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Actively Participating Jurisdictions

The following is a list of jurisdictions that have participated in the development of this plan and have
submitted a letter of commitment indicating that they are full participants in the plan. Documentation of
how each jurisdiction was involved can be found in Appendix H, as well as in the individual Annex of
the jurisdiction. A list of jurisdictions that participated in 2005, but chose not to participate this time, can

also be found in Appendix H.

ALAMEDA COUNTY

Alameda County Hayward Pleasanton
Alameda Livermore San Leandro
Albany Newark Union City
Dublin Oakland

Fremont Piedmont

CONTRA COSTA COUNTY

Brentwood Hercules Moraga
Clayton Lafayette Orinda
Concord Martinez San Pablo
MARIN COUNTY

Marin County Fairfax Tiburon
Belvedere San Anselmo

Corte Madera San Rafael

SAN MATEO COUNTY

San Mateo County East Palo Alto Portola Valley
Atherton Foster City San Bruno
Belmont Half Moon Bay San Carlos
Brisbane Hillsborough San Mateo
Burlingame Menlo Park South San Francisco
Colma Millbrae Woodside
Daly City Pacifica

SANTA CLARA COUNTY

Santa Clara County Los Gatos San Jose
Campbell Milpitas Santa Clara
Cupertino Monte Sereno Saratoga
Gilroy Morgan Hill Sunnyvale
Los Altos Mountain View

Los Altos Hills Palo Alto

SoLANO COUNTY

Solano County Fairfield Vallejo
Benicia Rio Vista

Dixon Vacaville

SONOMA COUNTY

Cloverdale Petaluma Sebastopol
Cotati Rohnert Park Sonoma
Healdsburg Santa Rosa Windsor
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LEAD AGENCY
Association of Bay Area Governments

ScHoOoOL DISTRICTS

Chabot-Las Positas Community Jefferson Unified School Ross School District
College District District

Fremont Union High School District ~ Oakland Unified School
(Santa Clara Co.) District

TRANSIT AGENCIES

AC Transit Golden Gate Bridge HTD SMCTD- SamTrans

BART LAVTA (Wheels) Santa Clara Valley TA (VTA)

Central Contra Costa TA MTC Vallejo Transportation

TriDelta Transit Authority (ECCTA)  SF MTA (MUNI) Water Emergency TA

WATER/SEWER DISTRICTS

Alameda County Water District Mg?gzzitWater and Sanitary Solano Irrigation District

Contra Costa Water District Purissima Hills Water District ~ Vallejo Sanitation and Flood

Control
Dublin-San Ramon Services District Sanf[a C;Iara Valley Water Zone 7 Water Agency
District

East Bay MUD Sewer Authority Mid-Coastside

Mid-Peninsula Water District Solano County Water Agency

OTHER SPECIAL DISTRICTS

Bethyl Island Municipal Improvement San Francisquito Creek Joint Silver Creek Valley Country
District Powers Authority Club Geologic Hazard

Abatement District
East Bay Regional Park District
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Partnering Jurisdictions and Agencies

The following is a list of jurisdictions that have participated in the development of this plan, but have not
submitted letters of commitment. Documentation of how each local jurisdiction was involved can be
found in Appendix H. In addition many agencies, organizations and companies that are not eligible to
participate in the LHMP have attended meetings and workshops, given presentations, sit on ABAG
committees which are part of the planning team for this update, and have provided feedback on drafts of
this plan. Those agencies are listed under Additional Agencies, Organizations and Companies.

ScHooOL DISTRICTS

Castro Valley Unified School District

CITIES AND COUNTIES

Cupertino Unified School
District

Berkeley
El Cerrito

FIRE DISTRICTS

Napa (city)
Redwood City

San Francisco

Belmont-San Carlos Fire Department
Central County Fire

WATER/SEWER DISTRICTS

Cordelia Fire Protection District
Livermore-Pleasanton Fire Dept.

North County Fire Authority
Santa Clara County Department

Bolinas Community PUD

Marin Municipal Water District

ADDITIONAL AGENCIES, ORGANIZATIONS AND COMPANIES

Bay Area Planning Directors
Association

Bay Area Earthquake Alliance
BARC-First

Bay Area CMA

Bay Area Council

Bay Conservation and Development
Commission (BCDC)

Business Recovery Managers
Association (BRMA)

Business Executives for National
Security (BENS)

San Francisco Bay Conservation and
Development Commission

Cal Water Company

California Geologic Survey
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North Coast County Water
District

San Francisco PUC

California Emergency
Management Agency - Coastal
Region

California Hospital Association

California Preservation
Foundation

California Seismic Safety
Commission

California Teachers Association

Earthquake Engineering Research
Institute

Hills Emergency Forum

Homebuilders Association of
Northern California

League of Women Voters - Bay
Area

Office of Statewide Health
Planning and Development
(OSHPD)

Pacific Gas and Electric

San Jose State University

San Jose Water Company

Sierra Club

Silicon Valley Leadership Group

SPUR

Structural Engineers Association
of Northern California

UC Berkeley

Urban Habitat Program

Urban Land Institute

US Coast Guard

US Geological Survey
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Summary

GoAL: To maintain and enhance a disaster-resistant region by reducing the potential loss of
life, property damage, and environmental degradation from natural disasters, while

accelerating economic recovery from those disasters.

CoMMITMENTS: Together, the cities, counties and
special districts of the San Francisco Bay Area are
committed to increasing the disaster resistance of the
infrastructure, health, housing, economy, government
services, education, environment, and land use systems
in the Bay Area.

1. Infrastructure: Bay Area transportation and utility
facilities and networks are vital lifelines during and
following disasters, as well as in the functioning of our
region and its economy.

2. Health: Bay Area facilities, networks, and systems
providing care of sick and those with special needs need to
be resilient after disasters for these systems will need to care
for additional injured at the same time as those currently
cared for are stressed.

3. Housing: Bay Area residents need to have safe and
disaster-resistant housing that is architecturally diverse and
serves a variety of household sizes and incomes.

4. Economy: Safe, disaster-resilient, and architecturally
diverse downtown commercial areas, business and industrial
complexes, and office buildings are essential to the overall
economy of the Bay Area.

5. Government Services: Bay Area city and county
governments, as well as community services agencies,
provide essential services during and immediately following
disasters, as well as critical functions during recovery, that
need to be resistant to disasters.

6. Education: Safe and disaster-resistant school,
education, and childcare-related facilities are critical to the
safety of our children, as well as to the quality of life of Bay
Area families.

7. Environment: Disaster resistance needs to further
environmental sustainability, reduce pollution, strengthen
agriculture resiliency, and avoid hazardous material releases
in the Bay Area.

8. Land Use: Land use change needs to be accompanied
by a respect for hazardous areas and facilities, as well as
recognize the interconnected nature of the Bay Area.

2010 Update vii

This document, the multi-jurisdictional
Local Hazard Mitigation Plan (MJ-LHMP)
for the San Francisco Bay Area, should
serve as a catalyst for a dialog on public
policies needed to mitigate the natural
hazards that affect the San Francisco Bay
Area.

This multi-jurisdictional effort should not
only maintain and enhance the disaster
resistance of our region, but also fulfill the
requirements of the Disaster Mitigation Act
of 2000 for all local governments to develop
and adopt this type of plan.

For purposes of this plan, local governments
include not only the cities and counties of
our region, but also special districts and
other government agencies.

The chapters which follow describe the
mitigation actions that can be taken to
mitigate hazards and ensure these eight
commitments, together with the regional
priorities on taking those actions agreed
upon by those local governments.

For additional information used to develop
this MJ-LHMP by the Association of Bay
Area Governments (ABAG), including
interactive hazard mapping and risk
assessment, see
quake.abag.ca.gov/mitigation.
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Introduction
Bay Area Region Overview

The San Francisco Bay Area, located in Northern California, is home to more than 7 million people. The area
consists of nine counties, 101 cities. All of the region’s nine counties touch the San Francisco Bayl.

The Bay Area has a land area of 4.4 million acres (excluding bay waters and large lakes). The major type of land
use varies strongly by county, from completely urbanized San Francisco County to Napa County, which has only
a few medium-sized towns and one small city. Contra Costa, Alameda, and Santa Clara Counties all are highly
urbanized along the Bay shore, with varying degrees of development further inland. San Francisco County is by
far the most urbanized county in the region, with virtually all of its land characterized as urban in 2005.

Like many urban areas, the Bay Area will continue to grow in the foreseeable futures. An estimated additional 1.7
million people will live here and over 1.6 million new jobs will be created by 2030, attracting an additional
850,000 residents to the region. An additional 600,000 homes will be built. This region faces the challenges of
serving this growth with efficient transportation, housing, and infrastructure, while balancing it with the natural
disasters that threaten our region and economy.

The economy of the Bay Area is diverse and dynamic. Major industries include high tech and information,
professional services, financial, education and health services, agricultural, tourism, manufacturing and wholesale,
construction and transportation. The high tech industry drives employment in the South Bay, while the University
of California and two national laboratories drive employment in the East Bay. In the North Bay, tourism,
agriculture, and distribution and manufacturing dominate employment. The Peninsula receives spillover from San
Francisco and the South Bay. Its economy is largely high tech and biotech. Major employers on the Peninsula
include Oracle, Stanford University, and United Airlines (due to San Francisco International Airport).

Natural Hazards, Geography and Climate

The San Francisco Bay Area is in a spectacular region with valleys and ridges, views and access to rivers, the
ocean, and the Bay, and a mild climate.

But many of those ridges and valleys have been formed by active earthquake faults that can generate devastating
shaking and ground failures. The typically mild climate is subject to occasional severe winter and spring storms
leading to landslides in the hills and flooding of the valleys. During the fire season, typically from May through
November, the region is subject to periods of Diablo Winds bringing high temperatures, gusting winds, and low
humidity. Tinder-dry trees, brush, and grasslands are subject to fires that can become catastrophic on the edges of
urban development. Given an increasingly mobile population, our citizens and crops are subject to disease
epidemics. Natural disasters can lead to secondary events that are disasters in of themselves, including hazmat
releases and dam failures. During the period from 1950 — 2009, all or part of the Bay Area was subjected to 59
disasters, or about a third of over 200 disasters occurring in the entire State of California during that 60-year
periodz.

The nine most significant of hazards affecting the Bay Area, based on our past history, as well as on the State
Hazard Mitigation Plan, are related to:

+ earthquakes (surface faulting, ground shaking, liquefaction, landslides, and tsunamis), or
+ weather (flooding, landslides, wildfires, drought, and climate change).

The focus of this effort is on natural hazards, that is, natural occurrences that can pose a risk of injury, loss of
life, or damage to property. Other hazards relate to man-made conditions, including releases of hazardous
materials, dam failures, energy shortages, and weapons of mass destruction. These other hazards are only

! Fassinger and others, 2003 — ABAG’s Projections 2007 and 2009. Economy is based on annual Gross Regional Product
(GRP).
2 California Governor’s Office of Emergency Services database of disasters and major states of emergencies.
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addressed in this plan as they relate to earthquake and weather-related hazards. The only one of these additional
hazards that is readily mapped and analyzed is dam failure.

Finally, people and the food they eat are subject to disease. These concerns are also not addressed in great detail,
except as they relate to earthquake and weather-related hazards.

As part of the hazard identification process, ABAG has created a web site with access to 53 hazard maps. These
maps are referenced to the “hard copy” maps in this document. However, these maps can be interactively zoomed
by address, zip code, city, county, school district, fire jurisdiction, and water district for use in the preparation of
local Annexes to this plan. They also are all publicly accessible on the web at
http://quake.abag.ca.gov/mitigation/.

What are Disasters and How are They Related to Hazard Mitigation?

A disaster is a natural or man-made emergency whose response needs exceed available resources. When local
government resources are exceeded, the California Governor’s Office of Emergency Services (State OES) is
contacted and the Governor is requested to declare a State Disaster. When State resources are exceeded, State
OES contacts the U.S. Department of Homeland Security’s Federal Emergency Management Agency (FEMA)
and the President is requested to declare a National Disaster. This Presidential Declaration triggers funding
resources for the public, the state, and local governments to use for clean-up, repair, recovery, and mitigation.

There are two ways to deal with disasters.

1. We can increase emergency response capability. Thus, more damage needs to occur for those capabilities
to be exceeded. Large incidents become manageable emergencies.

2. Projects can be undertaken to prevent or lessen the impacts of future incidents, reducing the need for
larger and larger response capability. Homes can be moved from areas suffering repeated floods.
Buildings and infrastructure can be built to reduce expected damage in earthquakes. Wood shakes on
homes in woodland areas can be replaced with asphalt shingles or tile. These actions are called
mitigation.

More specifically, the Stafford Act defines mitigation as “any sustained action taken to reduce or eliminate the
long-term risk to human life and property from hazards.”® As mitigation activities are undertaken, the risks
associated with disasters decrease.

Goal

To maintain and enhance a disaster-resistant region by reducing the potential loss of life, property damage,
and environmental degradation from natural disasters, while accelerating economic recovery from those
disasters.

We need to continue to work to reduce and avoid risks from natural hazards to protect lives, property, the
environment, and our economy.

This natural hazard mitigation plan is a joint effort by the cities, counties, and special districts in the Bay Area to
build a more disaster-resistant region. We recognize that disasters do not respect the boundaries between our
individual jurisdictions and have worked together to identify our hazards, assess our risks, and develop this goal,
eight commitments, and a comprehensive list of strategies (or actions) to mitigate the identified risks.

We view this plan as a shared mental model of our overall goal, commitments, and mitigation actions. We can no
longer afford random acts of preparedness and mitigation.
Commitments

The overall goal is being addressed by asking all local governments in the Bay Area to adopt formal resolutions in
support of the following eight commitments areas. These commitments are not organized by hazard, but by the

¥ Source — 44 CFR Section 201.2 pertaining to Section 322 of the Stafford Act, 42 U.S.C. 5165.
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types of services supplied either directly, or indirectly, by local governments. Chapters accompany each of the
commitment areas, outlining the problem and highlighting mitigation activities that are currently taking place to
address the problem. With this organization, each of the Bay Area’s cities and counties should find ways to
address these major commitments by reducing identified risks. In addition, the Bay Area’s special districts can
address many of these commitments, depending on the role and responsibilities of that district. Together, we are
committed to increasing the disaster resistance of the infrastructure, health, housing, economy, government
services, education, environment, and land use systems in the Bay Area.

1. Infrastructure
Bay Area transportation and utility facilities and networks are vital lifelines during and following disasters, as
well as in the functioning of our region and its economy.

2. Health

Bay Area facilities, networks, and systems providing care of sick and those with special needs need to be resilient
after disasters for these systems will need to care for additional injured at the same time as those currently cared
for are stressed.

3. Housing
Bay Area residents need to have safe and disaster-resistant housing that is architecturally diverse and serves a
variety of household sizes and incomes.

4. Economy
Safe, disaster-resilient, and architecturally diverse downtown commercial areas, business and industrial
complexes, and office buildings are essential to the overall economy of the Bay Area.

5. Government Services

Bay Area city and county governments, as well as community services agencies, provide essential services during
and immediately following disasters, as well as critical functions during recovery, that need to be resistant to
disasters.

6. Education
Safe and disaster-resistant school, education, and childcare-related facilities are critical to the safety of our
children, as well as to the quality of life of Bay Area families.

7. Environment
Disaster resistance needs to further environmental sustainability, reduce pollution, strengthen agriculture
resiliency, and avoid hazardous material releases in the Bay Area.

8. Land Use
Land use change needs to be accompanied by a respect for hazardous areas and facilities, as well as recognize the
interconnected nature of the Bay Area.

Implementation Strategies for Mitigation
Background on Implementation Strategy Organization

The implementation strategies, or action items, are listed under the eight major commitments identified on the
previous page, rather than by hazard. Within each commitment area, the strategies are grouped by topic and each
group is addressed individually in the chapter text. The accompanying text helps put the strategies into a larger
context and provides some additional information about many of the problem areas. As stated in the previous
section, with this organization, each of the Bay Area’s cities and counties should find ways to address these major
commitments by reducing identified risks. In addition, the Bay Area’s special districts can address many of these
commitments, depending on the role and responsibilities of that district.

Any scheme to identify a comprehensive list of potential strategies is bound to have some overlaps. This list is no
exception. Because those ideas listed under housing and economy have, at their core the relationship, between

2010 Update 3 Multi-Jurisdictional Local Hazard Mitigation Plan



government and the people who live and work in their jurisdictions, there is overlap. City and counties, as well as
special districts handling lifelines and schools, have buildings that are critical to their functioning, so there is
duplication in the discussion of these issues.

Most of the strategies listed are clearly within the definition of “hazard mitigation,” that is, “any action taken
to reduce or eliminate the long-term risk to human life and property from natural hazards.”* The strategies
address all of the hazards identified when performing the risk assessment work described in Appendix C. In
addition, there are four notable areas where we have “pushed” this definition.

& The first is in the area of public education. Author Stephen Flynn notes in his 2004 book® in a plea for
greater public education following 9/11 that federal “security officials often act as though members of
the American public are either potential recruits for an easily panicked mob or a passive part of a
haystack that must constantly be sifted through to find terrorist needles.” The Bay Area learned this
lesson twelve years earlier in 1989 as a result of the Loma Prieta earthquake. People who live and work
in our region also need to understand our hazards so that they can take appropriate mitigation measures
in their homes, schools, and work places.

¢ Second, we have included under Government Services several ideas to “Maintain and Enhance Local
Government’s Emergency Response and Recovery Capacity.” These ideas have been included because

we believe that many go well beyond the traditional response activities of city and county police and
fire services.

¢ Several strategies are drafted so that they apply to natural — and security — hazards, such as the
mitigation of disasters resulting from weapons of mass destruction. Hazmat releases and dam failures
due to flooding, earthquakes, or terrorism have some similar impacts and therefore some similar
mitigation strategies. Some methods of combating “common” crime and violence may deter major
terrorist actions.

+ Finally, the strategies dealing with health, both under the Health commitment, as well as sprinkled
elsewhere in this document, have traditionally been funded by the Centers for Disease Control and
Prevention (CDC), rather than FEMA. They also may involve the use of the National Disaster Medical
System under U.S. Health and Human Services (including both uniformed and non-uniformed medical
personnel under the U.S. Surgeon General). We view this Local Hazard Mitigation Plan, while a
requirement of the Disaster Mitigation Act of 2000 being administered by FEMA, as an opportunity to
build administrative bridges in the public health field. For example, local government actions to deal
with managing “natural” deadly pathogens such as SARS, AIDS, West Nile, and mad cow disease in an
increasingly mobile world can also assist in the response to bioterrorism.

Status and Priorities

For each of the following potential mitigation strategies, local governments have been asked to choose their own
priority for this strategy. The priorities in each of these local government Annexes were selected based on:

¢ the level of hazards identified in Appendix C,

¢ the Bay Area preliminary risk assessment conducted and described in Appendix C,

¢ supplementary hazard and risk assessment information developed by ABAG for each local government
on the interactive internet site http://quake.abag.ca.gov/mitigation, and

+ any specific studies conducted by the local government and included in that local government’s Annex
to this plan.

* Stafford Act (44 CFR 206:401)

® Flynn, Stephen. 2004. America the Vulnerable: How Our Government Is Failing to Protect Us from Terrorism.
HarperCollins Publishers, New York, page 160.
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The priorities for each local government participating in this multi-jurisdictional plan are in that local
government’s Annex to this plan. Priorities are defined as follows. The annexes provide additional information
on the activities as noted after each priority.

¢ Existing program
Responsible agency or department
Provide ordinance or resolution number, if applicable
¢ Existing program, underfunded (new priority added to reflect the current economic climate of
recession)
Responsible agency or department
Provide ordinance or resolution number, if applicable
¢ Very High priority — to be adopted by local government immediately
Responsible agency or department
+ High priority — to be adopted by local government as soon as funding and resources allow
Agency responsible for seeking and administering funding
Sources of potential funding
Estimated amount of funding needed
¢ Moderate priority — will be adopted by local government as funding and resources allow
¢ Under study
Responsible agency or department
Provide estimated date of completion
+ Not applicable, not appropriate, or not cost effective
¢ Not yet considered

This list is a “work in progress”. It will expand and change over time, hopefully becoming as dynamic as the
restless earth whose hazards demand our attention. It is not meant to discourage local experimentation with
alternative strategies. Rather, it is meant to be a list of both common and innovative practices. In addition, local
governments choosing to reword specific strategies to meet their local needs, or to be more specific in their
strategies, are encouraged to do so.

Some of the strategies will not be appropriate for some jurisdictions, but all jurisdictions should be able to address
the general commitments with identifiable actions. Valid risk management requires a careful weighing of the
advantages and disadvantages of action. While some strategies may be appropriate for some jurisdictions, those
same strategies may not be appropriate or may not be cost effective for others. Over time, we are committed to
developing better hazard and risk information to use in making those trade-offs. We are not trying to create a
disaster-proof region, but a disaster-resistant one. Finally, the cost of strategies varies greatly. Some of the most
cost-effective relate to building and maintaining partnerships, not buildings.

Following approval of this plan by FEMA, ABAG will include the comprehensive strategies identified by all of
these local governments Annexes as an interactive searchable database on that same internet site at
http://quake.abag.ca.gov/mitigation. This interactive capability should begin to assist the California Office of
Emergency Services in its efforts to monitor the effectiveness of this Local Hazard Mitigation Plan. For example,
since this list of strategies has been conceived as a comprehensive list of “best practices,” strategies given
relatively lower priorities by most local governments might be viewed as a multi-jurisdictional weakness, while
those utilized and given a relatively high priority by most local governments might be viewed as a multi-
jurisdictional strength.

Decisions on those strategies utilized and given a relatively high priority have been based on a variety of criteria,
not simply on an economic cost-benefit analysis. These criteria include being technically and administratively
feasible, politically acceptable, socially appropriate, legal, economically sound, and not harmful to the
environment or our heritage.
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Scope of Mitigation Strategies - New and Existing Development

Not only are the mitigation strategies designed to cover all of the hazards identified during the development of the
natural hazard risk assessment for the plan as described in Appendix C, but the strategies also are designed to
apply to existing development, new development, and even land use planning. For example, many of the
strategies in infrastructure, housing, and economy focus on existing buildings, while many of those in land use
focus on new development and general land use planning.

Highlighted Mitigation Activities in the Region

The hazards the Bay Area faces are not new, and neither are the risks to lives, property, the environment, and our
economy. The knowledge that an earthquake will strike the region in the near future drives Bay Area local
governments, together with private utilities and various State of California agencies, have created programs and
regulations that are as creative and comprehensive as any region in the world.

Major mitigation projects are currently underway in the Bay Area. The San Francisco-Oakland Bay Bridge, which
partially collapsed in the 1989 Loma Prieta earthquake, is undergoing replacement of its east span and retrofit of
the west span. Retrofit of the BART Transbay Tube, which carries passengers underneath the Bay for 3.6 miles
from Oakland to San Francisco, is ongoing, as is strengthening of the elevated portions of the BART track. Many
other transportation retrofit projects have been completed all over the Bay Area to protect our transportation
system from damage in an earthquake.

Most cities near faults have retrofitted their own city halls and major government buildings. Oakland and San
Francisco city halls were both damaged in the Loma Prieta Earthquake. These historic buildings were repaired
and put on base isolators to protect them from future damage. Hayward, due its proximity to the Hayward fault
and major structural deficiencies in its city hall, replaced that building. Many other local governments have
undertaken similar measures for their own government facilities. Examples of these can be found in the individual
jurisdictions’ annexes.

Soft-story multi-family residential buildings have become a major concern to local cities since the 2005 plan due
to the large number of people residing in these buildings and their likelihood to collapse in an earthquake. San
Francisco, Oakland, Fremont, Berkeley, Alameda, Santa Clara County, and all the cities in Santa Clara County
have inventoried their buildings (or are in the process of doing so) and are developing programs to retrofit these
buildings. A major challenge for these cities is that in the current economic climate of recession, mandatory
retrofits programs are not feasible, and money to provide incentives to building owners is not available.
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Chapter 1 - Infrastructure (INFR)

COMMITMENT: Bay Area transportation and utility facilities and networks are vital lifelines during and
following disasters, as well as in the functioning of our region and its economy.

Damage to infrastructure in a disaster
can lead to damage to other systems and
delayed recovery.

The August 2005 Hurricane Katrina Disaster on the
Gulf Coast has reinforced existing knowledge on
the role of infrastructure before and after disasters.
(1) Infrastructure systems, including roads and
highways, ports and airports, pipelines carrying
water, sewage, and natural gas, as well as power
and communications systems are all
interconnected.

(2) Infrastructure is critical to a safe and resilient
economy.

(3) The impacts of major catastrophes are not
simply linearly related to the size of the impacted
area, but rather can explode exponentially if
infrastructure is impacted.

(4) People who are impacted if infrastructure is
damaged are disproportionately the young, the
elderly, and those with special needs.

These impacts are
seen in most large
earthquakes, as well
storms. Emergency
and utility repair
vehicles were
caught in the
gridlock following
the earthquake in
Kobe, Japan.

2010 Update

The owners of infrastructure systems need
to work together to increase the resiliency of
these systems.

One of the main reasons for the interdependencies of
infrastructure systems is that they tend to be
geographically located in the same areas. For example,
water, sewer, and natural gas pipelines tend to be under
local roads. Communications and electrical cables are
either located
under those
roads or
adjacent to
them. All have
similar
exposures to
hazards that are
related to
serving the
developed
portions of the
region. The responsible agencies and hazard exposures
of each infrastructure system are described separately
on the following pages.

Roadways flooded in Hurricane

Cities, counties, transit districts, water suppliers,
wastewater system operators, and other utilities have
worked together to set regional priorities for the
mitigation of hazards associated with these systems.
Because of the large number of special districts
involved in operating utility and lifeline systems, a
variety of responsible agencies have been identified
following each mitigation strategy.

Bay Area transportation and utility facilities
and networks are vital lifelines during and

following disasters, as well as in the
functioning of our region and its economy.

These agencies understand that it is far easier to try to
fix problems before a disaster than to deal with the
numerous interdependent problems afterwards.
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The Existing Transportation System

The Bay Area’s transportation system is a complex
network of federal and state highways, local roads,
light and heavy rail, bus transit, airports, ports, and
ferries.

e The system contains over 20,800 miles of highways
and roads, with 9,000 miles of bus routes, and 470
miles of rail transit, and 750 miles of bikeways.

e As aregion located on San Francisco Bay, the
system includes eight toll bridges — seven owned by
the state, and one, the Golden Gate Bridge, owned
by the Golden Gate Bridge and Highway
Transportation District. It also includes
approximately 2,000 state-owned and an additional
2,000 locally-owned road structures, including
overpasses, interchanges, and smaller bridges.

e There are three international airports, a federal
airfield, an air force airport, and 36 public general
aviation airports and private airstrips.

¢ Finally, the region has five public ports, several
private ports, and five commuter ferry lines.

Golden Gate Bridge

The entire system is planned and coordinated by the
Metropolitan Transportation Commission (MTC), an
organization whose job is to ensure that this system
functions smoothly and effectively, as well as to plan
responsibly to meet the future mobility needs of the
region’s growing population.

Dozens of other organizations work together to build
and maintain this system, including the federal
Department of Transportation (DOT), the Federal
Highway Administration (FHWA), the Federal
Aviation Administration (FAA), the state agencies of
Caltrans and the California Transportation Commission
(CTC), city and county governments, and special
transit districts.

2010 Update 1-2

Participating Agencies

Local government agencies actively participating
in this transportation portion of the MJ- LHMP
include the transportation agencies participating
in the original 2005 MJ-LHMP:

e MTC
e BART
e Tri-Delta Transit (ECCTA)

City and county representation has been

essential, for many have extensive transportation

systems, including:

e City and County of San Francisco (port, SFO
airport, and SF MTA or MUNI)

e City of Oakland (port and OAK airport)

e City of San Jose (SJC airport)

e City of Vallejo (Transportation)

Additional transit agencies actively participating

in this updated plan include:

e AC Transit

e Contra Costa County Transit (County
Connection)

¢ Golden Gate Bridge, Highway and
Transportation District

e Livermore-Amador Valley Transit

e San Mateo County Transit (SamTrans/
Caltrain)

e Santa Clara Valley Transportation Authority
(VTA)

e San Francisco Water Emergency
Transportation Authority (WETA)

As a multi-jurisdictional plan, this effort makes
use of the hazard maps contained in the overall
plan, with the additional hazard exposure data
documented in this paper.

The various agencies participating in this plan
coordinated their efforts through the TRP
Steering Committee of MTC. This group, in
turn, participated in the overall lifeline effort of
the MJ-LHMP through two representatives to the
ABAG Lifeline Infrastructure and Hazards
Advisory Committee.

Multi-Jurisdictional Local Hazard Mitigation Plan



Earthquake Hazards and the Bay Area
Transportation System

The largest hazard to which the transportation
system is exposed is earthquake-generated ground
shaking. The western U.S. is one of the most
seismically active areas of the country, and the Bay
Area is one of the West’s most active seismic areas.

For transportation systems, 94.3% of local and
state bridges and interchanges are exposed to high
shaking levels (peak accelerations of greater than
40% of gravity [g] with a 10% chance of being
exceeded in the next 50 years), and 65.2% exposed
to extremely high shaking levels (60% g). In
addition, 92.2% of roads and highways are exposed
to high shaking levels (peak accelerations of greater
than 40% g with a 10% chance of being exceeded
in the next 50 years), and 58%b are exposed to
extremely high shaking levels (60% g).

The percentage of rail and fixed transit systems in
these hazard levels is similar, with 92.6% of rail,
85.5% of ACE, 84.8% of Amtrak, 97% of BART,
100% of Caltrain, 100% of SF MTA (MUNI), and
100% of the VTA lines in the high or extremely
high shaking areas. The most vulnerable portions
of these networks to shaking are bridges,
interchanges, and the elevated portions of rail and
fixed transit lines. Facilities at the three
international airports and the major ports are also in
vulnerable locations. The functioning of all of
these systems is critical during emergency
response to and recovery from an earthquake.
Thus, most of the hazard mitigation strategies that
follow deal with this earthquake shaking hazard.

When faults rupture and generate earthquakes, the

rupture can extend to the surface, offsetting roads,

highways, and rail lines. Existing state law

prohibits the construction of structures intended for

human occupancy across the trace of an active

fault Although no ex1st1ng bulldmgs owned by

- N 5 3% transportation

"% agencies are

astride an active

fault, freeways,

= roads, rail, and
% BART lines do

: cross these faults.

Hayward fault trace
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For example, if the Hayward fault ruptures from San
Pablo Bay to its southern end near the Santa Clara
County border, fault surface rupture could close
approximately 520 roads, including I-80, I-680, Hwy.
4, Hwy. 13, and Hwy. 24. In some cases, local roads
have been intentionally placed astride faults as a land-
use decision to avoid the placement of buildings
astride the fault.

Liquefaction occurs when loose, water-saturated,
sand and silt behave like liquid quicksand when
shaken in an earthquake. The exposure to
liquefaction is far less than shaking. In addition, not
all areas of very high susceptibility to liquefaction
will actually behave like quicksand in any individual
earthquake. The percentage of roads in these areas is
5.5%, along with 16% of rail, 1.8% of ACE, 20.2%
of Amtrak, 7.9% of BART, 10.4% of Caltrain,
24.3% of SF MTA (MUNI), and 2.4% of the VTA
lines. Because liquefaction can result in the buckling
and bending of road surfaces, as well as at-grade rail
and fixed transit lines, the damage to at-grade routes
is likely to be more significant than from shaking.

Damage to road in Northridge earthquake

Landslides can be generated as a result of
earthquakes. This hazard is discussed with rainfall-
induced landslides later in this document.

Tsunamis can be generated as a result of earthquake
fault rupture or underground landslides triggered by
earthquakes. After extensive modeling by a number
of organizations, maps of the potential inundation
areas impacted by tsunamis near the Bay or Pacific
Ocean were released in December 2009 for purposes
evaluation planning. The most at-risk transportation
routes are those bordering the Pacific Ocean and next
to San Francisco Bay.
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Current Earthquake Hazard
Transportation Mitigation Highlights

The amount of effort and money currently being
spent on the mitigation of earthquake impacts is
higher than any of the other natural hazards.

State and federal agencies, local governments, and all
transit agencies routinely take into account predicted
earthquake forces in the design of new structures,
including office and operations buildings, bridges,
and interchanges. BART and Caltrans have even
helped to fund the development of innovative new
technologies to make transportation networks and
structures even more resistant to shaking and
liquefaction.

MTC, as the Bay Area Toll Authority, is directing
the $8.5 billion program to make the region’s state-
owned toll bridges more resistant to earthquake
shaking and potential problems of liquefaction.

Bay Bridge deck
replacement

BART, with $980 million in bonds authorized by
voters in its core three-county service area, and an
additional $240 million from other sources, is
seismically strengthening older portions of its system,
including elevated track, 20 passenger stations - and
the Transbay Tube. A $3 million grant from the
Federal Emergency Management Agency (FEMA)
Pre-Disaster Mitigation (PDM) program is helping to
fund the dismantling of the Lake Merritt
Administration facility as part of the strengthening of
the Operations Control Center at that location. The
total budget for the BART Earthquake Safety
Program is $1.22 billion (in 2004 dollars).

MetroCenter (the administrative office building for
ABAG and MTC, as well as the location of the
Emergency Operations Center (EOC) for BART and
MTC), was retrofitted in 2008. Funding for the $5
million seismic retrofit was completed, in part, using
a $3 million grant from FEMA.

2010 Update

Regional Priorities for Future
Earthquake Hazard Mitigation

In spite of the effort currently spent on earthquake
hazard mitigation, more needs to occur. MTC is
currently focusing on creating a plan for disaster
recovery of the Bay Area transportation system.
Through this effort, it has become clear that
mitigation efforts targeted at speeding up post-
disaster recovery are particularly critical.

Emergency Operations Centers (EOCs) and
communications centers for some of the bus and
light rail systems operators are of an age and type of
construction that makes them susceptible to damage
in future earthquakes. The transit operators who
own these facilities are examining the potential for
structural retrofit or replacement of these key
facilities. This task is a high priority for the
mitigation of the earthquake hazard. Meanwhile, as
retrofit options are examined, another task is
focusing on speeding up the post-disaster inspection
and re-occupancy of those buildings that are safe.

At BART, construction is underway and is
scheduled to be completed in 2014. Among the
most important tasks in that effort are strengthening
of the 1,981 supports for the elevated portions of
track, the Transbay tube, and core-system stations.

The Golden Gate Bridge and Doyle Drive are
undergoing retrofits. The Doyle Drive project,
estimated to be completed by 2014, is led by
Caltrans, with an estimated cost of $1.045 billion,
of which $405 is a local contributions, including
$80 million from MTC, $75 million from Golden
Gate HBTD, and $245 million from several sources
in San Francisco, including SF MTA (MUNI).
Work completed to date on the Golden Gate Bridge
approaches and anchorages has cost $245 million.
Work on the Marin Anchorage ($119 million) will
be completed in 2011. The suspension bridge
should be completed by 2015.

While Caltrans has almost completed the seismic
retrofit of bridges and interchanges on state and
federal highways, little progress has been made on
the retrofit of locally owned bridges. Of the 2,214
locally-owned bridges in the Bay Area, it identified
355 that needed to be have seismic retrofit work as
0of 2006. Few bridges have been retrofitted in the
past 5 years due to lack of funding.
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Weather-Related Hazards and the Bay
Area Transportation System

The Bay Area has historically had a mild
Mediterranean climate characterized by mild rainy
winters and dry summers. Flooding and
landsliding occurred during the wet season, while
wildfires and drought occurred in the dry season.

Climate change has been shown to exacerbate all
of these hazards. Thus, the region can expect
more flooding and landsliding due to a more
abrupt runoff in the spring, as well as increased
potential for wildfires any time of year and multi-
year drought conditions. The various port
facilities, as well as both the Oakland and San
Francisco International Airports, are subject to the
threat of sea level rise.

Flooding can occur when occasional intense
winter storms result in local stream flooding, as
well as when particularly warm rains in the Sierras
can also result in sudden snow melting.
Occasionally strong winter storms can close roads
in the Bay Area. However, flooding is a lesser
hazard than earthquakes to the region’s
transportation system. Only 5.2%0 of the roads
(versus 58% in extremely high ground shaking
areas) are in 100-year flood zones. The percentage
of rail in these hazard areas is 15.9%0, along with
14.5% of ACE, 21% of Amtrak, 2% of BART,
6.5% of Caltrain, none of SF MTA (MUNI), and
4.8% of the VTA lines.

i Flooding of road due to Jones
Tract levee failure just east of
Bay Area

In addition to these

. traditionally flood-prone
. areas, some portions of
| the region, particularly

. in the Bay-Delta, are

| actually below sea level.

Of particular concern, much of the Oakland
International Airport is below sea level and is
protected by a levee that may be vulnerable to
earthquake damage and sea level rise.

2010 Update

Road damage due to
landslides in 1997-98 El
Nino winter in Santa Cruz
Mountains —

Landslides can be generated as a result of earthquakes
or severe winter storms. While 23.1% of the region’s
land is located in areas that are mostly active or
ancient landslides, a much smaller percentage of the
urban land (8.3%) and roads (7.2%) are located in
these hazardous areas. None of the MUNI or VTA
light rail lines are located in these areas, and only
1.6% of rail, 7.3% of ACE, 1.7% of Amtrak, 4% of
BART, and 1.3% of Caltrain lines are in these areas.
Landslides have not ever been a significant hazard to
these transit systems.

Wildfire hazards are shown in two separate hazard
maps — wildland-urban-interface fire threat (WUI)
maps and wildfire threat maps. The WUI maps show
the wildfire threat in urban areas, while the wildfire
threat maps focus on more rural areas.

Oakland Hills firestorm £=8
in 1991

Based on the WUI maps,

44.8% of the roads and 28.1% of the rail lines, along
with 25.5% of ACE, 21% of Amtrak, 38.6% of
BART, 32.5% of Caltrain, 32.4% of SF MTA
(MUNI), and 19% of the VTA lines, are in wildland-
urban-interface fire threat areas. However, only 4.5%
of these areas have burned in the past 130 years. In
addition, in much of these hazard areas, the BART
system is in a freeway median or underground.

The wildfire threat maps indicate that 7.1%0 of the
roads and 4.9% of the rail lines, along with 12.7% of
ACE, 0.8% of Amtrak, 3% of BART, none of
Caltrain, none of SF MTA (MUNI), and none of the
VTA lines, are in areas of very high or extreme
wildfire threat.

Drought in the Sierras, as well as the region itself, can
cause water shortages. However, this hazard does not
directly impact the region’s transportation system.
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Current Weather-Related Hazard
Mitigation Highlights

The amount of effort and money currently being spent on
the mitigation of weather-related hazards is far lower than
for earthquake-related hazards. Reasons for this difference
include (1) infrastructure facilities, roads, and rail systems
have a much lower exposure to these hazards and (2)
potential weather-related disasters are less regional in
scope, making the functioning of transportation systems
less critical.

VTA’s headquarters buildings are in a flood plain. Due to
the efforts of the Santa Clara Valley Flood Control and
Water District, the drainage and flooding problems at this
facility have been reasonably mitigated.

Landslides are not a major concern to the regional transit
systems, rail lines, port, or airport systems. Roads built in
landslide hazard areas are currently designed to minimize
the likelihood of damage and tend to be less exposed to
this hazard than the overall urban areas that they serve.
One exception is Highway 1 along the San Mateo and
Marin County coastlines. Caltrans worked with local
governments to better design roadway alignments. For
example, in San Mateo County, bridges and a tunnel are
being built to bypass Devil’s Slide between Pacifica and
Half Moon Bay. The project will be completed in 2011.

Wildfire is a concern in the areas served by the
transportation system. However, there is no well-
established way to mitigate any hazards associated with the
transportation system itself.

Local governments can adapt to climate change by
mitigation of sea level rise, flooding, drought, and wildfire
hazards. However, climate change itself can be mitigated
through efforts at direct control of greenhouse gases and
carbon emissions. Fully one half of the Bay Area’s
greenhouse gas emissions are the result of transportation
sources, particularly on-road private vehicles. Efforts to
develop greener transportation have been initiated by
various transit and transportation agencies in the region.

In particular, MTC is emphasizing transit investments and
maintenance of existing infrastructure seeking to moderate
growth of private vehicle usage. Other programs
encourage increased transit ridership and more walking
and biking for short trips. MTC’s congestion management
and intelligent transportation system programs seek to
reduce emissions through smoother, more efficient traffic
flow.
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Regional Priorities for Future
Weather-Related Hazard Mitigation

Additional ways are available to mitigate the
impacts of weather-related hazards.

The bus yards of AC Transit and, to a lesser
extent, SamTrans that are located near the Bay
have experienced flooding and may need
redesigned drainage systems to better mitigate
the problem. (Flooding has not impacted the
buildings.)

MTC, ABAG, the Bay Area Air Quality
Management District (BAAQMD), and the
Bay Conservation and Development
Commission (BCDC) have initiated a Joint
Policy Committee that has mitigation and
adaptation to climate change as a principal
focus. One of the main goals of this regional
group is reduce carbon emissions through a
variety of innovative programs, including
encouraging smart growth, initiation of
congestion pricing schemes, and other pilot
projects.

VTA and SamTrans have been participating in
a California Air Resources Board (CARB)
pilot program in which a portion of their bus
fleet is fueled by hydrogen cell technology.
AC Transit has been using hydrogen-hybrid
busses in its fleet on an experimental basis.
These efforts are viewed as the beginning of a
process of making transit a cleaner solution to
reducing carbon emissions and associated
global warming.

The side effect of this effort is that planning
for fuel interruption as a result of a disaster
has become more critical, and more complex.

Hydrogen fueled bus
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Bay Area Commercial and General
Aviation Airports

The Bay Area airports are managed independently by
the individual cities that own and operate them.
However, the Regional Airport Planning Committee
(RAPC) is an organization set up by, and operated by,
the staff of three regional agencies: the Metropolitan
Transportation Commission (MTC), the Association
of Bay Area Governments (ABAG) and the Bay
Conservation and Development Commission
(BCDOC).

For purposes of this multi-jurisdictional plan, the
discussion of the hazards, risks, and applicable
mitigation efforts has been overseen by these three
regional agencies on behalf of RAPC, and in turn

by the various airports themselves (as owned and
operated by the cities).

The Bay Area is home to three international commercial
airports:

San Francisco International (SFO);

San Jose International (SJC); and

Oakland International (OAK).

In addition, there are over 30 general aviation airports
serving the Bay Area.

RAPC has representatives from all of these key
constituencies.

While the following discussion focuses on the three
international airports, it also describes related issues at
general aviation airports and other airports.

Hazard and Risk Assessment

Earthquake: In 2000, with a grant from FAA
through MTC, ABAG performed a hazard and risk
assessment of the three major international airports,
and a preliminary evaluation of the general aviation
airports. Based on past experience in California and
other recent earthquakes, the threats to Bay Area
airport operations following future earthquakes fall
into four general categories:

e liquefaction damage to airport runways,
particularly at Oakland, San Francisco, and,
perhaps, Moffett Federal Airfield (given that
liquefaction mitigation occurred to the runways
at SJC);

e shaking damage to air control and terminal
facilities, particularly older facilities that may be
present at Oakland, Moffett, Hayward, San
Francisco, Half Moon Bay, Buchanan, and
Livermore airports;

e power and communications disruptions; and

e disruptions to the transportation systems serving
the airports.

Flooding: None of the three international airports

are in the 100-year floodplain. However, SJC is

surrounded by this floodplain, which may hamper

access to and use of the facility in a flood-related
disaster. In addition, large portions of the runways of
OAK are below sea level, protected only by levees that
do not meet current engineering design levels.
However, overall, 15% of the land used for general
aviation airports are in the 100-year floodplain,
including, for example, Buchanan and Palo Alto.

Tsunamis: The tsunami evacuation planning maps
released in December 2009 indicate that, within the
Bay, OAK would be impacted, but not SFO, SJC, or
Moffett Field. A portion of the Half Moon Bay airport
also is expected to be impacted.

Landsliding: None of these international OR general
aviation facilities are in an area of existing landslides.

Wildfire: None of these facilities are in an area subject
to high wildfire threat, but 27%0 of airport land is in a
wildland-urban interface (WUI) threat area.

Hazard Conclusion and Risk Assessment: The two
significant threats to the international airports are
flooding (particularly levee failure and sea level rise)
and earthquakes (shaking and liquefaction). WUI threat
is not significant due to proximity to the Bay.

Existing Mitigation Programs

Earthquake: SJC has had an extensive program to
effectively “bridge” ancient stream channels that lie
under its runways and are the source of the
liquefaction hazard for that airport. OAK and SFO
are currently investigating the options for decreasing
the liquefaction risk to their runways.

The planned program to tackle this issue as part of
runway expansion efforts is on indefinite hold.

Flooding: OAK is upgrading its runway levee as it
adds facilities to account for sea level rise and levee
failure. It has not been successful in getting the
necessary funds to improve the entire levee system at
this time.

2010 Update
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Bay Area Commercial and General
Aviation Airports (continued)
Priorities for Future Mitigation Programs

1. Focus on better understanding and mitigation
of the liquefaction hazard to runways. We need
to expand on the liquefaction analysis conducted for
the runways at the three major airports (OAK, SFO,
and SJC) to (a) gain further information on the
vulnerability of other major airports, particularly
Moffett Federal Airfield on the Peninsula and Travis
Air Force Base in Solano County, and, if feasible,
Buchanan, Hayward, and Livermore in the East Bay;
and (b) incorporate more recent geotechnical
information becoming available for OAK, SJC and
SFO.

2. Ensure that the design of new runways also
mitigates liquefaction hazards associated with the
connections to the existing runway system. Any
runway expansions at SFO and OAK that tie into
sections of existing runways which are vulnerable to
liquefaction will make the expansions vulnerable as
well. Runway work at SJC has been designed to
minimize the liquefaction hazard.

3. Improve emergency planning at individual
airports and to better coordinate emergency
planning among airports and with other forms of
transportation. Airport participation in coordinated
emergency planning is essential. MTC is starting
this planning as part of the integrated Trans
Response Plan (TRP) for earthquakes. The Regional
Airport Planning Committee has also discussed this
issue, particularly as it relates to potential funding.

4. ldentify alternate locations capable of handling
large commercial and cargo jets after an
earthquake should Bay Area commercial airports
lose capacity due to road transportation system
disruptions, runway damage, or structural
damage. Travis AFB will have increased air and
vehicle traffic during the post-earthquake emergency
response phase because the federal government
plans on using Travis AFB as the primary
mobilization center for their response to the disaster.
With the normal operations that Travis has in
addition to this major role, emergency planners
should not believe that Travis has additional
capacity for other commercial or cargo needs.
Options include neighboring commercial airports
(Sacramento, Stockton, Monterey, etc.), as well as
larger general aviation airports.

5. Identify funding mechanisms for the retrofit or
replacement of critical levee systems protecting
the runway at OAK. The levee system at this
airport is currently vulnerable to both earthquake
damage and damage due to sea level rise.

Other mitigation activities related to the airports and
their facilities are covered in the individual
mitigation strategies of the various cities which own
and manage the airports in the Bay Area.

Further airport information: Perkins, J., with William Lettis and Associates (WLA) (Bachhuber, J., Baldwin, J., and
Knudsen, K.), 2000. Don’t Wing It: Airports and Bay Area Earthquakes: Association of Bay Area Governments, Oakland,
CA. Excerpts are available online at http://quake.abag.ca.gov/eqtrans/eqtrans.html.

1-8

Multi-Jurisdictional Local Hazard Mitigation Plan



The Existing Water and Wastewater System

The regional water and wastewater systems are managed by a network
of public special districts, city and county departments, and private
companies. There are over 100 water retailers and wholesalers in the
Bay Area. While most wastewater collection and treatment is handled
by cities and counties, some special districts treat wastewater. ABAG
estimates that there are 32,000 miles each of water and sewer pipes.

Some communities within the Bay region derive their urban, suburban
and rural water supplies from groundwater and surface waters within the
nine-county region (Napa River, Russian River, Guadalupe River,
numerous creeks and springs). Others rely on groundwater and surface
waters that are imported from watersheds and basins outside the region
(including the Tuolumne, Mokelumne, Sacramento, San Joaquin and
Eel River watersheds). The State of California Water Project and the
U.S. Bureau of Reclamation Central Valley Project are large suppliers
of water to the Bay region.

The Bay Area contains over 400 watersheds, including a portion of the
Sacramento/San Joaquin watershed system. Water is distributed from
these watersheds via a series of open and closed conveyances within the
region, and inter-regionally. A significant amount of annual supply is
impounded in 260 major reservoirs and behind numerous small check
dams scattered throughout the region. 75%0 of the water supplies for the
Bay Area are from water agencies that obtain all or part of their water
either (1) from aqueducts or canals passing through the Sacramento-San
Joaquin Delta or (2) by extracting water from that Delta.

The Bay Area also contains a series of dedicated groundwater recharge
areas where groundwater can accumulate for current and future use.
Some groundwater recharge areas are employed to begin arresting the
decline of groundwater levels in some basins, or to cope with salt water
intrusion. These declines can, and do, lead to land subsidence, cones of
depression, damaged infrastructure, and altered soil chemistry, which in
turn can affect the region’s groundwater carrying capacity. Groundwater
basins outside the region act as significant storage sites for some Bay
Area water needs during dry years.

Conserved and recycled water is another source of water and estimates
of its potential are provided in the State of California Water Plan and in
a range of Urban Water Management Plans in the Bay Region. The
State’s Recycled Water Task Force recently estimated that building
additional water recycling plants could meet 30 percent of the region’s
water needs by 2030. Recycled water in the region is used in a wide
range of applications, including landscape irrigation, industrial cooling,
and agricultural needs, as well as an environmental water source for
wetlands restoration. The Department of Water Resources estimates that
close to 50 million gallons per day (GPD) of recycled water is produced
here, and planned projects have the potential to double this amount in
ten years.
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Participating Agencies
Special-purpose agencies directly
participating in this water supply
and wastewater portion of the MJ-
LHMP include several special
districts:

e Alameda County Water District
e Contra Costa Water District

e Dublin-San Ramon Services
District

East Bay Municipal Utility Dist.
Mid-Peninsula Water District
Montara Water & Sanitary Dist.
Purissima Hills Water Dist.
Santa Clara Valley Water Dist.
Sewer Authority Mid-Coastside
Solano Co. Water Agency
Solano Irrigation District
Vallejo Sanitation & Flood
Control District

e Zone 7 Water Agency

City and county water departments
are represented on the committee
overseeing this process by the San
Francisco Public Utility District
which operates the Hetch-Hetchy
system.

Private companies partnering in this
updated plan include:

e San Jose Water Company

e (Cal Water

As a multi-jurisdictional plan, this
effort makes use of the hazard maps
contained in the overall plan, with
the additional hazard exposure data
documented in this chapter.

The various agencies participating
in this plan coordinated their efforts
through the overall lifeline effort of
the MJ-LHMP through
representatives to the ABAG
Lifeline Infrastructure and Hazards
Advisory Committee.
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Earthquake Hazards and the Bay Area
Water and Wastewater Systems

Examining the locations of dams, water and wastewater
treatment facilities, and pipeline networks that make up
the water supply and wastewater collection system,
shows earthquakes to be the greatest hazard. Because
these systems have to be located in urban areas to serve
those communities, their general hazard exposure is
similar to that of the areas they serve.

While 93.4% of critical water system facilities and
88.8% of critical wastewater system facilities are
exposed to high ground shaking levels (peak
accelerations of greater than 40% of gravity [g] with a
10% chance of being exceeded in the next 50 years),
68.1% of critical water system facilities and 67.5% of
critical wastewater system facilities are exposed to
extremely high shaking levels (60% g). In addition,
95.2% of pipelines are estimated to be exposed to high
shaking levels (peak accelerations of greater than 40% g
with a 10% chance of being exceeded in the next 50
years), and 62.8% are exposed to extremely high shaking
levels (60% g). Thus, most of the mitigation strategies
that follow deal with this hazard. While shaking will not
damage pipelines in the same manner as buildings, the
ground waves associated with shaking will damage those
pipelines.

The ability of the levees in the Sacramento-San
Joaquin Delta to withstand strong shaking is being
studied, as discussed in the box on the following page.
The hazards associated with failure of these levees, both
directly and indirectly, on the region’s water supply
could be catastrophic.

When faults rupture and generate earthquakes, that
rupture can extend to the surface, rupturing aqueducts
and pipelines. Existing state law prohibits the
construction of structures intended for human occupancy
across the trace of an active fault. However, water
aqueducts and pipelines cross these faults. For example,
if the Hayward fault ruptures from San Pablo Bay to its
southern end near the Santa Clara County border, fault
surface rupture could severely damage the Hetch-Hetchy
aqueducts, the EBMUD aqueducts, the South Bay
aqueduct, and numerous local pipelines. Some dams are
also on or near faults. In some cases, local roads have
been intentionally placed astride faults as a land-use
decision to avoid the placement of buildings astride the
fault. When this occurs, the water and sewer pipelines
are placed in this same alignment.
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Liquefaction occurs when loose, water-saturated,
sand and silt behave like liquid quicksand when
shaken in an earthquake. The exposure to liquefaction
is far less than shaking. In addition, not all areas of
very high susceptibility to liquefaction will actually
behave like quicksand in any individual earthquake.
A much higher percentage of wastewater (35.8%0)
than water (5.4%0) facilities are located in the highest
hazard categories for this hazard. As liquefaction
results in buckling and bending of the ground,
pipelines can be damaged. While the percentage of
pipe distribution lines in these areas is only 5.9%0,
they tend to serve the largest population centers.

An ABAG analysis of damaged pipelines following
the 1989 Loma Prieta earthquake indicated that
pipelines in areas subject to liquefaction AND
exposed to violent ground shaking were the most
likely to have broken or leaked as a result of that
earthquake. ABAG has estimated that there could be,
for example, 6,000 - 10,000 water pipeline breaks or
major leaks in an earthquake on the Hayward fault
(compared to 507 in the Loma Prieta earthquake).
Rapid repair and replacement of these pipelines is
essential to recovery from an earthquake.

San Pablo
Dam and
Reservoir
Upgrade

Landslides can be generated as a result of
earthquakes. This hazard is discussed with rainfall-
induced landslides later in this document.

Tsunamis can be generated as a result of earthquake
fault rupture or underground landslides triggered by
earthquakes. After extensive modeling by a number
of organizations, maps of the potential inundation
areas impacted by tsunamis near the Bay or Pacific
Ocean were released in December 2009 for evaluation
planning. The most at-risk areas are those bordering
the Pacific Ocean and next to San Francisco Bay. An
estimated 1.7% of critical water facilities and 16% of
critical wastewater facilities are in these areas.
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Current Earthquake Hazard Water-
Wastewater Mitigation Highlights

The amount of effort and money currently being spent on
the mitigation of earthquake impacts is higher than any of
the other natural hazards.

All water and wastewater special districts, as well as cities
and counties, routinely take account of predicted
earthquake forces in the design of new structures,
including office and operations buildings, as well as
wastewater and water treatment plants and conveyance
networks.

Bay Area residents have funded major improvements to
the San Francisco PUC Hetch-Hetchy, EBMUD, and
Contra Costa Water District (CCWD) systems,
particularly related to storage tanks, treatment plants, and
fault crossings. However, with these major systems, as
well as with smaller agencies, the capital improvements
budgets are limited. These financial issues are have been
exacerbated by the 2008-09 recession.

Dam owners and operators, under the regulation of the
State Division of Safety of Dams, routinely inspect their
facilities and reevaluate their safety in light of current
engineering and seismology. Based on these assessments,
EBMUD is retrofitting San Pablo Dam and Reservoir at a
cost of $75 million dollars. The San Francisco PUC
Calaveras Dam Replacement Project has an estimated total
cost of $409 million dollars.

EBMUD, CCWD, and Santa Clara Valley Water District
have installed, and SFPUC and Alameda County Water
District are in the process of installing, shut-off valves in
pipelines that cross active faults. These valves, installed on
each side of the fault, enable above-ground potable water
bypass lines to be rapidly installed.

Water and wastewater agencies have started to plan for
speeding the repair and functional restoration of water and
wastewater systems through joining the Water/Wastewater
Agency Response Network (WARN). The plan is to
stockpile shoring materials, temporary pumps, surface
pipelines, portable hydrants, and other supplies. Some
water suppliers have also purchased equipment to bag
emergency drinking water for customers.

ABAG’s Sewer Smart Program, with water and wastewater
districts, has developed innovative materials to help the
public cope with disrupted storm drains, sewer lines, and
wastewater treatment. This program grew out of the
exposure of the wastewater system to earthquake hazards
and the information gap identified as part of this project.
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Future Regional Mitigation Priorities
Related to the Delta

The levee failures resulting from Hurricane
Katrina, combined with the Jones Tract levee
failures in the Sacramento-San Joaquin Delta,
have led to an evaluation of the potential impact
of a major earthquake or flood on that Delta
system. As previously stated, 75% of the water
supplies for the region are from water agencies
that obtain all or part of their water from the
Delta or have conveyances that pass through it.

The State of California has conducted a Delta
Risk Management Study (DRMS) that has
explained the problem and associated risks.

The State, the water agencies, and other
organizations are currently working to identify
mitigation options that would protect the water
supply and environmental quality of the Delta.
At this point, various strategies are being
reviewed. While the Governor’s administration
favors a canal bypass, this option would
partially protect Southern California water
interests, but, as currently envisioned, would not
protect the water supply of the Bay Area. The
cities, counties, and special districts in the Bay
Area are, and will continue to be, involved in
this multi-billion dollar discussion.

From the standpoint of risk, damage to the Delta
levees from a major earthquake that would also
cripple portions of the urban Bay Area (such as
one on the Hayward fault) is more problematic
than damage from a Delta-area fault because the
region’s resources would be more heavily
impacted. Thus, a disaster mitigation effort for
the Delta that incorporates recovery goals is
essential.

Future Regional Mitigation Priorities
Related to Pipelines

The pipeline distribution systems for water
and sewer lines typically have not been replaced
since they were originally installed, in some
cases almost 100 years ago. These pipelines
will break and leak. Ways to mitigate this
damage through repair and replacement of the
most susceptible lines has started, but will not
be completed for several years.
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Weather-Related Hazards and the Bay
Area Water and Wastewater Systems

The Bay Area has historically had a mild
Mediterranean climate characterized by mild rainy
winters and dry summers. Flooding and landsliding
occurred during the wet season, while wildfires and
drought occurred in the dry season.

Climate change has been shown to exacerbate all of
these hazards. Thus, the region can expect more
flooding and landsliding due to a more abrupt runoff
in the spring, as well as increased potential for
wildfires any time of year and multi-year drought
conditions. Some wastewater treatment facilities
may be subject to the threat of sea level rise.

Flooding can occur when occasional intense winter
storms result in local stream flooding, as well as
when particularly warm rains in the Sierras result in
sudden snow melting. Flooding is a lesser hazard
than earthquakes to the region’s water and
wastewater systems. A significant 11.5% of the
wastewater and 3.8% water critical facilities in the
region are in the 100-year flood plain. While an
estimated 3.7% of pipelines are in these areas,
flooding of areas above pipelines is not a significant
hazard because areas are not expected to be flooded
for weeks at a time.

Occasionally strong winter storms can close roads in
the Bay Area.

Finally, warm storms in the Sierras can cause rapid
snow melt, which can lead to high water levels that
can damage levees in the Sacramento-San Joaquin
Delta. Delta islands can also be flooded due to
damage not associated with storms because of the
poor quality of some Delta levees. In addition to
these traditionally flood-prone areas, some portions
of the region, particularly in the Bay-Delta, are
actually below sea level and other areas are subject to
sea level rise.
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Landslides can be generated as a result of
earthquakes or severe winter storms. While 23.1% of
the region’s land is located in areas that are mostly
active or ancient landslides, a much smaller
percentage of the urban land (8.3%0) and water and
wastewater system pipelines (3.9%) are located in
these hazardous areas. While 0.6% of the major
wastewater facilities are located in these areas, 11%
of the water facilities are located in these areas.
However, erosion and siltation can also impact the
storage capacity of critical
reservoirs.

Wildfire hazards are shown in
two separate hazard maps — the
wildland-urban-interface fire
threat (WUI) maps and the
wildfire threat maps. The WUI
maps show the wildfire threat in
urban areas, while the wildfire threat maps focus on
more rural areas.

Based on the WUI maps, an estimated 51.1% of the
water and wastewater pipelines are in fire hazard
areas, as well as 66.8% of the critical water facilities
and 44.4% of the critical wastewater facilities.
While only 4.5% of these areas have actually burned
in the past 130 years, this indicates a build-up in fuel
loads.

The wildfire threat maps indicate that 14.7% of the
critical water facilities and only 1.5%0 of the critical
wastewater facilities are in areas of high, very high,
and extremely high wildfire threat, as well as 6% of
the pipelines.

Drought in the Sierras, as well as the region itself,
can cause water shortages because of the large
dependency of the Bay Area on imported water.
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Current Weather-Related Hazard
Mitigation Highlights for Water and
Wastewater Systems

The amount of effort and money currently being spent on
the mitigation of the impacts of weather-related hazards is
far less than for earthquake-related hazards due to the
much lower exposure of water and wastewater facilities,
storage tanks, aqueducts, and pipelines to these hazards. In
addition, the potential disasters have tended to be less
regional in scope, making the functioning of these systems
less critical.

However, climate changes may greatly increase the
potential need for additional funding. For example,
because wastewater treatment plants tend to be located in
the lowest areas of the region, planning has started to
include adaptation to sea level rise on the part of these
facility operators. In addition, water agencies have begun
planning for water quality degradation.

The principal exception to this assessment is the potential
for catastrophic flooding of islands in the Sacramento-San
Joaquin Delta. The State Department of Water Resources
has taken the lead in working with reclamation districts to
strengthen those levees for flooding damage.

Landslides are not a major concern, in general, for water
and wastewater systems. Damage tends to be localized.
The exposure of these systems is similar to that of the
transportation network. One solution is to install flexible
pipelines in areas of past landslides as part of the capital
improvements budget, a practice being implemented by
water agencies and now being discussed by wastewater
agencies.

Regional Priorities for Future
Weather-Related Hazard Mitigation

Additional ways to mitigate these weather-related
hazards are available, particularly the following.

Wildfire is a concern in the areas served by the
water and wastewater systems. This hazard is
particularly of concern in areas that would be
exposed to fire caused by an earthquake because
the water supply could be temporarily crippled by
the earthquake. Thus, the water supply agencies
need to develop a coordinated approach with fire
jurisdictions to identify needed improvements to
the water distribution system, initially focusing on
areas of highest wildfire hazard (including wildfire
threat areas and in wildland-urban-interface areas).

Pipe elbow being installed to avoid a landslide area

Interrelationships with electrical, natural
gas, and telecommunications systems

The San Francisco Bay Area is serviced by the Pacific Gas
and Electric Company (PG&E), a private utility. PG&E,
as a private utility, is not directly covered by this MJ-
LHMP. However, this company has been actively
involved in hazard mitigation both before and after the
1989 Loma Prieta earthquake. Such mitigation efforts are
crucial to the operations of water and wastewater systems
due to requirements for power for systems operations. For
example, the water requires power for pumping and the
wastewater system requires power at the treatment plants.

PG&E has completed structural mitigation on 73% of its
buildings, an effort scheduled for completion in 2014.
The Gas Pipeline Replacement Program has the objective
of replacing 10% of the most at-risk steel pipeline

system by 2014. As of 2009, 89% of the effort was
complete.

PG&E electrical system substation buildings are being
retrofitted; mitigation has been completed on 83% of the
buildings and the remainder of the work is scheduled for
completion by 2010. Equipment in those buildings is
being anchored and seismically qualified equipment is
being installed.

Telecommunications facilities and equipment are the
most resilient of the infrastructure systems and are
expected to return to service most rapidly.

In the case of all of infrastructure systems, however,
operators should plan for interruptions in service during
the response and recovery phases of a disaster and pre-
plan to mitigate those risks.
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Lifeline System Interdependencies and Disaster Recovery

As mentioned earlier, one of the main reasons for the  chemicals to a water treatment facility and the short-
interdependencies of infrastructure systems is that they term relatively inflexible use of the electric power

tend to be geographically located in the same areas. system to run pumps at that water treatment facility.
For example, water, sewer, and natural gas pipelines Such interdependent analyses therefore need to

tend to be under local roads. Communications and address the length of time required to restore various
electrical cables are either located under those roads or services or interdependences to a level adequate for
adjacent to them. All have similar exposures to recovery. The length of time of a disruption increases
hazards that are related to serving the developed the impacts. However, typically, doubling the time of
portions of the region. disruption more than doubles the impacts. In addition,

the disruption of one infrastructure system delays the
recovery of other systems because the infrastructure
systems are not available. Thus, speeding recovery of
infrastructure systems and focusing on
interdependencies of those systems is critical.'

However, in addition to geographic interdependencies,
lifeline systems also have system interdependencies.
Examples include the relatively flexible use of the
transportation system to deliver water treatment

The following linkages between the water supply systems and other infrastructure lifeline systems are critical:

Water «-» Transportation —

(< =needed by water from transportation; »= needed from water by transportation)

«4-» Co-location hazard exposure of distribution pipelines beneath roads

Transport of repair and maintenance vehicles to locations for repairing pipelines

Transport of repair, customer service, and operations facility crews to-and-from their homes
Delivery of chemicals to water treatment facilities

Delivery of fuel to run critical facilities

Delivery of emergency drinking water in bags to customers at emergency distribution points
Water for concrete construction and dust control

VAAAAA

Water «-P» Telecommunications —

(€ =needed by water from telecommunications; P = needed from water by telecom)

<«4-» Co-location hazard exposure of distribution pipelines beneath roads with cable and underground wiring;
above ground networks also aligned with roads (and thus pipeline corridors)

Automated systems and process control equipment for treatment and operations

Communication with repair and maintenance crews

Communication with customers for repair and maintenance requests

Emergency communications with emergency operations centers

Water for communication equipment cooling systems

VAAAA

Water «-p Petroleum, natural gas, and electrical systems —

(€ =needed by water from energy systems; P = needed from water by energy systems)

«4-P» Co-location hazard exposure of natural gas and some other fuel lines beneath roads, as well as electric
power lines both b