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li. Summary

Using the
Summary

What is Hazard
Mitigation?

Purpose of the
Plan

This Summary provides a quick review of the key components of the State of
California Multi-Hazard Mitigation Plan (Plan). Parts of this Summary are
linked directly to related sections of the Plan—just click on the underlined
text. For readers working with a hard copy, this Summary also includes page
references to make it easier to find a given topic.

44 Code of Federal Regulations, Subpart M, Section 206.401 defines hazard
mitigation as, “any action taken to reduce or eliminate the long-term risk to
human life and property from natural hazards.”

For the purposes of this plan, hazards include both natural and man-made.

The State of California (State) is required to adopt a federally-approved State
Multi-Hazard Mitigation Plan to be eligible for certain disaster assistance and
mitigation funding. The overall intent of this Plan is to reduce or prevent
injury and damage from hazards in the State. It identifies past and present
mitigation activities, current policies and programs, and mitigation strategies
for the future. This Plan also guides hazard mitigation activities by
establishing hazard mitigation goals and objectives.

The Plan is a “living document” that will be reviewed and updated annually
to reflect changing conditions and improved by new information, especially
information on local planning activities.

The Plan:

e Documents statewide hazard mitigation planning in California

e Describes strategies and priorities for future mitigation activities

e Facilitates the integration of local and tribal hazard mitigation planning
activities into statewide efforts

e Meets state and federal statutory and regulatory requirements

e [san annex to the State Emergency Plan.

Continued on next page
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li. Summary

The Planning
Process

Integrating
Other Planning
Efforts

The Plan is an evaluation the hazards California faces and the strategies, goals,
and activities the state will pursue to address these hazards. OES implemented
the state hazard mitigation planning process by:

Inviting state agencies with key hazard mitigation roles to join the State
Hazard Mitigation Team (SHMT) and become active participants in the
development of this Plan

Providing outreach, technical assistance, and education at the local
regional, and tribal levels regarding both the state plan and the
development and adoption of local plans

Providing the public with the opportunity to review and comment on this
Plan

A number of other state plans and documents were incorporated into this
Plan, including:

California Earthquake Loss Reduction Plan, prepared by the Seismic
Safety Commission

California Fire Plan, prepared by the California Department of Forestry
and Fire Protection

State of California Flood Hazard Mitigation Plan, prepared by the
California Department of Water Resources

These plans are summarized below and are described in more detail in this
Plan.

Continued on next page
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li. Summary
Federal The table below summarizes federally declared earthquake disasters in
Earthquake California since 1992.
Disasters in
California
Disaster # Date Number of | Number of Damages
Counties Deaths
Affected
DR-943 Cape |4/25/92 and 1 0 $48.2 million
Mendocino 4/27/92
DR-947 Big | 6/28/92 2 1 $91.1 million
Bear - Landers
DR-1008 1/17/94 3 57 $40 billion+
Northridge
DR-1342 Napa | 9/3/00 1 Unknown Unknown
DR-1505 San | 12/22/03 2 Unknown Unknown
Simeon

Mitigation Plan ~ The California Earthquake Loss Reduction Plan 2002-2006 is the state’s

for Seismic mitigation plan for seismic hazards. Approved by the governor in 2002, it

Hazards articulates the state’s short- and long-term earthquake hazard mitigation
priorities. The plan contains three overarching goals, eleven elements and
148 initiatives. About half of the initiatives are designed to continue
indefinitely.

Key components of the California Earthquake Loss Reduction Plan include:

e (Goals for 2010 (Table 4.4.2A)
e Critically Important Initiatives (Table 4.4.2B)
e Seismic Mitigation Cost Estimate and Funding Sources

Continued on next page
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li. Summary

Information For additional information about seismic hazards, vulnerability assessments,

about Seismic  and mitigation measures, go to the following sections in the State Plan:
Hazards

Section | Title See Page
4.1 Identifying Earthquake Hazards 55
4.2 Profiling Earthquake Hazard Events 70
4.3 Assessing Vulnerability Inventories and Mitigation 76
Progress by Jurisdiction and Type of Construction
4.4 Mitigation Measures for Earthquake Hazards 112
45 Local Capability Assessment 125
4.6 Future Needs for Improving This Plan 126
Federal Fire The table below summarizes federally declared fire disasters in California
Disasters in since 1992.
California
Disaster # Date Number of | Number of Damage
Counties Deaths
Affected
DR-958 Fires |8/29/92 2 0 $54,108,500
DR-1005 10/28/93 6 4 Approx. $1
Southern CA billion
Firestorms
DR-1498 10/21/03- 7 Unknown Unknown
October 2003 | 12/02/03
Fires

Continued on next page
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li. Summary

The California  The California Fire Plan is the state’s roadmap for reducing the risk of

Fire Plan wildfire. This forward-thinking plan calls for an innovative, proactive
approach that includes stakeholders in identifying the risks that citizens face
and appropriate community-based solutions that lessen the cost and damage
from wildfires while improving public and firefighter safety and contributing
to ecosystem health. The focus of this plan is local solutions for local
problems.

The framework of the plan involves:

e Assessment of wildfire potential—fuels and weather
e The level of service—fire suppression success

e Assets at risk—Iife, property, air quality, water and watersheds, range,
wildlife habitat, and timber

Wildfire For additional information about wildfire hazards, vulnerability assessments,
Hazards in and mitigation measures, go to the following sections in the State Plan:
California
Section | Title See Page
5.4.1 | Wildfire and Human Development 155
5.4.2 | The California Fire Plan 156
5.4.3 | Pre-Fire Management Program to Reduce Wildfire 160
Costs and Losses
5.4.4 | Strategic Wildfire Planning 162
5.45 | Governmental Partnership 164
5.4.6 | Public Awareness and Education 168
5.4.7 |Building Codes, Zoning, and Residential Flammable 171
Vegetation Requlations

Continued on next page
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li. Summary

California’s
Flood History

Federal Flood
Disasters in
California

California
Population in
the Floodplain,
by Jurisdiction

California has a chronic and destructive flood history. While earthquakes tend
to cause more extensive and costly damage, floods are noted for their
persistence and effect on numerous communities (per 44CFR, go to glossary
of terms for definition) during a single event. Of the 72 federally declared
disasters in the state occurring between 1950 and 2000, 50 percent have been

flood related.

While the “Great Flood” of 1861-62 may be unmatched in scope, the
devastating effects of recent floods far exceed the damage of a century ago.
Despite the construction of massive and relatively effective flood control
projects, California remains highly vulnerable to flooding. A steady rise in
population and the resulting development have contributed to an increased
flood risk throughout the state.

Between 1992 and 2002, every county in California was declared a federal
disaster area at least once due to a flooding event. The counties of Los
Angeles, Orange, and San Bernardino were declared federal flood disaster
areas five times and sixteen other counties were declared disaster areas four
times. The table below summarizes federally declared flood disasters in
California since 1992:

Disaster # Date Number of | Number of Damage
Counties Deaths
Affected
935-DR-CA | February 1992 6 5 $123.2 Million
979-DR-CA | January 1993 25 20 $600 Million
1044-DR-CA | January 1995 45 11 $741.4 Million
1046-DR-CA | February 1995 57 17 $1.1 Billion
1155-DR-CA | January 1997 48 8 $1.8 Billion
1203-DR-CA | February 1998 40 17 $550 Million

Nearly six percent of California’s population (approximately 1,973,712
people) lives in a designated 100-year floodplain. The state’s population is
projected to increase by 40 percent through 2025, with 62 percent of the
growth occurring in the Central Valley floodplain.

Revised September 2004
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li. Summary

Repetitive
Flood Damage

State Efforts

More
Information
about Flood
Hazards

The repetitive nature of flood damage in California is of great concern. Areas
flooded in the past continue to be inundated again and again. The desert
community of Hesperia, in San Bernardino County, provides a classic
example. Hesperia suffers repetitive flash flooding during both intense
thunderstorms and winter storms. Such flooding occurred four times between
1991 and 1995. The frequent and devastating floods that occur on the Russian
River in Sonoma County serve as another example. The county recorded
thirteen flood events between 1995 and 2001—the most repetitive losses of
any area in California. FEMA lists 801 repetitive loss properties in Sonoma
County with $47.6 million in NFIP insurance claims between 1992 and 2002.

The state does the following to reduce repetitive flood losses:

e Works with FEMA to reduce NFIP claims by encouraging communities to
participate in the FMA planning process and in developing FMA projects
that address NFIP repetitive loss properties

e Works with communities to develop HMGP projects that address NFIP
losses.

e Coordinates FMA and HMGP projects with communities to provide the
greatest reduction of losses to the most vulnerable areas in the state

For more information about flooding in California, please go to the following
sections of the State Plan:

Section | Title Page
6.1 Identifying Flood Hazards 174
6.2 Profiling Flood Hazard Events 176
6.3 Assessing Flood Vulnerability by Jurisdiction 188
6.4 Estimating Potential Flood Losses by Jurisdiction 193
6.5 Mitigation Measures for Flood Hazards 196

Continued on next page
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li. Summary

Other Hazards
in California

State Multi-
Hazard
Mitigation
Strategy

In addition to earthquakes, fires and floods, California faces a number of other
hazards. The State of Emergency Map (below) identifies the types of major
disasters and emergencies California has faced since 1950. The Plan profiles
the most significant of these other hazards. These profiles discuss past hazards,
the analysis used to determine the probability of future occurrences, the
potential magnitude of future occurrences, and conditions that contribute to the
vulnerability.

For additional information, refer to the following sections of the State Plan:

Drought
Freezes

Insect Pests

Avalanches

Civil Disturbances

Dam Failure

Hazardous Materials Spills
Landslides

Pollution

Terrorism

Volcanoes

The hazard mitigation strategy for California is guided by a vision, a mission
statement, and a set of goals.

Vision: A safe and resilient California through hazard mitigation

Mission: To integrate current laws and programs into a mitigation system that
will guide the state in the reduction and prevention of injury and damage from
natural and man-made hazards.

Goals:

e Save Lives and Reduce Injuries

e Avoid Damages to Property

e Protect the Environment

e Promote Hazard Mitigation as an Integrated Policy

These goals and their associated objectives are described below.

Continued on next page
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Map iii - States of Emergency
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Goal 1:
Save Lives and
Reduce Injuries

California is the most populated state in the country, with over 36 million
residents. The sheer number of people can make emergency management
activities a challenge. The challenge is further complicated by the distribution
of population. The table below lists California’s most populated counties and
the number of state emergencies declared in each since 1970.

County Population  Emergencies
Los Angeles 10, 103,000 68
Orange 3,017,000 28
San Diego 3,017,200 33
San Bernardino 1,886,400 39
Riverside 1,776,700 35
Santa Clara 1,731,400 20
Alameda 1,498,000 21

California’s population is concentrated in areas where hazard risk is high.
Wildland urban interface areas in San Bernardino, Riverside, Los Angeles
and San Diego counties are magnets for both development and devastating
fires. Flooding has historically been more prevalent in Southern California,
where urban development contributes to a high amount of stormwater runoff.
The San Francisco Bay Area and Southern California have both experienced
large earthquakes since 1989.

Regardless of where Californians live, protecting their safety is one of the
state’s primary responsibilities. Many state and local laws have public safety
of our citizens as their primary concern. Protecting lives is also the basis for
emergency planning, response, and mitigation activities.

Consistent with one of the main responsibilities of state government, the
mission of OES, and the OES Disaster Assistance Division’s Strategic Plan,
the primary goal of this State Multi-Hazard Mitigation Plan is the protection
of the people of California.

Continued on next page
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Goal 1 To achieve Goal 1, OES intends to:
Objectives
e Continually improve the understanding of the location and potential
impacts of natural hazards, the vulnerability of building types, and
community development patterns and the measures needed to protect life
safety
e Continually provide state and local agencies with updated information
about hazards, vulnerabilities, and mitigation measures
e Ensure that all state codes and standards ensure the protection of life
e Ensure that all structures in the state meet minimum standards for life
safety
e Ensure that all development in high-risk areas is protected by mitigation
measures that provide for life safety.
e |dentify and mitigate all imminent threats to life safety
Goal 2: The Plan’s stakeholders have agreed that strengthening building, mechanical,

Avoid Damages
to Property

and fire codes is critical to protect lives and property and reduce seismic, fire
and flood hazards. These codes help communities design and construct
buildings that resist the forces of nature and ensure safety. The state’s land
use laws assist with this effort by requiring communities to keep buildings
and development out of the most hazardous areas. It is essential that
mitigation planning be incorporated into all land use planning activities at the
local and state levels. This includes integrating mitigation efforts into all city
and county general plans.

Earthquakes, floods, and other natural hazards disrupt the critical
infrastructure of the state. Transportation routes, utilities, government
facilities, and hospitals are critical to the state’s ability to provide essential
services. Retrofitting facilities by priority based on vulnerability will protect
important buildings, occupants, and informational records.

The protection of property also includes the preservation of valuable
operational data, historical information, and other non-structural assets.
Stakeholders have been encouraged to incorporate mitigation activities into
Continuity of Business and Continuity of Government plans at the local and
state levels.

Continued on next page
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Goal 2 To achieve Goal 2, OES intends to:
Objectives
e Encourage safe development in high hazard areas
e Encourage property protection measures for all communities and
structures located in hazard areas
e Reduce or eliminate all repetitive property losses due to flood, fire and
earthquake
e Research, develop, and adopt cost-effective codes and standards to protect
properties beyond the minimum of protecting life safety
e Establish a partnership among all levels of government and the business
community to improve and implement methods to protect property
Goal 3: Californians place a strong emphasis on the quality of the physical
Protect the environment. It is a primary reason why people live in California and why all

Environment

Goal 3
Objectives

levels of government and many organizations strive to conserve it.

Natural disasters not only destroy the man-made environment, but they can
also adversely affect the physical environment. Dead and diseased trees create
unhealthy forests and provide fuel for wildland fires that damage or eliminate
habitat necessary to the survival of plants and wildlife. Flooding can
adversely affect water quality in the rivers and streams that support fisheries
and can also damage critical spawning habitat. Geologic hazards can result in
landslides that can block streams and prevent fish migration. Debris from
natural disasters can pollute the water, foul the land, and diminish air quality
if not disposed of properly.

To achieve Goal 3, OES intends to:

e Ensure that all mitigation projects are reviewed for compliance with all
applicable environmental laws

e Encourage hazard mitigation measures that result in the least adverse
effect on the natural environment and that use natural processes

e Ensure that all state and local hazard mitigation planning reflect the goal
of protecting the environment

e Develop and implement wildfire mitigation and watershed protection
strategies that reduce losses to wildlife and habitat and protect water while
also reducing damage to development

e Develop and distribute to state and local agencies maps of high-risk areas
integrated with wildlife habitat areas

Continued on next page
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Goal 4: Currently the state and its communities have implemented hazard mitigation
Promote polices and measures in an ad hoc fashion. New mitigation policies,

Hazard programs, and projects are often developed in response to the latest disaster.
Mitigation as  As the population of the state continues to grow in areas most susceptible to

an Integrated
Policy

Goal 4
Objectives

natural and man-caused hazards, comprehensive hazard mitigation is
becoming more imperative. Planning and education are the best steps toward
increased awareness and integration.

State and local hazard mitigation planning efforts are significant steps in
broadening the understanding of the importance of mitigation. The law
requiring local general plans that guide land use has proven to be useful in
reducing the number and the severity of disasters. It will take time to see if
the new hazard mitigation planning processes are as accepted and successful.

The state has already had success with education and awareness through
programs addressing the three major natural hazards—fire, flood, and
earthquakes. At three separate times of the year, OES, CSSC, the Department
of Conservation, CDF, DWR, and the Department of Education join forces to
hold special programs in schools and in communities to raise hazard
awareness. In addition, OES annually sponsors the Disaster Resistant
California (DRC) conference as a source of specialized mitigation training.
The DRC provides a forum for businesses, academia, and government to
share ideas, processes, success stories, and other information.

To achieve Goal 4, OES intends to:

e Ensure that all communities in the state are covered by a Local Hazard
Mitigation Plan

e Integrate hazard mitigation policies into local general plans

e Update the State Multi-Hazard Mitigation Plan annually to integrate local
hazard mitigation plans and the results of disaster-and hazard-specific
planning efforts

e Increase understanding of the importance of hazard mitigation among the
general public and the business sector, stressing the benefits of reduced
losses to life and property, the reduced cost of disaster recovery, and the
increased benefit of the continuity of operations of business and
government

e Strengthen the message of hazard mitigation in emergency management
programs.

Continued on next page
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Planning
Priorities

Coordination of
Local Hazard
Mitigation
Planning

LHMP
Program
Objectives

Based on the assessment of California’s risks and vulnerabilities, the state has
identified the following priorities for federal hazard mitigation funding:

Protect lives and property at risk from imminent hazards created or
exacerbated by disasters

Protect vulnerable critical facilities and infrastructure in high hazard areas
of the state

Reduce repetitive losses

Ensure that all communities are covered by an adopted local hazard
mitigation plan. For the definition of communities go to the glossary of
terms in the appendices.

Improve understanding of natural hazards and the performance of hazard
mitigation practices

In addition to state and federal codes and regulations and the expertise and
assistance available through various state agencies, OES has instituted a
multi-faceted Local Hazard Mitigation Planning Program (LHMP) in order to
provide technical assistance to and track the progress and effectiveness of
local government mitigation planning programs.

The objectives of the LHMP Program are to:

Integrate hazard mitigation activities in all pertinent local government
programs

Maximize the use of hazard mitigation resources, grants, and funds to
reduce the impact of future disasters at the local level

Maintain collaborative and cooperative relationships with local
emergency managers, land use planners, and the scientific and technical
communities involved in hazard mitigation

Provide technical assistance and guidance to local governments to
improve hazard risk assessments, mitigation project identification and
analysis, and the development of local hazard mitigation plans

Improve communications with stakeholders, legislators, and special
interest groups involved in hazard mitigation

Continue to enhance OES Regional and Operational Area capability and
coordination

Develop a statewide program of support for hazard identification and
analysis and a risk-based approach to project identification, prioritization,
and support for local governments

Continued on next page
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Prioritization of The following criteria will be used to prioritize local hazard mitigation

Mitigation
Activities

Sources of
Hazard
Mitigation
Funding

Plan
Maintenance
Process

activities for funding:

Percent of population at risk

Frequency and likelihood of hazard
Repetitive loss areas

Small and impoverished communities
Community planning resources available
Types and percent of land areas at risk
Development pressure rating

Project urgency and cost benefit analysis
Cost effectiveness of measure

For further information about mitigation funding, please refer to the following
sections of the State Plan:

Section | Title Page
10.1 Federal Funding Sources 272
10.2 | State Funding Sources 281
10.3 Local Funding Sources 290
10.4 | Alternative Funding Sources 291

Because the Plan is a living document that reflects ongoing hazard mitigation
activities, the process of monitoring, evaluating, and updating it will be
critical to the effectiveness of hazard mitigation in California. To facilitate the
state hazard mitigation planning process, the Plan will be reviewed annually
and any revisions will be provided to FEMA in the form of a written report.
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PART 1—INTRODUCTION

The State of California Multi-Hazard Mitigation Plan (Plan) contains
information about the State’s hazard mitigation efforts and programs. Some
of this information is very detailed and all readers may not be interested in
reviewing it. To provide readers with the option of accessing detailed
information, the Plan includes “hyperlinks” (or links) to this information.
Every link is underlined and in blue. Clicking on the link with your computer
mouse will automatically take you to the information. We hope these links
will create a user-friendly document that responds to the information needs of
our readers. For more detailed information about the links, click Document
1.0 Instructions on Hyperlinks in the Plan.

If you are not viewing the Plan on a computer and are using a printed version,
this additional source of information is included in Document 1.0 in the
appendices.

This part contains the following chapters.

Chapter Title Page
1 The Planning Process 30
2 Adoption by the State 46
3 State Profile 47

29


Ch_1_Appendices/Document_1.0.pdf
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Chapter 1—The Planning Process

In This This chapter contains the following topics.
Chapter
Topic Title Page

1.1 The Purpose of the Plan 31

1.2 The Planning Process 33

1.3 Coordination Among Agencies 36

1.4 Integration with Other Planning Efforts 41

15 Public Involvement 43
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1.1 The Purpose of the Plan

Introduction

Meeting
Federal
Requirements

The State of California is required to have a FEMA-approved Multi-Hazard
Mitigation Plan (Plan) to be eligible for disaster recovery assistance and
mitigation funding. This document fulfills FEMA requirements and provides
direction and guidance on implementing hazard mitigation to state, local, and
tribal governments. The Plan reflects California’s cultural, societal, economic,
and environmental values while also acknowledging the numerous regulatory
and compliance issues facing government. It is intended to set the tone for the
implementation of hazard mitigation practices that will build a safe and
resilient California.

The goal of the Plan is to reduce or prevent injury and damage from hazards
in California. It describes past and current hazard mitigation activities and
philosophies and outlines future mitigation goals and strategies. The Plan
provides guidance for hazard mitigation activities while cementing
partnerships among local, state, and federal agencies in a formal written
document. The Plan is a “living document” that will be reviewed annually
and modified as necessary to reflect future changes and additional planning
activities, especially at the local level.

The Plan:

e Documents statewide hazard mitigation system implemented in California

e Describes strategies and priorities for future mitigation activities

e Facilitates the integration of local and tribal hazard mitigation planning
activities into statewide efforts

e Meets state and federal statutory and regulatory requirements

e Isan annex to the State Emergency Plan

This Plan meets the requirements for a standard state plan under Interim Final
Rule 44 CFR 201.4, published by FEMA on February 28, 2002. Adoption of
the Plan by the state and approval by FEMA qualifies California to obtain
federal assistance for hazard mitigation and for the repair and replacement of
infrastructure damaged in natural disasters.

Continued on next page
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1.1 The Purpose of the Plan

What is Hazard 44 Code of Federal Regulations, Subpart M, Section 206.401 defines hazard
Mitigation? mitigation as, “any action taken to reduce or eliminate the long-term risk to
human life and property from natural hazards.”

For the purposes of this plan, hazards include both natural and man-made.

Plan While the Governor’s Office of Emergency Services (OES) has lead
Development responsibility for the development and maintenance of the State Multi-Hazard
Process Mitigation Plan, the document was produced in collaboration with multiple

state agencies. A State Hazard Mitigation Team (SHMT) met regularly
starting in August 2003 to develop the statewide strategies, priorities, and
goals that are the core of the Plan. The SHMT is truly the “owner” of the
Plan, while OES is its steward.
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Introduction

Role of OES

Hazard mitigation planning is a dynamic process built on realistic assessments
of past and present information that engages multiple partners to anticipate
future hazards and provide meaningful strategies to address possible impacts
and identified needs.

The hazard mitigation planning process involves:

Organizing resources

Assessing risks

Developing mitigation strategies, goals, and priorities
Adopting a plan

Implementing the plan

Monitoring progress

Revising the plan as necessary

Various local, state, and federal agencies, tribal governments, businesses, non-
profit organizations, and others are involved in hazard mitigation planning
efforts in California. Many mitigation planning efforts and groups in the state
are collaborative and coordinated by multiple agencies. Examples include the
California Fire Alliance, the Floodplain Management Task Force, the Drought
Task Force, and the Sacramento-San Joaquin River Basins Comprehensive
Study. These cooperative efforts served as models for the development of this
Plan.

The primary roles of OES in terms of this Plan are to:

e Ensure that the Plan meets FEMA requirements and is approved by
FEMA

e Coordinate the continued development of the Plan, including coordination
of the State Hazard Mitigation Team, and local and federal agencies

e Administer FEMA hazard mitigation grant programs, including HMGP,
PDM, FMA, and FMAG

e Provide ample opportunity for public involvement in the development of
the Plan (see Topic 1.5 for more information)

Continued on next page
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OES
Implementation

Hazard-
Specific
Planning
Documents

California
Earthquake
Loss Reduction
Plan

This Plan outlines California state government’s understanding and evaluation
of the hazards the state faces and the strategies, goals, and activities it will
pursue to address them. Although this is the state’s first formal multi-hazard
mitigation plan, California has been successfully implementing hazard
mitigation programs for 16 years. Since 1986, the state has completed 558
mitigation projects, expending more than $455 million to reduce or eliminate
the long-term risks to life and property from hazard events.

OES has implemented the state multi-hazard mitigation planning process by:

e Inviting state agencies with key hazard mitigation roles to join the SHMT
and become active participants in the development of this Plan

e Providing outreach, technical assistance, and education at the local
regional, and tribal levels regarding both the Plan and the development and
adoption of local plans

e Providing the public with the opportunity to review and comment on the
Plan

California already has a number of hazard-specific mitigation plans in place
that have been approved by FEMA, including the:

e California Earthquake Loss Reduction Plan
e California Fire Plan
e State Flood Hazard Mitigation Plan

The California Seismic Safety Commission (CSSC) prepared the California
Earthquake Loss Reduction Plan to fulfill the requirements of the California
Earthquake Hazards Reduction Act of 1986 (Government Code §8870, et
seg.). Numerous organizations and individuals participated in the development
of the plan, which reflects the state of the art in seismic hazard mitigation
techniques and is used as a tool to evaluate potential initiatives to reduce the
impact of future earthquakes.

Continued on next page
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California Fire  The California Fire Plan describes the state’s priorities for wildfire hazard

Plan mitigation. Required by state law, the plan defines a framework for the
systematic assessment of existing wildland fire protection services, identifies
high-risk and high-value areas that are potential locations for costly and
disastrous wildfires, ranks these areas by relative risk for wildfires, and
describes available mechanisms to reduce future costs and losses from fire
events. The California Board of Forestry and Fire Protection and the California
Department of Forestry and Fire Protection (CDF) developed the plan jointly
with significant input from all levels of government, the business community,
non-profit organizations, and the public.

State Flood The State Flood Hazard Mitigation Plan was developed through a multi-agency

Hazard collaborative effort that involved all levels of government, the private sector,

Mitigation Plan  and other stakeholders. The plan identifies high flood hazard areas and outlines
mitigation strategies to address the flood risk. FEMA initially approved the plan
in 1996 on the condition that the state complete community profiles and state
agency capability assessments. These two additional sections were approved by
FEMA in 1997.
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1.3 Coordination Among Agencies and Departments

Overview

W-9-91 and the
Administrative
Order

While OES coordinates statewide hazard mitigation activities in California,
many specific mitigation efforts are part of programs administered by other
state agencies, including:

Seismic Safety Commission (CSSC)

Department of Forestry and Fire Protection (CDF)
Department of Water Resources (DWR)

Governor’s Office of Planning and Research (OPR)
California Geological Survey (CGS)

Department of Housing and Community Development (HCD)

One of the important elements of The Governor’s Executive Order W-9-91 is
the ability of the Director of OES to assign specific emergency functions to
state agencies through administrative orders. On September 12, 2000, the
Governor Gray Davis sent a letter to Agency Secretaries initiating the
updating of all administrative orders relate to emergency management. OES
began contacting and updating the administrative orders of all state agencies
and departments. For the first time, hazard mitigation was included in the
administrative orders. The standard hazard mitigation provisions included in
the administrative order are:

52. ldentify, document, and when practical, implement those activities that
potentially could reduce or lessen the impact of an emergency.

53. Establish hazard mitigation as an integral element in operations and
program delivery as appropriate.

54. During a Presidential declaration of a major disaster, participate in the
hazard mitigation planning process.

It is Executive Order W-9-91 and the Administrative Orders that are the
foundation of State Hazard Mitigation Team (SHMT) and state agency
coordination in the field of hazard mitigation. These administrative orders are
operation until superceded.

Continued on next page
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1.3 Coordination Among Agencies and Departments

State Hazard The SHMT is comprised of agencies that have primary responsibility for

Mitigation specific state-mandated hazard mitigation activities. The SHMT was essential

Team (SHMT)  jn the development of this document and will play a key role in ensuring that
the Plan is maintained and updated. SHMT goals are to:

Meet at least quarterly

Coordinate a review of all state agencies’ hazard mitigation roles
Review legislative initiatives and actively work on the development of a
sustainable State Hazard Mitigation Program

Report (each member) on their agency’s progress toward achieving goals,
any ongoing projects, changes in the hazard environment, and new
opportunities made available through advancements in technology and
knowledge or through completed work

Review the Plan

Review the most recent work in hazard mitigation to keep up to date on
significant changes

Review new technologies and advancements in knowledge

Recommend updates to the Plan

The Role of the  The primary role of the California Seismic Safety Commission (CSSC) is to
California set goals and priorities for earthquake safety. The commission also drafts and
Seismic Safety  promotes legislation to enhance seismic safety. It is composed of

Commission
(CSSC)

representatives from various state, local, and private entities, with consultants
and contributors representing a broader spectrum of interests, including

federal agencies.

Continued on next page
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The Role of the
California
Department of
Forestry and
Fire Protection
(CDF)

The Role of the
Department of
Water
Resources
(DWR)

The California Department of Forestry and Fire Protection (CDF) protects the
people of the state from fires, responds to emergencies, and protects and
enhances forest, range, and watershed values that provide social, economic
and environmental benefits. CDF responds to an average of 6,300 wildfires
and more than 286,000 non-wildfire emergencies each year. The department
oversees a wide range of programs and activities to promote fire prevention
and fire loss mitigation, including the Fire Safe and Firewise programs,
cooperative fire protection initiatives, code enforcement, land use/wildfire
protection planning, hazardous fuel reduction, forest stewardship, forest and
rangeland research, and citizen involvement. CDF works closely with
numerous partners, including local governments through contractual fire
protection agreements and federal agencies through the California Wildfire
Coordinating Group and the California Fire Alliance, and participates in
many taskforces and working groups initiated through the authority of other
agencies.

The Department of Water Resources (DWR) coordinates with various
agencies, including FEMA and USACE, to mitigate flood impacts in
California. DWR is the State coordinating agency for the National Flood
Insurance Program (NFIP), FEMA’s floodplain management program. The
department is also a member of the CALFED Bay-Delta Program, which is
developing and implementing a long-term comprehensive plan to restore
ecological health and improve water management in San Francisco Bay and
the Sacramento-San Joaquin Delta.

After the floods of the 1990s, DWR began coordinating several multi-agency
efforts, including the Sacramento-San Joaquin River Basins Comprehensive
Study (Comp Study) and the Floodplain Management Task Force. The Comp
Study, which is jointly led by the California Board of Reclamation and
USACE, has made significant new recommendations about how to mitigate
potential floods and ecosystem losses. The Floodplain Management Task
Force has made numerous recommendations to guide floodplain management
decisions.

Continued on next page
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The Role of the
Governor’s
Office of
Planning and
Research
(OPR)

The Role of the
Center for
Collaborative
Policy

The Role of the
California
Geological
Survey (CGS)

The Role of the
Department Of
Housing And
Community
Development
(HCD)

Among other duties, the Governor’s Office of Planning and Research (OPR)
provides guidance to local governments in the preparation of their general
plans. Every city and county in the state must prepare a general plan to guide
development. The plan must include a safety element, the goal of which is to
reduce the potential risk of death, injury, property damage, and economic and
social dislocation due to hazards such as floods, wildfires, and earthquakes.
OPR also operates the State Clearinghouse, which coordinates state agency
review of environmental documents prepared pursuant to the California
Environmental Quality Act (CEQA). The Clearinghouse will coordinate the
state agency review of this draft Plan.

To help initiate a greater level of interagency coordination in the development
of the Plan, OES contracted with the Center for Collaborative Policy, a joint
program of California State University, Sacramento and the McGeorge
School of Law, to provide facilitation and other services. The funds for this
contract were provided through California’s PDM 2002 grant. Among other
things, the Center facilitated SHMT meetings.

The California Geological Survey (CGS) develops and disseminates technical
information and advice on California’s geology, geologic hazards, and
mineral resources. In terms of hazard assessment, CGS is responsible for
identifying and mapping geologic hazards and estimating the potential
consequences and the likelihood of occurrence of various hazard events.

As California’s principal housing agency, the mission of the Department of
Housing and Community Development (HCD) is to provide leadership,
policies, and programs to expand and preserve safe and affordable housing
opportunities and promote strong communities for all Californians.

Continued on next page
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OES Local Through OES, the state has started a program to promote and support local
Hazard hazard mitigation planning and local participation in the state hazard
Mitigation mitigation planning process. Through the Local Hazard Mitigation Planning
g:%g’;g:g Program, local grassroots organizations, public and private agencies, and the

general public will be able to participate in the state hazard mitigation

planning process by participating in workshops and forums on Local Hazard
Mitigation Plans (LHMP).
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Introduction

The Foundation
for Multi-
Hazard
Mitigation
Planning in
California

Various state agencies have been delegated planning responsibilities through
state law or by executive order. The hazard mitigation planning process
provides an opportunity to incorporate hazard mitigation into these other
ongoing planning efforts. The vision for this Plan is to both integrate and
enhance all state planning efforts. Where specific hazards are not dealt with in
other state documents, this Plan presents original research and analysis.

Hazard mitigation has been an ongoing effort in California for many years.
However, due to the frequency and intensity of natural disasters in California
and various statutory and regulatory mandates, mitigation efforts have tended
to occur in a decentralized manner. The state has undertaken particularly
significant mitigation efforts for the California’s three major disaster types:
earthquakes, fires and floods. The state plans covering these three areas, the
California Fire Plan, the California Earthquake Loss Reduction Plan, and the
State Flood Hazard Mitigation Plan, form the foundation for this integrated
multi-hazard mitigation Plan.

All three of these plans were developed through collaborative processes that
involved multiple stakeholders, including local, state, and federal agencies,
non-profit organizations, and the public. These processes served as a model
for the development of this document. The three plans also include
information on state and local risk that formed the foundation for the risk
assessment in this Plan.

Continued on next page
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Other Planning
Efforts

Integration of
the HMGP,
FMA, And
PDM Programs

Incorporation
of Hazard
Mitigation into
General Plans

OES and the SHMT reviewed and incorporated elements from numerous
plans and documents in the development of this Plan, including:

California Earthquake Loss Reduction Plan

California Fire Plan

State Flood Hazard Mitigation Plan

General Plan Guidelines

Sacramento-San Joaquin River Basins Comprehensive Study
Recommendations of the California Floodplain Management Task Force
Local hazard mitigation plans

OPR technical advice publications

Hazardous materials plans

Integrated Watershed Planning Principles

Drought Task Force Report

OES Terrorism Plan

OES will coordinate the planning requirements of the HMGP, FMA, and
PDM programs to promote multi-hazard mitigation planning by local
governments. Project grants funded through these programs will be based
upon priorities identified in this Plan.

OES is working with OPR to incorporate information on hazard mitigation
planning into the General Plan Guidelines, which provides guidance to
California cities and counties in the preparation of their general plans.
Additionally, OPR, OES, CDF, and the Regional Council of Rural Counties
(RCRC) have developed a guidance document for incorporating wildland fire
hazard mitigation language into general plans The document, Fire Hazard
Planning, is part of OPR’s General Plan Technical Advice Series and can be
downloaded at www.opr.ca.gov/publications/PDFs/Fire_Hazard_Planning-
Final_Report.pdf. OPR, CDF, and OES are also providing outreach to local

jurisdictions on wildfire mitigation planning through the federal Firewise
Communities workshops and the California Fire Safe Communities program.

Revised September 2004
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Introduction

The Public
Involvement
Process

Tools to
Support the
Public Process

State Hazard
Mitigation
Team (SHMT)
Promotion of
the Plan

Workshop/
Listening
Sessions

Distribution of
the Draft Plan
on CD

OES, working with the SHMT, developed the following proposed public
participation process.

The proposed process for public involvement in the state hazard mitigation
planning process includes:

e Promotion of the draft Plan by the SHMT

e Public workshops/listening sessions

e Distribution of the draft Plan by CD to local government and state agency
stakeholders

e Posting the draft Plan on the OES website for comment

e Press releases and public notices announcing the availability of the Plan

The following tools were developed to support all elements of the public
participation process:

State Multi-Hazard Mitigation Plan CD

Post card announcing the availability of the draft Plan
Public Notices

PowerPoint presentation on the Plan

Page on OES website dedicated to the Plan

Members of the SHMT will give presentations on the Plan at workshops and
conferences sponsored by their own agencies and other organizations as
opportunities permit.

OES hosted workshops/listening sessions on the Plan in the Bay Area,
Southern California, and Sacramento. The purpose of these workshops was to
present hazard and vulnerability information and to gather stakeholder input.

Upon request, the Draft Plan was distributed to city and county governments,
state agency stakeholders, interested groups, and individuals for comment.

Continued on next page
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OES Website

Postcard
Announcement

OES Public
Notices

State Hazard
Mitigation Web
Portal

Timeline for
Public
Involvment

OES posted the Draft Plan on its website and invited comments. Reviewers
were able to submit comments directly from the website.

OES distributed over 7,000 postcards that announced the availability of the
Plan. The postcards were mailed to cities and counties, special districts, state
and federal agencies, and interested groups.

OES published 18 public notices in newspapers serving most medium to large
cities to announce the availability of the draft Plan.

OES and the Resources Agency are creating a State Hazard Mitigation Web
Portal as a one-stop shop for all things dealing with hazard mitigation. The
portal will be an ongoing way for the public to participate in the state hazard
mitigation planning process. One of the first things that will be available on
the portal is the final version of this Plan. The portal will also include a
comment/request form that will allow individuals to communicate directly
with state hazard mitigation staff on a wide range of mitigation topics.

The timeline for the public involvement process is as follows:

Activity Date
Develop tools March-June, 2004
Hold workshops in:
e Southern California March, 2004
e Bay Area April, 2004
e Disaster Resistant California (DRC) conference in | May 3-5, 2004

Sacramento

Submit plan to the State Clearinghouse, which will July 1, 2004
coordinate review by state agencies
Begin 45-day public review period July 1, 2004
End public & state agency review period August 16, 2004
Review and revise Plan July-August 2004
Submit final Plan to FEMA September 1, 2004

Continued on next page
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Summary of The public comment period for the State Multi-Hazard Mitigation Plan

the Public commenced July 1, 2004. The plan and appendices were made available on

gomrgent the State Plan web page of the OES website, as were electronic forms to send
erio

comments and make requests for a CD or hard copy of the plan. The final
totals are as follows:

e The web page received 1,915 hits during the period between July 1 and
August 15.

e OES distributed 85 CDs and three hard copies of the plan

e OES received multiple comments from six people.
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Chapter 2 — Adoption by the State

The State of California Multi-Hazard Mitigation Plan (Plan) is a comprehensive
description of the State’s commitment to reduce or eliminate the impacts of
disasters. This Plan is coordinated and maintained by the Governor’s Office of
Emergency Services but is the culmination of input and recommendations from
numerous stakeholders from local, state and federal government agencies,
private business and organizations.

In adopting this Plan, the State of California agrees to comply with all
applicable state and federal statutes and regulations (see Document 2.0 - List of
Assurances) and will update the plan at least every three years. The Plan will
be amended to reflect new or revised state and federal statutes and regulations.
Future amendments will also reflect changes to State organization or policy as
appropriate.

The Director of the Governor’s Office of Emergency Services by virtue of the
Emergency Services Act, Executive Order W-9-91, and the Administrative
Orders is an appropriate body. State agencies are committed through Executive
Order W-9-91 and the Administrative Orders to adhere to the plan.

l, , as Director of the Governor’s Office of
Emergency Services and Governor’s Authorized Representative do hereby
formally adopt this Multi-Hazard Mitigation Plan on this the day in the
month of in the year 2004.
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3.1 State Profile

Introduction

California’s
Physical
Geography

California is a tremendously diverse and dynamic state. Its diversity is
reflected in its landscape, population, culture, and economy. It is home to
both the country’s lowest point (Death Valley) and highest point outside of
Alaska (Mount Whitney). It has more national parks and forests than any
other state and is home to the country’s only remaining stand of giant
Sequoias. The state has the fifth largest economy in the world and leads the
nation in volume of annual construction and manufacturing and in the value
of annual farm output. It has more people, automobiles, and civil aircraft than
any other state in the nation.

With an area of 158,869 square miles, California is the third largest state in
the country. It is a land of tremendous geographic diversity, with many
striking natural features. The state’s 1,100 miles of coastline is home to
several major cities, including San Francisco, Los Angeles, and San Diego.
Down its center lies the Central Valley, a huge, fertile valley bound by the
coastal mountain ranges in the west, the Sierra Nevada to the east, the
Cascade Range in the north, and the Tehachapi Mountains in the south.
Mountain-fed rivers naturally irrigate the Central Valley. With dredging, a
number of these rivers have become sufficiently large and deep so that several
inland cities, most notably Stockton, are harbor communities. The capital,
Sacramento, is in the north-central portion of the Central Valley.

The Sierra Nevada range runs much of the length of California’s eastern
border. Located in the Sierras are Mount Whitney, the highest peak in the
continental U.S. at 14,495 feet, Yosemite National Park, and Lake Tahoe. To
the east of the Sierras are the Owens Valley and Mono Lake, which are
environmentally significant as habitat essential to birds.

The south portion of the State has the Transverse Ranges, one of the few east-
west trending ranges in the country, the Mojave desert, and Death Valley,
which at 282 feet below sea level contains the lowest point in North America
and at 134 degrees has the hottest recorded temperature in the U.S.

Continued on next page
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California’s The Sacramento and San Joaquin rivers and their tributaries, which drain the
Rivers and Central Valley, form California’s principal river systems. The Sacramento,
Lakes the longest river in the state, flows south for 377 miles from its source at the

base of Mount Shasta in the southern Cascade Mountains to its junction with
the San Joaquin. The Pit River is the longest tributary of the Sacramento,
although shorter tributaries, such as the Feather and American rivers, carry
larger volumes of water. The San Joaquin River rises in the Sierra Nevada
near Yosemite National Park and flows north for 350 miles before joining the
Sacramento River. The Sacramento and San Joaquin rivers unite to form a
large inland delta that drains to Suisun Bay, the eastern arm of San Francisco
Bay. Numerous mountain streams descend from the Sierra Nevada to join the
two rivers.

The rivers of California’s Coast Ranges are relatively short, except for the
250-mile Klamath River, which rises in Oregon and flows through the
northwestern portion of the state. The Salinas River rises in the Coast Ranges
and flows northwest through a broad fertile valley to Monterey Bay. The
major river in southern California is the Colorado, which follows the Arizona-
California state line before flowing into the Gulf of California, in Mexico.

California has several thousand lakes, most of which are small. The largest is
the Salton Sea, a salty lake in the southeast corner of the state that lies 233
feet below sea level and covers 364 square miles. Lake Tahoe, high in the
Sierra Nevada on the California-Nevada state line, is one of the deepest lakes
in the United States and covers 191 square miles.

The damming of rivers has created numerous other lakes. These include
Folsom Reservoir on the American River, Lake Oroville on the Feather River,
and Pine Flat Reservoir on the Kings River, all in the Sierra Nevada, and
Clair Engle Lake on the Trinity River in the Klamath Mountains. Shasta
Lake, behind Shasta Dam on the upper Sacramento River, is the largest
reservoir in the state, and along with Clair Engle and Whiskeytown Lakes,
forms one of the largest national recreation areas in the nation.

Continued on next page
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California’s
Climate

California’s
Tectonic Plates

Climates in California vary depending on latitude, elevation, and proximity to
the coast. Most of the state has rainy winters and dry summers. The influence
of the ocean generally creates cooler summers and warmer winters along the
coast, along with summer fog. Moving east, communities experience hotter
summers and colder winters. Winds from the ocean carry moisture to the
northern parts of the state, which generally receive more rainfall than the
south. California’s mountain ranges influence the climate as well; moisture-
laden air from the west cools as it ascends the mountains, dropping moisture.
Some of the rainiest parts of the state are west-facing mountain slopes.

High desert climates are found east of the Sierra Nevada and the Transverse
and Peninsular ranges of southern California. The low deserts east of the
southern California mountains, including the Imperial and Coachella valleys
and the lower Colorado River basin, are part of the Sonora Desert, with hot
summers and mild winters. The higher elevation deserts of eastern California,
including the Mojave Desert, the Owens Valley, and the Modoc Plateau, are
part of the Great Basin region and experience hot summers and cold winters.

California sits on two major tectonic plates, the North America Plate and the
Pacific Plate. The Pacific Plate is currently moving north, scraping along the
edge of the North American Plate. The frequently violent interactions of these
two plates are responsible for most of California’s rugged geologic features.
As magma seeped up from the subduction zone between the two plates, a
massive pool of granite was created that slowly cooled, forming batholiths.
These batholiths have been rising, pushing upwards along faults that run
along the edge of the Sierra Nevada. This violent upward movement was
demonstrated in 1872, when a massive earthquake near Lone Pine caused
upward thrusts of 20 feet or more.

The infamous San Andreas fault is a lateral strike-slip fault that begins along
the north coast of California, passes adjacent to San Francisco, runs east of
Los Angeles, and branches into Mexico. As the two plates slide past one
another, tension builds and potential energy is stored until something gives,
releasing massive amounts of energy in the form of an earthquake.
Earthquakes have claimed the lives of more than 3000 Californians in the past
two centuries. The San Andreas is not the only active fault in California. The
state is laced with numerous faults that can cause earthquakes.

Continued on next page
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California’s
Economy

California’s
Forest Lands

California’s economy is the fifth largest in the world and the largest of any
state by far, representing 13 percent of U.S. gross domestic product. It is a
highly diversified economy, with jobs and businesses in many different
industries. The service, finance, insurance, and real estate industries account
for about half of the state’s total gross product.

The state is the nation’s top agricultural producer and leads the nation in the
production of fruits and vegetables, including carrots, lettuce, onions,
broccoli, tomatoes, strawberries, and almonds. The state’s most valuable
crops are grapes, cotton, flowers, and oranges. Dairy products, in which
California also leads the nation, account for the largest share of farm income
in the state. The state also contributes a major share of the nation’s domestic
wine production.

Since World War 1, manufacturing of electronic equipment, computers and
related chips and software, machinery, transportation equipment, and metal
products has increased enormously in California. Many high-tech companies
and small low-tech companies thrive in Southern California in what is said to
be the largest manufacturing belt in the country. The leading producer of
semiconductors and software development, the area near San Jose is generally
referred to as Silicon Valley.

California continues to be a major center for motion picture, television, film,
and related entertainment industries. Tourism as another important source of
income for the state.

Forests cover 40 percent of California’s land area. California usually ranks
third in the nation in terms of timber and lumber output. Lumbering is the
chief economic activity in the Sierra Nevada and in northwestern California.
About two-fifths of the forestland in the state is classified as commercial
forest. The United States Forest Service manages more than half of these
commercial forests

The most densely forested areas are the Klamath Mountains, the Coast
Ranges north of San Francisco, and the Sierra Nevada. Tree growth is
heaviest on the wet, westward-facing slopes. The coast redwood grows in
dense forests on the lower mountain slopes along the coast between the Santa
Lucia Range south of Monterey Bay and the Oregon state line. Redwoods in
California grow in pure stands and also with Douglas fir, canoe cedar, and
Port Orford cedar. Douglas fir predominates the slopes immediately above the

Continued on next page
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California’s redwood areas. Further inland the Douglas fir forests give way to a more open
Forest Lands, forest of deciduous trees, such as tan oak madrone, Oregon maple, California
(continued) bay tree, and several species of oak. In the Klamath Mountains and Coast

Ranges above 5,000 feet, ponderosa pine predominates.

The giant Sequoia grows in groves at somewhat higher elevations along the
western slopes of the Sierra Nevada in what is known as the yellow pine belt.
The yellow, or ponderosa, pine is the most valuable commercial conifer
logged in the Sierra, and thrives at elevations between 3,000 to 8,000 feet.
Above the pine forests are stands of red fir and Jeffrey pine. They give way
above 9,000 feet to Lodgepole pine, Engelmann spruce, and other firs.

South of San Francisco and on the low mountain slopes of the Central Valley,
grasslands, mixed evergreens and broadleaf species and areas of shrub growth
predominate. The golden poppy, the state flower, grows abundantly in the
Central Valley. Grasses and sedges also form meadows above 11,500 feet,
the timberline, in the Sierra Nevada. The mixed evergreen and broadleaved
woodlands occupy the low western slopes of the Sierra Nevada and extensive
areas in the Coast Ranges inland from the coast. These relatively open
woodlands include oak, pine, and juniper. Large areas of the uplands along
the southern coast are covered with chaparral, a low, and in places almost
impenetrable, shrub growth of manzanita, mountain mahogany, California
scrub oak, chamise, buckbrush, and other evergreen species. The lower
western slopes of the Sierra Nevada are covered partly with chaparral.

The 18 national forests in California cover about 20.6 million acres. Within
the national forests are a number of wilderness areas and wildlife refuges.
Los Padres National Forest, the largest national forest wholly within the state,
covers 1,700,000 acres in western California. Most of the other larger
national forests in California lie in the northern and northeastern parts of the
state. Shasta-Trinity national forest, in northern California, lies in a volcanic
area and includes Mount Shasta. The Six Rivers National Forest, noted for its
groves of redwoods, can be found in the northern coastal uplands. Along
California’s eastern border are the Plumas, Tahoe, El Dorado, Stanislaus, and
Inyo national forests. Sierra National Forest, in the Sierra Nevada region,
preserves stands of giant Sequoias.

Continued on next page
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California’s
Demographics
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California’s population is approximately 35 million and is expected to grow
to nearly 44 million by 2020 and nearly 55 million by 2050. Two-thirds of the
state’s population currently lives south of Bakersfield.

California is the most ethnically diverse state in country, with no majority
ethnic group. The population is:

46.8 percent White

33.2 percent Hispanic

11.1 percent Asian

6.2 percent Black

0.4 percent American Indian/Alaskan Native
0.7 percent Hawaiian/Pacific Islander

California is home to more Native Americans than any other state in the
country. Of the 562 federal recognized tribal governments in the United
States, 106 are in California. The state has 109 reservations and rancherias in
33 counties.

In addition to being diverse, the population is dynamic. Statistics from the
California Department of Real Estate indicate that the average homeowner in
California relocates every seven years. Renters move much more frequently.
The mobility of the population poses a challenge to educating residents about
the hazards and risks associated with their communities.
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Table 2.0
Declared
California
Disasters

Why Hazards
Were Included
in This
Assessment

In This Part

PART 2—RISK ASSESSMENT

Federal regulations require that states undertake a risk assessment of the
hazards and vulnerabilities that affect them as part of the hazard mitigation
planning process to provide a factual basis for developing a mitigation
strategy. The risk assessment process helps to prioritize jurisdictions and
geographic areas to receive funding and technical assistance for conducting
more detailed local risk and vulnerability assessments.

The attached table lists all state emergency proclamations and federal
emergency and disaster declarations in California since 1950.

Click here or go to Table 2.0 in the Appendices.

This risk assessment focuses on a number of different hazards, which were
included because:

e They have historically caused significant human and/or monetary losses

e Past events have led to the development of hazard mitigation
recommendations

e They have the potential to cause significant human and/or monetary losses
in the future.

This part contains the following chapters.

Chapter Title Page
4 Earthquake Risk Assessment 54
5 Wildfire Risk Assessment 127
6 Flood Risk Assessment 173
7 Risk Assessment for Other Significant Hazards 211
8 Risk Assessment for Less Significant Hazards 239
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Chapter 4—Earthquake Risk Assessment

In This This chapter contains the following topics.
Chapter
Topic Title Page
4.1 Identifying Earthquake Hazards 55
4.2 Profiling Earthquake Hazard Events 70
4.3 Assessing Vulnerability Inventories and Mitigation 76
Progress by Jurisdiction and Type of Construction

4.4 Mitigation Measures for Earthquake Hazards 112
4.5 Local Capability Assessment 125
4.6 Future Needs for Improving This Plan 126
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Causes of
Earthquakes:
Plate Tectonics

California always has been seismically active because it sits on the boundary
between two of the earth’s tectonic plates. Most of the state - everything east
of the San Andreas Fault - is on the North American Plate. Monterey, Santa
Barbara, Los Angeles, and San Diego are on the Pacific Plate, which is
constantly moving northwest past the North American Plate. The relative rate
of movement is about two inches (50 millimeters) per year. Although the San
Andreas Fault is considered the boundary between the two plates, some of the
motion (also known as slip) is taken up on faults as far away as central Utah.
In California, about forty millimeters per year of the slip occurs on the faults
of the San Andreas system, and about ten millimeters per year occurs in the
Mojave Desert and in the Basin and Range area east of the Sierra Nevada on a
fault system known as the eastern California shear zone.

The constant motion of the plates causes stress in the brittle upper crust of the
earth. These tectonic stresses build as the rocks are gradually deformed. The
rock deformation, or strain, is stored in the rocks as elastic strain energy.
When the strength of the rock is exceeded, rupture occurs along a fault. The
rocks on opposite sides of the fault slide past each other as they spring back
into a relaxed position. The strain energy is released partly as heat and partly
as elastic waves called seismic waves. The passage of these seismic waves
produces the ground shaking in earthquakes.

California has thousands of recognized faults, hundreds of which have names,
but only some are known to be active and pose significant hazards. As was
mentioned above, the motion between the Pacific and North American plates
occurs primarily on the faults of the San Andreas system and the eastern
California shear zone. Other faults have much lower rates of movement and
correspondingly longer times between significant earthquakes.

Faults are more likely to have future earthquakes on them if they have more
rapid rates of movement, have had recent earthquakes along them, experience
greater total displacements, and are aligned so that movement can relieve the
accumulating tectonic stresses. Geologists classify faults by their relative
hazards. “Active” faults, which represent the highest hazard, are those that
have ruptured to the ground surface during the Holocene period (about the last
11,000 years). In contrast, “potentially active” faults are those that displaced
layers of rock from the Quaternary period (the last 1,800,000 years).
Determining if a fault is “active” or “potentially active” depends on

Continued on next page
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Causes of geologic evidence, which may not be available for every fault. Although there
Earthquakes: are probably still some unrecognized active faults, nearly all the movement
Plate Tectonics  hetween the two plates, and therefore the majority of the seismic hazards, are
(continued) on the well-known active faults.
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Earthquake The amount of energy released during an earthquake is usually expressed as a
Hazards: magnitude and is measured directly from the earthquake as recorded on
Shaking seismographs. An earthquake’s magnitude is expressed in whole numbers and

decimals (e.g., 6.8). Seismologists have developed several magnitude scales.
One of the first was the Richter Scale, developed in 1932 by the late Dr.
Charles F. Richter of the California Institute of Technology. The most
commonly used scale today is the Moment Magnitude (Mw) Scale. Moment
magnitude is related to the total area of the fault that ruptured and the amount
of offset (displacement) across the fault. It is a more uniform measure of the
energy released during an earthquake.

The other commonly used measure of earthquake severity is intensity.
Intensity is an expression of the amount of shaking at any given location on
the ground surface. In general, it decreases with distance from the source of
an earthquake, but it may be increased or decreased by a number of factors.
The California Strong Motion Instrumentation Program (CSMIP) records the
intensity of shaking on the ground and in structures during earthquakes
through a statewide network of strong motion instruments called the
California Integrated Seismic Network (CISN). The measurements are used
immediately after an event to assist in emergency response by agencies like
OES.

Continued on next page
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Table 4.1A Shaking intensity is often described using the Modified Mercalli Intensity
The Modified  Scale, which rates an earthquake’s effects based on human observation. While
Mercalli an earthquake has only one magnitude it may have many intensity values,

Intensity Scale  \yhjch will generally decrease with distance from the epicenter. The table
below lists the Mercalli Scale’s various intensity levels.

Intensity Effects

I Not felt except by a very few who are favorably situated.

Il Felt by persons at rest, on upper floors, or favorably placed.

Il Felt indoors. Hanging objects swing. Vibration like passing of light trucks.
Duration estimated. May not be recognized as an earthquake.

v Hanging objects swing. Vibration like passing of heavy trucks; or sensation of a
jolt like a heavy ball striking the walls. Standing vehicles rock. Windows, dishes,
doors rattle. Glasses clink. Crockery clashes. In the upper range of 1V, wooden
walls and frame creak.

\Y/ Felt outdoors; direction estimated. Sleepers wakened. Liquids disturbed, some
spilled. Small unstable objects displaced or upset. Doors swing, close, open.
Shutters, pictures move. Pendulum clocks stop, start, change rate.

VI Felt by all. Many frightened and run outdoors. Persons walk unsteadily.
Windows, dishes, glassware broken. Knickknacks, books, etc., off shelves.
Pictures off walls. Furniture moved or overturned. Weak plaster and masonry D
cracked. Small bells ring (church, school). Trees, bushes shaken (visibly, or heard
to rustle).

VIl Difficult to stand. Noticed by drivers of vehicles. Hanging objects quiver.
Furniture broken. Damage to masonry D, including cracks. Weak chimneys
broken at roofline. Fall of plaster, loose bricks, stones, tiles, cornices (also
unbraced parapets and architectural ornaments). Some cracks in masonry C.
Waves on ponds; water turbid with mud. Small slides and caving in along sand or
gravel banks. Large bells ring. Concrete irrigation ditches damaged.

VIII Steering of vehicles is affected. Damage to masonry C; partial collapse. Some
damage to masonry B; none to masonry A. Fall of stucco and some masonry
walls. Twisting, fall of chimneys, factory stacks, monuments, towers, elevated
tanks. Frame houses moved on foundations if not bolted down; loose panel walls
thrown out. Decayed piling broken off. Branches broken from trees. Changes in
flow or temperature of springs and wells. Cracks in wet ground and on steep
slopes.

Continued on next page
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The Modified Mercalli Intensity Scale (continued)
Intensity Effects

IX General panic. Masonry D destroyed; masonry C heavily damaged, sometimes
with complete collapse; masonry B seriously damaged. (General damage to
foundations.) Frame structures, if not bolted, shifted off foundations. Frames
racked. Serious damage to reservoirs. Underground pipes broken. Conspicuous
cracks in ground. In alluvial areas sand and mud ejected, earthquake fountains,
sand craters.

X Most masonry and frame structures destroyed with their foundations. Some well-
built wooden structures and bridges destroyed. Serious damage to dams, dikes,
embankments. Large landslides. Water thrown on banks of canals, rivers, lakes,
etc. Sand and mud shifted horizontally on beaches and flat land. Rails bent
slightly.

XI Rails bent greatly. Underground pipelines completely out of service.

Xl Damage nearly total. Large rock masses displaced. Lines of sight and level
distorted. Objects thrown into the air.
Earthquake Earthquake shaking is measured by instruments called accelerographs that are
“ShakeMaps™ triggered by the onset of shaking and record levels of ground motion at strong

motion stations throughout the state operated by the California Integrated
Seismic Network (CISN). CISN includes stations operated by the California
Geological Survey (CGS), the U.S. Geological Survey (USGS), the
California Institute of Technology, and UC Berkeley. The CGS and the
USGS rapidly convert the data from the accelerographs into “ShakeMaps”
that show the distribution of earthquake shaking. ShakeMaps are used by
emergency responders to evaluate the extent and variation of shaking within
the area affected by an earthquake and to send resources to the areas that most
likely sustained heavy damage. The maps also help identify vulnerabilities,
which is useful in pre-disaster mitigation planning.

ShakeMaps, which are based on actual measured motions, are a major step
forward in guiding emergency response to earthquakes. Areas of as-yet
limited spacing distribution of strong motion stations still require estimation
or interpolation, which can unnecessarily reduce accuracy. USGS and CGS
produce their maps in addition to the intensity map, to guide response for
specific types of structures (short, small structures versus tall, long
structures).

Continued on next page
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Earthquake CGS and USGS also use ground motion data in modeling ground shaking
“ShakeMaps”  patterns to be expected in future earthquakes. The potential for earthquake
(continued) shaking at any place can be related to the potential for earthquakes on the

surrounding faults and the ground motion from potential earthquakes.
Integrating all of the potential for ground motion produces a map showing the
long-term seismic hazard.

Map 4.1B ShakeMaps, such as this one for the 1994 Northridge earthquake, show the
Shake Map distribution of strong ground shaking and can be used to focus emergency

response efforts.

CISN Rapid Instrumental Intensity Map for Northridge Earthquake
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Amplification  Although seismic waves radiate from their source like ripples on a pond, the

of Seismic radiation is not uniform due to the complex nature of an earthquake rupture,

Shaking the different paths the waves follow through the earth, and the different rock
and soil layers near the earth’s surface. Large earthquakes begin to rupture at
their hypocenter deep in the earth and the fault ruptures outward from that
point. Because the speed of an earthquake rupture on a fault is similar to the
speed of seismic waves, waves closer to the epicenter can be compounded by
waves from farther along the rupture, creating a pulse of very strong seismic
waves that moves along the fault in the direction of the fault rupture. Seismic
waves may also be modified as they travel through the earth’s crust. Shaking
from the 1989 Loma Prieta earthquake was concentrated to the north, toward
San Francisco and Oakland, possibly due to the reflection of seismic waves
off the base of the earth’s crust.

As seismic waves approach the ground surface, they commonly enter areas of
loose soils where the waves travel more slowly. As the waves slow down,
their amplitude increases, resulting in larger waves with frequencies that are
more likely to damage structures. Waves can also be trapped within soft
sediments between the ground surface and deep, hard basement rocks, their
destructive energy multiplying as they bounce back and forth, producing
much greater shaking at the ground surface. CGS and USGS recorded large
ground waves at many locations during both the Loma Prieta earthquake and
the 1994 Northridge earthquake.

Unexpectedly large ground waves and their resulting damage may be
produced from a relatively distant earthquake. Shaking from the 1999 Hector
Mine earthquake in the Mojave Desert produced waves with amplitudes of up
to 15 cm in the Los Angeles basin, more than 200 kilometers from the
epicenter. While there was little damage from the Hector Mine earthquake,
other large earthquakes have caused damage in distant places. For example,
Nevada’s 1954 Dixie Valley earthquake damaged critical facilities in
Sacramento due to water sloshing.

Continued on next page
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Photo 4.1A
Loma Prieta
Earthquake
Damage

Mitigation of
Seismic
Shaking
Hazards

The photo below shows damage in the Marina District of San Francisco from
the 1989 Loma Prieta earthquake. The damage was increased because the
shaking was amplified as it passed through the earth’s crust and entered the
soft sediments near the earth’s surface.

Photo by John Nakata, USGS

Seismic shaking, which caused over 98 percent of the losses in the Loma
Prieta Earthquake, has long been recognized as the main threat to structures
during earthquakes. To mitigate this hazard, building codes have been
steadily improved over the past 80 years as understanding of seismic shaking
has improved based on strong motion data gathered by CGS and USGS.
Current California building codes include provisions for considering the
potential shaking from earthquakes, including stronger shaking near faults
and amplification by soft soils. The building code has been the main
mitigation tool for seismic shaking in most buildings, although hospitals,
schools, and other critical facilities are subject to additional mitigation
measures, as will be discussed below.

Continued on next page
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Earthquake
Hazards:
Ground Failure

Fault Rupture

Fissuring, settlement, and permanent horizontal and vertical shifting of the
ground often accompany large earthquakes. Although not as pervasive or as
costly as the shaking itself, these ground failures can significantly increase
damage and under certain circumstances can be the dominant cause of
damage. The majority of damage from the 1964 Alaskan Earthquake was
attributed to the extensive ground failures that accompanied the event. Studies
after the 1994 Northridge Earthquake showed that when ground failure was
involved, damage to residential dwellings was three to four times greater than
average shake damage. Because of their geographic extent, network
infrastructures such as water, power, communication, and transportation lines
are particularly vulnerable to ground failures.

The sudden sliding of one part of the earth’s crust past another releases the
vast store of elastic energy in the rocks as an earthquake. The resulting
fracture is known as a fault, while the sliding movement of earth on either
side of a fault is called fault rupture. Fault rupture begins below the ground
surface at the earthquake hypocenter, typically between three and ten miles
below the ground surface in California. If an earthquake is large enough, the
fault rupture will actually travel all the way to the ground surface, wreaking
havoc on structures built across its path. Recent large earthquakes in Turkey
and Taiwan have shown that few structures built across the surface traces of
faults can withstand the large displacement that occurs during an earthquake.

Continued on next page
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Photo 4.1B The photograph below illustrates a surface fault rupture from the 1992
Surface Fault Landers Earthquake. This fault rupture, located in the Mojave desert,
Rupture disrupted roads and damaged homes.

Liquefaction In addition to the primary fault rupture that occurs right along a fault during
an earthquake, the ground many miles away can also fail during the intense
shaking. One common type of failure occurs when soft, water-saturated soil
settles, causing the water to eject sediment particles as it works its way to the
ground surface. This phenomenon, known as liquefaction, turns the soil into a
fluid, causing it to lose the ability to support buildings and other structures.
Avreas susceptible to liquefaction include places where sandy sediments have
been deposited by rivers along their course or by wave action along beaches.
Alameda Naval Air Station runways and Port of Oakland equipment suffered
damage from liquefaction during the 1989 Loma Prieta Earthquake.

Continued on next page
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Landslides

Photo 4.1C
Landslide

Landslides are the result of the down-slope movement of unstable hillside
materials under the influence of weathering and gravity over time. Strength of
rock and soil, steepness of slope, and weight of the hillside material all play
an important role in the stability of hillside areas. Weathering and absorption
of water can weaken slopes, while the added weight of saturated materials or
overlying construction can increase the chances of slope failure. Sudden
failure can be triggered by heavy rainfall, excavation of weak slopes, and
earthquake shaking, among other factors. Because landslides occur often
without earthquakes, landslide hazards are discussed in a separate section of
this Plan and are only briefly mentioned here as a secondary hazard
associated with earthquakes.

Ground shaking from the 1994 Northridge earthquake triggered damaging
landslides, including this one in the Pacific Palisades area of Los Angeles.

Continued on next page

Revised September 2004 66



State of California Multi-Hazard Mitigation Plan

4.1 ldentifying Earthquake Hazards

Mitigation of
Ground Failure

Ground Failure
Hazard Zones

Because the safety and stability of buildings, bridges, and other engineered
structures depends on strong, stable foundations, catastrophic ground failures
of the type discussed here must be avoided by choosing safe construction sites
or by reducing risk through prudent civil engineering practice. The latter
includes constructing appropriate foundation systems and modifying unstable
ground to increase stability through grading, compacting, or reinforcing soils.
Experience has repeatedly shown that use of these methods in design and
construction can greatly reduce damage and loss during earthquakes.

The 1971 San Fernando Earthquake was caused by rupture along the San
Fernando fault that resulted in total loss to many structures built across its
path. That event clearly demonstrated that active faults must be avoided when
constructing new buildings and led to passage of the Alquist-Priolo
Earthquake Fault Zoning Act of 1972. The Act prohibits the construction of
buildings for human occupancy across active faults in California. Similarly,
the extensive damage caused by secondary ground failures during the 1989
Loma Prieta Earthquake focused attention on landslides and liquefaction and
led to the Seismic Hazards Mapping Act, which increases construction
standards at sites where ground failures during earthquakes are likely.

Where and when to mitigate ground failure hazards is facilitated by seismic
hazard zone maps and earthquake fault zone maps. These maps identify
where such hazards are more likely to occur based on analyses of faults, soils,
topography, groundwater, and the potential for earthquake shaking
sufficiently strong to trigger landslide and liquefaction. Both types of maps
are based on the concept of “special study zones” and are used to identify
locations where specially adapted construction standards are necessary for
public safety and welfare. Local planning and building departments must use
such maps as a screening tool to identify when to undertake detailed
geotechnical or fault investigations in order to validate the level of hazard
suspected at proposed development sites. A city or county can only issue a
construction permit in hazard areas when the developer agrees on an
appropriate level of mitigation against landslides or liquefaction, or when
selected building sites are offset from active fault traces (usually at least 50
feet).

California disclosure laws require that sellers inform buyers if a property for
sale is located within an earthquake fault zone or a seismic hazard zone. The
Alquist-Priolo Earthquake Fault Zoning Act has been in effect for 30 years

and over 5000 miles of active fault are now zoned throughout the state. The

Continued on next page
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Ground Failure
Hazard Zones
(continued)

Earthquake Fault Zone along a portion of the San
Andreas Fault

Seismic Hazards Mapping Act has been in effect for over 10 years and more
than 4000 square miles of land have been zoned in Los Angeles, Ventura, and
Orange counties and in portions of the San Francisco Bay Area. The area
zoned under the Seismic Hazards Mapping Act encompasses over 165
incorporated cities having a total population of more than 12 million and an
average annual volume of new construction over $10 billion. Two hundred
high-risk cities remain to be zoned, representing a total population of about
nine million and an average annual construction volume of over $13 billion.

Continued on next page
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Ground Failure
Hazard Zones
(continued)

Earthquake
Hazards:
Tsunami

Seismic Hazard Zones in the Newhall area of the northern San Fernando
Valley (blue areas are landslides and green areas are liquefaction).

Tsunamis are large waves caused by sudden disturbances in the ocean,
usually on the ocean floor. (Seiches are similar large waves in lakes) They are
commonly caused by fault rupture on the ocean floor or by underwater
landslides. There are two types of tsunamis—Ilocal and distant. Local
tsunamis are more threatening because they afford at-risk populations only a
few minutes to find safety. California is vulnerable to, and must consider,
both types.

Continued on next page
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Earthquake
Hazards:
Tsunami
(continued)

Mitigation of
Tsunami and
Seiche Hazards

Tsunamis can travel at speeds of over 600 miles per hour in the open ocean
and can grow to over 100 feet in height when they approach a shallow
shoreline, causing severe damage to coastal development. In 1997, a large
tsunami triggered by a magnitude seven (M7) earthquake killed more than
3,500 people in Papua, New Guinea. The 1964 Alaskan Earthquake produced
a tsunami that killed thirteen people and caused over $10 million in damage
in northern California; damage and losses were even greater in Hawaii.
Recent studies of the continental shelf off the California coast indicate a
potential for underwater landslides capable of generating damaging tsunamis
that could threaten coastal communities.

Similar to tsunamis are large water splash waves caused by landslides landing
in water bodies. Such a wave was responsible for the 1963 Vaiont, Italy, dam
disaster, where a water wave rose 300 feet above a dam, flooding villages
below and Killing 2,600 people. In 1958, an M8 earthquake in Alaska caused
a landslide that produced a similar wave in Lituya Bay that reached 1,720 feet
up the adjacent mountain slope.

Tsunamis cannot be prevented, but early warning and evacuation can
dramatically reduce their threat to human safety. Modern warning networks
can sense tsunamis hundreds, or even thousands, of miles from their location
of impact and issue warnings to potentially threatened communities. Such
warning systems, coupled with well-designed evacuation plans, can remove
people from harm’s way. Federal and state programs to educate local
emergency response agencies and the public and to develop safe evacuation
routes with appropriate signage are currently underway.

Life and property loss from tsunamis and seiches can also be reduced by
limiting development along low-lying coasts and designing structures to

allow swift water to flow around, through, or underneath without causing
collapse.
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Introduction This section summarizes major earthquakes in California and their related
damages and losses.

Recent Earthquakes large enough to cause moderate damage to structures—those of
Earthquake M5.5 or larger—occur three to four times a year. The 1987 Whittier Narrows
Events earthquakes (M®6), caused by a buried thrust fault, caused hundreds of

millions of dollars in property damage. Most recently, the San Simeon
Earthquake (M6.5) hit an area six miles northeast of San Simeon on
December 22, 2003. As of March 17, 2004, FEMA had approved over $20.1
million in aid for recovery from this event. An average of once every two to
three years, a strong earthquake (M6 to M6.9) strikes somewhere in the state.
An earthquake of this size, such as the 1994 Northridge Earthquake (M6.7) or
the 1983 Coalinga Earthquake (M6.5), is capable of causing major damage if
the epicenter is near a densely populated area. Major earthquakes (M7 to 7.9)
occur in California about once every ten years.

Two recent major earthquakes, the 1992 Landers Earthquake (M7.3) and the
1999 Hector Mine Earthquake (M7.1) caused extensive surface fault rupture
but relatively little damage because they occurred in lightly populated areas of
the Mojave Desert. In contrast, earthquakes of smaller magnitude but in
densely populated areas, such as the 1989 Loma Prieta Earthquake (M6.9),
have caused extensive damage over large areas.

The two largest earthquakes in California, the 1857 Fort Tejon Earthquake
and the famous 1906 San Francisco Earthquake were similar in magnitude
(M7.9 and M7.8) and resulted from movement along the San Andreas Fault.
Earthquakes of this size (M7.7 to M7.9) can cause more extensive damage
over a larger area than the M7.1 to M7.4 earthquakes that have struck
California in recent decades.

Although a great earthquake (M8 or greater) has never been officially
recorded in California, evidence suggests that one occurred in the early
eighteenth century. Native American oral histories, tree-ring studies,
geological studies that show the uplift or subsidence of large areas of coastal
land, and records of a tsunami that struck Japan and cannot be correlated with
an earthquake anywhere else around the Pacific indicate that an M9
earthquake occurred in January 1700 on the Cascadia Subduction Zone,
extending north from Cape Mendocino in Northern California to British
Columbia. An earthquake of this size is similar to the one that struck Alaska
in 1964 and is capable of extensive damage over a very broad region.

Continued on next page
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Recent As shown in Table 4.2A below, earthquakes have caused significant losses in
Earthquake California over the past thirty years. The average annual loss (AAL) between
Losses 1970 and 1999 was about $1.9 billion in direct property damage (in 2000

dollars). However, 70 to 80 percent of that loss was from the Northridge
Earthquake alone. Thus, past earthquakes may not provide a realistic estimate
of future earthquakes' effects. Large earthquakes in lightly populated regions,
such as Landers and Hector Mine, show the potential earthquake shaking
from major earthquakes, while moderate earthquakes in populated areas,
particularly Northridge, give a sense of California’s vulnerability to
earthquake shaking. A major earthquake near one of California’s urban
centers could cause unprecedented losses. Indirect losses, such as from
unemployment and business interruption, could be more than double direct

losses.
Map 4.2A The map below illustrates state earthquake proclamations between 1950 and
State 2003.
Earthquake
Disaster Click here to view the map or go to Map 4.2A in the Appendices.

Proclamations

Continued on next page

Revised September 2004 72


Ch_4_Appendices/Map_4.2a.pdf

State of California Multi-Hazard Mitigation Plan

4.2 Profiling Earthquake Hazard Events

Table 4.2A The table below shows reported direct losses from major and strong
Earthquake earthquakes in California since 1971.
Losses
Earthquake Date Magnitude | Direct Losses ' | Deaths ® | Injuries ®
San Feb. 9, 1971 6.6 $2,200® 58 2000
Fernando
Imperial Oct. 15, 1979 6.5 $70® 0 91
Valley
Coalinga May 2, 1983 6.4 $18®@ 1 47
Whittier Oct. 1, 1987 6.0 $522 @) 9 200+
Narrows
Loma Prieta | Oct. 17, 1989 6.9 $10,000 @ 63 3757
Cape Apr. 25, 1992 7.0 $80© 0 356
Mendocino
Landers/ June 28, 1992 7.3 $120® 1 402
Big Bear
Northridge Jan. 17, 1994 6.7 $46,000 @ 57 11,846
Hector Mine | Oct. 16, 1999 7.1 Minor 0 11
San Simeon | Dec. 22, 2003 6.5 Undetermined 2 46
(1) Estimate in millions of 2000 dollars
(2) Estimate from FEMA (1997)
(2) Estimate from U.S. Office of Technology Assessment
(3) Estimate from National Research Council (1994)
(4) Estimate from OES
(5) Estimate from CSSC

Potential

Earthquakes

On the basis of research conducted since the 1989 Loma Prieta earthquake,

USGS and other scientists have concluded that there is a 62 percent

probability that at least one earthquake of M6.7 or greater, capable of causing
widespread damage, will strike the San Francisco Bay Area before 2032.
Similarly, research coordinated by the Southern California Earthquake Center
(SCEC) in 1995 concluded that there is an 80 to 90 percent probability that an
earthquake of M7.0 or greater will hit Southern California before 2024. Major
quakes could occur in any part of these two highly urbanized and rapidly
growing regions. The probability that a major quake will hit in some part of
California in the next thirty years is over 95 percent.
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Estimating
Losses from
Future
Earthquakes

With HAZUS, a standardized methodology and GIS modeling software
developed by FEMA, it has become possible in recent years to estimate losses
from future earthquakes in California. By combining ShakeMaps with a
statewide computerized inventory of population and buildings using HAZUS,
CGS has estimated casualty and damage losses from various potential
earthquakes for the two largest metropolitan regions of the state. Results are
summarized in Table 4.2B below. CGS used the 1990 census as the basis for
estimating the building inventory. Growth in California since 1990 means that
the loss estimates are likely low. Potential losses to other to other types of
property, including transportation systems, lifelines, and utilities, which CGS
did not estimate, could be several times greater than losses to buildings.

The accuracy of ShakeMaps and the resulting HAZUS estimates are strongly
dependent on recorded ground motion. Therefore, places with too few
instruments have the potential for significant discrepancies between estimated
and actual ground motions. The California Integrated Seismic Network and
the federal Advanced National Seismic System have been working together to
fund and install additional seismic instruments. Both programs are funded
less that what is required to meet project objectives. Instrumentation is still
sparse in some areas of the state, including the epicentral regions of the 2000
Napa and 2003 San Simeon earthquakes.

Revised September 2004 74



State of California Multi-Hazard Mitigation Plan

4.2 Profiling Earthquake Hazard Events

Table 4.2B - The table below describes potential earthquakes and their associated losses
Earthquake for Northern and Southern California.

Scenario Losses

Potential Earthquake Scenarios

M Projected
Building
Damage in
Millions

Northern California

San Andreas Fault: Repeat of the 1906 San Francisco Earthquake

7.9 $54,000

San Andreas Fault: Santa Cruz + Peninsula + North Coast
segments

7.8 $50,000

San Andreas Fault: Santa Cruz + Peninsula segments

7.4 $30,000

San Andreas Fault: Santa Cruz segment

7.0 $5,900

San Andreas Fault: Peninsula segment

7.2 $24,000

Southern Hayward: Repeat of the 1868 Earthquake

6.7 $15,000

Northern Hayward 6.5 $9,000
Southern Hayward + Northern Hayward 6.9 $23,000
Rodgers Creek 7.0 $8,000
Southern Calaveras + Central Calaveras 6.4 $3,200
Northern Calaveras 6.8 $10,000
Southern + Central + Northern Calaveras 6.9 $13,000
Concord 6.2 $2,800
Green Valley 6.5 $3,200
Concord + Green Valley 6.7 $6,800

San Gregorio

7.4 $15,000
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Table 4.2B - Earthquake Scenario Losses (continued)

Potential Earthquake Scenarios M Projected

Building
Damage in

Millions

Southern California

Puente Hills fault 7.1 $69,000
Newport-Inglewood 6.9 $49,000
Palos Verdes 7.1 $30,000
Whittier Fault 6.8 $29,000
Verdugo Fault 6.7 $24,000
San Andreas Fault: Southern Rupture 7.4 $18,000
San Andreas Fault: Repeat of the 1857 Earthquake 7.8 $17,000
Santa Monica 6.6 $17,000
Raymond Fault 6.5 $17,000
San Joaquin Hills 6.6 $15,000
Rose Canyon 6.9 $14,000
San Jacinto 6.7 $7,000
Elsinore Fault 6.8 $4,000
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Introduction This section summarizes the size and vulnerability of major types of existing
development, how the vulnerabilities can be mitigated, and what information
the state currently has about mitigation progress.

Determining Earthquake vulnerability is primarily based upon population and the built

Vulnerability  environment. Urban areas in high hazard zones tend to be the most
vulnerable, while uninhabited areas generally are less vulnerable. CGS and
USGS have done considerable work using GIS technology to identify
populations in seismic hazard zones. This topic discusses the number of
individuals that reside in the high seismic hazard zone in each California
county and includes a sample of GIS mapping. In future editions of this Plan
this section will be supplemented with information from local hazard
mitigation plans.

Table 4.3A The attached table summarizes the percentage of each California county’s
Vulnerable population residing in the seismic hazard zone. In 17 counties, more than 90
California percent of the population lives in the 40 percent g peak ground acceleration or
Populations higher seismic hazard zone. These 17 counties are home to 19 million people,

or 55 percent of the state’s population. Statewide, approximately 22 million
people live in the 40 percent g or higher seismic hazard zone.

Click here to view the table or go to Table 4.3A in the Appendices.

Statewide Unfortunately, the number and variations of all potential earthquakes are so

Earthquake large that it is not possible to develop scenarios for all of them, nor would it

Loss Potential  pe possible to prioritize them by importance if they were developed. To get an
idea of the overall scope of the risk of losses from earthquakes and to
determine which areas are most vulnerable, CGS uses an alternate approach
based on probabilistic seismic hazard analysis (PSHA), which considers all
possible earthquakes on all of the possible sources. Using this approach, CGS
estimates an expected direct annual loss in California of about $2.2 billion.
This is approximately 0.14 percent of the $1.6 trillion total value of the
building inventory in the HAZUS database. Indirect losses, such as
unemployment, loss of market share to other regions or countries, and other
economic effects could be as much as twice the direct losses.
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Map 4.3A The attached map shows the various levels of earthquake hazards in
Levels of California and their locations.

Earthquake

Hazards in

artls Click here to view the map or go to Map 4.3A in the Appendices.
California

In This Topic Due to the size and complexity of this topic, it has been broken down into two
sections. This topic contains the following sections.

Section Title Page
43.1 Existing Buildings 78
4.3.2 Utilities and Transportation 100
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Existing Compared to other earthquake vulnerabilities, buildings pose the largest risk
Buildings - to life, injury, property and economic welfare. California has approximately
General 12 million buildings, with an average of 2.7 occupants per building.

Overview Approximately 95 percent are low rise (one to three stories), five percent are

medium rise (four to seven stories), and 0.03 percent are high rise buildings
(eight or more stories) (ATC 13, Jones et al). Observations after earthquakes
indicate that building safety is most often compromised by poor quality in
design and construction, inadequate maintenance, a lack of code enforcement
at the time of original construction, and improper alterations to the original
building. (Turning Loss to Gain, CSSC 95-01)

A less common cause of damage is the poor performance of older buildings
built to earlier seismic codes. Approximately 15 percent of California’s
buildings were constructed before 1933, when explicit requirements for
earthquakes first began to be incorporated into building codes and when the
state first required local governments to create building departments and issue
permits. About 20 percent of California’s buildings were constructed before
1940, when the first significant strong motion recording was made in El
Centro. About 45 percent of the state’s buildings were constructed before the
Structural Engineers Association of California’s first statewide consensus on
recommended earthquake provisions were published in 1960. About 65
percent were built before the mid- to late-1970s, when significant
improvements to lateral force requirements began to be enforced throughout
the state. California did not have uniform adoption of the same edition of
model codes in every jurisdiction until the early 1990s. Thus, well over half
of all existing buildings in California are built to earlier standards that in
many cases can result in inadequate earthquake performance.

Damage due to ground shaking produces over 98 percent of all building
losses in typical earthquakes. In addition, buildings are also vulnerable to
ground displacements associated with primary fault rupture, liquefaction,
differential settlement, and landslides. Inundations from tsunamis seiches, and
dam failures can also be major sources of loss to buildings.

Continued on next page

Revised September 2004 79



State of California Multi-Hazard Mitigation Plan

4.3 Section 1 — Existing Buildings

Mitigation of The most effective single element in mitigating earthquake losses to buildings

Building is the consistent application of a modern set of design and construction
Earthquake standards, such as those incorporated in modern building codes. The codes
0Sses

are updated regularly to include the most effective design and construction
measures that have been found by testing and research or observed in recent
earthquakes to reduce building damage and losses. Local government
building departments using a relatively modern code, such as the 1997
Uniform Building Code, regulate the vast majority of buildings. Exceptions
include acute care hospitals, public K-14 schools, and state-owned buildings,
which are regulated by state agencies in accordance with an even more
stringent set of building code provisions that are incorporated in the 2002
California Building Code.

For new buildings, state and local governments enforce the California
Building Standards Code (CBSC) that includes earthquake safety provisions
from the 1997 Edition of the Uniform Building Code with enhancements for
hospitals, public schools, and essential services buildings. Since this code is
now outdated, the state enacted twenty emergency earthquake safety
amendments that are applicable to state-owned buildings in 2003. The
California Building standards Commission encourages local governments and
other agencies to adopt these amendments.

A small percentage of older buildings have been strengthened or “retrofitted”
to improve their resistance to earthquake shaking. Observations after recent
earthquakes suggest that retrofitted buildings on the whole perform noticeably
better than similar buildings that have not been retrofitted (ATC 31, 1992,
CSSC 94-06, WJE 1994). However, in many respects their performance has
been mixed. Less than five percent of California’s existing buildings have
been structurally retrofitted; the actual number has not been determined.

California has adopted retrofit standards for un-reinforced masonry (URM)
buildings, hospitals, public schools, and state-owned buildings. The state has
not formally recognized retrofit standards for other existing buildings. The
CBSC allows retrofits of any nature provided that they make existing
buildings no less safe. The 2003 International Existing Building Code is
available for use at the discretion of regulatory agencies. It includes a
compilation of seismic evaluation and retrofit guidelines and standards for un-
reinforced masonry, tilt-up, wood frame dwelling, and older concrete
buildings, including federal guidelines such as FEMA 356.A separate
California Historical Building Code contains seismic safety provisions for
evaluating, rehabilitating, and altering historical buildings.

Continued on next page
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Mitigation of
Building
Earthquake
Losses
(continued)

Mitigation of
Earthquake
Losses in
Nonstructural
Systems and
Building
Contents

Mitigation measures for ground displacement include strengthening
foundations, locating new facilities to avoid sites with the potential for large
displacements during earthquakes, and modifying soils below foundations.

The state has not formally recognized seismic evaluation standards for other
existing buildings. However, a new national evaluation standard is now
available (ASCE 31-02).

California did not begin to regulate the earthquake safety of nonstructural
systems and heavy contents in buildings, such as water heaters, ceilings, light
fixtures, and heating equipment, until the 1970s. Buildings built before the
1970s and newer buildings that were not regulated and that have unbraced
systems can be made safer with retrofit projects. FEMA offers guidelines for
the evaluation and retrofit of building contents and nonstructural building
systems (FEMA 74). These retrofits can significantly reduce the risks of
injuries and business interruption from earthquakes and are often feasible at
very low costs. OES offers guidelines are for evaluating and retrofitting
nonstructural falling hazards common to schools at www.oes.ca.gov.

Water heater bracing Kits that are certified for use by the State Architect are
available at most hardware stores. The State Architect also offers strapping
instructions at www.dsa.dgs.ca.gov/Publications/default.htm. Bracing can
prevent fires and serious water damage caused by toppled water heaters.
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Fire Following
an Earthquake

One of the greatest potential hazards after an earthquake is fire. Fires
following the 1906 San Francisco Earthquake, the 1923 Tokyo Earthquake,
and the 1995 Kobe Earthquake caused extensive damage and killed thousands.
Fires that follow earthquakes fall into two basic categories:

e Category One: Fires that follow immediately after an earthquake. Fires
can occur when power lines are fused, broken and the resulting arcing
comes into contact with combustible fuel. Water heaters, stoves and
lighting fixtures/lamps are dislodged and come into contact with
combustible fuel. Natural gas mains, lines and service are severed and the
released gas finds a source of ignition. Combustible liquids can leak and
find a source of ignition.

e Category Two: Fires that are delayed following an earthquake and that
are generally human caused or preventable incidents. An example is fire
caused by the restoration of electricity to an area not properly checked and
secured. Lamps that were on when an earthquake hit may have been
dislodged by the earthquake onto combustible material. When power is
restored, heating can occur, followed by ignition. Arcing of downed power
lines can also ignite combustibles. Additionally, inexperienced people can
start fires by trying to relight gas pilots.

Mitigation for the prevention of natural gas system leakage has, in some areas,
included the localized upgrading of natural gas pipelines and automatic
seismic shut-off switches, which cut off natural gas to customers. It is critical
that restoration of gas service following an earthquake be coordinated through
the local gas utility and the fire department to ensure that service is not
restored until minimum safety requirements are met on the distribution side of
the gas meter. Restoration of gas and electrical services for areas known or
suspected to have sustained damage may not be restored until the utilities and
the fire department are prepared to have service restored.

An additional fire mitigation technique is the use of seismic pressure wave-
triggered automatic garage door openers and alarms on fire stations. These
devices help ensure that firefighters and fire equipment are not trapped in
damaged fire stations following earthquakes.
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Sub-Inventories  The following building types are discussed in the text that follows:
of Existing
Buildings Unreinforced Masonry (URM) Buildings

Hospitals

Locally Regulated Essential Services Facilities
State-Regulated Essential Services Buildings
Other State-Owned Normal Occupancy Facilities
State Criminal Justice Buildings

State-Owned Health Services

K-12 Public Schools

Community Colleges

Public Universities

Tilt-Ups

Single-Family Wood Frame Dwellings

Multi-Unit Wood Frame Residential Buildings
Locally Regulated Non-Ductile Concrete Buildings
Steel Frame Buildings

Seismic Gas Shutoff Valves

High-Rise Buildings

Mobile Homes

Table 43.1A-  The following table is titled, “Draft Overall Progress Toward Earthquake
Earthquake Mitigation of Key Building Inventories in California.” It summarizes the

Mitigation of progress in making some of these types of buildings safer.
Key Building

Inventories Click here to view the table or go to Table 4.3.1A in the Appendices.

Locally Unreinforced masonry (URM) buildings are made of brick, stone, or other
Regulated types of masonry and have no reinforcing steel to keep them from falling
Unreinforced down in earthquakes. Most URM buildings have features that can threaten
I';/'uaifgi”nrgs lives during earthquakes. These include parapets, walls, and roofs that are

poorly connected to each other. When earthquakes occur, inadequate
connections in these buildings can allow masonry to fall. Floors and roofs
can collapse, placing occupants and passersby in harm’s way.
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Mitigation of
URM Buildings

The risk to life from URM buildings can be significantly reduced by the
regulation of alterations to existing buildings and seismic retrofits. California
has prohibited the construction of new URM buildings since 1933. However,
many older URM buildings still remain in use today in California’s historic,
commercial, and industrial districts.

In 1986, California passed a law requiring local governments in high seismic
regions nearest active faults (Seismic Zone 4) to inventory their URM
buildings, establish a risk reduction program, and report to the CSSC. Ninety-
one percent of the jurisdictions affected by the URM law comply with its
provisions. State government buildings are exempt from the URM law but are
partially addressed by other laws and regulations.

In 1990, there were an estimated 30,000 URM buildings statewide;
approximately 26,000 were located in Seismic Zone 4, with the remainder in
Seismic Zone 3. Ninety-eight percent of the URM buildings in Seismic Zone
4 (284 jurisdictions) have been inventoried. Statewide, URM buildings
average 10,000 square feet of floor area and retrofits costs range from $10 to
$150 per square foot. The following is a summary of their status:

Number Status %
16,761 | Mitigated 66
13,303 | Retrofitted to various standards 52

8,685 | Retrofitted to the UCBC 34
4,618 | Retrofitted to other standards 18
3,458 | Demolished 14
8,754 | Unretrofitted 34

Source: Status of the Unreinforced Masonry Building Law, SSC 2003-03. For
a description of the types of occupancy in URM buildings, see Appendix B in
Status of the Unreinforced Masonry Building Law, 1995, SSC 95-05,
WWW.Seismic.ca.gov/sscpub.htm
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Mitigation of
URM Buildings
(continued)

Table 4.3.1B -
URM Buildings
in California

The state adopted retrofit standards for URM buildings in the 1997 edition of
the Uniform Code for Building Conservation, Appendix Chapter 1 (Title 24,
Part 10, of the California Building Standards Code). Of California’s cities and
counties (about 600), 169 have adopted some form of these standards. The
retrofit standards should be updated because the International Code Council
has updated the code with several new improvements. The most current
edition was published in the 2003 International Existing Building Code.

Click here to view the table or go to Table 4.3.1B in the Appendices.
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Table 4.3.1C
Hospitals

Since 1973, hospitals have been required to be built to higher standards than
other buildings so that they can be reoccupied after major earthquakes.
However, most hospitals built before 1973 still remain in service, some of
which pose risks to life or are not expected to be available for occupation
after future earthquakes.

The Office of Statewide Health Planning and Development (OSHPD)
requires hospital owners to survey the earthquake vulnerability of their
buildings as summarized in the table below. Structural Performance
Category (SPC) 1 is the most vulnerable ranking for buildings. Many SPC 1
hospitals pose significant collapse risks. SPC 5 hospitals pose the least
structural risk. Similarly, rankings for Nonstructural Performance
Categories (NPC) range from 1 (most vulnerable) to 5 (least vulnerable).

Type Category | Number of | % | Vulnerability
Buildings

Structural SPC-1 975 39 | Most Vulnerable
Performance | SPC-2 211 8
(SPC) SPC-3 291 12

SPC-4 672 27

SPC-5 323 13 | Least Vulnerable
SPC not N/A 35 1 N/A
reported
Non- NPC-1 1,807 72 | Most Vulnerable
Structural NPC-2 430 17
Performance | NPC-3 63 3
(NPC) NPC-4 143 6

NPC-5 15 1 Least Vulnerable
NPC not N/A 49 2 N/A
reported

Source: Hospital Seismic Performance Ratings, OSHPD, April 2001. For
more information visit www.oshpd.ca.gov.
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Mitigation of
Hospital
Buildings

Senate Bill 1953 (SB 1953), enacted in 1994 after the Northridge
Earthquake, expanded the scope of the 1973 Alquist Hospital Seismic
Safety Act. SB 1953 required the retrofit of all critical nonstructural
components in surgery and emergency medical rooms by 2002. The law
also requires that by 2008, all hospital buildings built before 1973 be
replaced or retrofitted so that they can reliably survive earthquakes without
collapsing or posing threats of significant loss of life. It further mandates
that all existing hospitals be seismically evaluated and retrofitted, if needed,
by 2030, so that they are reasonably capable of providing services to the
public after disasters. SB 1953 applies to all acute care facilities (including
those built after 1973) and affects approximately 2,500 buildings across 475
hospital facilities. State-owned hospitals are exempt from SB 1953.

OSHPD has adopted and enforces regulations for the seismic evaluation and
retrofit of existing hospital buildings (SB 1953 Regulations and Division
VI-R, Title 24, Part 2) that are applicable to all existing urgent care
hospitals.

Locally
Regulated
Essential Services
Facilities

California has no statewide inventory of locally regulated essential services
facilities, including fire, police, ambulance, and emergency communication
facilities. Most of these facilities were built prior to 1986, before state
standards began to require enhanced seismic safety, and are not expected to
be reliably functional after a severe earthquake, delaying emergency
response and in some cases posing significant risks to life. DGS estimates
that there are approximately 450 fire stations, 400 emergency operations
centers, and 450 police stations throughout California.
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Mitigation of
Locally
Regulated
Essential
Services
Buildings

State-Regulated
Essential
Services
Buildings

To mitigate the risk of earthquakes to locally regulated essential services
facilities, California enacted the Essential Services Buildings Seismic Safety
Act in 1986. Pursuant to the Act, the Division of the State Architect within
DGS adopted regulations that apply to the construction of all new essential
services buildings (California Code of Regulations, Title 24, Part 1, 84-201 to
84-222). There are no statewide regulations for evaluating and retrofitting
locally regulated essential services buildings that existed prior to 1986, except
for unreinforced masonry buildings in some jurisdictions. Some local
governments and state agencies have voluntarily retrofitted or replaced their
vulnerable buildings.

In 1990, the state passed the Earthquake Safety and Public Buildings
Rehabilitation Bond Act (Proposition 122). Up to $50 million was allocated
for the seismic retrofit of essential services facilities. As of 2000, 147 retrofit
projects totaling $46 million were underway. Approximately 70 fire stations,
12 emergency operations centers, and 9 police stations completed retrofits by
2000. Many local governments and special districts have retrofitted their
essential services buildings with local funds.

California has no statewide inventory of state-regulated essential services
facilities, including fire, police, ambulance, and emergency communication
facilities. Most of these facilities were built before state standards began to
require enhanced seismic safety and are not expected to be reliably functional
after earthquakes, delaying emergency response and in some cases posing
significant risks to life. Key state agencies owning essential services facilities
include:

CDF
CalTrans
CHP
DWR
CNG
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Other State-
Owned Normal
Occupancy
Facilities

Mitigation of
Other State-
Owned Normal
Occupancy
Facilities

Mitigation of
State-
Regulated
Essential
Services
Buildings

California has an asset management program for non-university buildings that
maintains an inventory of approximately 17,000 buildings with a total of
almost 90 million square feet of space. Proposition 122 of 1990 included
$250 million for the identification and seismic retrofit of deficient state-
owned buildings.

As of 2003, 70 state-owned buildings had been retrofitted and an additional
76 retrofits were in progress. Combined with other funding, as of 2003 this
total effort provided $262 million in seismic safety improvements in buildings
owned or occupied by 13 state agencies.

In 1990, CSSC estimated the average seismic retrofit cost for state buildings
at $45 per square foot. In 1999, DGS’ Real Estate Services Division estimated
the cost for retrofitting all state buildings as $0.84 to $1.7 billion.

In 2002, the state began a program to transfer facility funding and operations
for county courthouses to the Judicial Council. Seismic evaluations are
required as part of the negotiation between the counties and the state.

For existing buildings owned by the state, the CBSC adopted regulations
(Division VI-R, Title 24, Part 2) that are applicable to state building seismic
evaluations and retrofits. This portion of the regulations needs updating to the
most current edition in the 2003 International Existing Building Code.

California enacted the Essential Services Buildings Seismic Safety Act of
1986 and DSA adopted regulations that apply to all new construction (Title
24, Part 1). For existing essential services buildings owned by the state, the
CBSC adopted regulations (Division VI-R, Title 24, Part 2) that apply to
building seismic evaluations and retrofits.
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State Criminal
Justice
Buildings

Mitigation of
State Criminal
Justice
Buildings

State-Owned
Health Services

Mitigation of
State-Owned
Health Services
Buildings

A 1979-1980 renovation and planning study funded by the Department of
Corrections included seismic evaluations and identification of remedial
actions for major state prison buildings. Since then, some prisons have been
retrofitted in conjunction with other planned modernization projects. Together
the Department of Corrections, the Department of Justice, and the California
Youth Authority own:

33 prisons

38 correctional conservation camps
11 youthful offender institutions
12 crime laboratories

CBSC has adopted regulations (Division VI-R, Title 24, Part 2, CCR) for
the seismic evaluation and retrofit of state criminal justice buildings.

The state manages seismic risk in its health care facilities through DGS,
CDHS, and DDS. The state owns:

e Four mental health hospitals with 4 million square feet of space
e Five developmental centers 5 million square feet of space
e Two public health laboratories

The state’s acute care hospitals are exempt from the Alquist Hospital
Seismic Safety Act. However, the state remains responsible for the public’s
seismic safety in these facilities. For state-owned buildings, the CBSC has
adopted regulations (Division VI-R, Title 24, Part 2) that are applicable to
seismic evaluations and retrofits.

Continued on next page

Revised September 2004 90



State of California Multi-Hazard Mitigation Plan

4.3 Section 1 — Existing Buildings

K-12 Public
Schools

Since 1933, public schools have been constructed in accordance with the
Field Act, which requires thorough reviews of construction plans, strict
inspections, and quality control. By 1977, nearly all public schools that were
built before the Field Act had either been retrofitted or were no longer being
used for instructional purposes. The Field Act did not begin to regulate
nonstructural systems and building contents in schools until the 1970s. Many
schools, particularly older public schools contain falling hazards that can
injure occupants.

In 2002, the Division of the State Architect released a survey of early Field
Act buildings that were constructed to regulations that, for certain types of
construction, are no longer considered to provide reliable life safety. Survey
results include:

e 70,000 Field Act building construction projects overall

e Approximately 40,000 buildings with 470 million square feet of space

e Buildings built before 1933 were either removed from use or retrofitted
by 1976

e About 16,000 of the state’s current Field Act buildings were constructed
prior to 1978, when major changes were made to Field Act regulations

e 9,659 buildings (92 million square feet of space) with non-wood
construction

e 2,122 Category 1 Buildings (expected to perform well and achieve life
safety)

e 7,537 Category 2 buildings (not expected to perform as well as Category
1 Buildings and require more seismic evaluations)

e DSA anticipates needing $4.7 billion to evaluate and retrofit Category 2
buildings to meet a damage control and life safety performance objective

Source: Seismic Safety Inventory of California Public Schools, Division of the
State Architect, Department of General Services, November 15, 2002
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Mitigation of California has adopted the Field Act and its regulations for new construction

Public School  in the California Building Standards Code. For existing K-12 public schools

Buildings and community colleges, DSA recently adopted emergency seismic
evaluation and retrofit regulations (Division VI-R, Title 24, Part 2) that are
applicable to public school buildings and conversions of non-Field Act
buildings to public school use. Several older school districts throughout the
state have or are currently retrofitting early Field Act schools.

The HMGP identified non-structural mitigation as a priority for schools and
essential facilities following the 1994 Northridge Earthquake. OES offers
guidelines for the retrofit of building contents and nonstructural building
systems such as ceilings, light fixtures, and mechanical equipment (Guide and
Checklist for Nonstructural Earthquake Hazards in California Schools,
available at www.oes.ca.gov ).

Community Community Colleges also must comply with the Field Act. In 2000, the

Colleges Community Colleges Chancellor’s office funded a rapid seismic evaluation
of buildings constructed to early Field Act standards. The survey found that
the community college system has 20 district offices, 108 campuses, 54 off-
campus centers, 4,366 buildings overall, and 52.2 million square feet of
space. Of the total buildings, 1,600 were given a rapid seismic evaluation to
identify retrofit needs that are now integrated into future capital outlay

plans.
Public The University of California (UC) and California State University (CSU)
Universities systems together have 192 primary and satellite campuses and 10,000

buildings with 138 million square feet of space Since the early 1970s, UC
has been evaluating and retrofitting buildings on its campuses. The system
has ranked the seismic safety of its major buildings from “good” to “very
poor” and has embarked on capital outlay programs to retrofit those that are
ranked “poor” or “very poor.” In the early 1990s, CSU initiated a similar
program. As of 2003, CSU had evaluated 1,364 major facilities, identified
145 as potentially hazardous, and required further evaluation and retrofits in
many cases. Most of facilities identified as hazardous now have retrofit
projects undergoing design or construction or completed. The greatest
vulnerability aspects of public universities are the potential for loss of life,
research, and educational functions, and damage to state property.

Continued on next page

Revised September 2004 92


http://www.oes.ca.gov/

State of California Multi-Hazard Mitigation Plan

4.3 Section 1 — Existing Buildings

Mitigation of For existing public university buildings owned by CSU and UC, the CBSC

Public has adopted regulations (Division VI-R, Title 24, Part 2, CCR) that are
University applicable to their seismic evaluations and retrofits.
Buildings

For the UC Berkeley Campus alone, the SAFER program estimates a need
of $1.2 billion to address life safety retrofits over 20 to 30 years.

The San Jose State University Engineering Department has provided model
non-structural mitigation techniques for laboratories.

The Disaster
Resistant
Universities
Program

In the last decade, disasters have affected university and college campuses
with high frequency, sometimes causing death and injury and always
resulting in monetary losses and disruptions in teaching, research, and public
service. Damage to buildings and infrastructure and interruption of the
institutional mission result in significant losses that can be measured by
faculty and student departures, decreases in research funding, and increases in
insurance premiums. These losses could have been substantially reduced or
eliminated through comprehensive pre-disaster planning and mitigation
actions.

Building A Disaster Resistant University is both a how-to guide and a
distillation of the experiences of six universities and colleges across the
country that have been working to become more disaster-resistant. The guide,
that can be downloaded at www.fema.gov/fima/dru.shtm, provides basic
information designed for institutions just getting started as well as concrete
suggestions for institutions that have already begun to take steps towards
becoming more disaster resistant.

The SAFER The Seismic Action Plan for Facilities Enhancement and Renewal at UC

Program Berkeley is known as the SAFER Program. According to program’s website,
"The review was undertaken and the action plan developed with one goal: to
do all we can to improve the safety of the campus in the event of a major
earthquake on the nearby Hayward Fault. Our number one priority is the
protection of the life and safety of students, faculty and staff.” For more
information, visit www.berkeley.edu/news/extras/1997/SAFER/index.html.
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Tilt-Ups

Table 4.3.1D
Mitigation of
Tilt-Ups and
Similar
Buildings

Tilt-up buildings are typically one- or two-story buildings constructed of
concrete walls that are tilted into place and connected to wood or steel
roofs. If the connections between the walls and roofs are weak, the walls
can pull away from roofs and collapse during ground shaking. There is no
statewide inventory of tilt-up buildings. However, a 1991 estimate
suggested that there were approximately 57,000 throughout the state (EQE,
1991). Forty percent of these were built prior to 1976, after which building
codes began to require stronger wall-to-roof connections. Many tilt-up
buildings have been constructed in the past decade, generally to more
current construction standards. Additional enhancements to the building
code for new tilt-up construction were adopted in 1997.

The average building size for older tilt-up buildings is 30,000 square feet.
Average retrofit costs are $5 per square foot. Much of California’s light
industrial and commercial properties are tilt-up buildings or buildings with
reinforced masonry or concrete walls with vulnerabilities in connections
between walls, roofs, and floors. These buildings pose significant risks of
casualties and losses in business continuity and market share from
earthquake damage.

Current retrofit provisions are available in Appendix Chapter 2 of the
International Existing Building Code or FEMA 356. Additionally, state law
encourages the disclosure earthquake weaknesses in commercial properties
at the time of sale. See Chapter 11 for more information.

The following jurisdictions have adopted retrofit programs for tilt-up
buildings:

Jurisdiction # of Buildings | Program Type
Los Angeles 2,618 Mandatory Retrofit
Los Angeles County & | N/A Mandatory Retrofit
Contract Cities

Fullerton 220 Mandatory Retrofit
Hayward 130 Voluntary Retrofit
La Palma N/A Mandatory Retrofit
Brisbane N/A Voluntary Retrofit
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Single-Family
Wood Frame
Dwellings

Mitigation of
Single-Family
Wood Frame
Dwellings

There is no statewide inventory of single-family wood-frame dwellings, but
approximately 1.5 million single-family dwellings were built in California
before 1960 when jurisdictions began to require adequately braced walls.
Homes can slide or fall off their foundations if not adequately anchored and
braced.

A 1999 survey by the Association of Bay Area Governments (ABAG)
determined that two percent to 38 percent of all Bay Area homes were
retrofitted to variable levels in different jurisdictions. The average retrofit
rate was well below 10 percent. Similarly, the California Earthquake
Authority has surveyed its policyholders and found that about 6 percent have
retrofitted their homes.

The primary risk posed by single-family wood frame buildings is the
potential for loss of housing and property after earthquakes. In addition,
poorly braced homes on steep hillsides that can slide down hills and present
significant threats to life. Falling chimneys can also cause casualties and
damage.

The following cities have voluntary dwelling retrofit programs:

Los Angeles (also adopted hillside dwelling retrofit ordinance)
Berkeley

San Leandro

Oakland

Santa Barbara

The most current retrofit provisions are available in Appendix Chapter 3 of
the International Existing Building Code. Additionally, state law requires the
disclosure of typical earthquake weaknesses in homes at the time of sale. See
Chapter 11 for more information.
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Multi-Unit
Wood Frame
Residential
Buildings

Mitigation of
Multi-Unit
Residential
Buildings with
Soft, Weak,
Open Fronts

There is no statewide inventory of multi-unit wood frame residential
buildings. However, approximately 360,000 buildings can be inferred from
local inventories available from select cities as summarized in the tables
below. A significant numbers—perhaps half—of all apartments and
condominiums have parking at the lower levels, which can create earthquake
vulnerabilities. These buildings can collapse and cause casualties and
property loss and be rendered uninhabitable after earthquakes. Up to 84
percent of the loss of housing in a Hayward earthquake scenario is expected
to occur in multifamily residential buildings (ABAG 1999).

The estimated numbers of apartment buildings statewide are as follows:

360,000 total buildings

280,000 apartment buildings in Zone 4

140,000 soft story in Zone 4 (50 percent estimated)
An average of 16 units per building

Sources: Department of Finance Demographics Unit at www.dof.ca.gov and
City of Los Angeles estimates of 40,000 buildings with 50 percent soft story

The following jurisdictions have voluntary retrofit programs for apartments:

e Los Angeles
e Fremont

The most current retrofit provisions are available in Appendix Chapter 4 of
the International Existing Building Code or FEMA 356.
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Locally
Regulated Non-
Ductile
Concrete
Buildings

Table 4.3.1E
Mitigation of
Older Concrete
Buildings

There is no statewide inventory of concrete buildings. However, an
approximate figure of 40,000 buildings can be inferred from local
inventories. These buildings, particularly older ones with high numbers of
occupants, can collapse and kill hundreds. This type of building is the fastest
growing cause of earthquake losses around the world (Coburn, 2002).
California instituted changes in building codes in the mid-1970s that were
intended to stem losses in newer buildings constructed to later standards.
However, the great majority of these buildings constructed before the mid-
1970s have not been evaluated or retrofitted.

The most current retrofit provisions are available in FEMA 356, ATC 40 as
revised, and Appendix Chapter 5 of the International Existing Building
Code.

Source: 14,000 buildings extrapolated from a Los Angeles County Assessor’s
Database summary by EQE 11-5-97

The following jurisdictions have retrofit programs for non-ductile concrete
buildings:

Jurisdiction Buildings Type of Program
Long Beach Non-bearing URM, Mandatory Retrofit
including non-ductile
concrete with URM
Los Angeles N/A Voluntary
Strengthening
Fremont City Hall Voluntary
Strengthening
Palo Alto 49 buildings Voluntary
Strengthening
Petaluma 5 buildings Partial Strengthening
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Repair of Steel
Frame
Buildings

Mitigation of
Steel Frame
Buildings

High Rise
Buildings

After the Northridge Earthquake, the City of Los Angeles enacted an
ordinance that required the repair of existing damaged steel frame buildings.
Many of these buildings were restored to their pre-earthquake conditions and
are likely to suffer similar or worse damage in future earthquakes. Elsewhere
in the state no surveys of such buildings exist, although several similarly
damaged buildings were discovered in the Bay Area years after the 1989
Loma Prieta Earthquake. The state has since changed its building code for
constructing new buildings with this type of framing. There are no efforts in
the state to require retrofits or enact post-disaster repair provisions.

Much of California’s corporate, finance, legal and insurance commerce
occurs within these buildings. The potential for loss of market share in the
economy from the closure of these buildings due to nonstructural damage is
significant. The risk to life is smaller than with other vulnerable building

types.

The cities of Los Angeles and Santa Monica have post-earthquake repair
ordinances. Los Angeles required owners to remove the finishes from joints
in 242 buildings and repair the ones that were cracked.

The most current recommended evaluation and retrofit provisions are in
FEMA 350 to FEMA 353 and in the American Institute of Steel
Construction Seismic Provisions. See www.atc.org and www.aisc.org for
more information.

There is no statewide inventory of high-rise buildings. Only approximately
0.03 percent of all buildings in the state have eight or more stories. However,
much of California’s corporate, finance, legal, and insurance commerce
takes place in these buildings. The potential for loss of market share in the
economy from the closure of these buildings after earthquakes due to
nonstructural damage is significant. The Council on Tall Buildings and
Urban Habitat maintains an inventory of high-rise buildings at
www.ctbuh.org.
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Mitigation in Guidelines are available for the retrofit of building contents and

High Rise nonstructural building systems, such as ceilings, light fixtures and

Buildings mechanical equipment (FEMA 74). Structural retrofits can be accomplished
using FEMA 356 or the International Existing Building Code.

Mobilehomes California has approximately 473,000 mobilehomes. HCD regulates
installations and alterations to mobilehomes in approximately 3600 of the
state’s 5800 mobile home parks. Local governments have enforcement
jurisdiction over the remaining parks, as well as over all manufactured home
installations outside of parks. In 1974, HCD began to require engineered tie-
down devices for wind loads in excess of 15 pounds per square foot for
singlewide homes. However, most homes are multi-wide or in regions of
lower wind speed and are exempt from this requirement. Most homes
installed prior to 1994 are not attached to their foundations or otherwise
braced to resist earthquake loads.

Numerous studies have determined that the performance of pre-1994
mobilehomes in California earthquakes is significantly worse than that of
conventional wood-frame dwellings. The primary earthquake weaknesses are
the temporary foundations on which such homes are commonly placed.
Homes on inadequate foundations can shift and fall several feet in
earthquakes, severing gas lines. Doors can become stuck, trapping occupants
and creating serious threats to life in events with fires (SSC 95-01, Turning
Loss to Gain).

Mitigation of In 1981, the state began to regulate the design and construction of optional

Mobilehomes  Earthquake Resistant Bracing Systems that can be installed under existing
mobilehomes at the owners’ discretion. Since 1994, the state has required
that new or relocated mobilehomes be braced to resist earthquakes in one of
three ways:

e Conventional foundation systems similar to wood frame dwellings
e Engineered tie-down systems
e Earthquake-resistant bracing systems
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Mitigation of
Natural Gas
Systems in
Buildings

Table 4.3.1F
Seismic Gas
Shutoff Valves

The CSSC has developed guidance for local governments for mitigating
natural gas systems in buildings, titled Improving Natural Gas Safety in

Earthquakes (SSC 02-03). The most cost effective mitigation method is

training the public to know when and how to manually shut off existing gas

valves.

The following local governments have adopted mandatory seismic gas

shutoff valve ordinances:

Jurisdiction Ordinance Year(s)
Number(s)
Los Angeles 171874 1995, 1998, 2002
Martinez 1269 1999
Contra Costa County 2000-11 2000
Richmond 32-00 2000
Alameda County 0-2001-54 & 2001
0-2001-55
Marin County 3322 2001
Hercules 9-2.09 2001
West Hollywood 01-592 2001
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Introduction

State of California Multi-Hazard Mitigation Plan

Due to the extensive nature of utility and transportation infrastructure in
California, utilities will be discussed first and will be followed by a
summary of transportation systems. Utilities include

Electric transmission systems
Electric power plants (hydroelectric and fossil fuel)
Electric distribution systems

Water supply pipelines (potable and non-potable)
Water treatment systems
Wastewater collection systems
Natural gas and oil supply pipelines
Telecommunication systems

Table 4.3.2A The table below summarizes the overall progress towards earthquake

Mitigation of mitigation of key utilities and transportation systems.

Utilities and

Transportation

Systems

Inventory | Number of | Geo- | Mitigation Seismic Mitigation Responsible State

Category Miles located | Program | Evaluation | Progress Agencies

31,720 Yes - - - CEC, PUC, Cal EPA,

Utilities miles California Independent
System Operator (1SO),
DWR

Portsand | 10 Yes - - - State Lands Commission,

Harbors Coastal Commission

Highways | 50,000 Yes O 0 0 Caltrans

miles

Railways | 7,000 miles | Yes O O O PUC

Bridges- 2,194 Yes . 0 0 Caltrans

State

Bridges- 1,211 Yes - (™ O Caltrans

Local

Dams 1200+ Yes @ () 0 DWR

.Most nearly completed,

needs updating 9 nearly completed e halfway completed

e Partially completed, needs significant work

begun
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General
Observations on
Utilities And
Transportation
Systems

In addition to various laws, ordinances, regulations, standards and
guidelines, construction activities for utilities and transportation systems
must abide by the California Environmental Quality Act (CEQA). If a
utility or transportation activity is considered a “project” under CEQA, then
the owner of the proposed project must either obtain an exemption from the
requirements or use CEQA guidelines to see if their project may pose an
impact on the environment. This includes following a checklist to
determine if there may be an impact on the environment from a seismic
hazard. If the answer is yes, then the owner is required to address questions
about seismic hazard assessment and possible mitigation. If the answer is
no, then the owner is not required under CEQA to address seismic hazard
assessment or mitigation, but may be required by a local ordinance, law, or
standard, or their insurance company, to address seismic hazard issues.

There is no comprehensive database for seismic hazard assessment or
mitigation of utilities as a group or as just a particular type of utility.
However, various groups have collected data on the performance of utilities
and transportation systems during and after earthquakes in California and
elsewhere. The data collection and analysis effort has been applied on an
irregular level to various utility components. This is primarily due to the
fact that a great deal of California’s utility infrastructure has been in
existence since before the 1971 San Fernando earthquake. As new
standards and guidelines have been developed, utilities have been using new
data and design techniques to assess seismic hazards for power plants,
electrical transmission and distribution systems, natural gas pipelines, water
supply lines (including canals and aqueducts), and dams for new projects
and seismic retrofit projects.

CalTrans and local governments have also been retrofitting bridges using
new design techniques and new standards and guidelines. Data regarding
locally owned transportation retrofit activities is not monitored in
California. However, several facilities are known to have taken action for
seismic hazard mitigation including ports and airports.

Continued on next page
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General
Observations
Of Utilities And
Transportation
Systems,
(Continued)

Electrical
Utilities

Experience gained after assessing earthquake performance of utilities and
transportation systems points to the following:

Various degrees of damage affect the functionality of utilities, roads, bridges,
ports, or airports. The extent of damage is related to the severity of the
seismic hazard at the facilities in question, the quality of the soils or rock at
and adjacent to the site, the design criteria used in building the facilities, and
the age and condition of the facilities. Those facilities of high quality
construction and built on good performing soil or rock tend to perform better
than those built on poorly performing soils.

Typical building codes for utilities and transportation system focus on the
preventing the loss of lives and reducing property damage but do not
guarantee that the facility will remain functional after an earthquake.

Fault rupture has caused breakage of pipes and offsets in the foundations of
electrical power towers, roads, and buildings.

A matrix of guidelines and standards for improving the performance of
lifelines and transportation systems during and after disasters has been
produced by the American Lifelines Alliance. The matrix can be viewed at
www.americanlifelinealliance.org. (Click the matrix button on the left side of
the index page.)

California has 31,721 miles of electric transmission lines and up to double
that amount for the electric distribution system. In addition California has
188 operational power plants varying in size from 50 megawatts to over
2,000 megawatts, generating a total of up to 53,700 megawatts (CEC Power
Plant Data Base, Summer 2003). California also imports, to various
degrees throughout the year, electric power from outside of the state. No
complete seismic hazard mitigation inventory for electrical power
generation, transmission and distribution exists in California. This is due to
the lack of a requirement and funding for such a task, and the fact that either
private companies or investor-owned utilities own the majority of electric
power generation and transmission. However, several assessments of
electric power generation, transmission and distribution systems have been
performed following California earthquakes, as well as, earthquakes in
Japan and elsewhere (See Schiff 1999).

Continued on next page
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4.3 Section 2 - Utilities and Transportation

Electrical The greatest aspect for vulnerability is from strong ground shaking. This
Utilities, tends to occur in high voltage substations or switchyards due to two reasons:
(Continued)

1. Substations and switchyards tend to be key facilities in the ability of a
distribution or transmission system to reroute power around or to areas
affected by earthquakes; and,

2. Some high voltage substation and switchyard equipment is relatively
brittle.

The amount of recorded substation and switchyard damage after the 1971 San
Fernando earthquake, the 1986 Palm Springs earthquake, and the 1994
Northridge earthquake highlights these two vulnerabilities. The ground
motion hazard is generally the greatest hazard overall. In regions struck by
earthquakes, it can be likely that vulnerable electric power equipment is in the
area of strong ground shaking. Conversely, strong ground shaking occurs in
areas where there are earthquakes. Earthquake shaking can cause electrical
lines to slap together, causing the lines to catch fire. In California significant
seismic hazard mitigation research has been conducted by electric utilities and
by researchers through organizations such as the Pacific Earthquake
Engineering Research Center. Mitigation research products are making their
way into new construction, purchasing, and siting decisions for all aspects of
the electric utility industry in California.

Other vulnerable aspects of electrical transmission distribution and generation
facilities include:

e Landslides that can damage electric transmission or distribution towers,
substations, or switchyards.

e Ground deformation such as subsidence or liquefaction that can cause a
misalignment in the power train of an electric power plant. Typically such
problems can be mitigated by careful assessment of the potential for on-
site liquefaction or subsidence and the proper design of foundations.

Continued on next page
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Interdependency Key aspects of vulnerability is the potential for loss of electrical power in:

on Electric
Power

Pipeline
Networks-
Natural Gas,
Oil, and Water

Natural gas pipelines, including compressor and pumping stations
Oil transmission pipelines and pumping stations

Oil, natural gas, or water storage facilities

Water supply systems and pumping stations, and

Waste water treatment and disposal systems.

All these systems rely on electric power, so when disrupted, services are
interrupted. In some cases automatic shut-off valves and emergency power
systems such as diesel generators have reduced this risk. Ground waves
move at speed of sound — electronic signals travel at the speed of light
providing an opportunity for smart valve intervention.

California is reported to have 11,600 miles of natural gas transmission
pipeline (CEC, 2003). No complete seismic hazard mitigation inventory for
pipeline networks exists in California. However, several regional utilities
have assessed their natural gas pipe works with respect to seismic hazard.
An incomplete seismic hazard inventory is due to the lack of a requirement
and funding for such a task, and because utilities and private companies
own most of the pipeline systems. Municipalities, special jurisdictions, and
the State also own pipelines.

Pipelines subjected to significant displacement may develop leaks or
breaks. This may be caused by ground deformation or by strong ground
shaking. Ground deformation may include fault rupture as well as
landslides, liquefaction or subsidence. Typical mitigation measures to
offset this vulnerability include assessing siting requirements, flexible
couplings, and aboveground fault crossings. Mitigation for fault crossings
may also be accomplished by making pipes flexible enough and pipe
supports big enough to allow pipelines to move to accommodate the
anticipated ground displacements without rupture. Mitigating of areas
prone to landslides prior to installation, or rerouting of pipelines around
areas prone to land sliding are possible.

Ground deformation can cause significant damage to older pipe works made
of cast iron or clay. At the end of 2003, there are several natural gas and
water supply pipeline replacement projects underway in California. These
projects tend to focus on replacing older pipes, valves, and pumps in an
effort to maintain the reliability and to modernize their systems.

Continued on next page
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Water Supply,
Waste Water
Treatment, and
Disposal
Systems

Dames,
Reservoirs,
Canals, and
Levees

Water filtration plants and wastewater treatment facilities are often located in
areas subject to severe ground shaking and liquefaction, flooding, or tsunami
inundation. Damage to water filtration plants can result in disruptions of
clean water supplies. Damage to waste water treatment facilities or their
intake pipe works or effluent disposal systems can result in immediate serious
public health hazards.

Loss of power can also lead to discharges of partially treated or untreated
effluent into waterways or the ocean. One mitigation technique to prevent an
effluent discharge due to the loss of power is to include back up power at
such plants to keep facilities operational.

California utilizes over 1,200 dams and thousands of miles of levees to meet
its water supply, conveyance, and flood protection demands. The greatest
weakness of this system is liquefaction-induced failures caused by strong
ground shaking. (Torres, et al., 2000)

During the 1971 Sylmar earthquake the Lower San Fernando Dam, which is
upstream from a heavily populated area, was severely damaged from
liquefaction. The dam condition was an issue of concern for potential breech
and inundation of the community. The dam, though heavily damaged, was
not breeched and no dam failure induced flooding occurred. Later, another
dam and a reservoir were built upstream from the Lower San Fernando Dam.
The San Fernando Dam, which was being used only for flood control
purposes, was damaged again during the 1994 Northridge earthquake.

Several other dams have experienced damage during earthquakes. DWR
Division of Safety of Dams has been working with dam owners to
periodically assess the safety of dams in their jurisdictions and several dam
owners have rehabilitated their dams.

Earthquake instrumentation of dams was begun after the 1971 Sylmar
earthquake, and though the effort continues with strong motion
instrumentation projects in CGS and DWR, less that 45 dams currently have
adequate instrumentation. Modern adequate instrumentation can provide the
data to assist rapid assessment of the state of health of a dam after a
significant earthquake.

Continued on next page
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Dams,
Reservoirs,
Canals, and
Levees
(continued)

Other
Vulnerabilities

The Sacramento-San Joaquin Delta contains levees critical for delivering
irrigation water to 3 million acres, and drinking water to over 23 million
people. A failure in one of the Delta levees in 1972 interrupted the State and
Federal water supply systems and required approximately 500,000 acre-feet
of fresh water to restore export water to acceptable quality (Senate Hearings
on the 1972 Levee Failure at Andrus-Brannan Islands). Recent studies
indicate the levees in the Delta are susceptible to significant damage in a near-
field seismic event. CALFED’s “Seismic Vulnerability of the Sacramento-
San Joaquin Delta Levees” report of April 2000 concludes that 3 to 10
failures are likely to occur on critical Delta levees during a 100-year
earthquake. These failures would likely stop the export of Delta water until
water quality is restored. Aside from the potential impact to water delivery to
southern California, the encroachment of brackish or seawater into the delta
could have significant environmental impact on salt-sensitive species. The
San Joaquin Delta also has many fuel storage facilities and oil and gas
pipelines located within the region. These lines may fail during a seismic
event and cause large scale spills that will also inhibit the export of Delta
water and severely impact one of the nation’s largest natural salt water
habitats.

Two major seismic hazard mitigation efforts include the East Side Reservoir
Project in Riverside County and the Olivehain Dam in San Diego County.
The East Side Reservoir Project includes canals, pipeworks, a new dam, and
reservoir intended to provide water to a large portion of the Los Angeles
metropolitan region for up to six months should an earthquake take the
California Aqueduct out of service. The Olivehain Dam and reservoir is
intended to provide San Diego with water should there be interruptions of
water from the Colorado River after earthquakes.

Observations of damage from California earthquakes have also shown that
ground shaking may be locally attenuated but then be amplified farther
away. Such was the case for the Hector Mine earthquake when an oil
storage tank near Wilmington (over 100 miles away) was damaged and
minimal or no damage was observed in cities between the epicenter and the
tank. Ground shaking may also damage aboveground pipelines and their
support framing.

Continued on next page
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Petrochemical
Facilities
Including QOil
Refineries and
Liquefied
Natural Gas
Facilities

California has several petrochemical facilities, which include
e Oil refineries

o Oil storage facilities

o Gasoline storage facilities

o Liquefied natural gas facilities, and

e Marine oil terminals.

There is no statewide inventory of seismic hazard mitigation activities of
petrochemical facilities. There are two seismic hazard guidelines for
petrochemical facilities. These are

o Guidelines for Seismic Evaluation and Design of Petrochemical
Facilities by the American Society of Civil Engineers; and

« Marine Oil Terminal Engineering and Maintenance Standards by the
California State Lands Commission Marine Facilities Division.

Both guidelines contain general seismic hazard assessment and mitigation
for design information.

The Guidelines for Seismic Evaluation and Design of Petrochemical
Facilities provides information for engineers to develop project specific
seismic hazard mitigation designs and also contains information for
emergency contingency planning, post-earthquake damage assessment and
seismic retrofit design.

The Marine Oil Terminal Engineering and Maintenance Standards are in
alignment with Seismic Design Guidelines for Port Structures, which were
published by the International Navigation Association in 2001. The NEHRP
Recommended Provisions for Seismic Regulations for New Buildings and
Other Structures (FEMA Publication No. 368) is also being revised. Once
revised FEMA 368 is anticipated to include seismic hazards guidelines for
ports. The guidelines are to be equivalent to the guidelines published by the
State Lands Commission for marine oil terminals.

Continued on next page
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Solid Waste There is no inventory of municipal or hazard waste landfill seismic hazard
Disposal mitigation activities. However, there are over 200 municipal and hazardous
Systems waste landfills in California. During the siting, permitting or closure process

(Municipal and 5 jandfill owner may be required to submit a stability analysis for the liner
Hazardous

Waste and/or final cover systems. The purpose of the liners and the final cover is to
. prevent the uncontrolled release of leachate or landfill gas (a gas that is made
Landfills) . . . .
up mainly of methane) from the landfill. This may vary from a simple
analysis for flat slopes to a sophisticated seismic hazard assessment and slope
stability analysis.

In general, the greatest vulnerability for landfills with respect to seismic
hazards may be the damage to the final cover or the landfill gas collection and
control system caused by ground deformation (in this case the deformation of
the landfill). Another significant vulnerability of landfills is the loss of
electrical power to run leachate collection and control systems and landfill gas
collection and control systems.

Transportation  Transportation systems are generally broken down into the following
Systems categories:

Highways (including freeways)
Bridges

County or City Roadways

Railways

Ports and Harbors (including airports).

California has approximately 50,000 lane miles of highways. There are an
unknown amount of lane miles of county and city roadways since there is no
single database that includes all the roadways in the State.

There are 12,000 state and 12,000 local bridges (CalTrans 2001). 2,194 state
bridges were determined to need seismic retrofitting; as of 2003, all but 12
have been retrofitted. 1,100 local bridges were determined to need seismic
retrofitting. As of 2001, 500 of these have been retrofitted.

There are also seven state-owned toll bridges that have been determined to
require seismic hazard mitigation. As of July 2001, the retrofitting of two
bridges have been completed.

Continued on next page
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Transportation
Systems,
(Continued)

Fault ruptures and strong ground shaking, as evidenced in the Kocaeli,
Turkey and Chi-Chi, Taiwan earthquakes, are key concerns. A third hazard is
the potential for landslides blocking tunnels or mountain roadways. CalTrans
research engineers, designers, construction, and maintenance staff are
addressing all three issues.

Roadways and bridge approaches with minor deformation might be
acceptable for limited use, while similar degrees of deformation for airport
runways may not be acceptable. Ground deformation may also affect harbors
and ports by changing the alignments of tracks for large cranes.

Strong ground shaking causes more damage over a larger area than fault
rupture. This is because damage from surface rupture is confined typically
along the fault. Earthquake induced landsliding and liquefaction may also be
localized and not necessarily cover an area as extensive as strong ground
shaking.

CalTrans, working with the CGS Strong Motion Instrumentation Program,
embarked on an important bridge instrumentation effort after their Loma
Prieta earthquake. Over 60 bridges currently have strong motion
instrumentation, and the 7 major toll bridges are also slated for full
instrumentation. After an earthquake, the data from this instrumentation will
provide key information about the necessity for detailed inspection by
CalTrans to establish whether the structure should be closed for repair.
Although this is a small percentage of the total number of bridges, the
instrumentation can be a very important part of event response and recovery.

There are approximately 7,000 miles of railroad track in California (CPUC
2002). A significant number of track-miles are vulnerable to landslides,
liquefaction, fault rupture, and settlement. The greatest vulnerability that
trains have from seismic hazards is from strong ground shaking, causing
trains to derail, followed by ground deformation causing bending or breaking
of railroad track and damage to railroad bridges. The American Railway
Engineering and Maintenance-of-Way Association (2003 Manual for Railway
Engineering) has developed recommended practices for the design and
maintenance of railroad bridges, embankments, culverts, tunnels, and other
components for improved performance during and after earthquakes. In
addition, CGS has guidelines that are applicable to railways and similar
projects for assessing and mitigating seismic hazards. This document is the
Special Publication 117, Guidelines for Evaluating and Mitigating Seismic
Hazards in California, 1997.

Continued on next page
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Ports and
Harbors

There is no systematic integrated database or inventory on seismic hazard
assessment or mitigation for ports and harbors in California. However, most of
the large ports and harbors have initiated some sort of seismic hazard study for
various projects in recent years.

Ground deformation is a significant vulnerability in various ports and harbors
since significant piers and quays are built out of dredge tailings or fill.
Landfills do not typically perform well in large earthquakes as evidenced by
damage to man-made ground in the Marina District of San Francisco and in
Kobe, Japan. Ground deformation on landfills at ports and harbors can affect
harbors and ports by changing the alignments of tracks for large cranes used to
load or off load cargo ships. Such deformation may occur from lateral
spreading, liquefaction, dynamic compaction, or secondary ground rupture.
After the 1989 Loma Prieta Earthquake, some of the Oakland Airport’s
runways experienced severe ground deformation. This damage impacted
airport operations.

Depending on the location and geometry and depth of the port or harbor it may
be susceptible to a tsunami or seiche. To date, California has had only one
series of tsunamis that significantly damaged a port or harbor. That event was a
series of tsunamis that hit the Port of Crescent City after the M9.2 earthquake in
Alaska on March 26, 1964.

The American Society of Civil Engineers has created Seismic Guidelines for
Ports. The guidelines provide generalized information for assessing seismic
hazards for use in developing seismic hazard mitigation design criteria. The
guidelines are based on observations of the performance of ports and harbors
after earthquakes around the world. Several ports and harbors have also
conducted seismic hazard mitigation projects.
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Communication
Systems

California has no seismic hazard inventory for its communication systems.
However, there is a guideline for the improvement of their performance
during earthquakes titled Methods of Achieving Improved Seismic
Performance of Communications Systems (Tang and Schiff, 1996).

The greatest vulnerability of communication systems depends on what
communications aspects are under consideration. For example, strong ground
shaking tends to affect switches and other aboveground components more
than liquefaction. However, liquefaction may affect belowground conduits
more than shaking.

In prior strong urban earthquakes, there has been little damage to cellular
telephone or internet systems. However, their use has grown exponentially
since the 1994 Northridge Earthquake. Their typical vulnerabilities stem
from the loss of electrical power and from surges in customer use potentially
swamping the capacity of the systems.

The seismic vulnerability of radio and television communication systems is
typically from the loss of power and shaking damage to unsecured equipment.
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4.4 Mitigation Measures for Earthquake Hazards

Introduction From 1990 through June of 2003, Californians spent in excess of $19 billion

on seismic hazard mitigation activities (CSSC, 2003). This is an indicator
of the level of effort to mitigate seismic hazards and reduce life and

property loss after earthquakes. Additional loss mitigation is provided by
approximately $10 billion in earthquake insurance currently in place. One

of the more significant mitigation activities that cannot be assigned a

specific cost is mitigation by hazard avoidance. A good example is the
requirement that buildings and facilities in California no longer be built
over ground rupture traces of active faults.

In This Topic Due to the size and complexity of this topic, it has been broken down into two
sections. This topic contains the following sections.

Section Title Page
4.4.1 Historical Developments in Earthquake Mitigation 113
442 California Earthquake Loss Reduction Plan 118
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4.4 Section 1 - Historical Developments in Earthquake
Mitigation

Dam Safety Act  After the 1928 collapse of the Saint Francis Dam in Ventura County killed
more than 450 people, in 1929 California passed the Dam Safety Act to
regulate the construction and maintenance of all non-federal dams.
Following 1963 collapse of the Baldwin Hills Dam in Southern California,
the state expanded its jurisdiction to both new and existing off-stream
storage facilities. DWR’s Division of Safety of Dams administers the Dam
Safety Act and periodically inspects dams to ensure their safety. Fees paid
by dam owners fund the Division’s work.

Field Act In 1933, one month after the Long Beach Earthquake destroyed 70 schools,
seriously damaged 120 others, and caused minor damaged to 300 more,
California passed the Field Act to ensure seismic safety in new public
schools. The Act establishes regulations for the design and construction of
K-12 and community college buildings. The Division of the State Architect
within DGS enforces the Field Act.

Riley Act Following the 1933 Long Beach Earthquake, the state also passed the Riley
Act, which requires local governments to have building departments that
issue permits for new construction and alterations to existing structures and
conduct inspections. Permit fees paid by building owners generally fund the
work of local building departments. The Act also set minimum seismic
safety requirements that have since been incorporated into all building
codes.

Hospital Safety The loss of emergency functions and hospital collapses due to the 1971 San

Act Fernando Earthquake prompted passage of the Hospital Seismic Safety Act
of 1973. This Act regulates the design, construction, and alteration of
hospitals for the protection of life and property and so that they will remain
functional after disasters. OSHPD enforces this Act.

Continued on next page
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Strong Motion
Instrument Act

Alquist-Priolo
Earthquake
Fault Zoning
Act

Seismic Safety
Commission Act

The state passed the Strong Motion Instrumentation Act in 1972 in response
to the extensive damage to buildings and bridges caused by the 1971 San
Fernando Earthquake. The earthquake highlighted the need for more data on
strong ground shaking during earthquakes and on the response of structures
to the shaking. The Act established a statewide network of strong motion
instruments to gather vital earthquake data for the engineering and scientific
communities. Data obtained from the strong motion instruments is used to
recommend changes to building codes, assist local governments in the
development of their general plans, and help emergency response personnel
in the event of a disaster.

The state passed the Alquist-Priolo Earthquake Fault Zoning Act in 1972 to
mitigate the hazard of surface faulting to structures built for human
occupancy. The law was another response to the 1971 San Fernando
Earthquake, which produced extensive surface fault ruptures that damaged
numerous homes, commercial buildings, and other structures. The Act's
main purpose is to prevent the construction of buildings used for human
occupancy on the surface trace of active faults. Before issuing building
permits, cities and counties must require a geologic investigation to ensure
that proposed buildings will not be constructed across active faults.
Proposed building sites must be evaluated by a licensed geologist. If an
active fault is found, a structure for human occupancy cannot be placed over
the trace of the fault.

The 1971 San Fernando Earthquake highlighted weaknesses in California’s
earthguake risk management policies. To address these weaknesses, in 1975
the state legislature created the independent California Seismic Safety
Commission (CSSC) to provide a consistent earthquake policy framework
for the state. The mission of CSSC is “to provide decision makers and the
general public with cost-effective recommendations to reduce earthquake
losses and expedite recovery from damaging earthquakes.” The commission
is also responsible for implementing the California Earthquake Hazards
Reduction Act, which requires CSSC to “prepare and administer a program
setting forth priorities, funding sources, amounts, schedules, and other
resources needed to reduce statewide earthquake hazards.”

Continued on next page
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California
Earthquake
Hazards
Reduction Act

Un-reinforced
Masonry
Building Law

Essential
Services
Building
Seismic Safety
Act

After the 1985 Mexico City Earthquake, in 1986 California passed the
Earthquake Hazards Reduction Act, which called for a coordinated state
program to implement new and expanded activities to significantly reduce
earthquake threat. The program is coordinated by CSSC, which is required
to specify priorities, funding sources and amounts, schedules, and other
resources. Although historically funded by the state general fund, since the
2003-2004 fiscal year, the program was funded by fees imposed on property
insurance companies.

In response to the 1983 Coalinga Earthquake, in 1986 the state legislature
enacted the Un-reinforced Masonry Building Law, which requires local
governments in high seismic regions of California to inventory un-
reinforced masonry buildings, establish mitigation programs, and report
progress to the CSSC. As of 2003, 251 local governments have established
programs and 16,761 buildings have either been retrofitted or demolished.
Cities and counties rely on a variety of funding sources, including building
permit fees, to pay for these programs. Some local programs offer financial,
planning, and zoning incentives to building owners for retrofit. The CSSC
periodically reports on the progress made by local programs in a publication
entitled Status of the Un-reinforced Masonry Building Law, most recently in
2003.

Also in response to the 1985 Mexico City earthquake, in 1986 the state
passed the Essential Services Building Seismic Safety Act to require
enhanced regulatory oversight by local governments during the design and
construction of new essential service facilities, such as fire and police
stations and emergency communications and operations facilities. The
Division of the State Architect within DGS enforces this Act.
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Bridge Seismic
Retrofit
Program

Earthquake
Safety and
Public
Buildings
Rehabilitation
Bond Act of
1990

(Prop 122)

Seismic
Hazards
Mapping Act
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Since the 1971 San Fernando Earthquake, CalTrans has been authorized to
seismically retrofit vulnerable state and local bridges. Phase 1 consisted of
retrofitting 1,039 state-owned single- and multiple-column bridges at a cost
of $815 million. Phase 2 consisted of retrofitting the remaining 1,364
multiple-column state bridges at a cost of approximately $2 billion.
Approximately $1.5 billion is being spent to replace major non-toll bridges
and $4.6 billion for major toll bridge retrofits and replacements.
Replacement costs include significant non-seismic upgrades. Costs for
retrofitting 1,212 locally owned bridges are expected to be approximately
$1 billion. Funds come from the State Transportation Improvement Fund,
the State Highway Account, FEMA public assistance, sales tax increments,
and gasoline taxes.

Proposition 122 was passed by voters in June 1990 after the 1989 Loma
Prieta earthquake revealed vulnerabilities to state-owned and essential
services buildings. The bond measure authorized the state to issue $300
million in general obligation bonds for the seismic retrofit of state and local
government buildings ($250 million for state-owned buildings and $50
million for partial financing of local government essential services
facilities). The Seismic and Special Programs Section of DGS’ Real Estate
Services Division administers Proposition 122 grant programs.

The Seismic Hazards Mapping Act, passed in 1990, directs the Department
of Conservation to identify and map areas prone to liquefaction, earthquake-
induced landslides, and amplified ground shaking. The purpose of the Act is
to reduce the threat to public safety and to minimize the loss of life and
property by identifying and mitigating these seismic hazards. The Act
requires geotechnical investigations to identify hazards and formulate
mitigation measures before permitting most developments within mapped
Zones of Required Investigation.
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Hospital The state legislature passed Senate Bill 1953 after the 1994 Northridge
Seismic earthquake revealed vulnerabilities in older hospitals. The law requires
Retrofit and hospitals to undertake nonstructural retrofits of emergency and surgical
Replacement rooms by 2002, collapse-avoidance retrofits by 2008, and achieve full
Program compliance with the Alquist Hospital Seismic Safety Act by 2030. OSHPD

enforces this Act.

Marine Qil After the 1994 Northridge Earthquake, the State Lands Commission
Terminal received a hazard mitigation grant from FEMA to develop standards for the
Program evaluation, retrofit, and maintenance of new and existing marine oil

terminals. In 2003, the Commission issued its proposed regulations and
plans to hold hearings prior to their consideration for adoption. The
proposed regulations would help limit the potential and size of oil releases
after earthquakes and tsunamis by requiring upgrades of older terminals.
Fees to be paid by marine oil terminal owners would fund the state’s
oversight of this program.

Early History =~ CSSC issued its first comprehensive earthquake hazard mitigation plan,
of California’s  Guiding Action: Goals and Policies to Strengthen Earthquake Safety in

Earthquake California, in 1979. The commission prepared a strategic seismic safety
Loss Reduction program and financing plan in 1982, Earthquake Hazards Management: An
Programs Action Plan for California. After the passage of the California Earthquake

Hazard Reduction Act of 1986, CSSC prepared California at Risk, a series
of comprehensive five-year programs for earthquake mitigation.
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4.4 Section 2 - California Earthquake Loss Reduction Plan

Introduction California’s mitigation plan for seismic hazards, the California Earthquake
Loss Reduction Plan, was last updated and signed by the governor in 2002.
The plan articulates the state’s priorities for earthquake hazard mitigation. It
contains three overarching goals, eleven elements, and 148 initiatives, half
of which are designed to continue indefinitely.

Excerpts from  Key parts of the California Earthquake Loss Reduction Plan include:
the Plan

e Goals for 2010 (Table 4.4.2A)
e Critically Important Initiatives (Table 4.4.2B)
e Cost Estimates for Seismic Hazard Mitigation

Below are excerpts from these key parts of the plan.

Table 4.4.2A The table below describes the California Earthquake Loss Reduction Plan’s
Goals for 2010  goals to be achieved by 2010.

Goal Description

Advancement in | Applicable and effective research in geoscience, engineering, and social
Learning About | sciences about earthquakes, including techniques for mitigating their
Earthquakes effects, will be the basis of California’s mitigation strategies. The full
spectrum of educational opportunities and communication strategies will
effectively transfer that knowledge to the policy makers, the professions,
and the public.

Advancement in | Public policy affecting the design and retrofit of vulnerable existing
Building for structures will encourage cost-effective mitigation. The design and
Earthquakes construction of all new structures will be based on higher performance
standards that increase reliable levels of protection for both the lives and
property of its citizens, and will ensure continued strength in the California

economy.
Advancement in | Preparedness and emergency response systems will effectively minimize
Living with the pain and suffering from potentially disastrous earthquakes. Both short-
Earthquakes and long-term efforts to accomplish personal and economic recovery will

significantly reduce the impact. Californians will be better prepared to
understand, respond, and recover.

Continued on next page
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4.4 Section 2 - California Earthquake Loss Reduction Plan

Table 4.4.2B The California Earthquake Loss Reduction Plan has eleven elements:

Critically

Geosciences, Research and Technology, Education and Information,

Important Economics, Land Use, Existing Buildings, New Buildings, Utilities and

Initiatives Transportation, Preparedness, Emergency Response and Recovery. Each
element has a series of related initiatives, which are divided into three
categories: critically important, very important, and important. The table
below describes the critically important initiatives.

Initiative Description Approximate

Time to
Accomplish
1.1.1 Geosciences: Ensure efficient, accurate, and reliable completion of | 10 Years

the statewide Seismic Hazard Mapping Program for California’s
high-risk developed and developing areas. Utilize independent
review and acceptance of appropriate procedures to compile the data
and construct the maps. Include end users and others affected as part
of the independent review.

211

Research & Technology: Support and co-fund California-based Ongoing
seismic research programs funded by federal agencies or the private
sector.

3.2.1

Education & Information: Develop educational approaches and tools |5 Years
in seismic hazard mitigation including earthquake fundamentals,
seismic hazards identification, safety information about potentially
hazardous building contents, workplace safety, emergency plans, and
risk assessment techniques and tools for those responsible for
facilities operation and management.

411

Economics: Develop economic models and real case studies that 3-5 Years
demonstrate the cost-effectiveness of specific design, construction,
and retrofit methods based on increased levels of property, contents,
functionality, and tax base protection. Make those findings available
to policymakers and to lending, insuring, and taxing agencies.

5.1.1

Land Use: Require geotechnical and geological reports addressing 2 Years
seismic hazards for all subdivisions pending completion and
adoption of mapping under the Seismic Hazards Mapping Act for
any jurisdictional area.

6.1.1

Existing Buildings: Encourage economic incentives, such as 10 Years
improved mortgage terms, reduced insurance rates, and positive tax
benefits, for upgrading structural and non-structural elements in
buildings.

Continued on next page
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4.4 Section 2 - California Earthquake Loss Reduction Plan

Table 4.4.2B Critically Important Initiatives (continued)

Initiative

Description

Approximate
time to
Accomplish

6.4.3

Existing Buildings: Identify and prioritize all seismically vulnerable
public and private buildings. Establish a mitigation plan to reduce
the risk posed by those buildings, including structural and non-
structural elements, equipment and contents. The most vulnerable
and the most essential buildings should be addressed as the highest
priority.

10 Years

7.3.1

New Buildings: Amend statute to allow California to adopt seismic-
specific amendments to national model building codes that meet the
specific needs of the state and that apply to all State and local
jurisdictions.

2 Years

8.4.3

Utilities & Transportation: Identify potentially vulnerable public
and private utility systems including electric, gas, oil, water, and
communication. Upgrade vulnerable systems to ensure the operation
and timely restoration of essential systems to reasonable levels of
service.

5 Years

94.1

Preparedness: Require compliance with the Standardized
Emergency Management System (SEMS). Ensure school and
district boards and administrators develop and implement school
emergency plans and staff training as required by the current
Education Code.

3-5 Years

10.1.1

Emergency Response: Provide interoperable upgraded regional and
local emergency communications, including: 1) mutual-aid channels
for police, fire, and emergency medical services; 2) regional
emergency communications councils with authority to establish
regional standards for emergency communication; and 3) response
and recovery public broadcast channels for the public.

3 Years

1121

Recovery: Establish plans for accommodating large displaced
populations on an interim basis by using military facilities, publicly
owned parks and recreational facilities, manufactured housing, and
other appropriate options

5 years

NOTE: For information on other initiatives see the California Earthquake

Loss Reduction Plan at www.seismic.ca.gov.

Continued on next page

Revised September 2004

121


http://www.seismic.ca.gov/

State of California Multi-Hazard Mitigation Plan

4.4 Section 2 - California Earthquake Loss Reduction Plan

Cost Estimates  The total amount of seismic hazard mitigation and risk management by

for Seismic insurance is not known. However, a recent survey by CSSC revealed that
Hazard from 1990 to 2002, Californians spent over $575 billion on construction and
Mitigation

alterations. Roughly $19 billion of that, or just over three percent, was for
seismic hazard mitigation, an average of just over $1.5 billion per year.
Seismic hazard mitigation costs for individual projects ranged from zero (no
seismic hazard mitigation required or done) to 100 percent (the project was
done only to mitigate a seismic hazard-related risk) of a project’s total cost.
In the same time period, Californians spent $10 billion on earthquake
insurance for residences.

Chart 4.4.2A The attached chart illustrates the progress of California Earthquake Loss

California Reduction Plan elements and initiatives.
Earthquake

Loss Reduction
Plan Elements
and Initiatives

Click here to view the chart or go to Chart 4.4.2A in the Appendices.

Continued on next page
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4.4 Section 2 - California Earthquake Loss Reduction Plan

Table 4.4.2C
Estimated
Expenditures
on Earthquake
Mitigation

The table below summarizes the dollar amount spent on selected earthquake

mitigation in California from 1990 through 2002.

Program or Project Amount Spent
in Millions

CalTrans Bridge Retrofit, Replacement, and Toll Bridge $3,248
Program

Bridge Retrofit by Local Governments $1,000
CalTrans Earthquake Research $52
Proposition 122 State Building Retrofits $223.5
Local Government Essential Services Building Retrofits $45.4
Technology Development $3
AB 300 Public School Survey $.5
Alquist Act Hospital Evaluation and Retrofit Program $11
OES/DSA Nonstructural Pamphlet for Schools $.05
OES Hazard Mitigation Program (HMGP) $70
Division of the State Architect K-12 School Seismic $1,550
Hazard and Retrofit/Design
Community College Seismic Evaluation Survey $.9
UC Berkeley SAFER Program $250
CSU Seismic Retrofit Program $300
UC Seismic Retrofit Program $300
Department of Insurance Retrofit Grants Program $6.4
Pacific Earthquake Engineering Research Center $20
PUC/CEC Earthquake Research $5.5
TriNet/CISN $13.8
DWR Levee Study in the Delta $2.3
State Lands Commission Marine Oil Terminal Project $.1
OES New State Operations Center $26.5
DWR:

o Seismic Instrument Operation $6

« Water Project Review $7

« Division of Safety of Dams $5
OPR $225
PUC $.6

Revised September 2004
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4.4 Section 2 - California Earthquake Loss Reduction Plan

Table 4.4.2C Estimated Expenditures on Earthquake Mitigation (Continued)

Programs and Projects $ in Millions

CSSC $10
Seismic Hazard Mapping Program $32
UC Seismographic Station and Research Center $23
BART Retrofit Program $28
CEA Mitigation Program $5
Strong Motion Instrument Program $45
Hospital Seismic Hazard Mitigation 1989-2002 (all $7,120
California Hospitals)

City of Los Angeles ATC 50 Residential Grading Plan $1
San Francisco Bond Measure for URM Retrofits $350
URM Building Seismic Retrofits $1,730
San Francisco Community Action Plan for Seismic Safety $.7
Los Angeles Historic Property Contracts Retrofit Program $2.5
East Side Reservoir Project (Los Angeles) $2,000
Local Match for FEMA Post-Northridge Earthquake $249.7
Seismic Hazard Mitigation

Total $18,970.6

NOTE: Due to rounding, table may not add.

Continued on next page
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4.4 Section 2 - California Earthquake Loss Reduction Plan

Table 4.4.2D
Selected Future
State Seismic
Hazard
Mitigation
Commitments

Table 4.4.2E
Selected
Federal Seismic
Hazard
Mitigation
Investments in
California

The table below summarizes some of California’s future mitigation funding
commitments through 2030. All of these projects are currently being

developed or are under construction.

Projects Underway or Obligated Millions
Obligated
SB 1953 Hospitals Seismic Hazard Compliance (to be paid by $23,800*
hospital owners)
Proposition 47 School Construction and Modernization Seismic $735
Hazard Assessment and Retrofit
PG&E Projects $2,175
San Diego County Water Authority $827
San Francisco PUC $3,600
EBMUD Retrofit Program $189
East Bay Bridge Span Replacement Project $2,900
Carquinez Straights Bridge Replacement Project $480
San Rafael Bridge Seismic Retrofit Project $484
State Water Project $30
Total $35,220

*Denotes projected expenses from 2002 through 2030.

The table below identifies the amount of federal funding supplied to the state
for earthquake mitigation between 1990 and 2003. One of the major
mitigation successes funded in cooperation with the federal government has
been CGS’ Seismic Hazard Mapping Program. This effort has been ongoing

since the passage of the Seismic Hazards Mapping Act in 1990.

Principal Funding Sources Amount Spent
in Millions
FEMA Post-Northridge Earthquake (includes $11 million $760
in Seismic Hazard Mapping funds)
USGS $300
National Science Foundation $75
Federal Highway Funds (Seismic hazard mitigation) $940
Total $2,075
125
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4.5 Local Capability Assessment

Local CSSC has developed a progress chart of earthquake mitigation in jurisdictions
Capability in high seismic areas of California (Zone 4). The chart lists cities and counties
Assessment that have adopted mitigation programs for unreinforced masonry buildings,

tilt-ups, wood frame dwellings, and apartments building, and also lists
financial incentives. For more information, see Building Mitigation Progress
in California’s Jurisdictions at www.seismic.ca.gov
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4.6 Future Updates To This Plan

Future Updates  This portion of the Plan was compiled with existing resources through the
cooperative efforts of CGS and CSSC. The following are recommended for
future updates to this Plan:

e Develop and maintain a Living Earthquake Risk Model with enhanced
samples of inventories or actual inventories reflecting their specific
vulnerabilities

e Expand efforts to track statewide mitigation progress by governments and
the private sector, particularly local government regulatory efforts to
identify and mitigate geologic hazards
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Chapter 5—Wildfire Risk Assessment

In This This chapter contains the following topics.
Chapter
Topic Title Page
5.1 Identifying Fire Hazards 128
5.2 Profiling Fire Hazard Events 130
5.3 Assessing Fire Vulnerability by Jurisdiction 136
5.4 Mitigation Measures for Fire Hazards 154
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5.1 Identifying Fire Hazards

Introduction

History of Fire
in California

In California, the state’s diverse ecosystems significantly influence the threat
of fire and its associated risks. Fire has played an integral in shaping the
state’s landscape and natural resources over the millennia. Understanding this
past helps predict future fire behavior and assess threats to natural resources
and urban improvements.

In terms of assessing the ecological role of fire, experts typically view the
pre-settlement period (prior to 1700) as the time when the “natural” fire
regime standard developed. During this period, both lightening and people
were responsible for causing fires. As was common for indigenous peoples
throughout the world, California’s Native Americans historically set fires to
alter plant and animal populations, facilitate the collection of desirable
species, and protect their villages from uncontrolled fire. While broad climate
changes are partially responsible for significant variations in fire over time,
Native Americans have been present in the state long enough to exert their
own evolutionary force on fire patterns, supplementing and altering the long-
term influences of lightning fires.

Beginning first with Spanish missionaries, then with trappers and miners, and
finally with westward expansion due to the railroads, the settlement period
(after 1700) saw significant changes in land use. Livestock grazing, water and
timber utilization, farming, mining, and other human activities altered
vegetation and brought new fire sources. Changes in fire regimes greatly
accelerated after the 1850s, as large influxes of settlers dramatically altered
the landscape (Leiberg, 1902). Early photographs depicting settlement
activities show the extent and nature of these changes (Gruell, 2001).

Starting in the early 1900s and accelerating after the formation of the USFS
and the State Division of Forestry (now CDF), organized fire suppression
came to define the modern era of fire management in California. Today, land
use changes, population growth, development, fire suppression methods, and
variations in climate continue to influence the nature and size of fires and
how they interact with the natural environment.

Continued on next page
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5.1 Identifying Fire Hazards

The Challenge
of Wildfire

Chart 5.1A
Wildfire
Damage

Table 5.1A
Legislative
Response to
Fire Threat in
California

CDF’s Goal

Fire is an integral component of many of California’s ecosystems. However,
uncontrolled wildfires are costly, putting lives and property at risk and
compromising watersheds, open space, timber, range, recreational
opportunities, wildlife habitats, endangered species, historic and cultural
assets, wild and scenic rivers, other scenic assets, and local economies. The
challenge is how to manage fires across California’s diverse ecosystems to
reduce both costs and losses.

On average, 10,000 wildfires burn half a million acres on an annual basis in
California. While the actual number of acres burned fluctuates considerably
from year to year, one trend that has remained constant for over a decade is
the rise in wildfire-related financial losses. From 1947 to 1990, the dollar
damages (in 2001 dollars) to structures and other resources in State
Responsibility Areas (SRAS) exceeded $100 million only once. Between
1990 and 2001, losses exceeded $100 million five times.

The attached chart summarizes wildfire damage in SRAs from 1947 to 2001
in acres and dollars.

Click here to view the chart or go the Chart 5.1A in the Appendices.

The attached table provides a chronological account of California’s legislative
response to fire threat.

Click here to view the table or go to Table 5.1A in the Appendices.

CDF’s goal for wildland fire protection is to contain 95 percent of fires at ten
acres or less. Statewide, approximately 97 percent of all vegetation fires are
contained within the first few hours after they are reported. The remaining 3
percent either move too quickly or are too intense for available fire
suppression resources to handle. Multiple large fires can quickly draw down
the pool of fire suppression resources, making it more difficult to bring the
fires under control.
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5.2 Profiling Fire Hazard Events

Introduction

Fire Risks to
People and
Property

This section analyzes how wildfire affects California’s biological, physical,
economic, and social assets. Specifically, the section focuses on fire risks to:

People and property
Watersheds

Ecosystem function and health
Range forage

Timberlands

Soils

The term “risk” refers to the potential damage or loss to a specific asset. Risk
from the same fire for one resource may be fundamentally different than for
another resource. Analyzing fire risk involves two components: the
probability of a fire event occurring and the potential of such an event to
cause change (Bachman and Allgower, 1999). The chance of a wildfire
occurring is measured using an index of “expected fire frequency.” The
potential of a fire event to cause change is based on the measure of “potential
fire behavior.” Together, these two measures comprise the “fire threat.” All of
these measures are part of the California Fire Plan and are described in
greater detail in The Changing California: Forest and Range 2003
Assessment, available at www.frap.cdf.ca.gov/assessment2003

Fire poses significant risk to the people of California and their homes, as
evidenced by an increasing trend in structure loss from wildland fires (Martin
and Sapsis, 1994, Figure 1). The risk is predominantly associated with
Wildland-Urban Interface (WUI) areas. WUI is a general term that applies to
development interspersed or adjacent to landscapes that support wildland fire.
WUI areas have been a major focus of CDF’s fire management strategy since
at least 1972. The diversity of WUI settings and disagreement about
alternative mitigation strategies led to confusion and different methods of
defining and mapping WUI areas. The work presented here is an attempt to
provide an integrated analysis of WUI issues for statewide and regional
assessment regarding local land use planning and pre-fire project
development.

Continued on next page
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5.2 Profiling Fire Hazard Events

Chart 5.2A
Structure Loss
from Wildfires

Defining
Wildland-
Urban
Interface Areas

The following chart summarizes the mean annual structure loss from wildfire
by decade from 1960 to 1999.
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The California Fire Plan formalizes much of the work that has been done on
assessing the threat of wildfire in California’s WUI areas. CDF’s work in this
area also helped in the development of the National Fire Plan.

CDF has developed an estimate of fire risk in WUI areas that is consistent
with National Fire Plan methods but is more refined in terms of both mapping
extent and quantification of risk. Within California, both wildfire risk and
asset characteristics can vary in the same area. To account for these multiple
combinations, CDF uses spatial data to distinguish fire-related characteristics
from assets and applies spatial rules for determining relative risk of loss (see
www.frap.cdf.ca.gov/assessment2003). Terms such as high, very high, and
extreme indicate threat levels, with extreme being the highest level. CDF uses
this information to create a GIS map of fire threats, then superimposes on this
map a spatial representation of housing unit density based on 2000 census
data. Housing unit density is classified into the categories, and all classes
other than wildlands are considered as potential WUI (see Table 5.2A below).

Continued on next page
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5.2 Profiling Fire Hazard Events

Table 5.2A
Housing Unit
Density Classes

Table 5.2B -
California Fire
Timeline &
Statistics

The Tunnel
Fire (Oakland
Hills Fire)

The table below describes housing density classes in California for areas
exposed to significant fire risk. All classes other than wildland are considered
WUI.

Source: FRAP, 2003 Assessment

Class Description
Wildland | Less than one housing unit per twenty acres
Rural From one housing unit per five acres to one housing unit per

twenty acres

Interface | From one housing unit per acre to one housing unit per five
acres
Urban Greater than one housing unit per acre

The attached table summarizes deaths and structural damage/destruction from
fires in California between 1929 and 2003.

Click here to view the table or go to Table 5.2B in the Appendices.

The Tunnel Fire ignited on October 20, 1991 in the Oakland Hills north of the
Caldecott Tunnel in an upscale residential area of large homes perched on
hillsides, some on very steep slopes, and landscaped with abundant shrubbery
and trees. The area had seen fires before, including one in 1923 in the nearby
Berkeley Hills that burned into Berkeley and destroyed more than 600 homes
in one hour, and one in September of 1970 in the same neighborhood as the
Tunnel Fire that burned 200 acres and destroyed thirty-seven homes. This sort
of repetitive fire occurrence and structure loss in a given area is not
uncommon in California, where weather and fuel conditions often combine to
create a cyclical potential for major fire losses.

With structure loss five times greater and loss of life twice as great as any
previously recorded wildfire in California, the Tunnel Fire became the
baseline for discussing fire loss potential in the state.

Continued on next page

Revised September 2004 133



Ch_5_Appendices/Table_5.2B.pdf

State of California Multi-Hazard Mitigation Plan

5.2 Profiling Fire Hazard Events

The 2003
Southern
California
Wildfires

Map 5.2A -
Distribution of
WUI Housing
Unit Density

The most recent fire disaster in California (as of August 2004) was the
Southern California Wildfires event. This event consisted of 13 fires that
burned a total of 750,043 acres and claimed 22 lives between October 21,
2004 and November 4, 2004. Affected counties were Los Angeles, Riverside,
San Bernardino, San Diego, and Ventura. As of February 3, 2004, federal and
state officials have approved more than $218 million to help residents,
business owners, local government agencies, and non-profit organizations
recover from these wildfires and prepare for future disasters.

Source: California Fire Siege 2003—The Story, USFS and CDF

The map below illustrates the distribution of WUI housing unit density
classes in California for areas exposed to significant fire risk.

Click here to view the map or go to Map 5.2A in the appendices.

Housing unit density provides a good measure for asset value, population
density, and level of community infrastructure at risk to fire damage. All
other things being equal, an area labeled urban is likely to have more
asset/social value than a rural area of equal size. One limitation of this
approach is that areas of less than one housing unit per twenty acres do not
show up as areas of significant community value.

The density data does a reasonably good job of showing the locations and
spatial concentrations of residential structures. However, it is also necessary
to show how the threat to assets varies according to both the relative threat of
wildfire and the barriers to the spread of wildfire. This was done through a
series of steps that account for significant barriers to fire spread, such as
natural land features or land uses that act as natural barriers/fire modifiers
(see www.frap.cdf.ca.gov/assessment2003).

Continued on next page
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