4.10 GEOLOGY & SOILS

4.10.1 ENVIRONMENTAL SETTING
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This section summarizes technical geologic and soils conditions prepared in a report by Nolan

Associates that is included in technical Appendix F-4, which is available for review at the City of
1

Santa Cruz Planning Department and is also included on the Draft EIR CD and on the online

version of the Draft EIR on the City’s website at www.cityofsantacruz.com - Planning Department
link..

REGULATORY SETTING

Federal Regulations

The Uniform Building Code (UBC) is published by the International Conference of Building
Officials. It forms the basis of about half of the state building codes in the United States,
including California’s, and has been adopted by the California Legislature together with
Additions, Amendments, and the Repeals to address the specific building conditions and
structural requirements in California.

The UBC defines different regions of the United States and ranks them according to their seismic
hazard potential. There are four types of these regions, which include Seismic Zones 1 through
4, with Zone 1 having the least seismic potential, and Zone 4 having the highest seismic
potential. Further, the UBC provides guidance on foundation design and structural engineering
for a variety of soils.

The Federal Disaster Mitigation Act (DMA) of 2000 (Public Law 106-390), adopted by
Congress in October 2000, requires state and local governments to develop hazard mitigation
plans as a condition for federal grant assistance. The City of Santa Cruz adopted its “Local
Hazard Mitigation Plan” in September 2007. The detailed five-year plan identifies potential
natural and man-made hazards, assesses their likely risk, and includes mitigation methods to
reduce risks. The potential hazards identified in the plan include earthquakes and liquefaction,
wildfires, floods and associated coastal storms, coastal erosion, drought, tsunami, dam failure,

' Located at 809 Center Street, Room 107, Santa Cruz, California during business hours: Monday
through Thursday, 8 AM to 12 PM and 1to 5 PM.
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and landslides. Mitigation measures proposed to address these risks include prioritized actions
that include hazard event planning, emergency prepardedness coordination and education,
facility upgrades, monitoring actions and other actions in response to specific hazards.

The City of Santa Cruz adopted its “Local Hazard Mitigation Plan” in September 2007. The
five-year plan addresses earthquakes and liquefaction, coastal erosion and landslides.

State Regulations

ALQUIST-PRIOLO EARTHQUAKE FAULT ZONING ACT

The Alquist-Priolo Earthquake Fault Zoning Act was passed by the state of California in 1972 to
mitigate the hazard of surface faulting to structures for human occupancy. The purpose of the
act is to prevent the construction of buildings used for human occupancy over the surface trace
of active faults. The Act requires the State Geologist to establish regulatory zones (known as
Earthquake Fault Zones) around the surface traces of active faults and to issue appropriate
maps. Local agencies must regulate most development projects within the zones. Before a
project can be permitted, cities and counties must require a geologic investigation to
demonstrate that proposed buildings will not be constructed across active faults. If an active
fault is found, a structure for human occupancy cannot be placed over the trace of the fault and
must be set back from the fault (generally 50 feet), although local agencies can be more
restrictive than state law requires (California Department of Conservation, 2007a). There are
no state-delineated Alquist-Priolo fault zones in the City of Santa Cruz.

SEISMIC HAZARDS MAPPING ACT

The Seismic Hazards Mapping Act (SHMA) addresses non-surface fault rupture earthquake
hazards, including strong ground shaking, liquefaction, and seismically induced landslides. The
goal is to mitigate seismic hazards to protect public health and safety. Pursuant to the SHMA,
the state Department of Conservation is directed to provide local governments with seismic
hazard zone maps that identify areas susceptible to amplified shaking, liquefaction, and
earthquake-induced landslides or other ground failures. Site-specific geotechnical hazard
investigations are required by SHMA when construction projects fall within these areas. Neither
the City of Santa Cruz nor any part of Santa Cruz County is located within a currently
designated state-Seismic Hazard Mapping Program zone (California Department of
Conservation, 2007b).

CALIFORNIA BUILDING CODE

Title 24 of the California Code of Regulations, formerly known as the California Building Code
(CBC), sets forth minimum requirements for building design and construction in public buildings
and a large percentage of private buildings. In the context of earthquake hazards, the CBC
design standards have a primary objective of ensuring public safety and a secondary goal of
minimizing property damage and maintaining function during and following a seismic event. The
CBC prescribes seismic design criteria for different types of structures, and provides methods to
obtain ground motion inputs. The CBC also requires analysis of liquefaction potential, slope-
instability, differential settlement, and surface displacement due to faulting or lateral spreading
for various categories of construction. Recognizing that the risk of severe seismic ground motion
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varies from place to place, the California Building Standards Code seismic code provisions vary
depending on location (Seismic Zones O, 1, 2, 3, and 4—with O being the least stringent and 4
being the most stringent). The City of Santa Cruz is located in Seismic Zone 4.

CALTRANS SEISMIC SAFETY RETROFIT PROGRAM

The California Department of Transportation (Caltrans) Seismic Safety Retrofit Program was
established by emergency legislation (SB 36X) after the October 17, 1989, Loma Prieta
earthquake. The purpose of this program is to evaluate all publicly owned bridges in California
and to take actions necessary to prevent their collapse due to earthquakes. The local
component of the Seismic Safety Retrofit Program provides funding and other assistance to
cities and counties for evaluating bridges and improving their resistance to seismic shaking. The
City of Santa Cruz has completed seismic retrofits for all its bridges, except for the Murray
Street Bridge, which is planned to commence construction in 2012-2013 .

Local Requlations

The City's Municipal Code Chapter 24.14 (Environmental Resource Management) includes
“Conservation Regulations.” Section 24.14.030 provides “Slope Regulations” to minimize risks
associated with development in areas characterized by combustible vegetation and steep
and/or unstable slopes. Generally, areas with 30+ percent slopes cannot be included in the
density determination for a project and prohibits development in areas of 30+ percent slopes.
The regulations also include setback requirements for buildings near 30-50+ percent slopes.
Section 24.14.070 requires a site-specific geotechnical investigation for all development,
except projects with less than four units, in areas identified in the General Plan as having a high
liquefaction potential. Section 24.16.060 requires an erosion control plan for projects located
within high erosion hazard areas as designated in the General Plan or for development on
slopes greater than ten percent.

The Grading Ordinance is a subset of Title 18, Buildings and Construction, of the City’s
Municipal Code and is included in Chapter 18.45 — Excavation and Grading Regulations.” It
provides technical regulations of grading and excavation, in conjunction with the Environmental
Resource Management provisions in Chapter 24.14, in order to safeguard life, health, safety
and the public welfare; protect fish and wildlife, riparian corridors and habitats, water
supplies, and private and public property, and to protect the environment from the effects of
flooding, accelerated erosion and/or deposition of silt. The ordinance accomplishes this by
providing guidelines, regulations, and minimum standards for clearing, excavation, cuts, fills,
earth moving, grading operations (including cumulative grading), water runoff and sediment
control. In addition, the ordinance includes provisions regarding administrative procedures for
issuance of permits and approval of plans and inspections during construction and subsequent
maintenance. The City revised the Grading Ordinance in April 2004 in order to strengthen the
ordinance regarding implementation of BMPs, including those for erosion and sediment control.
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GEOLOGIC SETTING

Physiographic Setting

The City of Santa Cruz lies on a narrow coastal plain at the mouth of the San Lorenzo River
Valley on the northern shore of the Monterey Bay. The coastal plain is bounded landward by
the Santa Cruz Mountains, rising to elevations over 2,600 feet. The San Lorenzo River flows
southward from the Santa Cruz Mountains and is the largest drainage in the region, with an
area of about 106 square miles. The central district of the City of Santa Cruz is situated on
floodplain of the lower San Lorenzo River.

Most of the City lies on a relatively flat topographic bench to the east and west of the San
Lorenzo River valley. This bench was formed by marine wave erosion at a time when the land
was lower relative to sea level than at present. The bench, referred to as a marine terrace,
was preserved by gradual uplift of the region. This terrace is separated from successively
higher (older) terraces by steep slopes that mark ancient sea cliffs. The older terraces ascend
stair-step like up the mountain front bordering the City to the north.

The lowermost of these terraces forms a broad, gently seaward sloping surface that terminates
in a sea cliff at the modern shoreline. This modern seacliff, or coastal bluff, is a result of wave
erosion that is cutting a new marine terrace offshore. The upper west side of the City and the
Delaveaga Golf Course are situated on an older, higher marine terrace. The marine terrace
surfaces are cut by a series of south flowing seasonal streams that occupy smaller stream
valleys.

Regional Setting

REGIONAL GEOLOGIC SETTING

The City of Santa Cruz is situated on the southwestern slope of the central Santa Cruz
Mountains, part of the Coast Ranges physiographic province of California. The northwest-
southeast structural grain of the Coast Ranges is controlled by a complex of active faults within
the San Andreas fault system. Southwest of the San Andreas fault, the Coast Ranges, including
the Santa Cruz Mountains, are underlain by a large, northwest-trending, fault-bounded,
elongated prism of granitic and metamorphic basement rocks. The granitic and metamorphic
basement is Cretaceous in age, or older, and is overlain by a sequence of dominantly marine
sedimentary rocks of Paleocene to Pliocene age and non-marine sediments of Pleistocene and
Holocene age. The older sedimentary rocks are moderately to strongly deformed, with steep-
limbed folds and several generations of faults associated with uplift of the Santa Cruz
Mountains.

The Santa Cruz Mountains are cut by several active faults, of which the San Andreas is the most

2
important (see Figure 4.10-1, Regional Seismicity Map). Along the coast, the ongoing tectonic
activity is most evident in the gradual uplift of the coastline, as indicated by the series of
uplifted marine terraces that sculpt the coastline.

2
All EIR figures are included in Chapter 7.0 at the end of the EIR (before appendices) for ease of
reference as some figures are referenced in several sections.
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REGIONAL SEISMIC SETTING

California's broad system of strike-slip faulting has a long and complex history. Locally, the
San Andreas, Zayante-Vergeles and San Gregorio faults and the Monterey Bay-Tularcitos fault
zone present a significant seismic hazard to the City (see Figure 4.10-1). These faults are
associated with Holocene activity (movement in the last 11,000 years) and are therefore
considered to be active. The most severe historical earthquakes to affect the project site are
the 1906 San Francisco earthquake and the 1989 Loma Prieta earthquake, with Richter
magnitudes of about 8.3 and 7.1, respectively.

City of Santa Cruz Geologic Setting

GEOLOGIC UNITS & STRUCTURE

A geologic map of the City of Santa Cruz is depicted on Figure 4.10-2. The geology of the
City and surrounding area displays over 100 million years of geologic history. Rock units in the
City are separable into three major groups: granitic intrusive rocks of Late Cretaceous age,
pre-Cretaceous metasedimentary rocks, and sedimentary rocks of Tertiary and Quaternary
age. The granitic intrusive rocks form the core of Ben Lomond Mountain and underlie the City at
depth. These rocks formed from molten rock (magma) that melted its way upward from deep in
the earth’s crust and then cooled underground, forming granitic rock. The metamorphic and
granitic rocks are observed outcropping along the northwestern margins of the City.

The younger sedimentary rocks (Tertiary and Quaternary age) are draped over the older
granitic and metamorphic bedrock. The Tertiary rock units include the Santa Margarita
Sandstone, the Santa Cruz Mudstone, and sandstones of the Purisima Formation (see Figure
4.10-2). Surficial Quaternary deposits locally overly the Tertiary units. These units include
marine terrace deposits, stream or river alluvium, and landslide deposits. The marine terrace
deposits directly underlie much of the City, and generally range from a few feet thick to at
most a few tens of feet thick. They consist of marine sands, including ancient beach sands,
deposited while the marine terrace was being carved by the ocean, and colluvium deposited
over the marine sands after the terrace was exposed by falling sea levels. Soil (residuum)
derived from weathering of all the older geologic units is present in thicknesses up to a few feet
throughout the area.

The older igneous and metamorphic rocks are highly deformed, with many cross-cutting faults
and folds. The tectonic forces responsible for the deformation seen in these rocks, however,
have long since dissipated and the faults are no longer considered active. The sedimentary
rocks overlying the granitic and metamorphic basement, principally the Santa Margarita
Sandstone, the Santa Cruz Mudstone, and the Purisima Formation, are younger Tertiary age
rocks and, locally, have experienced only gentle uplift and very mild folding. In most
exposures, the layering in these rocks is near horizontal.

The only fault mapped within the boundaries of the City is the Ben Lomond fault. This fault
trends southward from its intersection with the Zayante fault down the San Lorenzo Valley
towards Santa Cruz. The fault has only been confidently mapped as far south as Felton,
several miles north of Santa Cruz, but Stanley and McCaffrey (1983) extended the fault
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southward through the City into Monterey Bay, based largely on geophysical (indirect)
evidence. Vertical movement on the fault, west side up, is thought to be responsible for uplift
and tilting of the granitic rock mass that forms Ben Lomond Mountain. Most of the movement
occurred on this fault prior to about six million years ago, and it is not presently considered to
be active.

SURFACE PROCESSESS

Surficial geologic processes in the area include weathering, erosion, and mass wasting
(landsliding). Weathering of surficial materials and erosion by wind and water are the
principal processes active in developing natural landscapes. When erosion leads to the
development of steep slopes, landsliding may occur. In turn, landsliding breaks up the rock
formations on the slope, leading to additional weathering and erosion. Landslides from the
County of Santa Cruz landslide map occurring within the City are depicted on Figure 4.10-3.

KARST TERRAIN

The northwest portion of the City is partially underlain by marble bedrock. Marble is distinct
from other bedrock types in the area because it is soluble in water. Consequently, percolating
ground water will gradually dissolve channels in the rock, resulting in underground conduits and
caverns. Where these conduits or caverns intersect the ground surface, sinkholes result. Another
aspect of areas underlain by marble is that the surface drainage system may be poorly
developed or absent due to the capture of surface runoff by sinkholes. Where sinkholes
intercept streams, they are known as swallow holes. A landscape that is dominated by features
associated with soluble bedrock is known as karst terrain.

Karst terrain in the Santa Cruz area is of limited extent. Very large areas of the southeastern
United States are underlain by karst terrain, and the sudden, spectacular collapse of large
sinkholes is a potential hazard there. Most of the karst terrain in Santa Cruz lies on the
University of California campus and in a few neighborhoods immediately south of the campus.
Sinkholes associated with the karst terrain in the Santa Cruz area are not of great size, and
they tend to develop gradually over time, rather than by sudden collapse. However, local
sinkholes are often filled with fine grained sediment that has washed into the sinkhole from
adjacent terrain. The sinkhole fill can prevent the sinkholes from being recognized. Soil
settlement associated with filled sinkholes can damage buildings and other development.

Water flowing through the karst conduits in the marble emerges at the surface in form of
springs where the downhill margins of marble outcrop are bounded by relatively impermeable
rocks. The springs at Kalkar Quarry and the spring feeding Westlake are examples of such
springs. Besides gradual settlement of sinkhole fill, there can also be problems associated with
groundwater surfacing under buildings or roads in these areas, especially during the winter
rains.

SEIsMIC HAZARDS

The City of Santa Cruz is located in a seismically active region of California. Historical
earthquakes along the San Andreas fault and its branches have caused substantial seismic
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shaking in Santa Cruz County in historical time. The two largest historical earthquakes to affect
the area were the moment magnitude (Mw) 7.9 San Francisco earthquake of April 18, 1906
and the Mw 6.9 Loma Prieta earthquake of October 17, 1989 (corresponding to Richter
magnitudes of 8.3 and 7.1) . The San Francisco earthquake caused severe seismic shaking and
structural damage to many buildings in the Santa Cruz Mountains. The Loma Prieta earthquake
may have caused more intense seismic shaking than the 1906 event in localized areas of the
Santa Cruz Mountains, although its regional effects were not as extensive. There were also
major earthquakes in northern California along or near the San Andreas fault in 1838, 1865,
and possibly 1890. Further description of regional faults and seismic hazards is provided
below.

Faults

SAN ANDREAS FAULT

The San Andreas fault is active and represents the major seismic hazard in northern California.
The main trace of the San Andreas fault trends northwest-southeast and extends over 700 miles
from the Gulf of California through the Coast Ranges to Point Arena, where the fault passes
offshore and merges with the Cascadia fault zone. Surface rupture during historical
earthquakes, fault creep, and historical seismicity confirm that the San Andreas fault and its
branches, the Hayward, Calaveras, and San Gregorio faults, are all active today.

Geologists have recognized that the San Andreas fault system can be divided into segments
with “characteristic” earthquakes of different magnitudes and recurrence intervals. Two
overlapping segments of the San Andreas fault system represent the greatest potential hazard
to the City of Santa Cruz. The first segment is defined by the rupture that occurred from
Mendocino to San Juan Bautista along the San Andreas fault during the great Mw 7.9 San
Francisco earthquake of 1906; it has been suggested that this “1906 rupture” segment
experiences earthquakes with comparable magnitudes about every 200 years. The second
segment is defined approximately by the rupture zone of the Mw 6.9 Loma Prieta earthquake;
it has been posited that earthquakes of Mw 7.0 on this segment of the fault have a recurrence
interval of 138 years.

ZAYANTE-VERGELES FAULT

The Zayante fault lies southwest of the San Andreas fault and trends about 50 miles northwest
from the Watsonville lowlands into the Santa Cruz Mountains (see Figure 4.10-1). The
postulated southern extension of the Zayante fault, known as the Vergeles fault, merges with
the San Andreas fault south of San Juan Bautista. Stratigraphic and geomorphic evidence
indicates that the Zayante-Vergeles fault has undergone late Pleistocene and Holocene
movement and is potentially active.

Some historical seismicity may be related to the Zayante-Vergeles fault. A magnitude 4.0
earthquake in 1998 in the Santa Cruz Mountains occurred on the Zayante fault. The Zayante-
Vergeles fault should be considered active for design purposes, and is capable of generating
an Mw 6.8 earthquake with a recurrence interval of almost 9,000 years.
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SAN GREGORIO FAULT

The San Gregorio fault cuts the ocean floor seaward of Monterey Bay and skirts the Santa Cruz
County coastline before coming on land at Point Afio Nuevo. North of Ao Nuevo it passes
offshore, intersecting the coast again at Half Moon Bay (see Figure 4.10-1). North of Half
Moon Bay, the San Gregorio fault lies offshore until it connects with the San Andreas fault near
Bolinas. Southward from Monterey Bay, the San Gregorio fault intersects the coast at Point Sur
and eventually connects with the Hosgri fault in south-central California.

The onshore segments of the San Gregorio fault at Point Afio Nuevo and at Half Moon Bay
show evidence of late Pleistocene and Holocene displacement. In addition to stratigraphic
evidence for Holocene activity, the historical seismicity in the region is partially attributed to the
San Gregorio fault. Due to inaccuracies of epicenter locations, the magnitude 6+ earthquakes
of 1926, tentatively assigned to the Monterey Bay fault zone, may have actually occurred on
the San Gregorio fault. The San Gregorio fault in the Santa Cruz County area has a
recurrence interval of 400 years with the potential to generate a Mw 7.2 earthquake.

MONTEREY BAY-TULARCITOS FAULT ZONE

The Monterey Bay-Tularcitos fault zone is based on a postulated connection between the
Tularcitos fault, located on land near the Monterey Peninsula, and the offshore Monterey Bay
fault zone (see Figure 4.10-1). The Monterey Bay fault zone is 6 to 9 miles wide and about 25
miles long.

Both offshore and onshore fault traces in this zone have displaced Quaternary age rock layers
and, therefore, are considered potentially active. One offshore trace, which aligns with the
trend of the Navy fault, has displaced Holocene beds and is therefore considered active.
Seismically, the Monterey Bay-Tularcitos fault zone may be historically active. The largest
historical earthquakes tentatively located in the Monterey Bay-Tularcitos fault zone are two
events, estimated at 6.2 on the Richter Scale, in October 1926. Because of possible
inaccuracies in locating the epicenters of these earthquakes, it is possible that these earthquakes
actually occurred on the nearby San Gregorio fault. Another earthquake in April 1890 might
be attributed to the Monterey Bay-Tularcitos fault zone. An earthquake of Mw 7.1-7.3 may be
expected on the Monterey Bay-Tularcitos fault zone, with an effective recurrence interval of
2,600-2,800 years, based on Holocene offsets noted on an offshore strand of the fault.

Seismic Hazards

Potential seismic hazards include fault rupture, strong seismic shaking, soil liquefaction and
related types of seismically induced ground failure, and tsunami. These hazards are discussed
individually, below.

GROUND SURFACE RUPTURE DUE TO FAULTING

Earthquakes are caused by slippage along faults, or cracks, in the earth's crust. Where the
fault intersects the ground surface, this slippage causes offset of the ground surface that can
damage or destroy structures placed over the fault. The only suspected fault trace crossing
through the City is the southern extension of the Ben Lomond fault, but it is not considered to be
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active and therefore any risk of ground surface rupture across the fault trace must be
considered low. Ground surface rupture due to faulting is, therefore, not considered a
significant risk in the City of Santa Cruz.

SEISMIC SHAKING HAZARD

For the purpose of evaluating seismic shaking potential in the City, this discussion focuses on the
San Andreas, Zayante-Vergeles, San Gregorio, and Monterey Bay-Tularcitos fault systems (see
Figure 4.10-1). These faults are considered active seismic sources by the State of California.
While other faults in this region may be active, their potential contribution to seismic hazards in
the City is overshadowed by these four larger or closer faults. The distances between these
faults and the City center are listed in Table 4.10-1, as is the maximum expected earthquake
size and the approximate time interval between major earthquakes on each fault. All of these
faults are considered capable of magnitude (M) 6.5 or larger earthquakes.

Table 4.10-1
Distances and Directions to Local Faults
. Maximum Expected Approximate Time
Distance from R .
Fault site (miles) Earthquake Magnitude Between Major
(Moment Magnitude) Earthquakes (years)
San Gregorio 9.9 7.2 400
Zayante-Vergeles 7.9 7.9 8821
Monterey Bay- 6.5 6.5 2841
Tularcitos )
San Andreas 1.2 7.9 210

Source: Nolan Associates

A qualitative measure of earthquake shaking intensity is provided by the Modified Mercalli
Intensity Scale (Table 4.10-2). The Mercalli Scale (and other, similar qualitative scales)
provides a way to gauge earthquake shaking intensity based on verbal or published
descriptions of earthquake damage. It was the principal means of measuring earthquake size
before the advent of seismograph arrays in the early 20t Century. Modified Mercalli Intensities
of VIIl (8) to IX (9) were measured in the City of Santa Cruz for the 1989 Loma Prieta and
1906 San Francisco earthquakes, respectively. Similar shaking intensities are expected in
future earthquakes.

The principal factors which affect the severity of seismic shaking in a given area are the
magnitude of the earthquake and the distance from the earthquake source to the location of
interest. All of the listed faults, because of the size and proximity to the City, are significant
potential sources of strong seismic shaking. Another factor which affects the intensity of shaking
is the type of geologic materials underlying the site. Certain types of earth materials can
amplify or dampen shaking.
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There are two methods for estimating the intensity of seismic ground motions that may be
expected at a site: "deterministic" and "probabilistic". A deterministic approach estimates the
magnitude of the most severe shaking that can reasonably be expected at a particular site,
without regard for the likelihood that such shaking will occur. In this type of analysis, the largest
earthquake thought credible on each fault is assumed to occur on the portion of the fault
nearest the site.

Table 4.10-2
Modified Mercalli Intensity Scale

The modified Mercalli scale measures the intensity of ground shaking as determined from
observations of an earthquake's effect on people, structures, and the Earth's surface. This scale
assigns to an earthquake event a Roman numeral from | to Xll as follows:

I Not felt by people, except rarely under especially favorable circumstances.

I Felt indoors only by persons at rest, especially on upper floors. Some hanging objects may swing.

n Felt indoors by several. Hanging objects may swing slightly. Vibration like passing of light trucks.
Duration estimated. May not be recognized as an earthquake.

v Felt indoors by many, outdoors by few. Hanging objects swing. Vibration like passing of heavy
trucks; or sensation of a jolt like a heavy ball striking the walls. Standing automobiles rock.
Windows, dishes, doors rattle. Wooden walls and frame may creak.

\ Felt indoors and outdoors by nearly everyone; direction estimated. Sleepers wakened. Liquids
disturbed, some spilled. Small unstable objects displaced or upset; some dishes and glassware
broken. Doors swing; shutters, pictures move. Pendulum clocks stop, start, change rate. Swaying
of tall trees and poles sometimes noticed.

\ Felt by all. Damage slight. Many frightened and run outdoors. Persons walk unsteadily.
Windows, dishes, glassware broken. Knickknacks and books fall off shelves; pictures off walls.
Furniture moved or overturned. Weak plaster and masonry cracked.

Vi Difficult to stand. Damage negligible in buildings of good design and construction; slight to
moderate in well-built ordinary buildings; considerable in badly designed or poorly built
buildings. Noticed by drivers of automobiles. Hanging objects quiver. Furniture broken. Weak
chimneys broken. Damage to masonry; fall of plaster, loose bricks, stones, tiles, and unbraced
parapets. Small slides and caving in along sand or gravel banks. Large bells ring.

VI People frightened. Damage slight in specially designed structures; considerable in ordinary
substantial buildings, partial collapse; great in poorly built structures. Steering of automobiles
affected. Damage or partial collapse to some masonry and stucco. Failure of some chimneys,
factory stacks, monuments, towers, elevated tanks. Frame houses moved on foundations if not
bolted down; loose panel walls thrown out. Decayed pilings broken off. Branches broken from
trees. Changes in flow or temperature of springs and wells. Cracks in wet ground and on steep
slopes.

IX General panic. Damage considerable in specially designed structures; great in substantial
buildings, with some collapse. General damage to foundations; frame structures, if not bolted,
shifted off foundations and thrown out of plumb. Serious damage to reservoirs. Underground
pipes broken. Conspicuous cracks in ground; liquefaction.

X Most masonry and frame structures destroyed with their foundations. Some well-built wooden
structures and bridges destroyed. Serious damage to dams, dikes, embankments. Landslides on
river banks and steep slopes considerable. Water splashed onto banks of canals, rivers, lakes.
Sand and mud shifted horizontally on beaches and flat land. Rails bent slightly.

Xl Few, if any masonry structures remain standing. Bridges destroyed. Broad fissures in ground;
earth slumps and landslides widespread. Underground pipelines completely out of service. Rails
bent greatly.

Xl Damage nearly total. Waves seen on ground surfaces. Large rock masses displaced. Lines of
sight and level distorted. Obijects thrown upward into the air.
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A probabilistic analysis considers the likelihood that a certain earthquake will occur and
includes other uncertainties, such as epicentral location, as part of the overall probability. The
advantage of a probabilistic analysis over a deterministic analysis is that the probabilistic
estimate specifies the intensity of ground motion that is likely to occur during the design life of a
project, rather than the greatest intensity that is ever likely to occur. Using probabilistic ground
motions, a building may be designed for the shaking intensity that has a reasonable likelihood
of occurring during the building lifetime, rather than a maximum value that has very little
likelihood of occurring. In most cases, the probabilistically predicted ground motion is lower
than the deterministic ground motion. However, in Santa Cruz County, the San Andreas fault
produces large earthquakes so often that the deterministic and probabilistic ground motion
values tend to be very similar.

Ground motion probabilities are commonly expressed as the probability of exceedance in a
given time period. In the past, ground motion with a probability of exceedance of 10% in 50
years has been considered appropriate for design for most residential and commercial
development. This probability level means that there is only a 10% chance that the specified
ground motion will be exceeded in a 50-year period. For more critical structures, such as
hospitals, a much lower probability level (higher ground motion) is specified for design.

The U.S. Geological Survey and the California Division of Mines and Geology have prepared a
probabilistic seismic hazard assessment for the state of California. Probabilistic ground motions
with 10% in 50 years and 2% in 50 years probability of exceedance are summarized in Table
4.10-3. These numbers can be compared to ground accelerations measured during the Loma
Prieta earthquake, Table 4.10-4.

Table 4.10-3
Predicted Seismic Ground Motions in Soft Rock

Mean Peak Horizontal Ground

it Ay Acceleration, City Center (g)

10% probability of
Exceedance in 50 years
2% probability of
Exceedance in 50 years

0.41

0.63

Table 4.10-4
Seismic Ground Motions Measured During the Loma Prieta Earthquake
Measurement Site Peak Ground Acceleration | Earth Material at Measurement Site
Corralitos 0.64 Landslide deposits
Capitola 0.54 Alluvium
UCSC 0.47 Marble
CITY OF SANTA CRUZ DRAFT EIR

GENERAL PLAN 2030 4.10-11 SEPTEMBER 2011



4.10 GEOLOGY & SOILS

The expected ground motion values listed in Table 4.10-3 are based on average (soft rock) site
conditions; actual ground motions during an earthquake may vary due to differences in the way
portions of the earth's crust transmit seismic energy or because of unique site conditions, such as
soil type, bedrock type, and topography. Sites underlain by very hard bedrock tend to
produce the least damaging effects on buildings, other factors being equal; while relatively soft
alluvial deposits can increase the amplitude of ground shaking that affects buildings.

The central district of Santa Cruz is situated on young alluvial deposits of the San Lorenzo River.
This type of earth material will amplify the effects of seismic shaking on buildings. Other
portions of Santa Cruz are primarily underlain by sandstone and shale that can be categorized
as soft rock. The impact of seismic shaking in these areas will be less than on alluvial deposits.
Seismic shaking is expected to have the least impact on portions of the City underlain by
granitic or metamorphic rocks such as marble (see Figure 4.10-2).

SEISMICALLY INDUCED GROUND FAILURE

This section describes several types of ground failure that may accompany seismic shaking,
including liquefaction and its related hazards of lurch cracking and lateral spreading,
differential settlement, off-fault ground cracking, and landsliding.

Liquefaction, Lurch Cracking and Lateral Spreading. Liquefaction occurs in loose,
cohesionless, granular materials that are saturated with ground water. The effects of seismic
shaking can cause this type of sediment to loose strength and flow like a liquid. Liquefaction
related ground deformation includes lurch cracking, fissuring, and lateral spreading.

Lurch cracking and fissuring occurs where a liquefied layer at depth is overlain by a surficial
layer of relatively brittle, non-liquefied soil. In this situation, the surface layer may crack into
individual blocks that can tip or rotate relative to each other. The resulting surface deformation
can damage or destroy overlying buildings.

Lateral spreading occurs most often on level terraces or flood plains bounded on one side by a
steep stream or river bank. When the sediments adjacent to the river liquefy, they flow into the
stream or river channel. Lurch cracking and lateral spreading are potential hazards in areas
susceptible to liquefaction.

There are four factors that help geologists and engineers estimate that likelihood that
liquefaction will occur in a given area: 1) age of the underlying geologic materials, 2) type of
geologic deposit, 3) depth to ground water, and 4) potential intensity and duration of seismic
shaking. (See Appendix F-4 for further details.) Once a susceptibility to liquefaction is identified
in an areaq, the risk posed to buildings and other structures by liquefaction depends strongly on
the thickness and depth of the liquefiable layer. If the liquefiable layer is only six inches thick
and is buried by 40 feet of non-liquefiable sediment, the actual hazard posed to a building at
the surface may be relatively small. On the other hand, a 20-foot thick liquefiable layer
buried by five feet of dry soil would be very likely to cause damage.
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There is evidence for liquefaction in Santa Cruz during both the 1906 San Francisco and 1989
Loma Prieta earthquakes. Potential liquefaction hazard zones within the City are depicted on
Figure 4.10-4 based on a ranking of mapped geologic units by liquefaction susceptibility
according to age and type of deposit. This ranking draws on historical occurrences of
liquefaction and previous liquefaction hazard studies. Susceptibility areas are divided into
areas “A” and “B”. Both areas are underlain by soils considered to be liquefiable, but the “B”
areas are anticipated to have greater depth to groundwater, and therefore, a lesser
susceptibility to liquefaction. This map is intended as a planning tool to identify areas where
more in-depth analysis of liquefaction potential may be required. Not all of the liquefaction
hazard zones showed evidence of liquefaction during the 1906 or 1989 earthquakes.
Nevertheless, ground water levels fluctuate over time and different earthquakes can produce
different effects.

Seismically Induced Differential Settlement. Seismically induced differential
settlement may occur anywhere that soils are in a loose state. In the planning areaq, soils subject
to this hazard will probably be limited to areas of improperly compacted artificial fill or areas
of the most recently deposited sediments on the banks of the San Lorenzo River. In general,
areas of natural soils that are potentially susceptible to differential settlement will be included
in areas that are potentially liquefiable, as these soils are usually the type of soils that would
liquefy if they were saturated. Areas of loose soil that could be subject to seismically induced
differential settlement are of limited extent in the study area. This hazard can generally be
mitigated by appropriate site-specific geotechnical investigations and proper foundation
design. Any site screened for liquefaction hazard should also be evaluated for differential
settlement potential.

Off-Fault Ground Cracking. During the 1989 earthquake, numerous ground cracks
opened up along the crests and flanks of ridges. The ground cracks ranged from fractions of
an inch to many feet wide and up to one-quarter mile long. Where the ground cracks crossed
under buildings, the buildings were often severely damaged.

These ground cracks are considered to be co-seismic ground surface rupture; that is, they occur
in response to severe ground shaking, but are not caused directly by offset of a fault. Ground
cracking can also occur due to liquefaction, but such cracks are generally grouped with lurch
cracking and are not included in this category. The co-seismic ground cracks may occur for a
variety of reasons, but they are generally associated with steep topography, particularly ridge
crests.  With the exception of the crest of coastal bluffs, the topography within the City is
generally not conducive to formation of co-seismic ground cracks and this hazard is therefore
considered to be low throughout the City. Ground cracking is expected to occur in zones up to
50 feet wide landward from the crest of coasta