas carriers).

In order to calculate the estimated number of leaks that lead to rupture causing

ignition, PG&E performed the following steps:

1.

The PHMSA annual report (7100.2-1) was used to tabulate the number of
leaks experienced at PG&E.

The number of leaks was multiplied by the percent of leaks that led to
rupture in the entire industry. Given the small sample of ruptures at
PG&E, the likelihood of ruptures given leak was estimated using the
entire population of leaks in the industry. This calculation was performed
for each of the nine drivers.

The PHMSA Major Incident Reporting Data was used to estimate the
fraction of ruptures that led to ignition in the industry. PG&E-specific
data was not used for this calculation due to the small sample set of
ruptures leading to ignition experienced by PG&E. This calculation was
performed for each of the nine drivers.

The outputs from the previous two steps were multiplied to estimate the
number of leaks that lead to a rupture with ignition.

For example, to calculate the probability of rupture with ignition for the
equipment related risk driver: 48 leaks per year, multiplied by the

0.47 percent probability of rupture given leak and multiplied by the
6.54 percent probability of ignition given rupture leading to 0.0149
rupture with ignition events/year.

The risk drivers are referred to as “threats” in the ASME B31.8S standard, ASME standard
B31.85-2004 “Managing System Integrity of Gas Pipelines.” This ASME code is incorporated by
reference in federal code 49 CFR Part 192.7.c.5.

The PHMSA 7100 annual leak report is filtered for PG&E to get the PG&E historical leak data. The
time period used is 2010-2016. Since this dataset does not include a filter for commodity types, the
report was filtered for natural gas carriers and blanks to include all gas carriers.

PHMSA Major Incident report includes a collection of all major incidents in the United States. The
time period is 2010-2016. Since this dataset does not include a filter for commodity types, the
report was filtered for natural gas carriers and blanks to include all gas carriers.

14



The drivers are:

e D1-Equipment: Equipment failures can lead to over-pressure
excursions and leaks. Based on the probability distribution used in the
model, the average number of rupture with ignition events due to
equipment failures is 0.0149 per year. This can be interpreted as one
event every 67 years.

e D2 - External Corrosion: External corrosion is the deterioration of the
outside of the pipe that results from reaction with the outside
environment (i.e., soil and water). Over time, this can reduce the wall
thickness of the pipe, making the pipe weaker and more susceptible to
other threats. Based on the probability distribution used in the model,
the average number of rupture with ignition events due to external
corrosion is 0.0099 per year. This can be interpreted as one event
approximately every 101 years.

e D3 —Incorrect Operations: Damage can occur as a result of incorrect
operation of the pipeline or associated equipment. Incorrect Operations
is defined as any activity, or omission of an activity, by company
personnel, which could adversely affect the safety or reliability of the
pipeline. Failures due to incorrect operations occur as a result of work
procedure errors or human performance factors. Based on the
probability distribution used in the model, the average number of
rupture with ignition events due to incorrect operations is 0.0079 per
year. This can be interpreted as one event approximately every
127 years.

e D4 —Internal Corrosion: Corrosion of the internal wall of transmission
pipelines occur following exposure to water and/or contaminants in the
gas. The extent of the corrosion damage that may occur and the threat
this creates will depend on the operating conditions of the pipeline as
well as the particular combinations of these various corrosive
constituents within the pipe. Based on the probability distribution used
in the model, the average number of rupture with ignition events due to
internal corrosion is 0.0144 per year. This can be interpreted as
one event approximately every 69 years.

e D5 - Manufacturing Defects: Manufacturing defects include longitudinal
seam defects caused by flaws in the welding of the pipe seam and pipe
body defects caused by various steel impurities. Based on the probability
distribution used in the model, the average number of rupture with
ignition events due to manufacturing defects is 0.0167 per year. This can
be interpreted as one event approximately every 60 years.

e D6 - Stress Corrosion Cracking (SCC): SCCis cracking from the combined
influence of tensile stress and a corrosive environment. Based on the
probability distribution used in the model, the average number of
rupture with ignition events due to SCCis 0.0061. This can be interpreted
as one event approximately every 164 years.
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D7 — Third Party/Mechanical Damage: Excavation damage happens
when the pipeline is inadvertently ruptured or dented through digging.
Based on the probability distribution used in the model, the average
number of leaks with ignition due to third party/mechanical damage is
0.0249 per year. This can be interpreted as one event approximately
every 40 years.

D8 — Weather Related Outside Forces (WROF): WROF may be caused by
a wide range of factors including water crossings, unstable soil/erosion,
heavy rains/floods and seismic activity. Some of these events occur
suddenly (i.e., earthquakes and floods) or can occur slowly (e.g., soil
creep). Based on the probability distribution used in the model, the
average number of leaks with ignition due to WROF is 0.0087 per year.
This can be interpreted as one event approximately every 115 years.

D9 — Welding/Fabrication Defects: Welding/fabrication defects where a
segment of pipe connects to neighboring segments or components are
another driver. Based on the probability distribution used in the model,
the average number of leaks with ignition due to welding/fabrication
defects is 0.0107 per year. This can be interpreted as one event
approximately every 93 years.

D. Consequences

The range of consequences and the attributes that help describe the tail average

risks and the associated MARS are shown in Figure 1-2 below. In the figure,

there is an explanation of the data sources used for each of the consequence

attributes and the resultant tail average outcomes and MARS values. Based on

the tail average9 results, trust and reliability outcomes contribute the most to
the overall baseline MARS.

9

See Chapter B, Risk Model Overview, for the definition of tail average and other risk model

terminology.
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Figure 1-2: Consequence Attributes
Safety-Injuries Safety-Fatalities Environmental Reliability Compliance Financial
Source PHMSA PHMSA PG&E Data PG&E Data NA PG&E Data PHMSA
Percent of onshore, Percent of onshore, Min=50 System likelihood of Dependent on Safety Ave=58.6M
ignited incidents with ignited incidents with Max=$1M customer outage outcomes. Std Dev=561.2M
injury or injury or fatality=13.3% (Uniform) =12% (Lognormal)

fatality=13.3% x Customers If there are any
Mean=1.5 (Normal): fatalities= High
Mean=7.2 (Poisson) Ave=22k severity brand
(Poisson) Std Dev=23k favorability change
" If there are injuries
5 without fatalities,
€ 50/50 chance of Low
% or Severe
h
a
8
< x Customer minutes High severity=12-20%
2 (Uniform): Severe=5-12%
g Min=0 days *24*60 Low=0-5%
§ Max=2 days ¥24%60 (Uniform)
- —— |
— L
0::;['},5' 1.06 0.22 $ 565,851 6,299,387 2.0% $9,685,119
Outcome-
TA-MARS? 0.29 5.94 0.06 15.75 9.78 5.81
Ave of Year 1-6 Tail Ave outcomes in Natural units MARS Total 37.62

2Ave of Year 1-6 Tail Ave outcomes in MARS units

Safety — Injuries (SI): The PHMSA major incident data set was used to
quantify the conditional probability that a major incident results in
injuries. Based on this data, the percentage of ignition incidents with

injury is 13 percent.10 Seventy-nine injuries were reported for the

11 major incidents with ignition leading to an average number of injuries
of 7.2 per event. Based on the tail average model results across the
2017-2022 time period, the average worst case number of injuries per
year is 1.06.

Safety — Fatalities (SF): The PHMSA major incident data set was used to
qguantify the conditional probability that a major incident results in
fatalities. Based on this data, the percentage of ignition incidents with

fatalities is 13 percent.11 Sixteen fatalities were reported for the

11 major incidents with ignition leading to an average number of
fatalities of 1.5 per event. Based on the tail average model results across
the 2017-2022 time period, the average worst case number of fatalities
per year is 0.22. This can be interpreted as one fatality every five years.

10 The13 percent represents the total incidents with fatalities and injuries within the industry.

11

Ibid.
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e Environmental (E): Assumed zero to a maximum of $1 million impact

based on PG&E’s historical environmental remediation costs.12 Based on
the tail average model results across the 2017-2022 time period, the
average worst case environmental related costs would be $565,851.

e Reliability (R): The most significant outages are expected to occur on

radial feed13 pipelines of which about 900 miles exist in PG&E’s gas
transmission system. The following were used to estimate the reliability
impact: the ratio of radial miles in the system, the likelihood of a radial
feed outage, duration of an outage, and the average number of
customers in the radial feed segments. Based on tail average model
results across the 2017-2022 time periods, the average worst case
reliability impact is 6,299,387 customer minutes or approximately
105,000 customer hours.

e Compliance (C): Gas Operations excluded this consequence category
given the lack of data needed to model it. Additional research is needed
to determine compliance impacts stemming from new regulations and is
identified as a next step in Section VIII.

e Trust (T): Events are dependent upon safety outcomes, both injury and
fatality, and categorized as low, severe, and high. This methodology was

used across all Gas Operation risks.14 Based on the tail average model
results across the 2017-2022 time periods, the calculated average worst
case impact on brand favorability is 2 percent.

e Financial (F): The PHMSA major incident data set was used to determine
the average cost of a major incident or risk event. The average cost for
the 83 major incidents with ignition is used to estimate the average
financial impact of $8.6 million. Based on the tail average model results
across the 2017-2022 time periods, the calculated average worst case
financial impact is approximately $10 million. This outcome is lower than
anticipated and PG&E plans to perform additional data analysis in the
future to better evaluate the financial impact.

2016 Controls and Mitigations (2016 Recorded Costs)

Each of the controls described in this section addresses one or more drivers of the
Transmission Pipeline Risk. Table 1 below summarizes the controls, mitigations and
2016 recorded costs associated with each. The controls identified below are

12
13

14

This is PG&E’s internal data for the cost of environmental remediation work.

Radial feed is a single supply line to a downstream market. It is also known as single feed and is a
commonly used term for any utility supply.

Refer to Chapter B, RAMP Risk Model Overview, for the trust consequence calculation details.
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representative programs and not a comprehensive list of all the work that Gas

Operations does to address the transmission pipeline rupture risk.15

C1 - Corrosion Control: All of PG&E’s transmission pipelines are made of steel and are
subject to corrosion, an electrochemical process where metal degrades due to its
interaction with the environment. Corrosion control seeks to: (1) eliminate the
elements that led to corrosion; or (2) prevent the natural corrosion process with
electrical currents. Effective corrosion control monitoring programs are critical to
provide timely data that represent pipeline conditions, allow for modifications in
corrosion mitigation strategies, and update risk management tools. This control
addresses the External Corrosion, Internal Corrosion and Stress Corrosion Cracking
drivers. Corrosion Control is also a control for the Natural Gas Storage Well Failure —
Loss of Containment with Ignition risk, M&C Failure — Release of Gas with Ignition at
M&C Facility risk and the Compression and Processing (C&P) Failure — Release of Gas
with Ignition at Manned Processing Facility risk. The total cost for this program is not
allocated among the risks.

C2 - Direct Assessments: Direct Assessment (DA) is a method of conducting
assessments of pipeline integrity, as outlined in 49 CFR Part 192 Subpart O. DA is used
to proactively address time dependent threats of external corrosion, internal corrosion,
and stress corrosion cracking and prevent anomalies from growing to a size that affects
the structural integrity of the pipeline. The assessment techniques are called:

(1) External Corrosion Direct Assessment to identify and assess locations likely to have
external corrosion; (2) Internal Corrosion Direct Assessment to identify and assess
locations likely to have internal corrosion; and (3) Stress Corrosion Cracking Direct
Assessment to identify and assess the presence of a corrosive environment combined
with sufficient tensile stress in the pipe material to initiate and grow stress corrosion
cracks. This control addresses the External Corrosion, Internal Corrosion and Stress
Corrosion Cracking drivers. This program is also a control for the Natural Gas Storage
Well Failure — Loss of Containment with Ignition risk. The total cost for this program is
not allocated among the risks.

C3 - Transmission Integrity Management Program (TIMP) Pressure Tests: TIMP
Pressure Tests are a method of conducting assessments of pipeline integrity, as outlined
in 49 CFR Part 192 Subpart O. Pressure tests are the most suitable assessment method
for assessing certain threats, such as when a pipe has a manufacturing threat or in some
cases SCC, when ILI is not a feasible method. This control addresses the External

15 Refer to the 2019 Gas Transmission and Storage (GT&S), Chapter 3, Summary of Request, for details
on the complete portfolio of work.

1-9



Corrosion, Internal Corrosion, Stress Corrosion Cracking, Manufacturing Related Defects,
Welding/Fabrication Related, and Third Party/Mechanical Damage drivers.

C4 — Leak Survey: PG&E conducts leak surveys on the Gas Transmission pipeline system
to meet regulatory requirements of 49 CFR Part 192.706 and GO-112F. PG&E conducts
leak surveys on the gas transmission pipeline system by implementing foot, aerial and
mobile leak surveys.

a. Foot Survey: Foot surveys are the most common method to conduct leak
surveys and require personnel to carry a portable gas leak detector in
close proximity to the pipeline route.

b. Aerial Survey: Aerial leak surveys using Light Detection and Ranging
(LIDAR) Infra-Red technology are being used more frequently, and are
typically transported by helicopter along the pipeline right-of-way.

c. Mobile Survey: Ground-based mobile technology is a portable gas
detector transported on all-terrain vehicles (or possibly cars or trucks)
along the pipeline right-of-way.

For each case, leaks are detected and recorded on the instrument before being
downloaded to a database for immediate or scheduled repair. This control addresses all
of the risk drivers. This program is also a control for the Natural Gas Storage Well
Failure — Loss of Containment with Ignition risk, and Release of Gas with Ignition on
Distribution Facilities — Non-Cross Bore risk. The total cost for this program is not
allocated among the risks.

C5 - Locate and Mark: PG&E’s Damage Prevention Program includes the Locate and
Mark Program to prevent excavation damage to unmarked PG&E transmission pipeline
assets. This program includes responding to notifications in a timely manner, physically
locating PG&E transmission pipelines near the proposed excavations, and marking
transmission assets and returning to the site when excavation activities are occurring
near or over transmission assets. This control addresses the Third Party/Mechanical
Damage driver. This program is also a control for the Release of Gas with Ignition on
Distribution Facilities — Non-Cross Bore risk. The total cost for this program is not
allocated between the risks.

C6 — Patrols: Pipeline patrol is an activity required by the CFRs to “observe surface
conditions on and adjacent to the [pipeline’s] right-of-way for indications of leaks,
construction activity, and other factors affecting safety and operation” (49 CFR

Part 192.705). A secondary purpose of patrolling is to report observations of new
construction that may impact a pipeline’s Class Location or classification as a

HCA (49 CFR Part 192.613). This control addresses the Third Party/Mechanical Damage
and WROF drivers.
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C7 — Public Awareness: PG&E is required to develop and implement public education
programs that comply with American Petroleum Institute’s Recommended

Practice 1162, 1st Edition (RP 1162). The overall goal of the Public Awareness Program,
which is part of the Damage Prevention Program, is to enhance public safety,
emergency preparedness and environmental protection through increased public
awareness and knowledge. This control addresses the Third Party/Mechanical Damage
driver. This program is also identified as a control for the Storage and Distribution risks.
This program is also a control for the Natural Gas Storage Well Failure — Loss of
Containment with Ignition risk and Release of Gas with Ignition on Distribution
Facilities — Non-Cross Bore risk. The total cost for this program is not allocated among
the risks.

C8 —In-Line Inspections — Re-inspections: ILI is the most reliable pipeline integrity
assessment tool currently available to a natural gas pipeline operator to assess the
internal and external condition of transmission line pipe. ILI enables a pipeline operator
to learn about the condition of its pipelines and to predict the integrity of those
pipelines into the future to address time dependent as well as other threats to pipeline
integrity. It involves running technologically advanced inspection tools, often called
“smart pigs” through the inside of the pipeline to collect data about the pipe, and then
using that data to identify anomalies that may require further investigation or repair.
The repair activity and associated costs are also part of the overall program. ILI can be
The traditional ILI uses tools that
move through the pipeline driven by pressure differentials generated by gas flow. The
non-traditional tools move through the interior of the pipeline by means other than

IH I n

characterized as “traditional” or “non-traditiona

through the use of gas propulsion such as using robotic and tractor tools, winching a

tool through the pipe with a cable or using specially designed low-friction tools.16

16 petails on the factors that determine whether a pipeline is included the “Traditional” or
“Non-Traditional” ILI programs are explained in the 2019 GT&S Rate Case.
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There are three major phases to an ILI program. The first involves modifying or
updating the existing pipeline system to accommodate an ILI tool. PG&E refers to this as
“traditional ILI upgrades” which involves capital improvements to make the pipelines
piggable. The second phase of an ILI program involves conducting cleaning and
inspection “runs” in the pipeline. Inspection runs are generally divided into first-time
inspection runs for initial assessment purposes and re-inspection runs conducted for

reassessment purposes.17 The third phase of the ILI program is the direct examination
and repair and is driven by the results of the data analysis. This remediation effort
allows for the preventative repair and mitigation of anomalies before they result in a
pipeline leak or rupture. For the purposes of the RAMP filing, PG&E defines the
re-inspection runs as a control for this risk given that the ILI re-inspections are
performed on a periodic basis. The upgrades and the first time inspections are defined
as mitigation and discussed in the mitigation section below.

The ILI program addresses several drivers including External Corrosion, Internal
Corrosion, Stress Corrosion Cracking, Manufacturing Related Defects, Welding/
Fabrication Related, Weather-Related and Outside Forces, and Third Party/
Mechanical Damage.

C9 - Other Pipeline Safety and Reliability Replacements: PG&E expects to continue to
replace pipe due to leaks, dig-ins, corrosion integrity issues, overbuilds and
encroachments, and other pipeline safety and reliability issues that arise. The pipe
replacement program addresses several risk drivers including External Corrosion,
Internal Corrosion, Stress Corrosion cracking, Third Party/Mechanical Damage,
Manufacturing Related Defects and WROFs.

C10 - Earthquake Fault Crossings Program: The Earthquake Fault Crossings program
addresses the specific threat of damage to a pipeline from land movement strains at
known earthquake faults due to seismic events. California law requires natural gas
operators to prepare for and minimize damage to pipelines from earthquakes as part of
its integrity management program. Since the inception of this program, PG&E has
conducted detailed studies which have shaped the direction of PG&E’s earthquake
fault crossing program. The studies, which address both the anticipated geologic
movement and pipeline mechanical properties, provide information that informs PG&E

17  pG&E states in Chapter 5 of its 2019 GT&S Testimony, “Integrity Management principles, as
articulated in Title 49 of the Code of Federal Regulations — Transportation (49 CFR) Part O, require a
baseline assessment be conducted on all pipeline miles within an HCA by the end of 2012 with
periodic re-assessments of pipeline integrity within an HCA no later than seven years following the
baseline assessment. As discussed later in this testimony, it has become a gas industry best
practice to use ILI to conduct the baseline assessments as well as the re-assessments.”
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on how to manage the integrity of these segments of pipe. This control addresses the
WROF driver.

C11 - Other Operations and Maintenance (O&M): Gas Transmission operations and
maintenance activities are the actions planned, tracked and managed to ensure
regulatory compliance and increase the useful lives of the Gas Transmission assets. Gas
Transmission operations and maintenance expense includes costs to perform
compliance, preventive and corrective tasks. This control addresses all drivers. This
program is identified as a control for the Natural Gas Storage Well Failure — Loss of
Containment with Ignition risk, and Compression & Processing failure — Loss of
Containment with Ignition at Manned Processing Facility risk. The total cost for this
program is not allocated between the risks.

In addition to the controls listed above, there are mitigations identified for this risk.
These mitigations are long term programs that started prior to 2016, were in place in
2016, and will be continuing on through the 2020-2022 time period and beyond. These
mitigations address the various risk drivers and are described in detail below:

M1A - In-Line Inspection (ILI, Upgrades and First Time Inspections): This mitigation
enhances the ILIs — Re-inspections control. As described in the control section above,
the upgrades and first time inspections are defined as mitigation for this risk given
PG&E’s goal of making approximately 65 percent of the transmission system piggable by
Traditional ILI methods by 2026. This is also in alignment with the 12-year pace of the
program as approved in the 2015 Gas Transmission and Storage (GT&S) Rate Case.

At the end of 2016, 27 percent of the transmission system was capable of being
inspected by ILI tools. The ILI program addresses several drivers including External
Corrosion, Internal Corrosion, Stress Corrosion Cracking, Manufacturing Related Defects,
Welding/ Fabrication Related, Weather-Related and Outside Forces, and Third
Party/Mechanical Damage.

M2A — Hydrostatic Testing: PG&E hydrostatically tests pipe for several reasons,
including to establish Maximum Allowable Operating Pressure (MAOP) as a part of
original construction or when there is a Class Location change, as an integrity
assessment to meet requirements of 49 CFR Part 192, Subpart O, to meet the
requirements of California Public Utilities Commission (CPUC) Decision (D.) 11-06-017
and to fulfill PG&E’s obligation to the National Transportation Safety Board (NTSB)
Safety Recommendation P-10-4.

PG&E’s Hydrostatic Testing program addresses several drivers including External
Corrosion, Internal Corrosion, Stress Corrosion Cracking, Manufacturing Related Defects,
Welding/Fabrication Related, and Third Party/Mechanical Damage.
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M3A - Vintage Pipe Replacement: Approximately 47 percent of PG&E’s gas
transmission pipelines were designed, manufactured, constructed and installed before
the advent of California pipeline safety laws in 1961. While age alone does not pose a
threat to pipeline integrity, age does play a role because of the type of vintage
manufacturing and construction practices that were acceptable at that time. PG&E
considers “vintage pipe” to include pipe manufactured or constructed and fabricated
using certain historic practices that are no longer being used today.

PG&E’s vision for its Vintage Pipeline Replacement program is to replace, by the end of
2027, all of the vintage pipe segments containing vintage fabrication and construction
threats that are subject to a high risk of land movement, and are in proximity to
population (approximately 50 miles of pipeline).

The Vintage Pipe Replacement program addresses several drivers including
Manufacturing Defects, External Corrosion, Internal Corrosion, Stress Corrosion
Cracking, Manufacturing Related, and Third-Party/ Mechanical Damage.

MA4A — Valve Automation: PG&E’s Valve Automation Program is designed to enhance
emergency response in the event of a gas transmission pipeline rupture. Installation of
automated isolation capability on major pipelines in heavily populated areas may
reduce property damage, the danger to emergency personnel, and the public in the
event of a pipeline rupture.

Valve Automation program may not have an impact on the likelihood of the risk event
occurring but if the risk event was to occur, it does partially mitigate the consequence
impacts. Automated valves make it easier to shut off the valves following a risk event,
thereby aiding emergency response. The program impacts all consequence categories
including Safety — fatality, Safety — injuries, Environmental, Reliability, Compliance, Trust
and Financial. Since the program installs automated valves in place of manual valves, it
does impact the Equipment Related driver.

M5A — Shallow and Exposed Pipe: The Shallow and Exposed Pipe Program was
established to address the risks posed by shallow and exposed pipe on both land and
locations of water and levee crossings. This program enhances public safety and
improves system reliability by prioritizing, through a risk based engineering analysis that
considers the pipeline specifications, manufacturing details and operating and
maintenance history, to determine re-burial or replacement of shallow and exposed
pipe. This program addresses the External Corrosion, Internal Corrosion, Stress
Corrosion Cracking, Third Party/Mechanical Damage, WROF and Welding and
Fabrication Related drivers.
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Table 1-1: Risk Controls and Mitigations 2016 Recorded Costs

Associated Driver 2016 Recorded 2016 Recorded
# Control and Consequence Funding Source Expense ($000s) Capital ($000s)
c1 Corrosion D2, D4, D6 GT&S 35,030 35,409
Cc2 Direct Assessments D2, D4, D6 GT&S 39,368 -
Cc3 TIMP Pressure Tests D2, D4, D5, D6, D7, D9 GT&S 53,163 -
ca Leak Survey All Drivers GT&S 3,550 -
C5 Locate & Mark D7 GT&S 10,598 -
Cé6 Patrols D7, D8 GT&S 6,726 -
c7 Public Awareness D7 GT&S 3,084 -
cs ILI = Re-Inspections g; D4, D5, D6, D7, D8, GT&S 10,309 -
co Pipe Replacement Program g;, D4, D5, D6, D7, D8, GT&S 20,414 14,879
C10 Earthquake Fault Crossings D8 GT&S 1,410 1,663
C11 Other O&M All Drivers GT&S 30,953 -
MiA | iU D2, D4, D5, D6, D7, D8, GT&S 89,036 134,211
D9
M2A | Hydrostatic Testing 352; D4, D5, D6, D7, D8, GT&S 132,166 40,421
M3A | Vintage Pipe Replacement g; b4, b5, D6, D7, D8, GT&S B 93,383
MA4A | Valve Automation D1, SI,SF,E,R,C,T,F GT&S - 33,278
M5A | Shallow and Exposed Pipe B;’ D4, b5, D6, D7, D8, GT&S 1,997 8,613
TOTAL Expense and. Capital 437,804 361,857

IV. Current Mitigation Plan (2017-2019)
The mitigation programs described in section Ill above continue through the 2017-2019
time period. The scope for these mitigations is described below.

M1B - ILI: First time inspection18 of 93 miles in 2017, 218 miles in 2018, and 362 miles
in 2019. In addition, within this mitigation, the pipeline upgrade proposed plan
maintains the 12-year pace to make pipeline capable of accepting an ILI tool approved in
CPUC D.16-06-056 concerning PG&E’s 2015 GT&S Rate Case. The pipeline upgrades are
in addition to the first time inspection mileage.

M2B - Hydrostatic Testing: Hydrostatically test 264 miles in 2017, 284 miles in 2018,
and 37 miles in 2019. PG&E identified specific segments of pipeline that require a
pressure test. PG&E is completing a high volume of mileage in 2017 and 2018 in order
to meet the mandated mileage from the CPUC D.16-06-056.

M3B — Vintage Pipe Replacement: Replace 20 miles in 2017, 23 miles in 2018 and
3 miles in 2019. This proposed plan is partially based on assessment of site specific land
movement information collected through PG&E’s Geohazard Threat Identification
program. Additionally, PG&E is mandated to replace 20 miles in 2018. The drop in cost

18 |ncludes both first time Traditional ILI and first time Non-Traditional ILI.
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from 2018-2019 in this mitigation program is related to addressing fewer miles in 2019
than in 2018.

M4B - Valve Automation: Automate 35 valvesin 2017, 46 valves in 2018, and 27 valves
in 2019. This is equivalent to addressing 82 miles of transmission pipe in 2017, 95 miles
in 2018 and 52 miles in 2019. Given that the exposure defined in the model is in miles,
the equivalent miles addressed by the number of valves automations each year was
calculated by analyzing the sections of pipeline which will be influenced by the valves.

M5B - Shallow and Exposed Pipe: Replace 2.5 miles in 2017, 1.5 miles in 2018 and

1.4 miles in 2019. The overall goal is to identify, prioritize, and mitigate locations where
pipeline has insufficient cover, is vulnerable to exposure from third parties, or has
become exposed due to natural forces.

Table 1-2: 2017-2019 Mitigation Work and Associated Costs

2017 2018 2019
End Associated Driver Forecast Forecast Forecast
# Mitigation Name Start Date Date and Consequence ($000) ($000) ($000)
M1B In-Line Inspection 2000 2027 D2, D4, D5, D6, D7, 80,000 (C) 90,619 (C) 213,526 (C)
D8, D9 61,117 (E) 49,079 (E) 53,816 (E)
M2B Hydrostatic Testing 2011 2026 D2, D4, D5, D6, D7, 200 (C) 955 (C) 34,517 (C)
D8, D9 127,273 (E) 154,766 (E) 115,997 (E)
M3B Vintage Pipe 2015 2027 D2, D4, D5, D6, D7, 107,400 (C) 346,682 (C) 40,557 (C)
Replacement D8, D9
M4B | Valve Automation 2011 2023 | D1,SI,SFER,C,T, 43,014 (C) 39,922 (C) 29,541 (C)
F
M5B Shallow and Exposed 2015 TBD19 D2, D4, D5, D6, D7, 17,562 (C) 46,902 (C) 21,838 (C)
Pipe D8, D9
TOTAL Expense and Capital by Year 248,176 (C) 525,080 (C) 339,979 (C)
188,390 (E) | 203,845(E) | 169,813 (E)

V. Proposed Mitigation Plan (2020-2022)
PG&E has been executing against this portfolio of mitigation programs for the last
several years. The selection of these mitigation programs was based on benchmarking,
industry best practice, regulatory requirements, and Subject Matter Expert (SME)
judgment regarding the risk profile of PG&E’s gas transmission system. PG&E continues
to believe these mitigation programs are the right activities to continue to reduce risk
on the transmission system. This proposed set of mitigations also produce the highest
risk spend efficiency out of the alternatives considered.

19 End date for this program is undetermined because PG&E is continuing to ascertain the program
scope. This program is identified as a mitigation because it actively reduces risk and the program
end date may be identified pending further analysis from TIMP.
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The mitigations identified in Section IV above are multi-year programs that continue
into the 2020-2022 time period. These mitigations are described in detail in Section Il
and include In-line Inspection, Hydrostatic Testing, Vintage Pipe Replacement, Valve
Automation and Shallow and Exposed Pipe.

The proposed plan for 2020-2022 includes:

M1C - ILI: First time inspection of 351 miles in 2020, 408 miles in 2021, and 285 miles in
2022. In addition, within this mitigation, the pipeline upgrade proposed plan maintains
the 12-year pace to make pipeline capable of accepting an inline inspection tool
approved in CPUC D.16-06-056. The pipeline upgrades are in addition to the first time
inspection mileage.

M2C - Hydrostatic Testing: Hydrostatic Testing 37.1 miles per year in 2020-2021, and
33.7 miles in 2022. This pace will help PG&E meet its Pipeline Safety Enhancement Plan
commitments outlined in CPUC D.11-06-017 and NTSB Safety Recommendation
objectives.

M3C - Vintage Pipe Replacement: Replace 3.11 miles in 2020 and 2.84 miles in 2021,
and 3.88 miles in 2022. This proposed plan is based on assessment of site specific land
movement information collected through PG&E’s Geo-Hazard Threat Identification
program. This recommended plan is to mitigate risk for vintage pipe program locations
that are in high land movement areas and are in close proximity to people by the end of
2027 (within the next three rate case periods).

MA4C - Valve Automation: This will include automating 27 valves in 2020, 26 valves in
2021, and 25 valves in 2022. This is equivalent to addressing 84 miles in 2020, 70 miles
in 2021 and 37 miles in 2022. Given that the exposure defined in the model is in miles,
the equivalent miles addressed by automating the number of valves each year was
calculated by analyzing the sections of pipeline which will be influenced by the valves to
be automated.

M5C - Shallow and Exposed Pipe: Replace an average of 1.4 miles per year in
2020-2022. This proposed plan helps mitigate the risk posed by currently identified
locations of shallow and exposed pipe by replacing the pipe in locations that have high
likelihood of failure and are in HCAs. The overall goal is to replace the highest risk
locations in three rate case periods and continue to monitor the remainder.
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Table 1-3

: Proposed Mitigation Plan and Associated Costs

EV
TA RSE RSE 2020 2021 2022
Mitigation (Units/ | (Units/ Start End Associated Driver # Forecast Forecast Forecast
# Name Sm) M) Date Date and Consequence ($000) ($000) ($000)
M1cC In-Line 0.0049 | 0.0005 2000 2025 | D2, D4, D5, D6, D7, D8, 220,235 (C) 226,708 (C) 226,708 (C)
Inspection D9 64,437 (E) 64,947 (E) 47,028 (E)
M2C | Hydrostatic 0.0052 | 0.0006 2011 2026 | D2, D4, D5, D6, D7, DS, 35,601 (C) 36,648 (C) 36,648 (C)
Testing D9 115,997 (E) 115,997 (E) 115,997 (E)
M3C | Vintage Pipe 0.0012 | 0.0001 2015 2027 | D2, D4, D5, D6, D7, DS, 44,240 (C) 35,046 (C) 35,046 (C)
Replacement D9
M4C | Valve 0.0152 | 0.0009 2011 2023 | D1,SI,SF,ER,CT,F 33,552 (C) 30,118 (C) 30,118 (C)
Automation
M5C | Shallow and 0.0008 | 0.0001 2015 TBD | D2, D4, D5, D6, D7, DS, 22,524 (C) 23,186 (C) 23,186 (C)
Exposed Pipe D9
Proposed Mitigation Plan TA RSE: 0.0048 356,152 (C) 351,706 (C) 351,706 (C)
TOTAL Expense and Capital by Year 180,434 (E) 180,944 (E) 163,025 (E)

VI.

Alternatives Analysis

While assessing all of the mitigations, Gas Operations identified two alternative options

for the various mitigation program options. The alternatives were based on identifying

mitigation efforts that allow PG&E to meet its compliance requirements with differing

pace across multiple rate case periods while considering cost effectiveness and

execution risks. The alternatives identified are based on SME judgment in terms of

which mitigation programs will have the most impact to risk while considering cost

effectiveness. Both plans are shown below in Tables 1-5 and 1-6.

Table 1-4: Mitigation List

TA RSE EV RSE Proposed
# Mitigation (Units/S$SM) (Units/$M) Plan Alternative 1 Alternative 2 WP #
M1C In-Line Inspection 0.0049 0.0005 X X WP 1-2
M1D In-Line Inspection 0.0060 0.0007 X WP 1-2
M2C Hydrostatic Testing 0.0052 0.0006 X WP 1-8
M2D Hydrostatic Testing 0.0049 0.0005 X X WP 1-8
M3C Vintage Pipe Replacement 0.0012 0.0001 X X WP 1-13
M3D Vintage Pipe Replacement 0.0009 0.0001 X WP 1-13
MA4C Valve Automation 0.0152 0.0009 X X WP 1-18
M4D Valve Automation 0.0110 0.0006 X WP 1-18
M5C Shallow and Exposed Pipe 0.0008 0.0001 X WP 1-23
M5D Shallow and Exposed Pipe 0.0008 0.0001 X X WP 1-23
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Cost in 5000

Figure 1-3: Alternatives by Cost and RSE Score
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Alternative Plan 1

The mitigation programs described in detail in Section IV above are also the
mitigations for this alternative proposal. In this alternative, the pace of
hydrostatic tests is increased in 2022 and more miles of shallow and exposed
pipeline are replaced in the 2020-2022 period. This alternative was not selected
based on SME evaluation of current controls and mitigations required to lower
risk with considerations for cost. The scope of the mitigations considered for
this alternative and the justification for why this option is not selected is

listed below:

M1C - ILI: This alternative maintains the same scope and pace as the proposed
case and includes first time inspection of 347 miles in 2020, 417 miles in 2021,
and 227 miles in 2022. The scope and pace stay the same because it is meeting
CPUC D.16-06-056 to meet a 12-year pace.

M2D — Hydrostatic Testing: The alternative entails hydrostatically testing more
miles in 2020-2022 than the proposed case to complete all the NTSB
recommended miles by 2021. For 2022, given that the NTSB recommended
miles are completed by 2021, this alternative proposes completing other
non-HCA miles. It includes hydrostatically testing 98.3 miles in 2022 compared
to 33.7 miles in the proposed case. While this approach more aggressively
completes the NTSB pipe objectives, the costs would be significantly higher with
minimal consequential risk reductions given that the sections of pipe included in
2022 are not near people.
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Even though more miles are hydrostatically tested in 2022 compared to 2021,
the costs in 2022 are lower because pipes being tested are in non-HCA areas and

they are longer segments of pipe and have less set up costs.

M3C - Vintage Pipe Replacement: This alternative maintains the same scope
and cost as the proposed case and includes replacing 3.1 miles in 2020, 2.8 miles

in 2021, and 3.8 miles in 2022.

MA4C - Valve Automation: This alternative maintains the same scope and cost as
the proposed case and includes automating 27 valves in 2020, 26 valves in 2021
and 25 valves in 2022. This is equivalent to addressing 84 miles in 2020, 70 miles

in 2021 and 37 miles in 2022.

M5D - Shallow and Exposed Pipe: This alternative entails replacing more miles,
specifically, 2 miles of shallow and exposed pipe in 2020-2022 as compared to
1.4 miles in the proposed case for these years to address more high risk pipes
sooner. This alternative was not selected because the cost forecast would have
been 35 percent higher with minimal risk reduction as discussed in the 2019

GT&S rate case testimony.

Table 1-5: Alternative Plan 1 and Associated Costs

EV
TA RSE RSE 2020 2021 2022
Mitigation (Units/ | (Units/ Start End Associated Driver Forecast Forecast Forecast
# Name SM) SM) Date Date and Consequence ($000) ($000) ($000)
M1C In-Line 0.0049 0.0005 2000 2027 D2, D4, D5, D6, D7, D8, 220,235 (C) 226,708 (C) 226,708 (C)
Inspection D9 64,437 (E) 64,947 (E) 47,028 (E)
M2D Hydrostatic 0.0049 | 0.0005 | 2011 2026 D2, D4, D5, D6, D7, D8, 42,322 (C) 43,565 (C)
Testing D9 142,770 (E) 146,234 (E) 77,847 (E)
M3C Vintage Pipe 0.0012 | 0.0001 | 2015 2027 D2, D4, D5, D6, D7, D8, 44,240 (C) 35,046 (C) 35,046 (C)
Replacement D9
MC Valve 0.0152 | 0.0009 | 2011 2023 D1,SI,SF,E R,CT,F 33,552 (C) 30,118 (C) 30,118 (C)
Automation
M5D Shallow and 0.0008 0.0001 2015 TBD D2, D4, D5, D6, D7, D8, 33,215 (C) 34,191 (C) 34,191 (C)
Exposed Pipe D9
TOTAL Alternative Plan 1 RSE: 0.0046 373,564 (C) 369,628 (C) 326,063 (C)
TOTAL Expense and Capital by Year 207,207 (E) 211,181 (E) 124,875 (E)

B. Alternative Plan 2

The mitigation programs described in detail in Section IV above are also the

mitigations for this alternative proposal. This alternative, in 2020 and 2021,

accelerates the pace of ILI runs, increases the miles of vintage pipeline
replacement, and automates more valves. This alternative was not selected
based on SME evaluation of current controls and mitigations required to lower
risk with considerations for cost. The scope of the mitigations considered for

this alternative and the justification for why this option is not selected is

listed below:
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M1D - ILI: This alternative includes inspecting more miles in 2021 and 2022.
The option is to inspect 322 miles in 2020, 506 miles in 2021 and 276 miles

in 2022. This alternative was based on changes in the criteria to determine
pipelines to be included in Traditional ILI versus Non-Traditional ILI (i.e., this
alternative keeps the pipelines that are between 1-2 miles in the Traditional ILI
program as opposed to the recommended case where pipelines greater than
one mile are excluded from the traditional program). This initiative was not
selected because it increased annual cost and added low risk sections of pipe to
the program.

M2D - Hydrostatic Testing: This alternative maintains the same scope and pace
of the program as the first alternative case and includes completing all NTSB
recommended miles by 2021 and additional non HCA miles to be done in 2022.

M3D - Vintage Pipe Replacement: Replace 7.3 miles in 2020 and 7.6 miles in
2021. This is a higher cost alternative that included addressing all of the
elevated risk pipelines by 2024 versus by 2027 in the proposed case. The
alternative was not selected because the additional mileage for this alternative is
in a non-HCA or less populated location.

MA4D — Valve Automation: Automate approximately 37 valves per year in 2020
and 2021 to end the program in 2021. This is equivalent to addressing 96.3 miles
in 2020 and 68.4 miles in 2021. This alternative is not selected because it
addresses lower risks for a higher cost alternative than the proposed plan. PG&E
believes that the proposed plan achieves an appropriate balance between
reducing system risk and affordability. As such, the additional dollars could be
used for programs that address more risk.

M5D — Shallow and Exposed Pipe: This alternative maintains the same scope
and pace of the program as the first alternative and includes replacing 2 miles of
shallow and exposed pipe in 2020-2022.
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Table 1-6: Alternative Plan 2 and Associated Costs

EV
TA RSE RSE 2020 2021 2022
Mitigation (Units/ | (Units/ Start End Associated Driver Forecast Forecast Forecast
# Name SM) SM) Date Date and Consequence ($000) ($000) ($000)
M1C In-Line 0.0060 | 0.0007 | 2000 2025 D2, D4, D5, D6, D7, D8, 240,117 (C) 247,175 (C) 247,175 (C)
Inspection D9 47,648 (E) 58,613 (E) 72,627 (E)
M2C | Hydrostatic 0.0049 | 0.0005 | 2011 | 2026 | D2, D4, D5, D6, D7, DS, 42,322 (C) 43,565 (C)
Testing D9 142,770 (E) 146,234 (E) 77,847 (E)
M3C | Vintage Pipe 0.0009 | 0.0001 | 2015 | 2027 | D2, D4, D5, D6, D7, DS, 97,130 (C) 88,623 (C) -
Replacement D9
M4C | Valve 0.0110 | 0.0006 | 2011 2023 D1,SI,SF,E R,CT,F 44,824 (C) 47,225 (C) -
Automation
M5C | Shallow and 0.0008 | 0.0001 | 2015 | TBD D2, D4, D5, D6, D7, D8, 33,215 (C) 34,191 (C) 34,191 (C)
Exposed Pipe D9
TOTAL Alternative Plan 2 RSE: 0.0047 457,608 (C) 460,779 (C) 281,366 (C)
TOTAL Expense and Capital by Year 190,418 (E) 204,847 (E) 150,474 (E)

VII.

Metrics

The primary metric that Gas Operations is proposing to track risk reduction for this risk

is the number of open leaks by risk driver. Gas Operations currently tracks the number

of open leaks. This data was used as the input to the operational risk model. Using

leaks as a means to understand risk reduction allows us to tie back directly to the basis

of the risk model and compare actual versus forecasted risk reduction year over year.

Metrics associated with the mitigation programs are designed to measure if each

program is progressing at the desired pace to achieve risk reduction objectives. The

targets for these metrics will be established based on rate case outcomes through

PG&E’s Integrated Planning process. Table 7 below shows the proposed risk reduction

and execution metrics:
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VIII.

Table 1-7: Metrics

Associated Driver
Risk/Mitigation and Consequence Proposed Metric Targets
Risk Reduction Metric
Transmission Pipeline All Drivers # of open leaks/ risk TBD
Rupture with Ignition driver
Execution Metric
ILI D2, D4, D5, D6, D7, ILI index: Index includes TBD
D8, D9 upgrades vs. planned
and inspections vs.
planned.
Hydrostatic Testing D2, D4, D5, D6, D7, Number of miles of TBD
D8, D9 hydrostatically tested
versus planned
Vintage Pipe Replacement D2, D4, D5, D6, D7, Number of miles of TBD
D8, D9 vintage pipe miles
replaced versus planned
Valve Automation D1, SI,SF,E,R,C,T,F Number of valves TBD
automated versus
planned
Shallow and Exposed Pipe D2, D4, D5, D6, D7, Number of miles of TBD
D8, D9 shallow and exposed
pipe miles replaced
versus planned

Next Steps

For the Transmission Pipeline Rupture with Ignition risk discussed in this chapter, PG&E

plans to continue to mature the risk quantification efforts in the following ways:

Use PG&E data instead of industry data, when we can, to improve conclusions from
risk quantification. The risk model for this risk was updated with PG&E historical
leak data. However, given the small sample size of pipeline ruptures at PG&E,
industry data was used to determine rupture and ignition likelihoods. This presents
the opportunity to advance risk quantification in order to account for segment level
data unique to PG&E.

Refine model inputs for reliability, environmental, and compliance impacts. The
modeling effort was primarily focused on safety. Given the lack of data to estimate
the reliability and environmental impacts, the team made assumptions on the
customer outage and environmental costs. Reliability impacts also need to be
further analyzed and calibrated, and additional research is needed to determine
compliance impacts stemming from new regulations. These model inputs are being
assessed and, where possible, PG&E will update these inputs in the future.

Refine model inputs for the financial impact. Industry data was used to determine
financial impact for this model; however, the regulatory and business environment
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in California may be different. Therefore, this consequence category needs to be
further understood and updated.

Consider how PG&E can align risk models with work plan and forecast development.
For example, the Valve Automation program is forecasted in terms of number of
valves automated. However, the quantification model for this risk is in terms of
number of miles addressed by each mitigation program.

Review new industry data reporting a significant increase to equipment-related
defects. Both PG&E and the industry have seen a higher number of reported leaks
due to equipment-related defects that may be the result of the change in PHMSA
reporting thresholds rather than an actual increase in equipment-related defects.

Perform further sensitivity analysis and calibration of model outputs. For example,
given the design of the models, the Valve Automation program has the highest RSE
among the mitigations selected for this risk. This is unexpected since valve
automation, unlike other mitigations, does not prevent the event from occurring.
Valve automation helps to reduce post-event consequences. For gas pipelines,
which are under pressure, a valve closure does not stop the energy of the escaping
gas right away, and, therefore, the consequential risk reduction for fatalities and
injuries is minimal, with the maximum risk benefit being gained in reduction of
additional injuries by allowing rescue personnel quicker access to the scene to
protect life and property. In contrast, the ILI program, a program that prevents the
occurrence of an incident, PG&E assumed the model outputs would yield more far
reaching safety benefits.
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Executive Summary

RISK NAME Failure to Meet Capacity for System Demands.
Operating restrictions caused by gas transmission safety projects (e.g., in-line
IN SCOPE . .
inspections (ILI) and hydrotests.
Operating restrictions and associated consequences caused by risk drivers other
than gas transmission safety projects(e.g., abnormal temperatures creating system
OUT OF SCOPE constraints and causing customer outages, human operating errors while
conducting manual operations, loss of gas control center due to a significant seismic
event).
DATA . e . S
Assessment informed by Pacific Gas and Electric Company (PG&E) data, Pipeline
QUANTIFICATION . . . . .
SOURCES and Hazardous Materials Safety Administration data, and subject matter expertise.

The chapter is focused on the failure to maintain capacity risk, resulting from gas
transmission safety projects (e.g., ILIs and hydrotests) that lead to operating restrictions
that reduce system capacity during winter months (November through March), when
core customer gas load demands are high. Operating restrictions can occur if the safety
work identifies issues that require immediate pressure reductions or sections of the
system to be removed from service, both of which significantly reduce system capacity.
For simplicity, the remainder of this chapter will refer to these operating restriction
scenarios as “pressure reductions.” This risk event can cause customer outages
(controlled or uncontrolled) which could lead to consequent gas surge-backs into homes
or the use of unsafe heating and cooking devices which presents a risk of fire or carbon
monoxide (CO) poisoning, potentially resulting in serious injury or fatality.

The Failure to Meet Capacity for System Demands risk has been on PG&E’s risk register
since 2015. It is also an Enterprise-level risk overseen by the Nuclear, Operations and
Safety Committee of PG&E’s Board of Directors. PG&E does not believe any risk event
of this nature has occurred in the industry. Although the occurrence of this event and
associated consequences is unlikely, PG&E believes this risk should be managed at the
highest level because of the potentially high safety and reliability consequences if this
event were to occur. PG&E is actively addressing this risk through capacity and
restoration projects as well as several improvements in the work execution

planning process.

The sole driver for this risk event is pipeline safety projects. By implementing the
mitigation strategy outlined in this chapter, PG&E forecasts a potential 38 percent
reduction to the overall multi-attribute risk score (MARS) for the 2017-2022 time period.

Data relating to this risk event is scarce due to the rarity of the event’s occurrence.
Continuous improvement is necessary to develop quantitative methods for managing
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uncertainty related to lack of data. Overall, PG&E believes that there is a need to

perform more data collection and analysis to improve the inputs to the model including

mitigation effectiveness to make sure the quantification is supported by data and less
reliant on Subject Matter Expert (SME) judgement.

Risk Assessment and Mitigation Phase (RAMP) provided a platform to accelerate PG&E’s
transition from a qualitative risk assessment to probabilistic risk modeling. Going

forward, PG&E plans to collect and analyze more data to improve the model inputs and

continue the move towards more quantitative, data driven risk models. For the Failure

to Meet Capacity for System Demands described in this chapter, one of the key next

steps is to attempt to quantify consequence scenarios that are possible due to the risk

event including gas surge back into homes and hypothermia. A detailed list of next

steps is included in Section VIl below.

Risk Assessment

A.

Background

This risk has become one of the top risks for PG&E in the last two years because
PG&E has substantially increased the number of safety projects performed to
mitigate risks on transmission pipelines. The large number of safety projects per
year has increased the likelihood of project delays, due to various reasons, into
the winter months. Since capacity is a function of pressure—the lower the
pressure, the lesser the capacity—a mandatory pressure reduction could reduce
capacity below customer winter demand, at the time maximum capacity is
needed most.

In addition to the high level bow tie-based operational risk models, PG&E has
developed and currently utilizes a probabilistic model that pre-dates the
development of the RAMP model (herein referred to as “PG&E probabilistic
model”). The PG&E probabilistic model was designed to help quantify the
likelihood that any given safety project delayed into the winter may result in
pressure reductions that reduce capacity and create a risk of not meeting winter
demands. This model informed the inputs into the RAMP model to estimate risk
of customer outages. The RAMP model then extends the risk estimate by
considering safety and reliability impacts once a customer outage occurs.

The bow tie in Figure 2-1 shows the exposure and frequency driver for the risk,
as well as the probability of a risk event related to the risk driver. The risk event
at the center of the bow tie is defined as the failure to meet capacity for system
demands and the only driver identified for quantification purposes is the pipeline
safety projects that are delayed into the winter months when demand in high.
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Based on the model inputs for frequency, this risk event is likely to occur
approximately every three years.

Figure 2-1: Risk Bow Tie

Risk top-level drivers

Exposure Frequency'? Risk event(s)* Consequences

— Safety-Injuries

— Safety-Fatalities

Number of
Interventional
Maintenance

— Environmental
Failure to

Projects: D1 - Pipeline Safety Projects: [PG&E data * SME Input] — - 0.3067 maintain capacity | |

for system
[PG&E Data] demands — Reliability
5
—— Compliance
— Trust
0.3067
) —— Financial
3.26 Years/Risk
Event
Walues displayed are means of each distribution and are in the units of events/year. Driver frequencies are summed to obtain the Risk event frequency.
2Driver is modeled using a Binomial distribution.
B. Exposure

Exposure for this risk is defined as the number of pipeline safety projects

(e.g., ILIs and hydrotests) scheduled for the beginning of or just before the
winter season when system demand is high. The number of projects for 2017
was estimated using a historical average from the 2015-2016 and 2016-2017
winter seasons. As a result of improving work execution and planning practices
as the years progress, PG&E expects the exposure (i.e., the annual number of
safety projects executed in the winter) to decrease over the 2017-2022 time
period. Table 2-1 below identifies the forecast number of safety projects
delayed into the fall or winter which may result in pressure reductions that
reduce capacity that PG&E estimates:
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Table 2-1: Forecast Number of Delayed Safety Projects

Year Number of Projects
2017 5
2018 4
2019 4
2020 3
2021 2
2022 2
C. Drivers and Associated Frequency

The driver for failure to maintain capacity for system demands analyzed in this

chapter is as follows:

D1 - pipeline safety projects being delayed into or near the winter: This
can result in a pressure reduction if safety issues are discovered, which
reduces capacity. Such a reduction in capacity would be an unintended
consequence of performing the safety work. Based on the probability
distributions used in the model, the average number of risk events due to
this driver is 0.3067 per year. This can be interpreted as an event
approximately every three years.

D. Consequences

PG&E considers three consequence scenarios associated with this risk. For

purposes of RAMP, PG&E used one scenario to quantify the consequences: gas

customers resort to unsafe heating or cooking methods during an extended gas

outage, such as bringing outdoor barbecues, camp stoves, or propane heaters

indoors, which present a risk of fire or CO poisoning. PG&E chose this scenario

because it is the most probable among the three.

The second scenario is gas pressure surges back into homes due to older or

failed appliance safety devices shortly after the pressure drops and extinguishes

the pilot lights. The third scenario is hypothermia. With the loss of gas, the

primary heating source, certain individuals may experience hypothermia at

temperatures as warm as 46 degrees Fahrenheit.l While these were not

included in this analysis, they may be incorporated into the model in the future
as data becomes available.

PG&E used SME input, informed by data regarding natural gas pilot light product
recalls from the U.S. Consumer Products Safety Commission (CPSC), to estimate
the percent of customers who may use unsafe heating or cooking equipment

During Hurricane Sandy, which hit the northeastern United States in 2012, it was reported that
individuals experienced hypothermia at temperatures as warm as 46 degrees Fahrenheit.
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during prolonged system outage. SMEs also identified the probabilities that

customers using unsafe heating or cooking equipment would result in fires,

poisoning, and subsequent injury or fatality.

Figure 2-2 below shows the range of consequences and the attributes that help
describe the tail average risks and the associated MARS. The figure identifies the

data sources used for each of the consequence attributes. Based on the tail
average results, reliability contributes the most to the overall baseline MARS

calculation. The reliability score for this risk is high because the model assumes
that 40,000-70,000 customers are impacted due to this risk event. This
assumption is based on an outage that requires the safe orderly shutdown and

relight of 1 to 5 emergency shutdown zones.

Figure 2-2: Consequence Attributes

Source

Safety-Injuries

U.S. CPSCdata® and
SME input

Safety-Fatalities

U.S. CPSCdata® and
SME input

Environmental

NA

Reliability

PG&E Data and SME
Input

NA

Compliance

PG&E Data

Financial

PG&E Data and SME
Input

Consequence Distributions

Number of customers
(Uniform):

Min=40k, Max=70k
x Percentage of
customers using
unsafe heating or
cooking equipment
during prolonged
system outage=0.2%
x Likelihood of
ignition and
subsequentinjury or
fatality=0.2%

Number of customers
(Uniform):

Min=40k, Max=70k
x Percentage of
customers using
unsafe heating or
cooking equipment
during prolonged
system outage=0.2%
x Likelihood of
ignition and
subsequentinjury or
fatality=0.2%

Number of customers
(Uniform):
Min=40k, Max=70k

x Duration of

Dependent on Safety
outcomes.

If there are any
fatalities= High
severity brand
favorability change

If there are injuries
without fatalities,
50/50 chance of Low
or Severe

High severity=12-20%

Number of customers
(Uniform):
Min=40k, Max=70k

customer hours Severe=5-12% Min=$200
777777 (Uniform): Low=0-5% Max=5300
Min =1 hour*60 (Uniform) (Uniform)
Max=36 hours*60
Mean=1.5 (Poisson) Mean=0.5 (Poisson)
- e
i ] —
o;:;z‘f' 0.73 0.25 114,149,807 3.76% $23,446,648
Outcome-
TA-MARS? 0.20 6.88 285.37 18.81 14.07
MARS Total 325.34

tAve of Year 1-6 Tail Ave outcomes in Natural units
2Ave of Year 1-6 Tail Ave outcomes in MARS units
*U.S. Consumer Products Safety Commission data

Safety — Injuries & Fatalities: CPSC data and SME input was used to quantify the
average number of injuries and fatalities per household resulting from fires or
CO poisoning. To estimate the percentage of risk incidents with injury and fatality,
three values are multiplied together:

1) The estimated number of customers that will be impacted by this risk
events (40,000-70,000 customers);
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2) The percentage of customers that use unsafe heating or cooking
equipment during a prolonged gas service outage (0.2 percent) based on
SME review of CPSC data; and

3) The likelihood of ignition and subsequent injury or fatality for those using
unsafe heating or cooking equipment (0.2 percent), based on CPSC data
and SME input.

The percentage of risk incidents with injury and fatality is then used to calculate
distribution of likelihood of an incident resulting in an injury or fatality. The number
of injuries and fatalities is based on SME input that any safety equipment built into

the appliances will fail.2 The average number of injuries is 1.5 per household and
the average number of fatalities is 0.5 per household. Based on the tail average
model results across the 2017-2022 time period, the calculated average worst case
number of injuries per year is 0.73 and the average worst case number of fatalities
per year is 0.25. This can be interpreted as one injury every 1.4 years or one fatality
every four years.

e Environmental: PG&E excluded this consequence category as any anticipated
environmental impacts will be negligible. Fires and/or explosions caused by gas
surging back into a home or the use of unsafe heating devices are relatively localized
events and will have minimal impact.

¢ Reliability: To quantify the reliability consequence, PG&E used: (1) the
40,000-70,000 customer range expected to be impacted during an event; and (2) the
duration of a gas service outage for an individual customer (1-36 hours). Based on
the tail average model results across the 2017-2022 time periods, the calculated
average worst case reliability impact is 114,149,807 customer minutes or
approximately two million customer hours.

o Compliance: PG&E excluded this consequence category as the anticipated
consequences are fines and penalties associated with investigations and these
costs are excluded for the purposes of this model as they are below the line,
shareholder costs.

e Trust (T): Events are dependent upon safety outcomes, both injury and fatality, and
categorized as low, severe, and high. This methodology was used across all Gas
Operation risks.3 Based on the tail average model results across the 2017-2022 time
periods, the calculated average worst case impact on brand favorability is
approximately 4 percent.

¢ Financial: Financial impact is based on PG&E’s range of costs for relighting customer
appliances and the range of customers that may experience a gas service outage due

2 safety equipment refers to thermocouples designed to stop the flow of gas if the pilot flame is

extinguished.

3 Refer to the Risk Model Overview chapter for the trust consequence calculation details.
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to an event. PG&E’s cost range for relighting a customer appliance is $200-5300.
Based on the tail average model results across the 2017-2022 time periods, the
average worst case calculated financial impact is approximately $23 million.

2016 Controls and Mitigations (2016 Recorded Costs)

Hydraulic analysis by the Gas System Planning organization to help schedule safety
projects to avoid delays into or near the winter and to understand customer outage
risks is the one control in place in 2016. Table 2-2 below summarizes the risk control
and 2016 recorded costs associated with the control.

C1 - Hydraulic Analysis# to Mitigate Customer Outage Risk: This control involves Gas
System Planning performing hydraulic analysis to identify which safety projects, if
pressure reductions are required, would create the risk of customer outages during the
winter. Whenever possible, these projects are scheduled earlier in the year to minimize
the risk that project delays will shift work into or near winter. If a project is delayed into
or near the winter, hydraulic analysis is used to develop contingency operations to
minimize the negative impact pressure reductions has on capacity. Probabilities of
customer outages are also developed so PG&E can make an informed decision to either
proceed or defer a project outside the winter. If a project proceeds, the known risks are
used to develop appropriate contingency and emergency repair plans to quickly repair
pipe so pressure can be restored, thereby minimizing the duration of exposure to
customer outage risks.

In addition to the control listed above, there are existing mitigations for this risk. The
mitigations include the focused pressure restoration projects, completion of capacity
projects, and the three-year plan to improve work execution. Only the first

two mitigations are included in the RAMP model for risk spend efficiency calculations
because the three-year plan is essentially a work process improvement that staff within
PG&E are performing and it does not result in a level of expenditure that can

be quantified.

M1A - Pressure Restoration Projects: Pressure restoration projects restore pressure in
a pipeline whose Maximum Allowable Operating Pressure (MAOP) has been reduced on
an interim basis for safety or compliance reasons. The goal of the restoration project is
to return pressure to its original MAOP or a value approaching it. Pressure restoration
projects are targeted for systems that have a higher likelihood of safety work delays into
or near the winter and where the pressure restoration is known to help minimize the
impact of a potential safety work induced pressure reduction. An example is PG&E's

4

Refer to the 2019 Gas Transmission and Storage Rate Case, Chapter 10, Gas System Operations, for
details.
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focus to restore pressure on Line 147 on the Peninsula where extensive safety work has
resulted in safety projects being delayed into and near the winter each of the past
three winter seasons.

M2A - Transmission Capacity Projects: Capacity projects install gas transmission
facilities to meet general demand growth in an area. Examples of capacity projects
include constructing new gas pipelines (including parallel pipelines), replacing pipelines
with larger diameter pipelines, increasing regulating station capacity, and adding new
regulating stations. A capacity project is undertaken when hydraulic modeling indicates
that demand growth may constrain a local transmission system such that it may fail to
meet Average Peak Day or Cold Winter Day service standards unless it is reinforced.

The primary purpose of capacity projects is to allow PG&E to expand the gas system to
meet customer demands due to changes in the population and customer usage. These
projects may also improve the ability for PG&E to maintain adequate capacity when
safety projects result in pressure reductions, especially in the winter months, because
adding capacity makes the system less sensitive to capacity reductions from

safety projects. A major capacity project that is now operative is Line 407 in the

Sacramento area.?

M3A - Three Year Plan: The three-year plan (3YP) is a process improvement mitigation
to improve the work execution planning process within PG&E. This improvement plan
began in 2016 and is expected to be completed in 2018. The 3YP is designed to provide
high—level visibility across all work types to be executed within the upcoming three
years. Advanced planning enables PG&E to more effectively acquire materials and
permits, and schedule crews, which results in executing projects in a timely and efficient
manner. With this type of planning, PG&E expects to have a reduced number of
projects postponed into the winter months. This process improvement is a mitigation
that would reduce the likelihood of this risk materializing. This effort started in 2016 so
benefits will increase as more progress is made in 2017 and 2018. The 3YP was not
included in the model since the mitigation is an internal process improvement initiative
to streamline project execution and requires no additional resources nor are there
incremental costs associated with it.

5

Line 407 became operative in October 2017.
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Table 2-2: Summary of Risk Controls and Mitigations With 2016 Recorded Costs

Associated Driver # | Funding | 2016 Recorded | 2016 Recorded
# Control and Consequence Source | Expense ($000s) | Capital ($000s)
C1 | Hydraulic Analysis to D1 GT&S 9,545
Mitigate Customer
Outage Risk
M1A | Pressure Restoration D1 GT&S 1,3006
Projects
M2A | Capacity Projects D1 GT&S 79,118
TOTAL Expense and Capital 10,845 79,118

IV. Current Mitigation Plan (2017-2019)
The mitigation programs described in section Ill above continue through the 2017-2019
time period. The proposed plan for 2017-2019 includes:

M1B - Pressure Restoration Projects: As of mid-August 2017, all necessary physical
work on Line 147 on the Peninsula needed to restore pressure has been completed. A
required public hearing has been completed. PG&E is awaiting final approval from the
California Public Utilities Commission. Other pressure restoration projects to be
identified are based on safety work that may extend into winter months or other
changes to the gas system. The cost forecast for this mitigation is estimated and uses
the assumption that there are, on average, 1-2 pressure reductions per year that are
triggered by ILI immediate indications which will cause hydraulic constraints. In
addition, average dig and repair costs are assumed based on historical data to develop
the average cost forecast per year.

M2B - Transmission Capacity Projects: Five transmission capacity projects are
expected to be operational in 2017, three projects in 2018, and one project in 2019. In
addition, because projects span multiple years, there are an average of 10-15 projects in
engineering or beginning construction at any time.

M2B.i - Line 407: As of October 2017, construction of Line 407 is operative.
There may be minor post-construction costs in the years following 2017.

M3B — Three Year Plan: As the 3YP progresses, integrated work execution plans are
expected to continuously improve scheduling and reduce the likelihood of safety project
delays into the winter.

6  Costs for Restoration Projects are not tracked separately. Instead, they are part of the projects
such as ILI. This 2016 cost is based on three pressure reductions that occurred during the
2016/2017 winter season and the associated costs for the digs.
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Table 2-3: Risk Controls and 2016 Recorded Costs

Associated 2017 2018 2019

End Driver # and Forecast Forecast Forecast

# Mitigation Name | Start Date Date Consequence (S000s) ($000s) ($000s)
M1B | Pressure 2017 2019 D1 n/a (C) n/a (C) n/a (C)
Restoration 1,480 (E) 1,480 (E) 1,480 (E)

Projects

M2B | Transmission 2017 2019 D1 36,500 (C) | 72,430(C) | 54,696 (C)
Capacity Projects n/a (E) n/a (E) n/a (E)
M2B.i | Line 407 2017 2019 D1 105,000 (C) 8,623 (C) 522 (C)
n/a (E) n/a (E) n/a (E)
TOTAL Expense and Capital by Year 141,500 (C) 81,053 (C) 55,218 (C)
1,480 (E) 1,480 (E) 1,480 (E)

V. Proposed Mitigation Plan (2020-2022)
PG&E performed an assessment of all mitigations considered and how each relates to
the driver for Failure to Meeting Capacity for System Demands Risk. The mitigation
programs for this risk in years 2020-2022 are pressure restoration projects’ and
transmission capacity projects. The mitigations identified for this risk are designed to
enable adequate pipeline capacity to minimize the likelihood of a supply loss event due
to inadequate capacity. This plan was selected because it will reduce the likelihood that
ILI and hydrotest work will occur too close to or during the winter months, thereby
increasing the reliability of service to PG&E customers.

The proposed plan includes the following scope:
M1C — Pressure Restoration Projects: Estimate 2 projects per year for 2020-2022.
M2C - Transmission Capacity Projects: Estimate 4 projects per year for 2020-2022.

The capacity portion of the proposed mitigation plan was determined to be the
appropriate level and pace of work given the resource demands of PG&E’s programs to
mitigate other gas risks, the multi-year nature of capacity projects, and the need for
capacity projects to be responsive to specifically located growth over which PG&E has
no control. PG&E believes the proposed pace of work is appropriate to meet customer
demand based on in depth analysis developed to project load growth.

The pressure restoration mitigation is also a response-oriented effort, and PG&E’s
forecast of the level of effort required reflects its recent experience.

Table 4 below shows the scoped mitigations, associated drivers, risk spend efficiency,
and associated forecasted costs for each year from 2020-2022.

7 Cost forecast methodology for pressure restoration projects is described in Section IV.
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VI.

Table 2-4: Proposed Mitigation Plan and Associated Costs

2020 2021 2022
Mitigation TA RSE EV RSE Start End Associated Forecast Forecast Forecast
# Name (Units/SM)| (Units/SM) | Date Date Drivers ($000s) ($000s) ($000s)
M1C | Pressure 56.1240 7.5365 2020 2022 D1 1,480 (E) 1,480 (E) 1,480 (E)
Restoration
Projects
M2C | Capacity 0.5522 0.0741 2020 2022 D1 55,486 (C) | 59,016 (C) | 59,016 (C)
Projects
Proposed Mitigation Plan TA RSE: 1.6246 55,486 (C) | 59,016 (C) | 59,016 (C)
TOTAL Expense and Capital by Year 1,480 (E) 1,480 (E) 1,480 (E)

Alternatives Analysis

While assessing all of the mitigations, PG&E developed two alternative plans to the

proposed mitigation plan. The alternatives were based on identifying mitigation efforts
that may allow PG&E to meet system demand in winter months with differing pace
across the specified period while considering cost and execution risks. Pace of work was

considered for alternatives since the list of capacity projects is dynamic and is

dependent on the outcomes of the hydraulic modeling analysis. Both plans are shown

below in Tables 2-6 and 2-7.

Table 2-5: Mitigation List

TA RSE EV RSE Proposed | Alternative | Alternative
# Mitigation (Units/SM) | (Units/$SM) Plan 1 2 WP #
M1C | Pressure Restoration 56.1240 7.5365 X X X WP 2-2
Projects
M2C | Capacity Projects 0.5522 0.0741 X WP 2-6
M2D | Capacity Projects 0.5522 0.0741 X WP 2-6
M2E | Capacity Projects 0.5522 0.0741 X WP 2-6

Figure 2-3 below shows the breakdown of the proposed plan, alternative 1 plan, and

alternative 2 plan based on cost and RSE.
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Figure 2-3: Alternatives by Cost and RSE Score
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Alternative Plan 1

Alternative Plan 1 modifies the scope of the capacity mitigation by increasing the
expenditure and pace of transmission capacity projects by 25 percent. This
alternative plan includes the following scope:

M1C Pressure Restoration Projects: The alternative proposal does not alter the
number of pressure restoration projects from the recommended proposal, since
such projects restore pipeline pressures rather than add new capacity.

M2D Transmission Capacity Project: Approximately 5 projects per year for
2020-2022.

This alternative plan is not recommended because it adds unneeded gas
transmission capacity to meet customer demand within the 2020-2022 RAMP
timeframe and would result in higher costs with minimal consequential risk
reductions. Also, an increased pace of capacity project execution would require
resources that would limit other work that addresses higher risks in the system
and as such this option was not selected.
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Table 2-6: Alternative Plan 1 and Associated Costs

TA RSE EV RSE 2020 2021 2022
Mitigation (Units/ (Units/ | Start End Associated Forecast Forecast Forecast
# Name SM) SM) Date | Date Drivers (S000s) ($000s) ($000s)
M1C | Pressure Restoration 56.1240 | 7.5365 | 2020 | 2022 D1 1,480 (E) 1,480 (E) 1,480 (E)
Projects
M2D | Transmission 0.5522 | 0.0741 | 2020 | 2022 D1 73,982 (C) | 78,688 (C) 78,688 (C)
Capacity Projects
TOTAL Alternative Plan 1 RSE: 1.3604 73,982 (C) 78,688 (C) 78,688 (C)
TOTAL Expense and Capital by Year 1,480 (E) 1,480 (E) 1,480 (E)

Alternative Plan 2

Alternative Plan 2 modifies the pace of the capacity project mitigation in the

proposal described in Section V. The modification is a reduction in the

expenditure and pace of transmission capacity projects by 25 percent. This

alternative plan includes the following scope:

M1C- Restoration Projects: The alternative proposal does not alter the number

of pressure restoration projects from the recommended proposal, since such

projects restore pipeline pressures rather than add new capacity.

M2E - Transmission Capacity Projects: Approximately 3 projects per year for
2020-2022.

This alternative plan was not chosen because the determination of specific

locations where additional capacity is required is based on empirical analysis.
Even though the risk spend efficiency is the highest for this option, the reduced

pace of work will not allow PG&E to meet customer demand. In addition, several

key capacity projects would remain uncompleted, leaving tens of thousands of

customers at risk for outages under peak conditions, or possibly warmer than

peak conditions. Also, a reduced pace of capacity project execution would

unduly protract reaching the policy goal of systematically eliminating manual

operations as a substitute for capacity.

Table 2-7: Alternative Plan 2 and Associated Costs

2020 2021 2022
Mitigation TA RSE EV RSE Start End Associated Forecast Forecast Forecast
# Name (Units/SM) | (Units/SM) | Date | Date Drivers (S000s) ($000s) ($000s)
M1C | Restoration 56.1240 7.5365 2020 | 2022 D1 1,480 (E) | 1,480 (E) | 1,480 (E)
Projects
M2E | Capacity 0.5522 0.0741 2020 | 2022 D1 36,991 (C) | 39,344 (C) | 39,344 (C)
Projects
TOTAL Alternative Plan 2 RSE: 2.1454 36,991 (C) | 39,344 (C) | 39,344 (C)
TOTAL Expense and Capital by Year 1,480 (E) 1,480 (E) 1,480 (E)
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VII. Metrics
The primary metric that PG&E is proposing to track risk reduction for this risk is percent
probability of one or more system failures to meet customer demand due to safety work
encroaching on cold-weather season. This metric is a direct measure of the driver
associated with this risk and therefore will allow PG&E to determine risk reduction.

Table 2-8: Metrics

Associated
Risk . Proposed Metric Targets
Driver # P &
Failure to meet D1 % probability of one or more system failures to <2%8
capacity for system meet customer demand due to safety work
demands encroaching on cold-weather season

The execution metrics to track progress on the Capacity Projects mitigation are currently
being developed and is identified as a next step in Section VIl below.

There are no metrics associated with the restoration projects mitigation as the pressure
restoration is conducted to return the pipeline to its previous operating pressure.

VIll. Next Steps
For the Failure to Maintain Demand for System Capacity risk discussed in this chapter,
PG&E plans to continue to mature risk quantification efforts in the following ways:

e Attempt to quantify consequence scenarios including gas surge back into homes and
hypothermia;

¢ Refine inputs to the model particularly on the consequence categories including
safety and reliability. In addition, consider inputs to the financial consequence
category to include home owner property damage in addition to relight costs; and

e Evaluate and define appropriate execution metrics for mitigation programs to
measure the progress of each program towards risk reduction objectives.

8  Target as identified during PG&E’s 2017 risk refresh/Session D process.
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Executive Summary

RISK NAME Measurement and Control (M&C) Failure — Release of Gas with Ignition
Downstream

IN SCOPE Loss of containment with ignition downstream of an M&C facility caused by
an equipment-related or incorrect operations driver

OUT OF SCOPE Events resulting in ignition at an M&C Facility
Assessment informed by Pacific Gas and Electric Company (PG&E)

DATA Overpressurel event data for 4/2012-12/2016, Pipeline and Hazardous

QUANTIFICATION | Materials Safety Administration (PHMSA) data for transmission and

SOURCES distribution for 2010-2016, Intercontinental Exchange (ICE) data, and Subject
Matter Expert (SME) judgement

A failure downstream of a Measurement and Control (M&C) facility resulting in loss of
containment with ignition is a risk event with significant impacts related to injuries and
fatalities, loss of service and/or equipment damage. This risk has been on PG&E’s risk
register since 2013. It is also an Enterprise level risk overseen by the Nuclear,
Operations and Safety Committee of PG&E’s Board of Directors. This risk event would
be produced by failure of the pressure regulation system at an M&C station caused by
equipment failure or incorrect operation.

While PG&E has experienced overpressure events and even loss of containment,2 PG&E
has never experienced this specific risk scenario with catastrophic consequences at any
of the M&C stations. Industry data indicates that there have been a total of

five overpressure (OP) events during the 2010-2016 time period which resulted in a loss

of containment with ignition.3 Of these five events, two were transmission-related and
three were distribution-related.

A large overpressure event is defined as an excursion that is 10 percent above Maximum Allowable
Operating Pressure (MAQOP), or 25 pounds per square inch gauge (psig) > MAOP for systems with
MAOP of 250 psig or greater. A value of 15 inches of water column is for low pressure

station locations.

On July 16, 2016, a 4” plastic gas line ruptured in Los Banos. The event resulted in: an unplanned
gas release and service interruption for the Kagome Food Plant; damage to the Kagome Food Plant
facility; damage to PG&E’s infrastructure; and a reportable California Public Utilities

Commission incident.

Based on 2010-2016 PHMSA overpressure event data file.
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The drivers for this risk event take different forms based on the type of station
(distribution versus transmission), the type of equipment installed, as well as the
operational characteristics. However, the outcome is similar in that an overpressure
event can occur with the potential for damage to downstream assets resulting in a loss
of containment with ignition and subsequent consequences on people, equipment and
structures. PG&E is actively addressing this risk through a variety of controls and
mitigations. Since emphasis is placed on station reliability and integrity, PG&E focuses
on continuous maintenance and inspection which positively contributes to safety. The
risk assessment undertaken as part of the Risk Assessment and Mitigation Phase (RAMP)
process showed that approximately 12 percent of events could result in serious safety
consequences in the form of fatality and approximately 7 percent could lead to injury.
By implementing the proposed mitigation plan outlined in this chapter, PG&E forecast a
potential 15 percent reduction in overall multi-attribute risk score (MARS) between
2017 and 2022.

Going forward, PG&E plans to collect and analyze more data to improve the model
inputs and continue the move towards more quantitative, data driven risk models. For
the M&C risk described in this chapter, one of the key next steps will be to consider
aligning risk models with work plan and forecast development. A detailed list of next
steps is included in Section VIl below.

Risk Assessment

A. Background

PG&E has approximately 556 gas transmission stations# and 4,825 distribution
stations that serve a M&C function across its service territory. The risk of an
overpressure event occurring at an M&C station, resulting in a rupture with
ignition downstream, has the potential of leading to serious safety impacts.
Although PG&E has never experienced an OP event resulting in a loss of
containment with ignition with injuries or fatalities, PG&E has experienced

34 large OP events in 2011-2016.5 Of those 34 large OP events, only one
resulted in a loss of containment and none of the events resulted in a loss of
containment with ignition.

The terms “station” and “facility” are used interchangeably throughout this document. All
transmission stations are facilities. However, not all transmission facilities are classified as stations.
Similarly, not all Distribution facilities are stations, and those not so classified are not subject to the
same inspections and maintenance requirements.

Data is based on PG&E’s 2011-2016 Maximum Operating Pressure Excursion data file.
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The risk bow tie, in Figure 3-1 below, focuses on drivers related to equipment

and incorrect operations as the remaining drivers included in the American

Society of Mechanical Engineers (ASME) B31.856 are unlikely to cause an

overpressure event. The risk bow tie shows the exposure and frequency drivers

for the risk, as well as the probability of a risk event related to each risk driver.

The risk event, at the center of the bow tie, is defined as a loss of containment

with ignition downstream of an M&C facility. Based on the model inputs for

frequency this risk event has the potential to occur approximately every

15 years, on average.

Figure 3-1: Risk Bow Tie

Risk top-level drivers

Exposure Frequency*? Risk event(s)* Consequences
Number of LP D1 - LP Equipment-related: [PG&F data * PHMSA Data] —— 0.0002
Distribution — Safety-Injuries
M&C Stations:
[PG&E data] .
206 D2 - LP Incorrect Operations: [PG&E data * PHMSA Data] 0.0001
— Safety-Fatalities
—— Environmental
Numberof HP 3 p pquipment-related: [PG&E data * PHMSA Data] - - 0.0239 Loss of
Distribution 1 contai
M&C Stations: SR
[PGRE data] | with ignition — Reliability
4619 D4 - HP Incorrect Operations: [PG&E data * PHMSA Data] —.— 0.0152
—— Compliance
i — Trust
Number of D5 - Trans Equipment:related: [PG&E data * PHMSA Datal —@0.00s8 fus
Transmission
M&C Stations: 0.0688
[PG&E data] I .
556 D6 - Trans Incorrect Operations: [PG&E data * PHMSA Data] — -0.0226 \]/ Financial
14.54 Years/Risk

Event

values displayed are means of each distribution and are in the units of events/year. Driver frequencies are summed to obtain the Risk event frequency.
2Drivers are modeled using Poisson and Binomial distributions.

B. Exposure

PG&E has categorized its 5,381 M&C stations into three main types based on

their function and operational characteristics; these characteristics influence the
likelihood of the risk event’s occurrence as reflected in historical event data. The
categorization also reflects variance in environmental and financial impacts that

6 See ASME standard B31.85-2004 “Managing System Integrity of Gas Pipelines.” This ASME code is
incorporated by reference in the Title 49 of the Code of Federal Regulations — Transportation

Part 192.7.c.5.
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would result if the risk event were to occur, which in turn impacts the
effectiveness of particular mitigations. The categorization and a detailed
description of each station type can be found below:

e Low Pressure (LP) Stations: Stations that feed systems with pressures
measured in inches of water column (typically 10.5 inches water column).

e High Pressure (HP) Stations: Stations are associated with outlet pressures
of 60 pounds per square inch gauge (psig) or less.

e Transmission Stations: Stations are associated with outlet pressures of
greater than 60 psig.
Table 3-1 below specifies the category counts for each of the station types that
were used in PG&E’s model. While there may be a very small change in the
number of stations over time as stations are decommissioned, removed, or
added, the exposure in the RAMP model is assumed constant between 2017
and 2022.

Table 3-1: M&C Station Count by Type

Distribution
Station Type Low Pressure High Pressure Transmission
(LP) Stations (HP) Stations
Count 206 4,619 556
C. Drivers and Associated Frequency

In reference to industry data, there have been a total of five OP events during
the 2010-2016 time period which resulted in a loss of containment with ignition
due to an OP event. Of these, two were transmission related and three were
distribution related. As PG&E has not experienced an event of this nature, the
model uses data available from PHMSA to quantify conditional probabilities of
an OP event: Starting with the number of PG&E OP events in a year, a
conditional probability is applied to determine the potential loss of containment
resulting in ignition. The model incorporates minimum and maximum bound
likelihood rates as a proxy to determine loss of containment resulting in ignition

for transmission and distribution, respectively.?

Although, no injury or fatality has occurred as a result of the OP events that
PG&E has experienced, the model employs the PG&E number of large OP events
as a factor in evaluating the likelihood of the risk event as this data is specific to

7 The minimum rate consists of 83 of 702 (12 percent) events leading to a loss of containment with
ignition for transmission; the maximum rate consists of 467 of 754 (62 percent) events that lead to
loss of containment with ignition for distribution.
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PG&E. The use of industry data is an assumption made by PG&E that the
frequency of ignition and safety events (failure rates) that PG&E might
experience are those reflected by the industry.

For this risk, the associated drivers based on the bow tie are outlined below:

e D1-LPEquipment-Related: Degradation of station components
resulting from aging and wear, impacts of liquids and debris on
equipment, or system operations impacts (e.g., low flow conditions) at a
LP station. Based on the probability distribution used in the model, the
average number of loss of containment events with ignition due to a LP
equipment failure is 0.0002 per year. This can be interpreted as one
event approximately every 5,000 years.

e D2 -LP Incorrect Operations: Failure of M&C station Overpressure
Protection (OPP) associated with maintenance and operating tasks that
place a facility in a non-standard mode at a LP station. Based on the
probability distribution used in the model, the average number of loss of
containment events with ignition due to a LP incorrect operation failure is
0.0001 per year. This can be interpreted as one event approximately
every 10,000 years.

e D3 - HP Equipment-Related: Degradation of station components
resulting from aging and wear, impacts of liquids and debris on
equipment, or system operations impacts (e.g., low flow conditions) at a
HP station. Based on the probability distribution used in the model, the
average number of loss of containment events with ignition due to a HP
equipment failure is 0.0239 per year. This can be interpreted as one
event approximately every 42 years.

e D4 - HP Incorrect Operations: Failure of M&C station OPP associated
with maintenance and operating tasks that place a facility in a non-
standard mode at a HP station. Based on the probability distribution
used in the model, the average number of loss of containment events
with ignition due to a HP incorrect operation failure is 0.0152 per year.
This can be interpreted as one event approximately every 66 years.

e D5 -Transmission Equipment-Related: Degradation of station
components resulting from aging and wear, impacts of liquids and debris
on equipment, or system operations impacts (e.g., low flow conditions) at
a transmission station. Based on the probability distribution used in the
model, the average number of loss of containment events with ignition
due to a transmission equipment failure is 0.0068 per year. This can be
interpreted as one event approximately every 147 years.

¢ D6 —Transmission Incorrect Operations: Failure of M&C station OPP
associated with maintenance and operating tasks that place a facility in a
non-standard mode at a transmission station. Based on the probability
distribution used in the model, the average number of loss of
containment events with ignition due to a transmission incorrect
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D.

operation failure is 0.0226 per year. This can be interpreted as one event
approximately every 44 years.

Consequences

Figure 3-2 below shows the range of consequences and the attributes that help

describe the tail average risk and the associated MARS. In the figure, there is an

explanation of the data sources for each of the consequence attributes. Based

on the tail average results, trust and safety—fatality outcomes contribute the

most to the overall baseline MARS calculation.

Figure 3-2: Consequence Attributes

*Ave of Year 1-6 Tail Ave outcomes in Natural units
*Ave of Year 1-6 Tail Ave outcomes in MARS units
3To convert MICF to tonne multiply by ~52/1000

Safety-Injuries  Safety-Fatalities  Environmental Reliability Compliance Financial
Source PHMSA PHMSA PHMSA and ICE SME Input SME Input PG&E Data SME Input
Percent of ignition Percent of ignition Ave=5,822MCF Customer hours Ave=51M Dependent on Safety Different for each
events with events with Std Dev=10,744MCF affected= (Exponential) outcomes. type of station
injury=12% fatality=7.2% Ave costof Min=0 hours*60 (Uniform)
Carbon?®=513 /tonne Max=1,000 hours*60 If there are any
Mean=7.9 Mean=2.7 co2 (Uniform) fatalities= High Distribution=$1M to
(Poisson) (Poisson) (Lognormal) severity brand S2M
favorabhility change Transmission_simple=
$3Mto $15M
@ If there are injuries Transmission_comple
_5 without fatalities, x=515M to $40M
§ 50/50 chance of Low
= or Severe
]
P
g
S High severity=12-20%
ES Severe=5-12%
a Low=0-5%
3 (Uniform)
O;Af;'l:‘f' 0.66 0.16 $2,725 20,677 $695,708 1.27% $1,905,503
Outcome-
TA-MARS? 0.18 4.29 0.00 0.05 0.07 6.34 1.14
MARS Total 12.07

Safety — Injuries (S1): PG&E used the PHMSA major incident data set8 for

transmission events with ignition and injury. Based on this data, the

percentage of ignition incidents with injury is 12 percent and the average

number of injuries per event is 7.9. Based on the tail average model

results across the 2017-2022 time period, the average worst case number
of injuries per year is 0.66. This average worst case scenario can be

interpreted as 1 injury approximately every 2 years. This outcome is

higher than anticipated since industry data on over-pressure events that

8

Data retrieved on January 3, 2017, https://phmsa.dot.gov/pipeline/library/data-stats/distribution-
transmission-and-gathering-Ing-and-liquid-accident-and-incident-data; Data from PHMSA incident

reports (2010-2016).
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lead to injuries is very limited and PHMSA data for all pipeline and station
events was used in the analysis. Therefore, additional data analysis in the
future may be able to better identify this risk consequence.

Safety — Fatalities (SF): PG&E used the PHMSA Data Set? for
transmission events with ignition and fatality. Based on this data, the
percentage of ignition incidents with fatalities is 7.2 percent and the
average number of fatalities per event is 2.7. Based on the tail average
model results across the 2017-2022 time period, the average worst case
number of fatalities per year is 0.16. This can also be interpreted as
one fatality approximately every 6 years. Similar to the injury results, this
outcome is higher than anticipated since industry data on over-pressure
events that lead to fatalities is very limited and PHMSA data for all
pipeline and station events was used in the analysis. Therefore,
additional data analysis in the future may be able to better identify this
risk consequence.

Environmental (E): The PHMSA Data Set for both transmission and
distribution related releases of gas with ignition were used to compute a
weighted average from the 83 transmission and 467 distribution ignition
incidents, which resulted in an average gas release volume of

5,822 millions cubic feet.10 Based on the tail average model results
across the 2017-2022 time period, the average worst case environmental
related cost is $2,725 per year. This is equivalent to approximately

210 tonnee of CO,. These results show that environmental impacts play
a relatively small role in this risk.

Reliability (R): PG&E leveraged SME judgment to determine the
reliability impact of this risk. PG&E assumes zero to a maximum impact
of 1,000 customer hours based on an individual station being out of
service and the redundancy in PG&E’s gas system. Based on the tail
average model results across the 2017-2022 time period, the average
worst case reliability impact would be of 20,677 customer minutes or
approximately 344 customer hours. These results show that reliability
has a relatively small role in this risk.

Compliance (C): PG&E leveraged SME judgment to determine the
compliance impact of this risk. PG&E assumes the primary cost of
compliance after a major incident with ignition would be associated with
additional inspection stemming from new regulations, the cost of which
was estimated to be $1,000,000 on average. Based on the tail average

10

Data retrieved on January 3, 2017, https://phmsa.dot.gov/pipeline/library/data-stats/distribution-
transmission-and-gathering-Ing-and-liquid-accident-and-incident-data; Data from PHMSA incident

reports (2010-2016).

The average cost of carbon was taken from the ICE end of day close for California Carbon Allowance
Futures as of day close March 29, 2017, which was $13 per tonne of carbon dioxide (CO,).
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model results, the average worst case compliance related impact is
$695,708. Impacts in this category are relatively low in comparison to
other risk consequence outcomes.

e Trust (T): Events are dependent upon safety outcomes, both injury and
fatality, and categorized as low, severe, and high. This methodology was
used across all GO risks. Based on the tail average model results across
the 2017-2022 time periods, the calculated average worst case impact on

brand favorability is 1.27 percent a year.11 This consequence category
has the largest impact on the baseline MARS since it is correlated to the
safety consequences.

e Financial (F): PG&E leveraged SME judgment to determine the financial
impact of this risk by using facility replacement costs as the basis for the
model since estimates of downstream damage costs are different for
each event. The financial impact was based on estimating lower and
upper bound ranges for facility replacement costs with respect to
distribution stations, transmission simple stations, and transmission
complex stations. The distribution station count includes both LP and
HP stations — totaling 4,825 stations. Transmission stations were broken
out into those that were considered simple (428) and those that were
considered complex (128). Replacement cost by station type is outlined
in the table below:

Table 3-2: Station Replacement Costs

Station Type Lower Bound Upper Bound
Distribution Station $1,000,000 $2,000,000
Transmission Simple Station $3,000,000 $15,000,000
Transmission Complex Station $15,000,000 $40,000,000

Based on the tail average model results across the 2017-2022 time
period, the average worst case replacement costs amount to
$1,905,503 a year.

1. 2016 Controls and Mitigations (2016 Recorded Costs)
Each of the controls and mitigations described in this section manages one or more
drivers of the M&C Failure — Rupture with Ignition Downstream Risk. The controls and
mitigations address reliability and integrity management of the stations to effectively
control and monitor the gas system. Since emphasis is placed on station reliability and
integrity, PG&E focuses on continuous maintenance and inspection which positively
contributes to safety. Moreover, the M&C asset family has a robust set of reliability and
integrity controls. The controls include on-going maintenance and inspection activities,

11 Refer to the Risk Model Overview chapter for the trust consequence calculation details.
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on-going capital work to manage obsolescence and operational requirements, gas
quality control and monitoring, and various other integrity management activities
related to material condition. Table 3-3 included below summarizes the controls and
associated 2016 recorded costs.

C1 - Corrective Maintenance: Corrective Maintenance includes work required to repair
or replace damaged or failed gas facilities. In many cases, the need for such restoration
is identified during preventative maintenance inspections. This control addresses the LP
Equipment-related and HP Equipment-related drivers. This program is identified as a
control for the M&C Failure — Release of Gas with Ignition at M&C Facility risk and the
Release of Gas with Ignition on Distribution Facilities- Non-Cross Bore risk. The total
cost for this program is not allocated between the risks.

C2 — Gas Quality Assessment: This program incorporates industry best practices and
monitors the quality of gas entering the PG&E system. It is important to assess the
quality of the gas in the pipeline to ensure that no debris or water flows through the
pipeline which could impact the regulation function. This control manages the risk of
gas quality issues of system to reduce the risk of equipment failure, and also reduces the
risk of internal corrosion. This control addresses the Transmission Equipment-related
driver. This program is identified as a control for the M&C Failure — Release of Gas with
Ignition at M&C Facility risk and the Compression and Processing (C&P) Failure — Release
of Gas with Ignition at Manned Processing Facility risk. The total cost for this program is
not allocated between the risks.

C3 - Preventative Maintenance: Preventative Maintenance includes maintenance and
inspection of station equipment to ensure station equipment remains in working order.
Preventative maintenance also includes work that may be required to comply with
pipeline safety regulations, and addresses the LP Equipment-related and HP Equipment-
related drivers. This program is identified as a control for the M&C Facility risk and the
Release of Gas with Ignition on Distribution Facilities- Non-Cross Bore risk. The total
cost for this program is not allocated between the risks.

C4 — Regulator Station Component Replacement: This program is intended to replace
equipment within a regulator station that has exceeded its useful life or is experiencing
performance problems. This control ensures the equipment and components are
operating properly and reduce the risk of a failure by managing equipment
obsolescence and failure. This control addresses the LP Equipment-related and HP
Equipment-related drivers. This program is identified as a control for the M&C Failure —
Release of Gas with Ignition at M&C Facility risk. The total cost for this program is not
allocated between the risks.

C5 — Regulator Station Replacement: This program includes the complete or partial
rebuild of transmission and distribution stations (above or below ground) to replace old
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and obsolete equipment and piping, to upgrade configuration to meet current design
standards and system operating needs, and to address any issues with station operation
and maintenance. Rebuilding can also involve relocating stations as appropriate to
improve employee safety. PG&E has concerns regarding employee safety related to
vault access or vaults being located near traffic areas, i.e., conditions that put
employees at risk during routine maintenance. This control addresses the LP
Equipment-related, LP Incorrect Operations, HP Incorrect Operations, and HP
Equipment-related drivers. This program also manages the risk of equipment
obsolescence and failure. This program is identified as a control for the M&C Failure —
Release of Gas with Ignition at M&C Facility risk. The total cost for this program is not
allocated between the risks.

In addition to controls, PG&E uses a series of mitigations to address equipment-related
and incorrect operations threats to asset integrity. The selected set of mitigation
activities is aimed at reducing the risks associated with the integrity of the facilities.
Three mitigations began in 2016 and are continuing work through 2021 and 2022.
Below is a description of these mitigations including the 2016 recorded costs in

Table 3-3.

The mitigations selected for this risk are based on providing additional assurance to
minimize the likelihood of an event. Along with the on-going controls to maintain and
replace equipment, these mitigations provide additional safeguards against the threats
of equipment-related failure and incorrect operations. The upgrade of documents
ensures improved operation of the system; replacement of High Pressure Regulators
(HPR) address aging stations and obsolescence; installation of SCADA provides system
visibility to identify potential threats and to quickly mitigate these threats; and
secondary OPP provides another line of defense to prevent overpressure events.

M1A - Critical Documents Program: This program consists of revising and/or
developing new critical drawings and documents for transmission stations. These
drawings and documents will better assist operating and maintenance personnel in
understanding and troubleshooting systems and equipment. This mitigation ensures
that the drawings and documents used to operate and maintain the facility are
commensurate with the complexity of the facility. This mitigation addresses the
Transmission Incorrect Operations driver as it reduces the chance of communication
error between operator and control room along with the Compliance, Trust, and
Financial consequence categories. This program is also identified as a mitigation for
M&C Failure - Release of Gas with Ignition at M&C Facility risk and C&P Failure — Release
of Gas with Ignition at Manned Processing Facility risk. The cost for this program was
allocated among all three risks with a 65 percent allocation to the two M&C risks and
35 percent to the C&P risk. Both the M&C show the total 65 percent allocation (i.e., the
costs that were allocated to the two M&C risks were not separated).
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M2A —HPR Replacement: This program is intended to replace distribution system HPR
stations that have exceeded their useful life or are experiencing performance problems.
This mitigation ensures the equipment and components are operating properly and
reduces the risk of a failure by addressing the likelihood of equipment obsolescence and
failure. Also, this mitigation reduces the likelihood of incorrect operations due to the
ease of operations on newly replaced HPRs. This mitigation addresses the HP Incorrect
Operations and HP Equipment-related drivers.

M3A - Supervisory Control and Data Acquisition (SCADA) Visibility: To monitor and
operate the gas system and mitigate potentially abnormal conditions, Gas Control
Center (GCC) personnel must be able to view pressure and flow data from key locations
within the gas system. Typically, these locations are at regulator stations, where supply
enters the downstream and pressure is highest, and at the historic or modeled points of
lowest pressure. Due to their importance in operating the system, regulator stations
may have multiple SCADA devices, one immediately upstream of, downstream of, and
inside the station. SCADA devices provide the required visibility to GCC personnel. If
the devices detect conditions that are out of the normal range, they send an alarm to
the GCC. Operators then investigate and take necessary measures. This mitigation
addresses the HP Equipment-Related, HP Incorrect Operations, Transmission
Equipment-Related, and Transmission Incorrect Operations drivers along with all
consequence categories (Safety-Injury, Safety-Fatality, Environmental, Reliability,
Compliance, Trust, and Financial). This program is also identified as a mitigation for
M&C Failure - Release of Gas with Ignition at M&C Facility risk. The total cost for this
program is not allocated between the two M&C risks.

Table 3-3: Risk Controls and Mitigations and 2016 Recorded Costs

2016 Recorded 2016 Recorded

Associated Driver # and Funding Expense Capital

# Control Consequence Source ($000) ($000)
C1 Corrective Maintenance D1, D3 GRC 74,164 -
Cc2 Gas Quality Assessment D5 GT&S 290 -
C3 Preventative Maintenance D1, D3 GRC 9,007 -
ca Regulator Station Component D1, D3 GRC - 13,064

Replacement

Cc5 Regulator Station Replacement D1, D2, D3, D4 GRC - 18,543
M1A Critical Documents Program D6,C, T, F GT&S 5,650 -
M2A HPR Replacement D3, D4 GRC - 27,529
M3A SCADA Visibility - T D5, D6, SI, SF, E,R,C, T, F GT&S - 266
SCADA Visibility - D D3, D4, SI,SF,E,R,C,T,F GRC - 27,616
TOTAL Expense and Capital 89,111 87,018

Current Mitigation Plan (2017-2019)
The mitigation programs described in the section above are also the mitigations for the
2017-2019 time period. As mentioned in the previous section, these programs are
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aimed to further address the integrity management of M&C facilities. The proposed
plan includes the following scope:

M1B - Critical Documents Program: Continue update of station documentation. This
includes work at the following representative numbers of stations: 66 stations in 2017,
88 stations in 2018, and 109 stations in 2019. The exposure in terms of number of

stations for a particular year is estimated from the program forecast cost.12

M2B - HPR Replacement: Continue to replace HPRs at identified stations. This includes
375 stations in 2017, 405 stations in 2018, and 440 stations in 2019.

M3B — SCADA Visibility: Continue SCADA installations at identified distribution and
transmission stations to provide visibility into the performance of the system. This
includes 237 distribution and 3 transmission stations in 2017, 144 distribution and
13 transmission stations in 2018, and 149 distribution and 8 transmission stations
in 2019.

In addition to the mitigations previously discussed in Section Ill, the program listed
below will begin in 2018.

MA4A - Station OPP Enhancements: This program is intended to improve performance
of the transmission and distribution stations in the event of over pressurization. During
the past two years, PG&E performed root cause investigations to determine the cause
and to define actions to prevent recurrence. The scope of this program is currently
being developed but is expected to include some of the following activities:

(1) conducting benchmarking studies to determine best practices; and (2) installing
secondary overpressure protection. System reviews may be performed to determine
the most appropriate means of secondary overpressure protection; for example,
stations with pilot-operated regulators and monitors could benefit from the installation
of secondary OPP (e.g., slam-shut valves, working monitors, and relief valves). These
purpose of these enhancements is to reduce the frequency of all threats through
improved design and processes.

This program is intended to improve performance of the transmission and distribution
stations in the event of over pressurization. The proposed plan includes addressing
80 transmission stations in both 2018 and 2019. The portion of the program that
addresses the distribution stations is currently in preliminary development. While it is

12 The Critical Documents Program forecast includes costs associated with three main tasks: field visit
preparation, on-site field verification, and document modernization. The representative number of
stations has been determined as a fraction of the total number of stations to be addressed by the
program, multiplied by the fraction that the forecast dollars for a given year represent out of the
total program dollars.
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not being included as a mitigation in this RAMP filing, a forecast will be provided as part
of the 2020 General Rate Case.

Table 3-4: 2017-2019 Mitigation Work and Associated Costs

2017 2018 2019
Start Associated Driver # Forecast Forecast Forecast

# Mitigation Name Date End Date and Consequence ($000) ($000) ($000)
M1B Critical Documents 2015 2021 D6,C,T,F -(C) -(C) -(C)
Program 5,842 (E) 7,636 (E) 9,593 (E)
M2B HPR Replacement 2011 2023 D3, D4 53,180 (C) 46,474 (C) 55,993 (C)
= (E) = (E) - (E)
M3B SCADA Visibility 2015 2025 D5, D6, SI, SF, E, R, 1,696 (C) 4,151 (C) 2,740 (C)
CTF - (E) - (E) - (E)
SCADA Visibility 2014 2025 D3, D4, S, SF, E, R, 26,300 (C) 26,353 (C) 27,259 (C)
CTF = (E) = (E) - (E)
M4A Station OPP 2018 2023 D1-D6 -(Q) 4,000 (C) 6,166 (C)
Enhancements —(E) 1,531 (E) 1,567 (E)
TOTAL Expense and Capital 81,176 (C) 80,978 (C) 92,158 (C)
5,842 (E) 9,167 (E) 11,160 (E)

Proposed Mitigation Plan (2020-2022)

PG&E performed an assessment of all mitigations considered and how each relates to
the drivers for M&C Failure — Release of Gas with Ignition Downstream Risk. The
mitigations described in Section IV above are ongoing and are also a part of the
2020-2022 mitigations. The proposed plan is expected to show a 14.9 percent reduction
in the overall MARS score and includes the following scope:

M1C — Critical Documents Program: Continue update of station documentation, for
109 representative stations in 2020 and 88 in 2021. The proposed plan was determined
by assessing resource constraints, system impacts and pace of risk mitigation for the
threat of incorrect operations.

M2C - HPR Replacement: Continue to replace HPRs at identified stations at a rate of
440 a year throughout 2020-2022. This proposed scope aligns with PG&E’s goal to
address aging stations, obsolescence, and employee safety concerns.

M3C — SCADA Visibility: Continue SCADA installations at identified distribution

and transmission stations to provide visibility into the performance of the system.
This includes 149 distribution and 13 transmission stations in 2020, 150 distribution
and 8 transmission stations in 2021, and 123 distribution and 8 transmission stations
in 2022.

M4B - Station OPP Enhancements: Continue stations upgrades at selected stations
during 2020-2022 with technology applications to upgrade regulation equipment and
station performance at an annual rate of 80 stations. This was selected as the proposed
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case since PG&E aims to proactively and systematically address equipment-related

failures in order to prevent additional OP events from occurring.

Table 3-5: Proposed Mitigation Plan and Associated Costs
TA RSE Associated 2020 2021 2022
Mitigation (Units/$ EV RSE End Driver # and Forecast Forecast Forecast
# Name M) (Units/$SM) | Start Date Date Consequence ($000) ($000) ($000)
M1cC Critical 0.0163 0.0016 2015 2021 D6,C, T, F —(C) —(C) —(C)
Documents 9,593 (E) 9,593 (E) —(E)
Program
M2C HPR 0.0154 0.0015 2011 2023 D3, D4 53,193- 53,193- 53,193-
Replacement 58,792 (C) 58,792 (C) 58,792 (C)
- (E) - (E) - (E)
M3C SCADA Visibility 0.0156 0.0016 2015 2025 D5, D6, SI, SF, 4,285 (C) 3,127 (C) 3,127 (C)
E,R,C,T,F - (E) —(E) —(E)
SCADA Visibility 2014 2025 D3, D4, S, SF, 25,897- 25,916—- 25,795-
E R CTF 28,622(C) | 28,643(C) | 28,510(C)
- (E) - (E) —(E)
M4B Station OPP 0.0624 0.0062 2018 2023 D1-D6 6,188 (C) 6,176 (C) 6,176 (C)
Enhancements 1,567 (E) 1,567 (E) 1,567 (E)
TOTAL PROPOSED PLAN RSE: 0.0185 89,563—- 88,412- 88,291-
TOTAL Expense and Capital by Year 97,887(C) 96,738 (C) 96,605(C)
11,160 (E) | 11,160 (E) 1,567 (E)

VI.

Alternatives Analysis

PG&E considered alternatives to the pace of replacement of HPRs in the system as this

mitigation plays a key role in reducing the risk of an OP event affecting downstream

assets. Both an accelerated and decelerated pace were analyzed and were ultimately

not chosen for the proposed case based on the feasibility of execution of mitigations

and overall affordability of the portfolio of mitigations. Table 3-6 below lists all

mitigations along with their respective Risk Spend Efficiency (RSE) score.

Table 3-6: Mitigation List

Tail Average Expected Value
Risk Spend Risk Spend
Efficiency Score Efficiency Score Proposed Alternative Alternative
# Mitigation (Units/1SM) (Units/1$M) Plan 1 2 WP #

Critical

Documents
M1cC Program 0.0163 0.0016 X X X WP 3-2
M2C HPR Replacement 0.0154 0.0015 X WP 3-5
M3C | SCADA Visibility 0.0156 0.0016 X X X WP 3-9
M4B | Station OPP 0.0624 0.0062 X X X WP 3-13

Enhancements
M2D HPR Replacement 0.0154 0.0015 X WP 3-5
M2E HPR Replacement 0.0154 0.0015 X WP 3-5
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Figure 3-3 below shows the breakdown of the proposed plan, Alternative 1 plan, and

Alternative 2 plan based on cost and RSE.

Figure 3-3: : Alternatives by Cost and RSE Score

Cost by Plan
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A. Alternative Plan 1
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- 0.018

- 0.0178

0.0176

Alternative Plan 1 was created based on increasing the scope outlined in the

proposed case by an additional 100 stations per year for HPR replacements.

This alternative was not selected since it would require a significant number of

resources that may not be foreseeably available, or would limit other work

required in the system. Associated RSE and costs for this plan can be found in
Table 3-7 below.
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Table 3-7: Alternative Plan 1 and Associated Costs

Associated 2020 2021 2022
Mitigation TA RSE EV RSE Start End Driver # and Forecast Forecast Forecast
# Name (Units/SM) | (Units/$M) Date Date Consequence ($000) ($000) ($000)
Critical

Documents -(C) -(C) -(C)
M1C | Program 0.0163 0.0016 2015 2021 | D6,C,T,F 9,593 (E) 9,593 (E) - (E)
HPR 65,283 — 65,283 — 65,283 —
M2D 0.0154 0.0015 2011 2023 D3, D4 72,154 (C) 72,154 (C) 72,154 (C)

Replacement
—(E) —(E) —(E)
SCADA DS, D6, S, SF, 4,285 (C) 3,127 (C) 3,127 (C)
Visibility - T 2015 2025 E,RCTF - (E) - (E) — (E)
M3C 0.0156 0.0016 25,897 — 25,916 — 25,795 —
3i$5£y-—D 2014 2025 Eaéa?ihsF’ 28,622 (C) | 28,643 (C) 28,510 (C)
T —(E) —(E) —(E)
Station OPP 6,188 (C) 6,176 (C) 6,176 (C)
MAC | Enhancements 0.0624 0.0062 2018 2023 | D1-D6 1,567 (E) 1,567 (E) 1,567 (E)
TOTAL ALTERNATIVE PLAN 1 RSE: 0.0181 101,653~ | 100,502 100,381 -
TOTAL Expense and Capital by Year 111,249(C) | 110,100(C) 109,967 (C)
p pitalby 11,160 (E) | 11,160 (E) 1,567 (E)

B. Alternative Plan 2

Alternative Plan 2 was created based on decreasing the pace outlined in the

proposed case by 100 stations per year for HPR replacements.

340 a year throughout 2020-2022.

M2E - HPR Replacement: Replace HPRs at identified stations at a rate of

Even though this alternative has a lower cost and a slightly higher risk spend

efficiency (RSE), it was not chosen as the recommended case. The longer

timeframe of Alternative Plan 2 would result in a higher average asset age

compared to the proposed case. This is undesirable since as equipment ages and

reaches the end of its service life, the probability that it will fail in service
increases. Addressing the large population of ageing HPRs with the pace

outlined in the proposed case would address this risk in a more timely manner.

Associated RSE and costs for this plan can be found in the table below.
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Table 3-8: Alternative Plan 1 and Associated Costs

Associated 2020 2021 2022
Mitigation TA RSE EV RSE Start End Driver # and Forecast Forecast Forecast
# Name (Units/SM) | (Units/SM) | Date Date Consequence | ($000) ($000) ($000)
Critical
M1C | Documents 0.0163 0.0016 2015 2021 | D6,C,T,F -(©) -0 -
T 9,593 (E) 9,593 (E) —(E)
Program
HPR 41,104 — 41,104 — 41,104 —
M2E 0.0154 0.0015 2014 2023 D3, D4 45,431 (C) 45,431 (C) 45,431 (C)
Replacement
—(E) —(E) —(E)
SCADA D5, D6, SI, SF, 4,285 (C) 3,127 (C) 3,127 (C)
Visibility - T 2015 2025 E.RCTF - (E) - (E) —(E)
M3C 0.0156 0.0016 25,897 — 25,916 - 25,795 -
\s/ics/?mty b 2014 2025 Ei’{ DS’TS "FSF’ 28,622 (C) 28,643 (C) 28,510 (C)
R —(E) —(E) —(E)
Station OPP 6,188 (C) 6,176 (C) 6,176 (C)
MAC | Enhancements 0.0624 0.0062 2018 2023 D1-D6 1,567 (E) 1,567 (E) 1,567 (E)
TOTAL ALTERNATIVE PLAN 2 RSE: 0.0189 77,474 - 76,223 - 76,202 -
TOTAL Expense and Capital by Year 84,526 (C) 83,377(C) 83,244 (C)
11,160 (E) 11,160 (E) 1,567 (E)

VII. Metrics

The primary risk reduction metric that PG&E is proposing to track risk reduction for this

risk is the annual number of large OP events. Monitoring the reduction in large

overpressure events per year is an indication of the effectiveness of our controls and

mitigation, and therefore, is a measure of risk reduction achieved.

Metrics associated with the mitigation programs are designed to measure if each

program is progressing at the desired pace to achieve risk reduction objectives. The

targets for these metrics are established based on rate case outcomes through PG&E’s

Integrated Planning process. Table 3-9 below shows the proposed risk reduction and

execution metrics:
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VIIL.

Table 3-9: Metrics

Associated Driver #

Risk/Mitigation and Consequence Proposed Metric Targets

Risk Reduction Metric

M&C Failure — Release of All Number of large OP TBD

Gas with Ignition events

Downstream

Execution Metric

Critical Documents Program D6,C,T,F Number of stations TBD
completed.

HPR Replacement D3, D4 Number of stations TBD
completed.

SCADA Visibility D3, D4, D5, D6, S, Number of stations TBD

SF,E,R,CT,F completed.

Station OPP Enhancements D1-D6 Number of facilities with | TBD
secondary OP protection
installed

Next Steps

For the M&C Failure creating a downstream event risk discussed in this chapter, PG&E
plans to continue to mature risk quantification efforts in the following ways:

e Continue to evolve existing tools to understand and monitor condition and criticality
of assets leading to a more data driven process for monitoring and managing assets.
In the last few years, PG&E identified that the evaluation of threats and risks
associated with M&C assets was largely based on experience and judgment of PG&E
SMEs. During the past three years, PG&E has performed several tasks that provide
information for monitoring threat and asset health. This includes activities such as
industry benchmarking studies, process safety assessments and condition
assessments to understand hazards;

e Consider how PG&E can align risk models with different types of planned and
forecast units of work; and

e Refine model inputs. The modeling effort was primarily focused on
safety. Given the lack of data to estimate the compliance, reliability and
environmental impacts, the team made broad assumptions on new
regulations, customer outage and environmental costs. Additionally, the
financial impacts require further analysis to better mirror replacement
costs for all types of M&C assets. These model inputs are being assessed
and, where possible, PG&E will update these inputs in the future.
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I Executive Summary

RISK NAME Measurerr?ent and Control (M&C) Failure — Release of Gas with Ignition at
M&C Facility
Loss of containment with ignition within an M&C facility resulting in
IN SCOPE significant impacts to personnel safety, loss of service and/or equipment
damage
Events resulting in ignition downstream of an M&C facility; risks related to
OUT OF SCOPE pipeline outside of the M&C facility
DATA Assessment informed by Pipeline and Hazardous Materials Safety
QUANTIFICATION | Administration (PHMSA) data, PG&E data, Intercontinental Exchange (ICE)
SOURCES data, and Subject Matter Expert (SME) input

A failure at a Measurement and Control (M&C) facility resulting in loss of containment
with ignition is a risk event that could result in significant potential injuries and fatalities,
loss of service and/or equipment damage. The risk has been on Pacific Gas and Electric
Company’s (PG&E) risk register since 2013. It is also an Enterprise Risk overseen by the
Nuclear Operations and Safety Committee of PG&E’s Board of Directors. Although there

is another M&C risk discussed in a separate chapter, this risk event is different in that it
concerns loss of containment with ignition occurring at the facility itself, as opposed to
on downstream assets at or near a customer location. To date, PG&E has never
experienced a catastrophic event resulting in loss of life. However, based on a review
of Pipeline and Hazardous Materials Safety Administration (PHMSA) data, there have
been several events industry-wide. This risk has the potential for serious safety
consequences for the public and PG&E’s employees and contractors, therefore is one of
PG&E’s top risks.

There are nine risk drivers as outlined by the American Society of Mechanical Engineers

(ASME) B31.852 standard that could lead to this event. These drivers include
equipment-related, external corrosion, incorrect operations, internal corrosion,
manufacturing-related defects, stress corrosion cracking, third-party/mechanical
damage, weather-related/outside force, and welding/fabrication related. The Risk
Assessment and Mitigation Phase (RAMP) model uses a combination of PG&E-specific
data, industry data, and SME judgement to gain a better understanding of the risk
drivers associated with the risk.

1 see RAMP Chapter 3 for the M&C Failure — Release of Gas with Ignition Downstream risk.

2 See ASME standards B31.85-2004 “Managing System Integrity of Gas Pipelines.” This ASME code is
incorporated by reference in federal code 49 Code of Federal Regulations Part 192.7.c.5.
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PG&E is actively addressing this risk through a variety of controls and mitigations. These
programs promote safe operation and maintenance of the facilities and address specific
risk drivers. The mitigation activities include the Critical Documents Program, the
Engineering Critical Assessment Phase 1 and Phase 2 programs, Physical Security
Upgrades, and Station Strength Testing.

The risk assessment undertaken as part of the RAMP process showed that
approximately 7 percent of events could result in a fatality and approximately

15 percent of events could lead to injuries. By implementing the proposed plan outlined
in this chapter, PG&E forecasts a potential 1.8 percent reduction in overall risk as
measured by a percent reduction in the overall multi-attribute risk score (MARS)
between 2017 and 2022.

Going forward, PG&E plans to collect and analyze more data to improve the model
inputs and continue the move towards more quantitative, data driven risk models. For
the M&C risk described in this chapter, one of the key next steps will be to consider
aligning risk models with work plan and forecast development. A detailed list of next
steps is included in Section VIl below.

Risk Assessment

A. Background
PG&E has approximately 556 gas transmission stations and 4,825 distribution
stations in service across its service territory. To date, the risk of a loss of
containment event resulting in ignition at an M&C facility has never occurred
within PG&E. However, there have been several events within the industry. As
this event has the potential to cause serious safety consequences, it is one of
PG&E’s top risks. PG&E analyzes all drivers included in the ASME B31.8S
standards.

Figure 1 below is the bow tie associated with this risk. The risk bow tie illustrates
the exposure and frequency drivers for the risk, as well as the probability of a
risk event related to each risk driver. The risk event, at the center of the bow tie,
is defined as a loss of containment with ignition at an M&C facility. Based on the
model inputs for frequency, this risk event is likely to occur approximately every
nine years.
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Figure 4-1: Risk Bow Tie

Risk top-level drivers

Exposure Frequency'? Risk event(s)* Consequences
D1 - Equipment: [SME input * PHMSA Data] — —0.0357
‘ — Safety-Injuries
D2 - External Corrosion: [SME input * PHMSA Data] —¢@— 0.0072
— Safety-Fatalities
D3 - Incorrect Operations: [SME input * PHMSA Data] —.— 0.0067
o — Environmental
Distribution o . .
Stations: D4 - Internal Corrosion: [SME input * PHMSA Data] . 0.0(I]73 Loss of
[PG&E Data] containment
4825 | with ignition — Reliability
D5 - Manufacturing Defects: [SME input * PHMSA Data] —® 0.0035
Transmission
Stations: |
[PG&E Data] ) : ) . — Compliance
556 D6 - Stress Corrosion Cracking: [SME input * PHMSA Data] —@ —0.0033
" A ) q B — Trust
D7 - 3™ Party/Mechanical Damage: [SME input * PHMSA Data] — — 0.0192
| 0.1171
D8 - Weather-related/outside forces: [SME input * PHMSA Data] — —0.0244 \l’ — Financial
8.54 Years/Risk
Event
D9 - Welding/Fabrication Related: [SME input * PHMSA Data] —.— 0.0098

Walues displayed are means of each distribution and are in the units of events/year. Driver frequencies are summed to obtain the Risk event frequency.
2Drivers are modeled using Poisson and Binomial distributions.

B. Exposure
PG&E has categorized its 5,381 M&C stations into three main types based on
their function and operational characteristics; these characteristics influence the
likelihood of the risk event’s occurrence as reflected in historical event data. The
categorization also reflects variance in environmental and financial impacts that
would result if the risk event were to occur, which in turn impacts the
effectiveness of particular mitigations. The categorization and detailed
description of each station type can be found below.

e Low Pressure (LP) Stations: Stations that feed systems with pressures
measured in inches of water column (typically 10.5 inches water column).

e High Pressure (HP) Stations: Stations are associated with pressures of
60 per square inch gauge (psig) or less.

¢ Transmission Stations: Stations are associated with pressures of greater
than 60 psig.

The table below specifies the category counts for each of the station types that
were used in PG&E’s model. While there may be a small change in the number
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of stations over time as stations are decommissioned, removed, or added, the
exposure in the RAMP model is assumed constant between 2017 and 2022.

Table 4-1: M&C Station Count by Type

Distribution
Low Pressure High Pressure
Station Type (LP) Stations (HP) Stations Transmission
Count 206 4,619 556
C. Drivers and Associated Frequency

The frequency of the risk event is based on a review of PHMSA major event data

for transmission and distribution3 to identify each driver’s respective
contribution to the frequency of loss of containment that results in ignition or
explosion. Because the PHMSA data includes all events in the United States, the
number of events per year was scaled by the fraction of the PG&E system
relative to the U.S. system. Industry data indicates that PG&E’s system contains
approximately 2 percent of transmission piping in the U.S. Therefore, the
assumption was made to use the same scale for both transmission and

distribution stations.# This data was used in lieu of using station specific PHMSA
data for compressor, processing, and regulation stations as there was a lack of
data for each of the driver frequency threats. The likelihood of ignition was
computed by taking the sum of transmission and distribution ignition events and

dividing by the total count of major losses of containment.>
For this risk, the associated drivers based on the bow tie are outlined below:

e D1 - Equipment-Related: Equipment failures that may result from age,
maintenance history, or design configuration can lead to over-pressure
excursions (which may produce failure of assets at the facility or of
downstream assets) or under-pressure excursions (which may result in
customer outages). There are potential safety, operations, reliability and
financial impacts associated with the equipment-related threat. The
Equipment-related driver is managed by replacing aging and obsolete

PHMSA Major Incident report (Transmission and Distribution) includes a collection of all major
incidents in the United States. Time period used is 2010-2016. The PHMSA major incident
reporting data includes a filter for commodity types; PG&E filtered the data for Natural Gas and
Blanks (Gas Carriers).

The number of expected major loss of containment events per year for transmission is 263 events
over the 7-year period, assuming that PG&E’s assets represent 2 percent of the total or 0.75 events
per year. Distribution showed a total of 43 events, amounting to 0.12 events/year.

Of the total 306 major loss of containment events, 41 resulted in ignition (13 percent).



equipment, or upgrading or retrofitting equipment to meet current
industry and environmental regulations as well as changing business
needs. Based on the probability distribution used in the model, the
average number of loss of containment events with ignition due to
equipment failure is 0.0357 per year. This can be interpreted as one
event approximately every 28 years.

D2 - External Corrosion: Material deterioration from external corrosion
may cause leaks and potential failure of piping and equipment ultimately
resulting in loss of containment and/or potential customer outages.
External corrosion risks are the result of deterioration of material over
time due to external environmental conditions. Based on the probability
distribution used in the model, the average number of loss of
containment events with ignition due to external corrosion failure is
0.0072 per year. This can be interpreted as one event approximately
every 139 years.

D3 - Incorrect Operations: Incorrect station operations include those
from both automated and manual operation of station equipment. The
complexity of performing maintenance at M&C stations could result in
human performance error, which could lead to failure of a station. Based
on the probability distribution used in the model, the average number of
loss of containment events with ignition due to incorrect operations
failure is 0.0067 per year. This can be interpreted as one event
approximately every 149 years.

D4 - Internal Corrosion: Material deterioration from internal corrosion
may cause leaks and potential failure of station piping and equipment
resulting in loss of containment with potential safety issues and/or
customer outages. The risk of internal corrosion results from the
deterioration of material over time due to impurities in gas or fluids in
the station piping. Based on the probability distribution used in the
model, the average number of loss of containment events with ignition
due to internal corrosion failure is 0.0073 per year. This can be
interpreted as one event approximately every 137 years.

D5 — Manufacturing Defects: Manufacturing defects include weld
defects such as longitudinal seam defects caused by errors in the welding
and material defects caused by various steel impurities. These can occur
in transmission pipeline as well as in the piping in gas transmission
stations. Based on the probability distribution used in the model, the
average number of loss of containment events with ignition due to
manufacturing defects failure is 0.0035 per year. This can be interpreted
as one event approximately every 286 years.

D6 — Stress Corrosion Cracking: The risk of failure of station piping due
to stress corrosion cracking that results in a loss of containment may
result in public safety issues. Stress corrosion risks are produced by
deterioration of material over time due to a combination of factors from
pressure cycling, chemicals, stress, and material types. Based on the
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probability distribution used in the model, the average number of loss of
containment events with ignition due to stress corrosion cracking failure
is 0.0033 per year. This can be interpreted as one event approximately
every 303 years.

e D7 - Third-Party/Mechanical Damage: Damage caused by third-parties
can be mitigated via physical security measures at the M&C stations.
Typically, the most common type of third-party damage is dig-ins; dig-ins
are prevented at facilities by preventing third-party access to the
facilities. Other types of damage that could occur at the M&C facilities in
this category include: Vehicle damage, vandalism, terrorism, train
derailment etc. Based on the probability distribution used in the model,
the average number of loss of containment events with ignition due to
third-party/mechanical damage failure is 0.0192 per year. This can be
interpreted as one event approximately every 52 years.

e D8 - Weather-Related and Outside Forces (WROF): Weather and
outside forces could potentially result in equipment damage during
earthquakes or floods, ultimately resulting in a loss of containment or
overpressurization downstream. These events would present potential
safety issues and/or customer outages on both the transmission and
distribution systems. Based on the probability distribution used in the
model, the average number of loss of containment events with ignition
due to WROF failure is 0.0244 per year. This can be interpreted as one
event approximately every 41 years.

e D9 - Welding/Fabrication: Risks due to welding or fabrication due to
construction are related to inadequate construction practices during the
building of the station resulting in potential premature failure or
operational difficulties. Additional risks are associated with the
documentation and construction records not being sufficient or properly
maintained. Based on the probability distribution used in the model, the
average number of loss of containment events with ignition due to
welding/fabrication failure is 0.0098 per year. This can be interpreted as
one event approximately every 102 years.

Consequences

Figure 4-2 below shows the range of consequences and the attributes used as
inputs to calculate the tail average outcome and the associated MARS. In the
figure, there is an explanation of the data sources for each of the consequence
attributes. Based on the tail average results, trust and safety—fatality outcomes
contribute the most to the overall baseline MARS calculation.
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Figure 4-2: Consequence Attributes

Safety-Injuries Safety-Fatalities Environmental Reliability Compliance Financial
Source PHMSA PHMSA PHMSA and ICE SME Input SME Input PG&E Data SME Input
Percent of ignition Percent of ignition Ave=5,822MCF Customer hours Ave=51M Dependent on Safety Different for each
events with events with Std Dev=10,744MCF affected= (Exponential) outcomes. type of station
injury=14.6% fatality=7.3% Ave cost of Min=0 hours*60 (Uniform)
Carbon®=513 /tonne Max=1,000 hours*60 If there are any
Mean=1 Mean=2.5 co2 (Uniform) fatalities= High Distribution=51Mto
(Poisson) (Poisson) (Lognormal) severity brand S2M
favorability change Trans_simple=53M to
$15M
o If there are injuries Trans_complex=515M
k] without fatalities, t0 S40M
E 50/50 chance of Low
= or Severe
e
a
]
S High severity=12-20%
ug; Severe=5-12%
a Low=0-5%
3 (Uniform)
v L T
O:Af;’l:‘f' 0.18 0.22 54,732 34,325 $1,163,903 1.88% $3,081,428
Qutcome-
TA-MARS? 0.05 5.97 0.00 0.09 0.12 9.42 1.85

*Ave of Year 1-6 Tail Ave outcomes in Natural units
2Ave of Year 1-6 Tail Ave outcomes in MARS units
3To convert MCF to tonne multiply by ~52/1000

MARS Total

17.49

Explanation of Consequence Attributes: Data Source, Outcomes

e Safety — Injuries (SI): PG&E used the transmission and distribution

PHMSA major incident data® set filtered for station events to quantify the
conditional probability that a major incident results in injuries. Based on
this data, the percentage of ignition incidents with injury is 14.6 percent
and the average number of injuries per event is one. Based on the tail
average model results across the 2017-2022 time periods, the average
worst case number of injuries per year is 0.18. This can also be
interpreted as approximately one injury every six years. This outcome is
higher than anticipated since industry data for ignition events at facilities
is very low. PG&E believes that additional data analysis in the future may
be able to better identify this risk consequence.

o Safety — Fatalities (SF): PG&E used the transmission and distribution

PHMSA major incident data set to quantify the conditional probability
that a major incident results in fatalities. Based on this data, the

percentage of ignition incidents with fatalities is 7.3 percent and the

6

PHMSA Major Incident report includes a collection of all major incidents in the United States. Time
period used is 2010-2016. The PHMSA major incident reporting data includes a filter for
commodity types; PG&E filtered the data for Natural Gas and Blanks (Gas Carriers).
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average number of fatalities per event is 2.5. Based on the tail average
model results across the 2017-2022 time period, the average worse case
number of fatalities per year is 0.22. This can also be interpreted as
approximately one fatality every five years. Similar to the injury results,
this outcome is higher than anticipated since industry data of fatalities
related to ignition events at facilities is very low. Therefore, additional
data analysis in the future may be able to better identify this risk
consequence.

Environmental (E): The PHMSA major incident data set for both
transmission and distribution related releases of gas with ignition were
utilized to compute a weighted average from the 83 transmission and
467 distribution ignition incidents, which resulted in an average gas
release volume of 5,822 million cubic feet (MCF).7 Based on the tail
average model results across the 2017-2022 time period, the average
worse case environmental related cost is $4,732 per year. This is
equivalent to approximately 210 tonnes of CO,. These results show that
environmental impacts play a relatively small role in this risk.

Reliability (R): PG&E leveraged SME judgment to determine the
reliability impact of this risk. PG&E assumes zero to a maximum impact
of 1,000 customer hours based on an individual station being out of
service and the redundancy in PG&E’s gas system. Based on the tail
average model results across the 2017-2022 time period, the average
worse case reliability impact would be of 34,325 customer minutes or
approximately 572 customer hours. These results show that reliability
plays a relatively small role in this risk.

Compliance (C): PG&E leveraged SME judgment to determine the
compliance impact of this risk. PG&E assumes the primary cost of
compliance after a major incident with ignition would be associated with
additional inspection stemming from new regulations, the cost of which
was estimated to be $1,000,000 on average. Based on the tail average
model results, the average worse case compliance related impact is
$1,163,903. Impacts in this category are relatively low in comparison to
other risk consequence outcomes.

Trust (T): Events are dependent upon safety outcomes, both injury and
fatality, and categorized as low, severe, and high. This methodology was
used across all GO risks.8 Based on the tail average model results across
the 2017-2022 time periods, the calculated average worst case impact on
brand favorability is 1.88 percent a year.

The average cost of carbon was taken from the Intercontinental Exchange (ICE) end of day close for
California Carbon Allowance Futures as of day close March 29, 2017, which was $13 per tonne of
carbon dioxide (CO,).

Refer to the Risk Model Overview chapter for the trust consequence calculation details.
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¢ Financial (F): PG&E leveraged SME judgment to determine the financial
impact of this risk by using facility replacement costs as the basis for the
model since estimates of downstream damage costs are different for
each event. The financial impact was based on estimating lower and
upper bound ranges for facility replacement costs with respect to
distribution stations, transmission simple stations, and transmission
complex stations. The distribution station count includes both LP and HP
stations—totaling 4,825 stations. Transmission stations were broken out
into those that were considered simple (428) and those that were
considered complex (128). Replacement cost by station type is outlined
in the table below:

Table 4-2: Station Replacement Costs

Station Type Lower Bound Upper Bound
Distribution Station $1,000,000 $2,000,000
Transmission Simple Station $3,000,000 $15,000,000
Transmission Complex Station $15,000,000 $40,000,000

Based on the tail average model results across the 2017-2022 time period, the
average worst case replacement costs amount to $3,081,428 a year.

2016 Controls and Mitigations (2016 Recorded Costs)

M&C facilities function to maintain the reliability of the gas system to effectively control
and monitor the gas system. There are also integrity management requirements to
maintain the pressure boundary. The M&C asset family has a robust set of controls in
place to manage both reliability and integrity. The controls include ongoing
maintenance and inspection activities, ongoing capital work to manage obsolescence
and operational requirements, gas quality control and monitoring, and various other
integrity management activities related to material condition (corrosion). In addition, to
further address integrity management, a series of mitigations are defined to address
manufacturing, construction and third-party damage risk drivers. These mitigations
have beneficial effects to reduce other risk drivers as well. Table 4-3 below summarizes
the controls and associated 2016 recorded costs associated with each control.

C1 - Corrective Maintenance: Corrective Maintenance includes work required to repair
or replace damaged or failed gas facilities. In many cases, the need for such restoration
is identified during preventative maintenance inspections. This control addresses the
Equipment-related driver. This program is identified as a control for the M&C
Downstream risk and the Distribution Mains and Services Non-Cross Bore risk. The total
cost for this program is not allocated between the risks.

C2 - Corrosion Control: All of PG&E’s metallic (steel) assets are subject to corrosion, an
electrochemical process where metal degrades due to its interaction with the
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environment. Corrosion control seeks to either eliminate the elements that lead to
corrosion or to manipulate the natural corrosion process with electrical currents.
Effective corrosion control monitoring programs are critical to provide timely data that
is representative of pipeline and equipment conditions; allows for modifications in
corrosion mitigation strategies; and updates risk management tools. This control
addresses the External Corrosion, Internal Corrosion and Stress Corrosion Cracking
drivers. Corrosion Control is also identified as a control for the Natural Gas Storage Well
Failure—Loss of Containment with Ignition risk, Transmission Pipeline Failure—Rupture
with Ignition risk, and Compression and Processing (C&P) Failure—Release of Gas with
Ignition at Manned Processing Facility risk. The total cost for this program is not
allocated among the risks.

C3 - Direct Assessments: Direct Assessment (DA) is another method of conducting
assessments of pipeline integrity. DA is used to proactively address time dependent
threats of external corrosion, internal corrosion, and stress corrosion cracking and
prevent anomalies from growing to a size that affects the structural integrity of the
pipeline. The assessment techniques are called External Corrosion Direct Assessment to
identify and assess locations likely to have external corrosion, Internal Corrosion Direct
Assessment to identify and assess locations likely to have internal corrosion, and Stress
Corrosion Cracking Direct Assessment to identify and assess the presence of a corrosive
environment combined with sufficient tensile stress in the pipe material to initiate and
grow stress corrosion cracks. This control addresses the External Corrosion, Internal
Corrosion and Stress Corrosion Cracking drivers. Direct Assessments is also identified as
a control for the Storage risk, Transmission Pipe risk and C&P risk. The total cost for this
program is not allocated among the risks.

C4 — Gas Quality Assessment: This program incorporates industry best practices and
monitors the quality of gas entering the PG&E system. It is important to assess the
quality of the gas in the pipeline to ensure that no debris or water flows through the
pipeline which could impact the performance of M&C equipment. This control
addresses the Equipment-related and Internal Corrosion drivers. This program is
identified as a control for the M&C Failure— Release of Gas with Ignition Downstream
risk and the C&P Failure — Release of Gas with Ignition at Manned Processing Facility
risk. The total cost for this program is not allocated between the risks.

C5 — Leak Survey: Pipeline safety regulations require PG&E to conduct periodic leak
surveys on its gas system to locate leaks. The frequency depends on the local conditions
where the pipe is installed and the material or operating condition of the pipe.
Transmission facilities must be surveyed twice a year, distribution facilities located in
business districts (or principal business areas in urban communities) must be surveyed
annually, while copper services must be surveyed at least once every three years. Other
facilities, according to federal code must be surveyed at least once every five years. This
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control addresses the External Corrosion, Internal Corrosion, Stress Corrosion Cracking,
and Welding/Fabrication drivers. Leak Survey is also identified as a control for the
Natural Gas Storage Well Failure — Loss of Containment with Ignition risk and
Transmission Pipeline Failure — Rupture with Ignition risk. The total cost for this
program is not allocated between the risks.

C6 — Preventative Maintenance: Preventative Maintenance includes maintenance and
inspection of station equipment to ensure it remains in working order; it also includes
work that may be required to comply with pipeline safety regulations. Furthermore,
performing annual maintenance on our facilities along with a more robust maintenance
procedure which includes replacements (filter elements, diaphragms, etc.)
approximately every eight years. This control addresses the Equipment-related driver.
This program is also identified as a control for the M&C Failure — Release of Gas with
Ignition Downstream risk and the Release of Gas with Ignition on Distribution Facilities —
Non-Cross Bore risk. The total cost for this program is not allocated between the risks.

C7 — Regulator Station Component Replacement: This program is intended to replace
equipment within a regulator station that has exceeded its useful life or is experiencing
performance problems. This control ensures the equipment and components are
operating properly and reduce the risk of a failure by managing equipment
obsolescence and failure. As such, this control addresses the Equipment-related driver.
This program is also identified as a control for the M&C Failure — Release of Gas with
Ignition Downstream risk. The total cost for this program is not allocated between

the risks.

C8 — Regulator Station Replacement: This program includes the complete or partial
rebuild of transmission and distribution stations (above or below ground) to replace old
and obsolete equipment and piping, to upgrade configuration to meet current design
standards and system operating needs, and to address any issues with station operation
and maintenance. Rebuilding can also involve relocating stations as appropriate to
improve employee and contractor safety. PG&E has concerns regarding employee and
contractor safety related to vault access or vaults being located near traffic areas,

i.e., conditions that put employees at risk during routine maintenance. This control
addresses the Equipment-related driver. This program is also identified as a control for
the M&C Failure — Release of Gas with Ignition Downstream risk. The total cost for this
program is not allocated between the risks.

In addition, to further address integrity management, a series of mitigations address
Equipment-related and Incorrect Operations drivers. The set of mitigation activities is
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aimed at reducing the risks associated with the integrity of the facilities. The mitigations

are included in Table 4-3 with costs recorded from 2016 and are described below.9

M1A - Critical Documents Program: This program consists of revising and/or
developing new critical drawings and documents for transmission stations. These
drawings and documents will better assist operating and maintenance personnel in
understanding and troubleshooting systems and equipment. This mitigation addresses
these risks by ensuring that the drawings and documents used to operate and maintain
the facility are commensurate with the complexity of the facility. This mitigation
addresses the Incorrect Operations driver as it reduces the chance of communication
error between operator and control room along with the Safety-Injury and
Safety-Fatality consequence categories. This program is also identified as mitigation for
the M&C Failure — Release of Gas with Ignition Downstream risk and C&P Failure —
Release of Gas with Ignition at Manned Processing Facility risk. The cost for this
program was allocated between all three risks with a 65 percent allocation to the

two M&C risks and 35 percent to the C&P risk. Both the M&C show the total 65 percent
allocation (i.e., the costs that were allocated to the two M&C risks were not separated).

M2A - Engineering Critical Assessment (ECA) Phase 1: Beginning in 2015, PG&E
embarked on the ECA Phase 1 Program, which entails reviewing and identifying issues
that may compromise station asset integrity. The primary focus of the ECA Phase 1
Program is to identify components which may be under-rated for the service in which
they are operating. The ECA Phase 1 work involves identifying component design
anomalies, field investigating components and developing and performing associated
remediation activities. This program addresses Manufacturing Defects, Weather-
Related and Outside Forces, and Welding/Fabrication drivers. Furthermore, it also
addresses the compliance, trust, and financial consequence categories. This program is
also identified as a mitigation for the C&P Failure — Release of Gas with Ignition at
Manned Processing Facility risk. The cost for this program was allocated with a

65 percent allocation to the M&C risks and 35 percent to the C&P risk.

M3A - Engineering Critical Assessment Phase 2: At the completion of ECA Phase 1,
there will be station components that will require mitigation in addition to any
remediation undertaken as part of ECA Phase 1. More specifically, station components
where the documentation of the material installed or the pressure test history is
incomplete will be subject to ECA Phase 2. Validation of station features provides
assurance of facility integrity from a design and installation perspective. This effort
includes field work to perform non-destructive examination (NDE) type validation of
station features and properties. The ECA Phase 2 addresses multiple threats that affect

9 For detailed description of the mitigation programs, refer to the workpapers for this chapter.
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station integrity and reliability, including External Corrosion, Internal Corrosion,
Manufacturing Defects, and Welding/Fabrication drivers. Also, compliance, trust, and
financial consequence categories are addressed by this program. This program is also
identified as a mitigation for the C&P Failure — Release of Gas with Ignition at Manned
Processing Facility risk. The cost for this program was allocated with a 65 percent
allocation to the M&C risks and 35 percent to the C&P risk.

MA4A - Physical Security Upgrades: The Physical Security Program implements security
measures recommended in the Security Vulnerability Assessments study performed by
Lawrence Livermore National Lab (LLNL). This mitigation provides for installation of
additional security measures at facilities, including installation of barriers, cameras, and
other recommended actions in accordance with Transportation Security Administration
(TSA) Guidelines. This mitigation addresses the Third-Party/Mechanical Interventions
driver, and also addresses the Safety-Injury and Safety-Fatality consequence categories.
The overall goal is to complete physical security enhancements at critical gas facilities as
recommended in the vulnerability study conducted by LLNL in a timely manner. This
program is also identified as a mitigation for the C&P Failure — Release of Gas with
Ignition at Manned Processing Facility risk. The cost for this program was allocated with
a 50 percent allocation to the M&C risk and 50 percent to the C&P risk.

M5A - Supervisory Control and Data Acquisition Visibility: To monitor and operate the
gas systems and mitigate potentially abnormal conditions, Gas Control Center personnel
must be able to view pressure and flow data from key locations within the system.
Typically, these locations are at regulator stations. Due to their importance in operating
the system, regulator stations may have multiple Supervisory Control and Data
Acquisition (SCADA) devices, one immediately upstream of, downstream of, and inside
the station. SCADA devices provide the required visibility to Gas Control Center
personnel. If the devices detect conditions that are out of the normal range, they send
an alarm to the Gas Control Center — operators then investigate and take necessary
measures. This mitigation addresses the Incorrect Operations driver along with all
consequence categories. This program is also identified as a mitigation for the M&C
Failure — Release of Gas with Ignition Downstream risk. The total cost for this program
is not allocated between the risks.
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Table 4-3: Summary of Risk Controls and Mitigations and 2016 Recorded Costs

Associated Drivers Funding 2016 Recorded 2016 Recorded
# Control and Consequence Source Expense ($000) Capital (5000)
C1 Corrective Maintenance D1 GRC 74,164 -
C2 Corrosion Control D2, D4, D6 GTS 35,030 35,409
Cc3 Direct Assessments D2, D4, D6 GTS 39,368 -
ca Gas Quality Assessment D1, D4 GTS 290 -
Cc5 Leak Survey — T D2, D4, D6, D9 GTS 3,550 -
Leak Survey — D D2, D4, D6, D9 GRC 30,949 -
cé6 Preventative Maintenance D1 GRC 9,007 -
Cc7 Regulator Station D1 GRC - 13,064
Component Replacement
Cc8 Regulator Station D1 GRC - 18,543
Replacement
M1A | Critical Documents Program | D3,C, T, F GTS 5,650 -
M2A | ECA Phase 1 D5,D8,D9,C, T, F GTS 7,695 -
M3A | ECA Phase 2 D2, D4,D5,D9,C, T, F GTS 1,033 -
M4A | Physical Security D7, SF, SI GTS 1,395 10,237
MS5A | SCADA Visibility = T D3,SF,SILE,R,CT,F GTS - 266
SCADA Visibility — D GRC - 27,616
TOTAL Expense and Capital 208,131 105,135

IV. Current Mitigation Plan (2017-2019)
The mitigation programs described in detail in the section above are also the mitigations

for the 2017-2019 time period. The mitigations include: Critical Documents Program,
ECA Phase 1, ECA Phase 2, Physical Security Upgrades, SCADA Visibility, and Station
Strength Testing. The scope of the mitigations is described below.

M1B - Critical Documents Program: Continue update of station documentation at

identified stations. Based on the forecast for this program, representativel® numbers of
stations for this activity are 66 in 2017, 88 in 2018, and 109 in 2019.

10 The representative number of stations to be addressed is not the actual number of stations. The
representative number of stations to be addressed by the Critical Documents Program has been
determined based on the total number of stations to be addressed by the total program, scaled by
the fraction that the yearly program forecast represents out of the total program forecast.
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M2B - ECA Phase 1: Continue validation of Station Features at identified stations. The

representativell numbers of stations for this activity are 78, 77, and 59 for 2017, 2018
and 2019, respectively.

M3B - ECA Phase 2: Ongoing work for ECA Phase 2 is related to evaluating NDE
techniques for applicability to this effort. The representative numbers of stations to be
addressed are 3in 2017, 8 in 2018, and 10 in 2019.

M4B - Physical Security Upgrades: Continue upgrades of identified stations. This
includes one station a year during the 2017-2019 time period.

M5B — SCADA Visibility: Continue SCADA installations at identified distribution and
transmission stations to provide visibility into the performance of the system. This
includes 237 and 3 transmission stations in 2017, 144 distribution and 13 transmission
stations in 2018, and 149 distribution and 8 transmission in 2019.

In addition to the mitigations previously discussed in Section Ill, the program listed
below will begin in 2018.

MG6A — Station Strength Testing: The program is designed to address components that
cannot be addressed via ECA Phase 2. As a result, the Station Strength Testing Program
should be considered the last-resort alternative. Strength testing provides assurance of
facility integrity from a design and installation perspective. This effort includes field
work to perform strength testing of components. This control addresses the External
Corrosion, Internal Corrosion, Manufacturing Defects, Stress Corrosion Cracking,
Third-Party/Mechanical Interventions, Weather-Related and Outside Forces, and
Welding/Fabrication drivers. This program is also identified as a mitigation for the C&P
Failure — Loss of Containment with Ignition at a Manned Compression Facility risk. The
cost for this program was allocated with a 65 percent allocation to the M&C risks and
35 percent to the C&P risk.

11 The representative number of stations to be addressed is not the actual number of stations. The
representative number of stations is based on the total number of stations to be addressed, scaled
by the fraction that the yearly program forecast represents out of the total program forecast.
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No stations will be addressed by Station Strength Testing in 2017 since the scope and

implementation of the program is contingent upon the results obtained from the

completion of ECA Phase 1 and ECA Phase 2. The equivalent number of stations to be
addressed in 2018 and 2019 are 1 and 2,12 respectively.

Table 4-4: 2017 to 2019 Mitigation Work and Associated Costs

Associated Driver 2017 2018 2019
Start End #and Forecast Forecast Forecast

# Control Date Date Consequence ($000) ($000) ($000)
M1B Critical Documents Program 2015 2021 | D3,C,T,F -(Q) -(Q) -(Q)
5,842 (E) 7,636 (E) 9,593 (E)
M2B | ECA Phase 1 2015 | 2021 | D5,D8,D9,C,T,F 6,240 (C) 6,240 (C) 7,020 (C)
8,596 (E) 9,932 (E) 9,377 (E)
M3B | ECA Phase 2 2015 | 2033 | D2,D4,D5,D9,C, -(0) 888 (C) 893 (C)
TF 2,491 (E) 4,820 (E) 5,870 (E)
M4B | Physical Security Upgrades 2015 2023 | D7,SI, SF 3,752 (C) 5,155 (C) 4,696 (C)
—(E) - (E) - (E)
M5B | SCADA Visibility — T 2015 | 2025 | D3,SI,SF,ER,C, 1,696 (C) 4,151 (C) 2,740 (C)
TF - (E) - (E) - (E)
SCADA Visibility — D 2014 2025 | D3,SI,SF, E, R, C, 26,300 (C) 26,353 (C) 27,259 (C)
TF - (E) = (E) = (E)
M6A | Station Strength Test 2018 | 2033 | D2, D4, D5, D6, D7, -(0) 158 (C) 317 (C)
D8, D9 —(E) 1,623 (E) 3,248 (E)
TOTAL Expense and Capital by Year 35,735 (C) 40,606 (C) 38,914(C)
16,929 (E) | 24,011 (E) | 28,088 (E)

Proposed Mitigation Plan (2020-2022)

PG&E performed an assessment of all mitigations considered and how each relates to

the drivers for M&C Failure — Release of Gas with Ignition at M&C Facility Risk. As

previously discussed in Section lll, there is a robust set of controls to address the

reliability and integrity management at the M&C Facility. The proposed mitigations are

the continuation of previously identified actions to further reduce the risk of the events

at the facilities.

Mitigations were selected in 2017-2019 to further address integrity management, as

well as equipment-related and incorrect operations threats. These mitigations are

ongoing and are part of the 2020-2022 strategy. The mitigations are listed below along

with the proposed scope of work:

12 The Station Strength Test Program is forecast to extend through 2033. The representative number
of stations to be addressed is not the actual number of stations. The representative number of
stations is based on the total number of stations to be addressed by the program, scaled by the
fraction that the yearly program forecast represents out of the total program forecast.
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M1C- Critical Documents Program: Continue update of station documentation, which
includes 109 representative stations in 2020 and 88 in 2021. The program is scheduled
to complete in 2021.

M2C - ECA Phase 1: Continue validation of Station Features at identified stations. This
includes 79 representative stations in 2020 and 51 in 2021. This program is schedules to
complete in 2021.

M3C - ECA Phase 2: Ongoing work for ECA2 which includes 11 representative stations
per year during the 2020-2022 time period.

MAC - Physical Security Upgrades: Continue upgrades of identified stations. This
includes one station a year during the 2020-2022 time period.

M5C - SCADA Visibility: Continue SCADA installations at identified distribution and
transmission stations to provide visibility into the performance of the system. This
includes 149 distribution stations and 13 transmission stations in 2020, 150 distribution
stations and 8 transmission stations in 2021, and 123 stations distribution and

8 transmission stations in 2022.

M®6B - Station Strength Testing: Station scope of this mitigation consists of
4 representative stations in 2020, 6 in 2021, and 6 in 2022.

The mitigation programs tend to be long-running in nature and so most will continue
through the RAMP period. The control programs help PG&E manage the risks and stay
compliant with state and federal requirements. The mitigation programs proactively
target risk reduction. As such, these programs are aimed at improving the integrity and
health of PG&E’s assets, finding and repairing any existing issues and therefore
preventing the risk event from occurring.

These selected mitigations and the pace of the mitigation are based on completing
these efforts with available qualified resources, and within operational constraints of
the system.
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VI.

Table 4-5: 2020-2022 Proposed Mitigation Plan and Associated Costs

Associated 2020 2021 2022
TA RSE EV RSE Start End Driver # and Forecast Forecast Forecast
# Mitigation Name (Units/SM) | (Units/$SM) Date Date Consequence ($000) ($000) ($000)
Critical Documents 0.0109 0.0011 2015 | 2021 | D3,CT,F -(C) -(Q) -(C)
Mic Program 9,593 (E) 9,593 (E) —(E)
M2C ECA Phase 1 0.0049 0.0007 2015 2021 D5, D8, D9, C, 5,460 (C) 2,340 (C) -(Q)
T,F 9,377(€) | 9,377 (F) -(|)
M3C | ECA Phase 2 0.0020 0.0002 2015 | 2033 | D2,D4,D5,D9, | 1,828(C) | 1,868(C) | 1,868(C)
CTF 5,870 (E) | 5,870(E) | 5,870 (E)
M4C | Physical Security 0.0001 0.0000 2015 | 2023 | D7,SI,SF 4,713 (C) | 4,704(C) | 4,704 (C)
Upgrades —(E) - (E) —(E)
M5C | SCADA Visibility - T 0.0057 0.0005 2015 | 2025 | D3,SI,SF,E R, | 4,285(C) | 3,127(C) | 3,127(C)
CTF = (E) - (E) —(E)
SCADA Visibility - D 2014 | 2025 | D3, S, SF,E,R, 25,897 | 25916- | 25,795-
CTF 28,622 (C) | 28,643(C) | 28,510 (C)
- (E) - (E) - (E)
M6B Station Strength Test 0.0002 0.0003 2018 2033 D2, D4, D5, D6, 583 (C) 795 (C) 795 (C)
D7, D8, D9 3,248(E) | 3,248(F) | 3,248 (E)
Proposed Plan TA RSE: 0.0051 42,766 | 38,750- | 36,289 -
TOTAL Expense and Capital by Year 45,491 (C) | 41,477 (C) | 39,004 (C)
28,088 (E) | 28,088(E) | 9,118 (E)
Alternatives Analysis
While assessing all of the mitigations, PG&E developed two alternative plans to the
proposed mitigation plan. Plan 1 was created based on an increased pace of Physical
Security Upgrades at identified stations while Plan 2 considered a decreased pace. The
alternatives were chosen to evaluate the sensitivity of the program pace on risk
reduction. Both plans are shown below in Tables 4-6 and 4-7.
Table 4-6: Mitigation List
TA RSE EV RSE Proposed | Alternative | Alternative
# Mitigation (Units/SM) | (Units/SM) Plan 1 2 WP #
M1C | Critical Documents Program 0.0109 0.0011 X X X WP 4-2
M2C | ECAPhase 1 0.0049 0.0007 X X X WP 4-5
M3C | ECA Phase 2 0.0020 0.0002 X X X WP 4-8
MA4C | Physical Security Upgrades 0.0001 0.00004 X WP 4-12
M5C | SCADA Visibility 0.0057 0.0005 X X X WP 4-16
M6B | Station Strength Test 0.0002 0.0003 X X X WP 4-19
M4D | Physical Security Upgrades 0.0001 0.00004 X WP 4-12
MA4E | Physical Security Upgrades 0.0001 0.00004 X WP 4-12

Figure 4-3 below shows the breakdown of the proposed plan, Alternative Plan 1, and

Alternative Plan 2 based on cost and Risk Spend Efficiency (RSE).
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Figure 4-3: Alternative Plans by Cost and RSE Score
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Alternative Plan 1

The mitigation programs described in Section V above are the same in terms of
scope of work as the mitigations presented in this alternative, with the exception
of Physical Security Upgrades. PG&E chose to analyze the impacts of this
mitigation explicitly as Physical Security Upgrades play a key role in reducing the
impacts of third-party damage which is a priority for this risk. The change in
scope for this alternative is outlined below:

e MA4D - Physical Security Upgrades: Increase pace of upgrades at

identified stations from 1 station a year to 1.5. This includes one station
a year during the 2020-2022 time period.

This alternative assumes a more rapid pace of implementation. This alternative

was not selected due to operational and resource constraints. Even though

physical security upgrades are completed at more stations, this alternative

would result in system and resource constraints. To complete the physical

security upgrades, certain facilities would be unavailable during the upgrade.
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Table 4-7: Alternative Plan 1 and Associated Costs

Associated 2020 2021 2022
TA RSE EV RSE Start End Driver # and Forecast Forecast Forecast

# Mitigation Name (Units/$SM) | (Units/SM) | Date Date Consequence ($000) ($000) ($000)
M1C Critical Documents 0.0109 0.0011 2015 2021 D3,CT,F -(C) -(C) -(C)
Program 9,593 (E) 9,593 (E) —(E)
M2C ECA Phase 1 0.0049 0.0007 2015 2021 D5, D8, D9, C, 5,460 (C) 2,340 (C) -(Q)
TF 9,377 (E) | 9,377 (E) - (E)
M3C ECA Phase 2 0.0020 0.0002 2015 2033 D2, D4, D5, D9, 1,828 (C) 1,868 (C) 1,868 (C)
CTF 5,870 (E) | 5,870(E) | 5,870 (E)
M4D | Physical Security 0.0001 0.0000 2015 2023 | D7,SI,SF 7,070(C) | 7,057(C) | 7,057 (C)
Upgrades —(E) —-(E) —(E)
M5C SCADA Visibility = T 0.0057 0.0005 2015 2025 D3, SI, SF, E, R, 4,285 (C) 3,127 (C) 3,127 (C)
CTF - (E) - (E) - (E)
SCADA Visibility — D 2014 2025 | D3, S, SF,E, R, 25897— | 25916- | 25,795-
C,TF 28,622 (C) | 28,643 (C) | 28,510 (C)
- (E) - (E) - (E)
M6B Station Strength Test 0.0002 0.0003 2018 2033 D2, D4, D5, D6, 583 (C) 795 (C) 795 (C)
D7, D8, D9 3,248(E) | 3,248 (E) | 3,248 (F)
Alternative Plan 1 TA RSE: 0.0049 45,123 - 41,103 - 38,642 -
TOTAL Expense and Capital by Year 47,848 (C) | 43,830(C) | 41,357 (C)
28,088 (E) | 28,088 (E) 9,118 (E)

B. Alternative Plan 2

A similar approach was taken in alternative 2 where we examined the impact of

a change in scope for the Physical Security Upgrades mitigation; in this case a

decelerated pace. The change in scope for this alternative is outlined below:

e MAE - Physical Security Upgrades: Decrease in pace of upgrades of
identified stations from 1 station a year to 0.5, or 1 station every 2 years.

Even though this alternative has a lower cost and slightly higher risk spend
efficiency (RSE), it was not chosen as the recommended case.
Vandalism/Terrorist attacks at critical facilities have implications on personal
safety and equipment damage. Completing the physical security upgrades for
these critical facilities at the proposed pace proactively addresses these threats
and is a key strategic objective for the M&C asset family.
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Table 4-8: Alternative Plan 2 and Associated Costs

Associated 2020 2021 2022
TA RSE EV RSE Start End Driver # and Forecast Forecast Forecast

# Mitigation Name (Units/SM) | (Units/SM) | Date Date Consequence ($000) ($000) ($000)
M1C Critical Documents Program 0.0109 0.0011 2015 2021 | D3,C,T,F -(Q) -(Q) -(Q)
9,593 (E) | 9,593 (E) —(E)
M2C ECA Phase 1 0.0049 0.0007 2015 2021 D5,D8,D9,C, T, 5,460 (C) 2,340 (C) -(Q)
F 9,377 (E) 9,377 (E) —(E)
M3C ECA Phase 2 0.0020 0.0002 2015 2033 | D2, D4, D5, D9, 1,828 (C) 1,868 (C) 1,868 (C)
CTF 5,870 (E) | 5,870(E) | 5,870 (E)
M4E | Physical Security Upgrades 0.0001 0.0000 2015 | 2023 | D7,SI,SF 2,357(C) | 2,352(C) | 2,352(C)
- (E) - (E) - (E)
M5C | SCADA Visibility - T 0.0057 0.0005 2015 2025 | D3,SI,SF,E, R, 4,285 (C) 3,127 (C) 3,127 (C)
CTF = (E) = (E) = (E)
SCADA Visibility - D 2014 | 2025 | D3,SI, SF, E, R, 25,897— | 25,916- 25,795 —
C,TF 28,622 (C) | 28,643 (C) | 28,510 (C)
- (E) - (E) - (E)
M6B Station Strength Test 0.0002 0.0003 2018 2033 D2, D4, D5, D6, 583 (C) 795 (C) 795 (C)
D7, D8, D9 3,248(E) 3,248 (E) 3,248 (E)
Alternative Plan 2 TA RSE: 0.0053 40,410 - 36,398 — 33,937 -
TOTAL Expense and Capital by Year 43,135 (C) | 39,125 (C) | 36,652 (C)
28,088 (E) | 28,088 (E) 9,118 (E)

VII. Metrics

The primary metric that PG&E is proposing for this risk is to track reportable incidents.
This will allow PG&E to track the number of events PG&E experiences that could lead to

the catastrophic risk event we are modeling. This metric would include OP events, as

well as loss of containment events.

Metrics associated with the mitigation programs are designed to measure if each

program is progressing at the desired pace to achieve risk reduction objectives. The

targets for these metrics are established based on rate case outcomes through PG&E’s

Integrated Planning process. Table 4-9 below shows the proposed risk reduction and
execution metrics:
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Table 4-9: Metrics

Associated Driver #

D8, D9

completion of ECA Phase 1 and ECA
Phase 2.

Risk/Mitigation and Consequence Proposed Metric Targets

Risk Reduction Metric

Measurement and Control All Number of reportable incidents. N/A

(M&C) Failure — Release of

Gas with Ignition at M&C

Facility

Execution Metric

Critical Documents D3,C,T,F Number of stations completed. TBD

Program

ECA Phase 1 D5,D8,D9,C, T, F Number of station features TBD
completed.

ECA Phase 2 D2,D4,D5,D9,C, T, F Under development; requires TBD
completion of ECA Phase 1.

Physical Security Upgrades D7, Sl, SF Number of facilities completed. TBD

SCADA Visibility D3,SI, SF,E,R,C, T, F Number of stations with SCADA TBD
implemented.

Station Strength Test D2, D4, D5, D6, D7, Under development; requires TBD

VIll. Next Steps

For the Measurement and Control Failure at the facility risk discussed in this chapter,

PG&E plans to continue to mature risk quantification efforts in the following ways:

¢ Continue to evolve existing tools to understand and monitor condition and criticality
of assets leading to a more data driven process for monitoring and managing assets.
In the last few years, PG&E identified that the evaluation of threats and risks
associated with M&C assets was largely based on experience and judgement of
PG&E SMEs. During the past three years, PG&E had performed several tasks that
provide information for monitoring threat and asset health. This includes activities
such as industry benchmarking studies, process safety assessments and condition
assessments to understand hazards.

¢ Refine model inputs. The modeling effort was primarily focused on safety. Given
the lack of data to estimate the compliance, reliability and environmental impacts,
the team made broad assumptions on new regulations, customer outage and
environmental costs. Additionally, the financial impacts require further analysis to
better mirror replacement costs for all types of M&C assets. These model inputs are
being assessed and, where possible, PG&E will update these inputs in the future.

e Advance risk quantification and understand and use component level data unique to
PG&E for future risk quantification efforts. Given the small sample size of ruptures
and ignition at facilities in PG&E, industry data was used to determine the frequency
for this risk for the current model.

e Consider how PG&E can align risk models with different units of work planned and

forecast.
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Calibrate model outputs and perform sensitivity analysis. For example, the Safety —
Injuries consequence is higher than anticipated since industry data on injuries
caused by ignition events at stations is very low. Therefore, additional data analysis
in the future may be able to better identify this risk consequence.

Reevaluate different combinations of mitigations in the alternative analysis to
optimize for risk reduction and operational efficiency.
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I Executive Summary

RISK NAME Release of Gas with Ignition on Distribution Facilities — Cross Bore

IN SCOPE Loss of containment with ignition due to cross bore

OUT OF SCOPE Loss of containment with ignition due to any other risk driver

DATA Assessment informed by PG&E data, Pipeline and Hazardous Materials Safety
QUANTIFICATION 1

SOURCES Administration (PHMSA)+ data and Subject Matter Expert (SME) input

Pacific Gas and Electric Company (PG&E) maintains approximately 42,700 miles of
distribution mains and approximately 3.4 million services in its gas distribution system.
The distribution mains transport gas downstream of a distribution center and the
services lines connect the mains to customer connected equipment. Together the
mains and services provide natural gas to PG&E’s 4.3 million residential, commercial and
industrial customers.

Because operators of waste water and storm drain systems are not required to locate
and mark their facilities, an inadvertent placement of a gas main or service through a
waste water or storm drain pipeline can occur during trenchless construction resulting
in a “cross-bore.” Cross-bored sewers are found on many gas distribution systems
throughout the United States. The potential number of cross-bored sewers is not well
guantified, but the consequence of natural gas migrating in sewer lines is significant.
Cross bores are an issue of increasing concern for gas utility operators nation-wide and
are identified as a high risk to public and employee safety, which can potentially result
in serious injuries and or fatalities.

The risk of release of gas with ignition on distribution facilities due to a cross bore has
been on PG&E’s risk register since 2014. It is also an Enterprise level risk overseen by
the Safety and Nuclear Oversight Committee of PG&E’s Board of Directors.

Over the last few years, PG&E has experienced approximately 24 cross bore events
involving the release of gas, but with no ignition, injuries or fatalities. However, there
have been four injuries and two fatalities associated with this risk reported in the gas
industry, with the first instance dating back to 1976.

As discussed in this chapter, PG&E is actively addressing this risk through control and
mitigation programs. One of the strategic objectives for the distribution gas assets is to
identify and remediate all potential cross bores by 2023. The Cross Bore Prevention

1 Pipeline Hazardous Materials Safety Administration — Major Incident Records Report,
March 27, 2017.
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Program is identified as a control and includes camera inspections during construction
to prevent any new cross bores. As a mitigation strategy, the Cross Bore Program has
been identified which includes inspection, identification and remediation of existing
cross bores within the PG&E gas distribution system. The details of these programs are
discussed in sections below.

By implementing the mitigation strategy outlined in this chapter, PG&E estimates a
potential 67 percent reduction of the overall multi-attribute risk score (MARS).

Going forward, PG&E plans to collect and analyze more data to improve the model
inputs and continue the move toward more quantitative, data driven risk models. One
of the key next steps for this risk is to collect additional data to estimate the number of
potential cross bores throughout the system. A detailed list of next steps is included in
Section VIII.

Risk Assessment

A. Background
Because operators of waste water and storm drain systems are not required to
locate and mark their facilities, an inadvertent placement of a gas main or
service through a waste water or storm drain pipeline can occur during
trenchless construction resulting in a “cross bore.” Cross-bored sewers are
found on many gas distribution systems throughout the United States. The
potential number of cross-bored sewers is not well quantified, but the
consequence of natural gas migrating in sewer lines is significant. Cross bores
are an issue of increasing concern for gas utility operators nation-wide and are
identified as a high risk to public and employee safety, which can potentially
result in serious injuries and or fatalities. Since 2012, there have been
approximately 24 losses of containment events due to cross bores in PG&E’s gas
distribution system. Although none of these events resulted in ignition, due to
the potential safety consequences, PG&E considers such an event a risk that
requires mitigation.

Figure 5-1 shows the bow tie associated with this risk. The risk bow tie shows
the exposure and frequency drivers for the risk, as well as the probability of a
risk event related to each risk driver. The risk event, at the center of the bow tie,
is defined as a release of gas with ignition on distribution facilities due to cross
bores. Based on the model inputs for frequency, this risk event is likely to occur
approximately every six years. An event of this nature can lead to severe
consequence impacts given that gas can migrate into multiple homes or
buildings in high population areas (e.g., downtown San Francisco).
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Figure 5-1: Risk Bow Tie

Risk top-level drivers

Exposure Frequency'? Risk event(s)* Consequences

— Safety-Injuries

—— Safety-Fatalities

Total Cross I
— Environmental
Bore Release of Gas
Population: D1 - Existing Cross Bore: [SME Input] — with Ignition on
[PG&E data]® — 0.165 Distribution —
3,113 Facilities - Cross Reliability
Bore
—— Compliance
—— Trust
0.165
Financial

6.06 Years/Risk
Event

“Values displayed are means of each distribution and are in the units of events/year. Driver frequencies are summed to obtain the Risk event frequency.
zDriveris modeled using a Binomial distribution.
3Total Cross Bore Population = (Parcels * Laterals per parcel * Cross bore existence rate)- historical cross bores found to date.

B. Exposure
Because PG&E has not identified the exact number of existing cross bores, the
exposure is uncertain. In PG&E’s 2014 General Rate Case (GRC), PG&E estimated
approximately 500,000 sewer lateral inspections would be completed within a
10-year period. For the risk model, the cross bore exposure is estimated on the
basis of the historical find rate of 0.6 percent (e.g., 2012-2015 approximately
510 cross bores were found out of the approximately 85,100 inspections
completed).

C. Drivers and Associated Frequency
PG&E uses 49 Code of Federal Regulation Part 192, subpart P2 as the basis for
categorizing and evaluating the threats3 for the distribution assets. Because a

cross bore is created during the trenchless construction process, the Incorrect
Operations threat is the only identified driver for this risk.

Gas Distribution Pipeline Integrity Management.

The terms “threats” and “risk drivers” are used interchangeably throughout this chapter.
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D1 - Incorrect Operations — The Incorrect Operation driver includes human
error and incorrect procedures that may lead to safety hazards when
procedures are not followed or when improperly trained or untrained
personnel perform work on the distribution system.

The model quantifies the frequency of a cross bore leading to an event with
loss of containment and ignition with safety consequences. Not all loss of
containment events result in ignition, and not all ignition events result in
injuries or fatalities. Since 2012, there have been approximately 24 loss of
containment events due to cross bores in PG&E’s gas distribution system,
which were identified after the occurrence of each event. PG&E has not
experienced a cross bore with loss of containment resulting in ignition. As a

result, PG&E made a conservative assumption that the next loss of
containment cross bore event will result in ignition (1 in 25 chance or
4 percent).

Consequences

The range of consequences and the attributes that help describe tail average
risks and the MARS are shown in Figure 5-2. In the figure, there is an
explanation of the data sources used for each of the consequence attributes.
Based on the tail average results, the outcomes in the categories of trust and
safety — fatalities contribute the most to the overall baseline MARS total.
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Source

Figure 5-2: Consequence Attributes

Safety-Injuries
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TA-NU!
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$594,935
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0.07

1.62

0.07

19.62

0.36

*Ave of Year 1-6 Tail Ave outcomes in Natural units
2Ave of Year 1-6 Tail Ave outcomes in MARS units

MARS Total

28.46

Safety — Injuries (S1): The PHMSA major incident data set? was used to
guantify the conditional probability that a cross bore with ignition results in
injuries and/or fatalities (e.g., 131 out of the 467 major incidents (28 percent)
had injuries with an average of 2.5 injuries per event). Based on the tail
average model results across the 2017-2022 time period, the average worst
case number of injuries per year is 1.13. This outcome is higher than
expected given PG&E has not experienced this to date and industry major
incident data was used as a proxy to evaluate this consequence. Additional

data analysis in the future may be able to better identify this risk
consequence.

Safety — Fatalities (SF): The PHMSA major incident data set was used to
qguantify the conditional probability that a cross bore with ignition results in
injuries and/or fatalities (e.g., 45 out of the 467 major incidents (10 percent)
had fatalities with an average number of 1.5 fatalities per event). Based on
the tail average model results across the 2017-2022 time period, the average
worst case number of fatalities per year is 0.24 or one fatality every

four years. Similar to injury outcomes, this is higher than expected and

4 pHMSA Major Incident report includes a collection of all major incidents in the United States. The

time period used is 2010-2016.
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needs further consideration in future analysis to better understand the
associated inputs and outputs.

e Environmental (E): Assumed to be zero to a maximum of $1 million based

on PG&E’s historical environmental remediation costs.> Based on the tail
average model results across the 2017-2022 time period, the average worst
case environmental related costs are approximately $725,400 per year. This
result shows that environmental impacts play a relatively small role in

this risk.

o Reliability (R): Based on PG&E’s historical outage events in 2015 and 2016,
the average number of customers affected per risk event is 57 with an
average duration of 1.62 hours. PG&E historical information was used
because this data provided the best estimate of PG&E’s time to bring
customers back online after an event. Based on the tail average model
results across the 2017-2022 time period, the average worst case impact is
approximately $650,000. Impacts in this category are relatively low in
comparison to other consequences.

e Compliance (C): The assumed cost of compliance of zero dollars to S1 million
is based upon the assumption that the cost of compliance after a major
incident with ignition is additional inspections and requirements. More
research is required to better understand how to model the potential impact
of compliance. The tail average compliance impact is approximately
$725,400 per year.

e Trust (T): Events are dependent upon safety outcomes, both injury and
fatality, and categorized as low, severe, and high. This methodology was
used across all PG&E risks.6 Based on the tail average model results across
the 2017-2022 time periods, the calculated average worst case impact on
brand favorability is approximately 4 percent.

e Financial (F): PHMSA major incident data set is used to determine the
average cost of loss of containment events estimated at approximately
$380,000. However, the range of impact is very wide with a standard
deviation of $1.3 million. Based on the tail average model results across the
2017-2022 time period, the average worst case financial impact is calculated
at approximately $594,900.

ll. 2016 Controls and Mitigation (2016 Recorded Costs)
The control described in this section, the Cross Bore Prevention Program, addresses the
incorrect operation risk driver. It is the only control identified for this risk.

5 Thisis PG&E internal data and includes costs billed to Gas Operations from PG&E’s Land and
Environmental Management organizations for remediation work.

6  Referto Chapter B, Risk Model Overview, for the trust consequence calculation details.
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C1 - Cross Bore Prevention Program: In 2015, PG&E developed a Cross Bore Prevention
Program as a control to eliminate the creation of new cross bores within the system and
to address the incorrect operations driver. Utility Procedure TD-4632P-01 Cross Bore
Prevention and Mitigation is in place to provide the steps (e.g., inspect, identify, report
and address) required for all gas construction work for PG&E, in an effort to prevent any
new cross bores.

The program described below, Cross Bore Program, is the mitigation identified for this
risk. In 2014, PG&E estimated approximately 500,000 sewer lateral inspections would
be completed within a 10 year period. This program is estimated to be completed

by 2023.

M1A - Cross Bore Program: In 2011, PG&E developed the Cross Bore Program to
inspect, identify, and remediate cross bores on the gas distribution system that were
installed using trenchless technology. This program uses video equipment to inspect
sewer mains and laterals for potential cross bore situations and then repairs any
identified cross bores that result from the inspections. The population of cross bores is
expected to decrease as more inspections are completed. Any cross bores found are
repaired, thereby reducing the risk of loss of containment and gas migration into a
structure and ignition.

Table 5-1: Summary of Risk Controls and Mitigations 2016 Recorded Costs

Associated Driver Funding | 2016 Recorded 2016 Recorded
# Control and Consequence Source Expense ($000) Capital (5000)
C1 Cross Bore Prevention D1 GRC 11,217
Program
M1A | Cross Bore Program D1 GRC 21,657
TOTAL Expense and Capital 21,657 11,217

Current Mitigation Plan (2017-2019)

The Cross Bore Program described in Section Il above is also the mitigation for this risk
in the 2017-2019 time period. For 2017-2019, PG&E will perform 30,000 inspections
in 2017 and 52,500 inspections each year in 2018 and 2019.

Table 5-2: 2017 to 2019 Mitigation Work and Associated Costs

2017 2018 2019
Start | End Associated Estimate Estimate Estimate

# Mitigation Name | Date | Date Driver ($000) ($000) ($000)
M1B | Cross Bore Program | 2014 | 2023 D1 31,570 (E) | 40,854 (E) | 40,851 (E)
TOTAL Expense by Year 31,570 (E) | 40,854 (E) | 40,851 (E)
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VI.

Proposed Mitigation Plan (2020-2022)

The Cross Bore Program described in Section Il above is also the mitigation for this risk
for 2020-2022. The proposed case recommends performing 45,000 inspections a year
through 2023. The proposed pace for 2020-2022 is consistent with the overall pace
identified for 2017-2019.

PG&E believes this is the appropriate scope of work to improve gas system safety by
continuing to identify and eliminate cross bores while maximizing the utilization of
qualified resources to perform the work.

M1C - Cross Bore Program: The mitigation program is intended to proactively target
risk reduction by improving the integrity and health of our assets, finding and repairing
any existing issues and therefore preventing the risk event from occurring. PG&E has
estimated approximately 500,000 locations for inspection with an estimate to complete
the work by December 31, 2023. Approximately 20,000-50,000 inspections are
expected to be completed each year.

The recommended plan allows PG&E to mitigate the risk of natural gas migrating inside
the sewer system and potentially into a structure should a leak occur, or should the
natural gas pipe be cut by equipment during sewer line maintenance operations. The
recommended case also prevents the reliability and safety risk associated with gas
release due to third party sewer cleaning activities.

The pace reflected in this plan takes into account the ability to plan, conduct records
reviews, permitting and execution of the work. PG&E does not have access to an
additional number of qualified sewer inspectors that are able to meet its requirements
for quality and records. The same resources used for the Cross Bore Program are
correspondingly in demand for the Cross Bore Prevention Program, thus the inability to
execute a higher volume of work.

Table 5-3: Proposed Mitigation Plan and Associated Costs

2020 2021 2022
Mitigation TA RSE EV RSE Start End Associated Estimate Estimate Estimate
# Name (Units/$SM) (Units/$SM) Date Date Driver ($000) ($000) ($000)
Cross Bore 83,667 - 83,779 - 82,917 -
M1C Program 0.0918 0.0092 2020 | 2022 D1 92,474 (E) 92,598 (E) 91645 (E)
Proposed Mitigation Plan TA RSE: 0.0918 83,667 - 83,779 - 82,917 -
TOTAL Expense by Year 92,474 (E) 92,598 (E) 91,645 (E)

Alternatives Analysis

PG&E analyzed two alternatives to the proposed mitigation plan based on the pace of

the program. Plan 1 was created based on increasing the number of inspections

performed per year and Plan 2 was created based on a reduction in the number of

inspections performed. Both plans are shown below in Table 5-4.
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Table 5-4: Mitigation List

TA RSE EV RSE Proposed | Alternative | Alternative
# Mitigation (Units/SM) | (Units/$M) Plan 1 2 WP #
M1C Cross Bore Program 0.0918 0.0092 X WP 5-2
M1D | Cross Bore Program (Alt 1) 0.1054 0.0106 X WP 5-2
M1E Cross Bore Program (Alt 2) 0.0773 0.0078 X WP 5-2
Figure 5-3: Alternatives by Cost and RSE Score
Cost by Plan
$350,000 0.12
A
$300,000 - 01
r'y
$250,000 -
o A - 0.08
=)
S $200,000 -
w- =
£ - 006
t 5$150,000 - $303,863
S - 0.04
7,217 - 0
$100,000 - =
$50,000 - - 0.02
S . . 0
Proposed Plan Alternate 1 Alternate 2
Expense m Capital & RSE
A. Alternative Plan 1

M1D - Cross Bore Program: Alternative one increases the pace of the Cross

Bore Program from 45,000 inspections per year to approximately 72,000

inspections per year. This alternative includes incremental work beyond the
scope identified in the recommended alternative and is not selected because

PG&E does not have access to a sufficient number of qualified sewer inspectors

that are able to meet its requirements and the same resources are

correspondingly in demand for the prevention program.

Table 5-5: Alternative Plan 1 and Associated Costs

2020 2021 2022
TA RSE EV RSE Start End Associated Estimate Estimate Estimate
# Mitigation Name | (Units/SM) | (Units/SM) | Date | Date Driver ($000) ($000) ($000)
Cross Bore 96,328- 96,440- 95,902-
M1D Program (Alt 1) 0.1054 0.0106 2020 | 2022 b1 106,468 (E) | 106,591 (E) | 105,996 (E)
TOTAL Alternative Plan 1 RSE: 0.1054 96,328- 96,440- 95,902-
TOTAL Expense by Year 106,468 (E) | 106,591 (E) | 105,996 (E)
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B. Alternative Plan 2

MI1E - Cross Bore Program: Alternative two reduces the pace of the Cross Bore
Program from 45,000 inspections per year to 24,000 inspections per year. This
alternative is not recommended because of the high risk posed by cross bores.

The impact of reducing the scope of inspections is an increase in the risk that a

cross bore may be hit and a gas release will occur. The proposed schedule would

increase the time to complete 500,000 inspections from 10 years to

approximately 20 years.

Table 5-6: Alternative Plan 2 and Associated Costs

2020 2021 2022
TA RSE EV RSE Start End Associated Estimate Estimate Estimate
# Mitigation Name | (Units/SM) | (Units/SM) | Date | Date Driver ($000) ($000) ($000)
M1E | Cross Bore 0.0773 0.0078 2020 2022 D1 72,248 - 72,360 - 71,248 -
Program (Alt 2) 79,853 (E) | 79,977 (E) | 78,748 (E)
TOTAL Alternative Plan 2 RSE: 0.0773 72,248 - 72,360 - 71,248 -
TOTAL Expense by Year 79,853 (E) | 79,977 (E) 78,748 (E)

VII.

Metrics
The primary metric PG&E is proposing to track for risk reduction is the number of gas
releases related to cross bores.

PG&E has selected metrics associated with each of its mitigation programs to ensure
each program is progressing at the desired pace in order to ensure risk reduction
objectives are achieved. For the Cross Bore Program, the execution metric is tracking
the number of inspections completed against the number of inspections planned. If the
inspections lead to finding a cross bore, the cross bore is eliminated. As such, the
performance metric for this mitigation also provides a good indication of risk reduction.
Table 5-7 shows the proposed risk reduction and execution metrics.

Table 5-7: Metrics

Risk/ Mitigation Associated Driver Proposed Metric Targets

Risk Reduction Metric

Release of Gas with Ignition D1 Number of gas releases TBD

on Distribution Facilities — related to cross bores

Cross Bores

Execution Metric

Cross Bore Program D1 Inspections completed TBD
versus planned
inspections
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VIIL.

Next Steps

For the Release of Gas with Ignition on Distribution Facilities — Cross Bore risk discussed
in this chapter, PG&E plans to continue to mature risk quantification efforts in the
following ways:

o Improve Gas Operations’ quantification methodology by collecting additional data to
estimate the number of the potential cross bores throughout the system and the
effectiveness of the prevention program.

o Refine the risk bow tie model consequence inputs for safety, environmental,
reliability and compliance consequence categories.
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Executive Summary

Compression and Processing (C&P) Failure — Release of Gas with Ignition at Manned

RISK NAME
S Processing Facility

Loss of containment with ignition at a manned compression or processing facility
IN SCOPE resulting in significant impacts to personnel safety, loss of service and/or
equipment damage

Related events occurring on transmission pipe or at Measurement and Control

OUT OF SCOPE (M&C) facilities

DATA Assessment informed by Pacific Gas and Electric Company (PG&E) data, Pipeline
QUANTIFICATION | and Hazardous Materials Safety Administration (PHMSA) data, and subject matter
SOURCES expertise

A failure at a manned Compression and Processing (C&P) facility leading to a release of
gas with ignition is a risk event that can potentially result in significant impacts related
to public, contractor and employee safety and system reliability, as well as impacts to
nearby equipment and structures. This risk has been on PG&E'’s risk register since 2013.
It is also an Enterprise Risk overseen by the Nuclear, Operations, and Safety Committee
of PG&E’s Board of Directors. PG&E considers this risk event to be a low frequency, high
consequence scenario (i.e., the occurrence of the event is not frequent but if it were to
occur, it could result in severe consequences). PG&E has never experienced this
catastrophic risk scenario resulting in safety impacts within the C&P facility population;
however, PG&E has experienced one loss of containment event (with no injuries or
fatalities). Based on industry data, other utilities have experienced this risk event with
injuries and fatalities.

There are nine risk drivers that can lead to this event as outlined by the American
Society of Mechanical Engineers (ASME) B31.851 standard. These drivers2 include
equipment-related, external corrosion, incorrect operations, internal corrosion,
manufacturing defects, stress corrosion cracking, third-party/mechanical damage,
weather-related/outside forces, and welding/fabrication related.

PG&E is actively addressing this risk through a variety of controls and mitigations. These
control and mitigation programs promote safe operations and maintenance (0&M) of
the facilities, and address the specific risk drivers. One of the mitigation programs

See ASME standard B31.85-2004 “Managing System Integrity of Gas Pipelines.” This ASME code is
incorporated by reference in the 49 Code of Federal Regulations Part 192.7.c.5.

The risk drivers are referred to as “threats” in the ASME B31.8S standard; these two terms are used
interchangeably throughout this document.



identified is Physical Security Upgrades, which is designed to mitigate the risk of
third-party interference, such as vandalism, at the facilities. Other mitigation programs
include Critical Documents, Engineering Critical Assessments (ECA), and Station
Strength Testing.

The risk assessment undertaken as part of the Risk Assessment and Mitigation Phase
(RAMP) process showed that approximately 4 percent of the loss of containment events
related to this risk could result in serious safety consequences in the form of fatality and
approximately 11 percent of events could lead to injuries. By implementing the
mitigation strategy outlined in this chapter, PG&E forecasts a potential 15 percent
reduction in the overall Multi-Attribute Risk Score (MARS) between 2017 and 2022.

Going forward, PG&E plans to collect and analyze more data, where possible, to
improve the model inputs and continue the move towards more quantitative, data
driven risk models. For the C&P risk described in this chapter, one of the key next steps
will be to consider aligning risk models with work plan and forecast development.

A detailed list of next steps is included in Section VIl below.

l. Risk Assessment

A. Background
PG&E’s C&P facilities consist of nine compressor stations3 and five processing
stations. Five of the compressor stations are installed along the northern
pipelines (Lines 400 and 401), three stations are installed along the southern
pipeline (Line 300) and a ninth compressor station is installed on Line 21 in
Santa Rosa. The five processing stations support the three PG&E-owned and
operated underground gas storage injection operations.

Failure events do not happen frequently at C&P facilities. To date, PG&E has had
one incident at a C&P facility? and that event did not result in any safety
consequences involving personnel. However, PHMSA major incident reporting
data indicates that there have been 28 ignition events at stations (including M&C
stations) in the United States (U.S.) between 2010 and 2016. Of these 28 events,
4 events had safety consequences in the form of injuries or fatalities. Even
though this risk event has a low probability of occurring, because it could lead to
high consequences, it is one of PG&E’s top risks.

3 The terms “stations” and “facility” are used interchangeably throughout this document.

4 Theincident referenced is the Turner Cut fire that occurred in 1993 due to pressure vessel
closure failure.
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The risk bow tie in Figure 6-1 below shows the exposure and frequency drivers
for this risk, as well as the probability of a risk event related to each risk driver.
The risk event, at the center of the bow tie, is defined as a loss of containment
with ignition at a manned compression or processing facility. Based on the
model inputs for frequency, this risk event is likely to occur approximately once
every 12.5 years.

Figure 6-1: Risk Bow Tie

Risk top-level drivers

Exposure Frequency'? Risk event(s)! Consequences
D1 - Equipment: [SME input * PHMSA Data] — ~0.0244
— Safety-Injuries
D2 - External Corrosion: [SME input * PHMSA Data] —.— 0.0049
— Safety-Fatalities
D3 - Incorrect Operations: [SME input * PHMSA Data] —@ 0.0046
— Environmental
D4 - Internal Corrosion: [SME input * PHMSA Data] —.— 0.0050 Loss of
I contai —
C&P Stations: | with ignition — Reliability
[PG&E Data] DS - Manufacturing Defects: [SME input * PHMSA Data] —® 0.0023
14
— Compliance
D6 - Stress Corrosion Cracking: [SME input * PHMSA Data] ~——® 0.0023
] i ) . . — Trust
D7 - 3" Party/Mechanical Damage: [SME input * PHMSA Data] — "~ 0.0131
0.0800
D8 - Weather-related/outside forces: [SME input * PHMSA Data] —.— 0.0166 ‘l/ — Financial
12.5 Years/Risk
Event
D9 - Welding/Fabrication Related: [SME input * PHMSA Data] —.— 0.0067

Walues displayed are means of each distribution and are in the units of events/year. Driver frequencies are summed to obtain the Risk event frequency.
2Drivers are modeled using Poisson and Binomial distributions.

Exposure

PG&E quantified the risk exposure as the number of C&P facilities owned by
PG&E, all of which are considered transmission assets. The number of C&P
stations is assumed to stay constant through the 2017-2022 time period because
there is no current plan to add or remove stations during this time period. Even
though this risk pertains specifically to manned processing facilities, all of PG&E’s
C&P facilities are considered as part of the RAMP model.
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Drivers and Associated Frequency
The frequency of the risk event is based on a review of PHMSA major incident

data for transmission® to identify each driver’s respective contribution to the
frequency of loss of containment that results in ignition or explosion. Because
the PHMSA data includes all events in the U.S., the number of events per year
was scaled by the fraction of the PG&E system relative to the U.S. system.
Industry data indicates that PG&E’s system contains approximately 2 percent of
transmission piping in the U.S. Therefore, the assumption was made to use the

2 percent scale for the transmission stations.6 This data was used in lieu of using
station specific PHMSA data for compressor, processing, and regulation stations
as there was a lack of data for each of the driver frequency threats. The
likelihood of ignition was computed by taking transmission ignition events and

dividing by the total count of major losses of containment.”

PG&E identified nine risk drivers associated with this risk as described in
detail below:

D1 - Equipment-Related: Issues such as equipment age or obsolescence may
lead to equipment failures. Equipment obsolescence is defined as the state
when equipment may be difficult to maintain, when the vendor no longer
supports the product, when spare parts are no longer available, or when
equipment parts become incompatible. Although remedial work and upgrades
have been done at C&P facilities, much of the equipment and controls
systemwide is over 40 years old, obsolete or no longer supported by the
manufacturer, and is showing signs of wear and deterioration. If not replaced,
there is risk of failure or restricted operation of critical components or systems
that could result in a loss of compression services at multiple locations. Based
on the probability distribution used in the model, the average number of loss of
containment events with ignition due to equipment failure is 0.0244 per year.
This can be interpreted as one event approximately every 41 years.

D2 - External Corrosion: The risk of through wall leaks from external corrosion
forming beneath pipe insulation material may result in loss of service and loss of

PHMSA Major Incident report (Transmission) includes a collection of all major incidents in the U.S.
Time period used is 2010-2016. The PHMSA major incident reporting data includes a filter for
commodity types; PG&E filtered the data for Natural Gas and Blanks (Gas Carriers).

The number of expected major loss of containment events per year for transmission is 263 events
over the 7-year period, assuming that PG&E's assets represent 2 percent of the total, or 0.75 events
per year. Distribution showed a total of 43 events, amounting to 0.12 events/year.

Of the total 263 major loss of containment events, 28 resulted in ignition (10.6 percent).
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containment. Based on the probability distribution used in the model, the
average number of loss of containment events with ignition due to external
corrosion is 0.0049 per year. This can be interpreted as one event approximately
every 204 years.

D3 —Incorrect Operations: The systems and equipment installed in C&P
facilities is complex, and their operation requires specialized training. Risks
associated with incorrect operations include over pressurization of the gas
system, loss of service, and safety impacts due to malfunction or failure of
critical assets. There is also the risk of increased operating costs as a result of
shortened equipment life. Based on the probability distribution used in the
model, the average number of loss of containment events with ignition due to
incorrect operations is 0.0046 per year. This can be interpreted as one event
approximately every 217 years.

D4 - Internal Corrosion: The risk of through wall leaks in storage processing,
withdrawal piping and pressure vessels from internal corrosion or erosion may
result in loss of containment with ignition, loss of service, and reliability impacts.
Based on the probability distribution used in the model, the average number of
loss of containment events with ignition due to internal corrosion is 0.0050 per
year. This can be interpreted as one event approximately every 200 years.

D5 — Manufacturing Defects: Manufacturing defects include weld defects such
as longitudinal seam defects caused by errors in the welding and material
defects caused by various steel impurities. These can occur in the equipment
and piping in gas transmission stations, including compressor stations and
processing facilities. Based on the probability distribution used in the model, the
average number of loss of containment events with ignition due to
manufacturing related defect is 0.0024 per year. This can be interpreted as one
event approximately every 417 years.

D6 — Stress Corrosion Cracking: The risk of failure of station piping due to stress
corrosion cracking that results in a loss of containment may result in public
safety issues. Stress corrosion risks are produced by deterioration of material
over time due to a combination of factors from pressure cycling, chemicals,
stress, and material types. Based on the probability distribution used in the
model, the average number of loss of containment events with ignition due to an
equipment failure is 0.0023 per year. This can be interpreted as one event
approximately every 435 years.

D7 - Third-Party/Mechanical Damage: Potential vandalism and cybersecurity
breaches present additional risks to the C&P facilities. The third-party damage
threat is necessarily expanded to include the risk of unauthorized operation
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resulting in a loss of service and reliability. Damage to C&P facilities from third-
parties can also occur if there is inadequate physical security surrounding the
stations. The most common type of third-party damage is dig-ins. Dig-ins are
generally prevented at C&P facilities by preventing third-party access to the
facilities. Other third-party threats, including vandalism or acts of terrorism, are
also prevented by physical security. Based on the probability distribution used in
the model, the average number of loss of containment events with ignition due
to third-party/mechanical damage is 0.0131 per year. This can be interpreted as
one event approximately every 76 years.

D8 — Weather-Related and Outside Forces (WROF): Damage resulting from
WROF may be caused by a wide range of factors including water crossings,
unstable soil/erosion, heavy rains/floods, and seismic activity. Based on the
probability distribution used in the model, the average number of loss of
containment events with ignition due to WROF is 0.0166 per year. This can be
interpreted as one event approximately every 60 years.

D9 — Welding/Fabrication: Risks due to construction or fabrication are related
to inadequate installation of equipment at the station resulting in potential
premature equipment failure or operational difficulties. Additional risks are
associated with insufficient or improperly maintained facility documentation and
construction records. Based on the probability distribution used in the model,
the average number of loss of containment events with ignition due to
welding/fabrication is 0.0067 per year. This can be interpreted as one event
approximately every 150 years.

Consequences

Figure 6-2, below, shows the range of consequences and the attributes that help
describe the tail average risk and the associated MARS are shown in Figure 6-2
below. These results represent the worst case outcome which is based on the
use of the tail average (90—100th percentile). Both PG&E and industry data was
used in evaluating these consequence categories. As illustrated below,
consequence categories relating to the financial impact is the largest contributor
to the overall MARS.
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Figure 6-2: Consequence Attributes

Safety-Injuries

Environmental Compliance

Safety-Fatalities

Reliability

Financial

Source PHMSA PHMSA PHMSA and ICE SME Input SME Input PG&E Data SME Input
Percent of ignition Percent of ignition Ave=35,237MCF Customer hours Ave=$1M Dependent on Safety Min=540M
events with events with Std Dev=56,063MCF affected= (Exponential) outcomes. Max=$70M
injury=10.7% fatality=3.6% Ave cost of Min=0 hours*60 (Uniform)

Carbon®=513 /tonne Max=1,000 hours*60 Ifthere are any
Mean=1 Mean=4 co2 (Uniform) fatalities= High
(Poisson) (Poisson) (Lognormal) severity brand
favorability change
- If there are injuries
5 without fatalities,
5 50/50 chance of Low
2 or Severe
&
2
8
g
2 High severity=12-20%
g Severe=5-12%
S Low=0-5%
(Uniform)
e ]
N -] Ce—
DR ! I T i B R R l
Out -
AN 0.13 0.25 $19,523 23,585 $798,055 1.39% 543,219,349
Outcome-
TA-MARS? 0.03 6.81 0.00 0.06 0.08 6.94 2593
*Ave of Year 1-6 Tail Ave outcomes in Natural units MARS Total 39.86

2Ave of Year 1-6 Tail Ave outcomes in MARS units
3To convert MCF to tonne multiply by ~52,/1000

Safety — Injuries (S1): The PHMSA major incident data set8 filtered for
station events was used to quantify the conditional probability that a
major incident results in injuries. Data showed a total of 3 out of 28, or
10.7 percent, ignition-related events resulted in injury. Based on this
data, the average number of injuries per event is 1. Tail average results
showed that we would expect to see 0.13 injuries as the average worst
case over the 2017-2022 time period. This can also be interpreted as
approximately one injury every eight years. This outcome is higher than
anticipated since PG&E has only had one event to-date that did not
involve injury.

Safety — Fatalities (SF): The PHMSA major incident data set filtered for
station events was used to quantify the conditional probability that a
major incident results in fatalities. Data showed one event which
resulted in fatality of the 28 ignition-related events or 3.6 percent
fatality-related events resulted in fatalities. Also based on this data, the
average number of fatalities per event is 4. Tail average results showed
that average worst case is 0.25 injuries per year over the 2017-2022 time

8  PHMSA Major Incident report includes a collection of all major incidents in the U.S. The time
period used is 2010-2016. The PHMSA major incident reporting data includes a filter for
commodity types; PG&E filtered the data for Natural Gas and Blanks (Gas Carriers).
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period. This can also be interpreted as approximately one fatality every
four years. Similar to injury output, this output is much higher than
expected given that PG&E has never experienced an event related to this
risk that resulted in a fatality. Additionally, the industry data set showed
only one event that included four fatalities; so the sample size is limited.

¢ Environmental (E): PHMSA data set for transmission related releases of
gas with ignition resulted in an average gas release volume of

35,237 Millions of Cubic Feet.9 Based on the tail average model results
across the 2017-2022 time periods, the average worst case
environmental related costs amount to $19,523. The results show that
the environmental consequence attribute models a relatively small
impact for this risk.

e Reliability (R): PG&E leveraged Subject Matter Expert (SME) judgment to
determine the reliability impact of this risk. PG&E assumes an impact of
zero to 1,000 customer hours based on an individual station being out of
service and the redundancy in PG&E’s gas system. Based on the tail
average model results across the 2017-2022 time period, the average
worst case reliability impact would be of 23,585 customer minutes or
approximately 393 customer hours. These results show a relatively small
reliability impact for this risk.

e Compliance (C): Assumed cost of compliance after a major incident with
ignition is mainly seen via additional inspection stemming from new
regulations. Based on SME judgment, the cost average associated impact
would be $1,000,000. Per the tail average model results, we would
expect to see compliance related impacts of $798,055.

e Trust (T): Events are dependent upon safety outcomes, both injury and
fatality, and categorized as low, severe, and high. This methodology was
used across all GO risks.10 Based on the tail average model results across
the 2017-2022 time periods, the calculated average worst case impact on
brand favorability is 1.39 percent a year.

e Financial (F): The financial impact is based on SME analysis of costs to
rebuild or replace a station. The cost for a single unit replacement
(540 million) was used as the lower bound and the cost of rebuilding a
station ($70 million) was used as the upper bound for the financial impact
calculation. Based on the tail average model results across the
2017-2022 time periods, the average worst case replacement cost is
approximately $43 million. The asset replacement cost is the primary
driver of the MARS for this risk.

9 The average cost of carbon was taken from the Intercontinental Exchange end of day close for
California Carbon Allowance Futures as of day close March 29, 2017, which was $13 per tonne of
carbon dioxide.

10 Refer to the Risk Model Overview chapter for the trust consequence calculation details.
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2016 Controls and Mitigations (2016 Recorded Costs)

The controls and mitigations address reliability and integrity management of the
stations to effectively control and monitor the gas system. The C&P asset family has a
robust set of controls in place to manage both reliability and integrity. The controls
include ongoing maintenance and inspection activities, ongoing capital work to manage
obsolescence and operational requirements, gas quality control and monitoring, and
various other integrity management activities related to material condition (corrosion).
In addition, to further address integrity management, a series of mitigations are defined
to address manufacturing, construction and third-party damage threats. These
mitigations have beneficial effects to reduce other threat categories. The selected set of
mitigation activities is aimed at reducing the risks associated with the integrity of the
facilities. Table 1 included below summarizes the controls and mitigations and 2016
recorded costs associated with each control.

C1 - Compressor Replacements: Approximately 65 percent of the units in PG&E’s
compressor fleet are at or over 40 years old and there is a need for a compressor
replacement program to plan for and manage the replacement of these assets and
associated infrastructure. While age by itself does not drive replacement, the age of the
units increases the likelihood of equipment obsolescence impacts, including inability to
obtain spare parts, lack of manufacturer support and expertise, and increased
environmental, safety, and reliability risks due to older technology. The compressor
replacements eliminate or mitigate Equipment-Related drivers that impact operability of
the gas system including loss of service, loss of operating flexibility and reliability, and
inability to meet requirements of evolving industry and environmental regulation.

C2 — Compressor Unit Control Replacements: This program has been developed to
replace unit controls at individual compressor units. The scope of work includes
replacement of Programmable Logic Controls (PLC) equipment as well as programming
and system integration. This program helps manage the Equipment-Related (equipment
obsolescence and failure) risk driver.

C3 — Corrosion Control: All of PG&E’s metallic (steel) assets are subject to corrosion, an
electrochemical process where metal degrades due to its interaction with the
environment. Corrosion control seeks to either eliminate the elements that lead to
corrosion or to manipulate the natural corrosion process with electrical currents.
Effective corrosion control monitoring programs are critical to provide timely data that
is representative of asset conditions; allow for modifications in corrosion mitigation
strategies; and update risk management tools. This control addresses the External
Corrosion, Internal Corrosion and Stress Corrosion Cracking drivers. Corrosion Control is
also identified as a control for the M&C Facility risk, Storage risk, and Transmission Pipe
risk, Measurement & Control (M&C) Failure — Release of Gas with Ignition at M&C
Facility risk, Natural Gas Storage Well Failure — Loss of Containment with Ignition risk,
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and Transmission Pipeline Failure — Rupture with Ignition risk. The total cost for this
program is not allocated between the risks.

C4 - Direct Assessments: Direct Assessment (DA) is another method of conducting
asset integrity assessments. DA is used to proactively address time dependent threats
of external corrosion, internal corrosion, and stress corrosion cracking and prevent
anomalies from growing to a size that affects the structural integrity of the pipeline.

The assessment techniques are called External Corrosion Direct Assessment, which
identifies and assesses locations likely to have external corrosion, Internal Corrosion
Direct Assessment, which identifies and assesses locations likely to have internal
corrosion, and Stress Corrosion Cracking Direct Assessment, which identifies and
assesses the presence of a corrosive environment combined with sufficient tensile stress
in the pipe material to initiate and grow stress corrosion cracks. This control addresses
the External Corrosion, Internal Corrosion and Stress Corrosion Cracking drivers. DA is
also identified as a control for the Measurement & Control (M&C) Failure — Release of
Gas with Ignition at M&C Facility risk, Natural Gas Storage Well Failure — Loss of
Containment with Ignition risk, and Transmission Pipeline Failure — Rupture with Ignition
risk. The total cost for this program is not allocated among the risks.

C5 — Emergency Shutdown (ESD) Upgrade: This program includes upgrade of existing
ESD system to use current technology. This program helps improve the identification
and response to gas leak or fire. An ESD system is designed to immediately,
automatically, and safely stop operation of equipment, isolate the station piping, and
safely vent the natural gas within the station to the atmosphere. This control addresses
all consequence categories should the risk event occur.

C6 — Gas Quality Assessment: This program incorporates industry best practices to
maintain the desired quality of gas entering the PG&E system. The purpose of the Gas
Quality Assessment Program is to address gas particulate and liquids so that equipment
operates correctly, materials do not degrade due to corrosion, and gas entering the
PG&E system meets California Public Utilities Commission gas quality regulatory
requirements. This program manages Internal Corrosion and Equipment-Related drivers
and is identified as a control for the M&C Failure — Release of Gas with Ignition
Downstream risk and the M&C Failure — Release of Gas with Ignition at M&C Facility
risk. The total cost for this program is not allocated among the risks.

C7 — GT Electrical Upgrades: This program has been established in order to upgrade the
electrical equipment at both the Hinkley and Topock Compressor Stations. This control
addresses the Equipment-Related driver for obsolescence and also addresses worker
safety during maintenance and operation of the equipment.

C8 — Other O&M: Gas Transmission O&M activities are planned, tracked and managed
to address regulatory compliance and increase the useful life of the Gas Transmission
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assets. Gas Transmission O&M expense includes costs to perform compliance,
preventive and corrective tasks. This program helps manage the Equipment-Related
driver. Other O&M is also identified as a control for the Natural Gas Storage Well
Failure — Loss of Containment with Ignition risk, and Transmission Pipeline Failure —
Rupture with Ignition risk. The total cost for this program is not allocated between the
risks.

C9 - Routine Spend C&P: The scope of work includes repair or replacement of failed or
malfunctioning equipment and instrumentation. This program helps manage the
Equipment-Related and Incorrect Operations drivers.

C10 - Upgrade Station Controls: This program has been specifically developed to
replace and upgrade the station PLCs for all C&P facilities. There are two PLC station
controls: (1) a PLC that interfaces with the compressor unit controllers; and (2) a PLC
input/output interface module that receives information about the current operating
conditions of the station, translates that information, and makes it available to other
devices for data transmission or control. The scope includes installation of new
PLC-based controllers; re-writing control philosophy; and addition of computer/terminal
stations required; and rebuild of existing panels in control room. This program helps
manage the Equipment-Related and Incorrect Operations drivers.

In addition, to further address integrity management, a series of mitigations as
discussed below are defined to address specific risk drivers. The selected set of
mitigation activities is aimed at reducing the risks associated with the integrity of the
facilities. This list of mitigations is included in Table 6-1 below since there are costs

recorded from 2016 related to these programs.11

M1A - Critical Documents Program: This program consists of revising and/or
developing new critical drawings and documents for transmission stations. These
drawings and documents will better assist operating and maintenance personnel in
understanding and troubleshooting systems and equipment. This mitigation addresses
these risks by ensuring that the drawings and documents used to operate and maintain
the facility are commensurate with the complexity of the facility. This mitigation
addresses the transmission Incorrect Operations driver as it reduces the chance of
communication error between operator and control room along with the Compliance,
Trust, and Financial consequence categories. This program is also identified as
mitigation for the M&C Failure — Release of Gas with Ignition Downstream risk and the
M&C Failure — Release of Gas with Ignition at M&C Facility risk. The cost for this
program was allocated between all three risks with a 65 percent allocation to the

11 For detailed description of the mitigation programs, refer to the workpapers for this chapter.
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two M&C risks and 35 percent to the C&P risk. Both the M&C risks show the total
65 percent allocation (i.e., the costs that were allocated to the two M&C risks were
not separated).

M2A - Engineering Critical Assessment (ECA) Phase 1: Beginningin 2015, PG&E
embarked on the ECA Phase 1 Program, which entails reviewing and identifying issues
that may compromise station asset integrity. The primary focus of the ECA Phase 1
Program is to identify components which may be under-rated for the service in which
they are operating. The ECA Phase 1 work involves identifying component design
anomalies, field investigating components and developing and performing associated
remediation activities. This program affects the likelihood of an event occurring due to
the following drivers: Manufacturing Defects, Weather-Related/Outside Force, and
Welding/Fabrication Related. Furthermore, the Compliance, Trust, and Financial
consequence categories are affected. This program is also identified as mitigation for
the M&C Failure — Release of Gas with Ignition at M&C Facility risk. The cost for this
program was allocated with a 65 percent allocation to the M&C risks and 35 percent to
the C&P risk.

M3A - Engineering Critical Assessment (ECA) Phase 2: At the completion of ECA
Phase 1, there will be station components requiring mitigation in addition to any
remediation undertaken as part of ECA Phase 1. More specifically, station components
where the documentation of the material installed or the pressure test history is
incomplete will be subject to ECA Phase 2. Validating station features provides facility
integrity assurance from a design and installation perspective. This effort includes field
work to perform non-destructive examination type validation of station features and
properties. The ECA Phase 2 addresses multiple threats that affect station integrity and
reliability, including: External Corrosion, Internal Corrosion, Manufacturing Defects, and
Welding/Fabrication Related. Also, Compliance, Trust, and Financial consequence
categories are addressed by this program. This program is also identified as mitigation
for the M&C Failure — Release of Gas with Ignition at M&C Facility risk. The cost for this
program was allocated with a 65 percent allocation to the M&C risks and 35 percent to
the C&P risk.

MA4A - Physical Security Upgrades: The Physical Security Program implements security
measures recommended in the Security Vulnerability Assessments study performed by
Lawrence Livermore National Laboratory (LLNL). This mitigation provides for installation
of additional security measures at facilities, including installation of barriers, cameras,
and other recommended actions in accordance with Transportation Security
Administration (TSA) Guidelines. This mitigation provides the means to identify and
mitigate potential third-party interventions impacting the facilities and also addresses
both the Safety consequence categories. The overall goal is to complete physical
security enhancements in a timely manner at critical gas facilities as recommended in
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the vulnerability study conducted by LLNL. This program is also identified as mitigation
for the M&C Failure — Release of Gas with Ignition at M&C Facility risk. The cost for this
program was allocated with a 50 percent allocation to the M&C risk and 50 percent to

the C&P risk.

Table 6-1: Risk Controls and Mitigations, 2016 Recorded Costs

2016 Recorded 2016
Associated Driver # Funding Expense Recorded

# Control/Mitigation and Consequence Source ($000) Capital ($000)
Cl Compressor Replacements D1 GTS - 22,661
Cc2 Compressor Unit Control D1 GTS - 199

Replacements

Cc3 Corrosion D2, D4, D6 GTS 35,030 35,409
ca Direct Assessments D2, D4, D6 GTS 39,368 -
c5 Emergency Shutdown Upgrade SI,SF,E,R,CT,F GTS 1,910
Cé6 Gas Quality Assessment D1, D4 GTS 290 -
c7 GT Electrical Upgrades D1 GTS - 224
Cc8 Other O&M D1 GTS 30,953 -
C9 Routine Spend C&P D1, D3 GTS 7,353 54,278
C10 Upgrade Station Controls D1, D3 GTS - 2,389
M1A | Critical Documents Program D3,C,T,F GTS 5,650 -
M2A | ECA Phase 1 D5,D8,D9,C, T, F GTS 7,695 -
M3A | ECA Phase 2 D2,D4,D5,D9,C, T, F GTS 1,033 -
M4A | Physical Security Upgrades D7, SI, SF GTS 1,395 10,237
TOTAL Expense and Capital 128,767 127,307

IV. Current Mitigation Plan (2017-2019)
The mitigation activities described in section Ill above continue through the 2017-2019
time period. The mitigations include Critical Documents Program, ECA Phase 1, ECA
Phase 2, Physical Security Upgrades, as well as Station Strength Testing. The scope of

each mitigation for this time period is described below.

M1B - Critical Documents Program: Continue station documentation update. This
includes 2 representative stations12 in 2017, 2 in 2018, and 4 in 2019.

12 The representative number of stations to be addressed is not the actual number of stations. The
representative number of stations to be addressed by the Critical Documents Program has been
determined based on the total number of stations to be addressed by the total program, scaled by
the fraction that the yearly program forecast represents out of the total program forecast.
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M2B - ECA Phase 1: Continue validation of Station Features at identified stations. The

representativel3 numbers of stations for this activity are 3, 3, and 2 for 2017, 2018 and
2019, respectively.

M3B - ECA Phase 2: Ongoing work for ECA Phase 2 in 2017 and 2018 is related to
evaluating non-destructive examination techniques for applicability to this effort. This
consists of studies, assessments and other preparatory activities in 2017 and 2018 to
address one representative station in 2019.

M4B - Physical Security Upgrades: Continue upgrades of identified stations. This
includes one station a year during the 2017-2019 time period.

In addition to these ongoing mitigations, one new mitigation will begin in 2018.

M5A — Station Strength Testing: The program is designed to address components that
cannot be addressed via ECA Phase 2. As a result, the Station Strength Testing Program
should be considered the last-resort alternative. Strength testing provides assurance of
facility integrity from a design and installation perspective. This effort includes field
work to perform strength testing of components. This control addresses the External
Corrosion, Internal Corrosion, Manufacturing Defects, Stress Corrosion Cracking,
Third-Party/Mechanical Interventions, Weather-Related and Outside Forces, and
Welding/Fabrication drivers. This program is also identified as a mitigation for
Measurement and Control Failure — Release of Gas with Ignition at M&C Facility risk.
The cost for this program was allocated with a 65 percent allocation to the M&C risks
and 35 percent to the C&P risk.

13 The representative number of stations to be addressed is not the actual number of stations. The
representative number of stations is based on the total number of stations to be addressed, scaled
by the fraction that the yearly program forecast represents out of the total program forecast.
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No stations will be addressed by Station Strength Testing in 2017 since the scope and

implementation of the program is contingent upon the results obtained from the

completion of ECA Phase 1 and ECA Phase 2. The equivalent number of stations to be
addressed in 2018 and 2019 are 0.04 and 0.07,14 respectively.

Table 6-2: 2017-2019 Mitigation Work and Associated Costs

Associated 2017 2018 2019
Start End Driver # and Forecast Forecast Forecast

# Mitigation Name Date Date Consequence ($000) ($000) ($000)
M1B | Critical Documents Program 2015 2021 D3,C,T,F 3, 14; E(E:; 4'11; E(E:; 5,16; (((E:;
M2B | ECA Phase 1 2015 2021 D5, D8, D9, C, T, 3,360 (C) 3,360 (C) 3,780 (C)
F 4,628 (E) 5,348 (E) 5,049 (E)
M3B | ECA Phase 2 2015 2033 D2, D4, D5, D9, -(Q) 478 (C) 481 (C)
CTF 1,341 (E) 2,595 (E) 3,161 (E)
M4B | Physical Security Upgrades 2015 2023 D7, Sl, SF 3,752 (C) 5,155 (C) 4,696 (C)
—(E) —(E) —(E)
M5B | Station Strength Testing 2018 2033 D2, D4, D5, D6, -(Q) 85 (C) 171 (C)
D7, D8, D9 —(E) 874 (E) 1,749 (E)
TOTAL Expense and Capital by Year 7,112 (C) 9,078 (C) 9,128 (C)
9,115 (E) 12,929 (E) 15,124 (E)

V. Proposed Mitigation Plan (2020-2022)

PG&E performed an assessment of all mitigations considered above in Section Ill and

how each relates to the drivers for C&P Failure — Release of Gas with Ignition at a

Manned Processing Facility Risk. PG&E relies on its control programs to manage risks

and remain compliant with state and federal requirements. The mitigation programs

are intended to proactively reduce risk. As such, these programs are aimed at

improving the integrity and health of PG&E’s assets, finding and repairing any existing

issues and therefore preventing the risk event from occurring.

M1C - Critical Documents Program: Continue station documentation update:

3 representative stations in 2020 and 3 in 2021. The program is scheduled to complete

in 2021.

M2C - ECA Phase 1: Continue Station Features validation at identified stations. The
representative numbers of stations for this activity are 3 in 2020 and 3 in 2021. This

program is scheduled to complete in 2021.

14 The Station Strength Test Program is planned to extend through 2033. The representative number
of stations to be addressed is not the actual number of stations. The representative number of
stations is based on the total number of stations to be addressed by the program, scaled by the
fraction that the yearly program forecast represents out of the total program period.
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M3C — ECA Phase 2: Ongoing ECA Phase 2 work which includes 2 representative
stations during the 2020-2022 time period.

MAC - Physical Security Upgrades: Continue identified station upgrades at a pace of
one station per year during the 2020-2022 time period.

M5C - Station Strength Testing: The representative number of stations that will be
addressed are 0.13 in 2020, 0.18 in 2021, and 0.27 in 2022.

The mitigations selected for this risk will provide additional assurance as to the
reliability of these facilities. Along with ongoing controls for equipment and system
replacement to address obsolescence and equipment performance, these mitigations
provide additional safeguards against third-party damage, weather and outside forces,
incorrect operations, and manufacture/fabrication drivers. The upgrade of documents
improves system operations. The confirmation of design relative to manufacture and
welding/fabrication issues reconfirms structural integrity of the system. The installation
of added physical security measures provides protection against third-party threats.

Table 6-3: 2020-2022 Proposed Mitigation Plan and Associated Costs

TA RSE EV RSE Associated 2020 2021 2022
Mitigation (Units/ (Units/ Start End Driver # and Forecast Forecast Forecast

# Name SM) SM) Date Date Consequence ($000) ($000) ($000)
M1C | Critical Documents 0.4070 0.0573 2015 2021 | D3,C,T,F -(Q) -(Q) -(Q)
Program 5,165 (E) 5,165 (E) —(E)
M2C | ECA Phase 1 0.4093 0.0448 2015 2021 | D5, D8, D9, C, 2,940 (C) 1,260 (C) -(Q)
TF 5,049 (E) | 5,049 (E) —(E)
M3C | ECA Phase 2 0.0689 0.0136 2015 2033 D2, D4, D5, D9, 984 (C) 1,006 (C) | 1,006 (C)
C,T,F 3,161 (E) | 3,161 (E) | 3,161 (E)
M4C | Physical Security 0.2872 0.0211 2015 2023 D7, SI, SF 4,713 (C) 4,704 (C) | 4,704 (C)
Upgrades —(E) —(E) —(E)
M5C | Station Strength 0.1359 0.0102 2018 2033 | D2, D4, D5, Ds, 314 (C) 428 (C) 428 (C)
Testing D7, D8, D9 1,749 (E) | 1,749 (E) | 1,749 (E)
Proposed Mitigation Plan TA RSE: 0.3014 8,951 (C) 7,398 (C) | 6,138 (C)
TOTAL Expense and Capital by Year 15,124 (E) | 15,124 (E) | 4,910 (E)
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VI.

Alternatives Analysis

While assessing mitigation options, PG&E identified two alternative plans. Alternative
Plan 1 was created based on an increased pace of Physical Security Upgrades at
identified stations while Alternative Plan 2 considered a decreased pace. The
alternatives were chosen to evaluate the impact of the program pace on risk reduction.

Both plans are shown below in Tables 6-5 and 6-6.

Table 6-4: Mitigation List

TA RSE EV RSE Proposed Alternative Alternative
# Mitigation (Units/SM) | (Units/SM) Plan 1 2 WP #

M1C Critical Documents 0.4070 0.0573 X X X WP 6-2
Program

M2C ECA Phase 1 0.4093 0.0448 X X X WP 6-5

M3C ECA Phase 2 0.0689 0.0136 X X X WP 6-8

MacC Physical Security 0.2872 0.0211 X WP 6-12
Upgrades

M5C Station Strength 0.1359 0.0102 X X X WP 6-16
Testing

M4D Physical Security 0.2872 0.0211 X WP 6-12
Upgrades

MA4E Physical Security 0.2872 0.0211 X WP 6-12
Upgrades

Figure 6-3 below shows the breakdown of the Proposed Plan, Alternative Plan 1, and
Alternative Plan 2 based on cost and RSE.

Figure 6-3: Alternative Plans by Cost and RSE Score

Cost by Plan
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A. Alternative Plan 1
The mitigation programs described in Section V above are the same in terms of
pace of work as the mitigations presented in this alternative, with the exception
of Physical Security Upgrades. PG&E chose to analyze the impacts of this
mitigation explicitly as Physical Security Upgrades play a key role in reducing the
impacts of third-party damage which is a priority driver for this risk. The change
in pace for this alternative is outlined below.

MA4D - Physical Security Upgrades: Increase pace of upgrades of identified
stations from 1 station a year to 1.5.

This alternative assumes a more rapid pace of implementation. This alternative
was not selected due to operational and resource constraints. To complete the
physical security upgrades, certain facilities would be unavailable during the
upgrade, potentially leading to operational issues.

Table 6-5: Alternative Plan 1 and Associated Costs

TA RSE EV RSE Associated 2020 2021 2022
Mitigation (Units/ | (Units/ Start End Driver # and Forecast Forecast Forecast

# Name SM) SM) Date Date Consequence (S000) ($000) ($000)
M1C | Critical Documents | 0.4070 | 0.0573 | 2020 | 2021 | D3,C,T,F -(0) -(0) -(Q)
Program 5,165 (E) 5,165 (E) —(E)
M2C | ECA Phase 1 0.4093 | 0.0448 2020 2021 | D5,D8,D9,C,T, 2,940 (C) 1,260 (C) -(Q)
F 5,049 (E) 5,049 (E) —(E)
M3C | ECA Phase 2 0.0689 0.0136 2020 2022 | D2, D4, D5, D9, 984 (C) 1,006 (C) | 1,006 (C)
C,T,F 3,161 (E) 3,161 (E) | 3,161 (E)
M4D | Physical Security 0.2872 | 0.0211 | 2020 | 2022 | D7,sI, SF 7,070 (C) 7,057 (C) | 7,057 (C)
Upgrades —(E) —(E) —(E)
M5C | Station Strength 0.1359 | 0.0102 2020 2022 | D2, D4, D5, D6, 314 (C) 428 (C) 428 (C)
Testing D7, D8, D9 1,749 (E) 1,749 (E) | 1,749 (E)
Alternative Plan 1 TA RSE: 0.2999 11,308 (C) 9,751 (C) | 8,491 (C)
TOTAL Expense and Capital by Year 15,124 (E) 15,124 (E) | 4,910 (E)

B. Alternative Plan 2

A similar approach was taken in alternative 2 where the impact of a change was
examined in scope for the Physical Security Upgrades mitigation; in this case a
decelerated pace. The change in scope for this alternative is outlined below:

MAE - Physical Security Upgrades: Decrease in pace of upgrades of identified
stations from 1 station a year to 0.5, or 1 station every two years.

Even though this alternative has a lower cost and slightly higher risk spend
efficiency (RSE), it was not chosen as the recommended case. Vandalism/
Terrorist attacks at critical facilities have implications on personal safety and
equipment damage. Completing the physical security upgrades for these critical
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VII.

facilities at the proposed pace proactively addresses these threats and is a key

strategic objective for the C&P asset family.

Table 6-6: Alternative Plan 2 and Associated Costs

TA RSE EV RSE Associated 2020 2021 2022
Mitigation (Units/ (Units/ Start End Driver # and Forecast Forecast Forecast

# Name SM) SM) Date | Date | Consequence ($000) ($000) ($000)
M1C | Critical Documents | 0.4070 | 0.00573 | 2020 | 2021 | D3,C,T,F —(C) —(C) =(C)
Program 5,165 (E) 5,165 (E) —(E)
M2C ECA Phase 1 0.4093 0.0448 2020 2021 | D5, D8, D9, C, 2,940 (C) 1,260 (C) -(Q)
T,F 5,049 (E) 5,049 (E) —(E)
M3C ECA Phase 2 0.0689 0.0136 2020 2022 | D2, D4, D5, 984 (C) 1,006 (C) 1,006 (C)
D9,C,T,F 3,161 (E) 3,161 (E) | 3,161 (F)
MA4E Physical Security 0.2872 0.0211 2020 2022 | D7,SI, SF 2,357 (C) 2,352 (C) 2,352 (C)
Upgrades —(E) —(E) —(E)

M5C D2, D4, D5

Station Strength Tt 314 (C) 428 (C) 428 (C)
Testing 0.1359 0.0102 2020 2022 gg, D7, D8, 1,749 (E) 1,749 (E) 1,749 ()
Alternative Plan 2 TA RSE: 0.3032 6,595 (C) 5,046 (C) | 3,786 (C)
TOTAL Expense and Capital by Year 15,124(E) 15,124 (E) | 4,910 (E)

Metrics

The primary metric that PG&E is proposing for this risk is to track reportable incidents.

This will allow PG&E to track the number of events PG&E experiences that could lead to

the catastrophic risk event we are modeling. This metric would include OP events, as

well as loss of containment events.

Metrics associated with the mitigation programs are designed to measure if each

program is progressing at the desired pace to achieve risk reduction objectives. The

targets for these metrics are established through PG&E’s Integrated Planning process.

Table 6-7 below shows the proposed risk reduction and execution metrics:
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VIIL.

Table 6-7: Metrics

Associated Driver #

D8, D9

requires completion of
ECA Phase 1 and ECA
Phase 2.

Risk/Mitigation and Consequence Proposed Metric Targets

Risk Reduction Metric

Compression and Processing (C&P) Failure — All Number of reportable N/A

Release of Gas with Ignition at Manned incidents.

Processing Facility

Execution Metric

Critical Documents Program D3,C,T,F Number of stations TBD
completed.

ECA Phase 1 D5,D8,D9,C, T, F Number of station TBD
features completed.

ECA Phase 2 D2,D4,D5,D9,C, T, F Under development; TBD
requires completion of
ECA Phase 1.

Physical Security Upgrades D7, SI, SF Number of facilities TBD
completed.

Station Strength Test D2, D4, D5, D6, D7, Under development; TBD

Next Steps

For the Compression and Processing Failure risk discussed in this chapter, PG&E plans to

continue to mature risk quantification efforts in the following ways:

Continue to evolve existing tools to understand and monitor condition and
criticality of assets leading to a more data driven process for monitoring and
managing assets. In the last few years, PG&E identified that the evaluation of
threats and risks associated with C&P assets was largely based on experience and
judgement of PG&E SMEs. During the past three years, PG&E has performed several
tasks that provide information for monitoring threat and asset health. This includes
activities such as industry benchmarking studies, process safety assessments and
condition assessments to understand hazards.

Refine model inputs. The modeling effort was primarily focused on safety. Given
the lack of data to estimate the compliance, reliability, financial and environmental
impacts, the team made general assumptions on new regulations, rebuilding a
station, customer outage and environmental costs. These model inputs are being
assessed and, where possible, PG&E will update these inputs in the future.

Advance risk quantification and component level data understanding and
utilization, where that information is unique to PG&E. Given the small sample size
of ruptures and ignition at facilities in PG&E, industry data was used to determine
the frequency for this risk for the current model.
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Consider how PG&E can align risk models with different types of planned and
forecast units of work.

Calibrate model outputs and perform sensitivity analysis. For example, the model
results for the Safety — Injuries consequence is higher than anticipated since industry
data on injuries caused by ignition events at stations is very low. Therefore,
additional data analysis in the future may be able to better identify this risk
consequence.

Re-evaluate different combinations of mitigations in the alternative analysis to
attempt to risk reduction and operational efficiency optimization.
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Executive Summary

RISK NAME Release of Gas with Ignition on Distribution Facilities — Non-Cross Bore

IN SCOPE Loss of containment with ignition due to any risk driver other than Cross Bore

OUT OF SCOPE Loss of Containment with Ignition due to Cross Bore

DATA . L .
Assessment informed by PG&E data, Pipeline and Hazardous Materials Safety

QUANTIFICATION o 1 , _

SOURCES Administration (PHMSA)* data and subject matter expert (SME) input.

Pacific Gas and Electric Company (PG&E) maintains approximately 42,700 miles of
distribution mains and approximately 3.4 million services in its gas distribution system.
The distribution mains transport gas downstream of a distribution center and the
services lines connect the mains to customer connected equipment. Together the
mains and services provide natural gas to PG&E’s 4.3 million residential, commercial and
industrial customers.

Over the last seven years, there have been 59 loss of containment incidents? on PG&E’s

distribution facilities, in which 36 resulted in ignition.3 This chapter addresses the risk of
rupture of a distribution pipeline which may result in loss of containment and migration
and ignition of gas, leading to a safety impact or property damage and PG&E’s proposed
plan to mitigate this risk.

Previously there were many risks listed in Gas Operations’ (GO) Risk Register that could
result in a loss of containment with ignition for distribution facilities. During the Risk
Assessment and Mitigation Phase (RAMP) modeling process, GO decided to create a
roll-up risk that combined all drivers into one representative risk. This representative
risk is now an Enterprise level risk overseen by the Safety and Nuclear Oversight
Committee of PG&E’s Board of Directors.

See Pipeline and Hazardous Materials Safety Administration (PHMSA) Data Report —
March 27, 2017.

Loss of containment is considered a situation where the volume of escaped methane makes the
pipeline inoperable and a leak is where operation of the pipeline and its facilities can continue to
operate as intended.

See PHMSA Data Report — March 27, 2017.
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Through the development of the model, data showed that 38 percent of the events

associated with this risk could result in serious safety consequences in the form of a
fatality or serious injury. By implementing the mitigation strategy outlined in this
chapter, PG&E estimates a potential 90 percent reduction in the overall multi-attribute
risk score (MARS).

Going forward, PG&E plans to collect and analyze more data to improve the model

inputs and continue the move towards more quantitative, data driven risk models. One

of the key next steps is to identify the data needed to quantify the compliance category.

A detailed list of next steps is included in Section VIII.

Risk Assessment

A.

Background

There are approximately 42,700 miles of distribution mains and approximately
3.4 million services in PG&E’s gas distribution system. Together the mains and
services provide natural gas to PG&E’s 4.3 million residential, commercial and
industrial customers. The risk of a distribution pipeline rupture may result in loss
of containment and ignition leading to a public safety issue. According to the
March 27, 2017 PHMSA report, there were 59 incidents that PG&E recorded over
the last seven-year period in which 36 resulted in ignition.

For this RAMP filing, PG&E used the bow tie framework to develop a
probabilistic operational risk model. This model includes the risk event at the
center of the bow tie, risk drivers and associated frequencies and the
consequences that result from the occurrence of the risk event. The model uses
a combination of PG&E data, industry data and SME input. The consequences of
Release of Gas with Ignition on Distribution Facilities — Non-Cross Bore are
simulated using PHMSA consequence data.

Figure 7-1 shows the bow tie associated with this risk. The risk bow tie shows
the exposure and frequency drivers for the risk, as well as the probability of a
risk event related to each risk driver. The risk event, at the center of the bow tie
is defined as Distribution Assets- a loss of containment with Ignition. Based on
the model inputs for frequency, this risk event is likely to occur approximately
2.5 times per year. This is a risk event that is more frequent than other risks
within Gas Operations and may or may not lead to severe consequences
depending on the location of the event, presence of people and various

other factors.
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Figure 7-1: Risk Bow Tie
Risk top-level drivers
Exposure Frequency'? Risk event(s)* Consequences
D1 - Corrosion: [PHMSA Data] ——® —0.0525
‘ — Safety-Injuries
D2 - Equipment: [PHMSA Data] o 0.0315
| — Safety-Fatalities
D3 - Excavation: [PHMSA Data] —.— 0.5141
— Environmental
Miles of Distribution asset
) . —_@»—0.1469
Distribution D4 - Incorrect Operation: [PHMSA Data] . loss of
Piping: containment
[PG&E Data] with ignition — Reliability
78k D5 - Material or Weld: [PHMSA Data] —.— 0.1259
— Compliance
D6 - Natural Forces: [PHMSA Data] —.— 0.1993
. __ . | — Trust
D7 - Other: [PHMSA Data] 0.3620
2.4498
D8 - Other Outside Force Damage: [PHMSA Data] —.— 1.0177 — Financial
Walues displayed are means of each distribution and are in the units of events/year. Driver frequencies are summed to obtain the Risk event frequency.
2Drivers are modeled using Poisson and Binomial distributions.
B. Exposure

PG&E measured the exposure as the total miles of distribution mains and
services operated by PG&E. It is assumed the number of PG&E mains and

services expands with the national average rate.# Table 7-1, below, shows the
number of distribution main miles (defined as pipeline that transports gas
downstream of a distribution center that carries gas to customers who purchase
it for consumption) as well as the estimated service lines (defined as lines
operating at less than or equal to 60 pounds per square inch gauge (psig)
connecting the main to customer connected equipment). For purposes of the
model, the service lines have been converted to miles (defined as number of

services multiplied by the average length of a service in feet (54 feet)? divided
by 5,280). In 2017, there were a total of 78,209 miles of distribution pipe.

4 The growth assumption was based on calculated compound annual growth rate of year-over-year
change in industry mileage between 2010 and 2015.

5  See PG&E’s Annual PHMSA Report for 2016 Gas Distribution System.
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Table 7-1: Total Miles

Distribution Estimated
Year Main Miles Service Miles Total Miles
2017 43,135 35,074 78,209
2018 43,463 35,254 78,717
2019 43,793 35,435 79,228
2020 44,126 35,617 79,743
2021 44,461 35,799 80,261
2022 44,799 35,983 80,782

Drivers and Associated Frequency

PG&E uses 49 CFR Part 192, Subpart P6 as the basis for categorizing and
evaluating the threats for the distribution assets. The risk drivers and the
corresponding frequency — the number of events per exposure unit per time —

are described below.

D1 - Corrosion: External and Internal Corrosion is a key threat affecting
metallic distribution facilities. Corrosion can, over time, reduce the wall
thickness of the pipe and subsequently reduces the strength in the pipe
resulting in the release of gas. Based on the probability distribution used
in the model, the average number of risk events due to corrosion is
0.0525 per year. This can be interpreted as one event approximately
every 19 years.

D2 - Equipment Related: Issues such as age or obsolescence may lead to
equipment failures. Equipment obsolescence is defined as the state
where equipment may be difficult to maintain, the vendor no longer
supports the product, spare parts are no longer available, or equipment
parts become incompatible. Based on the probability distribution used in
the model, the average number of risk events due to equipment related
defects is 0.0315 per year. This can be interpreted as one event
approximately every 32 years.

D3 — Excavation Damage: Any excavation impact that results in the need
to repair or replace an underground facility due to a weakening or the
partial or complete destruction of the facility including, but not limited
to, the protective coating, lateral support, cathodic protection or the
housing for the line device or facility (e.g., third-party dig-ins). Based on
the probability distribution used in the model, the average number of risk
events due to excavation damage is 0.5141 per year. This can be
interpreted as one event approximately every two years. This is one of
the leading drivers for this risk event.

6

Gas Distribution Pipeline Integrity Management.
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e D4 -Incorrect Operations: Incorrect operations threats include human
error and incorrect procedures. These threats may lead to safety hazards
when procedures are not followed or when improperly trained or
untrained personnel perform work on the distribution system
(e.g., incorrect manual operation of a valve, which can cause an over or
under pressure event). Based on the probability distribution used in the
model, the average number of risk events due to incorrect operations is
0.1469 per year. This can be interpreted as one event approximately
every seven years.

o D5 - Material or Weld: Any material or weld that does not perform its
intended function or design in accordance with PG&E or industry
standards. Based on the probability distribution used in the model, the
average number of risk events due to material or weld defects is
0.1259 per year. This can be interpreted as one event approximately
every eight years.

o D6 — Natural Forces: This risk driver may be caused by a wide range of
factors including seismic activity, flooding, earth movement, lightning,
and root damage. Based on the probability distribution used in the
model, the average number of risk events due to natural forces is
0.1993 per year. This can be interpreted as one event approximately
every five years.

e D7 -0ther: Other concerns that could threaten the integrity of the
pipeline (e.g., a gas leak in which the pipeline was replaced without
exposing the leak source and the cause of the leak was undetermined).
Based on the probability distribution used in the model, the average
number of risk events due to other drivers is 0.3620 per year. This can be
interpreted as one event approximately every three years.

o D8 - Other Outside Force Damage: Damage to the distribution facilities
caused by external forces that act on the pipeline such as a vehicle
impact on a riser. This risk driver is the largest cause of distribution
failures. Based on the probability distribution used in the model, the
average number of risk events due to other outside force damage is
1.0177 per year. This can be interpreted as one event approximately
every year. This driver is the primary cause for this risk event to occur.

D. Consequences
From January 2010 through March 2017, there have been 59 distribution failures
experienced by PG&E in which 36 of those resulted in an event with ignition.”?
Given the proximity of the public near the distribution facilities, a member of the
public or an employee or contractor could be impacted by a failure. Within the

7

See PHMSA records — March 27, 2017.
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industry, 28 percent of distribution failures result in an injury and 10 percent

result in fatality.

Figure 7-2 below shows the range of consequences and the attributes that help
describe the expected value and tail average risks and the associated multi-

attribute risk score (MARS). In the figure, there is an explanation of the data

sources used for each of the consequence attributes. Trust and Safety —

Fatalities outcomes are the biggest contributors to the overall MARS.

Figure 7-2: Consequence Attributes

Safety-Injuries

Source PHMSA PHMSA

Safety-Fatalities

Environmental

PHMSA

Reliability

PG&E Data

NA

Compliance

PG&E Data

Financial

PHMSA

Percent of ignition
events with
injury=28%

Mean=2.5
(Poisson)

Mean=1

Consequence Distributions

Percent of ignition
events with
fatality=10%

5
(Poisson)

Ave=594MCF

Std Dev=2,690MCF
Ave cost of
Carbon®=513 /tonne
co2

(Lognormal)

Customers
Ave customers
affected=57
Std Dev=166
(Lognormal)

x Ave duration of
outage=1.62
hours*24¥60
(Exponential)

Dependent on Safety
outcomes.

If there are any
fatalities= High
severity brand
favorability change

If there are injuries
without fatalities,
50/50 chance of Low
or Severe

High severity=12-20%
Severe=5-12%
Low=0-5%

(Uniform)

Ave=5381k
Std Dev=51.3M
(Lognormal)

Outcome-

TA-NU? 7.32

2.86

$5,600

7,140,130

17.63%

$4,837,902

Qutcome-
TA-MARS?

2.00

77.92

0.00

17.85

88.16

2.90

MARS Total

188.84

tAve of Year 1-6 Tail Ave outcomes in Natural units

*Ave of Year 1-6 Tail Ave outcomes in MARS units
3To convert MICF to tonne multiply by ~52/1000

Safety — Injuries (SI): The PHMSA major incident data set was used to
quantify the conditional probability that a major incident results in
injuries. Based on this data, 28 percent of the events result in injury with
an average number of 2.5 injuries per event. Based on the tail average
model results across the 2017-2022 time period, the calculated number
of injuries is approximately seven per year. This outcome is higher than
expected and will be evaluated further during next steps.

Safety — Fatalities (SF): The PHMSA major incident data set was used to
qguantify the conditional probability that a major incident results in
injuries. Based on this data, 10 percent of ignition events result in
fatalities with an average number of 1.5 fatalities per event. Based on
the tail average model results across the 2017-2022 time period, the
calculated number of fatalities is approximately three per year. This
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outcome is higher than expected given that PG&E has only experienced
one fatality since December 2008.

¢ Environmental (E): The PHMSA data set for distribution related releases
of gas with ignition were used to compute an average gas release volume

of 594 million cubic feet (MCF) per event.8 Based on the tail average
model results across the 2017-2022 time period, the average worst case
environmental related cost is $5,600 per year. This is equivalent to
approximately 430 tons of CO2. These results show that environmental
impacts play a relatively small role in this risk.

o Reliability (R): Based on PG&E’s historical outage events in 2015 and
2016, the average number of customers affected per risk event is 57 and
with an average duration of 1.62 hours. PG&E historical information was
used because this data provided the best estimate of PG&E’s time to
bring customers back online after an event. Based on the tail average
model results across the 2017-2022 time period, the reliability impact is
approximately 7,140,130 customer minutes or approximately
120,000 customer hours.

e Compliance (C): There was insufficient data to estimate the impact of
compliance after a failure of a distribution asset.

e Trust (T): Events are dependent upon safety outcomes, both injury and
fatality, and categorized as low, severe, and high. This methodology was

used across all risks.2 Based on the tail average model results across the
2017-2022 time periods, the calculated average worst case impact on
brand favorability is approximately 18 percent. This consequence
category had the biggest impact on the overall MARS as it aligns to the
high fatality impacts previously discussed.

e Financial (F): PHMSA major incident data set is used to determine the
average cost of loss of containment events estimated at approximately
$380,000. However, the range of impact is very wide with a standard
deviation of $1.3 million. The average worst case financial impact is
calculated to be $4.8 million.

2016 Controls and Mitigations (2016 Recorded Costs)

Each of the controls described in this section addresses one or more drivers for this risk.
Table 7-2 summarizes the controls and 2016 recorded costs associated with each
control. The controls identified below are representative programs and not a

The average cost of carbon was taken from the Intercontinental Exchange (ICE) end of day close for
California Carbon Allowance Futures as of day close March 29, 2017, which was $13 per ton of
carbon dioxide (CO,).

Refer to Chapter B, Risk Model Overview, for the trust consequence calculation details.
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comprehensive list of all the work that GO does to address this risk. The controls in
place in 2016 for the risk include the following programs.

C1 - Corrective Maintenance: Corrective Maintenance includes work required to repair
or replace damaged or failed gas facilities. In many cases, the need for such restoration
is identified during preventative maintenance activities. Corrective maintenance for
distribution mains and services is broken down into the following areas: leak repair,
dig-in repair, and Cathodic Protection restoration. This control addresses all drivers for
this risk.

C2 - Corrosion Control: In this chapter the Corrosion Control Program specifically
addresses natural gas distribution assets that may be at risk for corrosion threats. For
the purposes of this chapter, this control is focused on the Cathodic Protection Program,
which is a method of protecting against external corrosion. This control addresses the
corrosion driver. More specifically it focuses on external corrosion.

C3 — DIMP Leak Surveys: The Distribution Integrity Management Program (DIMP) Leak
Survey Program is a targeted risk mitigation program that goes beyond the regulatory

required leak survey.10 Survey areas are identified through the annual DIMP risk
assessment cycle. Some gas pipelines are identified for monitoring to determine if
additional mitigation such as repair or replacement are needed. This control addresses
the following drivers: corrosion and material or weld.

C4 - Leak Management: Pipeline safety regulations require PG&E to conduct periodic
leak surveys on its distribution system for the presence of gas leaks. The frequency is
determined by code. Identified leaks are graded as follows:

e Grade 1 (immediate repair required)
e Grade 2 (repair to be completed within 15 months)

e Grade 3 (monitor and resurvey annually or no later than 15 months per PG&E
standard)

This control addresses the corrosion and material or weld drivers.

C5 — Locate and Mark: Locate and mark activities provide the physical location for
PG&E’s underground gas and electric distribution assets for PG&E crews and contractors
and third parties who plan to dig near those assets, with the majority of the ticket and
locate activities required for gas distribution assets. The driver addressed by this control
is excavation damage.

10 see 49 CFR §192.1007(d).
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C6 — Pipeline Replacement Program: There are three programs within the overall
Pipeline Replacement Program:

e The Gas Pipeline Replacement Program (GPRP) focuses on replacement of cast
iron1l and pre-1940 steel pipeline. The objective of this program is to reduce the
risk to public safety associated with the highest risk steel pipe.

¢ The Aldyl-A Plastic Replacement Program focuses on plastic materials of pre-1985
vintage that have a susceptibility to slow crack growth when exposed to stress risers
such as tree roots, differential settlement or rock impingement.

e The Reliability Main Replacement Program focuses on the replacement of gas
facilities to improve safety, reliability and maintain compliance with pipeline
regulations. This program covers pipe that does not qualify for replacement under
the GPRP or Aldyl-A Plastic Replacement Program.

The pipeline replacement programs address the following drivers: corrosion, material

or weld, equipment related and other outside force.

C7 - Preventative Maintenance: Preventative Maintenance includes work required to
comply with pipeline safety regulations that require PG&E to conduct periodic or

routine maintenance on its gas distribution system.12 This work includes any non-leak
related maintenance on mains and services such as repairing pipe supports for above
ground main, lowering shallow mains and services and restoring the cover over them.
Miscellaneous maintenance also includes distribution pipeline patrolling.13 The
equipment related driver is addressed by this control.

C8 — Public Awareness Program: As required by Code 49 CFR 192.616 each pipeline
operator must develop and implement a written continuing public education program
that follows the guidance provided in the American Petroleum Institute’s (API)
Recommended Practice (RP) 1162. API RP 1162 defines requirements for public
awareness programs including: the message delivered to each audience, the frequency
of message, and the methods for delivering the message and requirements for analyzing
and gauging the effectiveness of their public education efforts. The Public Awareness
team reviews the program annually to determine the effectiveness of the program. As
part of the review, continuous improvement activities are developed for
implementation. This control addresses the excavation damage driver.

C9 — Quality Assurance/Quality Management: The purpose of the Quality
Management Program is to develop and execute programs that assist with the quality of

11 Asof the end of 2014, PG&E no longer has cast iron installed within its gas distribution system.
12 49 CFR §192.613.
13 49 CFR §192.721.
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Gas Operations key risk mitigating and/or compliance processes for the safety and
reliability of the gas distribution system. This includes periodically reviewing the work
performed by field personnel to determine process adherence as well as the
effectiveness and adequacy of the procedures used and training provided. The
equipment related and incorrect operations drivers are addressed with this control.

C10 — Training: The Gas Training Curriculum Development Program creates new, and
enables significant revisions to, existing training materials ensuring that the Gas
Operations workforce is, and remains, competent, safe, and qualified. The development
of training curriculum materials helps mitigate operational risks, not only through
engineering controls, but also through optimal human performance. This control
addresses equipment related and incorrect operations drivers.

In addition to the controls listed above, the mitigation programs are identified below to
proactively address various risk drivers associated with this risk.

M1A - DIMP Emergent Work: Emergent work consists of unanticipated work resulting
from investigation into risk drivers and operational events. For the purposes of this
chapter, the Curb Valve Replacement Program, covered by DIMP Emergent Work, is the
mitigation of focus. The specific mitigation of curb valve replacement addresses the
material or weld driver.

M2A - New Valve Installations: The purpose of the valve program is to replace or
install gas valves greater than or equal to 2 inches in diameter. Valves are required to
be replaced when leaking or when they can no longer be operated. New valves are
primarily installed to improve PG&E’s ability to isolate the gas system through
Emergency Shutdown Zones. As such, this program impacts the consequences if the risk
event were to occur. For the purposes of the model calculation, an assumption has
been made to convert the number of valves installed to its equivalent of number of
miles impacted. This conversion was necessary for the model because the exposure is
measured in miles; however, in rate case testimony the scope of this program is
discussed as the number of valves installed. By converting the scope to number of the
miles, the inferred unit cost for each installation in the RAMP filing is an estimate not
used for planning purposes. The program impacts the Safety — Injuries, Safety —
Fatalities and Financial consequence categories if a risk event were to occur. In
addition, GO believes this mitigation addresses the following frequency drivers:
material or weld, equipment related, and natural force. However, the impact of this
mitigation on the frequency drivers was not included in the risk model and is identified
as a next step in Section VIII.
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M3A - Enhanced Cathodic Protection (CP) Survey and Unprotected Main Evaluation:

e Enhanced CP Survey: This is an enhanced five year CP Survey of PG&E’s entire
metallic distribution pipeline system to fully and comprehensively identify the CPA
boundaries of all steel distribution pipe, clear all electrical grounds and contacts
from the pipe, perform current requirement testing, and design and install
additional CP systems as needed.

¢ Unprotected Main Evaluation: This program is to evaluate the condition of
currently unprotected pipe and determine the appropriate strategy for protecting
the pipeline. This program was developed to close a gap identified in the program,
reduce risk and maintain safety of the pipeline.

The CP Resurvey and Unprotected Main Evaluation mitigations address the corrosion

driver, more specifically for the purposes of this chapter, external corrosion.

MA4A - Electrically Connected Isolated Steel Services (ECISS) Program: This program is
designed to identify the location of electrically connected isolated steel and the
segments that are electronically continuous through tracer wire to form a cathodic
protection area (CPA). These new CPAs will be monitored on an annual read cycle. For
the purposes of the model calculation, an assumption has been made to convert the
number of risers inspected to an equivalent of number of miles of pipeline. This
conversion was necessary for the model to make its probabilistic calculations; however,
in rate case testimony the scope of this program is discussed as the number of risers
inspected. By converting the scope to number of the miles, the inferred unit cost for
each installation in the RAMP filing is an estimate that is not used for planning purposes.
This mitigation addresses the corrosion driver, more specifically for the purposes of this
chapter, external corrosion.
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Table 7-2: Risk Controls and Mitigations 2016 Recorded Costs

Associated
Driver and Funding 2016 Recorded 2016 Recorded
# Control/Mitigation Consequence Source Expense ($000s) | Capital (5000s)
C1 Corrective Maintenance D1, D2, D3, D4, GRC 89,990 -
D5, D6, D8
C2 Corrosion Control D1 GRC 7,435 -
Cc3 DIMP Leak Survey D1, D2, D3, D4, GRC 252 -
D5, D6, D8
Cc4 Leak Management D1, D2, D3, D4, GRC 69,549 -
D5, D6, D8
Cc5 Locate and Mark D3 GRC 27,197 -
(3 Pipeline Replacement Program D1, D5 GRC 1,817 348,030
Cc7 Preventative Maintenance D1, D2 GRC 12,113 -
Cc8 Public Awareness Program D3 GRC 1,879 -
c9 Quality Assurance/ Quality D4, D5 GRC 7,969 -
Management
C10 | Training D4, D5 GRC 3,126 -
M1A | DIMP Emergent Work D2 GRC 3,062 -
M2A | New Valve Installations SI, SF, F GRC - 8,356
M3A | Enhanced CP Survey and D1 GRC 1,372 -
Unprotected Main Evaluation
MA4A | ECISS Program D1 GRC 1,028 -
TOTAL Expense and Capital 226,789 356,386

Current Mitigation Plan (2017-2019)

In addition to the controls listed above, the mitigation work listed also spans the
2017-2019 period and is currently authorized through 2019. The mitigations include
DIMP Emergent Work (Curb Valve Replacement), New Valve Installations, CP Resurvey,
and the ECISS Program. The scope of work to be completed during this time is
described below.

M1B - DIMP Emergent: For 2017-2019, the specific mitigation addressed in this
chapter is the Curb Valve Replacement Program in San Francisco. PG&E expects to
replace valves associated with approximately seven miles of pipeline per year. While
there is a focus on curb valve replacements, DIMP will continue to investigate issues as
they arise as part of the overall DIMP Emergent Work to determine the risk to the
distribution system and to the public.

M2B — New Valve Installations: PG&E expects to install 275 valves per year through
2019. New valves are primarily installed to improve PG&E’s ability to isolate the gas
system through Emergency Shutdown Zones. The model exposure input in equivalent
miles is approximately 4,308 miles.
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M3B — Enhanced CP Survey and Unprotected Steel Main Evaluation: For 2017-2019,
PG&E expects to resurvey approximately 4,000 miles of pipe per year. The CP Resurvey
minimizes the risk of steel corrosion and the Unprotected Steel Main Evaluation is a
program to evaluate if the pipe should be put under protection or be replaced with
plastic pipe.

MA4B - ECISS Program: PG&E proposes to inspect approximately 50,000 ECIS risers
every year. This program is to identify new CPAs to be monitored and put on an annual
read cycle. The model exposure input in equivalent miles is approximately 600 miles
per year.

Table 7-3: 2017-2019 Mitigation Work and Associated Costs

Associated 2017 2018 2019
Start End Driver and Estimate Estimate Estimate
# Mitigation Name Date | Date | Consequence ($000) ($000) (5000)
M1B | DIMP Emergent work 2017 | 2019 | D2 1,700 (E) 1,700 (E)| 1,700 (E)
(Proposed, Alt 1, Alt 2)
M2B | New Valve Installations 2017 2019 | SI,SF, F 20,991 (C) | 20,991 (C)| 18,791 (C)
(Proposed)
M3B Enhanced Cathodic 2017 2019 | D1 6,976 (E) 5,949 (E) 5,949 (E)
Protection Survey &
Unprotected Main
Program (Proposed,
Alt 2)
M4B | Electrically Connected 2017 2019 | D1 3,005 (E) 2,531 (E)| 2,531 (E)
Isolated Steel Service
(Proposed, Alt 2)
TOTAL Expense and Capital by Year 20,991 (C) | 20,991 (C)| 18,791 (C)
11,681 (E) | 10,180 (E)| 10,180 (E)

Proposed Mitigation Plan (2020-2022)

PG&E performed an assessment of all mitigations considered and how each relates to
the drivers for Release of Gas with Ignition on Distribution Facilities Risk. The mitigation
programs described in detail in Section Il are also the mitigations for this risk in the
2020-2022 time periods.

PG&E proposes the continuation of these mitigations because they have been identified
to have the largest impact for risk reduction at this time. Below is a description of the
scope and pace for the proposed mitigations.

M1C - DIMP Emergent: For 2020-2022, this mitigation is focused on curb valve
replacements in San Francisco. PG&E expects to replace valves associated with
approximately seven miles of pipeline per year. The curb valve replacement mitigation
is expected to be completed by 2021. After 2021, mitigation activities for other
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emerging risks will continue. Emergent work consists of unanticipated work resulting
from investigation into risk drivers and operations events. Because of this it is difficult
to predict what work will be completed. DIMP will continue to investigate issues as they
arise to determine the risk to the distribution system and to the public.

M2C — New Valve Installations: PG&E proposes to install 275 valves per year through
2022 as described in Section Ill. The model exposure input in equivalent miles is
approximately 3,008 miles.

M3C - Enhanced CP Survey and Unprotected Steel Main Evaluation: As stated in
Section lll, PG&E proposes to continue the pace for cathodic protection Resurvey of
4,000 miles of pipe per year through 2021.

MAC — ECISS Program: PG&E proposes to inspect 50,000 ECISS risers every year through
2022 as described in Section Ill. The model exposure input in equivalent miles is
approximately 600 miles per year.

Table 7-4: Proposed Mitigation Plan and Associated Costs

TA RSE EV RSE Associated 2020 2021 2022
Mitigation (Units/$ | (Units/$ | Start End Driver and Estimate Estimate Estimate
# Name M) M) Date | Date | Consequence ($000) ($000) ($000)

M1C DIMP Emergent 0.0014 0.0015 2020 2021 | D2 1,615 - 1,615 - -
work (Proposed, 1,785 (E) 1,785 (E)

Alt 1, Alt 2)

M2C New Valve 0.2141 0.0329 2020 2022 SI, SF, F 11,075 - 9,893 - 8,797 -
Installations 12,240 (C) 10,934 (C) 9,723 (C)
(Proposed)

M3C Enhanced Cathodic 0.0891 0.0974 2020 2021 | D1 5,652 - 5,652 - -
Protection Survey & 6,247 (E) 6,247 (E)

Unprotected Main
Program (Proposed,
Alt 2)

M4C Electrically 0.0353 0.0376 2020 2022 D1 2,404 - 2,404 - 2,404 -
Connected Isolated 2,657 (E) 2,657 (E) 2,657 (E)
Steel Service
(Proposed, Alt 2)

PROPOSED PLAN TA RSE: 0.1566 11,075 - 9,893 - 8,797 -
TOTAL Expense and Capital by Year 12,240 (C) 10,934 (C) 9,723 (C)
9,671 - 9,671 - 2,404 -

10,689 (E) 10,689 (E) 2,657 (E)

Alternatives Analysis

The table below identifies the various mitigations that make up the proposed and
alternative plans. While the mitigations to address this risk remain unchanged because
of their high impact for risk reduction, PG&E evaluated the varying pace of work for
cathodic protection, ECIS, and new valve installations to determine what effect it would
have toward risk reduction efforts.
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Table 7-5: Mitigation List

TA RSE EV RSE Proposed | Alternative | Alternative
# Mitigation (Units/SM) | (Units/$M) Plan 1 2 WP #

M1C DIMP Emergent Work 0.0014 0.0015 X X X WP 7-2
(Proposed, Alt 1, Alt 2)

M2C | New Valve Installations 0.2141 0.0329 X WP 7-5
(Proposed)

M3C Enhanced Cathodic Protection 0.0891 0.0974 X X WP 7-8
Survey & Unprotected Main
Program (Proposed, Alt 2)

MA4C | Electrically Connected Isolated 0.0353 0.0376 X X WP 7-11
Steel Service (Proposed, Alt 2)

M3D | Enhanced Cathodic Protection 0.0993 0.1058 X WP 7-8
Survey & Unprotected Main
Program (Alt 1)

M5A | Electrically Connected Isolated 0.0271 0.0296 X WP 7-11
Steel Service (Alt 1)

M2D | New Valve Installations (Alt 1) 0.1811 0.0270 X WP 7-5

M2E | New Valve Installations (Alt 2) 0.2126 0.0326 X WP 7-5

Figure 7-3 shows the breakdown of the proposed plan, alternative plan 1, and
alternative plan 2 based on cost and RSE.

Figure 7-3: Alternatives by Cost and RSE Score
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A. Alternative Plan 1

Of the mitigation programs described above three of them have alternative

proposals which are listed below.

M2D - New Valve Installations: Install 467 valves in 2020 and the remaining

107 valves in 2021. This is an increase of 192 valve installations from the

sy

proposed case. The increase in scope would complete this work within a 2-year
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time period as opposed to the 6-year program identified in the recommended
plan. This alternative is not recommended because of the amount of work
necessary to identify, plan and execute the accelerated work schedule given the
limited resources available.

M3D - Enhanced CP Survey and Unprotected Steel Main Evaluation: Resurvey
of 2,000 miles of pipe per year for 2020-2022 instead of the proposed case
recommendation of 4,000 miles of pipe per year. The enhanced CP Resurvey
Program would extend from five years to seven years. This alternative is not
recommended because it would potentially leave unprotected main in the
system longer which could increase risk exposure.

M5D — ECISS: Inspection of 70,000 ECISS risers every year instead of the
proposed plan recommendation of 50,000 ECISS risers. The increase in scope
reduces the amount of time to complete the mitigation from seven years to

five years. This alternative is not recommended because of the amount of work
necessary to identify, plan and execute the accelerated work schedule given the

limited resource availability.

Table 7-6: Alternative Plan 1 and Associated Costs

TA RSE EV RSE Associated 2020 2021 2022
(Units/ | (Units/ | Start | End Driver and Estimate Estimate | Estimate
# Mitigation Name SM) SM) Date | Date | Consequence ($000) ($000) ($000)

M1C DIMP Emergent work 0.0014 0.0015 2020 | 2021 | D2 1,615 - 1,615 - -
(Proposed, Alt 1, Alt 2) 1,785 (E) 1,785 (E)

M2D New Valve 0.1811 0.0270 2020 | 2021 | SI,SF, F 26,936 - 5,513 - -
Installations (Alt 1) 29,772 (C) 6,093 (C)

M3D Enhanced Cathodic 0.0993 0.1058 2020 | 2022 | D1 2,826- 2,826- 2,826 -
Protection Survey & 3,123 (E) 3,123 (E) 3,123 (E)
Unprotected Main
Program (Alt 1)

M5D Electrically Connected 0.0271 0.0296 2020 | 2021 | D1 3,366 - 3,366 - -
Isolated Steel Service 3,720 (E) 3,720 (E)

(Alt 1)
IALTERNATIVE PLAN 1 TA RSE: 0.1373 26,936 - 5,513 - 2,826 -
ITOTAL Expense and Capital by Year 29,772 (C) 6,093 (C) 3,123 (E)
7,807 - 7,807 -
8,628 (E) | 8,628 (E)

Alternative Plan 2

Two of the mitigation programs described in Section VI A above are also the

mitigation programs for the alternative proposals below. For alternative 2, the
only mitigation program that is different is New Valve Installations as

described below.
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M2E — New Valve Installations: Install 224 valves per year for 2020-2021 and
the remaining 126 valves in 2022. This alternative is a reduction in scope of 51
valve installations per year. Even though the risk spend efficiency is highest for
this option, the reduction in scope is not recommended because it would
increase the amount of time to reduce the size of emergency shut down zones,
which would reduce the time in shutting down customers during gas
emergencies.

Table 7-7: Alternative Plan 2 and Associated Costs

TA RSE EV RSE Associated 2020 2021 2022
(Units/ (Units/ Start End Driver and Estimate Estimate Estimate
# Mitigation Name SM) SM) Date Date Consequence ($000) ($000) ($000)

M1C | DIMP Emergent work 0.0014 0.0015 2020 2021 D2 1,615 - 1,615 - -
(Proposed, Alt 1, Alt 2) 1,785 (E) 1,785 (E)

M2E | New Valve Installations (Alt 0.2126 0.0326 2020 2022 SI, SF, F 12,920- 11,541- 5,794-
2) 14,280 (C) 12,756(C) | 6,404 (C)

M3E | Enhanced Cathodic 0.0891 0.0974 2020 2022 D1 5,652 — 5,652 — -
Protection Survey & 6,247 (E) 6,247 (E)
Unprotected Main Program
(Proposed, Alt 2)

M4 Electrically Connected 0.0353 0.0376 2020 2022 D1 2,404 - 2,404 — 2,404 -
Isolated Steel Service 2,657 (E) 2,657 (E) | 2,657 (E)
(Proposed, Alt 2)

ALTERNATIVE PLAN 2 TA RSE: 0.1519 12,920- 11,541 - 5,794 -
TOTAL Expense and Capital by Year 14,280 (C) 12,756(C) | 6,404 (C)
9,671 - 9,671- | 2,404-
10,689 (E) | 10,689 (E) | 2,657 (E)

VII. Metrics
The primary metric that PG&E is proposing to track for risk reduction is the number of
open leaks. Although this model did not use the existing PG&E leak data, it is one of the
next steps that we have identified for this model. Using leaks as a means to understand
risk reduction allows PG&E to tie back directly to the basis of the risk model and
compare actual versus estimate risk reduction year over year.

PG&E has also selected metrics associated with each of its mitigation programs to
confirm each program is progressing at the desired pace in order to achieve risk
reduction objectives. The targets for these metrics are established based on rate case
outcomes and PG&E’s Integrated Planning process.
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VIIL.

Table 7-8: Metrics

Associated
Risk/Mitigation Driver # Proposed Metric Targets

Risk Reduction Metric

Release of Gas with Ignition on All # of leaks TBD

Distribution Assets — non-Cross Bore

Execution Metric

DIMP Emergent work D2 Number of kerotest valves TBD
replaced versus planned

New Valve Installations SI, SF, F Number of new valve TBD
installed versus planned

Enhanced CP Survey and Unprotected D1 Miles of CP survey and TBD

Main Evaluation main evaluations
completed versus planned

ECISS D1 Number of ECISS risers TBD
inspected versus planned

Next Steps

For the Release of Gas with Ignition on Distribution Facilities — Non-Cross Bore risk

discussed in this chapter, PG&E plans to continue to mature risk quantification efforts in

the following ways:

e Use PG&E data instead of industry data, when we can, to enable actionable
conclusions from risk quantification. For example, PG&E’s historical leak and
excavation damage data are possible areas of further analysis for inclusion.

e Research and determine data needed to quantify the compliance consequence

category.

Refine model inputs for reliability consequence category and consider looking at a
longer time period. Generally, the modeling effort was primarily focused on safety.
PG&E will look for opportunities for data maturity to better estimate the reliability
and environmental impacts, so as to improve estimates regarding the customer
outage and environmental costs. These model inputs are being assessed and, where
possible, GO will update these inputs in the future.

Consider how GO can align risk models with work plan and estimate development.
For example, New Valve Installations Program is estimated in terms of number of
valves installed, however, the quantification model for this risk is in terms of number
of miles addressed by each mitigation program.

Evaluate risk reduction metrics further and identify if there are additional metrics
that can be defined to measure risk reduction.
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Include additional rigor on alternative plan creation and evaluation given growing
institutionalized knowledge of the risk model.

Continue evolution of the model to better reflect risk reduction and mitigation
effectiveness for the mitigations.

7-19



PACIFIC GAS AND ELECTRIC COMPANY
2017 RISK ASSESSMENT AND MITIGATION PHASE
CHAPTER 8
NATURAL GAS STORAGE WELL FAILURE — LOSS OF CONTAINMENT WITH
IGNITION AT STORAGE FACILITY



PACIFIC GAS AND ELECTRIC COMPANY
2017 RISK ASSESSMENT AND MITIGATION PHASE
CHAPTER 8
NATURAL GAS STORAGE WELL FAILURE — LOSS OF CONTAINMENT WITH
IGNITION AT STORAGE FACILITY

TABLE OF CONTENTS
. EXECUTIVE SUMIMIAIY i e 8-1
[l RISK ASSESSIMEBNT .cuniiiiiiiieeitte ettt ettt e et e s bt e e e bt e e s abbeesaneeesabeeesaneeeeans 8-2
A = 7= Tol €= o TV T PP UPPSPTRRRN 8-2
S T o (o o 1] U] PP UUPUPRPPRN 8-4
C. Drivers and AsSOCIated FrEQUENCY ....ccccuuiieieiiiieeecitee e et ee e e sre e e s s saee e e e s sarae e e e s saaaeesennnaes 8-5
D. CONSBOUENCES .ceeeieee ettt e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aeaaaaaaaeens 8-7
[ll. 2016 Controls and Mitigations (2016 Recorded COStS) ......cccveeeriirreeeriieeeesiiieeeeeieee e 8-10
IV. Current Mitigation Plan (2017-2019) ....cccoccuieeiiiiiieeeeeieee e eeitee e srreee e e sine e e e ssraee e s sasaeeeennns 8-12
V. Proposed Mitigation Plan (2020-2022) .......ueiieeiieeeeieiieeeeerieeeessireeesssreeeesssarees s esaaneeeennns 8-13
VI AREINAtiVES ANGIYSIS ...uuriiiiieeie ettt e e se e e e e e e e s re e e e e e e e seeannraneeeeeeeeeas 8-15
A AIREINATIVE Plan L...coeiiiiiiieiiee e s 8-15
B. AIternative Plan 2. 8-17
RV LR 1Y T=1 o ol PPTPOPTRT 8-18
RV LI A T A A= o OO PP UPP P UPPPPRRRPPPPPPRS 8-18



LIST OF TABLES

Table 8-1: Exposure, Number of Wells per YEar........ccccuveieecieee et 8-5
Table 8-2: Summary of Controls and Mitigations and 2016 Recorded Costs.................... 8-12
Table 8-3: 2017-2019 Number of Wells.........c.coveeriiiiienieeeeeeeeeeee e 8-13
Table 8-4: 2017-2019 Mitigation Work and Associated Costs .......cccvvvvveeeeeeiiciicviieeeeeeeenn, 8-13
Table 8-5: 2020-2022 Proposed Number of WellS ........cueviiveiieeiiiiiieeieieee e 8-14
Table 8-6: Proposed Mitigation Plan and Associated COStS ........ccoecuvrvieeeeeieieiciiiieeeeeenn, 8-14
Table 8-7: MitiGation LiSt ...c.cciiie e e st e e e e e e s e eraeeeeeeeeas 8-15
Table 8-8: Alternative Plan 1 Number of Wells ..........cooiiiiiiiiiiiiiieeeeeee e 8-16
Table 8-9: Alternative Plan 1 and Associated COSES .......ccceevvieriiieiiiiiiniieereeeee e 8-16
Table 8-10: Alternative Plan 2 Number of Wells ........coooiiiiiiiiiiineeeeeeeeeeeeen 8-17
Table 8-11: Alternative Plan 2 and Associated COSES .......ceevuveeriiieeniiieiniieeneeeree e 8-18

LIST OF FIGURES

FIgUre 8-1: RiSK BOW TH@ . .uuiiiiiiiiiiie ittt ettt ettt et e s e e sane s 8-4
Figure 8-2: Consequence AttribULES ......ccoii i 8-8
Figure 8-3: Alternatives by Cost and RSE SCOTe.......ccuuiiiiiiiiiiiiiieceieeeeeeee e 8-15



I Executive Summary

Natural Gas Storage Well Failure — Loss of Containment with Ignition at

RISK NAME
S Storage Facility

Natural Gas Storage Well Failure owned and operated by Pacific Gas and
IN SCOPE Electric Company (PG&E) — loss of containment with ignition at a storage
facility and the consequences of the risk event.

Risks related to pipeline facilities and non-well sub-surface equipment
facilities within storage fields are modeled with Transmission Pipe risk and

OUT OF SCOPE Station/Facilities risk respectively. PG&E ownership interest of 25 percent of
the wells operated by Gill Ranch is also out of scope.
Assessment informed by PG&E data, industry data and subject matter
DATA expertise. Industry data includes URS Corporation Study, Det Norske Veritas™
QUANTIFICATION | (DNV) Report, 1 Pipeline and Hazardous Materials Safety Administration
SOURCES (PHMSA) Major Incident Reporting Data, and PG&E’s response to PHMSA

Interim Final Rule for Underground Storage Facilities.

This risk is defined as a loss of containment with ignition at a storage facility resulting in
significant injuries and fatalities, prolonged outages, property damage, and/or
environmental damage.

PG&E owns and operates three underground gas storage fields: McDonald Island,
Los Medanos, and Pleasant Creek. These three storage fields currently include
117 injection and withdrawal wells.

Natural Gas Storage Well Failure — Loss of Containment with Ignition at Storage Facility
Risk has been on PG&E’s risk register since 2013. It is also an Enterprise level risk
overseen by the Nuclear Operations and Safety Committee of PG&E’s Board of
Directors. This risk is a low frequency event, but if it occurred could lead to severe
consequences. As such, this risk is identified as a top risk for the company.

PG&E is actively addressing this risk through a variety of controls and mitigations that
are aimed at improving the integrity and health of PG&E’s storage and related assets to
prevent the risk event from occurring. Because of significant new requirements for
storage maintenance activities, PG&E is also proposing to modify its portfolio of storage
assets which will reduce exposure to this risk.

Based on historic events and Subject Matter Expert (SME) judgement, it is estimated
that 97 percent of events where there is a loss of containment with ignition at a storage
well could result in serious safety consequences in the form of fatality or injury. By

1 The Det Norske Veritas™ Report documents the results from the coarse Quantitative Risk
Assessment for PG&E’s McDonald Island facilities. The report was issued January 29, 2014.



implementing the mitigation strategy outlined in this chapter of decommissioning wells
and increasing storage well inspections through 2022, PG&E forecasts a potential

27 percent reduction in in the overall Multi-Attribute Risk Score (MARS) between 2017
and 2022.

Risk Assessment and Mitigation Phase (RAMP) provided a platform to accelerate PG&E’s
transition from a qualitative risk assessment to more probabilistic risk modeling. Going
forward, PG&E plans to continue to collect and analyze more data, where available, to
improve the model inputs and continue the move toward more quantitative, data
driven risk models. For the storage well failure risk described in this chapter, one of the
key next steps is to consider equipment-related failures as a driver for this risk. A
detailed list of next steps is included in Section VIl below.

Il. Risk Assessment

A. Background
On October 23, 2015, a leak was detected at Southern California Gas Company's
Aliso Canyon Natural Gas Storage Facility. On January 6, 2016, Governor
Edmund G. Brown Jr. declared a State of Emergency in Los Angeles County to
facilitate the state's ongoing efforts to stop the leak at Aliso Canyon. The
governor issued a proclamation establishing 14 directives that required the
California Public Utilities Commission (Commission), the California Energy
Commission (CEC), the California Air Resources Board (CARB), the California
Independent System Operator, the Division of Oil, Gas and Geothermal
Resources (DOGGR), and other state agencies to work together to address
specific items related to gas storage wells. Directive Number 13 authorized
DOGGR to issue emergency regulations for California gas storage operators,
including PG&E. On September 26, 2016, the California Legislature enacted
Senate Bill 887 which modifies DOGGR and CARB oversight of gas storage wells
and significantly increased the scope of work related to maintaining and
operating gas storage wells.

As described in PG&E’s 2019 Gas Transmission and Storage (GT&S) Rate Case,2
PG&E reviewed its Storage Family assets in light of the anticipated significant
increase in capital and expense requirements due to both currently effective and
proposed regulations. Based on these reviews and reviewing the risk exposure,
PG&E—working with stakeholders—is proposing to change its portfolio of

2 See 2019 GT&S Rate Case, Chapter 6, Section A and Chapter 11 for details.
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storage assets. PG&E’s proposed Natural Gas Storage Strategy (NGSS)3 has an
impact on PG&E’s risk exposure. In summary, this strategy involves reducing
PG&E’s risk through ceasing operations at the Los Medanos and Pleasant Creek
storage facilities, leaving McDonald Island in operation. The McDonald Island
facility will increase the number of wells in operation to address reduced
capacity associated with implementing the new regulations. The NGSS
evaluation considered three scenarios:

Scenario 1 — NGSS (Proposed)

Continue operations of McDonald Island;

Drill 11 new wells to mitigate the reduction in existing injection and withdrawal
capabilities;

Sell or decommission Los Medanos and Pleasant Creek (27 wells) starting in
2022;

Implement DOGGR rules as currently drafted; and

Complete well retrofits and baseline storage well inspections by 2020 at
McDonald Island.

Scenario 2 (Alternative 1)

Continue operations of four existing storage fields;4
Implement DOGGR rules as currently drafted; and

Drill 33 new wells to mitigate the reduction existing injection and withdrawal
capabilities.

Scenario 3 (Alternative 2)

Continue operations of McDonald Island;

Assumes DOGGR adopts PG&E’s proposal for a risk-informed implementation
pace completing baseline storage well inspections and well retrofits by 2025;

Drill 11 new wells to mitigate the reduction in existing injection and withdrawal
capabilities; and

Sell or decommission Los Medanos and Pleasant Creek (27 wells) starting in
2022.

Scenario 1 is presented as the recommended mitigation plan for this RAMP submittal
and for approval by the Commission in the 2019 GT&S Rate Case. Scenario 2 is

See 2019 GT&S Rate Case, Chapter 11, for details on the NGSS.

PG&E owns and operates three storage fields: McDonald Island, Los Medanos, and Pleasant Creek.
PG&E holds a 25 percent interest in the Gill Ranch storage fields. Under Scenario 2, PG&E would
continue operations at the three PG&E owned storage facilities and would continue its 25 percent
interest at Gill Ranch. Risks at Gill Ranch are not included in this Risk Analysis.
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Alternative 1, and Scenario 3 is Alternative 2. The work plan associated with each
scenario is described below.

The risk bow tie, in Figure 8-1 below, shows the exposure and frequency drivers for this
risk, as well as the probability of a risk event related to each risk driver. The risk event,
at the center of the bow tie, is defined as a loss of containment with ignition at a
storage well. Based on the model inputs for frequency, this risk event is expected to
occur approximately every 231 years on average.

Figure 8-1: Risk Bow Tie

Risk top-level drivers

Exposure Frequency'? Risk event(s)! Consequences

— Safety-Injuries
D1 - Any Corrosion: [PG&E Data * PHMSA Data] '.— 0.0020
‘ — Safety-Fatalities
D2 - Erosion: [PG&E Data * PHMSA Data] —.— 0.0003
| — Environmental
D3 - Incorrect Operations: [PG&E Data * PHMSA Data] —.— 0.0003 Loss of
Well Count: 1 contai ]
[PG&E Data] | -
e with ignition — Reliability
D4 - 3" Party/Mechanical Damage: [PG&E Data * PHMSA Data] — —— 0.0008
— Compliance
D5 - Weather-related/outside forces: [PG&E Data * PHMSA Data] — —0.0008
. o —— Trust
D6 - Welding/Fabrication Related: [PG&E Data * PHMSA Data] —e¢ —— 0.0001
0.0043

— Financial
231 Years/Risk
Event

Walues displayed are means of each distribution and are in the units of events/year. Driver frequencies are summed to obtain the Risk event frequency.
2Drivers are modeled using Poisson and Binomial distributions.

B. Exposure
The exposure for this risk is the total count of storage wells at the three storage
reservoirs owned and operated by PG&E. There are 117 wells at PG&E’s
three storage facilities and there are 88, 22, and 7 wells at the McDonald Island,
Los Medanos, and Pleasant Creek facilities, respectively.

For the Storage risk, PG&E examined three exposure scenarios as part of the
NGSS. Table 8-1 below is a table that shows the number of wells expected for
the upcoming years and the exposures based on the three scenarios.
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Table 8-1: Exposure, Number of Wells per Year

Number of Wells
Years Baseline> Proposed Alternative 1 Alternative 2
2017 117 117 117 117
2018 115 115 115 115
2019 115 120 133 120
2020 115 126 148 126
2021 115 126 148 126
2022 115 113 148 113

Each scenario and associated exposure set is discussed in Sections IV, V and VI
below.

C. Drivers and Associated Frequency

PG&E uses API RP 11716 as the basis for categorizing and evaluating the risk
drivers or threats. The risk drivers identified for this risk are as follows:

e D1 - Corrosion (all types): Corrosion is a threat that adversely affects the
longevity and reliability of storage well equipment (e.g., tubulars and
casings, seals, packers, natural gas pipelines, valves, pressure vessels, and
other pipeline appurtenances). There are several types of corrosion
threats: external, internal, atmospheric, and stress corrosion cracking.
Based on the probability distribution used in the model, the average
number of incidents with ignition due to any corrosion failure is
0.0020 per year. This can be interpreted as one event due to any
corrosion type approximately every 500 years. Corrosion is the biggest
contributor to the risk event by nearly a factor of 3.

e D2 -Erosion: Erosion poses a threat to all components of the storage
asset. The associated risks are the loss of integrity of the component
which may result in loss of containment of the storage gas with pressures
ranging from 600 pounds per square inch gauge (psig) to 2,160 psig. This
risk to the Gas Storage asset family relates to the quality of the storage
gas being withdrawn from the storage formation. In storage operations,
the gas withdrawn from the storage formation and moved through the
storage asset generally contains water, sand, and other gas components

PG&E plans to plug and abandon two wells at the Los Medanos Storage Field sometime in the
fourth quarter of 2017.

American Petroleum Institutes Recommended Practice (APl RP 1171) - “Functional Integrity of
Natural Gas Reservoirs and Aquifer Reservoirs,” Section 8, Table 1. Currently, this API RP is
incorporated in whole in PHMSA's IFR (Interim Final Rule) for Storage into the Title 49 of the Code
of Federal Regulations — Transportation Part 191 and 192. The threats in API RP 1171 are aligned
with the American Society of Mechanical Engineers standard B31.8S “Managing System Integrity of
Gas Pipelines.”



(e.g., carbon dioxide (CO,), hydrogen sulfide (H,S)) that can cause either
corrosion or erosion of the internal components. Due to the geological
nature and complexity of PG&E’s storage fields and wells, the high
potential to produce sand increases the likelihood of a risk of erosion at
the impingement points (e.g., valves, elbows, tees) within the surface
components. Based on the probability distribution used in the model,
the average number of incidents with ignition due to erosion failure is
0.0003 per year. This can be interpreted as one event due to erosion
approximately every 3,300 years.

e D3 —Incorrect Operations: The threat of incorrect operations can lead to
the risk of incorrect procedures of all asset components and human error
that could result in a loss of integrity of the storage well as gas is injected
and withdrawn. For example, there is a risk of over-pressurization during
injection of fluids by a third party or PG&E that results in the reservoir
integrity becoming compromised which leads to the migration, loss of
gas, or need to abandon the storage field indefinitely. Based on the
probability distribution used in the model, the average number of
incidents with ignition due to incorrect operations is 0.0003 per year.
This can be interpreted as one event due to any incorrect operations
approximately every 3,300 years.

e D4 -Third Party/Mechanical Damage: Third-party threats and the risks

associated with vandalism, immediate hits, and delayed damage could
result in loss of integrity of the transmission pipe within the storage well
as gas is injected and withdrawn from the facility. Based on the
probability distribution used in the model, the average number of
incidents with ignition due to third-party damage is 0.0008 per year. This
can be interpreted as one event due to any third-party damage
approximately every 1,250 years.

e D5 - Weather and Outside Forces: The threat of outside forces is
associated with the risk of cold weather, lightning, heavy rains/flooding,
and earth movement that could result in a loss of integrity of the storage
wells as gas is injected and withdrawn from the facility or could affect
access to the asset. Based on the probability distribution used in the
model, the average number of incidents with ignition due to weather-
related outside force is 0.0008 per year. This can be interpreted as one
event due to weather-related outside forces approximately every
1,250 years.

e D6 - Welding/Fabrication Related: Welding/fabrication threat from a
third party or PG&E drilling through and/or into the storage reservoir,
and/or reworking storage wells can result in an improperly completed
and poorly constructed well. The risk associated with improper

7 “Immediate hits” is defined as damage that is caused instantly when someone digs or drills into
assets in the storage fields.
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connection of the tubulars and/or defective cement work is the loss of
integrity of the well to contain the storage gas. Based on the probability
distribution used in the model, the average number of incidents with
ignition due to welding/fabrication failure is 0.0001 per year. This can be
interpreted as one event due to welding/fabrication approximately every
10,000 years.

Frequencies were defined for the drivers listed above as the total number
of events in a given well and in a given year. Given the small sample set
of failures with ignition at PG&E,8 industry data was used to estimate
average failure rates. The event frequencies are based on a study
prepared for the Gas Research Institute by URS Corporation in

March 2005, “Risk Assessment Methodology for Accidental Natural Gas
and Highly Volatile Liquid Releases from Underground Storage, Near-Well
Equipment.”

D. Consequences

The consequences of loss of containment with ignition at a storage facility risk is
simulated using PHMSA consequence data, PG&E data, SME judgement as well
as risk assessment studies conducted at PG&E’s McDonald Island storage fields.

The range of consequences and the attributes that help describe the tail average
risks and the associated MARS are shown in Figure 8-2 below. In the figure,
PG&E identifies the data sources used for each of the consequence attributes.
Based on the tail average results, Safety — Fatalities and Trust outcomes
contribute the most to the overall baseline MARS.

8

In 1974, PG&E experienced a well blowout during the development of the McDonald Island facility
with fire as a result of improper operations during the drilling of the well and not as a result of well

casing failure.
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Source

Figure 8-2: Conseguence Attributes

Safety-Injuries

PHMSA

Safety-Fatalities

PHMSA

Environmental

PHMSA and ICE

Reliability

SME Input

Compliance

SME Input

PG&E Data

Financial

PG&E Data

Consequence Distributions

Percent of ignition
events with
injury=97%

Mean=4
(Poisson)

Percent of ignition
events with
fatality=97%

Mean=7
(Poisson)

Ave=35,237MCF

Std Dev=56,063MCF
Ave costof
Carbon®=513 /tonne
co2

(Lognormal)

Customer hours
affected=

Min=0 hours*60
Max=1,000 hours*60
(Uniform)

95%=4M
5%=462M
(Discrete)

Dependent on Safety
outcomes.

If there are any
fatalities= High
severity brand
favorability change

If there are injuries
without fatalities,
50/50 chance of Low
or Severe

High severity=12-20%
Severe=5-12%
Low=0-5%

(Uniform)

Min=S0M
Max=$60M
(Uniform)

Outcome-
TA-NU*

0.17

0.30

$1,042

1,316

$1,238,444

0.72%

$1,311,598

Outcome-
TA-MARS?

0.05

8.14

0.00

0.00

0.12

3.59

0.79

*Ave of Year 1-6 Tail Ave outcomes in Natural units
2Ave of Year 1-6 Tail Ave outcomes in MARS units
3To convert MCF to tonne multiply by ~52/1000

MARS Total

12.68

Safety — Injuries (SI): Based on two key assumptions: (1) PG&E
estimated the percentage of ignition incidents leading to injury to be

approximately 97 percent;? (2) the DNV Coarse Quantitative Risk Analysis
(CQRA) report informed the SME assumption to estimate the average
injury outcomes to be approximately half that of the fatalities. Based on
the tail average model results across the 2017-2022 time periods, the
calculated average worst case number of injuries per year would be 0.17.
This can also be interpreted as 1 injury every 6 years.

Safety — Fatalities (SF): Based on two key assumptions: (1) the input of
the percentage of incidents resulting in a fatality is the same percentage
as that used for injury above, (2) the DNV CQRA report informed the SME
assumption to estimate the average fatality at 7 per event. Based on the
tail average model results for the 2017-2022 time period, the calculated
average worst case number of fatalities per year would be 0.3. This can
also be interpreted as 1 fatality every 3 years. This outcome is higher
than anticipated since industry data for ignition events at storage

9

Assume that there is a 50 percent likelihood that someone is impacted at an unmanned well
(7 wells) and 100 percent likelihood that someone is impacted at a manned well (110 wells);
(50 percent * 7 wells) + (100 percent * 110 wells) divided by the 117 total wells = 97 percent.
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facilities is very limited. PG&E believes that additional data analysis in
the future may better identify this risk consequence.

Environmental (E): PHMSA data set for transmission related releases of
gas with ignition resulted in an average gas release volume of

35,237 millions cubic feet.10 Based on the tail average model results
across the 2017-2022 time periods, the average worst case
environmental related cost is $1,042 per year. This is equivalent to
approximately 80 tonne of CO,. These results show that environmental
impacts play a relatively small role in this risk.

Reliability (R): PG&E leveraged SME judgment to determine the
reliability impact of this risk. PG&E assumes zero to a maximum impact
of 1,000 customer hours based on the assumption of the scoring using
the Risk Evaluation Tool and previous risk scoring efforts. Based on tail
average model results for the 2017-2022 time period, the average worst
case reliability impact per year would be 1,316 customer minutes or
approximately 22 customer hours.

Compliance (C): The compliance is modeled as a binary distribution such
that if a risk event occurs, there is a 95 percent chance that it will result in
a $4 million impact (for a single well replacement) and a 5 percent chance
of a $462 million impact (for a full field replacement). The well
replacement cost is assumed to be $4 million based on the study —"STO —
05 - Response to PHMSA IFR for Underground Storage Facilities
2-17-17.pdf." Based on the tail average model results for the 2017-2022
time periods, the average worst case compliance related impact is
approximately $1.2 million.

Trust (T): Events are dependent upon safety outcomes, both injury and
fatality, and categorized as low, severe, and high. This methodology was
used across all GO risks.11 Based on the tail average model results across
the 2017-2022 time periods, the calculated average worst case impact on
brand favorability is 0.72 percent a year.

Financial (F): The average value of financial impact from the risk event is
assumed to be $59.8 million. This estimate is based on two items — well
replacement cost (S4 million) and the cost of replacement of gas lost due
to the event ($55.8 million). Based on the tail average model results for
the 2017-2022 time period, the average financial impact is approximately
$1.3 million.

10

11

The average cost of carbon was taken from the Intercontinental Exchange end of day close for
California Carbon Allowance Futures as of day close March 29, 2017, which was $13 per tonne

of CO,.

Refer to the Risk Model Overview chapter for the trust consequence calculation details.
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2016 Controls and Mitigations (2016 Recorded Costs)

The controls described in this section manage one or more drivers of the Natural Gas
Storage — Loss of Containment with Ignition Risk and allow PG&E to stay compliant with
regulations. In the case of Storage, seven key controls have been identified for this risk
and include the programs listed below. Table 8-2 below summarizes the controls,
mitigations and 2016 recorded costs associated with each.

C1 - Corrosion Control: All of PG&E’s metallic (steel) assets are subject to corrosion, an
electrochemical process where metal degrades due to its interaction with the
environment. Corrosion control seeks to either eliminate the elements that lead to
corrosion or to manipulate the natural corrosion process with electrical currents.
Effective corrosion control monitoring programs are critical to provide timely data that
is representative of pipeline conditions, allows for modifications in corrosion mitigation
strategies, and updates risk management tools. This control addresses the External
Corrosion, Internal Corrosion and Stress Corrosion Cracking drivers thereby reducing the
likelihood of the risk event occurring due to these drivers. Corrosion Control is
identified as a control in other risk chapters including Transmission Pipe risk,
Measurement & Control, and Compression & Processing risks. The total cost for this
program is not allocated among the risks.

C2 — Leak Survey: PG&E conducts leak surveys on the gas transmission pipeline system
by foot, mobile, and/or aerial leak surveys. Leak survey is performed daily at each
storage wells and includes a 100-foot radius in alignment with the DOGGR Emergency
Regulations enacted in February 2016. Expansion of CARB requirements effective
March 2017 will replace the DOGGR requirements and require leak repair at an
accelerated pace. This control manages all identified risk drivers for Storage Wells.

e Foot survey: Foot survey is the most common method to conduct leak survey and
requires personnel to carry a portable gas leak detector in close proximity to the
storage wells.

¢ Mobile survey: Ground-based mobile technology is a portable gas detector
transported on all-terrain vehicles (or possibly cars or trucks) around the storage
wellheads.

e Aerial survey: Aerial leak surveys using Light Detection and Ranging Infra-Red
technology are being used more frequently, and are typically transported by
helicopter along the pipeline right-of-way or adjacent to storage wells.

For each case, leaks are detected and recorded on the instrument before being
downloaded to a database for immediate or scheduled repair.

Leak Survey is also identified as a control for the Transmission Pipeline Rupture with
Ignition risk. The total cost for this program is not allocated between the risks.
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C3 — Storage Well Work: Included in this control program are integrity assessments,
repair and replacement work, and rework. This program addresses the External
Corrosion, Internal Corrosion, and Incorrect Operations thereby reducing the likelihood
of the event occurring due to these drivers.

C4 - Other O&M: Gas Transmission operations and maintenance is planned, tracked
and managed regulatory compliance activities that can increase the useful lives of the
Gas Transmission assets. Gas Transmission operations and maintenance tasks include
compliance, preventive, and corrective activities. This control addresses all drivers. This
program is identified as a control for Transmission Pipeline Failure — Rupture with
Ignition risk, Measurement & Control failure risk and Compression & Processing failure
risk. The total cost for this program is not allocated among the risks.

C5 — Public Awareness: PG&E is required to develop and implement public education
programs that comply with American Petroleum Institute’s (APl) Recommended
Practice 1162, First Edition (RP 1162). The overall goal of the Public Awareness Program
is to enhance public safety, emergency preparedness and environmental protection
through increased public awareness and knowledge. This control addresses the Third
Party/Mechanical Damage driver.

C6 — Technology: This program includes Gas Operations Technology and Research and
Development. This includes new casing inspection hardware, risk management
software, utilization of fiber optics for storage monitoring, etc. The drivers addressed
are Corrosion and Incorrect Operations.

C7 — Valve Program: This program addresses inoperable and hard to operate storage
well valves, and proactively repairs or replaces valves that are on the verge of becoming
inoperable or are leaking or are presenting a safety or reliability threat. This program
addresses Incorrect Operations, Weather Related Outside Force, and Third-
party/Damage drivers thereby reducing the likelihood of these events occurring due to
these drivers.

The mitigation identified for the Natural Gas Storage Well Failure risk is described
below:

M1A - Storage Well Inspection Program: This mitigation began in 2013 and the
mitigation end date is based on three scenarios discussed in the sections below.

A total of 26 baseline inspections were completed by the end of 2016. Of those, 20
were completed using pre-2016 testing criteria and the remainder as described above.
This pace was set in alignment with the 2015 GT&S Rate Case and assumes 6-8 reworks
per year. The initial pace only included Noise and Temperature Surveys; however, in
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2016 the breadth of baseline casing inspection surveys performed was expanded to
meet the Aliso Canyon testing criteria put forth by DOGGR.

The program post-2016 includes performing condition assessment of both surface and
production casing. Condition assessments provide insight into the health of the asset as
the wells are evaluated for repair/reconditioning or decommissioning. Tools and
technology are used to conduct these assessments and include: Noise and Temperature
Logs, Cement Bond Logs, Casing Wall Thickness Inspection, Gamma Ray Neutron, Caliper
Inspections, Ultrasonic Surveys, Pressure Tests, and Pressure Monitoring. The pre-2016
program did not include Caliper Inspections, Ultrasonic Surveys, and Pressure Tests up
to 115 percent of maximum allowable operating pressure and pressure monitoring.

The data collected informs the necessary frequency of subsequent well assessments to
monitor the baseline condition (i.e., degree of metal loss observed in a survey may
warrant a more frequent inspection cycle to measure corrosion rate).

This mitigation addresses all the identified risk drivers except welding and fabrication
related drivers by identifying anomalies and determining if the anomalies need to be
immediately addressed or monitored thereby reducing the likelihood of the risk
occurring due to the risk drivers.

Table 8-2: Summary of Controls and Mitigations and 2016 Recorded Costs

V.

2016 2016
Recorded Recorded

Associated Driver # and Funding Expense Capital

# Control/Mitigation Consequence Source ($000) ($000)
C1 Corrosion Control D1 GT&S 35,030 35,409
Cc2 Leak Survey All drivers GT&S 3,550 -
Cc3 Storage Well Work D1, D3 GT&S 1,294 2,969
Cca Other O&M All drivers GT&S 30,953 -
C5 Public Awareness D4 GT&S 3,084 -
C6 Technology D1, D3 GT&S 3,074 25,257
Cc7 Valve Program D3 -D5 GT&S 1,946 -
M1A Storage Well |nspection512 D1-D5 GT&S 3,548 21,159
TOTAL Expense and Capital 82,479 84,794

Current Mitigation Plan (2017-2019)

The proposed mitigation aligns with Scenario 1 - NGSS. The mitigation program
described in Section Il above continues through the 2017-2019 time period. As

12 Within the GT&S rate case, “Storage Well Inspections” is referred to as “Integrity Inspections”
(expense) and “Reworks and Retrofits Program” (capital).

8-12




described in the exposure section above, this risk has multiple scenarios which are being
considered for the 2017-2019 time period.

Exposure for the Scenario 1: As described in the exposure section above, the exposure

for this risk varies between the baseline risk and the proposed and alternative scenarios.
The exposure that the proposed volume of work addresses for is listed in the Table 8-3
below:

Table 8-3: 2017-2019 Number of Wells

Scenario 1 - NGSS
Year Number of Storage Wells Baseline # of Wells
2017 117 117
2018 115 115
2019 120 115

Two wells are being plugged and abandoned during the 2017 rework season. This
scenario includes the planned addition of 11 wells at McDonald Island and assumes that
five of the wells are drilled in 2019.

Proposed Volume of Work

M1B - Storage Well Inspection Program: For 2017-2019, Scenario 1 outlines
completing baseline assessments on 64 wells: 8 in 2017, 12 in 2018, and 44 in 2019.
This pace allows completion of all baseline assessments by 2020 to comply with the
proposed DOGGR regulations.

Overall, PG&E selected this option because it is aligned with the new proposed DOGGR
regulations and will allow PG&E to meet both the regulatory requirements and
customer demand.

Table 8-4: 2017-2019 Mitigation Work and Associated Costs

Associated 2017 2018 2019
Start End Driver # and Forecast Forecast Forecast

# Mitigation Name Date Date Consequence ($000) ($000) ($000)
M1B | Storage Well 2013 2020 | D1-D5 19,500 (C) 35,904 (C) | 160,321 (C)
Inspection Program 6,906 (E) 3,155 (E) 6,011 (E)
TOTAL Expense and Capital 19,500 (C) 35,904 (C) 160,321 (C)
6,906 (E) 3,155 (E) 6,011 (E)

Proposed Mitigation Plan (2020-2022)

PG&E performed an assessment of all mitigations considered and how each relates to

the drivers for the Natural Gas Storage Well Failure - Loss of Containment with Ignition
at Storage Facility risk. For the 2020-2022 time period, in addition to the Storage Well
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Inspection program, a new mitigation — Decommissioning of Wells is also identified and
is described below.

Exposure for the proposed scenario: The exposure for the 2020-2022 time period is
outlined in the Table 8-5 below.

Table 8-5: 2020-2022 Proposed Number of Wells

Scenario 1 - NGSS
Year Number of Storage Wells Baseline # of Wells
2020 126 115
2021 126 115
2022 113 115

Six wells are added in 2020 to complete the addition of 11 wells at McDonald Island. In
addition, this scenario includes beginning decommissioning of Los Medanos and
Pleasant Creek (13 wells decommissioned in 2022).

Proposed Volume of Work

M1C — Storage Well Inspection Program: For 2020-2022, the proposed case outlines
completing baseline assessments on 44 wells in 2020, resulting in all baseline
assessments being complete by 2020. As explained in Section IV above, the proposed
case allows PG&E to meet compliance requirements.

M2 — Decommissioning of Wells: This mitigation includes decommissioning 13 wells in
2022. This mitigation is not an existing program but instead is work that PG&E will
perform starting in 2022 and is driven by the proposed regulations and PG&E’s NGSS. It
involves plugging and abandoning wells that are currently in use and removing them
from service. The fields these wells located in Los Medanos and Pleasant Creek, will be
decommissioned as part of the NGSS and thus these wells will no longer be needed.

Table 8-6: Proposed Mitigation Plan and Associated Costs

2020 2021 2022
Start End Associated Forecast Forecast Forecast
# Mitigation Name TA RSE EV RSE Date Date Driver ($000) ($000) ($000)
M1C | Storage Well 0.0480 0.0048 2013 2020 D1-D5 164,599 (C)
Inspection 6,010 (E) - -
Program
M2C Decommissioning 0.0833 0.0083 2022 2023 All drivers B _ 16,739 (C)
of Wells
RSE: 0.0495 164,599 (C)
TOTAL Expense and Capital by Year 6,010 (E) 16,739 (C)
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VI.

Cost in $000

Alternatives Analysis

After assessing all of the mitigations, PG&E has two alternative plans to the proposed
mitigation plan. Alternative 1 plan is based on maintaining current storage capacity to
customers. Alternative 2 plan is based on PG&E’s assessment of a risk-informed
implementation pace of completing baseline assessments. Both plans are shown below
in Table 8-8 and Table 8-9.

Table 8-7: Mitigation List

TA RSE EV RSE Proposed
# Mitigation (Units/$M) (Units/$M) Plan Alternative 1 Alternative 2 WP #

M1C Storage Well Inspection 0.0480 0.0048 X 8-2
Program

M1D Storage Well Inspection 0.0417 0.0042 X 8-2
Program

M1E Storage Well Inspection 0.0592 0.0059 X 8-2
Program

M2 Decommissioning of Wells 0.0833 0.0083 X X 8-8

The graph below shows the breakdown of the proposed plan, Alternative 1 plan, and
Alternative 2 plan based on cost and RSE. The RSE in the chart below for the exposure
identified for each scenario.

Figure 8-3: Alternatives by Cost and RSE Score

Cost by Plan
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A. Alternative Plan 1

This alternative is based on maintaining current storage capacity to our
customers. This includes the Storage Well Inspection Program as described in
detail in Section Ill above: completing 47 baseline inspections by 2020. In this
alternative, PG&E would not decommission any storage wells at the Los
Medanos or Pleasant Creek facilities.
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PG&E did not select this alternative because it is inconsistent with the economic
and regulatory developments shaping the gas storage marketplace that underlie
the NGSS (see 2019 GT&S Rate Case Testimony, Chapter 11). The NGSS entails
moving PG&E’s storage function to a reliability-only model, with the gas
commodity price-management function becoming incidental. Under the NGSS,
PG&E does not require its current high level of storage capacity to maintain
reliability, and intends to retire its storage facilities at Los Medanos and

Pleasant Creek.

Exposure for Alternative Plan 1 (Scenario 2): The exposure addressed for this

alternative case is outlined in the Table 8-8 below and includes drilling more

wells than the proposed case.

Table 8-8: Alternative Plan 1 Number of Wells

Scenario 2
Year Number of Storage Wells Baseline # of Wells
2017 117 117
2018 115 115
2019 133 115
2020 148 115
2021 148 115
2022 148 115

Two wells are being plugged and abandoned at Los Medanos during the 2017

rework season. Alternative 1 includes adding 33 wells overall — 18 wells at

McDonald Island in 2019 and 15 wells in 2020 (12 at McDonald Island and 3 at

Los Medanos). No wells will be removed from service after 2017 in this

alternative.

Volume of work (Alternative Plan 1)

M1D - Storage Well Inspection Program: For 2020-2022, the alternative case

outlines completing baseline assessments on 47 wells in 2020.

Table 8-9: Alternative Plan 1 and Associated Costs

Associated 2020 2021 2022
TA RSE EV RSE Start End Driver and Forecast Forecast Forecast
# Mitigation Name (Units/SM) | (Units/$M) Date Date Consequence ($000) ($000) ($000)
M1D Storage Well 0.0417 0.0042 2013 2020 D1-D5 226,519 (C) - -
Inspection 7,054 (E)
Program
TOTAL RSE: 0.0417 226,519 (C) _ _
TOTAL Expense and Capital by Year 7,054 (E)
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Alternative Plan 2

This alternative plan includes both mitigations: Storage Well Inspection program
and Decommissioning of Wells. Overall, this alternative is based on performing
initial baseline assessments at a pace optimized for risk rather than the biennial
assessments as outlined in the proposed case. PG&E has submitted comments
to both DOGGR and PHMSA advocating for a risk-informed, rather than a
time-based, approach to the ongoing integrity assessment requirements, which
could affect the gas storage expenditures. This alternative was not selected
because the proposed regulations require the faster biennial pace and PG&E
does not know whether DOGGR and PHMSA will accept its proposal for a risk-
based pace. The risk-based pace includes completing baseline inspections by
2025. The volume of work for each year in 2020-2022 is outlined below.

Exposure for Alternative 2 (Scenario 3): The exposure addressed for this

alternative case is outlined in the Table 8-10 below and is the same as in the
proposed case.

Table 8-10: Alternative Plan 2 Number of Wells

Scenario 3
Year Number of Storage Wells | Baseline # of Wells
2017 117 117
2018 115 115
2019 120 115
2020 126 115
2021 126 115
2022 113 115

Six wells are added in 2020 to complete the addition of 11 wells at McDonald
Island. In addition, this scenario includes beginning decommissioning of
Los Medanos and Pleasant Creek (13 wells decommissioned in 2022).

Volume of work (Alternative Plan 2)

M1E - Storage Well Inspection Program: For 2020-2022, this alternative case
outlines completing baseline assessments on 12 wells each year in 2020-2022.

M2 — Decommissioning of Wells: This mitigation is the same as outlined in the
proposed case and includes decommissioning of 13 wells in 2022.
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Table 8-11: Alternative Plan 2 and Associated Costs

Associated 2020 2021 2022
TA RSE EV RSE Start End Driver and Forecast Forecast Forecast
# Mitigation Name (Units/SM) | (Units/$M) Date Date Consequence ($000) ($000) ($000)
M1E Storage Well 0.0592 0.0059 2013 2025 D1-D5 69,043 (C) 39,172 (C) 39,172 (C)
Inspection 3,143 (E) 3,143 (E) 3,143 (E)
Program
M2 Decommissioning 0.0833 0.0083 2022 2023 All drivers - - 16,739 (C)
of Wells
RSE: 0.0606 69,043 (C) 39,172 (C) 55,911 (C)
TOTAL Expense and Capital by Year 3,143 (E) 3,143 (E) 3,143 (E)

VII. Metrics
PG&E is proposing to define risk reduction metrics for this risk after completion of the
storage well baseline inspections. The well condition data will provide of new
information to facilitate meaningful risk reduction metric development.
Metrics associated with mitigation programs are designed to measure if each program is
progressing at the desired pace to achieve risk reduction objectives. The targets for
these metrics are established based on rate case outcomes and PG&E will utilize its
Integrated Planning process to confirm and determine targets. The execution metric for
the mitigation is:
Mitigation Associated Drivers Proposed Metric Targets
Storage Well D1-D5 Baseline Inspections Percent of the total population
Inspection Program performed of wells that have baseline
inspections performed.
VIIL. Next Steps

For the Natural Gas Storage Well Failure risk discussed in this chapter, PG&E plans to
continue to mature risk quantification efforts in the following ways:

e Consider equipment related failures as a driver for storage well failure risk;

e Use PG&E data instead of industry data, when possible, to enable more actionable
conclusions from risk quantification;

¢ Refine model inputs. The modeling effort was primarily focused on safety. Given
the lack of data to estimate the reliability and financial impacts, the team made
assumptions on customer outage and financial costs. For example, the reliability
impact is low and may be understated. These model inputs are being assessed and,
where possible, PG&E will update these inputs in the future.

e Evaluate and define an appropriate risk reduction metric once baseline assessments
are completed; and
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e Continue support for the development of the Joint Industry Task Force Storage Risk
model and integration with DNV’s risk and integrity product. DNV was an awardee
of CEC GFO-16-508 research grant.
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Executive Summary

RISK NAME Distribution Overhead Conductor — Primary

This risk includes risk drivers and consequences related to failure of or

IN PE
Sco contact with an energized distribution primary conductor.

Wildfires caused by wire down events.1
OUT OF SCOPE All Pacific Gas and Electric Company (PG&E or the Company) employee

and contractor contact (-Z‘V(EI'\tS.2

([;.GLANTIFICATION Risk assessment performed using PG&E data, industry data, and subject
SOURCES matter expert (SME) judgement.

The Distribution Overhead Conductor — Primary (DOCP) risk has been on PG&E’s risk
register since 2013. PG&E’s experience and data show that contact with energized
conductor can lead to serious injuries or fatalities to the public and third-party
contractors. This risk continues to be a top priority to the Company, as demonstrated
through ongoing investments in conductor replacement, compliance, and public
safety programs.

This filing has been prepared and submitted against the backdrop of catastrophic
wildfires that occurred in PG&E’s service area beginning on October 8, 2017. Northern
California experienced strong wind gusts up to at least 79 miles per hour. These
destructive winds, along with millions of trees weakened by years of drought and recent
renewed vegetation growth from record winter rains, all contributed to some trees,
branches, and debris impacting PG&E’s electric lines across northern California.

Given this backdrop, it is important to note that the scope of this risk analysis
specifically excludes Wildfire, but DOCP is included as a risk driver to the Wildfire risk
analysis.3 The wildfire-related impacts that may be caused by DOCP assets are
addressed in the Wildfire chapter, and not here, to avoid duplication. Further, proposed
mitigations that address both DOCP risk and Wildfire risk are included in both chapters,

Refer to Wildfire Risk Chapter 11.

Refer to Contractor Safety and Employee Safety Chapters 14 and 15, respectively.

The “Equipment Failure — Conductor” risk driver included in the Wildfire risk analysis includes
wildfires initiated by transmission overhead conductors (TOHC) and distribution overhead
conductors.
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as appropriate, in an effort to show a comprehensive proposed mitigation plan for each
risk (i.e., M5 — Overhang Clearing).

At the time of this filing, wildfire investigations are still underway; however, as with all
risks in this filing, PG&E expects to update this analysis, modeling and proposed
mitigations when more information becomes available.

To better understand this risk, PG&E used the bow tie methodology to develop a
guantitative operational risk model specific to the DOCP risk. The DOCP operational risk
model is presented in this chapter and uses a combination of PG&E-specific data,
industry data, and SME judgement to gain a better understanding of the risk drivers
associated with the risk, the range of consequences, and where to target new
mitigations.

As a result of this analysis, PG&E identified two main events that could lead to safety

impacts: (1) contact with intact4 conductors (either directly or via an object); and

(2) contact with energized conductors from wire down events. PG&E’s analysis shows
that 100 percent of contacts with intact conductor result in serious injuries or fatalities;
whereas, 0.07 percent of wire down events result in serious injuries or fatalities.
Correspondingly, PG&E’s public safety controls and targeted mitigation strategy focus
on enhancements to public outreach programs to reduce the probability of members of
the public contacting intact conductors.

Based on PG&E’s historical data, 72 percent of the injury or fatality events related to the
DOCP risk were due to contact with intact conductors, with residential customers being
involved in 46 percent of those events. PG&E has also experienced approximately
3,000 wire down events per year (based on data collected over the past five years—
2012-2016). Vegetation is the single largest cause, making up approximately 42 percent
of the wire down events in that timeframe.

Therefore, PG&E’s proposed mitigation plan, described later in this chapter, is focused
on reducing the safety-related incidents for both contact with intact conductor and wire
down events, and the reliability impacts of vegetation caused wire down events.

The risk quantification effort undertaken as part of the Risk Assessment and Mitigation
Phase (RAMP) process has provided a first step toward using a data driven statistical
model to compare DOCP risk investments and guide changes to PG&E’s investment plan.
As PG&E continues to refine, further evaluate, and analyze the DOCP operational risk

4 Contact with Intact is defined as any public safety incident where the distribution overhead primary
conductor is in its intended position.
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model, PG&E will continue to align model outputs with the investment planning process

as appropriate.

The DOCP operational risk model also provided insight into the overall consequences of

the risk and highlighted the need to differentiate between contact with intact conductor

and wire down events. Going forward, PG&E will evaluate the impacts of separating the

Contact with Intact driver from the DOCP risk and continue to assess alternatives for

reducing wire down events related to vegetation and equipment failures.

Risk Assessment

A.

Background

The DOCP risk has been a top safety risk since its identification and inclusion into
Electric Operation’s (EO) risk register in 2013. Mitigating PG&E’s exposure to
DOCP risk continues to be a priority for EO and PG&E and mitigation plans are
reviewed annually. Ongoing investment in public safety programs, conductor
replacement and compliance activities demonstrate PG&E’s commitment to
reducing the DOCP risk. Public contacts with intact conductors continues to be a
leading cause of injuries and fatalities associated with this asset as measured by
safety incidents reported to the California Public Utilities Commission (CPUC

or Commission).3

Contact with intact conductor generally occurs when people are working aloft
near energized overhead lines, or when working near energized overhead lines
with long implements such as ladders, pole trimmers, or in aerial lifts. The main
parties involved with third-party contact with intact conductors are:

— Third-party contractors
— Residential customers

Wire down events can be caused by a variety of circumstances such as
vegetation knocking a wire down, failure of support structures and connectors,
failure of overhead conductor, forces of nature, or third-party interference such
as a car-pole accident. Additionally, if wire down events occur in populated
areas and remains energized, members of the public could come in contact with
the conductor potentially causing significant injuries or death. Extended drought
and shifting weather patterns have intensified the challenges associated with
minimizing wire down events.

5

CPUC reportable incidents are defined as third-party fatalities or injuries, rising to the level of
inpatient hospitalization, attributable or allegedly attributable to contact with energized PG&E-
owned electric transmission, substation, and distribution facilities.



The main causes for wire down events are:

Vegetation

— Equipment Failures — Conductor

— Equipment Failures — Connector/Hardware
— Equipment Failures — Other

— Third-Party Wire Down (WD)

Figure 9-1 provides an overview of the bow tie analysis completed for the

two events covered by the DOCP risk and includes the exposure, the risk drivers
(including frequencies), the events, and the consequence attributes that were
simulated as part of the analysis.

Figure 9-1: Risk Bow Tie

Risk top-level drivers

Risk event(s) Risk event(s) Consequences
Exposure Frequency!? Al pis3
D1 - 3 Party (Contact w intact): [PG&E Data] — —
Contact with —— Safety-Injuries
intact energized
D2 - Vegetation: [PG&E Data] = <1366 — overhead
conductor | safety-Fatalities
D3 - Equipment Failure - Conductor: [PG&E Data] —.— 579 — J——
6 ’/ iontal:t WI!I“I\\'
. . . . T ] Environmental
EieE D4 - Equipment Failure - Connector/Hardware:[PG&E Data] . 243 | energized :.__
Miles of \ overhead J
Distribution - ) . %\, conductor?
o D5 - Equipment Failure — Other: [PG&F Data] ®—177 \_\‘ Reliability
[PG&E Data) T
82k D6 - 3 Party (WD): [PG&E Data] —.— 683 — 966
—  Wires Down — Compliance
D7 - Animal: [PGEE Data) —— 96 —
— Trust
D8 - Natural Forces:[PG&E Data] —— 51 —
3219
D9 - Company initiated:|PGRE Data] 14 Financial

Walues displayed are means of each distribution and are in the units of events/vear. Driver frequencies are summed to obtain the Risk event frenuency.
Drivers are modeled using Poisson and Binomial distributions.
*Approximately 100% of D1 and 30% of D2-D% may potentially remain energiied.
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Exposure

PG&E maintains approximately 82,000 circuit miles® of distribution overhead
primary conductor. The DOCP risk exposure includes all of PG&E distribution
overhead primary conductor, including conductor in designated corrosion zones
and fire areas.

Drivers and Associated Frequency

PG&E has identified nine top-level risk drivers for the two events associated with
the DOCP risk. Similar to the TOHC risk described in Chapter 10, PG&E divides
these nine drivers into two sets based on the two distinct events examined when
assessing this risk:

1. Contact with intact conductor events (where the overhead conductor is
in its intended position); and

2. Wire down events (where the overhead conductor falls on the ground or
an object).
For the purpose of modeling this risk, contact with intact events were grouped as
a single driver. The model uses PG&E’s CPUC reportable data from the years
2012-2016.

e D1 -Third Party (Contact With Intact): Incidents where a member of the
public came in contact with an intact distribution primary conductor,

resulting in fatalities or injuries requiring in-patient hospitalization.? This
driver includes 28 Third Party Contact with Intact public injury and fatality
events from the years 2012-20168 involving overhead distribution
primary conductor.
Wire down events are incidents where the overhead primary conductor fell from
its original intended position. PG&E has categorized each of these events back
to the following risk drivers: Vegetation; Equipment Failure; Third Party (WD);
Animal; Natural Forces; and Company Initiated incidents. Equipment Failure
events are further divided into three drivers that show failures related to
conductor, connector/hardware, or other. Equipment failure as a group is the

second largest cause of wire down events.9 By separating equipment failure

The source for the distribution conductor miles is PG&E’s Electric Distribution Asset Management
Geographic Information System.

Employee and contractor events are considered under Employee Safety and Contractor Safety risks.

There were 39 total 2012-2016 CPUC public contact events, 28 were due to contact with intact
conductors and 11 involved wire down events.

During 2012-2016, equipment failures as a group make up approximately 31 percent of PG&E's
historical wire down events.
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into its subcomponents this approach provides additional granularity which
allows PG&E to consider different potential mitigation alternatives, designed to
address those specific subcomponents.

PG&E used wire down events data from the previous five years (2012-2016) to
analyze this risk. This time period aligns with the implementation of PG&E’s wire
down metric. Over the five-year period, PG&E has seen a total of

16,123 distribution wire down events. Based on a sample of post event
investigations conducted by Distribution Engineers, PG&E estimates that

30 percent of wire down events involved wires that may potentially remain
energized for some period during the event. When applying this estimate to the
overall number of incidents, PG&E assumes approximately 4,800 of the wire
down events that occurred in PG&E’s service territory in the past five years may
have remained energized for some period during the event and could have had
the potential to result in safety related incidents. PG&E uses this estimate in the
DOCP operational risk model.

The wire down events drivers are:

e D2 -Vegetation: Wire down events caused by vegetation such as trees,
tree limbs, and other vegetation. This driver was associated with 6,841
out of 16,123 wire down events from 2012-2016 or approximately
42 percent.

¢ D3 - Equipment Failure — Conductor: Wire down events due to
conductor failures. This driver was associated with 2,901 out of
16,123 wire down events from 2012-2016 or approximately 18 percent.

e D4 - Equipment Failure — Connector/Hardware: Wire down events due
to connector or splice failures. This driver was associated with 1,216 out
of 16,123 wire down events from 2012-2016 or approximately
7.5 percent.

e D5 - Equipment Failure — Other: Wire down events due to all other
overhead equipment failures such as transformers, cross-arms, poles, etc.
This driver was associated with 887 out of 16,123 wire down events from
2012-2016 or approximately 5.5 percent.

e D6 - Third Party (Wire Down): Third party caused wire down events
from vehicles, metallic balloons, vandalism, etc. This driver was
associated with 3,420 out of 16,123 wire down events from 2012-2016 or
approximately 21 percent.

e D7 - Animal: Wire down events caused by animals such as birds or
squirrels. This driver was associated with 481 out of 16,123 wire down
events from 2012-2016 or approximately 3 percent.
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o D8 - Natural Forces: Wire down events caused by earthquakes,
lightning, flood, ice or snow, etc. This driver was associated with 307 out
of 16,123 wire down events from 2012-2016 or approximately 2 percent.

¢ D9 - Company Initiated: Wire down events caused by PG&E employees
based on improper construction, operating error, or other actions. This
driver was associated with 70 out of 16,123 wire down events from
2012-2016 or less than 1 percent.

Consequences

Contact with intact conductor historically has resulted in more severe safety
consequences (injuries or fatalities) than wire down events and represent the
majority of the safety portion of the Multi-Attribute Risk Score (MARS)
associated with the DOCP risk. Wire down events happen much more frequently
than contact with intact conductor events (annual average of 3,224 as compared
to 6) but generally result in power outages, not safety events.

Over the last 5 years (2012-2016), there have been 39 public contact events
meeting the CPUC’s reporting criteria involving PG&E’s overhead distribution
primary conductor. A total of 28 resulted from contact with intact conductors.

o 14 of the 39 total events resulted in fatalities. Of the 14 fatal incidents,
8 were due to contact with intact conductor; and 6 involved wire down
events. For the wire down events; 3 involved vehicles where the fatality
occurred after the occupant exited the vehicle, the other 3 involved a
metal road, gunshot, and a bird that caused the distribution primary
conductor to fall to the ground.

e The remaining 25 events resulted in injuries requiring in-patient
hospitalization, 20 of which were due to contact with intact conductor;
and 5 involved wire down events. For the wire down events; 3 involved
vehicles and the other 2 related to vegetation and a bird that caused the
distribution primary conductor to fall to the ground.

Figure 9-2 shows the range of consequences and the attributes that help
describe the tail average (i.e., the average of the worst 10 percent of all
outcomes) and the associated MARS.
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Figure 9-2: Conseguence Attributes

Source CPUC Data CPUC Data NA PG&E Data PG&E Data and SME PG&E and Claims Data
Input
Safety consequences Safety conseguences Covered in the Percent of OHC Dependent on Safety Restoration costs
are only on OHC that are only on OHC that wildfire risk model events with resulting outcomes. results from all OHC
stay energized stay energized in an outage=99.7% events:
If there are any Ave=511k
Percent of events Percent of events Ave duration of fatalities= High std Dev=513k
with an injury =0.81% with a fatality=0.81% outage=G2k min severity brand Shift=-50.4k
[Exponential} favorability change {Lognormal)
Mean=0.67 Mean=0.38 -
" [Poisson) {Poisson) If there are injuries
E without fatalities,
E 50/50 chance of Low
= or Severe
=
[=]
8 +
5 High severity=6-10% Compensatory claims
g Severe=2.5-6% from OHC events that
2 Low=0-2.5% stay energized:
§ [Uniform) Ave=54.1M
std Dev=53.3M
Shift=565k
{Lognormal)
i -l
||‘ Toor -
O.:.';_ml" 11.11 7.07 209,056,881 9.78% 594,814,643
Outecame- - e
TA-MARS? 3.03 192.89 522.64 48,90 56.89
, _ _ _ MARS Total 824.35
tave of Year 1-6 Tail Ave outcomes in Natural units

2Ave of Year 1-6 Tail Ave outcomes in MARS units

Safety — Injuries (SI): Safety consequences are applied to the overhead
conductor events that stay energized. As an input into the model, PG&E
is using the CPUC reportable public contact events involving distribution
overhead primary conductor, for the years 2012-2016. Based on this
data, the percent of events with injuries or fatalities are 0.81 percent
with a mean value of 0.67 injuries per event. This resulted in a tail
average of 11.11 injuries a year and a contribution of 3.03 MARS units for
this consequence category.

Safety — Fatalities (SF): Safety consequences are applied to the overhead
conductor events that stay energized. As an input into the model, PG&E
is using the CPUC reportable public contact events involving distribution
overhead primary conductor, for the years 2012-2016. Based on this
data, the percent of events with injuries or fatalities are 0.81 percent
with a mean value of 0.38 fatalities per event. This resulted in a tail
average of 7.07 fatalities a year and a contribution of 192.89 MARS units
for this consequence category.

Environmental (E): Environmental impacts are excluded from this risk as
they are being measured with PG&E’s Wildfire risk.

Reliability (R): As an input into the model, PG&E is using outages

(PG&E customer minutes out) tracked within PG&E’s wires down
database involving distribution overhead primary conductor for the years
2012-2016. The data shows that the impact was approximately
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62,000 customer minutes per outage event. This resulted in a tail
average of approximately 209 million customer minutes out a year and a
contribution of 522.64 MARS units for this consequence category.

Compliance (C): Per CPUC requirements, monetary fines and penalties
associated with notice of violations are not included as they are
shareholder costs.

Trust (T): Events are dependent on safety outcomes, both injury and
fatalty, as categorized as: low, severe, and high. This methodology was
used across all risks.10 For this risk, PG&E assumed approximately half of
the impact based on SME judgement. This approach resulted in high
severity bounds of 6-10 percent, severe bounds of 2.5-6 percent, and a
low bound of 0-2.5 percent. This calculated a tail average of 9.78 percent
reduction a year and a contribution of 48.90 MARS units for this
consequence category.

Financial (F): Financial impacts related to public contact events were
determined using two factors, historical industry insurer data to
approximate potential litigation claims exposure and 2016 average cost
for overhead conductor replacement jobs to approximate wire down
events restoration costs. The average value of restoration costs was
calculated to be $10,560 per event. To ensure a large enough sample of
compensatory claims, PG&E used national insurer data from 1983-2010
which included 127 claims. Claims included both contact with intact and
wire down events. The average financial settlement per claim was
approximately $4.1 million, equating to over $500 million in claims over
the 27-year period. This resulted in a tail average of approximately

$95 million a year and a contribution of 56.89 MARS units for this
consequence category.

2016 Controls and Mitigations (2016 Recorded Costs)
PG&E has in place eleven controls for this risk ranging from Public Awareness programs
to capital replacement of overhead conductor.

Wire down events result when an overhead conductor fails for any number of reasons.
In most instances, protective devices will automatically de-energize the conductor.
However, approximately 30 percent of the time, conductors may remain energized for
at least some amount of time after the wire falls and pose a potential public safety risk.
This risk is mitigated primarily by addressing the condition of the conductor before a
failure occurs. Other controls include reliability related work such as the targeted circuit
program and the installation of overhead protective devices. While this work is
primarily intended to improve reliability, it also reduces the safety risk. For example,

10 Referto Chapter B, Risk Model Overview, for the trust consequence calculation details.
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targeted circuit work can involve replacing distribution wood poles, distribution system
components and overhead primary conductor. Protective devices de-energize portions
of the distribution system when failures occur, which limits the exposure of the public to
a potentially hazardous condition.

Each of the controls described in this section manages one or more drivers of the
DOCP risk.

C1 - Public Awareness Programs: Public Awareness Programs educate third-party
workers and the public about power line safety and the hazards associated with wire
down events. They are intended to reduce the number of third-party electrical
contacts. This control has the potential to reduce exposure to Third-Party (Contact with
Intact) (D1), Third-Party (Wire Down) (D6) drivers and the consequences related to
Safety Injuries (SI) and Fatalities (SF). This program consists of the following outreach
efforts describing the hazards associated with working around power lines:

e Third-Party Tree Workers Program: Communications targeting 11,000+ companies
with operations within PG&E’s service territory.

e Orchard Safety Worker Program: Communications targeting northern California
orchards. Includes direct mailings as well as safety training videos.

e Mind-the-Lines Program: Social media campaign focused on increasing customer
awareness of overhead lines.

e Worker Beware Program: Communications targeting 99,000+ third-party
contractors within PG&E’s service territory. Includes direct mailings of safety
material, offers of additional complimentary safety and training materials.

C2 — Vegetation Management: PG&E’s Vegetation Management Program supports

public safety, service reliability and regulatory compliance through management of

vegetation near PG&E’s electric distribution facilities. Vegetation Management work
includes routine inspections of overhead distribution lines to identify trees that need
pruning or removal to reduce contact with conductors and thus reduce Wildfire and

DOCP risks. The Public Safety and Reliability (PS&R) vegetation management program is

part of the broader Vegetation Management control and focuses on the trimming and

removal of vegetation that is in compliance with regulatory clearance requirements;
however, due to tree characteristics, represents an increased wire down events, outage
and reliability risk. PG&E uses a programmatic, circuit-based approach to patrolling and
addresses any tree that is determined to have the potential to grow or fail into the
overhead conductors by the next annual cycle. Additional inspections are conducted to
address wildfire risk as described further in Chapter 11. This program focuses on
compliance with applicable regulatory requirements and results in approximately

82,000 line miles of overhead primary distribution conductor being inspected and

approximately 1.2 million trees addressed annually. This control has the potential to

reduce the Vegetation (D2) driver.
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C3 — Catastrophic Event Memorandum Account (CEMA) Vegetation Management:
Due to lingering impacts of drought and the resulting levels of tree mortality (in
November 2016, the U.S. Forest Service reported upwards of 102 million trees died in
the California forest), CEMA captures costs intended to address the vegetation impacts

associated with the ongoing tree mortality state of emergency.11

The inspection and subsequent tree work helps to prevent trees from coming in contact
with overhead conductors. This work decreases the likelihood of vegetation caused
wire down events. This control has the potential to reduce the Vegetation (D2) driver.

C4 —Overhead Electric Distribution Preventive Maintenance: PG&E’s Maintenance
and Construction (M&C) organization builds new facilities in accordance with
engineering specifications and uses a construction checklist to confirm the specifications
are met. M&C also repairs and replaces deteriorated facilities as deemed necessary
through the patrol and inspection process. Work identified by patrols and detailed
inspections that does not need to be addressed within 24 hours is planned and
scheduled in accordance with its assigned priority level. Priority levels are determined
based on the probability and impact of the asset failure, and defined in PG&E’s Electric
Distribution Preventative Maintenance (EDPM) manual.12 This control has the potential
to reduce the Equipment Failure — Conductor (D3), Equipment Failure —
Connector/Hardware (D4), and Equipment Failure — Other (D5) drivers.

C5 — Overhead Conductor Replacement Program: The overhead conductor
replacement program targets conductor spans that have failed or are likely to fail based
on historical events and conductor attributes that include number of splices, fault duty,
and exposure to harsh environmental areas. In addition, the program includes post wire
down event investigations to identify the cause and equipment involved with the wire
down events and splice data reviews to support identification of future replacement
projects. This control has the potential to reduce the Equipment Failure — Conductor
(D3) and Equipment Failure — Connector/Hardware (D4) drivers.

C6 — Overhead Patrols and Inspections: Visual patrols of overhead distribution facilities

are performed annually in urban13 areas and every other year in rural14 areas, to

11 Governor proclamation of a state of emergency on tree mortality October 30, 2015 and CPUC

12

13

resolution ESRB-4, dated June 16, 2014 directed Investor Owned Electric Utilities to take remedial
measures to reduce the likelihood of fires started by or threatening utility facilities.

EDPM manual is a resource handbook that details PG&E distribution preventative maintenance
practices around patrols and inspections.

“Urban” shall be defined as those areas with a population of more than 1,000 persons per square
mile as determined by the United States Bureau of the Census.
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identify obvious structural problems or hazards for compliance with General Order

(GO) 16515 and PG&E’s manual. Patrolled facilities include primary, secondary, and
service drops, and other associated electric distribution facilities outside the substation
fence to the end of the line. Steel towers supporting only distribution facilities are
included in the overhead patrol program. Patrols can be performed from a vehicle, on
foot, or by helicopter.

Detailed inspections of other overhead distribution facilities are performed every

five years to examine and record abnormal conditions that could potentially impact
safety or reliability in compliance with GO 165 and PG&E’s EDPM manual. Inspected
facilities include PG&E solely and jointly owned poles, including all equipment and
facilities on the pole, primary and secondary risers and services, primary and secondary
conductor, transmission poles with distribution underbuilds, distribution towers and
lattice steel structures, streetlights on PG&E solely owned or joint poles, and primary
metering. This control has the potential to reduce the Vegetation (D2), Equipment
Failure - Conductor (D3), Equipment Failure — Connector/Hardware (D4), and Equipment
Failure — Other (D5) drivers.

C7 — Overhead Infrared Inspections: The infrared inspection program targets the
physical inspection of overhead conductors using infrared thermographic technology to
identify conductor anomalies as evidenced by excessive component heating. Conductor
anomalies can occur when conductors and/or connectors have been damaged or have
deteriorated below their original ratings and exhibit increased resistance to power
flows. Infrared inspections also include identifying and recording the location and
number of splices that exist on the distribution overhead primary conductors for future
use in evaluating system risk and prioritizing conductor replacement projects. Both
types of data collected are key indicators of increased probability of conductor failures.
This control has the potential to reduce the Equipment Failure — Conductor (D3),
Equipment Failure — Connector/Hardware (D4), and Equipment Failure — Other (D5)
drivers. The program includes the following three components:

¢ Annual infrared inspection prior to fire season in the Urban Wildland Fire (UWF) and
Other Wildland Fire (OWF) designated areas.

14 “Ryral” shall be defined as those areas with a population of less than 1,000 persons per square mile
as determined by the United States Bureau of the Census.

15 CPUC GO 165 establishes requirements for electric distribution and transmission facilities
(excluding those facilities located in substations) regarding inspections in order to ensure safe and
high-quality electrical service.
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¢ Infrared inspection of select circuits with the goal to complete PG&E’s entire
overhead distribution system by the end of 2019. All conductor anomalies are
corrected through the maintenance process.

¢ Splice Data Collection. The number of splices on each span is identified and
uploaded into PG&E’s Geographic Information System where the data can be used
to inform the conductor replacement program.
C8 — Targeted Circuits Program: PG&E’s Targeted Circuits Program was initiated in 2009
to address the Company’s worst performing circuits from a customer reliability
perspective. The program focuses on those circuits which experience disproportionate
number of customer interruptions and customer outage minutes based on a 3-year
average. In order to continue to improve PG&E’s electric distribution system reliability,
continued reliability improvement for the worst performing circuits is essential. Since
the inception of the Targeted Circuits Program, PG&E has completed work on
407 circuits (compared to approximately 3,200 distribution circuits in the system).
Distribution engineers analyze the causes and characteristics of historical outages as
well as circuit design to identify targeted work that will improve reliability. Typically, the
work involves a combination of new fuse and line recloser installations, conductor
replacements, installation of fault indicators, reframing poles to increase phase
separation, installation of animal/bird guards, repairing or replacing equipment,
completing reliability related maintenance tags, performing infrared inspections, and
additional targeted vegetation management. This control has the potential to reduce
the Equipment Failure — Conductor (D3), Equipment Failure — Connector/Hardware (D4),
and Equipment Failure — Other (D5) drivers.

C9 — Supervisory Control and Data Acquisition: This program includes the installation,
upgrade, and replacement of remotely controlled automation and protection
equipment in distribution substations and on feeder circuits. This work provides
benefits through improved operating efficiency, enabling better outage response and
diagnosis, improving system protection, and improving employee and public safety by
enabling PG&E to automatically and remotely shut off electricity during emergencies.
The work activities associated with system automation can also improve public and
electric system safety through remote and faster operation of electric facilities. For
example, the ability to de-energize lines remotely can reduce the risks associated with
identified wire down events. This control has the potential to reduce the Vegetation
(D2), Equipment Failure — Conductor (D3), Equipment Failure — Connector/Hardware
(D4), Equipment Failure — Other (D5) drivers, and Third-Party (Wire Down) (D6) drivers.
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C10 — Annual Protection Reviews: This engineering program primarily covers electric
distribution engineering and planning work which supports a variety of asset
management activities and is necessary to safely and reliably plan, design and operate
PG&E’s electric distribution system. General engineering work includes reviews of
distribution system protection equipment and settings to ensure the devices will
operate correctly and in a coordinated fashion. This control has the potential to reduce
the Vegetation (D2), Equipment Failure — Conductor (D3), Equipment Failure —
Connector/Hardware (D4), Equipment Failure — Other (D5) drivers, and Third-Party
(Wire Down) (D6) drivers.

C11 - Electric Distribution Line and Equipment Capacity: Although the primary purpose
of PG&E’s capacity program is to mitigate existing or projected overloads and voltage
levels, overhead line equipment and conductors can fail as a result of an overload. In
most instances, protection devices will de-energize the facilities. However, when
overloaded line equipment and conductors fail, service reliability is reduced and
customers will be out of service until line reconfiguration can occur or the line is
repaired. These effects are mitigated by addressing the potential overload condition
before it occurs. The work in the capacity program generally involves installing and/or
replacing both substation and distribution line facilities. Line capacity work can mitigate
substation risks (e.g., enabling field switching to reduce loading on a substation
transformer) and substation work can mitigate line risks (e.g., establishing a new circuit
position in a substation can facilitate field switching to reduce load on line conductors).
Some projects in the capacity program can also result in conductor replacement of
overhead lines. This control has the potential to reduce the Equipment Failure —
Conductor (D3), Equipment Failure — Connector/Hardware (D4), and Equipment

Failure — Other (D5) drivers.

Table 9-1 below summarizes the controls and 2016 recorded costs associated with
each control.
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Table 9-1: Risk Controls and 2016 Recorded Costs

Associated
Driver and Funding 2016 Recorded 2016 Recorded
# Control Consequence | Source Expense ($000) Capital ($000)
Cc1 Public Awareness Programs D1, D6, SI, SF GRC 225 -
T0 10916
C2 | Vegetation Management D2 GRC 200,11517 -
c3 CEMA Vegetation D2 CEMA 190,204 -
Management
Overhead Electric D3, D4, D5 GRC 14,697 58,514
c4 Distribution Preventive
Maintenance
s Overhead Conductor D3, D4 GRC - 31,858
Replacement Program
6 Overhead Patrols and D2, D3, D4, GRC 15,678 -
Inspections D5
c7 Overhead Infrared D3, D4, D5 GRC 3,625 18 -
Inspections
C8 Targeted Circuits Program D3, D4, D5 GRC - 35,317
9 Supervisory Control and Data | D2, D3, D4, GRC - 57,789
Acquisition D5, D6
C10 | Annual Protection Reviews b2, D3, D4, GRC 9,650 -
D5, D6
c11 Electric Distribution Line and | D3, D4, D5 GRC - 13,581
Equipment Capacity
TOTAL Expense and Capital 243,990 (GRC) 197,059 (GRC)
190,204 (CEMA)
109 (TO)

In addition to the existing control programs described above, PG&E is currently

developing supporting technologies that have the potential to further improve the

effectiveness of the controls when fully deployed. Below is a summary of those key

projects under development.

System Tool for Asset Risk (STAR) is a technology under the development which when

fully implemented will provide asset replacement direction for Overhead Conductor

Replacement Program (C5). Each asset will receive a risk score that considers the

16 Orchard Safety Worker Program and a portion of the Worker Beware Program are funded by

17

18

Transmission Operations, the 2016 costs totaled $48,163 and $61,000, respectively.

Third-Party Tree Worker Program and Mind the Lines campaign are funded through Vegetation
Management, the 2016 costs totaled $95,000 and $5,000, respectively.

The overhead infrared inspection program costs are a part of the overhead patrols and inspection
programs (C6), however for the purpose of this chapter, they are presented separately since it is an

existing mitigation for the DOCP risk.
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probability of failure (based on asset health factors) and the resulting consequences
(based on the function and location of the asset.) Highest risk assets will then be
prioritized for replacement.

Initial uses of STAR19 are focused on programs for evaluating the benefits of additional
pole and conductor replacements, as well as optimization of inspection cycles based on
health and risk. Future STAR uses may include addition of more electric asset classes, or
focus on different programs (e.g., vegetation management) so that STAR can be used to
target assets with the most effective programs to mitigate the risks specific to

each asset.

Vegetation Management Data Enablement is a technology that will support and
enhance the existing Vegetation Management control (C2). Overhead lines are
presently inspected at least annually by inspectors driving and walking the lines. The
Electric Vegetation Management department has acquired remote sensing data

(LIDAR, 20 video, orthoimagery, etc.) in recent years to improve transmission and
distribution routine maintenance, inspection, reliability and wildfire mitigation activities
by providing more accurate baseline data to enable managers to see how vegetation
interacts with other risk factors such as asset health and failure probability. This ability
to see the convergence of multiple risk drivers holds promise for enhancing PG&E’s
operational risk models

Approximately 31 percent of the 2012-2016 wire down events occurred on designated

storm days.21 The Storm Outage Prediction Project (SOPP) model is a storm damage
prediction system. The model allows PG&E to properly prepare and respond to storm
events. With proper staffing and resource preparations made ahead of a storm,
restoration and 911 response time can be greatly improved, allowing for faster
mitigation of events. The aim of the SOPP Objective Upgrade technology project is to
improve and automate the SOPP model, which will give PG&E the advanced knowledge
of how assets will be damaged in a wide variety of storm scenarios and incorporate grid
resiliency investments.

19

20

21

Initial asset classes (Distribution Poles and OH Primary Conductor, Substation Transformers and
Breakers) were selected based on volume, data availability, and historical replacement costs.

LiDAR—Light Detection and Ranging—is a surveying method that measures distance to a target by
illuminating that target with a pulsed laser light, and measuring the reflected pulses with a sensor.

Storm day is defined as a weather-day with more than 90 unplanned sustained outages with a daily
System Average Interruption Duration Index impact greater than 6.2 minutes.

9-16



V. Current Mitigation Plan (2017-2019)
The mitigations planned for 2017-2019 are listed below.

e M1 - Overhead Infrared Inspection: The 2017-2019 mitigation plans include
continuation of the infrared inspection program targeting approximately
12,500 circuit miles a year to complete the entire distribution overhead primary
conductor system by the end of 2019. With the completion of the program, PG&E
will have a complete inventory of the number of splices within the distribution
overhead primary conductor system and identification of the health of each span.
The data collected will help prioritize and target the conductors with the highest
potential for failure and may reduce the number of wire down events related to
Equipment Failure drivers (D2, D3, D4).

e M2 - Public Awareness Programs: The 2017-2019 mitigation plans include the
continuation of the annual Worker Beware Public Awareness program targeting
third-party contractors, additional social media distributions for the Mind-the-Lines
campaign, and inclusion of electric safety messaging into existing gas public
outreach programs targeting homeowners associations and landscaping companies.
The increased number of public outreach messages distributed to third-party
contractors and residential customers may reduce the number of Third-Party
Contact with Intact events (D1) or Third-Party (Wire Down) contact events (D6).

e M3 - Additional Public Awareness Outreach: This mitigation represents an addition
to PG&E’s existing public awareness (C1) portfolio discussed in the controls and
2017-2019 mitigation work section (M2) above. The mitigation creates additional
safety material warning residential customers of the dangers related to wire down
events and informs them of the hazards associated with performing activities
around intact overhead conductors. The material will be distributed in paper form
and electronically within a monthly bill prior to the beginning of summer each year.
Adding additional bill inserts to the public awareness portfolio would increase the
volume of public safety messaging with the goal of making the general public more
aware of the hazards associated with wire down events or overhead conductor. This
may reduce the number of Third-Party Contact with Intact Conductor (D1) and the
exposure related to the Third-Party (Wire Down) contact events (D6). Effectiveness
of this mitigation would be measured primarily through monitoring of injury and
fatality reportable incidents to the CPUC. This mitigation is shared with the TOHC
risk, and costs are split evenly between the two risks.

e M5 - Overhang Clearing: The Overhang Clearing mitigation performs clearing of
vegetation above overhead distribution primary conductors to reduce the chances
of a branch falling on the line leading to wire down events. Branch caused outages
represent approximately 24 percent of vegetation caused outages historically. Of
the branch caused outages, approximately 70 percent were due to overhanging
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branches. The mitigation includes approximately 24,000 miles of overhang clearing
over a 5-year period in high wildfire risk areas22 from 2018 and 2022.

This mitigation is also part of the Wildfire risk proposed plan.23 By targeting the
overhang clearing in designated high risk wildfire areas the proposed mitigation
could potentially mitigate both risks by reducing the chances of vegetation
caused wired down events and the possibility of fire ignitions. That is why the
same mitigation is included in both chapters. This chapter describes the
assumed effectiveness and corresponding RSE as it relates the DOCP risk.

Table 9-2: 2017-2019 Mitigation Work and Associated Costs

Associated 2017 2018 2019
Start End Driver and Estimate Estimate Estimate

# Mitigation Name Date | Date | Consequence ($000) ($000) ($000)
M1 | Infrared Inspection 2017 2019 | D3, D4, D5 -(Q -(Q -(Q
1,969 (E) 2,083 (E) | 2,151 (E)
M2 | Public Awareness 2017 2019 | D1, D6, SI, SF -(Q -(Q -(Q
Programs 250 (E) 258 (E) 267 (E)
M3 | Additional Public 2018 | 2022 | D1,DS6,SI, SF -(Q) -(Q) -(Q)
Awareness Outreach —(E) 40 (E) 40 (E)
M5 | Overhang Clearing 2018 2022 | D2 -(Q) -(0) -(0)
- (E) 17,28024 (E) 17,280 (E)
TOTAL Expense (E) and Capital (C) by Year -(C) -(C) -(C)
2,219 (E) 19,661 (E) | 19,738 (E)

Proposed Mitigation Plan (2020-2022)
PG&E performed an assessment of all mitigations considered and how each relates to
the drivers for DOCP risk. All mitigations considered are listed below:

e M3 - Additional Public Awareness Outreach: This mitigation is a continuation of
the current mitigation as described in Section IV.

e M4 - Distribution Right of Way Clearing: The Distribution right-of-way clearing
mitigation aims to establish a 20 foot right-of-way around targeted portions of
overhead distribution primary conductors, which reduces the probability of
vegetation caused wire down events. Approximately 42 percent of PG&E’s historical

22

23
24

The approximately 24,000 circuit miles represent all of the draft July 31 2017 Fire Map 2 elevated
and extreme areas.

Refer to Wildfire Chapter 11, Mitigation M4.

2018-2019 overhang clearing work will utilizing existing resources by re-prioritizing the current
vegetation management PS&R Program. 2020-2022 will be incremental work focused solely in
Wildfire areas in addition to the previously planned PS&R work.
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wire down events from 2012-2016 were related to trees or branches falling into
overhead distribution primary conductors. This mitigation includes 165 miles of
right-of-way clearing per year for 2020-2022. The program would target the circuits
with the highest historical vegetation caused outages due to wire down events in
PG&E’s system during 2012-2016.

As part of the Wildfire risk, one of the proposed mitigations is also related to
reducing vegetation near targeted portions of overhead distribution lines (Fuel

Reduction and Powerline Corridor Management(WF)).25 However, the
proposed Wildfire risk mitigation targets the work in designated high risk wildfire
areas rather than the circuits with the highest historical vegetation caused
outages due wire down events. The different target areas required different
approaches when calculating the potential effectiveness of the risk mitigation
and the corresponding RSEs. Although the proposed mitigation for Wildfire risk
targets different areas it does also have the potential to benefit the DOCP risk by
reducing vegetation caused wire down events in the areas cleared.

e M5 - Overhang Clearing: This mitigation is a continuation of the current mitigation
as described in Section IV.

e M6 - Targeted Conductor Replacement (#4 Aluminum Conductor Steel-Reinforced
(ACSR) in Corrosion Zones): This mitigation would target #4 ACSR distribution
primary conductors in designated corrosion zones for replacement, reducing the
probability of wire down events due to equipment failures. Over the 5-year period
2012-2016, equipment failures due to conductor or connectors make up
approximately 26 percent of PG&E’s historical wire down events (second largest
category behind Vegetation (42 percent)). Based on PG&E’s historical data, the
failure rate per 100 miles of #4 ACSR in corrosion zones is 4.25 times higher than the
system average. This mitigation would significantly increase the amount of
conductor replacement by adding an additional 210 circuit miles per year26
specifically targeting #4 ACSR in corrosion zones.

As part of the Wildfire risk one of the proposed mitigations is also related to
Targeted Conductor Replacement (WF),27 however it targets the work in
designated high risk wildfire areas rather than specifically #4 ACSR in corrosion
zones. The different target areas required different approaches when calculating
the potential effectiveness of the risk mitigation and the corresponding RSEs.
Although the proposed mitigation for Wildfire risk targets different areas it does
also have the potential to benefit the DOCP risk by reducing wire down events in
the areas worked.

25 Refer to Wildfire Chapter 11, Mitigation M3.
26 pG&E proactively replaces approximately 90 miles of distribution overhead conductor a year.

27  Refer to Wildfire Chapter 11, Mitigation M7.
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e M7 - Targeted Underground Conversion: The targeted underground conversion
mitigation would convert overhead primary distribution conductor to underground
primary conductor, and hence remove any opportunity for wire down events or
contact with intact events associated with overhead primary distribution conductor
on the circuit miles converted. However, this comes at a significantly higher cost.
This mitigation includes 50 circuit miles of targeted underground conversion per
year from 2020-2022. The program would target the circuits with the highest
historical vegetation caused outages in PG&E’s system.

PG&E’s proposed 2020-2022 mitigation plan consists of the Additional Public
Awareness Outreach (M3) and Overhang Clearing (M5) mitigations.

Infrastructure mitigations such as targeted conductor replacement or underground
conversion show relatively low RSEs in part because the model does not fully factor the

benefits over the life of the investment,28 extending beyond the 2020 General Rate
Case (GRC) period.

PG&E considered the RSE of each of the programs but also considered work execution
constraints, long-term benefits and long-term overall costs of each option when making
the final decision to select the following mitigation actions for the proposed plan:

e M3 - Additional Public Awareness Outreach: This mitigation has the potential for
reducing Third-Party (Wire Down) contact events (0.58 percent calculated

effectiveness)29 (D6), Third-Party Contact with Intact events (1.08 percent
calculated effectiveness) (D1), and minimizing the safety consequences
(injury/fatality) related to car-pole incidents involving energized lines (0.33 percent
calculated effectiveness) (Sl, SF). For PG&E, contact with intact overhead
conductors events make up 72 percent of all electric CPUC reportable events with
residential customers being involved in 46 percent of those events.
This mitigation would begin in the spring 2018, and would continue each
following year. Analysis of the impact of this mitigation would rely primarily on
metrics tracking fatalities and injuries reportable to the CPUC. Further methods
to measure impact and effectiveness, such as customer surveys, may be
developed in the future.

In 2015, the Worker Beware Program was implemented as part of the broader Public
Awareness program to focus on providing safety messages and training material for
third-party contractors. The program was implemented to target the second largest
category for CPUC reportable events. The random nature and circumstances that can
lead to a public contact event make it difficult to predict future occurrences. This

28 Refer to Risk Model Overview section for details.

29 Refer to WP 9-2 for details of the effectiveness calculation.
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combined with the size of PG&E's service territory requires a messaging approach that
can reach a large number of PG&E’s customers at one time. Residential customers
continue to be one of the most at-risk stakeholders when it comes to contact with intact
events. The bill inserts would represent an expansion of PG&E’s existing electric public
awareness outreach programs described above. PG&E believes that combining this
program with the existing customer safety and education initiatives (C1) provides
another opportunity to communicate public safety messages and assist in increasing
awareness around the hazards associated with contact with PG&E’s overhead lines at a
relatively low cost.

e M5 - Overhang Clearing: This mitigation has the potential for reducing Vegetation
caused wire down events (16.92 percent calculated effectiveness)30 (D2). For PG&E,
Vegetation makes up 42 percent of the historical (2012-2016) wire down events
involving distribution overhead primary conductor.

As mentioned above, this mitigation is the same mitigation that is in the Wildfire Risk

proposed plan. The mitigation would begin in 2018, and would continue each following

year. Analysis of the impact of this mitigation would rely primarily on metrics tracking
distribution wire down events caused by vegetation. Table 9-3 summarizes the
mitigations, associated drivers, RSEs, and associated costs for each year covered by the

2020 GRC. The funding for the Additional Public Awareness program will be split equally

between Transmission and Distribution Operations since it supports both overhead

conductor risks31 while the Overhang Clearing mitigation would be solely funded by
Distribution Operations because it focuses only distribution lines.

30 Refer to WP 9-10 for details of the effectiveness calculation.

31 The total program cost is approximately $80,000 a year with Transmission and Distribution
Operations each funding $40,000 a year.
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VI.

Table 9-3: Proposed Mitigation Plan and Associated Costs32

TARSE | EVRSE Associated 2020 2021 2022
(Units/ | (Units/ | Start | End Drivers & Estimate Estimate Estimate
# Mitigation Name SM) SMm) Date | Date | Consequences ($000) ($000) ($000)
M3 | Additional Public 21.133 | 18.335 | 2020 | 2022 | D1, D6, SI, SF -(Q) -(Q) -(Q)
Awareness 38-42(E) | 38-42(E) | 38-42(F)
Outreach
M5 Overhang Clearing 0.490 0.459 | 2020 | 2022 | D2 -(Q) —(Q) -(Q)
13,824 — 13,824 - 13,824 -
20,736 (E) | 20,736 (E) | 20,736 (E)
TOTAL PROPOSED PLAN TA RSE: 0.538 -(©) -(© -(©)
TOTAL Expense and Capital by Year 13,862 - 13,862 - 13,862 -
20,778 (E) | 20,778 (E) | 20,778 (E)
Alternatives Analysis
After assessing all of the mitigations, PG&E has two alternative plans to the proposed
mitigation plan. Alternative Plan 1 was created to include a mitigation to address each
of the three top drivers to the risk, Third-Party Contact with Intact conductor (D1),
Vegetation caused wire down events (D2), and Equipment Failure caused wire down
events (D3-D5). Alternative Plan 2 was created to include all dissimilar alternative
mitigations33 (M3, M4, M5, M6, M7). Both alternative plans considered and the
proposed plan are shown in Table 9-4.
Table 9-4: Mitigation List
TA RSE EV RSE Proposed | Alternative | Alternative
# Mitigation (Units/SM) | (Units/SM) Plan Plan 1 Plan 2 WP #
M3 | Additional Public 21.133 18.335 X X X WP 9-2
Awareness Outreach
M4 | Distribution Right-of-Way 0.413 0.389 X WP 9-6
Clearing
M5 | Overhang Clearing 0.490 0.459 X X WP 9-10
M6 | Targeted Conductor 0.033 0.031 X WP 9-14
Replacement (#4 ACSR in
Corrosion Zone)
M7 | Targeted Underground 0.021 0.020 X WP 9-18
Conversion

32 Proposed mitigation plan costs are listed without escalation. In the 2020 GRC, values will be

33

adjusted to include escalation.

PG&E also evaluated two additional Targeted Conductor Replacement mitigations that would focus
solely on #4 copper and #6 copper overhead primary conductors in corrosion zones respectively.

However, when comparing, the results of three similar alternative mitigations, the mitigation

targeting #4 ACSR had the largest RSE and therefore the 2 copper conductor mitigations were not
included in any of the mitigation plans.
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Figure 9-3: Alternatives by Cost34 and RSE Score
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Alternative Plan 1

PG&E’s Alternative Plan 1 considered for DOCP risk includes a mitigation to
address each of the top three risk drivers (Third-Party Contact with Intact,
Vegetation and Equipment Failure caused wire down events).

The Additional Public Awareness Outreach mitigation (M3) in PG&E’s Alternative
Plan 1 maintains the same scope and cost as in the proposed plan.

The incremental vegetation Overhang Clearing mitigation (M5) in PG&E’s
Alternative Plan 1 maintains the same scope and cost as in the proposed plan.

To minimize equipment failures related to conductor or connector caused wire
down events, PG&E calculated the value of increasing the annual volume of
replaced overhead primary conductor. Wire down events related to conductor
or connector failures is the second largest risk driver, behind vegetation, making
up an average of 26 percent of the annual wire down events. For this alternative
plan PG&E considered increasing the annual target of overhead conductor
replacement by 210 additional miles a year, tripling the current annual targets
for the program. The additional miles would solely focus on size #4 ACSR in
corrosion zones which has a 4.25 times greater likelihood of failure per 100 miles
when compared to the system average. This alternative plan would require an
additional $110.9 million annually, beginning in 2020. The alternative mitigation

34 Total cost over the life of the mitigations in each respective plan.
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plan was deemed not viable based on the low expected RSE and the need for the

program to replace conductor related to other prioritization factors.35

Due to the low total RSE for this alternative plan and the proposed conductor

replacement projects within the Wildfire risk, additional conductor replacement

focused solely on #4 ACSR in corrosion zones were not deemed reasonable at
this time. PG&E will incorporate the prioritization methodologies developed
during the RAMP process where applicable to the existing programs while
continuing to evaluate opportunities to reduce equipment failure caused wire
down events and improve risk quantification efforts.

Table 9-5: Alternative Plan 1 and Associated Costs

TA RSE EV RSE Associated 2020 2021 2022
Mitigation (Units/ | (Units/ Start End Driver and Estimate Estimate Estimate
# Name SMm) SM) Date Date | Consequence ($000) ($000) ($000)
M3 | Additional Public 21.133 18.335 2018 2022 | D1, Ds, SI, SF -(C) -(C) -(C)
Awareness 38-42 (E) 38-42 (E) 38-42 (E)
Outreach
M5 | Overhang Clearing | 0.490 0.459 2018 2022 | D2 -(Q) —(Q) —(Q)
13,824 - 13,824 - 13,824 -
20,736 (E) 20,736 (E) 20,736 (E)
M6 | Targeted 0.033 0.031 2020 2022 | D3, D4 105,336 - 105,336 - 105,336 -
Conductor 116,424 (C) | 116,424 (C | 116,424 (C)
Replacement —(E) —(E) —(E)
(4 ACSR in
Corrosion Zone)
TOTAL ALTERNATIVE PLAN 1 TA RSE: 0.137 105,336 - 105,336 - 105,336 -
TOTAL Expense and Capital by Year 116,424 (C) | 116,424 (C) | 116,424 (C)
13,862 - 13,862 - 13,862 -
20,778 (E) 20,778 (E) 20,778 (E)
B. Alternative Plan 2

PG&E’s Alternative Alan 2 considered for DOCP risk includes all dissimilar

mitigations to address the top three risk drivers (Third-Party Contact with Intact,

Vegetation and Equipment Failure caused wire down events).

The Additional Public Awareness Outreach mitigation (M3) in PG&E’s Alternative

Plan 2 maintains the same scope and cost as in the proposed plan.

The incremental vegetation Overhang Clearing mitigation (M5) in PG&E's
Alternative Plan 2 maintains the same scope and cost as in the proposed plan.

35 The current Overhead Conductor Replacement Program prioritization factors include: splice count,
wire down history, fault duty, location (corrosion or wildfire zone), and wire type.
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The increase in Targeted Conductor Replacement of #4 ACSR in corrosion zones
mitigation (M6) in PG&E’s Alternative Plan 2 maintains the same scope and cost
as in Alternative Plan 1.

To further reduce the number of potential future vegetation caused outages,
PG&E calculated the value in establishing a new 20-foot right-of-way around
targeted portions of overhead primary distribution lines. During 2012-2016,
579 out of 6841 (8.46 percent) vegetation caused wire down events involved
trees located within nine feet of the primary conductor. PG&E would establish
the right-of-way around the most historically impacted line segments targeting

165 miles a year.36 The initial cost to establish the right-of-way would be
approximately $10,000 a mile, with future maintenance costs estimated to be
approximately $1,200 a mile. Due to the low total RSE for this alternative plan
and the proposed Fuel Reduction and Powerline Corridor Management projects
within the Wildfire risk, additional right-of-way clearing focused solely in the
circuits with the highest historical vegetation caused outages were not deemed
reasonable at this time. PG&E will continue to rely on the ongoing vegetation
management activities described above and the proposed incremental
vegetation overhang clearing to reduce vegetation caused wire down events.

To eliminate future third-party contact with intact and wire down events, PG&E
calculated the value of performing targeted underground conversion of
overhead primary distribution conductor. PG&E would target conversion to
underground cable starting with the most historically impacted line segments

targeting 50 miles a year.37 The annual cost would be approximately

$150 million a year.38 The alternative mitigation was not viable based on the
low expected RSE and the complexity to execute.

Similar to Alternative Plan 1, due to the low total RSE of the Alternative Plan 2
combined with the overhead conductor replacement and Fuel Reduction and
Powerline Corridor Management projects proposed in the Wildfire risk, the
additional conductor replacement projects and underground conversions were
not deemed reasonable at this time. PG&E will incorporate the prioritization

36 13 circuits make up 11 percent (774) of all the Vegetation caused outage on PG&E’s system from

37

38

2012-2016. The 13 circuits totaled 1,160 miles, which represents 1.43 percent of PG&E’s
overall system.

The targeted underground conversion mitigation used the same approach as the distribution
right-of-way clearing mitigation described in footnote 19.

Estimated a $3 million per mile cost based on a 2016 CPUC California Overhead Conversion
Program, Rule 20A report using an average for urban areas in Table 1 of the report.
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methodologies developed during the RAMP process where applicable to the
existing programs while continuing to evaluate opportunities to improve risk
qguantification efforts.

Table 9-6: Alternative Plan 2 and Associated Costs
TA RSE EV RSE Associated 2020 2021 2022
(Units/ | (Units/ | Start End Driver and Estimate Estimate Estimate
# Mitigation Name SM) SM) Date | Date | Consequence ($000) ($000) ($000)

M3 | Additional Public | 21.133 | 18.335 | 2018 | 2022 | D1, D6, SI, SF -(0) -(0) -(0)
Awareness
outreach 38-42(E) | 38-42(F) 38-42 (E)

M4 | Distribution 0.413 | 0389 | 2020 | 2022 D2 -(C) -(C) -(Q)
Right-of-Way 1,568 - 1,756 - 1,944 -
Clearing 1,733(E) 1,940 (E) 2,148 (E)

M5 | Overhang 0.490 | 0459 | 2018 | 2022 D2 -(Q) -(Q) —-(0)
Clearing 13,824 - 13,824 - 13,824 -

20,736 (E) | 20,736 (E) 20,736 (E)

M6 Targeted 0.033 0.031 2020 | 2022 D3,D4 105,336 - 105,336 - 105,336 -
Conductor 116,424 (C) | 116,424 (C 116,424 (C
Replacement —(E) —(E) —(E)
(#4 ACSR in
Corrosion zone)

M7 Targeted 0.021 0.020 2020 | 2022 D1-D9 142,500 - 142,500 - 142,500 -
Underground 157,500 (C) | 157,500 (C) | 157,500 (C)
Conversion —(E) —(E) —(E)

TOTAL ALTERNATIVE PLAN 2 TA RSE: 0.079 18,022 - 18,210 - 18,398 -

TOTAL Expense and Capital by Year 19,919 (E) 20,126 (E) 20,334 (E)

247,836 - 247,836 - 247,836 -
273,924 (C) | 273,924 (C) | 273,924 (C)
VILI. Metrics

Current outcome metrics used to track the DOCP risk include the following:

Public Contacts: The number of electric incidents reported to the CPUC involving
third party fatalities or injuries, rising to the level of inpatient hospitalization,
attributable or allegedly attributable to contact with energized PG&E-owned electric
transmission, substation, and distribution facilities.

Distribution Wire Down Events: The number of instances where an electric
overhead primary distribution conductor is broken and falls from its intended
position to rest on the ground or a foreign object.

Electric Overhead Conductor Index (EOCI): Tracks work which directly supports safe,
reliable operations of overhead electric system conductor.

— EOCI index consists of 3 equally weighted metrics:
o Infrared Inspection Program: measures the number of circuit miles of

distribution overhead conductors inspected using infrared thermographic
technology.
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VIIL.

e Conductor Replacement Program: measures the number of overhead
primary distribution conductors that have been upgraded or replaced.

e Vegetation Management: tracks the number of trees trimmed and/or
removed as part of the distribution vegetation management
PS&R Program.

Proposed accountability metrics include the following, related to the proposed
mitigation and associated drivers:

Associated
Drivers &
Mitigation Consequences Proposed Metric Annual Target
Additional Public Awareness D1, D6, SI, SF Public Contacts with Energized <9
Outreach Facilities (Overhead Distribution
Primary Conductor events only)

Overhang Clearing D2 Miles of Overhang Clearing work 4,800 miles per
performed in high risk Wildfire yearin 2018
areas through 2022

Next Steps

The risk quantification effort undertaken as part of the RAMP process has provided an
important step into using a data driven statistical model to compare DOCP risk
investments and guide changes to PG&E’s investment plan. As PG&E continues to refine
risk modeling, PG&E will increase integration of model outputs into the investment
planning process as appropriate.

DOCP risk continues to be largely influenced by technical and subject matter expertise.
The DOCP operational risk model has helped PG&E consolidate alternative mitigations
into one place and provide a potential mechanism to compare those mitigations against
one another utilizing common units.

The DOCP operational risk model also provided insight into the overall consequences of
the risk and highlighted the need to differentiate between the two events currently
included in the DOCP risk, i.e., contact with intact conductor and wire down events. The
data collected for the model shows that fatalities on overhead primary distribution
conductors are mainly due to third-party contact with intact conductors, which is an
external event that is difficult for PG&E to control.

Additionally, when combined with the wire down events, the outputs of the model are
overstated due to the effects of combining the safety consequences related to
third-party contact with intact conductors, with the reliability impacts of wire down
events. This is illustrated in the MARS totals for Safety and Reliability (Figure 9-2).
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It should be noted that the data, assumptions, and analysis used in this chapter
represent the information available at the time it was prepared. This information is
expected to change in the future for many reasons including additional or improved
data availability, environmental risk factor changes and technology improvements.

Going forward, PG&E will evaluate the impacts and value of separating the third-party
contact with intact driver (D1) from the DOCP risk and continue to assess different
alternatives for reducing wire down events related to vegetation and equipment
failures.

The miles and age of conductors on PG&E’s system compared to current replacement
targets,39 means that future infrastructure investment needs will arise in this area.40
This fact emphasizes the importance of the work currently underway to continue
improving the quantification capabilities that will be used to define and prioritize those
future investment needs. PG&E also will continue to leverage future technology
developments and additional data to explore new ways to quantify DOCP risk and
manage the asset effectively and efficiently.

39 pG&E proactively replaces approximately 90 miles of distribution overhead conductor a year.

40 pG&Eis currently performing a study of the overhead conductor system to learn its expected
service life, the distribution of asset vintages across PG&E’s system, the primary factors associated
with the need to replace overhead conductor, and to derive a reasonable estimate of near- and
long-term replacement rates.
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I Executive Summary

RISK NAME Transmission Overhead Conductor (TOHC)

Public contact with energized intact overhead transmission conductor and
IN SCOPE .

TOHC wire down.

Wildfires caused by wire down events.1
OUT OF SCOPE

Employee or contractor contact with overhead transmission conductor.2
DATA Assessment informed by PG&E data, industry data, and subject matter expert
QUANTIFICATION (SVE) ot y ' v aata, ) P
SOURCES P

Pacific Gas and Electric Company’s (PG&E or the Company) Electric Operations (EO)
department has been reviewing the TOHC risk since the creation of the risk register in
early 2013. Overhead transmission lines are energized at high voltages, are exposed to
the public, and form the backbone of PG&E’s electrical system. Because of these
attributes, there are inherent risks associated with overhead transmission conductors.
Contact with these conductors could result in injuries and fatalities from shock and
electrocution, and failure of these conductors could result in large outages or system
instability. This risk continues to be a top priority for PG&E, as demonstrated through
on-going investments in conductor replacement, compliance, and public

safety programs.

This filing has been prepared and submitted against the backdrop of catastrophic
wildfires that occurred in PG&E’s service area beginning on October 8, 2017. Numerous
investigations are underway. Depending on the results of those investigations, there
could be an impact on PG&E’s future transmission and distribution risk management
approaches. PG&E has prepared this filing prior completion of the investigations as to
the causes of any of the recent wildfires. The filing needs to be considered in this
context. As with all risks in this filing, as more information becomes available, PG&E will
make any updates to this analysis, modeling and proposing mitigations that might
become appropriate.

Given this backdrop, it is important to note that the scope of this risk analysis
specifically excludes Wildfire, but TOHC is included as a risk driver to the Wildfire risk

1 Refer to Risk Chapter 11 — Wildfire.
2 Refer to Risk Chapter 14 — Contractor Safety and Risk Chapter 15 — Employee Safety.
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analysis.3 The wildfire-related impacts that may be caused by TOHC assets are
addressed in the Wildfire chapter, and not here, to avoid duplication.

To better understand this risk, in 2017, through the Risk Assessment and Mitigation
Phase (RAMP) process, PG&E’s EO department developed a probabilistic model to
qguantify the TOHC risk. The inputs into the TOHC risk model were developed using a
bow tie risk assessment and incorporated a combination of PG&E-specific data, industry
data, and SME judgement. The TOHC risk model was used to gain a better
understanding of the risk drivers associated with the risk, the range of consequences,
and where to target new mitigations.

As a result of the assessment, PG&E identified two main events associated with the risk:
(1) third-party contact with intact conductor (either directly or via an object) and
(2) third-party contact with wire down.

The assessment confirms that this risk is primarily a reliability risk rather than a safety
risk based on the risk events examined in the TOHC model. PG&E has approximately
18,000 circuit miles of overhead transmission line. Using PG&E collected data, from
2012 through 2016, there have been an average 0.6 third-party injuries and

0.6 third-party fatalities a year, due to contact with overhead transmission conductor.
The fatalities were caused by the unauthorized climbing of PG&E structures, an external
event that is difficult for PG&E to control given the scope of its overhead transmission
system. In that same time period, there has been an average of 55.8 PG&E transmission
overhead wire down events per year, none resulting in injuries or fatalities. The highest
frequency drivers that cause wire down events are vegetation, third-party actions (such
as vehicle collisions with PG&E assets), and conductor failures due to factors such as
equipment deterioration.

Through the risk assessment process, PG&E objectively evaluated its ability to reduce
the TOHC risk at a reasonable cost. This risk quantification brought greater visibility to
actual system exposure and drove PG&E to better quantify effectiveness of risk
mitigations. To reduce TOHC risk, PG&E will implement a mitigation plan that consists
of four mitigations: (1) Additional Public Awareness Outreach; (2) Additional Right of
Way Expansion; (3) Additional Overhead Conductor Replacement; and (4) Additional
Insulator Replacement. These mitigations address some of the largest drivers to wire
down, including Vegetation and Equipment Failure — Conductor, and align with PG&E’s
overall asset lifecycle management objectives, where PG&E proactively replaces
equipment that is approaching the end of its useful life.

3 The “Equipment Failure — Conductor” risk driver included in the Wildfire risk analysis includes
wildfires initiated by TOHCs and distribution overhead conductors.
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Areas for continued model development and risk quantification include potential
refinement of the assumptions used to model the efficacy of the mitigations included in
the model. Refinement may include increasing the granularity of the modeled
mitigations, including mitigation benefits beyond the current RAMP timeframe, and
factoring in benefits from the mitigations outside of the specific TOHC risk events.
Another opportunity for improvement involves modeling the increase in risk with time
due to degradation of asset health as legacy equipment reaches the end of its useful life.
This forward looking approach would enable effective quantification of steady state
controls and identify opportunities to increase or decrease asset lifecycle replacement
to manage risk within a given tolerance.

Risk Assessment

A. Background

Overhead transmission lines are energized at high voltages, are exposed to the public,
and form the backbone of PG&E’s electrical system. Because of these properties,
overhead transmission conductors have inherent risk. Contact with these conductors
could result in injuries and fatalities, and failure of these conductors could result in large
outages or system instability.

To help manage this risk, PG&E’s EO department has been reviewing the risk since the
creation of the risk register in early 2013. PG&E’s assessment of the risk has evolved

since that time, and PG&E currently assesses two potential events associated with the
risk: third-party contact with intact conductor and third-party contact with wire down.

In a third-party contact with intact conductor event, a member of the public makes
contact with a conductor that has not failed. Generally, on the transmission system, this
involves contact with conductor through unauthorized climbing of PG&E structures or
work occurring near the conductor.

In a wire down event, a conductor falls to the ground. Wires could fail due to several
drivers, including vegetation falling onto lines, equipment failure, and third-party vehicle
collisions with support structures and conductors. Wire down events do not generally
result in safety incidents because the transmission system has stringent system
protections which de-energize lines relatively quickly. High voltage faults are more
easily detected by the protection system, and transmission lines are generally located in
less populated areas. All of these factors tend to reduce the safety issues associated
with wire down events.

The events examined in this risk may also result in wildfire. Because wildfire is a risk
with several drivers, including drivers that are not included in the TOHC risk, the wildfire
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related risks of TOHC assets are described separately in detail in the Wildfire
risk chapter.

This chapter discusses the inputs to and outputs of PG&E’s quantitative model for the
TOHC risk. It outlines the risk exposure, drivers, and consequences, and discusses
current controls in place that manage this risk, as well as mitigations PG&E plans to
implement to reduce this risk.

Figure 10-1: Risk Bow Tie

Risk top-level drivers

Risk event(s) Risk event(s) Consequences
Exposure Frequency? Al BL3
D1 - 3" Party (Contact w intact): [PG&E Data] —®—opsg -
Contact with Safety-Injuries
intact energized
D2 - Vegetation: [PG&E Data] —! —12.8— overhead
conductor Safety-Fatalities
D3 - Equipment Failure - Conductor: [PG&E Data] —.— 10.6 —
° 0.8 Contact with
. . i Environmental
D] D4 - Equipment Failure - Connector/Hardware:[PG&E Data] —.— 5.6 — energized
Miles of overhead
Transmission . . . conductor?
circuits: D5 - Equipment Failure — Other: [PG&E Data] —.— 9.0 —] Reliability
[PG&E Data]
18k D6 - 3 party (WD): [PG&E Data] —.— 11.4 — 0.8
—  Wires Down \i/ —— Compliance
D7 - Animal: [PG&E Data] —— 0.4 — 1.25Years/
Risk Event
—— Trust
D8 - Natural Forces:[PG&E Data] —.— 5.2 —
55.8
D9 - Company initiated:[PG&E Data] ——e— 0.8 — L Financial

Walues displayed are means of each distribution and are in the units of events/vear. Driver freauencies are summed to obtain the Risk event freauency.
2Drivers are modeled using Poisson and Binomial distributions.
3100% of D1 and 0% of D2-D9 may potentially remain energized.

B. Exposure

This risk is modeled using 18,352 circuit miles of TOHC as an exposure input, which is
expected to remain relatively constant throughout the time horizon addressed by this
filing. Circuit miles of TOHC have not materially changed since 2012 and there are no
projects, developments, or expansions underway or planned that would change this
exposure to any significant degree.

The circuit mileage data is sourced from historical end-of-year overhead line mileage

reports extracted from PG&E’s Electric Transmission Geographic Information System.4

The circuit mileage for this model includes idle line circuit miles. Idle transmission lines may remain
energized at a designated voltage to help locate faults, which is important in the event those lines.
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Risk exposure is not evenly distributed across PG&E’s transmission overhead system.
Some lines have a higher risk of failure than others. For example, lines have a higher
likelihood of wire down when built near dense vegetation or when constructed in areas
that experience more extreme weather. Due to this geographic and environmental
diversity, the risk profile for PG&E’s transmission overhead system is quite asymmetric
resulting in a small fraction of PG&E’s transmission overhead system representing a
majority of the system risk exposure. As such, mitigations targeted in these higher risk
areas have a greater impact in reducing risk. Where possible, PG&E has factored
increased risk reduction from targeted work into its mitigation efficacy assumptions.

C. Drivers and Associated Frequency

Similar to Distribution Overhead Conductor Primary (DOCP) risk, PG&E divides the
drivers of this risk into two sets based on the two risk events examined in this risk. The
first set is related to the public contact with energized intact overhead conductor risk
event. For the purpose of modeling this risk, contact with intact events were grouped
as a single driver:

e D1 -3rd Party (Contact with intact). Third-party contact with intact conductor.
This driver represents public contact with intact transmission conductor where
there were fatalities or injuries, requiring in-patient hospitalization. The frequency
of this driver is based on the public injury and fatality data that PG&E reports to the
California Public Utilities Commission (CPUC). In the TOHC risk model, PG&E used
data from the years 2012-2016. These years were selected to be consistent with
the data available for the wire down drivers described below. The information is
sourced from PG&E’s electric incident reporting database. Between 2012 and 2016,
there were four third-party events involving contact with intact conductor that
resulted in injury or fatality, or an average of 0.8 events per year. Three of those
events resulted in a single fatality each (or 0.6 fatalities per year), and one resulted
in injuries to three people (or 0.6 injuries per year).

The second set of drivers is related to the TOHC wire down risk event. The drivers
to this event include the different causes that lead to wire down. The frequencies
of these drivers are based on data that has been collected on PG&E transmission
wire down events between 2012 (when PG&E first began collecting this data) and
2016. The data is comprised of information which includes the cause of each wire
down event and the impact of any resulting outage.

For wire down events, the TOHC risk model assumes that transmission overhead
wires do not remain energized when there is a wire down event. This assumption is
based on PG&E SME experience—according to which, no wire down has remained
energized from a primary source. In some cases, wire down may remain energized
at less than nominal voltage due to secondary sources such as induction from other
circuits or phases, or it may remain energized, due to backfeed from substation
transformers, but PG&E does not currently have data to determine how often

this occurs.
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Based on the wire down data, PG&E has categorized the wire down events into
eight drivers summarized below in order of highest frequency to lowest. Note that
the driver numbering (D2 through D9) is based on the order of the drivers as they
are listed in the model rather than the order in which they appear below.

D2 - Vegetation: Tree, tree limb, or other vegetation contact with conductors that
result in wire down events. Vegetation can physically bring down conductors when
it falls onto conductors or it could cause faults that result in conductor failure and
wire down. This driver was associated with 64 out of 279 (22.9 percent) wire down
events from 2012-2016, or an average of 12.8 events per year.

D6 - 3rd Party (Wire Down): Actions initiated by third parties that result in wire
down events. This driver includes aircraft contacts, automobile collisions,
vandalism (e.g. Gunshots), and contact with other foreign objects such as ships,
balloons, cranes, etc. This driver was associated with 57 out of 279 (20.4 percent)
wire down events from 2012-2016, or an average of 11.4 events per year.

D3 - Equipment Failure — Conductor: Deterioration of conductor due to wear and
tear that results in wire down events. This includes failures due to stressors such as
vibration. This driver was associated with 53 out of 279 (19.0 percent) wire down
events from 2012-2016, or an average of 10.6 events per year.

D5 — Equipment Failure — Other: Failure of other line equipment such as poles,
insulators, and distribution lines which result in wire down events. Includes all
equipment failures not in the Equipment Failure — Conductor and Equipment
Failure — Connector/Hardware driver categories. This category also includes wire
down due to contamination by animal waste or dust. This driver was associated
with 45 out of 279 (16.1 percent) wire down events from 2012-2016, or an average
of 9.0 events per year.

D4 - Equipment Failure — Connector/Hardware: Deterioration of connectors,
splices, or other connecting hardware that results in wire down events. This driver
was associated with 28 out of 279 (10.0 percent) wire down events from
2012-2016, or an average of 5.6 events per year.

D8 — Natural Forces: Natural phenomena such as fire and lightning that can bring
down PG&E assets and result in wire down events. This driver was associated with
26 out of 279 (9.3 percent) wire down events from 2012-2016, or an average of 5.2
events per year.

D9 - Company Initiated: Actions initiated by PG&E workers, such as those initiated
through work procedure errors, which result in wire down. This driver was
associated with 4 out of 279 (1.4 percent) wire down events from 2012-2016, or an
average of 0.8 events per year.

D7 — Animal: Animal contacts that result in wire down. Typically, this involves
animals making contact with multiple conductors of a transmission line, creating a
fault between the two conductors that result in wire down. This driver was
associated with 2 out of 279 (0.7 percent) wire down events from 2012-2016, or an
average of 0.4 events per year.
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Consequences
PG&E applies a standardized approach to measuring consequences as part of its

enterprise risk program. As such, the consequences of this risk are based on six impact

categories: safety, environmental, reliability, compliance, trust, and financial. For
additional granularity, safety category is further divided into injuries and fatalities.

Figure 10-2 below shows the range of consequences and the attributes that help

describe the expected value and tail average risks and the associated Multi-Attribute
Risk Score (MARS) values.

Figure 10-2: Consequence Attributes

Source

Safety-Injuries

CPUC Data

Safety-Fatalities

CPUC Data

Environmental

NA

Reliability

PG&E Data

NA

Compliance

PG&E Data and SME
Input

Financial

PG&E and Claims Data

Safety consequences
are only on OHC that
stay energized

Percent of events
with an injury =100%

Safety consequences
are only on OHC that
stay energized

Percent of events
with a fatality=100%

Covered in the
wildfire risk model

Percent of OHC
events with resulting
in an outage=57%

Ave duration of
outage=805k min

Dependent on Safety
outcomes.

If there are any
fatalities= High
severity brand

Restoration costs
results from all OHC
events:

Ave=$23k

Std Dev=528k
(Lognormal)

*Ave of Year 1-6 Tail Ave outcomes in Natural units
ZAve of Year 1-6 Tail Ave outcomes in MARS units

(Exponential) favorability change -
Mean=0.75 Mean=0.75 N
a (Poisson) (Poisson) Ifthere are injuries
.g without fatalities, :
F 50/50 chance of Low R
.5 or Severe i PP T
&
a +
3 Compensatory claims
E High severity=6-10% from OHC events that
g Severe=2.5-6% stay energized:
2 Low=0-2.5% Ave=5$1.1M
S (Uniform) Std Dev=50.9M
(Lognormal)
Outcome-
TANUL 2.97 2.97 38,163,873 9.42% 55,221,186
Qutcome-
TA-MARS? 0.81 81.03 95.41 47.12 313
MARS Total 227.50

o Safety — Injuries (SI): This risk focuses on injury consequences resulting from shock
due to contact with energized conductor. As inputs into the TOHC risk model, PG&E
is using historical injury data reported to the CPUC for the years 2012-2016. These
years were used to be consistent with the wire down data used in the model. Over
that time period, there have been a total of 3 injuries from 1 contact with intact

conductor event, and no injuries from wire down events. Using this input, the
TOHC operational risk model calculated a baseline tail average of 2.97 injuries a

year for this risk, resulting in a contribution of 0.81 MARS units from this
consequence category.

Safety — Fatalities (SF): This risk focuses on fatality consequences resulting from
electrocution due to contact with energized conductor. As inputs into the model,
PG&E is using historical fatality data reported to the CPUC for the years 2012-2016.
These years were used to be consistent with the wire down data used in the model.
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Over that time period, there have been a total of three fatalities from

three separate contacts with intact conductor events, and no injuries from wire
down events. All fatalities were related to the unauthorized climbing of PG&E
structures. Using this input, the TOHC risk model calculated a baseline tail average
of 2.97 fatalities a year, resulting in a contribution of 81.03 MARS units from this
consequence category.

e Environmental (E): Environmental consequences are measured in dollars.
Environmental consequences for wire down and contact with intact events revolve
around wildfire. These consequences are discussed in the Wildfire chapter and are
excluded from the TOHC risk model to avoid duplication in model outputs.

e Reliability (R): Reliability consequences are measured in customer outage minutes.
To model reliability consequences, PG&E is using wire down outage information
from the 2012-2016 wire down data. Because the TOHC risk is limited to examining
two specific public safety events (third-party contact with intact conductor and wire
down), outages that do not result from these safety events are not included in the
model. Because redundancy is designed into the transmission system, about
57 percent of wire down events have resulted in outages over the 2012-2016
timeframe. For the wires down events that did result in outages, the average event
resulted in 804,788 customer outage minutes. Using this input, the TOHC risk
model calculated a baseline tail average of 38,163,873 customer outage minutes
per year, resulting in a contribution of 95.41 MARS units from this consequence
category.

e Compliance (C): Compliance consequences are measured in dollars. Compliance
costs were not used in the model because regulatory fines are shareholder funded
and not applicable in the RAMP analysis.

e Trust (T): Events are dependent upon safety outcomes, both injury and fatality, and

categorized as: low, severe, and high. This methodology was used across all risks.>
For this risk, PG&E assumed approximately half of the impact, based on qualitative
observation of the consequences of past wire down and contact with intact events.
This results in a high severity bounds of 6-10 percent, severe bounds of

2.5-6 percent, and a low bound of 0-2.5 percent. Using this input, the TOHC risk
model calculated a baseline tail average of 9.42 percent brand favorability
reduction per year, resulting in a contribution of 47.12 MARS units from this
consequence category.

e Financial (F): Financial consequences are measured in dollars. To model financial
consequences, PG&E is using, as inputs, wire down restoration costs and
compensatory claim costs related to TOHC. Restoration cost data was collected by
sampling maintenance work orders that involved broken conductor, wire down, or
conductor repair. The average value of restoration costs was calculated to be
$22,645 per event. Compensatory claim costs are based on two data sources. The
first data source is PG&E’s claims database which contains information on claims

5 Referto Chapter B, Risk Model Overview, for the trust consequence calculation details.
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filed with PG&E involving TOHC. This database generally includes smaller claim
amounts. Industry data was also used as an input to capture larger compensatory
claim amounts. The data used represents major liability losses incurred by litigation
or claims on the utilities (not limited to PG&E incidents). PG&E’s internal database
shows 15 claims related to transmission overhead facilities, all without payment in
the time period (note that some claims may still be open). The data shows four
transmission overhead items between 2011 and 2016 with loss amount values. On
average, these four items resulted in an average $1,125,000 self-insured retention
amounts paid out by the utilities. Using these inputs, the TOHC risk model
calculated a baseline tail average of $5,221,186 of financial costs per year, resulting
in a contribution of 3.13 MARS units from this consequence category.

V. 2016 Controls and Mitigations (2016 Recorded Costs)
Each of the items described in this section helps to control the frequency or
consequence of one or more drivers of the TOHC risk. Table 10-1 at the end of this
section summarizes the 2016 recorded costs for the controls.

e C1 - Design, Construction, and Operation: Includes procedures such as
engineering standards, material specifications, operation manuals, etc., and the
work where those procedures are implemented. This category encompasses a large
number of individual controls that are in place to control the TOHC risk, including
warning signage requirements, fencing, and conductor clearance requirements, all
of which are designed to ensure the correct installation and operation of TOHC and
associated equipment. This control reduces the exposure related to all risk drivers
for this risk.

e C2 - Anti-Climbing Guards: PG&E installs these guards per PG&E guarding guidance

documents, which are aligned with CPUC requirements.6 These documents contain
criteria for where climbing guards must be installed. In addition to those
requirements, PG&E also has processes in place to evaluate the installation of
additional anti-climbing guards on structures with evidence of climbing in the past.
Anti-climbing guards deter the unauthorized climbing of PG&E structures by
members of the public, reducing the risk of contact with intact conductor. This
control reduces the exposure related to the third-party Contact with Intact
Conductor driver.

e C3 —Inspection and Maintenance: This control represents PG&E inspection and
maintenance of overhead lines. It includes visual and infrared inspections,
completion of maintenance work identified through those inspections, and
maintenance work identified through other work streams. This control reduces the
risk exposure associated with all the drivers for this risk, e.g., clearances corrected,
reducing chance of animal contact.

6 The guarding requirements can be found in CPUC General Order 95 Rules 51.6-B and 61.6-B.
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C4 — Public Awareness Programs: This control represents PG&E external
communication and outreach programs designed to educate the public on the
hazards associated with wire down and contact with intact conductor. These
programs also include communications to educate third-party workers who may
work near transmission lines of the danger of working around those lines. This
control reduces the exposure related to the Third-party Contact with Intact
Conductor and 3rd Party (WD) risk drivers, and directly reduces safety
consequences (both injury and fatality) — members of the public who understand
the hazards associated with conductors are less likely to contact conductors.

C5 - Aircraft Line Markers: This control represents PG&E’s installation of line
markers (such as marker balls) on conductor spans to increase visibility of those
spans to aircraft. PG&E also installs lighting on structures supporting the conductor
to increase visibility of those structures. This control reduces the likelihood of
aircraft contact into overhead lines, therefore reducing the exposure related to the
Third-party Contact with Intact Conductor and 3rd Party (WD) risk drivers.

C6 — Animal Abatement: This control represents PG&E’s installation of equipment,
such as bird and squirrel guards, on overhead lines to prevent animal contact with
conductors. These devices deter animals from perching or walking on areas of line
where they may come between conductors, creating a fault on a line. Reducing the
likelihood of faults on lines due to animal contact reduces the likelihood of wire
down. This control reduces the exposure related to the Animal risk driver.

C7 - Capacity Program: This control represents PG&E’s programs to monitor and
control loading on lines. This control includes modelling electrical loading on lines,
and constructing and upgrading lines to provide additional capacity to reliably
support increased load. These programs reduce the likelihood of overloading,
which can accelerate the deterioration of line equipment and eventually cause wire
down events. This, in turn, results in reduction to the exposure related to the
Equipment Failure — Other, Equipment Failure — Connector/Hardware, and
Equipment Failure - Conductor risk drivers.

C8 — Restoration and Response: This control represents PG&E’s processes to
respond to and restore outages, and the work where those processes are
implemented. It includes procedures to make areas safe after wire down events,
and the repair of those wires down. PG&E’s response after a wire down event
limits the potential consequences of that event, directly reducing consequences
associated with safety (injury and fatality), reliability, trust, and financial impacts.

C9 — System Protection Program: This control represents system protection
schemes and the devices that activate when abnormalities are detected on PG&E
transmission lines. Protective relaying, which can de-energize lines when faults are
detected fall into this control category. System protection limits the potential
consequences of wire down events, directly reducing consequences associated with
safety (injury and fatality), trust, and financial impacts.

C10 — Vegetation Management: This control represents PG&E programs to manage
vegetation near transmission lines. It includes the annual patrol of vegetation
around lines, and the work to manage vegetation (clearing, removal) identified
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through those patrols. Vegetation management reduces the likelihood of
vegetation contact with overhead conductor, which may lead to wire down events.
This control reduces the exposure related to the Vegetation and Natural Forces risk
drivers.

Two mitigations described below are categories of work performed in 2016. As
discussed in later sections, these two mitigations will continue through 2022. PG&E
may propose continuation beyond 2022 based on the results and lessons learned
from the mitigation work.

M1A - Conductor/Equipment Replacement Programs (2016): These programs
were mitigations in 2016, and represent PG&E work to proactively replace
conductor and equipment on PG&E lines. It includes work such as conductor
replacement, targeted circuit reliability work, and insulator replacement work,
where assets are replaced on circuits for reliability and lifecycle purposes. The
conductor and insulator replacement portions of this mitigation will, in general,
increase in scope going into 2019 (mitigations M4 and M5 discussed below), then
increase further in scope through 2022 (mitigations M7 and M8 discussed below).
This control reduces the exposure related to the Equipment Failure — Other,
Equipment Failure - Connector/Hardware, Equipment Failure — Conductor, and
Natural Forces risk drivers.

M2A - Right of Way Expansion (2016): Right of way expansion was a mitigation in
2016. This mitigation represents programs to extend the rights of way around
transmission overhead lines most at risk for vegetation related outages, and the
clearing of vegetation within those rights of way. The vegetation related work
involved in right of way expansion is typically larger in scope than general
vegetation management in that it requires the removal of all trees and other
vegetation within the transmission lines’ right of way. In 2016, PG&E began
increasing the scope of its Right of Way Expansion work. The increase in scope will
continue into 2019 then increase further in scope through 2022 (as discussed
below). This control reduces the exposure related to the Vegetation risk driver.
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Table 10-1: Risk Controls and 2016 Recorded Costs

2016
Associated Recorded
Driver and Funding | 2016 Recorded Capital
# Control Consequence | Source | Expense ($000) ($000)
Design, Construction and
C1 Operation D1-D9 TO - 178,565
Cc2 Anti-Climbing Guards D1 TO - 297
c3 Inspection and Maintenance D1-D9 TO 39,249 2,969
ca Public Awareness Programs D1, D6 TO 61 -
c5 Aircraft Line Markers D1, D6 GRC 225 17,980
TO 109
c6 Animal Abatement D7 TO 28 1,164
c7 Capacity Program D3-D5 TO - 104,157
c8 Restoration and Response SI,SF,R, T, F TO 1,492 10,219
c9 System Protection Program SI,SF,T,F TO N/A N/A
C10 | Vegetation Management D2, D8 TO 45,473 -
M1A | Conductor/Equipment D3-D5, D8 TO - 20,278
Replacement Programs (2016)
M2A | Right of Way Expansion (2016) D2 TO - 3,236
. GRC 225
TOTAL Expense and Capital 10 86,351 338,867

In addition to these controls, PG&E is also building foundational tools that will provide
further controls for this risk, such as the Transmission Support Structures (TSS) tool,
which will improve the process for Transmission Support Structures Loading
Calculations. The aim of the TSS technology project is to centralize the data for all PG&E
transmission structure assets, improve data quality, improve data access, and improve
response to outages. This will enhance risk management decision-making on
transmission assets.
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Current Mitigation Plan (2017-2019)

In addition to the work listed above, PG&E is performing incremental mitigations in
2017-2019 as listed below. Much of this work consists of expansion in scope to the two
existing mitigations listed in the controls section above (M1A — Conductor/Equipment
Replacement Programs, M2A — Right of Way Expansion). These mitigations were
chosen, in part, because of their alignment with existing asset strategy plans that were
developed based on technical evaluation and subject matter expertise. These
mitigations will continue to expand in scope through 2022, and potentially beyond
based on the results and learnings from the mitigation work.

The mileages referenced below are approximations and may change as project plans are
completed and finalized.

e M1B - Additional Overhead Conductor Replacement (2017-2019): This mitigation
will expand PG&E’s conductor replacement program, a part of the
Conductor/Equipment Replacement Programs mitigation (M1A) described in the
controls section of this chapter. The program is intended to improve asset life and
performance by replacing conductor that is approaching end of life, is obsolete, or
is poorly performing. By replacing more conductors, this mitigation further reduces
the likelihood that the above factors will result in conductor failure and wire down.
This mitigation will further reduce the exposure related to the Equipment Failure —
Conductor (D3) as well as the Equipment Failure — Connector/Hardware (D4)
drivers, since replacing conductor would also eliminate splices on the replaced line.
Effectiveness of this mitigation will be measured primarily through metrics that
track wire down events. This mitigation will be performed on approximate average
of 7 circuit miles per year between 2017 and 2019, targeting primarily 60
kilovolt (KV) and 115 kV circuits, which data shows are more at risk of conductor
failure related wire down.

e  MI1C - Additional Insulator Replacement (2017-2019): This mitigation will expand
PG&E’s insulator replacement program, a part of the Conductor/Equipment
Replacement Programs mitigation (M1A) described in the controls section of this
chapter. By expanding insulator replacements, PG&E will improve asset life and
performance by replacing insulators that are obsolete, approaching end of life, or
are poorly performing. By replacing more insulators, this mitigation will further
reduce the likelihood that the above factors will result in insulator failure and wire
down. This mitigation will further reduce the exposure related to the Equipment
Failure - Other (D5) risk driver, which includes wires down due to insulator failure.
Effectiveness of this mitigation will be measured primarily through metrics that
track wire down events. This mitigation will be performed on an approximate
average of 59 miles per year between 2017 and 2019.

¢ M2B - Additional Right of Way Expansion (2017—2019): This mitigation will
increase PG&E’s right of way expansion program described in mitigation M2A in the
controls section of this chapter. The additional work will target the worst
performing 8 percent of transmission line miles that experience 80 percent of
PG&E’s vegetation related outages. These targeted circuits will be prioritized in
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3 tiers determined by outage activity over the previous 3 and 10 year periods. The
two time periods were chosen to ensure that circuits with both a long history, as
well as those with only a more recent history of vegetation related outages are
addressed by the plan. The first tier covers 60 percent of the vegetation related
transmission line outages and represents worst performing circuits using both the
3 and 10 year data sets. Tier 2 covers an additional 10 percent of vegetation related
outage activity and is based on the last 3 years of outage data. Tier 3 covers an
additional 10 percent of outage activity as define by the worst performing circuits
over the last 10 years. Because a majority of vegetation issues are on this small
population of lines, the work will efficiently reduce the exposure related to the
Vegetation (D2) risk driver. Effectiveness of this mitigation will be measured
primarily through metrics tracking wire down events. The mitigation will be
performed on an approximate average of 119 circuit miles per year between

2017 and 2019.

e M3A - Additional Public Awareness Outreach (2017-2019): This mitigation
represents an addition to PG&E’s Public Awareness Programs (C4) discussed in the
controls section of this chapter. This mitigation involves the creation of a new
program to draft and mail out, twice per year, bill inserts that warn customers of
the dangers of wire down, and to inform them of the hazards associated with
performing activities around intact overhead conductor. Adding these outreach
materials to the public awareness portfolio will make the general public more
aware of the hazards associated with overhead conductors, which may reduce the
number of contacts with energized conductors and reduce the exposure related to
the Third-Party (Contact w intact) (D1) driver. The risk model assumes negligible
impact to post risk event consequences, such as contact with wires down, since
TOHCs are significantly less likely to remain energized during wire down events.
Effectiveness of this mitigation will be measured primarily through monitoring of
injury and fatality reportable incidents to the CPUC. This mitigation is shared with
EO’s DOCP risk, and costs are split evenly between the two risks. This mitigation
will begin in 2018.

The scope of the mitigations between 2017 and 2019 are based, generally, on PG&E’s
ability to execute the projects contained in each mitigation plan. Most transmission line
work has a multi-year duration, and work execution can fluctuate year over year as
parallel projects are started and completed. Additionally, project execution may take
time to ramp up, as dependencies such as design, planning and permitting limit the
amount of work that can be done early in the program/project lifecycle.

Table 10-2 shows the estimated costs associated with 2017-2019 TOHC risk
mitigation work.
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VI.

Table 10-2: 2017 to 2019 Mitigation Work and Associated Costs

Associated 2017 2018 2019
Start Driver and Estimate Estimate Estimate
# Mitigation Name Date End Date Consequence ($000) ($000) ($000)

M1B | Additional Overhead | 2017 | 2019 (Will D3, D4 3,721 (C) 12,667 (C) | 6,977 (C)
Conductor lead into —(E) —(E) —(E)
Replacement mitigation
(2017-2019) M1D in 2020)

M1C | Additional Insulator | 2017 | 2019 (Will D5 619 (C) 14,917 (C) | 18,443 (C)
Replacement lead into —(E) —(E) —(E)
(2017-2019) mitigation

M1E in 2020)

M2B | Additional Right of 2017 | 2019 (Will D2 6,737 (C) 10,024 (C) | 12,007 (C)
Way Expansion lead into —(E) —(E) —(E)
(2017-2019) mitigation

M2C in 2020)

M3A | Additional Public 2018 | 2019 D1 —-(C) -(C) -(Q)
Awareness Outreach —(E) 40 (E) 40 (E)
(2017-2019)

TOTAL Expense and Capital by Year 11,077 (C) | 37,609 (C) | 37,426 (C)

—(E) 40 (E) 40 (E)

Proposed Mitigation Plan (2020-2022)
PG&E performed an evaluation of all mitigations considered and how each relates to the

TOHC risk drivers. The mitigations included in the proposed plan are listed below. The

mileages referenced are approximations and may change as project plans are

completed and finalized.

M1D - Additional Overhead Conductor Replacement (2020-2022): This mitigation
represents an increase to the conductor replacement work previously described in
mitigations M1A and M1B to further reduce exposure related to the Equipment
Failure - Conductor (D3) and Equipment Failure — Connector/Hardware (D4) wire
down drivers. It increases overhead transmission conductor replacements from an
average of 7 miles per year in 2017-2019 to an approximate average of 26 miles per
year in 2020-2022.

MI1E — Additional Insulator Replacement (2020-2022): This mitigation represents
an increase to the insulator replacement work previously described in mitigations
M1B and M1C to further reduce exposure to the Equipment Failure — Other (D5)
wire down risk driver. It increases insulator replacements from an average of

59 miles per year in 2017-2019 to an approximate average of 139 miles per year
in 2020-2022.

M2C — Additional Right of Way Expansion (2020-2022): This mitigation represents
an increase to the right of way expansion work previously described in mitigations
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M2A and M2B to further reduce exposure related to the Vegetation (D2) risk driver.
It increases right of way expansion from an average of 119 miles per year in
2017-2019 to an approximate average of 177 miles per year in 2020-2022.

e M3B - Additional Public Awareness Outreach: The proposed plan also includes the
continuation of the Additional Public Awareness Outreach mitigation (M3A)
outlined in Section IV - Current Mitigation Plan (2017 to 2019).

The proposed plan was established based on PG&E’s current overall TOHC asset strategy

plan. PG&E’s asset strategy is informed by the risk quantification generated by the

TOHC risk model, PG&E’s Wildfire risk model, and additional quantification of reliability

risk exposure modeled outside of RAMP. PG&E is continuing its evaluation of the model

outputs and using the outputs to confirm, inform, and adjust its transmission
investment strategy rather than to completely replace that strategy. As a result, not all
the proposed mitigations have the highest Risk Spend Efficiencies (RSEs) per the TOHC
risk model.

The proposed plan fulfills PG&E’s safety, reliability improvement, and lifecycle
replacement asset strategy goals in a cost effective way. Because several of these
mitigations are expansions of existing work, PG&E has a good understanding of the
benefits of the work, and can take advantage of existing experience to complete the
work efficiently. In addition, the proposed mitigations will help to avoid an increase in
PG&E’s risk profile driven by increased likelihood of asset failure as assets reach “end of
useful life”. Much of PG&E’s transmission infrastructure was constructed in the years
following WWII. As such, many assets are nearing “end of useful life”. As these of
assets near the end of their expected useful lives, PG&E will need to increase its level of
asset replacements to avoid degradation in overall customer reliability and

system performance.

The Additional Right of Way Expansion (M2B) mitigation was chosen for the proposed
plan because it reduces exposure to the largest driver to transmission wire down,
Vegetation. This, combined with the fact that the work to clear vegetation from right of
ways is not as costly as other work, such as asset replacement, means that this
mitigation is more cost effective. Through right of way expansion, PG&E will also be
able to reduce the frequency of its on-going right of way maintenance cycle. In turn,
this reduction in right of way maintenance activity will reduce cost for PG&E’s
customers. PG&E was not able to reflect these cost savings in the operational risk
model, which would have improved the associated RSE score for the mitigation. As
discussed in mitigation M2B PG&E has observed that a small population of its lines
(approximately 8 percent) is responsible for approximately 80 percent of its vegetation
related wire down events. This means that the planned targeting of this mitigation to
the small population of worst performing lines will have an outsized impact in reducing
vegetation wire down events, making this mitigation even more cost effective. This
mitigation has the second highest RSE of the six mitigations examined in the model.
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The Additional Overhead Conductor Replacement (M1D) and Additional Insulator
Replacement (M1E) mitigations were chosen because replacements represent a core
part of any asset management program. Replacing assets that are approaching end of
life expectancy, are obsolete, or are poorly performing is essential to ensuring that
those assets do not fail and result in events such as the wire down risk event. PG&E is
increasing the pace of its replacement programs to prevent impacts from aging
infrastructure. These mitigations have low RSEs based on model outputs due to the
high cost of transmission asset replacement work. PG&E plans to perform this work
despite the low RSEs because of its classification as core asset strategy work. The work
will continue until the impact of model limitations on mitigation RSEs can be
understood. Model limitations may be under calculating additional benefits of this
mitigation. Specifically, the model only calculates benefits over a short timeframe (asset
replacements may provide decades of benefits), it does not model future deterioration
of assets and the consequences of deferred mitigation (if this work is not performed,
risk does not remain static, but may increase), and it only narrowly includes the benefits
related to the risk events (replacing assets may also reduce reliability events that do not
involve wire down).

The Additional Public Awareness Outreach (M3B) mitigation was primarily chosen due
to its very low relative cost and its ability to reach a large number of PG&E customers.
Though the model shows that the absolute risk reduced by the outreach materials is
relatively low based on the assumption that a limited number of customers likely read
the inserts, it does have the largest RSE of all mitigations examined in its model because
the cost is much lower than any of the other mitigations. Despite this mitigation’s high
RSE resulting from its relatively low cost, PG&E will not be expanding the scope of the
mailings (i.e., by sending out numerous mailers per year) until the impact of the inserts
can be measured. PG&E suspects that benefits of the inserts will decrease by a large
margin with each additional annual mailing. Going forward, PG&E will explore
additional opportunities for outreach via different forms of media, which may counter
the diminishing returns associated with more frequent mailings.

Table 10-3 below summarizes the mitigations’ RSE and associated estimated costs for
each year covered by the 2020 General Rate Case (GRC).7

7 Note that though the years examined are the years included in the 2020 GRC, transmission costs
are recovered through a separate Transmission Owner rate case.
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Table 10-3: Proposed Mitigation Plan and Associated Costs

TA RSE | EV RSE Associated 2020 2021 2022
Mitigation (Units/ | (Units/ | Start Driver and Estimate Estimate Estimate
# Name 1SM) 1SM) | Date | End Date | Consequence ($000) ($000) ($000)

M1D Additional 0.0052 0.0042 | 2020 | 2022 D3, D4 21,321- 29,763- 35,625-
Overhead (May lead 23,565 (C) | 32,895 (C) | 39,375 (C)
Conductor into —(E) —(E) —(E)
Replacement additional
(2020-2022) mitigation

past 2022)

M1E Additional 0.0031 0.0025 | 2020 | 2022 D5 28,500- 24,700- 23,275-
Insulator (May lead 31,500 (C) | 27,300 (C) | 25,725 (C)
Replacement into —(E) —(E) —(E)
(2020-2022) additional

mitigation
past 2022)

mM2C Additional Right | 0.2507 0.2040 | 2020 | 2022 D2 14,247- 13,775- 12,350-
of Way (May lead 15,747 (C) | 15,225 (C) | 13,650 (C)
Expansion into —(E) —(E) —(E)
(2020-2022) additional

mitigation
past 2022)

M3B Additional 6.6628 4.2298 | 2020 | 2022 (will | D1 -(Q) -(Q) -(Q)
Public become a 38-42(E) | 38-42(E) | 38-42(E)
Awareness control)

Outreach
(2020-2022)
PROPOSED PLAN TA RSE: 0.0670 64,068- 68,238- 71,250-
TOTAL Expense and Capital by Year 70,812 (C) | 75,420 (C) | 78,750 (C)
38-42(E) | 38-42(E) | 38-42(E)

VII.

Alternatives Analysis

After assessing all of the mitigations, PG&E has two alternative plans to the proposed
mitigation plan. Alternative Plan 1 was created as a limited cost alternative. This plan
was developed around the idea that PG&E would choose to perform only one of the risk
mitigations examined in the model. Alternative Plan 2 was developed around the idea
that PG&E would perform all of the risk mitigations examined in the model. The
mitigations included in each of the alternative plans and the proposed plan are shown
below in Table 10-4. Figure 4 presents the costs associated with the proposed and
alternative plans.
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Table 10-4: Mitigation List

TA RSE EV RSE
(Units/$ | (Units/ | Proposed | Alternative | Alternative
# Mitigation M) SM) Plan Plan 1 Plan 2 WP #
M1D Additional Overhead 0.0052 0.0042 X X WP 10-2
Conductor
Replacement (2020-
2022)
M1E Additional Insulator 0.0031 0.0025 X X WP 10-8
Replacement (2020-
2022)
mM2C Additional Right of 0.2507 0.2040 X X X WP 10-14
Way Expansion (2020-
2022)
M3B Additional Public 6.6628 4.2298 X X WP 10-20
Awareness Outreach
M4 Additional Anti- 0.0659 0.0449 X WP 10-26
Climbing Guard
Installation
M5 Additional Vibration 0.0150 0.0123 X WP 10-32
Damper Installation
Figure 10-3: Alternatives by Cost and RSE Score
Cost by Plan
$250,000 0.3000
5200,000 | A 0.2500
L 0.2000
S 5150000
-
= $223324 o150 E
E $100,000 - 5214269
L 01000
| I A ry
550,000 | 0.0500
$42,457
- st30 5 ; s202 0.0000
Proposed Plan Altemate 1 Altemate 2
Expense mCapital &RSE

A.

Alternative Plan 1

This alternative proposal represents a limited cost mitigation plan. As mentioned above,
this plan was developed around the idea that PG&E would limit its mitigations to only
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one of the risk mitigations examined in the model. The mitigation chosen for this

alternative plan was Additional Right of Way Expansion (M2C).

Additional Right of Way Expansion was chosen for the reasons outlined in the discussion

of the proposed plan above. If PG&E were to limit itself to performing one mitigation
over the others, this mitigation makes sense because it targets the largest risk driver, is

cost effective, and has the second highest RSE. Although the Additional Public
Awareness Outreach (M3B) mitigation has a larger RSE than the Additional Right of Way
Expansion (M2C), additional outreach was not chosen as the sole mitigation for this

limited cost plan because the model shows that in absolute terms, outreach reduces the

risk by a relatively small amount.

PG&E does not plan to implement this alternative plan. Although this limited cost

approach alternative involves the most effective mitigation, PG&E believes that this

mitigation should not be undertaken in isolation. A more diverse mitigation portfolio
would be better suited to reducing the overall risk. Performing several mitigations will
allow PG&E to utilize its existing diverse resources (construction resources along with
vegetation management resources) and will ensure that drivers other than Vegetation

are addressed.

Table 10-5 below summarizes the RSEs for the single mitigation in Alternative Plan 1 and

the associated estimated costs for each year covered by the 2020 GRC if they were to be

implemented.

Table 10-5: Alternative Plan 1 and Associated Costs

TA RSE | EV RSE Associated 2020 2021 2022
Mitigation (Units/ | (Units/ | Start Driver and Estimate Estimate Estimate
# Name 1SMm) 1SM) | Date | End Date | Consequence ($000) ($000) ($000)
M2C | Additional 0.2507 | 0.2040 | 2020 | 2022 D2 14,247- 13,775- 12,350-
Right of Way (May lead 15,747 (C) | 15,225 (C) 13,650 (C)
Expansion into —(E) —(E) —(E)
(2020-2022) additional
mitigation
past 2022)
ALTERNATIVE PLAN 1 TA RSE: 0.2507 14,247- 13,775- 12,350-
. 15,747 (C) | 15,225 (C) | 13,650 (C)
TOTAL Expense vs. Capital by Year () ~(§) ~(§)

B. Alternative Plan 2

This alternative proposal represents a mitigation plan where PG&E implements all the

mitigations included in the proposed plan, with an additional two mitigations:

Additional Anti-Climbing Guard Installation and Additional Vibration Damper

Installation. These two additional mitigations are described as:
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M4 - Additional Anti-Climbing Guard Installation: This mitigation represents an
expansion of the criteria under which climbing guards are installed on PG&E
facilities. Three out of the four TOHC public injury and fatality events that occurred
from 2012 through 2016 were related to the unauthorized climbing of PG&E
structures. As discussed above in the control section of this chapter, the
Anti-Climbing Guards (C2) control, as currently implemented is aligned with the
requirements of CPUC GO 95. However, installing additional anti-climbing guards or
other types of public protection above and beyond the current requirements may
further reduce the number of public safety incidents related to the unauthorized
climbing of PG&E structures. If implemented, this mitigation would reduce the
exposure related to the third-party (Contact w intact) (D1) driver. Effectiveness of
this mitigation would be measured primarily through monitoring of injuries and
fatalities constituting reportable incidents to the CPUC. This mitigation represents
anti-climbing guard installations on approximately 55 miles of line per year
beginning in 2020.

M5 — Additional Vibration Damper Installation: This mitigation represents a
program to install vibration dampers on existing conductors that did not meet
damping criteria per the standards in effect when they were constructed, but that
would require dampers if installed under today’s more stringent damping criteria.
Vibration dampers reduce wind induced conductor motion (aeolian vibration),
which can cause fatigue on those conductors. This wind induced fatigue may
eventually result in conductor failure and wire down. This mitigation would entail
identifying conductors without dampers which would require dampers if installed
today, assessing whether they require damping, then installing vibration dampers if
it is determined that additional damping is necessary. Installing these additional
dampers would further reduce the likelihood of wire down, reducing exposure to
the Equipment Failure — Conductor (D3) risk driver. Effectiveness of this mitigation
would be measured primarily through metrics that track wire down events. This
mitigation represents vibration damper installations on approximately 10 miles of
line per year beginning in 2020.

Though Additional Anti-Climbing Guard Installations and Additional Vibration
Damper Installations have the third and fourth highest RSEs per the TOHC model,
PG&E does not plan to implement this alternative mitigation plan at this time for
two reasons.

First, this work is already bundled into other work streams. For example, whenever
PG&E constructs or replaces conductors or line support structures, PG&E uses
standards that include requirements for damping and guarding. PG&E believes that
this work may be an adequate substitute to specialized guarding and damping
programs. Moreover, the incremental cost of implementing damping and guarding
as part of other programs is small. While bundling these activities may decrease the
rate of installation, the reduction in cost associated with efficient implementation
makes this approach superior to standalone installation programs.

Second, PG&E does not have an existing targeted Anti-Climbing Guard or a targeted
Vibration Damper installation program. Before initiating these specialized programs,
PG&E would seek to validate their benefits. Unlike the other mitigations, PG&E does
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not have detailed studies on the efficacy of climbing guards, or in-depth studies on

vibration caused conductor failure, so PG&E has relied upon assumptions that PG&E
would need to further assess before going forward. For example, anti-climbing
guard efficacy was based on studies of the efficacy of suicide barriers on bridges
because PG&E currently does not have or know of a methodology to quantify the

efficacy of anti-climbing guards, and PG&E intends to further evaluate use of these
studies as a proxy.

Table 10-6 below summarizes the RSEs for the mitigations in Alternative Plan 2 and
the associated estimated costs for each year covered by the 2020 GRC if they were

to be implemented.

Table 10-6: Alternative Plan 2 and Associated Costs

TA RSE | EV RSE Associated 2020 2021 2022
Mitigation (Units/ | (Units/ | Start Driver and Estimate Estimate Estimate
# Name 1SM) 1SM) | Date | End Date | Consequence ($000) ($000) ($000)

M1D | Additional 0.0052 | 0.0042 | 2020 | 2022 (May | D3, D4 21,321- 29,763- 35,625-
Overhead lead into 23,565 (C) 32,895 (C) 39,375 (C)
Conductor additional —(E) —(E) —(E)
Replacement mitigation
(2020-2022) past 2022)

MI1E | Additional 0.0031 | 0.0025 | 2020 | 2022 (May | D5 28,500- 24,700- 23,275-
Insulator lead into 31,500 (C) 27,300 (C) 25,725 (C)
Replacement additional
(2020-2022) mitigation (B) (B) (B)

past 2022)

M2C | Additional 0.2507 | 0.2040 | 2020 | 2022 (May | D2 14,247- 13,775- 12,350-
Right of Way lead into 15,747 (C) 15,225 (C) 13,650 (C)
Expansion additional
(2020-2022) mitigation (E) (E) (E)

past 2022)

M3B | Additional 6.6628 | 4.2298 | 2020 | 2022 (Will | D1 —(C) -(Q -(Q
Public become a 38-42(E) |38-42(E) |38-42(F)
Awareness control)

Outreach

M4 Additional 0.0659 | 0.0449 | 2020 | 2022 D1 2,874- 2,874- 2,874-
Anti-Climbing 3,176 (C) 3,176 (C) 3,176 (C)
Guard
Installation £ (&) ~(E)

M5 Additional 0.0150 | 0.0123 | 2020 | 2022 D3 —(C) —(C) —(C)
Vibration 155-171(E) | 155-171(E) | 155-171(E)
Damper
Installation

66,942- 71,112- 74,124-

ALTERNATIVE PLAN 2 TA RSE: 0.0669 73,988 (C) | 78,596 (C) | 81,926 (C)

TOTAL Expense and Capital by Year

193 -213 (E) | 193 -213 (E) | 193 -213 (E)
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VIll.  Metrics
Current outcome metrics used to track the TOHC risk include the following:

e Public Contacts: The number of electric incidents that were reported to the CPUC
involving third-party fatalities or injuries, rising to the level of inpatient
hospitalization, attributable or allegedly attributable to contact with energized
PG&E-owned electric transmission, substation, and distribution facilities.

e Transmission wires down: The number of instances where a normally energized
electric transmission conductor is broken, or remains intact, and falls from its
intended position to rest on the ground or a foreign object.

Proposed accountability metrics include those shown in Table 10-7 below, as well as

their associated drivers and mitigations they monitor and the proposed targets to

be set.

Table 10-7: Proposed Accountability Metrics

Associated
Driver and
Mitigation Consequence Proposed Metric Targets
Additional Public Awareness D1 Public Contacts Maximum 9 Incidents
Outreach (Transmission &
Distribution)
Additional Right of Way D2 Transmission Wires Down | Maximum 42 Wires
Expansion Down
Additional Overhead Conductor D3, D4 Transmission Wires Down | Maximum 42 Wires
Replacement Down
Additional Insulator Replacement | D5 Transmission Wires Down | Maximum 42 Wires
Down

IX. Next Steps
The risk quantification effort undertaken as part of the RAMP process has provided an
important step toward using a data driven statistical model to compare TOHC risk
investments and guide changes to PG&E’s investment plan. As PG&E continues to refine
risk modeling, PG&E will increase integration of model outputs into the investment
planning process. It should be noted that the data, assumptions and analysis used in
this chapter represent the information available at the time and is expected to change in
the future for many reasons including additional or improved data availability,
environmental risk factor changes and technology improvements.
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As the risk model is a significant step towards quantification, and because PG&E
understands the uncertainties in model outputs due to the model limitations, PG&E's
transmission overhead risk mitigation plan continues to be largely based on work
established by technical and subject matter expertise prior to the RAMP process. Much
of the analysis used to develop the prior work plan was based on data similar to that
used in the model. Where the model is helpful, however, is its ability to consolidate
those mitigations into one place and provide a potential mechanism to compare those
mitigations against one another using common units.

The risk model also provided some insight into the overall consequences to the risk.
PG&E qualitative assumption was that this risk is primarily a reliability risk to the
company, and less so a safety risk. The data gathered for the model provides
guantitative support for that assumption. The safety incident data shows that fatalities
on transmission lines are uncommon, and are primarily due to the unauthorized
climbing of PG&E structures by members of the public, an external event that is difficult
for PG&E

There are several key areas of model improvement necessary to allow PG&E to further
rely on the model outputs for investment planning decisions.

First, through the modelling process, PG&E has identified significant differences in the
risk profiles of the two TOHC risk events. The consequences of, and the mitigations to
third-party contact with intact events are very different than those of wire down events.
For example, the data used in the model shows that safety consequences are primarily
the result of contact with intact events and not wire down events. Additionally, wire
down event frequency can be reduced through direct mitigation such as right of way
expansion and conductor replacement, whereas third-party contact with intact events
are generally mitigated through indirect means such as public awareness outreach.
Because of the differences between these risk events, PG&E will evaluate the impacts
and value of separating the third-party contact with intact event from the wires

down event.

Second, in calculating RSE, PG&E needs to be able to include benefits that are not
specifically related to the risk event. At present, some RSE calculations are understating
benefits for higher cost mitigations, which are inappropriately deflating the associated
RSE for the mitigation. For example, Additional Overhead Conductor Replacement will
reduce the frequency of outages caused by the wire down risk event, but may also
reduce outages that are not associated with wire down. At present, the benefits of the
mitigation that are not associated with wire down events are not included in the

RSE calculation.

Third, further refinements to quantify the change in PG&E’s future risk profile are
warranted. At present, the model only looks at historical data and assumes a static risk
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level. For many of PG&E’s assets, the asymmetric distribution of asset age and health
will result in an increase failure rate and degraded system performance as waves of
assets reach “end of useful life”. The current model does not account for this
prospective increase in system risk. Further, refinement will be needed to effectively
quantify the appropriate level of asset replacement required to meet risk tolerance.

Another opportunity for PG&E will be to apply RSE modeling to current controls to
optimize steady state investment plans. Leveraging quantification generated by the risk
model will allow additional targeting of controls to increase effectiveness where the
current risk profile is largely asymmetric. The risk model may allow PG&E to maximize
risk reduction by reprioritizing investments within it existing controls.

Finally, enhancements to the model’s representation of mitigation cost and other
economic factors would allow PG&E to fully rely on risk modeling for investment
decisions and analysis of alternatives. Examples of these enhancements include
capturing the full value of a given mitigation across its entire useful life, accounting for
avoided cost associated with mitigation investments, and normalizing expense and
capital costs across time. Adjustment in the model to transform financial components
into a Net Present Value or Present Value of Revenue Requirement may allow for
optimization of investment to maximize the benefits to PG&E customers.

While additional improvements will allow PG&E to fully operationalize this risk model,
the work to develop this model to date has helped the company mature in the area of
risk quantification. PG&E expects to build off this momentum and continue to improve
its asset and risk management strategies through increasing levels of risk quantification
and modeling.
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Executive Summary

RISK NAME Wildfirel

IN SCOPE Fire ignitions and associated impacts resulting from interaction with Pacific Gas
and Electric Company (PG&E) electric assets

OUT OF SCOPE Fire ignitions and associated impacts not related to PG&E electric assets

CDI?J-rA?VTIFICATION gs&es)s;:szt informed by PG&E data, industry data and Subject Matter Expert

SOURCES

Extreme weather, extended drought and shifting climate patterns have intensified the
challenges associated with wildfire management in California. Environmental extremes,
such as drought conditions followed by periods of wet weather, can drive additional
vegetation growth (fuel) and influence both the likelihood and severity of extraordinary
wildfire events.

Over the past five years, as we have seen across California, inconsistent and extreme
precipitation, coupled with more hot summer days, have increased the wildfire risk and
made it increasingly more difficult to manage.

The risk posed by wildfires has increased in PG&E’s service area as a result of an
extended period of drought, bark beetle infestations in the California forest and wildfire
fuel increases resulting from record rainfall following the drought, among other
environmental factors. Other contributing factors include local land use policies and
historical forestry management practices. The combined effects of extreme weather
and climate change also impact this risk.

This filing has been prepared and submitted against the backdrop of extraordinary
wildfires that occurred in PG&E’s service area beginning on October 8, 2017. Northern
California experienced strong wind gusts up to at least 79 miles per hour. These
destructive winds, along with millions of trees weakened by years of drought and recent
renewed vegetation growth from winter storms, all contributed to some trees, branches
and debris impacting PG&E’s electric lines across northern California.

PG&E has prepared this Risk Assessment and Mitigation Phase (RAMP) filing while
numerous investigations associated with the October 2017 Northern California Wildfires
are ongoing. PG&E’s mitigation plan includes: continued roll-out of the Wildfire
Reclosing Operation Program; fuel reduction and powerline corridor management;
overhang clearing; and targeted conductor replacement. PG&E will review the results of
the Northern California Wildfire investigations and incorporate them in future wildfire

1

Wildfire risk is defined as: PG&E assets may initiate a wildland fire that endangers the public,
private property, sensitive lands, and/or leads to long duration service outages.
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risk management approaches, as appropriate. PG&E expects to update the wildfire risk
analysis, modeling and proposed mitigations as more information becomes available.

Based on PG&E’s analysis, the main drivers for fire ignitions related to PG&E
facilities are:

e Vegetation contact with conductors;
e Equipment failure; and
e Third party contact.

PG&E’s controls focus on reducing the probability of wildfire ignitions overall, with
particular emphasis on limiting ignitions in high-risk wildfire areas and on days when fire
risk is elevated.

Managing wildfire risk is a top priority for PG&E; the annual total investment in 2016 for
all wildfire risk related controls was approximately $750 million.2 Most of this
investment, about $435 million,3 was focused on PG&E’s biggest wildfire risk driver—

Vegetation Management (VM). In recent years, the significant increase in wildfire
controls spend has been driven by vegetation-related Catastrophic Event Memorandum

Account (CEMA) work to remove trees impacted by drought and bark beetles.4

Through the RAMP process, PG&E evaluated its ability to reduce the wildfire risk, and
concluded that VM work continues to be the most significant and effective control in
reducing fire ignitions. VM work addresses the highest wildfire risk driver (37 percent of
ignitions),3 and was shown in the wildfire operational risk model to have a significantly
higher Risk-Spend Efficiency (RSE) than infrastructure replacement work. PG&E plans to
continue investing significant resources in VM throughout the 2017-2022 timeframe.

PG&E will continue to implement four wildfire mitigations for the 2017-2019 timeframe.
The first is continuing expansion of the Wildfire Reclosing Operation Program in

v A W N

This is the approximate amount shown in Table 11-1.
This is the approximate total of VM and CEMA VM, as shown in Table 11-1.
CEMA vegetation work began in 2014 and increased to about $190 million, annually, as of 2016.

The fire ignitions are defined based on the reportable fire ignition definition from the California
Public Utilities Commission (CPUC) per Decision (D.) 12-02-015.
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elevated and extreme areas, based on Fire Map 2.6 The Wildfire Reclosing Operation
Program expansion potentially reduces risk for all top drivers,” including: vegetation,
equipment failure, third party and animal (any drivers which are associated with wire
down events), by potentially avoiding an ignition during wire down events. The second
mitigation is replacement of non-exempt8 surge arresters with exempt surge arresters
certified by the California Department of Forestry and Fire Protection (CAL FIRE) as low
fire risk—this work will continue through 2022. The other two mitigations are further
expansion of VM practices: fuel reduction and powerline corridor management; and
overhang clearing.

Additionally, PG&E will perform the following mitigations in the 2020 through 2022
time frame:

e Continued expansion of Wildfire Reclosing Operation Program by adding Supervisory
Control and Data Acquisition (SCADA) capabilities to existing circuit breakers and line
reclosers in extreme fire risk areas (2020-2022), building on PG&E’s ongoing SCADA
expansion as part of its Distribution Automation Program;

e Continued fuel reduction and powerline corridor management (2018-2020);
e Continued overhang clearing (2018-2020);

e Continued replacement of non-exempt surge arresters(2017-2022); and

e Expanded targeted conductor replacement (2020-2022).

PG&E considered several alternative mitigations in its analysis beyond the

five mitigations described above, including: targeted underground conversion,
additional pole replacements, and other possible mitigations. Ultimately, the

five proposed mitigations were chosen because they have relatively high RSEs, focus on
the main risk drivers and have additional benefits, as reflected in the Distribution
Overhead Conductor — Primary Risk. However, as noted above, the ongoing wildfire

Fire Map 2 is being developed by the Fire Safety Technical Panel, as required by Order Instituting
Rulemaking (OIR) 15-05-006. Fire Map 2 is not final as of this filing, and has gone through
numerous revisions. PG&E leveraged Fire Index Areas to use as the exposure for the RAMP model.
In future iterations of the model, the exposure can be changed to align with Fire Map 2 elevated
and extreme areas. In addition PG&E leveraged the outputs of the Ignition Spread Model, which
provides a quantified risk output used to compare the relative risk reduction of performing
mitigations in higher risk areas.

The drivers are defined in Section Il.c, below.

Exempt equipment is certified by CAL FIRE as having low fire risk, and thus exempt from vegetation
clearing requirements associated with Public Resource Code (PRC) 4292.
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investigations may identify additional drivers and mitigations that will be reflected in

PG&E’s assessment of wildfire risk going forward.2

The Fire Safety Rulemaking,10 which is currently underway, is developing a state-wide
regulatory fire map, known as Fire Map 2, and new fire safety rules. PG&E will make
adjustments, as necessary, to the current plans to comply with new rules stemming
from the Fire Safety Rulemaking. In addition, the incremental mitigations, which are
beyond compliance requirements proposed in this chapter, will be targeted in the
elevated and extreme areas of Fire Map 2.

In 2018 and beyond, PG&E will continue to look for opportunities to prioritize the
existing substantial investment in wildfire-related controls in ways that most effectively
reduce the wildfire risk.

PG&E will continue to build on the assessment completed as part of RAMP by refining
the modeling capabilities and quantification of the wildfire risk to improve identification
and prioritization of work that has a significant impact on wildfire risk reduction.

One area for future model enhancement is to break out transmission and distribution
(T&D) circuit miles separately in the wildfire operational risk model. Exposure in the
model is by circuit mile, and currently does not consider the relatively higher number of
ignitions per circuit mile that occur on distribution circuits, as compared to transmission
circuits. Additional areas for enhancement include modeling the RSE of select existing

9 One alternative, that PG&E understands may be part of future public discussions, is whether there
are locations and conditions where electric facilities should be preemptively de-energized. In such
a discussion, there are many important issues that would need to be addressed. Proactively de-
energizing parts of the electric grid is highly complex, due to significant public safety issues such
actions can pose. De-energizing lines can have an immediate and very broad impact on public
safety, affecting first responders, and the operation of critical facilities, such as: hospitals; schools;
the provision of water and other essential services; traffic signals; communications systems;
operation of building systems, such as elevators; and much more. The many potential public safety
issues associated with de-energizing lines are the same reasons electric systems must be designed
to be highly reliable. Modern society relies on these systems, which are essential to public safety.
Widespread de-energizing would therefore introduce additional safety risks that would have to be
carefully considered, communicated and addressed across many agencies and with the
communities and customers PG&E serves. Potential actions that would have to be considered
range from the establishment of communications protocols to notify customers of plans to
de-energize lines to working with public agencies and critical service providers to implement
emergency energy systems among critical customer classes.

10 Fjre Safety Rulemaking ((R.) 15-05-006).
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controls and further calibration of tail outputs1l of the model against the impacts of
recent catastrophic fires that have occurred across California.

Risk Assessment

A. Background
PG&E defines wildfire risk as: PG&E assets may initiate a wildland fire that
endangers: the public, private property, sensitive lands, and/or leads to
long-duration service outages.

PG&E has designated wildfire as an enterprise risk12 (in addition to being a top
safety risk) since 2006. This risk is reviewed annually by the Safety, Nuclear and
Operations, Committee of PG&E’s Board of Directors. PG&E’s exposure to
wildfire risks continues to escalate despite increasing investment in compliance
and public safety programs given various environmental and human factors. The
most notable investments are the T&D routine VM work and the CEMA VM work

related to the drought and the ongoing tree mortality state of emergency.13
The CEMA work investment alone amounts to $190 million in 2016 and

$208 million in 2017.14 Environmental variations, such as drought conditions or
periods of wet weather that drive additional vegetation growth and wildfire fuel
increases, can influence both the likelihood and severity of a wildfire event.

PG&E used the bow tie methodology, as shown in Figure 11-1, below, to develop
a quantitative risk model specific to wildfire risk (wildfire operational risk model).
This model uses a combination of PG&E-specific data, industry data, and SME
input, to gain a better understanding of the risk drivers for wildfire. PG&E also
used an Ignition Spread Modeldeveloped by REAX Engineering described in a
report for PG&E which simulates ignitions across PG&E’s service territory,
incorporating climatology, terrain, and fuel, in a probabilistic computer
simulation, to help prioritize where to perform work which most effectively
reduces the risk of catastrophic fires related to PG&E facilities.

11

12
13

14

Tail outputs refer to the lower probability, higher consequences for each consequence category
(safety, environmental, reliability, trust, financial).

Enterprise risk is defined in the introduction chapter.

Proclamation of a state of emergency declared on October 30, 2015. This proclamation states in
part “State agencies, utilities, and local governments to the extent required by their existing
responsibilities to protect the public health and safety, shall undertake efforts to remove dead or
dying trees in these high hazard zones that threaten power lines, roads and other evacuation
corridors, critical community infrastructure, and other existing structures.”

This is the estimated 2017 forecast spend as of October 1, 2017.
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Figure 11-1: Risk Bow Tie
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wildfire operational risk model is 43,000 overhead distribution circuit miles and

9,000 overhead transmission circuit miles, which are the total circuit miles that

fall within Fire Index Areas, as determined by the Fire Danger Rating System.15

The Fire Index Areas were created by federal and state agencies to enable an

area-based fire danger rating, based on local weather conditions. The parts of

PG&E service territory not fire-indexed, have significantly lower fire risk, and are

excluded from the model.

Not all overhead line miles in Fire Index areas have equal risk. The probability of

ignitions related to PG&E facilities varies from area to area, as do the

consequences. In order to compensate for the differences in ignition probability

and consequence, multipliers were applied to certain mitigations implemented

in targeted areas within the total exposure area.

15 The area fire-indexed, as part of the Fire Danger Rating system, encompasses nearly all elevated
and extreme areas, as defined by the draft Fire Map 2. After the Fire Map 2 is finalized, the wildfire

operational risk model will be updated to align with it.
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When a mitigation that addresses a specific risk driver is implemented in a
targeted area, and a risk driver frequency per circuit mile is quantifiable, a
multiplier is used to estimate the effectiveness of the proposed mitigation in

reducing the targeted risk driver.16 Using the Ignition Spread Model, described
above, PG&E was able to develop a quantified estimate of the relative
effectiveness of performing work in the highest risk circuit miles (estimated at
16,500 circuit miles), as compared to applying the mitigation across the entire
system. This multiplier is used as part of the mitigation effectiveness estimate
input in the Wildfire Operational Risk Model.

After Fire Map 2 is finalized, the Ignition Spread Model can be used to develop
multipliers to quantify the relative effectiveness of performing work in the
elevated versus extreme fire risk areas, which can then be used in for future
wildfire risk assessments.

Drivers and Associated Frequency

There were 486 fire ignitions17 associated with PG&E facilities that occurred in
Fire Index areas within PG&E’s service territory during the 2-year period
2015-2016. These 486 ignitions (or an average of 243 per year) were related to
eight top-level risk drivers:

¢ D1 -Vegetation: Tree, tree limb, or other vegetation contact with
conductors that result in fire ignition. The vegetation risk driver accounts for

37 percent18 of 243 ignitions, or 91 per year.

e D2 - Equipment Failure — Conductor: Failure of conductor resulting in
wire down and fire ignition. All three equipment failures categories may be
influenced by weather and other environmental factors (e.g., corrosive
environment). The Equipment Failure — Conductor risk driver accounts for
12 percent of 243 ignitions, or 29.5 per year.

e D3 - Equipment Failure — Connector/Hardware: Failure of connectors,
splices, or other connecting hardware resulting in wire down and fire
ignition. The equipment Failure — Connector/Hardware risk driver accounts
for 6 percent of 243 ignitions, or 15.5 per year.

16 The workpaper for each mitigation explains the estimates and multipliers used in determining the

17

overall effectiveness of the mitigation in reducing each risk driver and how it was derived.

Note the bow tie in Figure 11-1 shows the annualized risk driver frequency which is half of 486.
The fire ignitions are defined, based on the reportable fire ignition definition from CPUC, per
D.12-02-015. Fire ignitions used in the model are the subset that were located in

fire-Indexed areas.

18 The total of all risk drivers percentages do not add up to 100 percent, due to rounding.
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e D4 - Equipment Failure — Other: Failure of other line equipment, such as:
poles, insulators, transformers, and capacitors, that leads to fire ignition. The
Equipment Failure — Other risk driver accounts for 15 percent of
243 ignitions, or 37.5 per year.

e D5 —Third Party Contact: Contact caused by a third party, leading to fire
ignition, such as cars hitting poles and Mylar ba<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>