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5.5.1

Environmental Analysis

GEOLOGY AND SOILS
Methodology

Ninyo & Moore conducted a Seismic and Geologic Hazard Evaluation for the City of Anaheim (dated
September 11, 2001) in accordance with the guidelines set by the California Division of Mines and
Geology (DMG) for preparation of EIRs. The complete report is contained in Appendix I of this DEIR.
The findings of this study are summarized in the following sections.
The potential geologic, seismic and soils impacts/constraints, which may affect the proposed project,
were reviewed and evaluated using readily available background information such as pertinent
geotechnical reports, geologic maps, seismic hazard maps, and stereoscopic aerial photographs.
Sources of information included the California Division of Mines and Geology (CDMG), United States
Geologic Survey (USGS), Southern California Earthquake Center (SCED), published technical journals,
Internet resources, in-house data, and available relevant geotechnical reports from the City of Anaheim.
5.5.2

Environmental Setting

Existing Regional Geological Setting
The City of Anaheim is situated in the Peninsular Ranges Geomorphic Province. This geomorphic
province encompasses an area that extends approximately 900 miles from the Transverse Ranges and
the Los Angeles Basin, south to the southern tip of Baja California (Norris and Webb, 1990). The
province varies in width from approximately 30 to 100 miles. In general, the province consists of a
northwest-southeast oriented complex of blocks separated by similarly trending faults. The basement
bedrock complex includes Jurassic age metavolcanic and metasedimentary rocks, and Cretaceous age
igneous rocks of the Southern California batholith.
Anaheim extends from the southerly portion of the Los Angeles Basin easterly into the northern portions
of the Santa Ana Mountains. The western portions of Anaheim are located within the Central Block of the
Los Angeles Basin (Norris and Webb, 1990). The Central Block is characterized by thick layers of
alluvium overlying predominantly sedimentary rock of Pleistocene through Cretaceous age. The depths
to crystalline basement rocks are known from petroleum well logs and geophysical data. The total
thickness of the sedimentary section is roughly 13,000 feet near the southern end of the Los Angeles
Basin.
The eastern portions of the City and its Sphere-of-Influence extend along the Santa Ana River and the
northern portions of the Santa Ana Mountains. The Santa Ana Mountains form a dominant feature of the
northern Peninsular Ranges. The general cross section of the Santa Ana Mountains consists of an
anticlinal fold across the Whittier-Elsinore fault zone (Schoelhamer, et al., 1981). The crest of the fold
parallels the mountain’s ridgeline with a gently dipping southwestern flank and a steep, down-faulted
northeastern limb. Additional intermediate folding has been superimposed on the major anticlinal
feature. The Santa Ana River generally follows the axis of a syncline that plunges westerly. The southern
flanks of the syncline form the Peralta Hills, which merge with the Santa Ana Mountains to the east.
Tertiary through Cretaceous age sedimentary rock units are exposed in the hillside areas south of the
river. The distribution of sedimentary rocks in the hillside areas of Anaheim reflects the geologic
structure of the syncline, as well as numerous discontinuous faults.
In general, younger rock units are exposed in the western and northwestern portions of the hillside areas
becoming progressively older to the east and southeast. The Cretaceous age rock units are generally
limited to the eastern portions of the City and its Sphere-of-Influence.
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Existing Local Geological Setting
The distribution of geologic units at the surface within the City reflects the geography and can be divided
into two general areas, west and east. The broad alluvial plain area in the western half of the City is
generally mantled by Holocene age (up to 11,000 years old) alluvial deposits, which become
increasingly older with depth. In addition, Pleistocene age (11,000 to 2,000,000 years old) terrace
deposits are present on elevated terraces along the upper edges of the alluvial plains and the lower
benches of hillside areas. The Santa Ana River channel area and its tributaries are also underlain by
Holocene alluvial deposits. The Peralta Hills and Santa Ana Mountains expose a sequence of older
sedimentary rock units, which include Tertiary to Cretaceous age (2 million to 135 million years old)
marine and non-marine deposits. Landslide deposits are also relatively common in the steeper hillside
areas.
Landslide Deposits
Landslide deposits occur in the steep slopes of the Peralta Hills and Santa Ana Mountains that are
generally underlain by Tertiary and Cretaceous age sedimentary deposits. Landslide deposits include
relatively shallow surficial slumps, mudflows, and debris flows, which develop within the near surface
topsoils, colluvium, and weathered formational materials. Larger landslide features include deep-seated
landslides within the formational sedimentary rock materials. In general, landslides occur due to various
factors including steep slope conditions, erosion, rainfall, groundwater, adverse geologic structure, and
grading impacts. Larger deep-seated landslides commonly develop when weak dipping bedding planes
are exposed along a slope face. Faulting is also a common factor in the development of planes of
weakness that contributes to landslide potential.
Figure 5.5-1, Generalized Geologic Map, illustrates landslides from referenced geologic maps, review of
aerial photographs, and field reconnaissance. In areas of existing land development the mapped
landslides may have been removed, mitigated, or altered during the grading for land development.
The Santiago Landslide includes an area of land deformation encompassing approximately 25 acres in a
residential tract of the Anaheim Hills area, which became active in 1993 (Eberhart & Stone, 1996). The
Santiago Landslide is located south of Walnut Canyon Reservoir along the southern limits of the City.
The continuing mitigation efforts to stabilize this area include groundwater withdrawal from numerous
wells throughout the area. A Geologic Hazard Abatement District was established by the City for
maintenance, monitoring, and managing the dewatering system.
Holocene Alluvium
Undifferentiated Holocene alluvium is composed primarily of unconsolidated gravel, sand, silt, and clay.
The more recent alluvial deposits (less than 1,000 years old) are generally found along the active stream
and river courses (Tinsley, Youd, Perkins, and Chen, 1985). The majority of the flat alluvial plain areas,
outside the active stream channels are underlain by alluvial deposits that are considered to have been
deposited between 1,000 and 10,000 years ago.
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Terrace Deposits
Pleistocene terrace deposits generally consist of moderately to well consolidated, often slightly to well
cemented, gravel, sand, silt, and clay. Within the study area, Pleistocene terrace deposits are exposed
primarily in the eastern portions of the City and its Sphere-of-Influence along the margins of the alluvial
plains and along lower benches of hillside areas.
Tertiary age Sedimentary Deposits – Undifferentiated
Tertiary age sedimentary deposits are exposed throughout the Peralta Hills and into the Santa Ana
Mountains south of the Santa Ana River. These consist primarily of sedimentary rocks of the Fernando
Formation, Puente Formation, Topanga Formation, Sespe Formation, Vaqueros Formation, Santiago
Formation, and the Silverado Formation. A brief description of these formations is presented below. The
approximate limits of Tertiary age sedimentary deposits (undifferentiated) as previously shown in Figure
5.5-1, Generalized Geologic Map.
Fernando Formation
The Pliocene age Fernando Formation generally consists of thick-bedded, yellowish-brown to greenishgray, marine sandstone and siltation. This unit also includes lenticular beds of cobble to boulder size
conglomerates. The Fernando formation crops out extensively along the northern flanks of the Peralta
Hills from Burruel Point to Walnut Canyon (Morton and Miller, 1981).
Puente Formation
The upper Miocene age Puente Formation includes brown to pinkish-gray, well laminated siltstone and
diatomaceous siltstone materials. The upper portions of the Puente Formation include yellowish-brown
to gray, poorly bedded, sandstone materials. This unit crops out along the southern portions of the
Peralta Hills and extensively to the east beyond the Walnut Canyon area.
Topanga Formation
The lower Miocene age Topanga Formation is comprised of light yellowish-brown to gray sandstone with
interbeds of dark gray siltstone. The Topanga Formation forms a thin band of outcrops along the
southern limits of the Peralta Hills. Farther east this formation is more extensively exposed and forms a
relatively wide band of outcrops in the east central part of the hills west of Gypsum Canyon.
Vaqueros and Sespe Formations (undifferentiated)
The lower Miocene to upper Eocene age Vaqueros and Sespe Formations are generally undifferentiated
in the project area. The Vaqueros Formation generally consists of red, gray, and grayish-green marine
conglomerate and sandstone. The Sespe Formation generally consists of reddish-brown to green, nonmarine conglomerate and sandstone with green to red, clayey siltstone. These units are typically weakly
indurated and easily eroded (Gray, 1961). The Vaqueros and Sespe Formations are present along both
sides of Gypsum Canyon and form a relatively continuous band of outcrops south of the Peralta Hills
outside the City limits.
Santiago Formation
The Eocene age Santiago Formation is comprised predominantly of white to light yellowish-brown,
massive, coarse grained marine sandstone and conglomerate. The Santiago Formation is exposed
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north of Gypsum Canyon near the Santa Ana River and along relatively large discontinuous blocks to the
south.
Silverado Formation
The Paleocene age Silverado Formation generally includes sequences of yellowish-brown to reddishbrown and greenish-gray, marine sandstone, siltstone, and conglomerate (Schoelhamer et al., 1981).
The Silverado Formation includes a relatively continuous distinctive clay layer known as the Claymond
Clay Bed, which is yellowish-brown to green, massive kaolinite. The Silverado Formation crops out
along the Santa Ana River south of Coal Canyon and extends south into the Santa Ana Mountains.
Cretaceous to Jurassic age Deposits
Cretaceous to Jurassic age deposits are present within the Santa Ana Mountains in the eastern portions
of the City. Cretaceous age deposits include materials of the Williams Formation and Ladd Formation.
Jurassic age materials include the Santiago Peak Volcanics. A brief description of these units follows
below.
Williams Formation
The upper Cretaceous age Williams formation is comprised predominantly of light brown to gray, poorly
bedded, fine grained sandstone. The upper portion of this unit grades downward into white and
yellowish-brown, massive to cross bedded coarse-grained sandstone and conglomerate. The Williams
Formation is present along the lower south sides of Coal Canyon and east of Gypsum Canyon.
Ladd Formation
The upper Cretaceous age Ladd Formation includes an upper sequence of gray to black, thinly to thickly
bedded siltstone and shale. The siltstone and shale units grade into yellowish-brown to greenish-gray,
sandstone and conglomerate materials. The Ladd Formation crops out extensively north and east of
Coal Canyon to the eastern City limits.
Santiago Peak Volcanics
The oldest geologic unit exposed at the surface within the City limits consists of the Jurassic age
Santiago Peak Volcanics (Schoelhamer, et al., 1981). The Santiago Peak Volcanics are comprised of
mildly metamorphosed extrusive volcanic rocks, which include andesitic flows, dactic flows, volcanic
breccia, and minor bedded tuff. The Santiago Peak Volcanics are mapped on steep slopes of the Santa
Ana Mountains near the eastern border of the City.
Geologic Hazards
The following sections describe potential geologic hazards in the project area, including faulting and
seismicity, landsliding, and liquefaction.
Regulatory Background
The State regulates development within California to reduce or mitigate potential hazards from
earthquakes or other geologic hazards. Development in potentially seismically active areas is also
governed by the Alquist-Priolo Earthquake Fault Zoning Act and the Seismic Hazard Mapping Act.
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Chapter 16A, Division IV of the California Building Code (CBC), titled “Earthquake Design,” states that
“The purpose of the earthquake provisions herein is primarily to safeguard against major structural
failures or loss of life.” The CBC and the Uniform Building Code (UBC) regulate the design and
construction of excavations, foundations, building frames, retaining walls, and other building elements to
mitigate the effects of seismic shaking and adverse soil conditions. The procedures and limitations for
the design of structures are based on site characteristics, occupancy type, configuration, structural
system height, and seismic zoning. Seismic zones are mapped areas that are based on proximity to
known active faults and the potential for future earthquakes and intensity of seismic shaking. Seismic
zones range from 0 to 4, with areas mapped as Zone 4 being potentially subject to the highest
accelerations due to seismic shaking and the shortest recurrence intervals.
The purpose of the Alquist-Priolo Earthquake Fault Zoning Act of 1972 (renamed in 1994) is “to regulate
development near active faults so as to mitigate the hazard of surface fault rupture.” The State Geologist
(Chief of the Division of Mines and Geology) is required to delineate Earthquake Fault Zones (formerly
known as “Special Studies Zones”) along known active faults. As defined by the California Division of
Mines and Geology (DMG), an active fault is one that has had surface displacement within Holocene
time (roughly the last 11,000 years) and/or has an instrumental record of seismic activity. Potentially
active faults are those that show evidence of surface displacement during Quaternary time (roughly the
last 2 million years), but for which evidence of Holocene movement has not been established. The DMG
evaluates faults on an individual basis to determine if a fault will be classified as an Alquist-Priolo
Earthquake Fault Zone. In general, faults must meet certain DMG criteria, including seismic activity,
historic rupture, and geologic evidence to be zoned as an Earthquake Fault Zone. Cities and counties
affected by the zones must regulate certain development within the zones. They must withhold
development permits for sites within the zones until geologic investigations demonstrate that the sites
are not threatened by surface displacement from future faulting. Typically, structures for human
occupancy are not allowed within 50 feet of the trace of an active fault.
The Seismic Hazard Mapping Act was adopted in 1990 for the purpose of protecting public safety from
the effects of strong ground shaking, liquefaction, landslides, or other ground failure caused by
earthquakes. The Seismic Hazard Mapping Act requires that the State Geologist delineate the various
seismic hazard zones. Cities, counties, or other permitting authorities are required to regulate certain
development projects within the zones. They must withhold development permits for a site within a zone
until the geologic conditions are investigated and appropriate mitigation measures, if any, are
incorporated into the development plans. In addition, sellers (and their agents) of real property within a
mapped hazard zone must disclose that the property lies within such a zone at the time of sale.
Faulting and Seismicity
The City of Anaheim is located in an area considered to be seismically active, as is most of Southern
California. Major active fault zones are located southwest and northeast of the City. Based on review of
the referenced geologic and seismic literature, there are no known Alquist-Priolo Earthquake Fault Zones
within the City limits. Active and potentially active faults are located close to Anaheim. According to the
1997 UBC and the 1998 CBC, the City of Anaheim is within Seismic Zone 4.
The Peninsular Ranges Province is traversed by a group of sub-parallel and fault zones trending roughly
northwest. Major fault systems include the active San Andreas, San Jacinto, Whittier-Elsinore, and
Newport-Inglewood fault zones. These major fault systems form a regional tectonic framework
comprised primarily of right-lateral, strike-slip movement.
The City of Anaheim is situated between two major, active fault zones: the Newport-Inglewood zone
located to the southwest and the Whittier-Elsinore fault zone located to the northeast. Other potentially
active faults in close proximity to the study area are the El Modeno, Peralta Hills, and Norwalk faults. A
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brief description of these local faults is presented below. In addition, a map of these and other regional
faults is displayed in Figures 5.5-2, Regional Fault Location Map, as well as the previously shown Figure
5.5-1, Generalized Geologic Map.
Newport-Inglewood Fault Zone
The Newport-Inglewood fault zone, source of the 1933 Long Beach earthquake (magnitude 6.3), consists
of a series of disconnected, northwest-trending fault segments which extend from Los Angeles, through
Long Beach and Torrance, to Newport Beach. From Newport Beach, the fault zone continues offshore
southeasterly past Oceanside and is known as the Offshore Zone of Deformation. The NewportInglewood fault zone passes within approximately 7 miles of the western limits of the City boundary. No
historic (1769 to present) evidence exists for tectonic fault rupture along fault traces included in the
Newport-Inglewood fault zone in Orange County. The most recent evidence for near surface movement
during Holocene time is displacement of the Holocene Bolsa aquifer in the vicinity of Bolsa Chica Gap.
Borehole evidence combined with groundwater pumping tests, piezometric levels and geophysical data
indicates that the North Branch and the Bolsa-Fairview traces of the Newport-Inglewood fault zone offset
the base of the Bolsa aquifer by 20 feet and 10 feet (vertical separation) respectively. Although no
onshore surface fault rupture has taken place in historic time (since 1769), the fault zone is considered
capable of generating an earthquake of magnitude 6.9.
Whittier-Elsinore Fault
The Whittier-Elsinore fault zone is the closest major fault system to the City and one of the largest in
Southern California. The Elsinore fault zone extends from near the United States-Mexico border
northwesterly to the northern Santa Ana Mountains just east of the City limits. At the northern end, the
zone of mapped faults branches into two segments west and east, the Whittier fault and the ChinoCentral Avenue fault.
The northern portion of the Elsinore fault zone is also referred to as the Glen Ivy fault (CDMG, 1998). At
its closest, the Glen Ivy fault is located approximately 1.3 miles southeast of the City. The Glen Ivy fault
is zoned under the Alquist-Priolo Earthquake Fault Zone Act. Dominant movement along the fault is
right-lateral strike-slip. The Glen Ivy fault could produce a maximum moment magnitude 6.8 earthquake
(CDMG, 1998). From the northern end of the Glen Ivy fault the mapped zone of faulting is fragmented
into a zone of discontinuous northwesterly trending faults along the eastern side of the Santa Ana
Mountains in Riverside. The faults branch into the Whittier and Chino-Central Avenue faults near the
Santa Ana River.
The Whittier fault zone extends approximately 24 miles from Whittier Narrows in Los Angeles County,
southeasterly to Santa Ana Canyon where it merges with the Elsinore fault zone. The Whittier fault zone
averages 1,000 to 2,000 feet in width and is made up of many sub-parallel and en-echelon fault splays,
which merge and branch along their course. The Whittier fault zone does not extend inside the City
boundaries, but approaches to within less than approximately 1 mile of the northeastern corner of the
City. Available information indicates that the Whittier fault zone is active and may be capable of
generating an earthquake of magnitude of 6.8 accompanied by surface rupture along one or more of its
fault traces. The Whittier fault is zoned under the Alquist-Priolo Earthquake Fault Zone Act north of the
City.
At its closest, the Chino-Central Avenue fault is located approximately 2 miles east of the eastern limits of
Anaheim. The fault branches away from the Elsinore (Glen Ivy) fault and extends northwest for a
distance of approximately 13 miles through the Prado Basin and into the Puente Hills. Dominant
movement along the fault is right reverse. The Chino fault could produce a maximum moment
magnitude 6.7 earthquake (CDMG, 1998).
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El Modeno and Peralta Hills Faults
The El Modeno and Peralta Hills faults are located south of the Peralta Hills area and generally outside
the City. A small portion of the El Modeno Fault is located within the City boundaries; the Fault extends
underneath an area of existing built-out single-family residential uses. The El Modeno fault is a
southwest dipping, north-south trending, normal fault that extends from the Peralta Hills area south into
Santiago Creek in Villa Park to Peters Canyon Wash. The northern end of the fault has been projected
beneath alluvium into the City limits and terminates between SR-57 and the Santa Ana River (Morton and
Miller, 1981). This fault is concealed for most of its length but is intersected by at least two oil wells.
Subsurface information shows that this fault offsets the base of the La Habra Formation by approximately
1,500 feet (Willis, 1988).
The Peralta Hills fault is an approximately east-west trending, north dipping, thrust fault that has
displaced the Miocene Puente Formation at least 40 feet over Quaternary terrace deposits. Various
consultants have studied the fault, and its length and activity is subject to debate within the geologic
community. One interpretation of the fault is that the westerly trace of the fault extends concealed
beneath alluvium west of SR-55 (Bryant and Fife, 1982). According to this interpretation, the northerly
trace of the El Modeno fault either terminates at the Peralta Hills fault or continues beneath it to the north.
Based on their own work and the work of others, Bryant and Fife have concluded that the Peralta hills
fault ruptured the ground surface in Holocene time, and may be capable of generating an earthquake of
moment magnitude in the range of 6.0 to 7.0. In addition, Bryant and Fife have recommended that the
Peralta Hills fault be included under the Alquist-Priolo Earthquake Fault Zone Act.
The CDMG present a different interpretation of faulting in the Peralta Hills. Published CDMG information
suggests that it is the El Modeno fault that extends into the alluvial basin west of SR-55 rather than the
Peralta Hills fault as suggested by Bryant and Fife. This interpretation locates the westerly trace of the El
Modeno fault within the City and the west end of the Peralta Hills fault. According to the CDMG, the
Peralta Hills and El Modeno faults do not presently meet the criteria necessary to be zoned for special
studies. The current position of the CDMG is that the El Modeno and Peralta Hills faults are not
“sufficiently active” or “well defined” for zoning under the Alquist-Priolo Earthquake Fault Zone Act
(Willis, 1993).
Norwalk Fault
The Norwalk fault is buried beneath Holocene alluvial deposits, but has been recognized from
subsurface oil and well and water well data. The Norwalk fault extends from Norwalk in Los Angeles
County to the south edge of the West Coyote Hills just north of the City limits. The “Whittier” earthquake
of 1929 was attributed to the Norwalk fault by Charles Richter. The offset of Holocene deposits or the
presence of geomorphic features, which would suggest the fault is active, have not been established. It
should be noted that because the fault is buried, the data available regarding the location of the Norwalk
fault is approximate, and in some areas inconclusive. The Norwalk fault is not currently zoned under the
Alquist-Priolo Earthquake Fault Zone Act.
Fault Rupture
The potential for ground rupture due to fault movement is generally considered related to the seismic
activity of known fault zones. Recognized active fault zones are generally located outside the City of
Anaheim. Faults such as the El Modeno fault or the Peralta Hills fault could conceivably cause ground
rupture within the City. However, compared with the more active recognized fault zones, the potential for
ground rupture due to seismic activity in the City is considered low.
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Strong Ground Motion
Seismic activity along nearby or more distant fault zones is likely to cause ground shaking within the City
limits. Based on a Probabilistic Seismic Hazard Assessment for the Western United States, issued by the
United States Geological Survey (1999), the horizontal peak ground acceleration having a 10%
probability of being exceeded in 50 years, ranges from approximately 0.35g to 0.56g within the City
limits. Distances from Anaheim to active faults within 100 kilometers of the City are presented in Table
5.5-1 below. These distances represent the closest portion of the listed fault to the closest geographic
portion of the City.

Fault
Elsinore – Whittier
Elsinore – Glen Ivy
Chino-Central Avenue
Newport-Inglewood (L.A. Basin)
San Jose
Newport-Inglewood (offshore)
Palos Verdes
Cucamonga
Sierra Madre (central)
Raymond
Verdugo
Clamshell – Sawpit
Hollywood
San Jacinto – San Bernardino
San Jacinto – San Jacinto Valley
Santa Monica
San Andreas – Southern
Elsinore – Temecula
Malibu Coast
San Andreas – 1857 Rupture
Cleghorn
Sierra Madre (San Fernando)
San Gabriel
North Frontal Fault Zone (West)
Coronado Bank
Anacapa – Dume
San Jacinto – Anza
Santa Susana
Elsinore – Julian
Holister
Rose Canyon
Oak Ridge (onshore)
Simi – Santa Rosa
Helendate – South Lockhardt
San Cayetano
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TABLE 5.5-1
PRINCIPAL ACTIVE FAULTS
Approximate Fault to
Site Distance miles
0.7
1.3
2.0
7.0
13.0
15.0
15.0
19.0
19.0
21.0
22.0
23.0
23.5
25.0
27.0
28.5
31.0
33.0
33.0
33.0
33.5
35.0
37.0
38.0
39.0
40.5
43.5
44.0
50.0
50.0
53.0
55.0
55.0
57.8
60.0

Maximum Moment
Magnitude Earthquake
6.8
6.8
6.7
6.9
6.5
6.9
7.1
7.0
7.0
6.5
6.7
6.5
6.5
6.7
6.9
6.6
7.4
6.8
6.7
7.8
6.5
6.7
7.0
7.0
7.4
7.3
7.2
6.6
7.1
6.7
6.9
6.9
6.7
7.1
6.8
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Historically, the City of Anaheim has generally not experienced a major destructive earthquake.
However, based on a search of earthquake databases of the United States Geological Survey (USGS) –
National Earthquake Information Center (NEIC), several major earthquakes (magnitude 6.0 5.8 or more)
have been recorded within approximately 100 kilometers of the project area since 1769. Table 5.5-2
summarizes the approximate magnitude and distance to these seismic events.

Date

TABLE 5.5-2
HISTORICAL EARTHQUAKES
Maximum Magnitude
Location
(M)*

Approximate Epicentral
Distance Miles

7/28/1769
Los Angeles Basin
6.0
10
11/22/1800
San Diego Basin
6.5
52
12/8/1812
Wrightwood
7.0
41
7/11/1855
Los Angeles Region
6.0
40
12/16/1858
San Bernardino Region
6.0
23
7/30/1894
Lytle Creek Region
6.0
37
4/21/1918
San Jacinto
6.9
43
7/23/1923
San Bernardino Region
6.0
56
3/11/1933
Long Beach
6.3
16
2/9/1971
San Fernando
6.5
51
10/1/1987
Whittier Narrows
5.8
20
1/17/1994
Northridge
6.7
45
*Magnitudes listed are “summary magnitudes.” Prior to 1898, these are adjusted intensity magnitudes and after
1898, are surface wave magnitudes (www.pasadena.wr.usgs.gov)

Earthquake Induced Liquefaction Potential
Soil liquefaction is a seismically induced form of ground failure, which has been a major cause of
earthquake damage in Southern California. During the 1971 San Fernando and 1994 Northridge
earthquakes, significant damage to roads, utility pipelines, buildings, and other structures in the Los
Angeles County area were caused by liquefaction. Research and historical data indicate that loose,
granular materials situated at depths of less than 50 feet with fines (silt and clay) contents of less than
30%, which are saturated by a relatively shallow groundwater table, are most susceptible to liquefaction.
These geological and groundwater conditions exist in parts of Southern California and Anaheim, typically
in valley regions and alleviated floodplains.
Areas considered to have a potential for liquefaction are shown in Figure 5.5-3, Seismic and Geologic
Hazards. The liquefaction potential zones presented in the figure were compiled from CDMG digital files
for the State Seismic Hazard Maps for the Los Alamitos, Anaheim, Orange, and Black Star Canyon
Quadrangles. The CDMG evaluation of liquefaction potential is based on anticipated earthquake ground
shaking, surface and subsurface lithology, geotechnical soil properties, and groundwater depth data.
The data are collected from a variety of sources and the quality of the data varies. Mapped liquefaction
potential zones are intended to prompt more detailed site-specific geotechnical studies as required by
the Seismic Hazard Mapping Act. The liquefaction potential zones were transferred from the CDMG
digital files to the base map provided for the City of Anaheim. Due to different datums between the
CDMG files and the City base map information, the positioning of the liquefaction zones was manually
adjusted based on recognized cultural features. Therefore, the zone boundaries are appropriate. The
State official seismic hazard maps should be referenced for more detailed data.
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Earthquake-Induced Landslide Potential
Earthquake-induced landsliding may potentially occur in the hillside terrain of the Peralta Hills and the
Santa Ana Mountains. Generally, these types of failures consist of rock falls, disrupted soil slides, rock
slides, soil lateral spreads, soil slumps, soil block slides, and soil avalanches. Areas having the potential
for earthquake-induced landsliding generally occur in areas of previous landslide movement, or where
local topographic, geological, geotechnical, and subsurface water conditions indicate a potential for
permanent ground displacements.
Areas considered to have a potential for earthquake-induced landsliding, generally found in the Hill and
Canyon area of the City and its Sphere-of-Influence, are shown in Figure 5.5-3, Seismic and Geologic
Hazards, found on the previous page. The landslide potential zones were compiled from CDMG digital
files for the State Seismic Hazard Maps for the Orange and Black Star Canyon Quadrangles. The CDMG
evaluation of landslide potential is based on anticipated earthquake ground shaking, an inventory of
existing landslides, geologic structure, geotechnical soil properties, and slope gradients. The data are
collected from a variety of sources and the quality of the data varies. Mapped earthquake induced
landslide potential zones are intended to prompt more detailed, site specific geotechnical studies as
required by the Seismic Hazard Mapping Act. At the time of development, potential landslide hazards
are identified and mitigated. The landslide potential zones were transferred from the CDMG digital files to
the base map provided by the City of Anaheim. Due to different datums between the CDMG files and the
City base map information, the positioning of the landslide potential zones was manually adjusted based
on recognized cultural features. The State official seismic hazard maps should be referenced for more
detailed data.
Mining Activity and Oil and Gas Wells
Mining activities and petroleum exploration in the City and its Sphere-of-Influence have resulted in open
pits and wells located throughout the project area. In some cases pits and wells may have long been
abandoned and backfilled with undocumented fill materials. Existing pits and wells back-filled with
undocumented fill materials may be subject to differential settlement. The approximate location of
known active and abandoned mines and quarries are presented in Figure 5.5-4, Mining Activity and Oil
and Gas Wells.
Flood Inundation
Flood inundation resulting from dam failure due to a strong earthquake is a potential seismic hazard to
the City and its Sphere-of-Influence. General limits of flood hazard due to dam failure are presented on
Figure 5.5-5, Dam Inundation Map, for the Walnut Canyon Reservoir, Carbon Canyon Dam, and Prado
Dam.
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Thresholds of Significance

The criteria used to determine the significance of impacts on geology and soils are taken from Cityapproved Thresholds of Significance based on the City's Initial Study and the model Initial Study
checklist in Appendix G of the State CEQA Guidelines. A project would typically result in a significant
impact to geology and soils if it would:
•

•
•
•

Expose people or structures to potential substantial adverse effects, including the risk of loss,
injury, or death involving: i) 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; ii) Strong seismic ground shaking; iii)
Seismic-related ground failure, including liquefaction; iv) Landslides;
Result in substantial soil erosion or the loss of topsoil;
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;
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.

The following impact was not identified as being potentially significant in the Initial Study:
•

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.

To reduce or mitigate potential hazards from earthquakes or other geologic hazards, the City ensures
development compliance with local and State regulations. These regulations, such as the California
Building Code and Uniform Building Code (as amended by the City of Anaheim), Alquist-Priolo
Earthquake Fault Zoning Act, and Seismic Hazard Mapping Act, would all be used to mitigate these
impacts below a level of significance.
5.5.4
IMPACT:

Analysis of Environmental Impacts
WOULD THE PROJECT EXPOSE PEOPLE OR STRUCTURES TO POTENTIAL
SUBSTANTIAL ADVERSE EFFECTS, INCLUDING THE RISK OF LOSS, INJURY, OR
DEATH INVOLVING: I) 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; II) STRONG SEISMIC GROUND
SHAKING; III) SEISMIC-RELATED GROUND FAILURE, INCLUDING LIQUEFACTION;
OR IV) LANDSLIDES

Impact Analysis: The Safety Element of the General Plan establishes the City’s approach to ensure a
safe environment for its residents, visitors, and businesses. The Safety Element establishes goals,
policies and implementation programs to guide and direct local government decision-making in safetyrelated matters for the City of Anaheim. This section of the DEIR addresses the potential for adverse
geologic and seismic hazard impacts associated with the buildout of the City and its Sphere-of-Influence,
according to the updated General Plan and Zoning Code.
No areas of the City are identified on an Alquist-Priolo Earthquake Fault Zoning Map. However, buildout
of the Recommended Land Use Alternative has the potential to expose future residents to the effects of
geological hazards, including groundshaking, seismically induced surface rupture, liquefaction, and
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slope instability leading to mudslides and landslides. Property damage, personal injury, and loss of life
may result from a major earthquake in the Anaheim area. Regional active faults are typical of Southern
California, therefore, it is reasonable, to expect a moderately strong ground motion seismic event to
occur in the City of Anaheim in the future. However, compliance with the General Plan Goals and
Policies and existing codes and regulations will ensure that potential impacts will be less than significant
and no additional mitigation is required.
Relevant Goals and Policies
Proposed General Plan policies related to exposure of people or structures to geological impacts
include:
•
•
•
•
•

Enforce the requirements of the California Seismic Hazard Mapping and Alquist-Priolo
Earthquake Fault Zoning Acts when siting, evaluating, and constructing new projects within the
City. (Safety Element, Goal 1.1, Policy 34)
Require removal or rehabilitation of hazardous or substandard structures that may collapse in
the event of an earthquake. (Safety Element, Goal 1.1, Policy 56)
Require that lifelines crossing a fault be designed to resist the occurrence of fault rupture.
(Safety Element, Goal 1.1, Policy 67)
Require that new construction and significant alterations to structures located within potential
landslide areas (Figure S-2) be evaluated for site stability, including the potential impact to other
properties, during project design and review. (Safety Element, Goal 1.1, Policy 78)
Require that engineered slopes be designed to resist earthquake-induced failure. (Safety
Element, Goal 1.1, Policy 45)

Existing Codes and Regulations
•

All grading operations will be conducted in conformance with the Anaheim Municipal Code, Title 17
– Land Development and Resources., and the most recent version of the Uniform Building Code.

Level of Significance Before Mitigation: Potentially significant.
Mitigation Measures:
5.5-1

The City shall require geologic and geotechnical investigations in areas of potential seismic
or geologic hazards as part of the environmental or development review process. All
grading operations will be conducted in conformance with the recommendations contained
in the applicable geotechnical investigation.

Level of Significance After Mitigation: Less than significant.
IMPACT:

WOULD THE PROJECT RESULT IN SUBSTANTIAL SOIL EROSION OR THE LOSS OF
TOPSOIL

Impact Analysis: Erosion is a normal and inevitable geologic process whereby earth materials are
loosened, worn away, decomposed or dissolved, and are removed from one place and transported to
another location. Precipitation, running water, waves, and wind are all agents of erosion. Ordinarily,
erosion proceeds so slowly as to be imperceptible, but when the natural equilibrium of the environment
is changed, the rate of erosion can be greatly accelerated. This can create aesthetic as well as
engineering problems. Accelerated erosion within an urban area can cause damage by undermining
structures, blocking storm sewers and depositing silt, sand or mud in roads and tunnels. Eroded
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materials are eventually deposited into our coastal waters where the carried silt remains suspended for
some time, constituting a pollutant and altering the normal balance of plant and animal life.
Although the majority of the City and its Sphere-of-Influence enjoys a relatively flat topography and
minimal potential for erosion impacts, the Hill and Canyon Area exhibits hilly terrain that is more
susceptible to soil erosion. Development would be subject to local and State codes and requirements
for erosion control and grading. In addition, project sites encompassing an area of one or more acres
would require compliance with a National Pollutant Discharge Elimination System (NPDES) permit and
consequently the development and implementation of a Storm Water Pollution Prevention Plan
(SWPPP), which are further discussed in Section 5.7 of this DEIR. With adherence to these codes and
regulations and implementation of the General Plan Goals and Policies, impacts would be reduced to
below a level of significance.
Relevant Goals and Policies
Proposed General Plan policies related to soil erosion include:
•
•
•

Limit grading to the amount necessary to provide stable areas for structural foundations, street
rights-of-way, parking facilities, and other intended uses. (Green Element, Goal 1.1, Policy 2)
Minimize import/export associated with grading. (Green Element, Goal 1.1, Policy 3)
Require new development and significant redevelopment to utilize site preparation, grading and
best management practices that provide erosion and sediment control to prevent constructionrelated contaminants from leaving the site and polluting waterways. (Green Element, Goal 78.1,
Policy 4)

Existing Codes and Regulations
•

Future projects encompassing an area in excess of 1 acre shall submit for approval to the State
Water Resources Control Board, a Notice of Intent to be covered under the Storm Water Permit, in
compliance with the National Pollutant Discharge Elimination System (NPDES) program. In addition,
future projects shall be required to develop and implement a Storm Water Pollution Prevention Plan
(SWPPP), which incorporates Best Management Practices (BMPs).

•

All grading operations will be conducted in conformance with the Anaheim Municipal Code, Title 17
– Land Development and Resources., and the most recent version of the Uniform Building Code.

Level of Significance Before Mitigation: Less than significant.
Mitigation Measures: No mitigation measures are necessary.
Level of Significance After Mitigation: No significant adverse impacts were identified and no mitigation
measures are necessary.
IMPACT:

WOULD THE PROJECT 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

Impact Analysis: Isolated areas of the City and its Sphere-of-Influence are subject to landslides. These
landslide areas are located east of SR-55 and were identified on previous Figure 5.5-1, Generalized
Geologic Map.
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Landslides
Landslides result from the downward movement of earth or rock materials that have been influenced by
gravity. In general, landslides occur due to various factors including steep slope conditions, erosion,
rainfall, groundwater, adverse geologic structure, and grading.
Landslide deposits include relatively shallow surficial slumps, mudflows, and debris flows, which develop
within the near surface topsoils, colluvium, and weathered formational materials. Faulting and stream
erosion are also common factors in the development of planes of weakness that contribute to landslide
potential. In Anaheim, landslides have occurred in the steep slopes of the Hill and Canyon Area. It
should be noted that many of the potential landslides depicted in Figure 5.5-1 that have existing land
development, may have been removed, mitigated, or altered during grading for land development.
The Santiago Landslide includes an area of land deformation encompassing approximately 25 acres of
land, which became active in 1993. The Santiago Landslide is located south of Walnut Canyon Reservoir
along the southern limits of the City. A Mmitigation program is in place to stabilize this area include
groundwater withdrawal from numerous wells scattered throughout the area. The City established a
Geologic Hazard Abatement District to maintain, monitor, and manage the dewatering system.
Earthquake-Induced Landslides
Earthquake-induced landslides have the potential to occur in the Hill and Canyon Area. Generally, these
types of failures consist of rock falls, landslides, and debris flows. Areas having the potential for
earthquake-induced landsliding generally occur in areas of previous landslide movement, or where
topographic, geological, geotechnical, and subsurface water conditions indicate a potential for
permanent ground displacements. Areas considered to have potential for earthquake-induced
landsliding are shown in Figure 5.5-3, Seismic and Geologic Hazards. It should be noted that much of
the potential for earthquake-induced landslides have been mitigated as development has stabilized
much of the Hill and Canyon Area.
In areas of existing land development, the mapped landslides may have been removed, mitigated, or
altered during the grading of the property at the time of development. However, there is still a potential
that landslides may occur within the City. The application of the following mitigation measures would
minimize the impacts experienced by residents, visitors, and businesses.
Relevant Goals and Policies
•

See Relevant Goals and Policies listed above under “Exposure of People or Structures to
Potential Substantial Adverse Effects Involving Strong Ground Shaking, or Seismic-Related
Ground Failure, Including Liquefaction, or Landslides.”

Existing Codes and Regulations
•

All grading operations will be conducted in conformance with the Anaheim Municipal Code, Title 17
– Land Development and Resources., and the most recent version of the Uniform Building Code.

Level of Significance Before Mitigation: Less than significant.
Mitigation Measures: No mitigation measures are required.
Level of Significance After Mitigation: No significant adverse impacts were identified and no mitigation
measures are necessary.
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WOULD THE PROJECT 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

Impact Analysis: Expansive soils are those possessing clay particles that react to moisture changes by
shrinking (when they dry) or swelling (when they become wet). Expansive soils can also consist of silty
to sandy clay. The extent of shrinking and swelling is influenced by the environment, such as alternating
wet and dry cycles, and by the amount of clay in the soil. This physical change in the soils can react
unfavorably with building foundations, concrete walkways, swimming pools, roadways, and masonry
walls, etc.
Soils observed in the Hill and Canyon Area are predominantly classified in the “Medium” to “High”
range, with small areas associated with “Low” expansion potential. Soils observed and encountered
throughout the remainder of the City range from “Low” to “High” in expansion potential (Expansivity
Potential of Soils and Rock Units in Orange County, California, 1976). Proposed structures should be
designed for the appropriate expansion potential.
Anaheim implements a number of existing codes and policies that serve to mitigate the impacts of
development within areas containing expansive soils. Current codes and regulations relating to geology
and soils are identified in the Anaheim Municipal Code, Title 17 – Land Development and Resources.
These codes address grading, excavation, fills and watercourses as well as applicable geotechnical
report preparation and submittal. Application of the existing regulations identified in the Municipal Code
and Uniform Building Code and grading regulations would minimize the risk associated with any
development proposed within areas containing expansive soils.
Relevant Goals and Policies
Proposed General Plan policies related to expansive soils include:
•

Minimize the risk to life and property through the identification of potentially hazardous areas,
adherence to proper construction design criteria, and provision of public information. (Safety
Element, Goal 1.1, Policy 12)

Existing Codes and Regulations
•

All grading operations will be conducted in conformance with the Anaheim Municipal Code, Title 17
– Land Development and Resources., and the most recent version of the Uniform Building Code.

Level of Significance Before Mitigation: Less than significant.
Mitigation Measure: No mitigation measures are necessary.
Level of Significance After Mitigation: No significant adverse impacts were identified and no mitigation
measures are necessary.
5.5.5

Significant Unavoidable Adverse Impacts

Compliance with relevant General Plan Goals and Policies and existing codes and regulations will
reduce all anticipated geotechnical impacts to a level of insignificance.
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