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Letter from the Co-Chairs

Building on a Legacy of Lifeline Resilience

We are pleased to release the report of the Lifelines Restoration Performance Project on behalf of the San
Francisco Lifelines Council. Building on the 2014 Lifelines Interdependency Study, we worked closely with
many lifeline providers serving the City and County of San Francisco to develop a more in-depth
understanding of how lifelines will be impacted by a significant earthquake, how long it will take lifeline
providers to restore service, and what actions we can take now to improve restoration time. We gratefully
acknowledge the significant contributions of the public and private lifeline providers that contributed to this
project, out of a deep understanding that collaborating and sharing information now will benefit all of us
when the next earthquake strikes.

Shortly before his passing, the late Mayor Edwin M. Lee renewed his commitment to working with private
and public utilities to speed the recovery of lifelines systems, protect public health and safety, and increase
the level of service provided by the City and County of San Francisco following a major earthquake. Mayor
Lee was a champion of the Lifelines Council from the beginning and saw the Council as a having a significant
role in enhancing San Francisco’s resilience. This project is an effort to fulfill those recommendations and the
late Mayor Lee’s vision of a more resilient San Francisco. Today Mayor London N. Breed has picked up the
mantle and is continuing the work to collaboratively build our City’s resilience.

For many, the Loma Prieta earthquake demonstrated the critical importance of lifelines when failure of the
transportation network and other lifelines brought the region to a halt. That event spurred decades of
investment to retrofit and upgrade key systems. The City and County San Francisco has spent more than
$20 Billion upgrading its own facilities and infrastructure, and many lifeline providers have recently
completed significant seismic retrofit programs that will improve the resilience of the City and the region.

As we now confront a different kind of disaster in the Coronavirus (COVID-19), we are reminded once again
that we must keep our lifelines operating. This emergency has demonstrated that power, water, wastewater,
and natural gas must be kept running to allow people to remain in their homes, communications systems are
critical to allowing business and personal connections to continue even when we must remain at home, and
transportation networks must continue to operate for those who must work in person.

This project highlights the significant progress we have made and identifies some key actions that remain to
be done. We look forward to continuing the work in collaboration with all the members of the San Francisco
Lifelines Council to improve San Francisco’s earthquake resilience.

Sincerely,

o i U plly~

% City Administrator
Co-Chair, Lifelines Council

c,(acsfé..ﬁﬁ1

Christopher Barkley
AECOM
Co-Chair, Lifelines Council
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Lifelines provide the critical services we rely on but often take for granted until they are disrupted.

It doesn't take long to feel the effects of not having water for drinking and cleaning, lights to see,
devices to communicate, or transportation to get around. Learning lessons from recent earthquakes,
fires, power shut-off programs, and COVID-19, San Francisco and cities across the globe are coming to
understand the importance of lifeline systems and their complex, interdependent networks.

San Francisco’s Lifelines Restoration Performance

Project (referred to as the Project) studies the , The slow recovery of one or more
impact of a large disruption to critical services lifeline systems will impair restoration of
and describes steps underway and needed to other systems and delay recovery of the whole

restore these systems as fast as possible. The community.”

Project builds on San Francisco’s 2014 Lifelines
Interdependency Study that highlighted the
interconnected relationships between lifeline systems and aligns with the resilience objectives in

San Francisco’s Hazards and Climate Resilience Plan, Community Safety Element, Community Action
Plan for Seismic Safety (CAPSS) and ResilientSF, the City's

resilience strategy.

San Francisco has already begun to prepare and mitigate the risk of future earthquakes with a variety
of policies and programs. The Earthquake Safety Implementation Program’s (ESIP’s) soft-story retrofit
ordinance, for example, has yielded seismic improvements to thousands of vulnerable households.
Since the Loma Prieta earthquake, San Francisco has invested an estimated $20 billion in seismic
improvements to public infrastructure and commits to further resilience investments through the 10-
year Capital Plan. We will continue to advance the ESIP work plan to mitigate earthquake risk and
prepare for a strong recovery.

Even with recent and planned investments to better protect our lifelines, many vulnerabilities remain,
and collective action is necessary to enhance our ability to quickly recover from an earthquake. The
goal of the Project is to help the City and County of San Francisco and its people quickly recover from
a major earthquake by assessing the current restoration performance of lifelines and establishing a
framework for improvements.

It is important to recognize that an equitable recovery for San Francisco will not be possible if

people cannot remain in their homes or businesses cannot get back up and running. As seen in New
Orleans, Puerto Rico, and more, prolonged lifeline disruptions disproportionately impact vulnerable
populations. San Francisco felt the disruptions from damaged regional freeways, bridges, and utilities
after the Loma Prieta earthquake (see Table 1 for a description of lifelines impacts). We know that the
restoration to normalcy after a major event must proceed as quickly as possible while attending to
those most vulnerable to lifelines disruptions.

13
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The complexity of lifeline systems — their differing purposes, physical structures, ownerships, and
regulations — pose a challenge for local leaders setting expectations for restoration plans and
timeframes. This report creates a basis for informed planning and decision-making going forward.

For the first time, we have a common understanding of expected restoration time across all
lifeline systems in San Francisco.

The Plan provides a common metric to compare currently expected post-earthquake restoration times
with future timelines or targets across lifeline systems. It also describes how lifeline systems rely on one
another. In doing so, the Project identifies key actions needed to reach target restoration times and
improve our ability to plan for communitywide recovery.



TABLE 1: DAMAGE TO LIFELINES IN THE LOMA PRIETA EARTHQUAKE

Lifeline System Description of Damage

Electric Power

Damage to two power plants (Hunters Point and Moss Landing) and five substations.
PG&E restored 90% of service within 32 hours.

Natural Gas

Liquefaction damage to low pressure mains in the Marina District required replacement
of over 42,000 feet of pipe.

Over 15,000 customers reported to be without gas service, approximately 90 percent of
shut-offs were customer initiated.

Water Approximately 1,200 breaks of water mains and connections in the Bay Area.
Damage to the Municipal Water Supply System in the Marina District resulted in total
loss of flow to customers and fire hydrants, and required replacement of over 36,000
feet of pipe.

Wastewater Damage to collection sewers in the Marina District required replacement of nearly 7,000

feet of pipe.

Regional and Local Roads

Liquefaction caused buckling of sidewalks and cracking of asphalt pavement in the Mari-
na District.

80 bridges closed with $2 Billion in damage to bridges and roads regionally.
Collapse of upper deck section on eastern span of the Bay Bridge.
Collapse of Cypress Street Viaduct (1-880) in Oakland with 42 deaths.

Damage and eventual removal of Embarcadero and Central Freeways in
San Francisco.

Fuel The Kinder Morgan fuel pipeline system that terminates at SFO airport and nearby
storage facilities in Brisbane was not damaged.

Transit Disruption to BART and Muni service due to power outages.
BART reopened within 12 hours.

Airport SFO closed for 12 hours to repair damage to the control tower.
3,000 feet of runway damaged at Oakland International Airport.

Port Piers 45, 80, 94/96 experienced damage from liquefaction; Piers 27/29 and Ferry Plaza

experienced pile damage.

The Embarcadero Freeway was damaged, closed and subsequently replaced by the
Embarcadero Roadway.

Firefighting Water

Liquefaction damage to Earthquake Firefighting Water System (EFWS) system reduced
water supply available for firefighting in the Marina District.

Sources: SPUR 2009, SF LHMP 2014, ABAG 2014

15



16

Scope and Approach

Lifelines systems are those essential utility and
transportation systems that serve communities.’

The lifeline systems evaluated for this plan include
electric power, natural gas, fuel, communications,
water and wastewater systems, solid waste and
transportation (transit, highways and roads, airport
and port). The operators of these lifeline systems also
make up the San Francisco Lifelines Council.

“...lifelines sustain modern communities and
are vital for the economic well-being, security,
and social fabric of the people they serve.” 2

Lifelines are generally geographically distributed
systems, rather than isolated facilities and they
provide products and services through a networked
system. Some of the lifelines systems studied here
serve only San Francisco, while others serve the entire
Bay Area region or state. The focus of this Project

is on service delivery to the City and County of San
Francisco.

The lifeline systems and the organizations that own
and operate them are shown in Table 2.

About the San Francisco
Lifelines Council

In 2007, former Mayor Edwin Lee toured
the devastation that Hurricane Katrina
caused in New Orleans. Upon his return,
he partnered with the Harvard Kennedy
School of Government’s “Acting in Time
Initiative” to identify what investments the
City and County of San Francisco should
make to ensure a rapid recovery from a
major disaster. A key recommendation
was to create a Lifelines Council that
would bring together lifeline providers

to develop a unified set of post-event
performance standards, both individually
and collectively, for public and private
utility providers. In 2009, SPUR published
the “The Resilient City”, which addressed
the vulnerability of San Francisco's lifelines
and also recommended establishing a
Lifelines Council to support comprehensive
planning. As a result of these efforts,

San Francisco officially formed the Lifelines
Council in 2009.

The Lifelines’ Council’s objectives are to:

* Develop and improve collaboration in
the City and across the region

* Understand inter-system dependencies
to enhance planning, restoration and
reconstruction

* Share information about recovery plans,
projects and priorities

e Establish coordination processes
for lifeline restoration and recovery
following a major disaster event.

' American Lifelines Alliance (ALA). 2005. Protecting Our Critical Infrastructure: Findings and Recommendations from the

American Lifelines Alliance Roundtable.

2National Institute of Standards and Technology (NIST). 2014. Earthquake-Resilient Lifelines: NEHRP Research, Development
and Implementation Roadmap, NIST GCR 14-917-33 Report, prepared by the NEHRP Consultants Joint Venturee



TABLE 2: LIFELINE OPERATOR AND SYSTEM DESCRIPTIONS

Lifeline System  Operator and System Description

Electric Power

Pacific Gas and Electric Company (PG&E): Transmits and distributes electric power to residential
and commercial customers.

San Francisco Public Utilities Commission (SFPUC): Uses the Hetch Hetchy system to generate
hydropower to provide municipal power, including power for transit, streetlights, traffic lights,
airports, municipal buildings, and Treasure Island.

Fuel Kinder Morgan: The Kinder Morgan fuel pipeline system delivers finished petroleum products
(gasoline, diesel and aviation fuel) from refineries to fuel terminals where the product is picked up
by fuel trucks for delivery to end users.

Communications AT&T, Verizon and Comcast were included in this Project. Systems include telephone, wireless,

data, fiber and cable networks.

City and County of San Francisco: The Department of Technology provides technology services to
City departments and agencies throughout San Francisco, including radio, video, internet access,
business systems, public warning sirens, emergency call boxes, traffic signals, and the Mayor's
Emergency Telephone Systems (METS).

Highways and Local
Roads

California Department of Transportation (Caltrans): Interstate and state highways and the
San Francisco-Oakland Bay Bridge.

Golden Gate Bridge, Highway, and Transportation District: (GGBHTD) Golden Gate Bridge

City and County of San Francisco: The Department of Parking and Traffic is responsible for traffic
engineering; the Department of Public Works is responsible for street repair.

Water and San Francisco Public Utilities Commission (SFPUC): Systems include the Hetch Hetchy system,

Wastewater which serves not only San Francisco, but nearly 2 million Bay Area customers outside the City;
potable water treatment and distribution and wastewater collection and treatment systems within
the City.

Transit San Francisco Municipal Transportation Agency (SFMTA): Owns and operates bus, metro, and

streetcar lines.

Bay Area Rapid Transit (BART): Heavy rail system connecting San Francisco and Oakland with
urban and suburban areas in Alameda, Contra Costa, and San Mateo Counties.

Natural Gas

PG&E: Transmits and distributes electric power, including regulation, high- and low- pressure
distribution lines, and service lines

Solid Waste

Recology: Collects, processes, and hauls waste, recycling. Operates recycling plants and
San Francisco’s Household Hazardous Waste Facility.

Port

Port of San Francisco: Manages 7.5 miles of waterfront infrastructure, including the Embarcadero
roadway, open-space and parks, mooring and berthing facilities, a number of finger piers, and
the Seawall. The Port property also supports lifeline infrastructure including critical utilities,
transportation corridors, and emergency response areas.

The Water Emergency Transportation Authority (WETA) and Golden Gate Ferry (GGF) administer
all ferry service on the San Francisco Bay, serving San Francisco, Alameda, Oakland, South
San Francisco, Vallejo and Marin County. WETA and GGF were not included in this project.

Airport

San Francisco International Airport (SFO): The airport is owned and operated by the City and
County of San Francisco and served 57.8 million passengers in 2018.

Firefighting Water

SFPUC: High-pressure water supply network for post-earthquake firefighting. System includes
5" hose tenders, EFWS salt water inlet manifolds, water reservoirs, pump stations, cisterns, suc-
tion connections and fireboats.

Adapted from: “Lifelines: Upgrading Infrastructure To Enhance San Francisco’s Earthquake Resilience”

(SPUR, 2009)
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To assess the current restoration performance of these lifelines and establish a consistent framework
for charting improvements, the Project addressed three main questions:

e If alarge earthquake occurred today, how would our lifelines perform?
* How do we want lifelines to perform in a large earthquake?

* What strategies are needed to close the gap between where we are today and where we want
to be?

The answers to these questions were developed through a structured interview process with lifeline
providers (see Appendix A). The answer to the final question should guide future infrastructure

resilience planning for members of the San Francisco Lifelines Council.

Scenarios

The Project used two realistic but extreme earthquake scenarios: a magnitude 7.9 earthquake on
the San Andreas Fault and a magnitude 7.0 earthquake on the Hayward Fault. These two scenarios
provide the opportunity to examine the different effects of very near and more distant major
earthquakes, as well as the variations in impact to regional lifeline systems that serve San Francisco.
Details about the selection of these scenarios is provided in Appendix B. A significant focus of

this project was on the potential impact liquefaction may have on lifeline damage. Figure 1 shows
liquefaction susceptibility in the Bay Area.

The Project adapted the methodology developed by Chang et al.? to characterize lifeline system
vulnerability and resilience in earthquakes. The approach utilized a structured interview process

to elicit expert judgement from key members of each lifeline organization. The interviewees were
asked to consider the physical performance, restoration goals and assumptions of lifeline systems in
the two earthquake scenarios. Interviewees were asked to inform their responses with as much data
collection, modelling, experience in previous disasters, studies and information as the organization has
developed to date.

Following the interviews, a cross-sector workshops was organized to bring all the lifeline providers
together to validate and revise the key findings, restoration goals and assumptions, and to identify key
actions to speed restoration. A summary of the workshop is included in Appendix E.

The key product of the Project is a set of restoration curves or timelines for each lifeline system that
depicts an averaged citywide level of service disruption based on extent and impact at key time
intervals following an earthquake.

3S.E. Chang, T. McDaniels, J. Fox, R. Dhariwal, H. Longstaff. 2014. Toward disaster-resilient cities: Characterizing resilience of
infrastructure systems with expert judgments. Risk Analysis, 34 (3) (2014), pp. 416-434, 10.1111/risa.12133



Limitations

The Project was not designed to model damage to specific system components, but rather to identify
broad patterns of damage and resilience across the whole city, key interdependencies, and what
actions would be required to restore function of the system.

We recognize that the broad categories of service disruption do not provide details of the impacts,

they are rather intended for overall comparisons in broad classifications, across many kinds of systems.

This method also recognizes the tradeoffs between insight, precision, and effort given the information
at hand. The results represent general conclusions across the city, not neighborhood or location
specific impacts.

Lifeline providers were asked to define their own restoration targets. In some cases, these have been
adopted through public process, but in other cases, they have not been publicly vetted. This project
did not address whether those goals were adequate.

The results of the plan rely primarily on information provided by infrastructure operators, and are
limited to their knowledge of the system, their inherent biases and the level of detail of their own
internal studies. We tried to capture a measure of the level of confidence underlying the interview
responses by capturing the confidence level. We did not perform any independent analysis or
verification of the information provided.

Finally, a single scenario is not representative of what could really happen in an earthquake. An actual
event could have a smaller or larger magnitude, with a wide range of actual ground motions and
impacts. The scenarios are intended to elicit the general types of impacts, restoration issues and
restoration time that could generally be expected from an event of this magnitude.

This Project does not address those systems that are sometimes considered lifelines but are primarily
based on buildings, such as schools, hospitals, and grocery stores. The focus is on the systems that
allow those buildings to perform their functions. The Project also did not consider those systems that
are not organized around fixed, physical assets; for example, it does not consider buses and ferries.
These systems are critical to supporting emergency response and recovery of the community, but they
primarily depend on the functioning lifeline systems of roads and ports to operate.
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FIGURE 1: LIQUEFACTION SUSCEPTIBILITY IN THE BAY AREA
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Restoration Performance

These findings relate to the overall process and timing of lifeline restoration. The issues presented in
this section are common across many lifeline sectors.

For the first time, we have a common understanding of expected
restoration time across all lifeline systems in San Francisco.

Figure 2 summarizes the restoration timeline for each lifeline system. Some of the key takeaways from
these restoration timelines include:

* Power and communications are the fastest to recover because of flexibility of those systems.

e Water, wastewater, roads, natural gas, port and airport take longest to recover because of
complex reconstruction needs.

e The Golden Gate and Bay Bridges are designed to be immediately open for emergency
vehicles, and potentially repair crews.

e Different systems will experience varying levels of impact, depending on the scenario.
While the San Andreas scenario is the worst case for most sectors in San Francisco, the
Hayward Fault scenario is the worst case for Kinder Morgan, Caltrans and BART due to impacts
outside San Francisco.

We have developed 49 recommendations on how to improve restoration of each individual system,
which are summarized at the end of this chapter and detailed in each sector summary.

Because these restoration timelines are based on information provided to us by the lifeline provider,
the confidence we have in each timeline varies significantly depending on whether a detailed and
comprehensive system evaluation has been performed, the organization’s experience restoring its
system in recent disasters, and the extent of response planning it has undertaken.

As we build on this effort over time, it will be important to continue to refine our understanding of the
restoration performance and issues for each sector. That continued development requires that each
lifeline operator adopt restoration performance goals, refine its own understanding of how its system
will perform, and collaborate for integrated restoration planning.
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FIGURE 2: SUMMARY RESTORATION TIMELINES

Sector

Electric Power
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!Kinder Morgan has not provided expcted restoration performance. Kinder Morgan has many unknown and externalities that make estimating restoration of fuel

delivery challenging.

2Wost case scenario is Hayward Fault

3Goal of EFWS is low disruption immediately after an earthquake. After post-earthquake firefighting needs are met, SFPUC will focus efforts on restoring
potable water first and then return to complete needed repairs to the EFWS system.

The service disruption levels are defined as: SERVICE DISRUPTION LEVELS
HIGH
* Severe = disruptions with high spatial extent & high impact ot 2
disruptions.
* Moderate = disruptions with low spatial extent & high impact, OR f‘."{',';;;‘: D aetice
high spatial extent & low impact; Low HiGH
Extent Extent

* Low = disruptions with low spatial extent and low impact;

* No disruption

Where,

e Extent = spatial reach of the disruption and proportion of people
within the area that are affected.

* Impact = severity of consequences and the duration of the
disruption. For example, complete loss of water supply is high
impact (independent of how many people are affected), whereas
a boil water advisory is low impact.



Decades of investment in infrastructure
improvements will improve post-
earthquake restoration performance

It has now been more than 30 years since San Francisco
experienced a significant earthquake, and almost 115 since
the last earthquake of the scale contemplated in this Project.
Despite this length of time between large earthquakes,
lifeline operators are making significant investments to
retrofit and upgrade their infrastructure systems.

Building on decades of previous investment, several
major retrofit programs have been completed in recent
years, and others are now underway, further reducing
expected levels of system damage in a future earthquake.
Detailed systemwide risk analyses and engineering
studies are important components of these programs. The
organizations listed below have made significant progress
toward improving their own systems and as a result, the
resilience of the entire city and region. Additional details
can be found in the associated Sector Summaries.

e Completed programs: Caltrans retrofits of elevated
freeways and bridges crossing the Bay, BART
Earthquake Safety Program, SFPUC Water System
Improvement Program, Golden Gate Bridge retrofit,
PG&E power and natural gas system upgrades.

* Programs underway: SFPUC Sewer System
Improvement Program, SFPUC Emergency Firefighting
Water System, SF Port Embarcadero Seawall Program.

Emergency Firefighting Water System, SF Port
Embarcadero Seawall Program.

The analyses necessary to plan for these large capital
improvements have enabled the organizations to have a
greater understanding of their systems and how they will
perform. Continuing this work will make San Francisco
and the greater Bay Area more prepared to minimize
and address disruptions quickly in the wake of a major
earthquake.

Recommendation:

* Lifeline operators should continue to invest in seismic
improvements that speed system restoration.

Lifeline Restoration
Process

The lifeline restoration process
includes three phases.

Emergency Response: Most
operators will immediately shut
down the system as a precaution to
ensure safety and perform an initial
damage assessment. The initial
damage assessment allows operators
the opportunity to identify priorities,
organize response activities, and
and determine needs for additional
resources and logistics. This phase
generally lasts about 24-72 hours.

Short term restoration: During

the short-term restoration or
stabilization phase, key repairs

or temporary measures and
workarounds are performed in

order to return the system to some
state of function. Those systems for
which significant retrofit programs
have been performed or those that
have operational flexibility (such as
communications and electric power),
are likely to be restored quickly,
perhaps within 24-72 hours. For other
systems, short term restoration may
take weeks or months.

Long term recovery: The long-term
recovery phase may last for months
or years as permanent repairs are
made and damaged components
are rebuilt. The extent of damage
and the restoration approach

taken by the organization, as well

as extent of dependence on the
restoration of other systems, largely
dictates how long a system will

take to recover. Those sectors that
have undertaken comprehensive
infrastructure improvement programs
will largely experience less damage
and disruption and faster restoration
times.
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While some organizations have adopted restoration performance goals,
more are needed.

Four lifeline organizations have adopted restoration performance goals (seismic performance
objectives or level of service goals): SFPUC Water and Wastewater treatment, Caltrans, Golden Gate
Bridge Highway and Transportation District, and BART. The Port of San Francisco is in the process
of developing performance goals for individual facilities in the Embarcadero Seawall Program which
may inform development of a systemwide performance goal. These performance goals have guided
investments for their respective earthquake retrofit programs. Other organizations have developed
informal restoration goals. Every organization strives to restore service as quickly as possible.

Adopting official restoration performance goals helps the public have a clear understanding of what
to expect from the system in an earthquake and helps agencies track progress towards improved
restoration performance.

Recommendation:

¢ Lifeline operators that have not yet done so should adopt restoration performance targets and
measure progress towards their goals.



Many organizations have undertaken robust emergency response planning
that will speed their system restoration.

Recent local disasters and other emergencies are a reminder of the impacts an earthquake can have
on our city and region. The 2004 Napa earthquake, significant wildfires across northern and southern
California, several Public Safety Power Shut-off events, and rolling blackouts are providing new lessons
and lots of practice for disaster recovery and utility restoration for those sectors that have service areas
beyond San Francisco city boundaries. Many other local lifeline utilities agencies have supported the
responses to these incidents with mutual aid and have been carefully following these and other events
around the world to identify lessons learned to support their own restoration efforts.

Some organizations have undertaken a significant effort to improve their emergency response plans
either in response to recent events or because of what they learned in the Loma Prieta earthquake,
from other disasters, or from published studies such as the USGS HayWired scenario. Figure 3
demonstrates the primary approach that each lifeline organization has taken in its approach to
planning for earthquakes. While every organization has made system improvements in recent years
and has emergency response plans in place, some organizations have approached their capital
improvements in a more systematic risk-based way, and some have focused heavily on emergency
response planning or have recent real-world experience responding to disasters.

Recommendation:

¢ Lifeline operators that have not yet done so should perform a systemwide risk analysis to assess
needed retrofits and capital improvements to speed post-earthquake restoration.
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FIGURE 3: HOW LIFELINES ORGANIZATIONS APPROACH PRE-EVENT PLANNING FOR

RESTORATION

Electric Power

PG&E

SFPUC

Kinder Morgan

Communications

AT&T Wireless

Comeast

Verizon Wireless

SF Dept of
Technology

Highways &
Local Roads

Caltrans

Golden Gate
Bridge

Public Works

Potable Water

SFPUC

Transit

MUNI

BART

Matural Gas

PG&E

Wastewater

SFPUC

Solid Waste

Recology

Port

Port of San
Francisco

Airport

SFO

Fire Suppression

(EFWS)

SFPUC

—
o

\

|

We have performed
system wide risk assess-
ments to identify which
components are likely to
fail and have designed
capital provement
programs to address
identified vulnerabilities.

Focus on

reducing impact

We have undergone
extensive emergency
response planning that has
helped us develop robust
processes for system wide
restoration of service.

Qur systemn has been
impacted by recent
disasters that have given
us the opportunity to
practice disaster
response and restoration.
Ihis experience informs
how we will respond to
future earthquakes.

We remember how our
system performed in
Loma Prieta and how we
responded. This experi-
ence largely informed how
we are planning for future
earthguakes

We have kept up on
restoration issues encoun
tered in recent disasters
or studies done by others
(USGS, ABAG, etc.) and
those lessons have
informed how we plan for
restoration of our system.

Focus on ir11|'.|rnvir1g emergency response

We know our system from
years of dealing with
normal maintenance and
repairs and we know
which components are
vulnerable to failure and
now to repair them.

Faocus on

maintenance




The type and extent of restoration each system may require varies
significantly across systems.

Restoration may look very different for different lifeline systems. The restoration approach used

for a given system will depend on many factors, including the actual damage, the needs of the
system’s customers, and the priorities of the community at the time of the event. As the impacts of
climate change on San Francisco become clearer, we may recognize the need to change the way our
infrastructure systems operate and the services they provide. Understanding future needs may also
drive the nature of a system’s restoration.

Four basic restoration approaches are likely to be undertaken by lifeline systems: maintenance,
adaption, renewal, and transformation. The actual approach that a given system takes will depend
on many factors, including the actual damage and the priorities of the community at the time of the
event. Figure 4 identifies the restoration approach lifeline organizations are likely to take after an
earthquake.

Maintenance: For those systems that have undergone significant retrofit programs or that are unlikely
to need to change form significantly, the restoration process may look like a massive, expedited
maintenance program, largely replacing the components that are broken to restore what existed
before the earthquake. Temporary workarounds would be challenging or impossible for these systems
and they will likely be shut down during restoration. While the restoration effort will not be trivial, there
are likely to be fewer big questions to address about whether the system will look different than it was
before and restoration should happen relatively quickly.

Systems likely to take a “maintenance” restoration approach include: EFWS, BART, SFPUC Water and
Wastewater, Golden Gate Bridge and Kinder Morgan.

Adaptation: Some systems may experience significant and/or widespread damage. While it is not
likely that major changes will be made to the form of the system, temporary networks or workarounds
are possible or desired for these systems, and will help restore the function of the system more quickly
while permanent repairs are made. In some cases, these temporary networks or workarounds will be
short lived, such as generators, while others may be in place for months or years.

Systems likely to take an “adaptation” restoration approach include: PG&E power, SFMTA Muni
system, Caltrans and communication providers.

Renewal: When the renewal approach is used, components of lifeline systems have outlived their
useful life and would be unlikely to be rebuilt in the same form again. Damage may be extensive and
changing priorities may provide an opportunity for renewal of the system. These kinds of decisions
may require public input and broad planning efforts, beyond replacing what was there previously.
Examples of the “renewal” approach include: rebuilding the Port’s wharves and piers, adding more
fiber to the communication network and replacing legacy copper systems, and replacing portions of
the SFPUC power system, such as the aging system on Treasure Island.
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Transformation: Finally, we can expect there might be public pressure to rethink how some services
are delivered or whether the system itself should be transformed. For example, if large portions of the
PG&E natural gas network were damaged in liquefaction areas, there might be public pressure not to
rebuild those portions of the system considering the City’s efforts to achieve net zero energy buildings
by 2050. Similarly, if an earthquake were to occur before the Embarcadero Seawall is strengthened,

a conversation about the future form and shape of the city’s waterfront would be necessary. The

Loma Prieta earthquake has already revealed that the public would be eager to discuss whether
rebuilding damaged freeways that cut through neighborhoods is desirable. These discussions would
take significant time and resources and involve questions about the future form of the city in the face
of a changing climate and changing public priorities. Some systems may need to be rebuilt almost
completely and some will require relatively minor repairs.

Recommendation:

e Lifeline providers should anticipate the likely restoration approach needed for their system
following an earthquake to inform pre-earthquake planning decisions.



FIGURE 4: HOW LIFELINES ORGANIZATIONS WILL LIKELY APPROACH RESTORATION AFTER AN

EARTHQUAKE
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Interdependencies

These findings relate to how lifeline restoration will be impacted by the way lifelines rely on one
another. The issues presented in this section are common across many lifeline sectors.

Even lifeline systems that are not damaged may not be functional because
they depend on other systems to operate.

Lifeline systems rely on one another to operate. Nearly every system studied has a significant reliance
on power, fuel, roads and/or communications for operations. Following a major earthquake, these
interdependencies may delay restoration of systems. While interdependencies were considered by
lifeline operators when developing their restoration timelines, most operators have limited knowledge
of what the restoration process and timeline will be for other systems. However, recent PSPS power
outages have crystalized the nature of the dependency on electric power and communications for
many system owners.

Figure 5 shows the extent to which each system relies on another system. Key interdependencies
identified in this chart include:

* All sectors rely on fuel either for equipment and vehicles or for backup generators when power is
out. Most systems have some fuel reserves, but will require refueling within a few days of an event.
If fuel cannot be delivered either because the refineries in the region are shut down or the road
and pipeline networks are not operating, many systems will experience additional outages.

* Every sector relies on power to operate equipment, and backup energy sources such as generators
are not always feasible.

* Every sector relies on communications for systems control and monitoring (SCADA), dispatch
and communication between workers. Communication systems can be restored very quickly,
depending on available power or backup power. Communications providers also rely on
infrastructure owned by other communications providers, particularly for the fiber network.

* Every sector relies on highways and local roads to transport workers, materials and equipment.
BART and ferries are also considered key resources for transporting workers across the Bay.

* Multiple sectors rely on the Port for water delivery of materials and equipment.

e EFWS has few large dependencies because the system must be operational immediately after an
earthquake with minimal repair.



Though the risks of these interdependencies can never be completely mitigated, understanding
them is an important step towards planning for the fastest possible restoration. Likewise, planning
collaboratively is essential.

Recommendation:

e The Lifelines Council should continue to advance and facilitate interagency efforts to understand
and mitigate lifeline system interdependencies.
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Disruption to some lifeline systems will significantly impact the long-term
recovery of neighborhoods.

The form and pace of recovery of neighborhoods, homes and businesses will depend both on

the extent of damage to buildings and the function of the utilities serving them. While power and
communication systems will likely be restored quickly and will not have a significant impact on
long-term recovery, the time to restore other systems can have a significant, detrimental impact.
Delays in repairs to city streets, months-long efforts to repair damage to the natural gas distribution
system, potable water distribution system, and wastewater collection systems will significantly hamper
timely recovery of neighborhoods and may lead to displacement of residents and businesses.

Recommendation:

e Lifeline distribution systems with long restoration timelines that are especially important to
neighborhoods, including natural gas, water, sewer and local roads, should be evaluated and
upgraded to help prevent the displacement of vulnerable residents.

Disruption to fuel lifeline systems and key physical assets will have
significant impact on business and commerce.

Some lifeline systems may not have a direct impact on the functioning of neighborhoods, but they will
have significant impact on the city’s economy, with potentially global reverberations. Prolonged fuel
system disruption will significantly impede the ability of other systems and the economy to recover.
Failure of the seawall will cause significant disruption to the Financial District. Prolonged closure of
SFO airport will hamper tourism and business travel. Other regional airports may also be impacted as
well, making commercial travel in and out of the region challenging.

Recommendation:
® The Port of San Francisco should advance efforts to strengthen the seawall.

* SFO and Kinder Morgan should develop plans to reduce disruption and speed restoration of the
airport and regional fuel system.

Maintenance and repair workers needed for response and restoration
increasingly live outside of San Francisco.

Many people who service lifeline systems within San Francisco need to cross a bridge to get to work.
These workers increasingly live in the far East Bay or Central Valley, as housing prices in the inner Bay
Area become increasingly out of reach for them. Depending on the time of day of the event, rapid
damage assessment and immediate repairs could be constrained by staffing resources, delaying
restoration of the whole city. These workers need functioning transportation networks to get to San
Francisco. In the short term, this problem can be ameliorated by coordinating access across the Bay
Bridge and on BART, which will reopen quickly. However, the fastest response will come from those
workers who live within the city.



Recommendation:

e San Francisco should preserve and expand affordable and workforce housing options within
the City to ensure that critical responders live in San Francisco and are available to respond to
emergencies.

Many lifeline operators will need to bring additional crews, materials and
equipment from outside the region to support system restoration.

To respond to the demands of a major earthquake, every lifeline operator will deploy additional crews,
materials and equipment to San Francisco. In a dense, geographically isolated environment such

as San Francisco, it will be a major challenge to get these resources into and around San Francisco.
Significant staging areas will be required to support operations. The Golden Gate and Bay Bridges
are designed to be open for emergency vehicles, and potentially repair crews, nearly immediately
after an event. However, California Highway Patrol (CHP) and Caltrans will have a major challenge of
understanding which vehicles should be allowed to access the bridges, especially if workers are not
traveling in marked company vehicles or are third party contractors.

Many of the vehicles that need access to San Francisco are heavy equipment and large trucks carrying
equipment and materials. Identifying space for staging this influx of equipment and material and

housing additional workers will also be a major challenge within the space constraints of San Francisco.

Recommendations:

* Develop a common and flexible identifier to help facilitate access on Bay crossings for those
personnel who are not emergency responders but have critical post-disaster roles in performing
damage assessment, inspections, and immediate repairs of critical assets within San Francisco.

* Public Works and SFMTA should designate freight traffic routes as disaster recovery critical supply
routes before an earthquake and develop mitigation plans to ensure they will be accessible
immediately after an event.
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Ensuring crews can access assets for damage assessment and repairs is
critical to restoration of every system.

Immediately after an event, every lifeline operator will need to evaluate the extent of damage to
their system and respond to leaks and breaks, and first responders such as fire fighters, police, and
emergency medical personnel will be engaged in saving lives and protecting property and safety.
These activities require accessible city streets. Immediately after an event, Public Works will perform
windshield surveys to assess damage and identify priority streets for debris removal and reopening.

Some roads will need to be closed because of damaged buildings or utilities, however many lifeline
operators and their contractors will still need to access these cordoned or closed areas to inspect and
repair their facilities.

Recommendations:

* Public Works should develop risk models that predict likely road closures before an earthquake and
use shaking intensity-based triggers to initiate and prioritize inspections based on likely damage
to utilities and buildings, as well as for roads that provide access to critical facilities like hospitals,
police and fire, and PG&E and SFPUC assets.

* As with accessing the bridges, identifying flexible, consistent ways for lifeline operators to identify
their crews and contractors to CHP or San Francisco Police will facilitate their access to cordoned
areas.

Loss of power will significantly impact every single lifeline system, as well
as all buildings.

Every sector relies on electric power to operate. Power is expected to be available relatively quickly,
but many buildings and systems will rely on generators for temporary restoration. Obtaining enough
fuel for generators will be a significant challenge. Restoration of many systems could be further
improved with more generators (or solar power) in places that can be easily accessed post-earthquake.
However, generators are not feasible in all locations, like near building ventilation intakes and in
public places where they could be tampered with or stolen. Furthermore, generators are polluting and
contribute to greenhouse gas (GHG) emissions and refueling them in a disaster will be difficult.

Recommendation:

e To the extent possible and feasible, recovery critical buildings and lifeline systems should utilize
solar with battery storage to provide some level of continuous power. This strategy has the added
benefit of reducing system disruption in future power shut-off events.



Reducing reliance on petroleum fuel will improve restoration of all systems.

Every sector has a high reliance on fuel for generators, equipment, and vehicles. San Francisco does
not have enough fuel storage capacity within city limits, and damage to the Kinder Morgan fuel
pipelines and/or Bay Area refineries may cut off the regional fuel supply in the short term. Emergency
delivery of fuel to the Port of San Francisco will be extremely challenging due to potential damage to
Port facilities and lack of infrastructure to distribute fuel across the city.

Recommendations:

*  Municipal and private lifeline owners with critical fuel needs should develop policies to maintain
adequate supply of fuel within vehicles and equipment, and store fuel locally in tanks that can be
pumped without electricity.

e Vehicle fleets should be electrified and powered with solar power to reduce reliance on fuel
because the electric system will likely restore faster than the fuel system.

* To the extent possible and feasible, solar with battery storage should be the primary power backup
source rather than generators, because of fuel supply issues.
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This chapter presents a summary of the Actions to Speed Restoration identified in each sector summary.
Each of the twelve sector summaries are also included in this chapter.

Actions to Speed Restoration by Sector

The recommended actions to speed restoration of each lifeline sector are listed here. Details about each
recommendation are included in each sector summary.

Electric Power

Building and lifelines owners with critical electricity needs should install a grid-independent solar
battery storage system.

The Lifelines Council and PG&E should evaluate the earthquake vulnerability of power generation
sources in the Bay Area.

PG&E should share its plans for establishing an above ground temporary electrical network with
San Francisco.

PG&E should develop a clear understanding of the reliance of other lifeline systems on power
supply and the implications if these partners lose power.

SFPUC should continue to assess the vulnerability of substations at SFO to damage in an
earthquake and develop a plan to address deficiencies.

SFPUC should understand the earthquake vulnerability of critical PG&E owned power components
and develop a plan to address deficiencies.

SFPUC should develop mutual aid agreements with individual utilities in another region and
improve emergency purchasing processes.

Kinder Morgan should strive to better understand the vulnerability of its system components to
damage due to earthquake.

San Francisco should collaborate with industry stakeholders to accelerate deployment of electric
and alternative fuel for light, medium and heavy-duty vehicles.

Municipal and private owners with critical electricity needs should develop policies to ensure
adequate supply of fuel within vehicles and equipment as a first priority and then store fuel locally
in tanks that can be pumped without electricity.

The Lifelines Council should work with key fuel users, regulators and fuel providers to evaluate
the impact of an earthquake on Bay Area refineries and encourage them to upgrade vulnerable
components as necessary.

The Lifelines Council should request public reports focusing on post-earthquake operational
issues of marine oil terminals to assist in better understanding moderate and long-term fuel
supply impacts.

The City of San Francisco Fire Department, SFPUC, and City of Brisbane should work with Kinder
Morgan to determine the vulnerability of the City of Brisbane water main serving the Brisbane

Terminal.
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Communications

San Francisco should prioritize fuel distribution to generators at City radio communication sites
and data centers to maintain City vital information systems and communications.

Communication providers should identify locations to add permanent generators at more cell
sites and nodes and co-locate cell sites with building solar and battery systems.

Communication providers should develop agreements to provide emergency mobile wireless
to priority locations in the City within a specified time.

Identify communications providers as disaster service workers to ensure access to cordoned
areas when safe for service restoration activities.

Identify staging locations for personnel supporting communications restoration.

Identify ways to ensure communications providers and other lifeline operators coordinate
restoration activities.

Highways and Local Roads

San Francisco should work with Caltrans and GGBHTD to identify protocols for granting access
to bridges for repair crews.

SFMTA and Public Works should designate freight traffic routes as disaster recovery critical
supply routes and protect them from damage in an earthquake.

Caltrans should delegate responsibility for clearing local priority state routes to local
jurisdictions in an emergency.

Potable Water

SFPUC should analyze the seismic reliability and expected restoration time of the in-city water
distribution system and develop an upgrade strategy.

SFPUC should identify key facilities that should be prioritized by PG&E for power restoration.
SFPUC should stockpile critical spare parts needed for emergencies.

SFPUC should work with lifeline sectors co-located in city streets to coordinate post-earthquake
emergency response and restoration work.



Transit

BART and SFMTA should work with PG&E to better understand when power will be restored to
components of the transit system.

BART should work with SFPUC and EBMUD to better understand when water will be restored
to the BART system.

SFMTA should assess the feasibility of providing battery backup for critical traffic signals to
ensure basic level of post-earthquake traffic flow.

SFMTA should study resilience issues related to the overhead catenary systems.

Natural Gas

San Francisco Department of Building Inspection should require all new buildings to be fully
electric.

San Francisco Department of Building Inspection should require electrification of existing
buildings with gas shut-off valves as an interim measure.

Wastewater

SFPUC should develop service level agreements and MOUs to ensure adequate staffing for
post-disaster evaluations and emergency repairs.

SFPUC should communicate power restoration needs of treatment plants and pumps to PG&E.

SFPUC should characterize its needs and impact to the pumps and treatment plants of lengthy
power outages, and work with PG&E to prioritize restoration of power accordingly.

SFPUC should adopt and implement measures to achieve performance goals pertaining to
restoration of the wastewater collection system.

SFPUC should develop a coordinated plan and public messaging for handling biological waste
when toilets won't flush.

Solid Waste

Recology should increase its understanding of post-disaster fuel availability and the regional
prioritization process to enable better planning for post-disaster fuel needs.

Port of San Francisco should complete a vulnerability study to determine the likelihood that
Pier 96 will be operational after the scenario earthquake and determine alternate recycling
collection and debris processing locations.

Recology should explore alternative methods for waste transfer, such as activation of the
existing rail spur and connection to the rail line, to reduce likelihood of surpassing Recology’s
waste storage capacity.

Large building owners should consider a redundant power source for refuse compactors in
commercial buildings.
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Port

* The Port should evaluate potential seismic upgrades to Pier 1 and a plan to upgrade Pier 50 or
relocate these operations to support the Port’s role in waterfront restoration.

e The Port, the Department of Emergency Management, and the ferry operators should evaluate
the impact of a major earthquake on ferry operations and the expected timeline for restoration
of service.

* The Port should identify additional resources, partnerships, projects, policies and actions
necessary to continue to reduce the risk of seawall failure.

* The Port should perform a seismic vulnerability assessment of the southern waterfront with
particular focus on piers that are important to the City's post-disaster response.

* The Port should develop Memoranda of Understanding (MOUs) with Resource agencies
responsible for permitting along the shoreline to expedite post-disaster construction.

Airport

* SFO should identify ways to improve the reliability of fuel delivery in the event of an
emergency.

* SFO should improve the reliability of priority utility systems in an earthquake.

Firefighting Water (EFWS)

* SFPUC should complete studies and analysis, and implement capital projects to improve and
expand the EFWS, emphasizing capital investments in areas of the City with limited access to
the EFWS.



How to Read the Sector Summaries

Each sector summary describes the systems and issues in detail. Each sector summary is organized into

the following sections with a brief description of what that section includes.

Key Findings provides a quick summary of the key findings which will be described in more detail
throughout the summary. Findings include brief description of restoration timeline and issues, key
dependencies, and other important issues.

Actions to Speed Restoration provides a quick summary of the recommended actions which are
provided at the end of the summary.

Restoration Performance Goals provides the goal for system restoration provided by the operator
and describes whether this goal has been officially adopted.

System Restoration Timeline provides a graphical overview of the extent of service disruption at
specific time points after a San Andreas scenario earthquake.

Sector Overview provides a description of the system function, its major components, and the
organization(s) that operate it; includes a map of the system components.

System Upgrade and Disaster Planning Efforts includes a description of investments to improve
the seismic performance of the system and planning efforts undertaken to improve post-disaster
restoration.

Expected Impacts of an Earthquake provides a description of how each earthquake scenario will
impact the sector.

System Restoration Timelines and Considerations provides a detailed description of the existing
level of anticipated service disruption and restoration actions that will be undertaken by the operator
at each recovery time period.

Level of Confidence provides a description of the sources of information the operators drew on to
inform their responses to the interview questions.

System Interdependencies describes the extent of this sector’s dependence on other sectors.

Actions to Speed Restoration provides key actions that should be taken to improve the post-
earthquake restoration of the system and meet the system’s restoration goals.
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Electric Power

Photo: Unsplash/Flickr

Most electricity in northern California is provided by PG&E, an investor owned utility headquartered in
San Francisco serving approximately 16 million people. The City of San Francisco also operates its own
public utility system, the San Francisco Public Utilities Commission (SFPUC), which provides power to
municipal customers, as well as a growing number of residential and commercial customers, providing
nearly 20% of the City's electricity needs.



Electric Power
Operators: PG&E, SFPUC

At A Glance

Key Findings

Moderate restoration of PG&E power anticipated within 72 hours and fully restored with
long-term temporary measures within two weeks. SFPUC power may take up to two
weeks for moderate restoration and up to a year for no disruption, largely due to the
likely need to replace major electrical equipment.

Restoring the PG&E power system will require mobilization of significant resources and
the movement of large equipment through San Francisco.

SFPUC municipal customers are highly dependent on restoration of the PG&E system and
will likely be without power until PG&E power is restored.

Electric power has significant dependencies on power generators and transmission lines,
natural gas for generation, highways and roads for transporting crews and equipment,
and fuel for generators and maintenance crews. Communication systems are also
important for power operation, but backups are available. In addition, SFPUC power is
highly reliant on PG&E.

Actions to Speed Restoration

Building and lifelines owners with critical electricity needs should install a grid-
independent solar battery storage system.

The Lifelines Council and PG&E should evaluate the earthquake vulnerability of power
generation sources in the Bay Area.

PG&E should share its plans for establishing an above ground temporary electrical
network with San Francisco.

PG&E should develop a clear understanding of the reliance of other lifeline systems on
power supply and the implications if these partners lose power.

SFPUC should continue to assess the vulnerability of substations at SFO to damage in an
earthquake and develop a plan to address deficiencies.

SFPUC should understand the earthquake vulnerability of critical PG&E owned power
components and develop a plan to address deficiencies.

SFPUC should develop mutual aid agreements with individual utilities in another region
and improve emergency purchasing processes.
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Restoration Performance Goals

PG&E and SFPUC have not adopted performance targets for system restoration or level of redundancy
needed in the system.

System Restoration Timeline

The service restoration timelines shown in Figure 6 represent the extent of service disruption
experienced by the system from the perspective of users in San Francisco at specified time points after
a San Andreas earthquake scenario. In setting the service disruption level for each time period, each
operator considered the measure of service loss appropriate for their system.

The solid line shows the expected restoration performance if an earthquake were to occur today.
The dashed line shows the target performance, as defined by the system owner. Target performance
considers existing plans for system upgrade and improvement that have not yet taken place.

These restoration assumptions should not be viewed as a predictive model of performance in a future
earthquake or other disaster, but rather an indication of the types of restoration issues that will arise in
this scenario.

The service disruption levels are defined as follows: SERVICE DISRUPTION LEVELS

Hig!

IMPACT

* Low: disruptions with low spatial extent and low impact;

* Moderate: disruptions with low spatial extent & high impact,
OR high spatial extent & low impact; Low o g

- Hi
EXTENT EXTENT

* Severe: disruptions with high spatial extent & high impact
disruptions.

Low
IMPACT



FIGURE 6: ELECTRIC SYSTEM RESTORATION TIMELINES
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Sector Overview

The electric system shown in Figure 7 consists of four major components: generation, transmission,
substation transformation from high voltage to lower voltage, and distribution to customers.
Substations contain expensive and highly sensitive equipment such as, large power transformers,
which change the voltage of electrical current; capacitors, which store energy in an electric field;
voltage regulators, which maintain a constant voltage; and switchgears, which control, protect and
isolate electrical equipment.

PG&E

PG&E electricity comes from a variety of generation sources. In 2018, PG&E's power mix was
comprised of 39% renewable sources (including solar, wind, geothermal, biomass and small hydro),
34% nuclear, 13% large hydropower, and 15% natural gas and other fuels.* Since the closure of the
Potrero Generating Station in 2006, there are no power generating plants in San Francisco, except for
solar. San Francisco’s power primarily comes from geothermal plants in the North Bay, and natural gas
plants along the Carquinez Strait and South Bay.

PG&E owns generation sources and purchases power from independently owned plants elsewhere

in the state, the Pacific Northwest, and Southwest. CAISO, a nonprofit public benefit corporation,

is responsible for managing electric flow on the transmission grid. PG&E owned generation sources
include hydroelectric, nuclear, natural gas, solar and fuel cell generation with 7,686 MW of generating
capacity.® In addition, PG&E has connected more than 400,000 customers with private rooftop solar
to the grid.® In 2018, 55% of the Bay Area’s electricity demand was generated within the nine county
region.” Ninety two percent of the regionally produced power is generated at 39 large facilities with
the remaining 8% generated at 143 small facilities with less than 50 MW capacity.® Of the regionally-
generated power, two-thirds is produced by natural gas facilities, which are mostly located along the
Carquinez Strait and in the South Bay. Damage to these facilities in an earthquake would impact a
large portion of local electrical generation.

*Pacific Gas and Electric. “Exploring Clean Energy Solutions: Delivering Low Emission Energy”.
https://www.pge.com/en_US/about-pge/environment/what-we-are-doing/clean-energy-solutions/clean-energy-solutions.
page?WT.mc_id=Vanity_cleanenergy. Accessed February 18, 2020.

5 Pacific Gas and Electric. 2019. “"Corporate Responsibility and Sustainability Report 2019: PG&E Overview”. Retrieved from
http://www.pgecorp.com/corp_responsibility/reports/2019/bu01_pge_overview.html.

¢ Pacific Gas and Electric. 2019. “"Corporate Responsibility and Sustainability Report 2019: Renewable Energy”. Retrieved
from http://www.pgecorp.com/corp_responsibility/reports/2019/bu01_pge_overview.html..

7 California Energy Commission. “Electric Consumption by County” (San Francisco, Total Consumption, 2018)
http://www.ecdms.energy.ca.gov/elecbycounty.aspx and “California Power Plants”.
https://cecqgis-caenergy.opendata.arcgis.com/datasets/california-power-plants?geometry=-125.202%2C37.627 %2C-
119.972%2C38.385. Accessed February 24, 2020.

8 California Energy Commission. “California Power Plants”.
https://cecgis-caenergy.opendata.arcgis.com/datasets/california-power-plants. Accessed February 24, 2020.




High voltage transmission lines delivering power from generation sources to the east cross the

Bay near Fremont via submarine cables or travel up the Peninsula from San Jose via overhead

and underground lines, terminating at substations in San Francisco.” Another 53-mile submarine
transmission line, owned by Trans Bay Cable, delivers power between two PG&E substations in
Pittsburg and San Francisco. The Trans Bay Cable transmission line delivers approximately 40% of the
electric power used daily in San Francisco and the surrounding area. Most transmission lines within San
Francisco are below ground. The few overhead lines are in the Hunters Point neighborhood.

SFPUC

SFPUC owns and operates the municipal Hetch Hetchy power system, which is composed of

three hydroelectric powerhouses located in the Sierra Nevada: Moccasin Powerhouse, Kirkwood
Powerhouse and Holm Powerhouse. The combined total hydroelectric generating capacity for these
facilities is approximately 385 megawatts.

Combined, the Hetch Hetchy power system delivers power to all municipal facilities, streetlights,
customers in Hunters Point and Treasure Island, redevelopment areas and critical facilities, such as the
airport, San Francisco General Hospital, SFMTA, and the police and fire departments.

SFPUC owns 160 miles of high

voltage transmission lines that deliver
power from Hetch Hetchy to a PG&E
substation in Newark. Power to the
City is transmitted through a network
of PG&E transmission lines before it is
distributed via PG&E’s distribution grid
to San Francisco customers. SFPUC
does not own the distribution system
in San Francisco. SFPUC owns only the
intervening facilities that picks up load
from the PG&E grid at multiple service
points within the City to provide power
to municipal customers.

Two substations at SFO provide redundant power to the airport, SFPUC's largest retail customer.
Power to Treasure Island and Yerba Buena Island (TI/YBI) is provided via a 12kV submarine cable from
the Port of Oakland (not mapped). This submarine cable is owned by the Treasure Island Development
Authority (TIDA) and maintained by SFPUC. Backup generators located on Treasure Island have
enough capacity to meet the needs of both islands. SFPUC has a contract with a supplier to provide
fuel in case of a prolonged outage. SFO also has backup generators that provide enough power to
operate the airport.

?Trans Bay Cable. http://www.transbaycable.com/home.html. Accessed May 7, 2020.
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SFPUC also owns about 50% of the street lights in the city and PG&E owns the remainder, but all the
streetlights are powered through PG&E'’s distribution system with Hetch Hetchy Power.

Hetch Hetchy Power also includes 8.6 MW of distributed renewable generation capacity in solar and
biogas facilities, predominantly located within San Francisco.” In 2018, San Francisco used 5,640
GWh of electricity, however the only utility-scale generation source located within San Francisco is a

5 MW solar array at Sunset Reservoir.’? As of 2019, another 38.77 MW of interconnected photovoltaic
(PV) generation capacity is distributed across 8,710 private sites in San Francisco.™

"SFPUC. “Solar Installations”. https://www.sfwater.org/index.aspx?page=403. Accessed March 4, 2020.
12 California Energy Commission. “Electricity Consumption by County” (San Francisco, Total Consumption, 2018).
http://www.ecdms.energy.ca.gov/elecbycounty.aspx. Accessed March 4, 2019.

'3 California Distributed Generation Statistics. “Statistics and Charts: NEM Solar PV” (San Francisco County, All Years, Projects
and Capacity). https://www.californiadgstats.ca.gov/charts/. Accessed May 8, 2019.




FIGURE 7: ELECTRIC POWER SYSTEM MAP
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System Upgrade and Disaster Planning Efforts

PG&E

PG&E has approached system upgrades in three ways: upgrading older equipment that is vulnerable
to damage to higher standards, adding redundancy to the system, and improving restoration
capability.

Upgrading older equipment

Between 2005 and 2025, PG&E will invest $2.5B in upgrading transmission cables, which are primarily
in high liquefaction areas, to protect them in future earthquakes. Newer transmission lines are installed
in conduits with slack in them to allow for ground movement in earthquakes.. Transmission lines are
challenging to replace and repair after an earthquake, so upgrading them before a disaster is critical.
PG&E is also investing in distribution system upgrades, consisting of line work, equipment upgrades
and replacement. The distribution system is much easier and faster to restore after a disaster.

Over 20 years, PG&E has also upgraded 80% of its large power transformers to meet higher seismic
performance standards, based on IEEE 693. PG&E continues to upgrade all its vulnerable equipment
to meet these standards.

Adding redundancy

There are five major substations that service most of San Francisco. Each substation has at least three
transmission lines serving it, and each line can serve the base load of the station. PG&E has installed a
submarine transmission cable between the Embarcadero and Potrero substations as a third path and
performed upgrades at both stations to provide internal redundancy within the stations. PG&E has
also completed upgrades to its Mission, Larkin and Martin substations within San Francisco

Improving restoration capability

The Greater Bay Restoration Project includes developing contingency plans in case of underground
damage, stockpiling spare parts, and securing basecamp locations. If the underground transmission
cables break in an earthquake, PG&E is planning for temporary construction of above ground
transmission lines (putting up poles in the sidewalk). Potholing and utility surveys have already been
completed to pre-determine specific locations for driving poles that go 20 feet below ground and
60 feet above ground and is building a warehouse to stockpile these materials in Brisbane. PG&E is
prepared bring significant assets to clear debris from any streets needed to restore the network.

PG&E has secured the Cow Palace parking lot as a basecamp post-disaster and also has other
laydown yards along US-101. A Bay Area restoration warehouse is being built for indoor equipment.
The majority of PG&E's stockpiled equipment is stored east of San Francisco in Fremont, Fresno, and
Marysville.



SFPUC

The SFPUC Power Enterprise is expanding and constructing its own distribution substructure. The first
project is the Bay Corridor Transmission and Distribution Project (BCTD). It is currently in progress and
slated to be in service in 2021. The BCTD will deliver power from Hetch Hetchy and other renewable

resources to municipal loads such as the Southeast Plant and Pier 70 development project. The BCTD
project is designed to the latest seismic requirements for a critical facility.

The SFPUC Power Enterprise is expanding and constructing its own distribution substructure. The first
project is the Bay Corridor Transmission and Distribution Project (BCTD). It is currently in progress and
slated to be in service in 2021. The BCTD will deliver power from Hetch Hetchy and other renewable

resources to municipal loads such as the Southeast Plant and Pier 70 development project. The BCTD
project is designed to the latest seismic requirements for a critical facility.

The SFPUC Utility Yard is located at 5th and Bryant Street in a seismically safe structure, however it is
being relocated to a new facility at Pier 23.

SFPUC is making improvements to the two substations that serve SFO to improve reliability. Upgrades
to the substations to increase the power capacity are in planning stages. The upgrades will improve
the resiliency of the substations and reliability of service to the SFO.

Expected Impacts of an Earthquake

San Andreas Fault Scenario

PG&E

PG&E's generation sources are all located outside of the City of San Francisco, however those

sources located within the San Francisco Bay Area could experience shaking or liquefaction damage

in this scenario, particularly the geothermal plants in the North Bay, and natural gas plants along the
Carquinez Strait and in the South Bay. However, because of PG&E’s diverse mixture of generation
sources, enough power could most likely be purchased from other sources to compensate for any local
damages. Delivery of power will be dependent on the availability of transmission resources.

Within San Francisco, significant damage is expected to underground transmission and distribution
cables, and equipment needed to provide power, as well as telecom equipment needed to talk to the
devices and equipment in the system. Above ground power lines may be damaged by falling debris.

Substations have all recently been upgraded to minimize likelihood that they will experience significant
damage in the scenario earthquake. Each substation has three transmission lines serving it capable

of providing the base load of the station, reducing the likelihood that damage to any particular
transmission line will result in loss of power to customers, including SFPUC municipal customers.
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SFPUC

SFPUC's three hydropower plants are all located far from San Francisco in the Sierra Nevada and will
not experience damage in this scenario earthquake. SFPUC's distributed power generation sources
within the City of San Francisco will all be exposed to very strong shaking and may experience
damage.

The vulnerability to shaking and liquefaction damage of key SFPUC substations and key facilities

has not yet been assessed. However, nearly all these facilities will be exposed to strong shaking

and liquefaction in this scenario with strong likelihood for damage, including the PG&E substation

in Newark which receives power from the Hetch Hetchy system, portions of the transmission line
serving the Newark substation, SFPUC substations at SFO which supplies power to the airport, the
Port of Oakland substation that supplies power to TI/YBI, the distribution network on TI/YBI, and the
intervening facilities that SFPUC has responsibility for. It is likely TI/YBI will lose power due to damage
to the substation and the distribution network on TI/YBI. TI/YBI have enough backup generator
capacity to continue to provide power for some time. SFO has two substations at different locations.
If both substations are damaged, SFO will rely on the backup generators to continue its operations.
Other municipal customers, even those for which on-site power connections are SFPUC's responsibility,
are highly dependent on restoration of the PG&E system and will likely be without power until PG&E
power is restored.

Hayward Fault Scenario

PG&E

PG&E's generation sources located within the Bay Area are more likely to experience damage in this
scenario event, particularly natural gas power plants along the Carquinez Strait and in the South Bay.

PG&E transmission system serving San Francisco comes from the East and South Bay. Transmission
lines in the East Bay are primarily overhead while the transmission lines from the South Bay are
overhead and underground. Extensive damage is not expected on the overhead transmission lines
because the wires can sway several feet and not break, however underground transmission lines are
susceptible to liquefaction damage and fault rupture. Electric transmission lines cross the Hayward
Fault in five locations in the East Bay with significant displacement, including one underwater line in
San Pablo Bay." However, the intricate transmission system is redundant, with the ability to reroute
power should any one transmission line experiences damage. There will also be some damage to
older equipment and cables in very high liquefaction zones in San Francisco. Substations are expected
to perform well in this scenario.

' Jones, J.L., Wein, A.M., Schweikert, A.E., and Ballanti, L.R. 2019. “Lifeline infrastructure and collocation exposure to
the HayWired earthquake scenario—A summary of hazards and potential service disruptions”, chap. T of Detweiler, S.T.,
and Wein, A.M., eds., The HayWired Earthquake Scenario—Societal Consequences: U.S. Geological Survey Scientific
Investigations Report 2017-5013-R-W, 104 p., https://doi.org/10.3133/sir20175013V3.




SFPUC

SFPUC’s three hydropower plants are all located far from the Hayward Fault in the Sierra Nevada and
will not experience damage in this scenario earthquake. SFPUC distributed power generation sources
within the City of San Francisco are also less likely to be damaged in this scenario.

The vulnerability to shaking and liquefaction damage of key SFPUC substations and key facilities has
not yet been assessed. Because of the location of SFPUC's key facilities, many will be exposed to high
shaking and liquefaction in the Hayward Fault scenario as well, including its substation in Newark,
portions of the transmission line serving the Newark, its substation in Oakland, and the distribution
network on TI/YBI. Intervening facilities and substations at SFO are less likely to be damaged in this
scenario.

Expected damage to the Hetch Hetchy system in the Hayward Fault scenario earthquake is not yet
well understood by SFPUC. Key system components that will be exposed to strong shaking in this
scenario are the substations in Oakland and Newark and the electric network at TI/YBI, however the
vulnerability of these components is not yet known. Damage to the Oakland substation would cut off
power supply to Treasure Island.

System Restoration Timeline

San Andreas Fault Scenario

Table 3 describes the existing level of
service disruption for the asset and the
restoration actions that each operator will
take during the specified recovery period in

Loma Prieta earthquake

the San Andreas Fault scenario. The table In the Loma Prieta earthquake, PG&E restored
reflects the current, existing performance 90% of service within 32 hours. There was still
in the Restoration Tables in Figure 6 above extensive system damage at this time, but

and each box is shaded to correspond

to the expected service disruption levels,
where red is severe disruption, orange is
moderate disruption, blue is low disruption,
and gray is no disruption. Italicized text
explains gaps between existing and goal performance for each restoration period.

PG&E was able to reroute power and bypass the
damage.

These restoration assumptions should not be viewed as a predictive model of performance in a future
earthquake or other disaster, but rather an indication of the types of restoration issues that will arise in
this scenario.
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TABLE 3: ELECTRIC POWER SYSTEM RESTORATION TIMELINE

Most quick repairs will be resolved within 3 days.
More than 50% of the system will be restored.

Only pockets of severe damage will remain; likely
including the financial district.

Damage assessments completed. Mutual aid and
employee access to the City, SFO and TI/YBI will
be a significant factor in the timely completion of
damage assessments and initiation of repairs. SFPUC
Power only employs five linemen and most live out-
side of San Francisco.

Power restored to most municipal customers as
PG&E power is restored.

SFO will continue to experience loss of grid power
because of damage to the transmission line and
substations serving the airport. If major equipment
such as transformers, need to be replaced, SFPUC
will initiate Mutual Aid assistance to request
equipment from other utilities located in other
regions not affected by the earthquake. Although
PG&E owns spare transformers, it will prioritize its
own facilities.

Power to Treasure Island will be restored with
temporary repairs. SFPUC will assess needs for
permanent repairs to infrastructure.




SFPUC

SFO will continue to experience loss of grid power
because of damage to the transmission line and
substations serving the airport. If major equipment
such as transformers, need to be replaced, SFPUC
will initiate Mutual Aid assistance to request
equipment from other utilities located in other
regions not affected by the earthquake. Although
Months PG&E owns spare transformers, it will prioritize its
own facilities.

Power to Treasure Island will be restored with
temporary repairs. SFPUC will assess needs for
permanent repairs to infrastructure.

Goal is for power to be fully restored with perma-

6 nent repairs completed.

Months
SFPUC Power will continue to provide power with
temporary repairs, while permanent repairs are

made.

Hayward Fault Scenario

PG&E

In the Hayward Fault scenario, sensors will automatically trip and turn off power, as in the San Andreas
scenario. However, with less intense shaking and less liquefaction there will be less damage in the
system that needs to be repaired. The USGS HayWired study estimates that San Francisco power will
be 90% restored in about a week, not accounting for post-earthquake fires.™

SFPUC

The restoration time for TI/YBI will likely be the same in the Hayward Fault scenario due to similar
levels of shaking and liquefaction exposure for the distribution network and Oakland substation. The
Newark substation is more likely to experience damage due to closer proximity to the Hayward Fault
and restoration for SFPUC's municipal customers will be largely dependent on PG&E’s decisions to
reroute power around the substation if it is damaged. The intervening facilities in San Francisco are
less likely to experience damage in this scenario, as well as SFO. Most SFPUC facilities will likely be
repaired within two weeks in this scenario, with complete restoration expected within 2 months.

> Jones, J.L., et al., 2019.
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Level of Confidence

PG&E

PG&E has a high level of confidence in its restoration assumptions based on recent system upgrades,
emergency and contingency plans it has developed, significant system modeling and recent disaster
service restoration experience. PG&E combines a suite of USGS ShakeMaps scenarios with its System
Earthquake Risk Assessment (SERA) vulnerability model to establish likely damage of components

in the system. This model is used to design its system upgrade plan and as post-disaster decision
support tool to determine where damage likely occurred. PG&E also has significant experience in
disaster response and service restoration within its service area and through mutual aid to disasters
outside its service area.

SFPUC

SFPUC is confident in the performance of its system in an earthquake, but has not specifically
analyzed the performance. Its restoration assumptions are primarily driven by experience with routine
maintenance of the system and experience in the Loma Prieta earthquake.

System Interdependencies

Electric power has significant dependencies on power generators and transmission lines, natural gas
for generation, highways and roads for transporting crews and equipment, and fuel for generators and
maintenance crews. Communication systems are also important for power operation, but backups are
available. SFPUC power is highly reliant on PG&E.

Table 4 describes the extent of this sector’s dependence on other infrastructure sectors for post-
disaster restoration, as well as any mitigations that have been taken to reduce the dependence. The
extent of dependence is described as:

e |ow = minimal reliance on sector;

* Moderate = large reliance on sector with significant backup available, or, moderate reliance on
sector with no backup available;

¢ Significant = large reliance on sector with limited backup available.



TABLE 4: ELECTRIC POWER SYSTEM DEPENDENCIES

Sector

Electric Power

Natural Gas

Water

Extent of dependence on sector

Significant — Both SFPUC and PG&E are heavily reliant on other parts of the electric

network for the overall system to function. SFPUC is heavily reliant on PG&E's transmission
and distribution systems, but owns its own generation sources. PG&E is heavily reliant on
independently owned power generator sources and on the Trans Bay Cable transmission line
which provides power to San Francisco.

Significant — PG&E relies on natural gas plants for 15% of its power generation, with most of
the plants located in the East and South Bay. SFPUC Power has no reliance on natural gas for
electricity.

None

Wastewater

Communications

Highways and Local
Roads

None

Moderate — PG&E has its own fiber and microwave communication system and has a share
of the fiber cable located on the Bay Bridge, however PG&E also uses AT&T and Verizon for
day to day communication. SFPUC is reliant on cell service, but also has portable and base
radios at the Bryant St Utility Yard.

Significant — Repair crews and mutual aid support rely on local and regional roads to access
facilities in San Francisco, SFO and TI/YBI. PG&E's office workers may be able to work from
alternate headquarters in Bishop Ranch or work from home.

Significant — SFPUC maintenance vehicles and backup generators on TI/YBI rely on fuel.
PG&E has its own fuel supply and does not rely on third party fuel suppliers.=

Transit None

Solid Waste None

Airport None
Port Low — PG&E may use some barges for moving equipment.

Firefighting Water (EFWS)

None
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Actions to Speed Restoration

Building and lifelines owners with critical electricity needs should install a
grid-independent solar battery storage system.

The electric system may experience outages of several days or several weeks, depending on the
severity of the event. Recovery critical facilities and systems that have immediate power needs after an
earthquake should assess the feasibility of solar battery storage systems to supply temporary power
after an earthquake.

In line with the City’s clean energy goals, these facilities and systems should also evaluate the
benefits of independent solar energy to provide continuous clean, resilient power and cost savings in
normal operations.' A recent study showed that for every $1 invested in the installation of solar PV
and energy storage systems on San Francisco shelters, more than $1.6 are generated in benefits."”
Inverters, which connect solar panels with battery storage, are now able to provide a basic level of
power directly to the load independent of the electrical grid during blackouts.

San Francisco should provide incentives for recovery critical facilities, such as medical buildings,
schools, grocery stores, and gas stations to have solar PV and battery storage systems for backup
electricity supply. As inverters need to be replaced on existing solar systems, they should be replaced
with newer inverters that allow grid-independent operation. Additionally, San Francisco should also
invest in solar PV and storage as requirements for new public and critical facilities. Installing solar

and storage has the lowest added cost and disruption when buildings are initially constructed or
undergoing renovation through a capital planning process.

The Lifelines Council and PG&E should evaluate the earthquake
vulnerability of power generation sources in the Bay Area.

San Francisco’s electric power provided by PG&E primarily comes from the geothermal plants in the
North Bay and natural gas plants located along the Carquinez Strait and in the South Bay. These
facilities are likely to be impacted by both the San Andreas and Hayward Fault scenarios; however,
their vulnerabilities are not well understood. Through CAISO, PG&E can purchase power from farther
away, but the supply will likely be reduced. A study would be needed to determine if the load in San
Francisco would be curtailed due to damage of Bay Area generation plants. The likelihood of damage
to these facilities in the scenario earthquakes also needs to be better understood.

The San Francisco Lifelines Council and PG&E should work with large electricity generators in the Bay
Area to understand the earthquake vulnerability of power generation sources and its implications for
power in San Francisco. The generation companies should be encouraged to address any deficiencies
to improve San Francisco’s electric system resilience.

' Arup. 2017. “Solar Market Pathways: San Francisco Solar and Storage for Resilience Project Financial Feasibility Analysis”.
City and County of San Francisco, Department of the Environment. Retrieved from
https://sfenvironment.org/sites/default/files/fliers/files/sfe_ee_financial_analysis_summary_dec2017.pdf.

7 Arup. 2018. “Solar and Energy Storage for Resiliency”. City and County of San Francisco, Department of the Environment.
Retrieved from https://sfenvironment.org/sites/default/files/fliers/files/sfe_en_solar_resilient_cost_benefit_analysis.pdf.




PG&E should share its plans for establishing an above ground temporary
electrical network with San Francisco.

Restoring the PG&E power system in San Francisco quickly will require mobilization of significant
resources and the movement of large equipment through San Francisco. PG&E expects to deploy
significant resources, including heavy machinery, into San Francisco to clear debris, inspect facilities
and power lines, repair damage, and establish a temporary power network, if needed. Some repair
trucks and debris removal equipment may be challenged to travel on roads with Muni's overhead
catenary system.

PG&E should share its power restoration plans with San Francisco and coordinate with the
development of Disaster Recovery Critical Supply Routes (see Highways and Local Roads summary)
to ensure that these routes don't conflict with the establishment of any temporary power network. In
an emergency, this coordination can also be done through San Francisco representation in the PG&E
Emergency Operations Center.

PG&E should develop a clear understanding of the reliance of other lifeline
systems on power supply and the implications if these partners lose power.

PG&E prioritizes restoration of power to critical facilities; however, it does not understand what
components of other lifeline systems have critical reliance on power and what the implications would
be if they lost power. PG&E should coordinate with key lifeline system operators to answer the
following questions:

*  What components of the municipal water or EFWS system require significant power and what are
the implications if they lose power?

e Will fire departments lose their ability to pump water for firefighting if there is no power?

* What are the critical pumps in the wastewater system that are dependent on power and what are
the implications if they lose power?

*  What is BART's critical reliance on power for stations, tracks and communications and what are the
implications if they lose power?
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SFPUC should continue to assess the vulnerability of substations at SFO to
damage in an earthquake and develop a plan to address deficiencies.

Substations serve as key nodes in a power system by reducing high voltage power from transmission
lines to medium voltage power for distribution to residences and businesses. Two key SFPUC
substations at SFO provide power to the airport. The vulnerability of SFPUC substations at SFO have
not yet been assessed. This assessment should include backup generator capacity and prioritization of
power needs for runway lights, terminals, and air traffic control.

If one of these substations are damaged in an earthquake, SFPUC does not have major electric
equipment such as transformers and circuit breakers in its inventory and will rely on mutual aid
agreements to request equipment with the same rating as those in the substations to expedite repairs.
Purchasing high voltage equipment for substations have long lead times, which could be up to 12
months.

SFPUC should understand the earthquake vulnerability of critical PG&E
owned power components and develop a plan to address deficiencies.

SFPUC has not assessed the vulnerability of critical system components owned by PG&E. The
vulnerability of SFPUC critical components, including the Oakland and Newark substations, the
transmission system, some intervening facilities, and the distribution system are owned by PG&E, but
are critical to delivering power to the City of San Francisco. SFPUC owned intervening facilities are
100% reliant on PG&E’s delivery system. Their vulnerability to damage in an earthquake is not well
understood by SFPUC.

Substations serve as key nodes in a power system by reducing high voltage power from transmission
lines to medium voltage power for distribution to residences and businesses. PG&E needs to
communicate to SFPUC the vulnerability of these substations to earthquake events.

It is not known whether PG&E and SFPUC are responsible for the intervening facilities at San Francisco
General Hospital, the Moscone Center, the wastewater treatment plants, and the Muni's system or
their seismic vulnerability.

SFPUC should develop mutual aid agreements with individual utilities in
another region and improve emergency purchasing processes.

SFPUC participates in statewide mutual aid agreements through the California Utilities Emergency
Association (CUEA) and national mutual aid agreements through the American Public Power
Association (APPA). SFPUC will reach out to other utilities through these mutual aid agreements to
request needed equipment to expedite repairs. In addition, SFPUC should identify utilities with a
similar rated system in Southern California and develop an individual mutual aid agreement. This
would allow SFPUC to work out any contracting issues ahead of an emergency and expedite activation
of mutual aid, as well as payment processing. If SFPUC needs to purchase equipment rather than

rely on mutual aid, it should develop emergency purchasing and contracting procedures so that any
equipment purchasing can be expedited in an emergency and certain San Francisco contracting
requirements may be waived.
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Fuel

Photo: Flickr

Refineries process crude oil to make petroleum products. The Kinder Morgan fuel pipeline system
delivers finished petroleum products (gasoline, diesel and aviation fuel) from refineries to fuel terminals
where the product is picked up by fuel trucks for delivery to end users. Kinder Morgan does not own

the fuel it transports.



Fuel

Operator: Kinder Morgan

At A Glance

Key Findings

Regardless of damage, the fuel delivery system will be shut down for a minimum 24-48
hours for inspections. Minor repairs to critical fuel system components could take days to
weeks and major repairs could take months.

Power, communications, water, highways and local roads, and fuel are the primary
interdependencies for operating the fuel system. Emergency delivery of fuel if the
pipeline is not operating depends on the Port of San Francisco.

The performance of the Kinder Morgan pipelines and above ground facilities in
earthquakes is not well understood

The performance of Bay Area refineries and marine oil terminals in earthquakes is not well
understood.

Fuel loading racks at the Brisbane Terminal cannot operate without fire water provided by
the City of Brisbane.

San Francisco can significantly improve its resilience to earthquakes while meeting
greenhouse gas reduction targets by reducing reliance on petroleum fuels.

100% of the fuel needed immediately after an event is stored in vehicles or local storage
tanks. After some time, fuel supplies will need to be replenished. Ensuring adequate local
supply will reduce the impacts of a fuel system disruption.

Actions to Speed Restoration

Kinder Morgan should strive to better understand the vulnerability of its system
components to damage due to earthquakes.

The Lifelines Council should work with key fuel users, regulators, and fuel providers to
evaluate the impact of an earthquake on Bay Area refineries and upgrade vulnerable
components as necessary.

The Lifelines Council should request public reports focusing on post-earthquake
operational issues of marine oil terminals to assist in better understanding long-term fuel
supply impacts.
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Actions to Speed Restoration (cont.)

e The City of San Francisco Fire Department, SFPUC, and City of Brisbane should work with
Kinder Morgan to determine the vulnerability of the City of Brisbane water main serving
the Brisbane Terminal.

* San Francisco should collaborate with industry stakeholders to accelerate deployment of
electric and alternative fuel for light, medium, and heavy-duty vehicles.

* Municipal and private owners with critical electricity needs should develop policies to
ensure adequate supply of fuel within vehicles and equipment as a first priority and then
store fuel locally in tanks that can be pumped without electricity.

Restoration Performance Goals

Kinder Morgan has not yet developed formal performance goals for the fuel delivery system.

System Restoration Timeline

Kinder Morgan determined that it is not possible to develop restoration curves for the fuel system
because the fragility of the pipelines and system components is not well known, the pipeline cannot
function without the marine oil terminals and refineries, which are wholly outside of Kinder Morgan'’s
influence, and it has dependencies on many other lifelines systems that are difficult to quantify.

Sector Overview

The fuel system consists of refineries, pipelines, pumping stations and terminals. Those components
are described below. While the entire Bay Area fuel system is described in this report, as seen

in Figure 8, only Kinder Morgan was interviewed and the findings are primarily related to Kinder
Morgan's transmission pipeline, pumping stations, and fuel terminals.

Marine Oil Terminals: Primarily used to unload crude oil from ships for delivery to refineries using
pipes, pumps, electrical utilities, and other mechanical equipment. All Bay Area refineries have access
to waterborne deliveries and most also receive crude oil by pipeline. In 2017, Bay Area refineries
received about two-thirds of their crude oil imports by marine vessel, and the remaining third through
one of three pipelines from Southern California. Except for the Richmond Products Terminal where BP
delivers gasoline to Richmond, these marine facilities cannot be used for delivery of refined fuel.

'8 Adapting to Rising Tides. 2017. “Adapting To Rising Tides: Contra Costa County Assessment and Adaptation Project”
(pg. 5). Retrieved from
http://www.adaptingtorisingtides.org/wp-content/uploads/2017/03/Contra-Costa-ART-Project-Report_Final.pdf.

' KQED. 2019. "Safety, Competition Concerns Raised Over Proposed Sale of Major California Oil Pipeline”
https://www.kged.org/news/11752024/industry-safety-advocates-raise-concerns-over-sale-of-large-california-oil-pipeline




Refineries: The primary purpose of an oil refinery is to process crude oil to make petroleum products
and other chemicals, including motor fuel and lubricants.? Refineries consist of thousands of miles

of pipelines, hundreds of large tanks, and specialized equipment for various stages of the refining
process. Five Bay Area oil refineries located along the Carquinez Strait in the North Bay provide fuel
products to all of Northern California and Nevada and account for one-third of the gasoline used west
of the Rocky Mountains.?' These refineries are:

e Valero Energy Benicia Refinery
* Marathon Petroleum Corp, Golden Eagle Martinez Refinery (also known as Avon Refinery).

o As of August 2020, Marathon Petroleum plans to indefinitely idle this facility with no plans
to restart normal operations due to decreased demand during COVID-19.2? The facility will
be converted to a terminal fuel storage facility and may be repositioned as a renewable
diesel facility.

e PBF Energy Martinez Refinery
* Phillips 66 Rodeo San Francisco Refinery
e Chevron Richmond Refinery

Most finished petroleum fuel products are delivered to end users via pipeline, some is shipped out via
marine vessel for movement around the Bay Area, and exported to Southern California and foreign
destinations, and truck racks at the refineries also provide some fuel directly to fuel trucks.

Transmission pipelines and pumping stations: Refined hydrocarbons are transported from refineries
to distributors and consumers through Kinder Morgan’s fuel pipelines. Kinder Morgan is the sole
common carrier of petroleum product pipelines in California.? The system also includes pumping
stations and terminals. Refineries pump fuel to the Richmond or Concord Stations. Most fuel passes
through Concord Station on its way to terminals in Fresno, Stockton, Sacramento, Roseville, Chico,
Reno, and San Jose; the Concord station does not impact San Francisco fuel delivery.

20 KQED. 2019.

2" Detweiler, S.T., and Wein, A.M., eds. 2018.

22Gan Francisco Chronicle. 2020. “Marathon Petroleum will ‘indefinitely idle’ Martinez refinery”
https://www.sfchronicle.com/business/article/Marathon-Petroleum-will-indefinitely-idle-15451841.php?t=f438ab62a0
2 Detweiler, et al., 2018.
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The remainder of the fuel travel south from Richmond through twin multiproduct and jet fuel pipelines
that generally follow the Union Pacific Railroad right of way along the 1-80/880 corridor to the Oakland
Airport. The pipelines then continue below the Bay to the Brisbane Fuel Terminal where the fuel is
picked up by trucks for delivery to end users. The Brisbane Terminal provides all the fuel needs on

the Peninsula. The multi-product pipeline, which alternatively pumps diesel, gasoline, and sometimes
jet fuel, terminates at the Brisbane Terminal and does not supply fuel to SFO. A dedicated jet fuel
pipeline continues from Brisbane following the Caltrain right of way and breaking off at Grand Avenue
to the San Francisco Airport where it terminates at SFO’s North Field Fuel Farm (See SFO chapter for
further discussion of SFO’s Fuel Farm) and a Shell storage facility located three-quarters of a mile west
of the Fuel Farm.

Kinder Morgan owns the transmission pipelines and pumping stations, but it does not own the product
that passes through them. The product is owned by the refinery or shipper until it is picked up by a
purchaser with a fuel allocation.

Terminals: Fuel trucks with allocations from the refineries can pick up fuel at the Kinder Morgan
Brisbane or San Jose Terminals in the Bay Area to deliver to gas stations and other end users. Fuel
terminals consist of storage tanks and fueling racks.

The Northern California fuel system is isolated from the rest of the country and products cannot

be delivered from other fuel refineries into the Bay Area. The Northern California fuel system is not
directly connected to Southern California. Refined fuel can be delivered in bulk to marine facilities at
the Richmond Products Terminal and Port of San Francisco Pier 96.



FIGURE 8. FUEL SYSTEM MAP
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System Upgrade and Disaster Planning Efforts

As fuel tanks are coming due for inspections required every 15 to 20 years. Kinder Morgan is making
necessary upgrades, including seismic upgrades as required by regulation. Kinder Morgan is not
performing other seismic assessments of its pipelines or facilities, or planning for other specific seismic
upgrades.

Kinder Morgan focuses its efforts on planning to respond to disasters when they occur. When Kinder
Morgan personnel at the Brisbane or Richmond facilities feel a significant earthquake or receive a
USGS alert at the Houston Control Center, Kinder Morgan will shut down the pipeline, drain the
products into tanks and inspect the facilities. Depending on findings from the facility inspection
and/or evidence of pipe rupture, Kinder Morgan will also walk portions of the pipeline right-of-way
looking for pooling, sinkholes, or other evidence of possible product in the ground. A sheen on the
Bay would indicate a broken submarine pipeline, which Kinder Morgan would respond to according
to procedures in its Integrated Contingency Plan. Regardless of damage to the system, many critical
system components will be shut down for a minimum of 24 to 48 hours in a major earthquake for
inspection and restoration.

California Energy Commission Fuels Set-Aside Program

The California Energy Commission has the authority to redirect refined product supplies from refineries
to ensure first responders a