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Geologic and Seismic Hazards

INTRODUCTION

The geologic and seismic conditions in and around Santa Barbara can result in a variety of hazards that can
damage public and private buildings, transportation systems and utilities, and result in disruptions of service
systems, substantial monetary costs, injuries, and even loss of life. The effects of geologic and seismic hazards
are in large part dependent on site-specific conditions and the type of development that has occurred at that
site. It is not the purpose of the Safety Element to determine how geologic or seismic hazards may affect a
particular property, but rather to assist in the planning process by providing information regarding regional
and local conditions, which can be used to identify general areas that may be adversely affected by geologic
and seismic hazards. For example, the presumed location and activity characteristics of a fault can be used to
determine its potential to result in ground rupture or ground shaking impacts at a particular project site, and
certain geological formations are more prone to be associated with certain hazards such as landslides or
liquefaction.

This section of the Safety Element provides a brief overview of general geologic and seismic conditions in the
City of Santa Barbara, describes how hazards may affect development in the City, and identifies programs and
regulations that have been implemented to minimize the effects of geologic and seismic hazards.

GEOLOGY AND SOILS
General Geology

Santa Barbara is located on an east-west trending coastal plain that is about three miles wide, extending
between the Santa Ynez Mountains to the north and the Pacific Ocean to the south. A regional system of
faults and folds collectively known as the Santa Barbara Fold Belt has modified the coastal plain and created
elevated topographic features in the City such as Mission Ridge (the Riviera neighborhoods) and the Mesa.
Movement along the faults and folds of the Santa Barbara Fold Belt generally occurs as a result of transferred
strain originating from movement along the San Andreas Fault, which is approximately 40 miles north of
Santa Barbara.

Figure 2, Santa Barbara Geology, presents a map depicting the locations of the geologic formations found in
Santa Barbara and the surrounding areas. As shown by Figure 2, much of the low-lying areas in Santa
Barbara are covered by unconsolidated deposits of silt, sand, gravel, cobbles and boulders (alluvial material),
most of which was washed down from the Santa Ynez Mountains over the past 1.8 million years. Other
consolidated sedimentary geological formations found in the City include the Santa Barbara, Monterey,
Rincon and Sespe Formations. The Santa Barbara Formation is the youngest of these formations and is
comprised of sands and silts that were deposited between 1.8 and five million years ago. The Santa Barbara
Formation can be found throughout much of the Alta Mesa neighborhood. The Monterey Shale Formation
was formed between five and 23 million years ago and is predominately exposed in the sea cliffs that form the
southern border of the Mesa neighborhoods, parts of the Riviera neighborhood, and the middle portion of
the Las Positas area. The Rincon Shale was formed roughly between 16 and 23 million years ago and is a
clay-rich formation that is also exposed in the Las Positas area, and in the Foothill and Riviera neighborhoods.
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The Sespe Formation is the oldest geologic formation in the City and was formed from clay and sand
sediments deposited about 23 to 34 million years ago. The Sespe Formation is exposed in the Cielito
neighborhood. More detailed information regarding each of the geological formations depicted on Figure 2 is
provided by Appendix A of the Geology and Geohazards Technical Report.

Soils

Soils in the Santa Barbara area are generally derived from parent material found in alluvial fans, floodplains
and former tidal flats; elevated coastal terraces and valleys; and the foothill and mountain areas. Figure 3,
Santa Barbara Soils, depicts the type and location of the various soil types found in the Santa Barbara area. As
shown on Figure 3, about 90 soil types have been identified in and near the City. In addition, other areas of
the City contain materials such as artificial fill, beach sand and rock outcrops.

Soils found in the City vary substantially in composition (i.e., amount of sand, clay, silt, etc.), depth, and
drainage-related properties. Variations in these characteristics influence how the soils may affect urban
development and behave during an earthquake. For example, soils with a high clay content may expand when
wet and contract when dry, and this action can damage building foundations, walkways and other hardscapes.
Unconsolidated soils can amplify the effects of ground shaking during an earthquake, and some granular soils
may experience a sudden loss of strength known as liquefaction.

Additional information about the soils found in and near Santa Barbara can be obtained at the United States
Department of Agriculture, Natural Resource Conservation Service website:

http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx.
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Figure 3
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REGIONAL AND LOCAL FAULTS

A fault is a fracture in the earth’s crust along which one side has moved relative to the other side. Movement
along a fault can occur suddenly during an earthquake or very slowly in a process known as “creep.” Faults
can be very short or hundreds of miles long, and offset between the two sides of the fault can vary between
less than an inch and hundreds of miles. Sometimes one side of the fault moves up while the other moves
down (normal, reverse or thrust faults), or the two sides move horizontally in opposite directions (strike-slip
faults). Some faults are well known and easy to locate by surface exposures, while others show no expression
on the ground surface to reveal their presence (blind thrust faults). Figure 4, Fault Activity Descriptions,
provides additional information regarding how faults are classified related to their activity, which refers to the
last time movement occurred along the fault.

Regional Faults

The most recognized fault in California is the San Andreas fault, which is approximately 40 miles northeast of
the City and is the boundary between two large tectonic plates: the Pacific Plate on the west side of the fault
and the North American Plate on the east side. Studies of the fault have indicated that there has been about
186 miles of offset along the fault system over the past 12 million years. The Pacific and North American
plates slide past each other with relative motions to the northwest and southeast, respectively. However, east
of Santa Barbara there is a “kink” in the San Andreas Fault commonly referred to as the “Big Bend” where the
two plates do not slide past each other. In the Big Bend area the plates collide, which causes compression,
folding and thrust faulting. Thrust faulting is the dominant type of fault movement that occurs in the Santa
Barbara Fold Belt and in the Santa Barbara area.

Other major faults in the Santa Barbara region are also capable of causing large earthquakes. Characteristics
of some of the major faults in the Santa Barbara region are provided on Table 1.

Local Faults

Figure 2, Santa Barbara Geology, depicts the location of major faults or fault systems within or near the City
of Santa Barbara. A brief description of each of the faults is provided below, and Table 2 provides a summary
describing the characteristics of faults located in the City.
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Figure 4
FAULT ACTIVITY DESCRIPTIONS

A classification system has been devised to describe how recently movement has occurred
along a fault. A system for describing when movement on a fault last occurred is
important because faults that have moved in the geologically recent past are considered to
be the faults most likely to move in the near future. Agencies such as the California State
Mining and Geology Board and the California Geological Survey use the following terms
to describe a fault’s activity characteristics.

Historically Active. Faults that have had movement in the past 200 years are classified
as being historically active.

Active. A fault that has moved during the Holocene epoch is considered to be an active
fault. The Holocene is generally considered to have begun about 11,000 years ago.

Potentially Active. Faults that displace geologic formations of Pleistocene age but
show no evidence of movement in the Holocene period can be considered to be
potentially active. Pleistocene time is the period between about two million and 11,000
years ago.

Inactive. Faults that show no evidence of movement during the past two million years
and show no potential for movement in the future are classified as inactive.
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Table 1 - Major Faults in the Santa Barbara Region

Location Fault Fault Estimated | Estimated
Fault Name Relative to Length Activity Slip Rate | Maximum Notes
Santa Barbara | (miles) | Classification | (mm/yr) | Magnitude

Movement on the Cholame
800 segment caused the 1857
L 34 on the 7.3 on the Fort Tejon earthquake.
For the Hlstor_lcally Cholame Cholame Other large earthquakes
. Active
entire segment segment have occurred on the San
fault Andreas fault in 1906 and
1989.

The Cholame
segment is 40
miles to the
northeast

San Andreas

14 miles to the The offshore Mid-Channel
southeast in the segment of this fault is part
Santa Barbara ' ' of a larger system that
Channel extends into Ventura County

Oak Ridge
(Mid-Channel
Segment)

2 miles to the The offshore segment of this
south in the Santa Active fault is part of a larger
Barbara Channel ' ) system that extends into
Ventura County

Red Mountain

8 miles to the The offshore segment of this
North Channel southeast in the Active fault is part of a larger
Slope Santa Barbara ' ’ system that extends into
Channel Ventura County

6 miles to the Movement on this fault has
Santa Ynez north Active . . resulted in the uplift of the
Santa Ynez Mountains

This fault is part of a larger
Active . . system that extends to
Ventura County

Santa Cruz 28 miles to the
Island south

Many geologists consider one or more of the following local faults to be branches or “backthrusts” to some of

the major fault systems listed above.

Mission Ridge Fault System. The Mission Ridge fault system has been mapped in Santa Barbara as a zone of
roughly parallel faults located in the northwest portion of the City, predominately in the Eucalyptus Hill,
Riviera and Cielito neighborhoods. The Mission Ridge fault is part of a larger fault system that includes the
More Ranch Fault to the west, and the Arroyo Parida and Santa Ana faults to the east. The Mission Ridge
segment of the fault is approximately 10.5 miles long, while the entire fault system has a length of
approximately 43 miles.

Based on studies of the More Ranch segment of the Mission Ridge fault system conducted in the Ellwood
Mesa of Goleta (approximately 8 miles west of Santa Barbara), there have been several earthquakes along the
fault during the late Pleistocene, and it is expected that earthquakes on the Mission Ridge fault system have a
return period of approximately 3,000 years. The City’s 1979 Seismic Safety Element classified the Mission
Ridge fault as being potentially active, but recommended that additional studies of the fault’s activity be
conducted. Based on recent studies, the Geology and Geohazards Technical Report classifies the southern
branches of the Mission Ridge fault zone as being “apparently active,” and the northern branch of the fault as
being “potentially active.” It is estimated that a 7.2 magnitude earthquake could be generated if
approximately one-half of the 43-mile Mission Ridge fault system were to rupture. The 10.5-mile Mission
Ridge segment of the fault system has the potential to result in an estimated 6.5 magnitude earthquake.
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More Ranch Fault. The More Ranch fault is located in the northwestern part of the City and is the western
segment of the Mission Ridge fault system. Branches of the More Ranch fault have been identified or are
inferred to exist in the Foothill, San Roque, East San Roque, Hope and Upper State neighborhoods. The
More Ranch fault is approximately 10 miles long and extends westward through the southern portion of the
Santa Barbara Municipal Airport property. The City’s 1979 Seismic Safety Element and the Geology and
Geohazards Technical Report classify the More Ranch fault as an “apparently active” fault.

Mesa Fault. The Mesa fault extends between a branch of the More Ranch fault to the west and an area near
Stearns Wharf to the east. The fault likely continues eastward offshore as the Rincon Creek fault. The
onshore portion of the Mesa fault is approximately 4.5 miles long and is located along the base of the Mesa in
the Lower West and Westside neighborhoods. Portions of the fault are also located in the West Beach, West
Downtown and Hidden Valley neighborhoods. The City’s 1979 Seismic Safety Element indicated that the
Mesa fault was potentially active, however, the Geology and Geohazards Technical Report classifies the Mesa
fault as being “apparently active.”

Lagoon Fault. The Lagoon fault begins in Montecito about one-half mile north of the Coast Village
neighborhood, and extends westward to Sycamore Creek where it bends to the northwest until it terminates
near the western end of Mission Ridge. The Lagoon Fault is about 4.5 miles long and passes through the
Eucalyptus Hill and Riviera neighborhoods. The City’s 1979 Seismic Safety Element indicated that the
Lagoon fault was potentially active, however, the Geology and Geobazards Technical Report classifies the
Lagoon fault as being “apparently active.”

Lavigia Fault. The Lavigia fault is about four miles long and extends east to west through Elings Park in the
central portion of the Bel Air neighborhood, and along the southern boundary of the Hidden Valley
neighborhood. The Geology and Geohazards Technical Report classifies the Lavigia fault as being “potentially
active.”

Rocky Nook Fault. The Rocky Nook fault begins in the Riviera neighborhood and extends to the northwest,
where it is exposed in a small bedrock exposure in Rocky Nook Park. The fault continues to the northwest,
where it likely links with a fault that contains possible fault slivers that pass beneath the Lauro Reservoir dam
in the Foothill neighborhood. The Geology and Geohazards Technical Report classifies the Rocky Nook fault as

. <« . »
being “apparently active.

Old San Marcos Fault. The Old San Marcos fault consists of three branches located northwest of the City.
Two of the fault’s branches are located within the City’s Sphere of influence and cross State Route 154 about
one mile north of the city limits. The Geology and Geohazards Technical Report classifies the Old San Marcos
fault as being “potentially active.”

Foothill Road Fault. The Foothill Road fault consists of multiple branches in a zone approximately one-half
mile wide, located north of U.S. 101 and predominately west of the city limits. The Geology and Geohazards
Technical Reporr classifies the Foothill Road fault as being “potentially active.”
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Table 2 — Summary of Major Local Faults

Location Fault Fault Activity Estimated Slip | Estimated
Fault Name (Santa Barbara Length Classification Rate Maximum
Geographic Areas) | (miles) (miky)® Magnitude
gli:;;eon St';’t'eera and Upper 10.5 | Apparently Active 0.3-0.4 6.5
More Ranch ;:\é'i?r’pggper State 10 Apparently Active 0.3 6.4
Waterfront,
Mesa Downtown and 4,5 Apparently Active 1 6.3
Westside
Lagoon Riviera and Eastside 4.5 Apparently Active unknown ?
Lavigia Las Positas Valley 4 Potentially Active 0.1 6.4
Rocky Nook | Upper State 2.5 Apparently Active unknown ?

(1) m/ky = meters per 1,000 years

HISTORICAL SEISMICITY IN SANTA BARBARA

The City of Santa Barbara is located in a geologically complex and seismically active region, and structures in
the City have been damaged by earthquake-generated ground shaking on several occasions. The most notable
earthquakes to have affected the City are the great earthquakes of 1812 and 1857, and the Santa Barbara
earthquake of 1925. A summary of the larger earthquakes to affect Santa Barbara during historical times is
provided on Table 3, and Figure 5 provides information regarding the 1925 earthquake.

EARTHQUAKE HAZARD REDUCTION REQUIREMENTS

Numerous regulatory requirements and planning programs have been implemented at the State level to
minimize the effects of faulting and seismic hazards. Some of these requirements are described below.

Alquist-Priolo Earthquake Fault Zoning Act

The 1971 San Fernando Earthquake was caused by a rupture of the San Fernando fault and resulted in the
loss of many structures that had been built across the fault’s path due to ground surface displacement and
rupture. This earthquake demonstrated the need to avoid developing buildings across active faults and led to
the passage of the Alquist-Priolo Special Studies Zone Act of 1972, which was renamed to the Earthquake
Fault Zoning Act in 1994. The Act prohibits the construction of buildings for human occupancy across
active faults, and structures covered by the Act must be setback from the location of the fault. A common
setback distance is approximately 50 feet; however, the actual setback requirement may be increased or
decreased depending on the type of structure proposed and its intended use, and the results of required site-
specific investigations. There are currently no Alquist-Priolo designated Earthquake Fault Zones in the City
of Santa Barbara.
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Seismic Hazards Mapping Act

Extensive damage caused by ground failures during the 1989 Loma Prieta earthquake focused attention on
the effects of earthquake-induced landslides and liquefaction, leading to the passage of the Seismic Hazards
Mapping Act. Pursuant to the Act, the California Geological Survey is to provide local jurisdictions with
Seismic Hazard Zone maps that identify areas susceptible to liquefaction, earthquake-induced landslides, and
other ground failures. The Act also requires local jurisdictions to consider seismic hazard zones as part of
safety planning and building permit processes. California Geological Survey Special Publication 117A,
“Guidelines for Evaluation and Mitigation Seismic Hazards in California” provides standards of practice for
geotechnical hazard investigations for construction projects located in Seismic Hazard Zones.

The Act identifies topographic map quadrangles throughout the State that are considered to be “high risk
quads” and that are to be evaluated for seismic risk. The Santa Barbara quadrangle map has been identified as
a “high risk quad,” however, an evaluation of the area’s seismic risks has not yet been completed by the
California Geological Survey.
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Date

Magnitude

Location

Table 3

City of Santa Barbara Historical Seismicity Summary

Description

March 24, 1806

Unknown

Unknown

Damage occurred to the Santa Barbara Mission and Presidio.

December 21, 1812

West of Ventura in the
Santa Barbara Channel

Buildings at the Santa Barbara Mission sustained many cracks, and buildings at the
Presidio were left uninhabitable. The church at the La Purisima (Lompoc) Mission
was destroyed. One earthquake-related fatality was reported, and other fatalities
were probably avoided due to a strong foreshock about 15 minutes before the main
earthquake. A tsunami may have occurred at Refugio Canyon.

January 9, 1857

7.9

San Andreas fault,
Cholame segment

This earthquake ruptured approximately 186 miles of the San Andreas fault.
Ground fissures, liquefaction-related “sand blows” and changes in the flow of
springs were observed in Santa Barbara. Strong earthquake-related shaking lasted
from one to three minutes throughout affected areas.

July 27, 1902

6.0 (?)

Los Alamos

Several strong earthquakes caused extensive damage to oilfield equipment in the
Los Alamos area. Shaking occurred in Santa Barbara but no damage was reported.

June 29, 1925

Both 6.3
and 6.8 are
reported

Santa Barbara

Property damage was estimated at eight million dollars and 13 people were killed.
The Sheffield Reservoir earthen dam was destroyed, but the released water caused
little damage. Most of buildings along State Street built on fill material were
destroyed or had to be razed. Structures built on solid ground generally
experienced little damage.

June 29, 1926

55 (?)

Santa Barbara

Considered to be an aftershock of the 1925 earthquake. Damage in Santa Barbara
was generally light and buildings reconstructed after the 1925 earthquake
experienced little damage. One child was killed by a falling chimney.

November 4, 1927

7.1

Off Point Arguello

The most severe damage occurred in northern Santa Barbara and southern San Luis
Obispo Counties. A tsunami was recorded on tide gages in San Francisco and San
Diego, and five—foot high waves were observed at Pismo, Port San Luis and Surf.

June 30, 1941

59

Offshore Carpinteria

Moderate damage in Santa Barbara and Carpinteria, consisting mostly of broken
windows, cracked plaster, severed water mains, and broken bottles in stores.

July 21, 1952

7.3

Kern County

Slight damage to buildings in Santa Barbara.

Summer of 1968

52

Santa Barbara Channel

An earthquake swarm, or a sequence of earthquakes which are temporarily and
spatially related without an earthquake of outstanding magnitude, occurred in the
east part of the Santa Barbara Channel. The swarm consisted of 63 earthquakes,
the largest of which was magnitude 5.2 and occurred on July 4.

August 13, 1978

Off Goleta Point

Most of the damage from this earthquake occurred at UCSB, causing about 3.4
million dollars of damage to 10 major on-campus buildings.
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Figure 5
1925 SANTA BARBARA FARTHQUAKE

The earthquake occurred on June 29, 1925 at 6:44 a.m. and was
caused by movement on a fault located in the Santa Barbara
Channel. Santa Barbara had a population of about 25,000 in
1925, and the earthquake resulted in 13 fatalities. The number of
casualties was probably reduced due to the early hour that the

earthquake occurred.

No foreshocks were reported before the earthquake, however a
water system pressure gauge recording card showed disturbances
beginning at 3:27 am, which were likely caused by foreshocks.
Then City Manager Herbert Nunn reported noticing a strong
smell of oil at the beach soon before the earthquake occurred.

The Santa Barbara Mission was damaged by the 1812 It was reported that strong ground shaking caused by the
earthquake and rebuilt by 1820. The 1925 earthquake caused carthquake lasted 19 seconds, and four strong aftershocks
the extensive damage shown in this photograph. occurred within 20 minutes after the quake.  Additional
aftershocks occurred for a year after the main earthquake. After
the major shaking subsided, many of the buildings in the City’s
business district were destroyed or severely damaged. Unlike the
1906 San Francisco earthquake where much of the damage to the
city was caused by the subsequent fire, gas and electrical power to
Santa Barbara was turned off soon after the earthquake. Since no
fires occurred after the Santa Barbara earthquake, the destructive
force of the groundshaking could be clearly seen.

Most of the homes in the City experienced only minor damage,
such as broken brick chimneys. Historian Walker A. Tompkins
noted that after the earthquake one thing became obvious, “the
quake destroyed the shoddy and left the substantial.” Newer buildings
in the City that survived the earthquake included the Lobero
Theater, Masonic Temple, the Daily News Building (the News
Press Building), City Hall, the El Paseo and Presidio complexes,
the main post office at State and Anapamu Streets (now the Art
Museum), and Santa Barbara High School.

The California Hotel opened four days before the earthquake
and experienced heavy damage to brick walls that were not
securely tied to the building. Some occupants left the building
by lowering themselves to the street using bed sheets.

After the earthquake, the City embarked on a major
reconstruction effort. As part of this program, policies were
adopted to promote the construction of buildings in the Spanish
Colonial Revival style. As a result, the earthquake had a
substantial effect on the appearance of Santa Barbara today.

Photo Source: UCSB Institute for Crustal Studies

Many of the unreinforced masonry buildings along State Street
were damaged or destroyed.
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Real Estate Disclosure Requirements

The Natural Hazards Disclosure Act requires sellers of real property to provide prospective buyers with a
“Natural Hazard Disclosure Statement” when the property is located in a Seismic Hazard Zone or an
Earthquake Fault Zone. California State law also requires that when houses built before 1960 are sold, the
seller must provide the buyer a completed earthquake hazards disclosure report, and a copy of the booklet
entitled “7The Homeowner’s Guide to Earthquake Safety.” The booklet contains a sample of a residential
earthquake hazards report that buyers are required to fill in, and it provides specific information on common
structural weaknesses that can fail and damage homes during earthquakes.

Building Codes

The Uniform Building Code was a model building code published approximately every three years until 1997
when it was replaced in 2000 by the International Building Code. In 2010, the California Building
Standards Commission adopted the 2009 International Building Code, as amended, which became the 2010
California Building Standards Code. This Code is commonly referred to as the California Building Code
(California Code of Regulations, Title 24). Development in the State must comply with the requirements of
the California Building Code as amended and adopted by local jurisdictions. The California Building Code,
plus local amendments, is adopted by the City of Santa Barbara by Municipal Code Section 22.04.

Unreinforced Masonry Law

The Unreinforced Masonry Law of 1986 required all cities and counties in Seismic Zone 4 (zones near
historically active faults) to identify potentially hazardous unreinforced masonry buildings in their
jurisdictions, establish a loss reduction program, and report their progress to the State by 1990. The
Unreinforced Masonry Law program was implemented in Santa Barbara under the requirements of Municipal
Code Section 22.18.

California State Multi-Hazard Mitigation Plan

The purpose of this Plan is to significantly reduce deaths, injuries and other disaster losses caused by natural
and human-caused hazards, including earthquakes. California is required to have a Federal Emergency
Management Agency-approved multi-hazard mitigation plan to be eligible for disaster recovery assistance and
mitigation funding, and it is required that the Plan be updated every three years. The Plan is also used to
coordinate the preparation of Santa Barbara County Multi-Jurisdictional Hazard Mitigation Plan.
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GROUND RUPTURE

Description of the Hazard

Seismically induced ground rupture is a break or deformation of the ground surface resulting from movement
along a fault. Primary fault rupture refers to cracking and offset of the ground surface along a rupturing fault
during an earthquake. As the rupture reaches the ground surface, it may spread out into complex patterns of
secondary faulting and ground deformation.

Ground rupture generally results in a small percentage of the total damage caused by an earthquake, but
structures affected by primary ground rupture are usually severely damaged. Ground rupture can also result
in the alteration of surface drainage patterns, changes in ground water levels, and changes to the gradient of
the ground surface. Offset of the ground surface caused by fault rupture can range from several inches to tens
of feet, therefore, it is typically not practical or feasible to reduce damage to structures caused by ground
rupture through engineering design. The avoidance of areas that may be affected by primary ground rupture
is generally the most appropriate risk reduction measure. Ground surface displacement and distortion
associated with secondary faulting can be relatively minor or can be large enough to cause significant damage
to structures.

Local Conditions

Faults located in the City of Santa Barbara and within the City’s sphere of influence were identified by the
Geology and Geohazards Technical Report, and are depicted on Figure 6, Fault Hazard Zones. This figure
shows the location or suspected location of known faults, and also depicts a 200-foot buffer area around each
fault (100 feet on each side of the fault). The purpose of the buffer area is to accommodate possible variations
in the location of the fault when its location is not certain, to include possible splays of the fault that could
result in secondary fault rupture impacts, and to identify areas where fault location investigations may be

required for proposed development projects.

Active Faults

Faults considered to be active have the highest risk of causing ground rupture-related impacts. Faults
identified by the Geology and Geohazards Technical Report as being active for planning purposes include the:

Mission Ridge, Lagoon and Rocky Nook faults, which are primarily located in the Riviera area of the City.
More Ranch fault, located predominately in the Upper State area and at the Airport.

Mesa fault, located predominately in the Westside area, but also in portions of the Downtown and
Waterfront areas.

Potentially Active Faults

Faults considered to be potentially active have a reduced risk of ground rupture when compared to the risk
presented by active faults. Faults located in the City considered to be potentially active for planning purposes
include the:

Northern branch of the Mission Ridge fault in the Cielito neighborhood.
Lavigia fault in the Hidden Valley neighborhood.

Small unnamed faults observed in the coastal bluffs in the Mesa neighborhood.
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Hazard Reduction

The Geology and Geohazards Technical Report provides recommendations regarding the evaluation of proposed
development projects for possible ground rupture hazards. The Technical Report specifies what type of fault
investigations should be conducted for various types of development projects located within the fault hazard
zones identified on Figure 6. It is the objective of the Technical Report preparation guidelines to evaluate the
potential for ground rupture hazards so that if necessary appropriate risk avoidance or reduction measures can
be implemented. The hazard reduction guidelines provided by the Technical Report are summarized below.
Please refer to the Geology and Geohazards Technical Report for a complete description of the recommended
hazard evaluation and study requirements.

The Geology and Geohazards Technical Report indicates that the California Building Code (Title 24) defines
“essential facilities” to include facilities such as schools, hospitals, police and fire stations. The California
General Plan Guidelines (2003) defines “critical facilities” as “facilities that either (1) provide emergency services
or (2) house or serve many people who would be injured or killed in case of disaster damage to the facility.
Examples include  hospitals, fire stations, police and emergency services facilities, wutility facilities, and
communications facilities.” In most cases, it would be appropriate to conduct project site fault investigations
for land uses referred to as “essential” and “critical” facilities.

Additional guidelines and investigation requirements for development/remodeling of schools are published by
the State of California General Services Department, Division of the State Architect. Similarly, investigations
of sites for hospitals and certain health care facilities are subject to requirements by the State of California
Office of Statewide Health Planning and Development.
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Active Faults

Screening Level Fault Investigations' should be prepared for non-exempt’ single-family residential units,
residential projects with more than four units, and multi-family residential projects.

Project Site Fault Investigations’ should be conducted for commercial, industrial and essential/critical
facility projects located within designated zones for the More Ranch, Mission Ridge, Lagoon, and Rocky
Nook faults.

Potentially Active Faults

Figure 2, Santa Barbara Geology, depicts two classifications of potentially active faults. Faults that
demonstrate movement between 11,000 and 700,000 years ago are highlighted in green and include the
Lavigia and Foothill Road faults. Faults that demonstrate movement between 11,000 and 1.65 million years
ago are highlighted in purple and include the north branch of the Mission Ridge fault and the Old San
Marcos fault. The Geology and Geohazards Technical Report recommendations for conducting fault
investigations for both fault classifications are summarized below.

Screening level fault investigations should be conducted for non-exempt single-family residential, multiple
(four or fewer) single-family and multi-family residential, and commercial/industrial projects located within
designated fault zones for the Lavigia and Foothill Road faults.

Project site fault investigations should be prepared for essential/critical facilities located within designated
fault zones for the Lavigia, Foothill Road, north branch of the Mission Ridge, and Old San Marcos faults.

For projects identified as having the potential to be adversely impacted by a primary fault rupture hazard,
hazard reduction measures will generally consist of providing an appropriate setback between the fault and the
proposed structure. For linear structures such as pipelines that must cross the fault, appropriate mitigation
may include providing shut-off valves on both sides of the fault. For secondary fault rupture impacts,
appropriate hazard reduction measures may include appropriate structural engineering to accommodate
anticipated levels of ground movement or surface warping. It is anticipated that all proposed mitigation
measures will be recommended based on the results of site-specific fault investigations and comply with
appropriate engineering practices.

! Screening level investigations will often include a review of available reports and data, air photo interpretation,
and geologic reconnaissance. Based on the information obtained from these types of information sources, it may
be determined that a site investigation is warranted.

Exempt projects include projects with four or fewer wood- or steel-frame single family dwellings not exceeding
two stories; wood- or steel-frame single family dwellings on parcels with prior acceptable geologic reports;
condominium conversions; and small additions to existing structures not exceeding 50 percent of the existing
structure value.

Project site investigations are to follow California Geological Survey requirements specified in Special Note 49,
and include field investigation, laboratory testing and geological analysis.

3
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GROUND SHAKING

Description of the Hazard

Sudden movement along all or part of a fault releases accumulated strain and energy and the released energy
radiates through the ground in all directions in the form of earthquake waves. As the waves pass through an
area, they produce the shaking effects that are the predominant cause of earthquake damage. Earthquake-
related groundshaking can also result in a various ground failure impacts such as liquefaction and slope

instability.

The effects of earthquake-induced groundshaking at a particular site are a function of many factors. Some of
the factors that influence the intensity of groundshaking are briefly described below.

Earthquake Magnitude

Earthquake magnitude is an indication of the amount of energy released by an earthquake. As an
earthquake’s magnitude increases, the potential for strong groundshaking will also increase. Additional
information regarding how earthquake magnitudes are determined is provided on Figure 7.

There is usually a direct correlation between the length of a fault and the maximum magnitude earthquake
that the fault is capable of producing - as the fault rupture length increases, the amount of energy released and
the earthquake magnitude will also increase. Therefore, longer faults often have the capability of producing
higher magnitude earthquakes than shorter faults.

Distance from the Epicenter

Groundshaking intensity generally diminishes as the distance from the earthquakes epicenter increases, but
exceptions to this relationship occur. For example, the fault rupture that caused the 7.1 magnitude Loma
Prieta earthquake occurred in an area near the City of Santa Cruz, but extensive groundshaking damage
occurred in the Marina District in the City of San Francisco, more than 60 miles north of the earthquake
epicenter. Variations in the epicenter distance/intensity relationship can be caused by a variety of factors,
such as the manner in which the earthquake waves were generated, the depth at which the fault rupture
occurred, characteristics of the earth’s crust between the epicenter and the area where shaking was
experienced, local soil conditions, and the directions that the seismic waves travelled.

Duration of Strong Shaking

Larger earthquakes generally have a longer duration of strong shaking than smaller earthquakes. The duration
of shaking plays a major role in determining the amount of structural damage and potential for ground
failure.

Local Geologic Conditions

Geologic conditions such as the presence of loose sediment or weathered rock will cause the travel speed of
seismic waves to slow, causing the wave’s energy to be converted from speed to amplitude, which will increase
the effects of shaking at the site. The thickness, density and consistency of the soil, as well as the presence of
shallow groundwater also have the potential to amplify the effects of groundshaking.
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Figure 7
HOW EARTHQUAKES ARE MEASURED

Earthquakes are measured in terms of their magnitude and intensity. Magnitude refers to the size of an
carthquake or the amount of energy released when movement along the fault occurred. The earthquake’s
intensity describes its effects in a given area. Although several methods have been developed to measure
carthquake magnitude, typically only one magnitude is attributed to an earthquake. However, the same
carthquake can have a wide range of intensities due to variations in local geologic conditions and structure
characteristics.

The Richter scale was developed in 1932 by Charles Richter and earthquake magnitudes were calculated
based on the maximum amplitude registered on a standard seismogram. Magnitude measurements using
this system were based on one aspect of the seismogram, which limited the ability to measure the power of
large earthquakes.

The moment magnitude scale was developed in 1978 and is the scale most commonly used today. The
moment magnitude scale is related to the physical size of the fault rupture and movement across the fault,
which provides a uniform measure of the strength of an earthquake. Similar to the Richter scale, the
moment magnitude scale is a logarithmic scale so a magnitude 6.0 earthquake releases 32 times more
energy than a magnitude 5.0 and nearly 1,000 times more energy than a 4.0. That does not mean,
however, that the ground shakes a thousand times harder in a 6.0 than a 4.0 earthquake because the energy
of the larger earthquake is released over a wider area.

Many scales have been developed to describe the intensity of an earthquake, but they are generally based
on observed effects at a particular site. In the United States, the Modified Mercalli is the most

commonly used earthquake intensity scale. This scale is general in nature and provides a description of

“I”

carthquake effects ranging from Roman numeral “I” (felt by very few individuals) to “XII” (damage is total).

Building Construction

The construction characteristics of buildings, such as its size and height, materials and construction methods,
will substantially influence how the building responds to the effects of groundshaking. Generally, small, well-
constructed one- and two-story wood and steel frame buildings have performed well in earthquakes because of
their light weight and flexibility. Several design characteristics for small wood frame buildings can, however,
result in an increased potential for damage during earthquakes. These characteristics include structures that
are not adequately tied to their foundation; and “soft-story” buildings, such as two-story residences that do
not provide adequate bracing for the upper level of the building. For example, structural development above
a garage may not have adequate lateral support because in essence the garage only provides three support walls
instead of four. Reinforced concrete structures will also usually perform well. Buildings constructed from
non-flexible materials, such as unreinforced brick, concrete or adobe are more vulnerable to damage caused by
groundshaking. Unreinforced masonry buildings are prone to failure in large earthquakes due to inadequate
anchoring of the walls to the roof and floor, lack of structural reinforcement in brittle or non-ductile building
materials, and sometimes poor construction workmanship. In addition to a building’s construction methods,
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every structure has its own fundamental period or natural vibration characteristics. If vibrations caused by
groundshaking coincide with the natural vibration period of a structure, damage to the structure can be
greatly increased.

Ground Acceleration

While magnitude is a measurement of the amount of energy released by the earthquake, ground acceleration
is a measurement of how fast the ground moves at a given location. Two different methods have been
developed to predict possible ground shaking hazards at a particular location based on ground acceleration
characteristics. The first method is a deterministic ground shaking hazard evaluation, which will estimate the
peak ground acceleration produced by an earthquake of a specified magnitude on a particular fault, such as a
7.0 magnitude earthquake on the San Andreas Fault. This type of analysis is generally based on observations
of damage from past earthquakes. The second method is a probabilistic evaluation, which will describe the
likelihood of peak ground acceleration exceeding a specified level due to an earthquake in a given region over
a set period of time. For example, a probabilistic analysis may indicate that there is a ten percent chance of
peak ground acceleration exceeding 0.5g in the next 50 years at a given site.

The United States Geological Survey indicates that a ground acceleration of 0.10g may be an approximate
threshold of damage for older (pre-1965) dwellings or dwellings not made to resist earthquakes. Some post-
1985 dwellings that were built to California earthquake standards have experienced severe shaking (0.6g) with
only chimney damage and damage to building contents.

Local Conditions

Earthquake-generated groundshaking has the potential to result in significant life, safety and property damage
impacts in Santa Barbara, and groundshaking may be caused by movement along a fault located in or near the
City, or from a more distant fault. The United States Geological Survey’s Probabilistic Seismic Hazard
Assessment model (2009) indicates that there is a 60-80 percent probability that the Santa Barbara area will
be affected by a magnitude 5.0 or greater earthquake in the next 50 years. The model also indicates that there
is a 50-60 percent chance of a 6.0 magnitude earthquake and a 15-20 percent chance of 7.0 magnitude
earthquake occurring in the next 50 years.

Estimates of groundshaking intensity that could occur in Santa Barbara are provided by the Geology and
Geohazards Technical Report and were estimated using a probabilistic seismic hazard assessment model
developed by the United States Geological Survey. The seismic ground motion map provided by the Geology
and Geohazards Technical Report is provided as Figure 8, Peak Ground Acceleration, and depicts peak ground
accelerations anticipated to occur with a 10 percent chance of exceedance within a 50-year period.

In general, peak ground acceleration values depicted on Figure 8 are highest in the eastern portion of the City
and lowest in the western portion. The highest estimated peak ground acceleration of 0.538g would occur in
the Coast Village neighborhood, and the lowest peak ground acceleration of 0.408g is predicted to occur in
the Campanil neighborhood. Predicted peak ground accelerations at the Santa Barbara Municipal Airport
range from 0.403g to 0.416g. Although there is some variation in anticipated peak ground acceleration values
throughout the City, all of the reported values have the potential to result in substantial damage to buildings
and structures. Additional information detailing how the peak ground acceleration values depicted on Figure
8 were derived is provided by the Geology and Geohazards Technical Report.
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Hazard Reduction

Substantial changes and refinements have been made to the California Building Code (CCR, Title 24) to
reduce the potential for structural damage during earthquakes. The California Building Code provides
seismic design requirements for general structures in the State and requires that they be able to accommodate
seismic ground motions generated by a Design Basis Earthquake, defined as the earthquake with a 10 percent
chance of being exceeded within a 50 year period (the ground acceleration values depicted on Figure 8). The
California Building Code also requires that “essential facilities” be designed to resist structural collapse
resulting from ground motions produced by an earthquake with a 10 percent chance of exceedance within a
100-year period.

The 2011 Santa Barbara Annex to the Multi-Jurisdictional Hazard Mitigation Plan includes recommended
mitigation actions to reduce risks created by geologic hazards, including the effects of groundshaking, and to
ensure that critical services and facilities survive a disaster. The mitigation actions recommended by the Santa
Barbara Annex for specified facilities are reviewed and revised at least every five years to reflect updated hazard
reduction information, priorities and funding constraints. The mitigation actions recommended by the 2011
Santa Barbara Annex are related to reducing groundshaking hazards to City-owned facilities, including the:
police station; Laguna pump station; seismic renovations to Harbor facilities; and strengthening existing
gravity/unreinforced retaining walls adjacent to roadways in high fire hazards areas in the City.

The Geology and Geohazards Technical Report provides recommendations for assessing the potential for
groundshaking hazards on proposed development projects. The Technical Report indicates that the peak
ground acceleration values depicted on Figure 8 should only be used in preliminary site assessment or
planning efforts, and that site-specific evaluation of design earthquake ground acceleration values should be
required for minor improvement, all residential, commercial/industrial, and essential/critical facility projects.

The City of Santa Barbara has implemented several programs to minimize potential structural damage
impacts during earthquakes. Municipal Code Section 22.18 requires that unreinforced masonry buildings be
retrofitted to reduce the danger of collapse during earthquakes. The Building and Safety Department
estimates that 256 buildings, located mostly in the Downtown area, have been upgraded. From time to time,
however, additional safety issues associated with unreinforced buildings are discovered and those issues are
rectified upon discovery consistent with City and State requirements. The Building and Safety Department
has also implemented a “prescriptive seismic strengthening” program consistent with the California Building
Code. This voluntary program assists homeowners in making seismic safety improvements to their
residences, which often includes improvements to tie the structure to its foundation.

LIQUEFACTION

Description of the Hazard

Liquefaction is a temporary loss of soil strength that can occur during moderate to large earthquakes. Three
conditions must be present for liquefaction to occur: affected soils must be comprised of granular material
such as sand or silt-sized particles; the soil must be saturated by groundwater; and the soil must be relatively
loose or cohesionless.

Soil consists of individual particles, each of which is in contact with adjacent particles. The weight of the
overlying soil particles produces contact forces between particles, which holds individual particles in place and
gives the soil its strength. Liquefaction occurs when force (i.e., earthquake groundshaking) is applied to loose,
granular, saturated soil and the individual particles attempt to move into a more-dense configuration. During
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an earthquake, however, there is not adequate time for the water in the pore spaces between soil particles to be
squeezed out, which prevents the soil particles from moving closer together. This is accompanied by an
increase in water pressure, which reduces the contact forces between individual soil particles, resulting in a
weakening of the soil. The water pressure between soil particles may become so high that many of the
particles lose contact with each other. When this occurs, the soil will have little strength and will behave more
like a fluid rather than a solid.

Of the three conditions that must be present for liquefaction to occur, saturation of soil by groundwater is the
condition that has the potential to change over time, particularly in response to seasonal fluctuations in
groundwater levels. A short- or long-term increase in groundwater levels, in both shallow “perched”
groundwater sources or in deeper aquifers, could have the potential to increase the occurrence and severity
risk of liquefaction. Areas with shallow groundwater have a higher risk for liquefaction to occur, and in
general, liquefaction risk is considered to be low when groundwater levels are more than about 60 feet below
the ground surface. In areas with groundwater shallower than 60 feet, the liquefaction hazard may or may not
be present, depending on the size, distribution and cohesion of soils.

Liquefaction can result in several types of ground failures. Lateral spreading results in the displacement of
blocks of solid soil on the ground surface due to the liquefaction of a subsurface soil layer. A flow failure
occurs in a sloping area when liquefied soil or blocks of solid material are carried by a subsurface layer of
liquefied soil. This type of failure can occur in areas that have a slope gradient as little as three percent and
saturated, non-cohesive materials that may be deeper than 60 feet. Ground oscillation may result when
liquefaction occurs at depth in a relatively level area, causing solid blocks of soil to move back and forth in the
liquefied zone. The resulting ground oscillation may result in the creation of fissures and the formation of
sand “volcanoes.” Ground lurching occurs when saturated soils move in a wave-like manner in response to
intense ground shaking.

Liquefied soil will have a substantial loss of bearing strength, which may cause buildings in affected areas to
settle or tilt. The resulting structural damage can range from minor to complete failure. Depending upon
buoyancy differences between the liquefied soil and lightweight or unanchored underground structures such
as pipelines, underground structures may float upward to the ground surface.

Local Conditions

The potential for liquefaction to occur in Santa Barbara was evaluated by the Geology and Geohazards
Technical Report, and that hazard assessment was predominately based on the identification of areas with non-
cohesive granular soils and a known depth to groundwater of less than 60 feet. Areas that may be affected by
a potential liquefaction hazard were also identified and mapped as part of the preparation of this Safety
Element. Potential liquefaction hazard areas are identified on Figure 9 as having a high, moderate and low
potential for liquefaction to occur. Areas of the City identified by the Safety Element as having a high
liquefaction potential include those areas with non-cohesive granular soils and where groundwater is
shallowest. Areas of the City with the highest liquefaction risk generally include the following neighborhoods:
East Beach, the southern portion of the Eastside, Milpas, Lower East, Lower State, the western portion of
Downtown, the southern portion of Laguna, Lower West, the eastern portion of West Beach, the southern
portion of the Westside, areas along Arroyo Burro Creek in the Campanil, the Waterfront and Airport.
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As indicated in the Description of the Hazard section above, groundwater levels are an important component
in determining the potential for liquefaction to occur, and seasonal and long-term variations in groundwater
levels can substantially increase or decrease liquefaction hazard risk. To more accurately assess the potential
for local groundwater conditions to contribute to liquefaction-related risks in the City, the Safety Element
liquefaction hazard risk evaluation included a review of historic groundwater levels throughout the City. This
evaluation was conducted by reviewing various geotechnical investigations and reviewing shallow aquifer
groundwater level records for various sites in the City that have been monitored for several years or more (e.g.,
properties with contaminated groundwater assessment/cleanup activities). Additional information regarding
groundwater levels in the City is provided in the High Groundwater Hazard section provided below. The
liquefaction hazard evaluation was also made using data from various site specific geotechnical studies that
collected soil grain size and cohesion data from subsurface exploration to evaluate future site settlement under
seismic loading conditions.

As part of the 2011 Santa Barbara Annex to the Multi-Jurisdictional Hazard Mitigation Plan, a vulnerability
assessment was conducted to identify City-owned facilities that could be adversely affected by hazards,
including earthquake-induced liquefaction. The facilities included in the assessment consisted mostly of
utility, government, public safety and other infrastructure structures. The vulnerability assessment identified
38 individual structures or buildings located in areas with a “high” potential to experience liquefaction. Most
of the identified facilities are located at the Harbor or beach area, the Airport, the City’s desalinization facility
and the wastewater treatment plant. An additional 28 facilities were identified as being located in an area
with a “moderate” potential to experience liquefaction. Please refer to the Santa Barbara Annex for additional
information regarding the possible effects of liquefaction on the City’s infrastructure and government
facilities.

Hazard Reduction

The Geology and Geohazards Technical Report provides recommendations regarding the evaluation of potential
liquefaction hazards and indicates the types of site investigations to be conducted for various types of
development projects proposed within areas identified as having a “high,” “moderate,” or “low” liquefaction
hazard. These recommendations are also applicable to the liquefaction risk zones identified by the Safety
Element evaluation of liquefaction hazards in the City. The Technical Report hazard reduction guidelines are
summarized below. Please refer to the Geology and Geohazards Technical Report for a complete description of
the recommended hazard evaluation and study requirements.

For areas designated as having a “low” liquefaction hazard potential, the Geology and Geohazards Technical
Report indicates that no site-specific liquefaction hazard evaluation is required for the construction of minor
improvements to existing uses or for new residential buildings. Site investigations should be conducted for
commercial, industrial, large public facilities and essential facilities. In areas with a “moderate” liquefaction
hazard, screening level site investigations possibly followed by subsurface investigations to assess potential
liquefaction hazards should be conducted for all proposed structures. In areas with a “high” liquefaction
potential, the Technical Report recommends conducting site investigations for minor improvements to existing
uses, single family residences, multiple residence projects, commercial/industrial projects and essential
facilities. Requirements for conducting site-specific liquefaction evaluations are provided by the California
Building Code and California Geological Survey Special Publication 117A, Guidelines for Evaluation and
Mitigating Seismic Hazards in California. Hazard evaluation and mitigation guidelines specified by Special
Publication 117A implement the requirements of the Seismic Hazards Mapping Act, but may also be applied
to projects located outside of designated hazard zones.
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Figure 9
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