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5.6 GEOLOGY, SOILS AND SEISMICITY
5.6.1 Environmental Setting
This analysis is based on a review of available information and data on the geotechnical and geological
conditions of the various components of the proposed Project. The primary information reviewed for this
analysis was site-specific geological and geotechnical investigations performed for the proposed Project
and both published and unpublished geological and geotechnical reports and maps.

REGIONAL GEOLOGIC AND SITE SETTING

The Project arealies within a portion of the Los Angeles Basin known as the “Ballona Gap.”  The Ballona 
Gap is a broad alluvium filled valley developed as a result of stream incision occurring along the ancestral
Los Angeles River (Poland, 1959). Before 1825, the Los Angeles River flowed westward through the
Ballona Gap. Flooding in 1825 changed the course of the river to its present day course southward into
San Pedro Bay (Poland, 1959). Presently, Ballona Creek drains westward across the project area in a
concrete-lined drainage channel.

The Project area is generally bounded by Santa Monica Bay to the west, Marina Del Ray harbor to the
east-northeast, marsh and wetlands of Playa Del Ray to the east, and stream-cut bluffs that delineate the
southern margin of the Ballona Gap to the southeast. The entrance to the Marina Del Ray harbor crosses
the project area and is parallel to, and lies just north of, Ballona Creek. The Venice Grand Canal and
Ballona Lagoon lie within the Project area between the Santa Monica Bay and the Marina Del Ray
harbor.

The topography in the Project area is relatively flat lying with an elevation of about 13 feet (above mean
sea level datum) north of Ballona Creek. South of Ballona Creek, the topography is relatively flat lying at
about elevation 14 feet until reaching Sunridge Street where the topography rises southward at an
approximate grade of 3 to 4 percent up to about an elevation of 51 feet at the south end of the proposed
Project. The slopes that lie to the southeast of the southern end of the project rise approximately 110 feet
above the Project area at inclinations ranging from about 8:1 (horizontal: vertical) to 1:1.

GENERAL SITE GEOLOGY

The main surficial and subsurface materials within the Project area include artificial fill, eolian deposits,
beach deposits, estuarine deposits, and alluvial sediments. The surficial sediments are underlain at an
elevation of about -80 feet by sedimentary rock of the San Pedro formation. The areal distribution of the
surficial materials within the Project area is shown on the Geologic Map, Figure 5.6-1. A geologic cross
section showing the generalized distribution of the subsurface materials is provided on Figure 5.6-2. The
following paragraphs provide brief, generalized descriptions of the subsurface materials along the
proposed Project alignments.
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Young Surficial Sediments (Holocene) –Artificial fill materials exist throughout the Project area. Where
encountered south of Ballona Creek, the artificial fill typically ranges in thickness from about 5 to 17 feet
below the ground surface (URS, 2000a). The artificial fill generally consists of sand and silty sand with
occasional gravel and debris. The artificial fill is typically very loose to loose, but has occasional dense to
very dense layers. Note that the artificial fill is not shown on the Geologic Map, Figure 5.6-1, along the
proposed alignments because the areal extent of this material is not currently known:

 Beach deposits (Qm) –Modern beach deposits consisting of loose to medium dense coarse sand and
gravelly sand up to 23 feet thick [California Division of Mines and Geology (CDMG), 1998].

 Eolian deposits (Qe)–Windblown deposits that lie immediately inland from the modern beach. The eolian
deposits consist of fine sand less than 10 feet in thickness (CDMG, 1998).

 Estuarine deposits (Qes)–Marsh deposits that typically include silt, sand, and clayey sand that are loose to
medium dense (CDMG, 1998). The thicknesses of the estuarine deposits are likely less than 20 feet.

 Alluvial deposits (Qya2) –Young floodplain sediments derived primarily from the ancestral Los Angeles
River. The alluvial deposits generally consist of intervals of sand, silty sand, silt, sandy to silty clay, and
clay (URS, 2000a; 2000b). Occasional gravel and shells occur in the coarse-grained alluvium (sand). An
approximately 15-foot-thick layer of gravelly sand to sandy gravel was encountered in borings in the area
of the entrance channel and Ballona Creek at elevations ranging from –64 to–73 feet (URS, unpublished).
This gravelly layer is likely the “50-foot gravel” of Poland (1959) and is the lower division of the younger 
alluvial deposits. The 50-foot gravel is a widespread relatively thin and irregular gravel and sand body laid
down by the ancestral Los Angeles River. The consistency of the coarse-grained alluvium ranges from
very loose to very dense, but is typically medium dense to dense (URS, 2000a; 2000b). The consistency of
the fine-grained alluvium (silt and clay) ranges from soft to very stiff (URS, 2000a; 2000b).

SAN PEDRO FORMATION (EARLY PLEISTOCENE)

 Tsp –Weakly lithified deposits of non-marine to shallow marine origin that generally consist of stratified
and cross-bedded sand with occasional beds of fine gravel, silty sand, and silt (Poland, 1959). The rock
likely underlies the alluvial deposits at about elevation -79 to -88 feet.

FAULTS AND SEISMICITY

 Southern California is crossed by numerous northwest-trending active and potentially active surface faults
and underlain by several “blind” thrust faults (i.e., a low-angle reverse fault with no surface exposure). The
locations of the known active and potentially active faults and epicenters of earthquakes with magnitudes of
3.5 or greater with respect to the proposed Project are shown on the Regional Fault and Epicenter Map,
Figure 5.6-3.

 No active surface fault traces are known to cross the proposed project area. In addition, the Project area is
not underlain by a blind thrust fault that is recognized by the California Geological Survey (2003) as a
potential seismic source. However, as shown on Figure 5.6-3, the Project area is located near several active
or potentially active faults. Based on the known activity of faults in the region and on the recorded
seismicity, the project site is likely to experience strong ground shaking from future earthquakes.
Significant historical earthquakes that have occurred near the Project area include:
– The 1933 Long Beach earthquake (Magnitude (M) 6.4) on the Newport-Inglewood Fault south of

Huntington Beach;
– The 1971 San Fernando earthquake (M6.6) on the San Fernando Fault;
– The 1987 Whittier earthquake (M6.0); and
– The 1994 Northridge earthquake (M6.7).
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The geoseismic characteristics of some of the faults considered by the California Geological Survey
(2003) as potential seismic sources within about 50 kilometers of the proposed project are listed in
Table 5.6-1, including an estimate of the maximum earthquake magnitude that might be generated by
each fault.

As noted in Table 5.6-1, the closest active or potentially active faults to the project area are the Palos
Verdes, Santa Monica, and the Newport-Inglewood fault zone, as discussed briefly below.

Table 5.6-1 Summary of Potential Seismic Sources

Fault or Fault Segment Fault
Type(1)

Dip
(deg.)

Dip
Direction

Approx.
Fault Length

(km)(2)

Approx. Closest
Distance to Site

(km)(3)

Approx. Max
Magnitude,

Mw(4)

Palos Verdes RL 90 -- 96 5¾ 7.3

Santa Monica O/LL, R N 75 28 9 6.6

Newport-Inglewood (onshore) RL 90 -- 66 10½ 7.1

Malibu Coast O/LL, R 75 N 37 10½ 6.7

Hollywood O/LL, R 70 N 17 13½ 6.4

Raymond O/LL, R 75 N 23 20 6.5

Anacapa-Dume O/LL, R 45 N 75 25 7.5

Verdugo-Eagle Rock R 45 NE 29 28 6.9

San Fernando R 45 N 18 36 6.7

Santa Susana R 55 N 27 38 6.7

Sierra Madre R 45 N 57 38 7.2

Northridge R 42 S 31 39½ 7.0

Whittier O/RL, R 75 NE 38 40 6.8

San Andreas (Mojave) RL 90 -- 103 72 7.4

The Palos Verdes Fault, located about 3½ miles (5¾ kilometers) to the southwest, is a northwest-trending
right-lateral strike-slip fault zone. The fault extends from near the southern boundary of the Transverse
Ranges beneath Santa Monica Bay southeastward across the northeastern base of the Palos Verdes Hills
before trending offshore to where it bifurcates around Lausen sea knoll offshore of San Clemente (Nardin
and Henyey, 1978). The fault continues south and possibly connects with the offshore Coronado Bank
fault within the Continental Borderlands Province. Segments of the Palos Verdes Fault are considered by
Jennings (1994) as a Holocene fault (indicating displacement within the past 10,000 years). The Palos
Verdes Fault has not produced any moderate or large earthquakes in the historical record.

The Santa Monica Fault, located about 5½ miles (9 kilometers) to the north, is part of the Transverse
Ranges Southern Boundary fault system, a west-trending system of reverse, oblique-slip, and strike-slip
faults that extends for more than 124 miles (200 kilometers) along the southern edge of the Transverse
Ranges (Dolan et al., 2000). This fault system consists of a series of predominantly left-lateral, strike-slip
surficial faults (from west to east, Santa Rosa Island, Santa Cruz Island, Anacapa-Dume, Santa Monica,
Hollywood, and Raymond faults). The Santa Monica Fault is considered a late Quaternary fault
(indicating displacement within the past 700,000 years) (Jennings, 1994) and has not produced any
moderate or large earthquakes in the historical record.

The Newport-Inglewood Fault zone, located about 6½ miles (10½ kilometers) to the east, is an active
right lateral wrench fault system that extends southwest from Beverly Hills to offshore of Newport Beach
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for a total length of about 41 miles (66 kilometers). The Newport-Inglewood Fault zone is considered to
connect with features south of Newport Beach (the Offshore Zone of Deformation, and the Rose Canyon
Fault) to form a major zone of deformation that extends from Baja California to the southern front of the
Santa Monica Mountains. The Newport-Inglewood Fault zone is considered a Holocene fault in the
project vicinity (Jennings, 1994). The most recent earthquake on the Newport-Inglewood Fault zone was
a magnitude M6.4 that occurred on March 10, 1933, on a segment of the fault south of Huntington Beach.

Two other nearby faults, the Charnock and the Overland Avenue faults, lie within approximately 3 miles
(5 kilometers) and 4½ miles (7¼ kilometers) to the east of the proposed Project, respectively. Both of
these faults were located by well log and water level data and have no surface expression (Poland, 1959).
The Charnock and Overland Avenue faults are considered late Quaternary faults (Jennings, 1994).
However, the California Geological Survey (2003) does not consider the Charnock and the Overland
Avenue faults as potential seismic sources with respect to seismic shaking.

5.6.2 Thresholds of Significance
A project would normally create a significant impact on geology or soils if it would:

a. Expose people or structures to potential substantial adverse effects, including the risk of loss, injury or
death;

b. Be subject to the 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, or be subject to the following;

 Strong seismic ground shaking.
 Seismic-related ground failure, including liquefaction.
 Landslides.

c. Result in substantial soil or loss of topsoil;
d. 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; and

e. Be located on expansive soil, as defined in Table 18- 1-B of the Uniform Building Code (UBC) (1994),
creating substantial risks to life or property.

5.6.3 Environmental Impacts
Seismic hazards associated with seismic activity are described as follows:

Ground Shaking –As indicated by the numbers and distribution of recorded earthquake epicenters
shown on Figure 5.6-3, the proposed Project will continue to be subjected to periodic seismic shaking,
perhaps of considerable intensity. The degree of shaking that is felt at a given site depends on the
distance from the earthquake source and on the type of subsurface material on which the site is situated.
Based on our review, we anticipate that the highest levels of ground shaking at the proposed Project are
anticipated to result from an earthquake on the nearby Palos Verdes Fault. All of the alternative
alignments of the proposed project will be equally impacted by strong ground shaking.
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Liquefaction –Defined as significant and relatively sudden reduction in stiffness and shear strength of
saturated sandy soils caused by a seismically induced increase in pore water pressures. Potential for
seismically induced liquefaction exists whenever relatively loose, sandy soils exist with high groundwater
level and/or potential for long duration, high seismic shaking. When liquefaction occurs, the site can
experience damage induced by permanent ground movements resulting in differential settlement and
flotation of structures, tanks and pipelines.

Recent geotechnical studies performed for the proposed project encountered saturated sandy soils at
relatively shallow depths along most of the Pacific Avenue alignment (URS, 2000a; 2000b). Standard
Penetration Test (SPT) blow counts indicate the consistency of some of these sandy soils is relatively
loose and therefore prone to liquefaction.

The California Geological Survey has designated certain areas within California as potential liquefaction
hazard zones. These are areas considered at greater risk of liquefaction-related ground failure during a
seismic event, based upon mapped surficial deposits and the presence of a relatively shallow groundwater
table. As shown on Figure 5.6-4, the California Geological Survey has identified the project area as being
in a potential liquefaction hazard zone (CDMG, 1999).

Because of the combination of sands and shallow groundwater in the project area, liquefaction is
considered a significant potential seismic hazard along all of the alternative alignments for the Project.

Differential Seismic Settlement –Differential seismic settlement occurs when seismic shaking causes
one type of soil or rock to settle more than another type. It may also occur within a soil deposit with
relatively homogeneous properties if the seismic shaking is uneven, which could occur due to variable
geometry, for example, and variable depth of the soil deposit. Differential seismic settlement is most
likely to occur in areas that transition between rock formations and more recently deposited alluvial soils
or human-placed artificial fill. The components of the project are situated entirely upon saturated soils,
which would be prone to differential settlement, primarily if liquefaction occurred. Differential
settlement represents a potential seismic hazard along all of the alternative alignments for the Project.

Surface Fault Rupture –No known active or potentially active fault traces have been recognized as
crossing any of the proposed Project areas, and the California Geological Survey does not delineate any
part of the proposed Project area as being within an Alquist-Priolo Earthquake Fault Zone (CDMG,
1997). The potential for surface fault rupture is not considered a significant seismic hazard along any of
the alternative alignments of the Project.

Tsunami –A tsunami is a great sea wave (commonly called a tidal wave) produced by a significant
undersea disturbance, such as tectonic displacement of the sea floor associated with large, shallow
earthquakes. Tsunamis are characterized by their high speed, long wavelength and long periods. They
generally have low observable amplitude in the open sea, but in extreme cases may pile up to heights of
100 feet (30 meters) or more upon entering shallow water. Tsunamis can cause great damage in near-
shore areas.
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Compared with most coastal regions in the circum-Pacific region, tsunamis have represented a relatively
minor threat to coastal areas of southern California in the historical period. The tsunami from the 1964
Alaskan earthquake, the only tsunami that has caused extensive damage to California since 1812, was
measured at about 9 feet (3 meters) at Santa Monica and 5 feet (1.5 meters) at Los Angeles Harbor
(McCulloch, 1985).

Numerically modeled heights of potential major tsunamis along the southern California coast with distant
and local sources are reported by McCulloch (1985) for 100- and 500-year recurrence intervals. For the
proposed Project, potential wave (and run-up) heights are reported at about 7½ feet (2¼ meters) and
14 feet (4¼ meters) for the 100- and 500-year events, respectively. The elevation of the Project site
[approximately 10 feet mean sea level (MSL), or 6 meters] stands below the highest of these potential
tsunami events.

It is well known that a tsunami can cause substantial erosion and scour on the shore. For example the
1960 Chilean tsunami scoured out the port entrance by more than 30 feet at Kesen-numa Port in Japan.
Although the pipeline would be buried at depths no shallower than 10 feet below the surface, the
possibility of damage to the proposed pipeline cannot be disregarded. A catastrophic tsunami could result
in erosion of the surficial soils covering the proposed pipeline, primarily along the proposed Dockweiler
Beach Alignment alternative.

Seiche –A seiche is an oscillation of a body of water in an enclosed or semi-enclosed basin, such as a
reservoir, harbor, lake, or storage tank, resulting from earthquakes or other large environmental
disturbances. The nearby semi-enclosed Marina Del Ray harbor could be subject to seiche during a
seismic event. However, because the proposed Project components will be buried in the subsurface, it is
unlikely that impacts from seiche, if any, would affect the project. Therefore, seiches are not considered a
significant seismic hazard along any of the alternative alignments for the proposed Project.

Seismically Induced Landslides –The potential for landslides induced by seismic shaking is not
anticipated to pose a significant seismic hazard to the proposed Project. The proposed Project lies in a
relatively flat-lying area where landslides would not be expected to occur. In addition, the Potential
Liquefaction Hazard Zone map for the Venice quadrangle, referenced as Figure 5.6-4, indicates that the
Project elements do not lie within areas designated as having the potential for earthquake-induced land
sliding (CDMG, 1999). These are areas where previous occurrence of landslide movement, or local
topographic, geologic, geotechnical and subsurface water conditions indicate a potential for permanent
ground displacement during a seismic event. Landslides from other mechanisms are discussed further in
this section.

Subsidence –The extraction of water or petroleum from sedimentary source rocks can cause the
permanent collapse of the pore space previously occupied by the removed fluid. The compaction of
subsurface sediment caused by fluid withdrawal will cause subsidence of the ground surface overlying a
pumped reservoir. If the volume of water or petroleum removed is sufficiently great, the amount of
resulting subsidence may be sufficient to damage nearby engineered structures. Significant quantities of
water or petroleum are not currently being extracted in the area occupied by the proposed Project.
However, dewatering of the excavations made during construction of the proposed Project could result in
potentially damaging subsidence adjacent to the construction area.
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The Project area is in proximity of the Playa Del Rey oil field, which is used by the Southern California
Gas Company as a natural gas storage facility. Although a detailed study has not been performed for this
report, it is anticipated that the continued operations at the natural gas storage facility would not result in
measurable subsidence in the Project area, barring such extraction in the future. Because of the potential
for subsidence to occur as a result of construction dewatering, subsidence is considered a potential
geologic hazard to the proposed Project.

Expansive Soils –Expansive soils are fine-grained soils (clay) that can undergo a significant increase in
volume with an increase in water content and a significant decrease in volume with a decrease in water
content. Changes in the water content of an expansive soil can result in severe distress to structures
constructed upon the soil. The soils in the Project area consist primarily of coarse-grained sands that are
not susceptible to expansion. Therefore, expansive soils are not anticipated to pose a significant hazard to
any of the alternative alignments of the proposed Project.

Collapsible Soils –Collapsible soils are soils that undergo settlement upon wetting, even without the
application of additional load. Most elements of the proposed Project would be founded in materials that
are below the groundwater level and are unlikely to be affected by collapsible soils. Therefore,
collapsible soils are not likely to affect any of the alternative alignments of the proposed Project.

Landslides –The same site conditions that are conducive to seismically induced landslides are also
conducive to landslides associated with high rainfall or a rise in groundwater and involve slopes underlain
by both surficial deposits (generally colluvium) and bedrock. As noted above, the proposed Project lies in
a relatively flat-lying area where landslides would not be expected to occur. The potential for landslides
induced by other mechanisms is not anticipated to pose a significant hazard to any of the alternative
alignments of the proposed project. It is not anticipated that the project would cause any slope instability
to the adjacent Del Ray Bluffs.

Methane –The proposed project lies within an area delineated by the City of Los Angeles (2004) as a
“Methane Zone” indicating the potential for seepage of methane gas tooccur in buildings within the
Project area. Therefore, methane gas is considered a potential hazard to all of the alternative alignments
of the proposed Project, primarily during construction, or at permanent structures, such as vaults, where
gas could accumulate.

Mineral Resources–No mineral resources extraction projects in the vicinity of the Project site, therefore
no effect on geological resources is expected from construction or operation of the proposed project.
With proper mitigation, natural resources occurring within the region include sand as a potential
aggregate resource and oil and gas. There are currently no significant sand and gravel mines in the
Project area. The proposed Project site lies above the Playa Del Ray oil field (Munger Map Book, 2001).
The proposed Project would be constructed in a previously developed area already incompatible with
mining, and given the urban setting, there is little or no potential for new production in the area.

The proposed Project is located in an existing urbanized area and is designated by the California
Geological Survey (CDMG, 1979) as being in an MRZ-1 and MRZ-3 area. A MRZ-1 area corresponds to
“areas where adequate information indicates that no significant mineral deposits are present, or where it is
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judged that little likelihood exists for their presence.”  A MRZ-3 area corresponds to “areas containing 
mineral deposits the significance of which cannot be evaluated from available data.”

None of the alternative alignments of the proposed Project would have an adverse impact on aggregate
resources or oil and gas resources in the state of California.

CONSTRUCTION

The geology and subsurface conditions of the site have been evaluated in terms of their impact on the
proposed Project. We have also evaluated the impact of the proposed Project on the existing geologic
condition of the site.

The Project site is suitable for the proposed construction. It is noted that this is a preliminary site
assessment; for any given aspect of the development, final geotechnical conclusions and
recommendations should be provided in a separate report after plans become more finalized and the
appropriate field investigations have been performed.

5.6.4 Mitigation Measures
The following measures are proposed to mitigate potentially significant geologic hazards to less than
significant levels for the Project components. No unavoidable adverse impacts that cannot be mitigated
have been identified for any of the Project components. These mitigation measures are more accurately
described as project design features and are presented here for clarity.

GEO-1 Earthquake Ground Shaking –The proposed Project and associated facilities will likely be
subjected to moderate or strong earthquake motions in their lifetime. The components of the proposed
project will be designed and constructed to the seismic design requirements for ground shaking specified
in the UBC for Seismic Zone 4 at a minimum. Proper design and construction of the Project components
will reduce impacts from ground shaking to less than significant.

GEO-2 Liquefaction and Differential Seismic Settlement –Mitigation measures with respect to
liquefaction and differential seismic settlement hazards are considered necessary for the proposed Project.
Site-specific geotechnical and geological investigations that focus on these potential hazards will be
performed as part of the design studies. Design and construction of the proposed Project will include
mitigation measures, such as flexible connections that can accommodate differential settlement,
compaction grouting to densify the soils, or structural anchors to secure the pipeline. The mitigation
measures will reduce impacts from liquefaction and differential seismic settlement to less than significant.

GEO-3 Subsidence –Mitigation measures with respect to subsidence as a result of construction
dewatering are considered necessary for the proposed Project. Site-specific geotechnical and geological
investigations that focus on this potential hazard will be performed as part of the design studies. Design
and construction of the proposed Project will include mitigation measures, such as a watertight excavation
support system to minimize groundwater pumping or constructing the pipeline in a “wet” excavation.  
The mitigation measures will reduce impacts from subsidence to less than significant.

GEO-4 Methane –Mitigation measures with respect to methane gas hazards may be necessary for the
proposed Project. Site-specific investigations that focus on the potential methane hazard will be
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performed as part of the design studies. Design and construction of the proposed project will include
active or passive mitigation systems for methane gas hazards, if necessary. The mitigation measures will
reduce impacts from methane to less than significant.

GEO-5 Tsunami –A tsunami could result in erosion of the surficial soils covering the proposed
pipeline, primarily along the proposed Dockweiler Beach Alignment. Proper design and construction of
the Project components, including erosion control measures or choosing an alternate alignment off of the
beach, will reduce impacts from a tsunami to less than significant levels.

5.6.5 Unavoidable Adverse Impacts
With the implementation of proper engineering practices and mitigation measures prior to and during
construction, no unavoidable or adverse impacts on the geologic footprint of this area from the Project are
expected.

5.6.6 Cumulative and Secondary Impacts
Cumulative impacts on the geologic footprint of this area are not expected from the Project with the
implementation of proper engineering practices and mitigation measure prior to and during construction.




