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4.5 GEOLOGY, SOILS, AND SEISMICITY
This chapter provides an overview of the regulatory framework and existing geologic conditions within
San Leandro. It also evaluates potential environmental impacts of the proposed project as they relate to
geology, soils, and seismicity.

4.5.1

ENVIRONMENTAL SETTING

4.5.1.1

REGULATORY FRAMEWORK

This section summarizes key State and local regulations pertaining to geology, soils, and seismicity that are
applicable to the proposed project. There are no federal regulations relating to geology, soils, and
seismicity applicable to the proposed project.

State Regulations
California Building Code
The California Building Code (CBC) is Part 2 of Title 24 of the California Code of Regulations. The CBC
incorporates the International Building Code, a model building code adopted across the United States.
The CBC is updated every three years, and the current 2013 version took effect January 1, 2014. With the
exception of certain enforcement provisions, the City of San Leandro adopted the CBC by reference
pursuant to Title 7, Chapter 7-5, Article 1, Section 7-5-100 of the San Leandro Municipal Code. Through
the CBC, the State provides a minimum standard for building design and construction. Of particular
relevance, Chapter 16 of the CBC contains specific requirements for structural (building) design, including
seismic loads. Chapter 18 of the CBC includes requirements for soil testing, excavation and grading, and
foundation design.

Local Plans and Regulations
Chapter 7-12 of the City of San Leandro Municipal Code, entitled Grading, Excavations, and Fills, includes
a grading ordinance that seeks to mitigate hazards associated with erosion and land stability. The
ordinance establishes requirements for grading permits, including submittal and construction
requirements. An erosion and sedimentation control plan must be submitted with a grading permit
application, along with a drainage plan and pollution control plan. Implementation of these plans will help
ensure that the stormwater runoff from a construction site will meet applicable water quality standards.
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4.5.1.2

EXISTING CONDITIONS

Geology
The City of San Leandro is located within the United States Geological Survey’s (USGS) San Leandro and
Hayward Quadrangle 7.5-minute topographic map areas. 1, 2 The area is typified by low topographic relief,
with gentle slopes to the southwest in the direction of San Francisco Bay. By contrast, the San Leandro
Hills that lie directly northeast of the city have more pronounced topographic relief, with elevations that
locally approach 1,000 feet above mean sea level (amsl).
The geology in the vicinity of San Leandro has been mapped by a variety of organizations, including the
USGS. In its 2000 geologic map and map database for the Oakland, California area, shown in Figure 4.5-1,
the shallow geology underlying much of the city consists of Holocene alluvium with fluvial deposits
associated with distributary streams such as San Leandro and San Lorenzo Creeks. 3 These sediments are
frequently composed of medium dense to dense, gravelly sand or sandy gravel that often grade upward to
sandy or silty clay. Close to the bay shoreline along the west edge of San Leandro, the shallow geology is
dominated by artificial fill, and in places, Bay Mud. 4 The bedrock geology beneath the city is best
expressed in the hills that flank the east side of the City of San Leandro (i.e., the area between Interstate
Highway 580 and Lake Chabot), that are directly underlain by highly altered Jurassic metamorphic and
plutonic rocks. Some of these rocks include pillow basalts and keratophyres (a type of silica-rich volcanic
rock) that have been mapped as members of the Coast Range Ophiolite complex, a rock assemblage that
is widely believed to represent oceanic crustal material that was tectonically emplaced along the west
margin of the North American (tectonic) Plate.

Soils
The soils in the vicinity of San Leandro have been mapped by the United States Department of Agriculture
(USDA) Natural Resource Conservation Service (formerly, the Soil Conservation Service). The USDA’s 1981
soil survey of the west part of Alameda County embraced the city as well as neighboring communities. 5 In
general, the soils beneath the City of San Leandro are dominated by very deep, poorly-drained, finegrained soils such as clays and silty clay loams, with lesser areas of deep, well-drained silty loam in the
northeast part of the city and very deep, very poorly drained clays in the tidelands that flank the west
edge of San Leandro near San Francisco Bay. According to the USDA, the most prevalent soil types are the
Clear Lake clay, the Danville silty clay loam, and the Yolo silt loam. 6 Soil types are shown in Figure 4.5-2.

United States Geological Survey, 1993, San Leandro Quadrangle California 7.5-Minute Topographic Map, scale 1:24,000.
United States Geological Survey, 2012, Hayward Quadrangle California 7.5-Minute Topographic Map, scale 1:24,000.
3
United States Geological Survey, 2000, Geologic Map and Map Database of the Oakland Metropolitan Area, Alameda,
Contra Costa, and San Francisco Counties, California, R. W. Graymer, Miscellaneous Field Studies MF–2342, scale 1:50,000.
4
United States Geological Survey, 1996, Preliminary Geological Map Emphasizing Bedrock Formations in Alameda County,
California, by Graymer, Jones, and Brabb, Open File Report 96-252.
5
United States Department of Agriculture, Soil Conservation Service, 1981, Soil Survey, Alameda County, California, Western
Part, by Lawrence E. Welch.
6
United States Department of Agriculture, Natural Resources Conservation Service, 2015, Custom Soil Resource Report for
Alameda County, California, Western Part, from United States Department of Agriculture Web Soil Survey website.
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San Leandro

Source: USGS, 2000, Geologic Map and Map Database of the Oakland Metropolitan Area,
Alameda County, Contra Costa County, and San Francisco County, California, Miscellaneous Field Studies MF-2342.
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The properties of these soils are variable, ranging from poorly drained, plastic soils of the Clear Lake clay
to the more permeable, well-drained soils of the Yolo silt loam. According to published test data, several
soil types, notably the Clear Lake clay, are characterized by high shrink-swell potential, where alternating
wetting and drying can produce significant changes in soil volume. These soil volume changes can cause
heaving and cracking in overlying foundations, utility lines, and/or flatwork.

Landslides
Landslides are gravity-driven movements of earth materials that can include rock, soil, unconsolidated
sediment, or combinations of such materials. The rate of landslide movement can vary considerably; some
move rapidly, as in a soil or rock avalanche, while other landslides creep or move slowly for long periods of
time. The susceptibility of a given area to landslides depends on many variables, although the general
characteristics that influence landslide hazards are widely acknowledged. Some of the more important
contributing factors are:



Slope Material: Loose, unconsolidated soil and weakly indurated or highly fractured bedrock are more
prone to landslides.



Slope Steepness: Most landslides occur on moderate to steep slopes.



Structural Geometry: The orientation of planar elements in soil or bedrock and their relationship to
the ground surface can affect landslide probability.



Moisture: Increased moisture, as it may be present in subsurface soil, bedrock pores, or bedrock
fractures, can increase the likelihood of a landslide due to decreased internal friction and increased
weight of the earth materials.



Vegetation: Well-established vegetation, and the associated root structures, help promote slope
stability.



Eroded Slopes or Man-made Cuts: Proximity to eroded faces in soil or bedrock, as well as proximity to
cut (i.e., excavated) slope faces can increase landslide potential.



Seismic Shaking: Strong seismic shaking can trigger landslides in otherwise stable slopes or loosen the
slope materials such that they are more prone to landslides in the future.

Due to the prevailing gentle topography, the probability of earthquake-induced landslides in most parts of
San Leandro is low. The one exception is the hills in the northeast part of the city where maps prepared by
the California Geological Survey have identified several landslide hazard zones. 7 The most significant of
these zones is the one associated with the February 1998 landslide on Hillside Drive. That event was
triggered by heavy “El Nino” precipitation during the 1997 to 1998 rainy season. According to the
California Geologic Survey (CGS), the slide measured roughly 90 feet by 200 feet wide. It threatened as
many as seven residences, two of which had to be relocated to avoid damage. 8

7

California Geological Survey, 2003, Seismic Hazard Zones, San Leandro Quadrangle, scale 1:24,000, released February 14,

2003.
California Geological Survey, 1998 Landslide Emergency Response - San Francisco Bay Area,
http://www.conservation.ca.gov/cgs/fwgp/ls_response/Pages/ls_sfbay.aspx, accessed on May 3, 2016.
8

PLACEWORKS

4.5-5

SAN LEANDRO GENERAL PLAN UPDATE DRAFT EIR
CITY OF SAN LEANDRO

GEOLOGY, SOILS, AND SEISMICITY

Liquefaction
Liquefaction generally occurs in areas where moist, fine-grained, cohesionless sediment or fill materials
are subjected to strong, seismic-induced ground shaking. Under certain circumstances, seismic ground
shaking can temporarily transform an otherwise solid, granular material to a fluid state. Liquefaction is a
serious hazard because buildings in areas that experience liquefaction may suddenly subside and suffer
major structural damage. Liquefaction is most often triggered by seismic shaking, but it can also be
caused by improper grading, landslides, or other factors. In dry soils, seismic shaking may cause soil to
consolidate rather than flow, a process known as densification.
CGS mapping of seismic-induced liquefaction potential in San Leandro showed that the liquefaction
potential is high in much of the city as depicted in Figure 4.5-3. This CGS interpretation is consistent with
regional liquefaction potential maps published by the USGS. 9

Unstable Geologic Units
Expansive soils can change dramatically in volume depending on moisture content. When wet, these soils
can expand; conversely, when dry, they can contract or shrink. Sources of moisture that can trigger this
shrink-swell phenomenon include seasonal rainfall, landscape irrigation, utility leakage, and/or perched
groundwater. Expansive soil can develop wide cracks in the dry season, and changes in soil volume have
the potential to damage concrete slabs, foundations, and pavement. Special building/structure design or
soil treatment are often needed in areas with expansive soils. Expansive soils are typically very finegrained with a high to very high percentage of clay. The clay minerals present typically include
montmorillonite, smectite, and/or bentonite.
Published USDA soil surveys in the west part of Alameda County contained soil test data that suggests that
the shrink-swell potential for some of the dominant soil types, such as the Clear Lake Clay, is high.
Consistent with the USDA mapping, a cursory review of three recent geotechnical investigations suggests
that shallow soils near the center of San Leandro often exhibit moderate to high plasticity. Nevertheless,
these soil properties often vary from site-to-site, and detailed geotechnical investigations generally
provide the most reliable means of evaluating and mitigating such soil characteristics.

United States Geological Survey, 2006, Maps of Quaternary Deposits and Liquefaction Susceptibility in the Central San
Francisco Bay Region, California, Open File Report 2006-1037, by Robert C. Witter, Keith L. Knudsen, Janet M. Sowers, Carl M.
Wentworth, Richard D. Koehler, and Carolyn E. Randolph.
9
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San Francisco Bay

Source: United States Geological Survey, 2006.

Approximate San Leandro City Limit
Figure 4.5-3

Liquefaction Potential
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4.5.2

STANDARDS OF SIGNIFICANCE

The proposed project would result in a significant impact if it would:
1. Expose people or structures to potential substantial adverse effects, including the risk of loss, injury,
or death involving:



Rupture of a known earthquake fault, as delineated on the most recent Alquist-Priolo Earthquake
Fault Zoning Map issued by the State Geologist for the area or based on other substantial
evidence of a known fault. Refer to Division of Mines and Geology Special Publication 42.



Strong seismic ground shaking.



Seismic-related ground failure, including liquefaction and lateral spreading.



Landslides.

2. Result in substantial soil erosion or the loss of topsoil.
3. Be located on a geologic unit or soil that is unstable, or that would become unstable as a result of the
project, and potentially result in on or off-site landslide, lateral spreading, subsidence, liquefaction or
collapse.
4. Be located on expansive soil, as defined in Table 18-1-B of the Uniform Building Code (1994), creating
substantial risks to life or property.
5. Have soils incapable of adequately supporting the use of septic tanks or alternative waste water
disposal systems where sewers are not available for the disposal of waste water.

4.5.3

IMPACT DISCUSSION

This section analyzes potential project-specific and cumulative impacts with respect to geology, soils, and
seismicity.
GEO-1

The proposed project would not expose people or structures to potential
substantial adverse effects, including the risk of loss, injury, or death
involving rupture of a known earthquake fault; strong seismic ground
shaking; seismic-related ground failure; including liquefaction and
lateral spreading; and landslides.

Exposure of people or structures to seismic hazards is not a CEQA impact. Pursuant to the 2015 CBIA v
BAAQMD case, CEQA applies to a project’s impacts on the environment, not the environment’s impacts
on the project unless the project would exacerbate the environmental hazard. 10 Implementation of the
proposed project would not cause or worsen seismic activity; therefore, the project would not exacerbate

California Supreme Court, 2015, California Building Industry Association v Bay Area Air Quality Management District,
Opinion No. S213478, date filed: December 17, 2015.
10
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the seismic hazard. No further discussion is required. Landsliding can also be related to non-seismic
conditions and is addressed under Impact GEO-3.
GEO-2

The proposed project would not result in substantial soil erosion or the
loss of topsoil.

Proposed General Plan Update
Implementation of the proposed Plan would result in significant impacts if it would result in substantial
soil erosion or loss of topsoil. Such erosion could undermine structures and minor slopes, and this could
be a concern of nearly all construction associated with development allowed by the proposed Plan.
Compliance with existing regulatory requirements, such as implementation of erosion control measures
specified in Chapter 7-12 of the City of San Leandro Municipal Code, reduce the likelihood of significant
erosion or topsoil loss. These Municipal Code requirements establish mandatory content for grading
permits, including submittal and construction requirements. These requirements include erosion and
sedimentation control plans that must be submitted with a grading permit application. In addition to
Municipal Code requirements, proposed General Plan Policy EH-1.3 requires the development and
implementation of erosion control measures in areas with known slope hazards.
Adherence to Municipal Code requirements for grading, and proposed General Plan Policy EH-1.3, would
ensure that impacts associated with substantial erosion and loss of topsoil during the development under
the proposed project would be less than significant.
Significance before Mitigation: Less than significant.

Proposed Zoning Code Amendments
The proposed amendments to the Zoning Code would bring the Zoning Code into conformance with the
proposed General Plan. The proposed Zoning Code would implement the proposed Plan and would help
to guide development in key areas of the city. Although construction activities associated with
development throughout the city may result in soil erosion or topsoil loss, existing Municipal Code grading
requirements, and proposed General Plan Policy EH-1.3, would ensure that impacts from the proposed
Zoning Code amendments would be less than significant.
Significance before Mitigation: Less than significant.
GEO-3

The proposed project would not result in a significant impact related to
development on unstable geologic units and soils or result in on- or offsite landsliding, lateral spreading, subsidence, liquefaction, or collapse.

Proposed General Plan Update
Implementation of the proposed Plan would result in significant impacts if it would result in unstable
geologic units and soils or result in on- or off-site landsliding, lateral spreading, subsidence, liquefaction,
or collapse.
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The Bay Mud, a well-known fine-grained sedimentary unit that flanks much of South San Francisco Bay, is
locally present in the westernmost part of San Leandro according to mapping by the USGS. These deposits
often consist of highly compressible, plastic clay that is moderately to highly compressible, often posing a
geological hazard due to consolidated settlement or subsidence. Occurrences of Bay Mud are very limited
in extent and most of San Leandro is not located atop unstable geologic materials that are prone to
subsidence, lateral spreading, or collapse. In addition, the prevailing topography in most of San Leandro is
gentle, with gentle prevailing slopes to the southwest, and the probability landslides is low. The one
exception is the hills in the northeast part of the city where CGS mapping has identified several landslide
hazard zones. One of the landslides occurred in 1998 during an “El Nino” rainy season. Seven residences
were threatened, and two houses were relocated to avoid damage.
Well-accepted engineering techniques are available and known to effectively address construction on
unstable geologic units or soils. CBC requirements, as adopted in the San Leandro Municipal Code, require
detailed soils and/or geotechnical studies in areas of suspected geological hazards such as unstable
geologic units that may be subject to collapse, subsidence, landsliding, liquefaction, or lateral spreading.
These geotechnical studies customarily include recommendations for foundation design, as well as soil
improvement techniques, both of which help mitigate these hazards. In addition to these CBC safeguards,
Plan implementation would also be subject to proposed General Plan Action EH-1.1A that requires the
preparation and submittal of soils and/or geologic reports for development in areas where potentially
serious geologic risks are known to be present.
Compliance with these requirements, as well as adherence to the proposed General Plan action cited
above, would ensure that potential Plan implementation impacts are less than significant .
Significance before Mitigation: Less than significant.

Proposed Zoning Code Amendments
The proposed amendments to the Zoning Code would bring the Zoning Code into conformance with the
proposed General Plan. The proposed Zoning Code would implement the proposed Plan and would help
to guide development in key areas of the city. Development throughout the city may result in unstable
geologic units and soils or result in on- or off-site landsliding, lateral spreading, subsidence, liquefaction,
or collapse. However, most of San Leandro is not located atop unstable geologic materials. In addition,
existing CBC and municipal code requirements, and proposed General Plan Action EH-1.1A, would ensure
that impacts from the proposed Zoning Code amendments would be less than significant.
Significance before Mitigation: Less than significant.
GEO-4

4.5-10
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result of its location on expansive soil, as defined by Section 1803.5.3 of
the California Building Code.
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Proposed General Plan Update
Implementation of the proposed Plan would result in significant impacts if structures and improvements
were built on expansive soil, as defined by Section 1803.5.3 of the CBC, without proper engineering
controls.
Published USDA soil surveys in the western part of Alameda County suggest that the shrink-swell potential
for some of the dominant soil types in San Leandro is high, and a cursory review of recent geotechnical
investigations in central San Leandro suggests that shallow soils often exhibit moderate to high plasticity.
Nevertheless, soil plasticity often varies from site-to-site, and detailed geotechnical investigations
generally provide the most reliable means of evaluating and mitigating such soil characteristics.
Compliance with existing State and local laws and regulations, such as the CBC and proposed General Plan
Action EH-1.1-A would ensure that the impacts associated with development on expansive soil are
minimized by requiring the submittal and review of detailed soils and/or geologic reports prior to
construction. Consequently, impacts associated with development allowed under the proposed Plan
would be less than significant.
Significance before Mitigation: Less than significant.

Proposed Zoning Code Amendments
The proposed amendments to the Zoning Code would bring the Zoning Code into conformance with the
proposed General Plan. The proposed Zoning Code would implement the proposed Plan and would help
to guide development in key areas of the city. Development throughout the city may result in structures
built on expansive soils, and published USDA soil surveys suggest that the shrink-swell potential for some
of the dominant soil types in San Leandro is high. However, existing CBC requirements, and proposed
General Plan Action EH-1.1A, would ensure that impacts from the proposed Zoning Code amendments
would be less than significant.
Significance before Mitigation: Less than significant.
GEO-5

The proposed project would not have soils incapable of adequately
supporting the use of septic tanks or alternative wastewater disposal
systems where sewers are not available for the disposal of wastewater.

Proposed General Plan Update
Implementation of the proposed Plan would result in significant impacts if it would result in development
where the use of septic systems or alternative wastewater disposal methods was precluded by soil
properties.
Development allowed under the proposed Plan is not expected to require the use of septic tanks or
alternative waste water disposal systems. Wastewater collection and treatment in San Leandro are
provided by two entities: 1) the City of San Leandro Wastewater Treatment Division, and 2) the Oro Loma
Sanitary District. The City of San Leandro operates and maintains the San Leandro Water Pollution Control
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Plant, which serves 50,000 residents and various businesses in the north and central parts of San Leandro.
The Oro Loma Sanitary District operates the Oro Loma Sanitary District/Castro Valley Sanitary District
Water Pollution Control Plant (Oro Loma plant), which serves the southern part of San Leandro. The Oro
Loma plant treats wastewater from San Lorenzo, Ashland, Fairview, Cherryland, Castro Valley, and
designated parts of Hayward and San Leandro using primary and secondary treatment. Wastewater
generated by development allowed by the proposed Plan would be discharged into one of the two
existing public sanitary sewer systems, conveyed by pipeline to the aforementioned water treatment
plants, then treated and discharged to East San Francisco Bay.
Given the foregoing, the impact of the proposed Plan where soils may not be capable of adequately
supporting the use of septic tanks or alternative wastewater disposal systems where sanitary sewers are
not available would be less than significant.
Significance before Mitigation: Less than significant.

Proposed Zoning Code Amendments
The proposed amendments to the Zoning Code would bring the Zoning Code into conformance with the
proposed General Plan. The proposed Zoning Code would implement the proposed Plan and would help
to guide development in key areas of the city. Development allowed under the proposed Zoning Code
amendments is not expected to require the use of septic tanks or alternative waste water disposal
systems. Therefore, impacts from the proposed Zoning Code amendments would be less than significant.
Significance before Mitigation: Less than significant.

4.5.4
GEO-6

CUMULATIVE IMPACTS
The proposed project, in combination with past, present, and
reasonably foreseeable projects, would result in less-than-significant
cumulative impacts with respect to geology, soils, and seismicity.

The analysis of cumulative impacts that pertain to geology, soils, and/or seismicity considers the larger
context of future development within the city and San Leandro’s Sphere of Influence (SOI) based on
recent Association of Bay Area Governments projections. Cumulative impacts can occur when impacts
that are significant or less than significant from a proposed project combine with similar impacts from
other past, present, or reasonably foreseeable future projects in a similar geographic area. Cumulative
impacts could result from incremental changes that adversely contribute to hazards such as landsliding
and development atop expansive soils or unstable geologic units.
The City of San Leandro is largely built out. However, as remaining development proceeds within the city,
new structures and improvements may be subject to risks from geologic and seismic hazards is likely to
increase. Development in San Leandro allowed by the proposed Plan and associated Zoning Code
amendments would be subject to CBC requirements, as well as the requirements embodied in the City’s
building permit process such as submittal of geotechnical reports prior to grading permit issuance.
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In general, geologic, soils, and seismic hazards in other parts of the SOI and in neighboring parts of the
City of Oakland and San Lorenzo CDP are similar to those described for San Leandro. For example, the
potential for liquefaction is similar in extent and magnitude in these areas, as is the potential for
landslides and erosion or the loss of topsoil. The most notable difference is the greater potential for
surface fault rupture in the triangular SOI area that coincides with the Ashland CDP, where the CGS has
mapped two active earthquake faults, the Hayward Fault and the Ashland Fault. Development in that area
could be at greater risk for hazards associated with fault rupture. State, County, and local regulations that
help reduce those hazards are discussed below.
In San Leandro proper, new development allowed under the proposed General Plan would be subject to
CBC and related Municipal Code requirements. Compliance with these requirements would ensure that
cumulative, development-related impacts that relate to landslides, liquefaction, expansive soils, and other
stability issues into account and include appropriate controls in the development. Controls for soils and
geologic stability issues generally include well-accepted engineering techniques that are known to be
effective. Similarly, compliance with relevant State regulations, such as the Alquist-Priolo Earthquake Fault
Zoning Act and the Seismic Hazards Mapping Act, would avoid these potential hazards.
For development in the south part of the City of Oakland, based on the City of Oakland General Plan, the
aforementioned State regulations would apply, but supplemented by City of Oakland Municipal Code
requirements. Adherence to that city’s Municipal Code Chapter 16.20 governing implementation of
erosion controls during development-related grading, would also help mitigate hazards related to
expansive soil and areas prone to unstable or erodible soil.
For development in the Ashland and San Lorenzo CDPs, based on the Eden Area General Plan by Alameda
County, State-level regulations apply as well as County-level protections. For example, compliance with
Section 15.08.240 of the Alameda County Building Ordinance, which requires new construction applicants
to submit soils or geologic reports for sites affected by geologic hazards, would minimize developmentrelated impacts as they pertain to landslides, liquefaction, and expansive soils.
In summary, the proposed project would not result in a significant impact with respect to geology, soils,
and/or seismicity and would not significantly contribute to cumulative impacts in this regard. Therefore,
the cumulative impacts associated with development allowed by the proposed project, together with
anticipated cumulative growth, would result in a less-than-significant cumulative impact with respect to
geology, soils, and seismicity.
Significance before Mitigation: Less than significant.
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