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Introduction
In accordance with your request, LGC Geotechnical, Inc. has performed a geotechnical feasibility study for the
proposed development of Tentative Tract Map No. 17341 in Orange County, California. The purpose of our
limited study was to evaluate the existing site geotechnical conditions and provide preliminary geotechnical
findings and conclusions relative to the feasibility of the proposed development of the site.
Based on the results of our limited study and understanding of the planned improvements, the proposed
development of the subject site is considered feasible from a geotechnical standpoint. This report presents our
preliminary geotechnical findings and conclusions regarding the site.
It should be noted that a subsurface geotechnical evaluation of the site is currently in-progress as of the date of
this report. The purpose of our geotechnical evaluation is to address the potential geotechnical constraints to the
project discussed herein and to provide project specific geotechnical parameters and recommendations for
development of the site.

Existing Site Conditions and Proposed Development
We understand that the proposed development will ultimately include construction of 112 lots for detached,
single-family residential homes and associated streets and utilities.
The subject site consists of an 84-acre approximately “L”-shaped area, generally located east of the eastern
terminus of Aspen Way in unincorporated Orange County (Figure 1). The area of proposed development is
bordered to the west and south by existing residential developments and to the north and east by relatively
undeveloped land.
Topography of the site is characterized by moderately to steeply inclined slopes with three deeply incised
southerly and westerly draining canyons along with moderately incised secondary canyons. The site ranges
in elevation from approximately 605 to 805 feet above mean sea level. Previous earthwork has included
minor cuts and fills for dirt access roads and pads associated with several currently active oil wells, fuel

storage tanks, pipelines, and associated improvements.
The currently proposed development of the site will include hillside cut and fill grading for the proposed 112
residential lots and associated streets and infrastructure.

Geologic Summary
The subject site is located in the southern Puente Hills which are generally the foothills of the northwestern
portion of the Santa Ana Mountains, separated from the mountain range by the Santa Ana River. The Puente
Hills and Santa Ana Mountains form the eastern boundary of the larger Los Angeles Basin, within the
Peninsular Ranges Geomorphic Province of California. The Peninsular Ranges are generally characterized by
regional northwest trending mountain ranges, intervening valleys, and numerous sub-parallel fault systems. The
major, currently active faults are dominated by right-lateral strike slip motion, with local variations.
The dominant structural feature of the subject site is the presence of the Whittier Fault trace through the
center of the site. The right lateral strike-slip fault has greatly influenced the development of the regional
geomorphic landforms. The Whittier Fault, which is considered to be “active” by the State of California,
crosses the central portion of the site in a roughly northwest orientation, as identified on the State Fault
Rupture Hazard Zone map for the Yorba Linda Quadrangle (CDMG, 1980). A fault that has ruptured within
the Holocene, approximately the last 11,000 years, is considered active. The State of California FaultRupture Hazard Zone for the Whittier Fault is approximately 1,000-foot-wide across the site. While the
proposed development does not cross the inferred active trace of the fault, residential structures have been
proposed within the Fault Rupture Hazard Zone (a.k.a. Alquist-Priolo Special Studies Zone). Where
developments for human occupation are proposed within these zones, the state requires detailed fault
investigations be performed so that engineering geologists can mitigate the hazards associated with active
faulting by identifying the location of active faults and allowing for a setback from the zone of previous
ground rupture.
The underlying bedrock formation at the site is a Miocene-age sedimentary bedrock mapped as the Tertiary
Puente Formation. This bedrock unit consists of predominately thinly to massively bedded sandstone,
siltstone, and shale with minor amounts of overlying topsoil and colluvium. Abandoned stream terrace
deposits are noted in the upper reaches of the southern portion of the site, and alluvium deposits mapped
along canyon bottoms. Although the bedrock is moderately hard, thin weak planes along and across bedding
are subject to localized instability within unsupported slopes. Several large-scale landslides are identified at
the northwestern portion of the subject site.
Based on our review of the State of California Seismic Hazard Zones Yorba Linda 7.5 Minute Quadrangle
(CDMG, 2005b), one small zone of potential earthquake induced liquefaction has been mapped at the
southeastern portion of the proposed development. Additionally, the State of California Seismic Hazard Zones
Yorba Linda 7.5 Minute Quadrangle depicts several potential earthquake induced landslide areas within and
adjacent to the limits of the proposed development.
Oil wells located at the site, drilled within a portion of the Esperanza Oil Field, are understood to be pumping
small volumes of oil from great depth, exceeding 2,000 feet below ground. Apart from surface mitigation of
well heads and potential mitigation of directly adjacent soils, oil wells are not anticipated to affect site
geotechnical conditions.
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Site Geology
Based on our review of available geologic maps and site reconnaissance visit, the site is underlain by a minor
amount of artificial fill, topsoil/colluvium, alluvium, terrace deposits, landslide debris, and bedrock. A brief
description of the geologic units on the site is presented below (from youngest to oldest).
Artificial Fill - Undocumented
Minor amounts of undocumented artificial fill were observed in various locations throughout the site
as associated with the existing dirt roads and oil derrick pads. The material was observed to be up to
several feet thick and was likely derived from onsite soils.
Topsoil/Colluvium
Topsoil at the site generally consists of 1 to 3-foot-thick dark brown, silty sand with clay. This unit
mantles most of the site except for the steeper canyon sides, and is typically porous with roots and
desiccation cracks. Colluvium is a residual soil derived from accumulation of slopewash and deep
weathering of onsite terrace materials and bedrock. It generally consists of gray to dark brown,
clayey residuum and scattered clasts of sandstone, commonly with abundant carbonate stringers.
Quaternary Alluvium (Map Symbol: Qal)
Quaternary alluvial deposits at the site are generally observed within the lower portions of the
drainages. These deposits typically consist of dark brown to light brown, unconsolidated, loose
mixtures of sand, silt, and clay with scattered pebbles and cobbles. The alluvium is expected to be up
to approximately 10 feet thick in the minor drainages, and as thick as approximately 20 feet in major
drainages.
Quaternary Terrace Deposits (Map Symbol: Qt)
The non-marine Terrace Deposits at the site are interpreted to be abandoned deposits of the Santa
Ana River that currently flows to the south of the site. The material consists of moderately
consolidated sands, silts, and clays.
Quaternary Landslide (Map Symbol: Qls)
The landslides identified on the regional maps are shown as large block features with steep surface
expression and vertically extensive limits. The landslides are derived from the onsite bedrock, the
Puente Formation, described below. Smaller, surficial landslides and shallow failures, not depicted
on regional maps, can be expected at local hillside areas throughout the site.
Tertiary Puente Formation (Map Symbol: Tp)
The Tertiary Puente Formation has several members, and two of them are mapped within the limits of
the site. The Yorba Member of the Puente Formation is noted north of the Whittier Fault on regional
maps of the area, and the Sycamore Canyon Member of the Puente Formation is noted south of the
Whittier Fault. The members are not significantly different within the subject area and are not
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differentiated on the map herein. The Puente Formation onsite has been described as light yellowish
brown, massive to thinly interbedded fine-grained sandstone, brownish gray to dark gray siltstone with
zones of platy shale, and pebble conglomerate. The material can be dry to moist and dense to very
dense. Variable materials such as clay lenses and concretions are typical. The formation can be tightly
folded and exhibits signs of along-bedding flexural slip within zones of folding, plus minor, tight, prelithification shears of small offset.

Geologic Structure
Review of available literature and maps indicate that portions of the Puente Formation bedrock at the site are
highly folded with multiple east-west trending synclines and anticlines, likely due to regional uplift and the
close proximity of the Whittier Fault. Bedding generally strikes N45W to E-W with layers dipping both to the
north and the south between 25 and 75 degrees, with local variations. The folding and variable dip of bedding
is observed on both sides of the northwest trending Whittier Fault. Bedrock structure can be expected to be
highly weathered and jointed near the surface, especially along ridges, and fresher with depth. Minor
cementation and zones of concretions can also be expected within the bedrock. Some localized along
bedding flexural-slip and pre-lithification shearing is typical for the formation.
Based on review of regional maps and aerial photos, it appears that portions of the planned development may
be affected by existing landslides at the northern portion of the site. Details about the potential landslides
such as thickness, mode of failure, and extents are unknown at this time. These details will be necessary for
slope stability evaluation of the hillsides within and adjacent to the proposed development as part of the
geotechnical field study.

Groundwater
Based on our review of the State of California Seismic Hazard Zone Report for the Yorba Linda 7.5-Minute
Quadrangle (CDMG, 2005a), historic high groundwater is estimated to be from 0 to 30 feet below the surface in
the canyon area in the southern portion of the site. During our reconnaissance site visits, surface water has been
observed in the stream bottom in the canyon areas in the central and northern portion of the site.

Slope Stability
Based on our site reconnaissance and review, there is significant information indicating the presence of
landslides and other gross slope instability conditions within the site. Evaluation of the slopes should be one of
the main focuses of a geotechnical evaluation through bucket auger drilling for downhole logging and slope
stability analyses.

Geotechnical Impacts on the Proposed Development
Based on our review of available geologic maps and geotechnical reports applicable to the site, our limited site
reconnaissance visit, and our professional knowledge of the geotechnical conditions in the general vicinity and
experience with nearby projects having similar conditions, the pertinent geotechnical conditions impacting site
development are presented below. Our methodologies for evaluating each geotechnical constraint as well as
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possible measures, which may be recommended to mitigate adverse impacts, are also included herein.
1) Faulting
For the subject site, the State requirements would dictate that a subsurface fault investigation be performed
within the onsite State of California Fault-Rupture Hazard Zone in the central portion of the site. The
purpose of the trench excavations would be to allow a qualified geologist to evaluate the native materials
and determine if and where faults transect the area of proposed development. The fault trench study would
need to excavate continuous trenches within the portions of the proposed development area where faulting
is suspected in an orientation approximately perpendicular to the primary fault trend. The trenches would
need to expose “datable” material that is unfaulted and older than 11,000 years to show the absence of
active faulting. If faulting is encountered and determined to be active, a restricted use zone would likely
need to be created, where structures for human occupancy (structures to be occupied a cumulative total of
2,000 person hours per year) should not be constructed. Such zones typically include the traces of the
mapped faults plus a buffer zone on either side of the faults.
A subsurface fault study is to be performed as part of the in-progress subsurface geotechnical evaluation of
the site.
2) Compressible Soils
The surficial soils on the site should be evaluated in a subsurface geotechnical evaluation of the site to
determine if they are potentially compressible. Structural loads imposed on compressible soils could result
in adverse settlement. Investigating the extent of potentially compressible soils on the site should be part of
the focus of upcoming subsurface evaluation. Removal and recompaction of compressible materials may be
necessary to mitigate the adverse settlement of these soils.
3) Potential for Hydro-Collapse
Unconsolidated alluvial soils can have a potential for hydro-collapse. Although not anticipated to be an
issue at the site, investigation and evaluation of this potential should be addressed in a subsurface
geotechnical evaluation of the site.
4) Landslides and Slope Stability
From a cursory review, many of the slopes located within and adjacent to the property could be include
existing landslides and/or have the potential to move. In addition, some of the existing natural slopes are
relatively steep and may not be suitably stable for the proposed development. A subsurface evaluation
consisting of down-hole logging of large-diameter borings in the areas of suspected landslides and other
areas of potential slope stability issues should be performed to characterize the slopes and engineering
analysis should be performed to determine if stabilization measures are necessary.
5) Expansive Soils
A large portion of the site has been mapped as a thinly bedded shale. Shale typically contains appreciable
amounts of expansive clay that have a Medium to High expansion potential when processed and placed as
artificial fill. Representative sampling and preliminary laboratory expansion testing of the onsite soils
should be performed during the upcoming subsurface investigation of the site. Geotechnical observation
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and laboratory testing upon completion of the building subgrade is recommended to confirm the expansion
characteristics of typical onsite materials.
6) Infiltration of Storm Water Runoff
The majority of the site is anticipated to be unsuitable for infiltration of storm water runoff. The site is
considered a hillside grading project, with steep slopes in a landslide prone area. Infiltration of storm water
runoff could result in a reduction of the stability of site slopes. Once graded, the site will consist of
compacted fill and bedrock material, neither of which are anticipated to infiltrate at a sufficient rate.
Opportunities for or alternatives to infiltration should be evaluated during the subsurface evaluation phase
of the project.
7) Corrosion Potential
In general, soil environments that are detrimental to concrete have high concentrations of soluble sulfates
and/or pH values of less than 5.5. Table 4.2.1 of the ACI 318 Building Code provides specific guidelines
for the concrete mix design when the soluble sulfate content of the soils exceeds 0.1 percent by weight or
1,000 ppm. The minimum amount of chloride ions in the soil environment that are corrosive to steel, either
in the form of reinforcement protected by concrete cover, or plain steel substructures such as steel pipes or
piles, is 500 ppm per California Test 532. Based on our knowledge of the local area, we anticipate that
concrete for the proposed development may minimally be designed in accordance with the “not applicable”
or “moderate” category of Table 4.2.1 of the ACI 318 Building Code. These assumptions are based on our
experience in the area and should be evaluated during upcoming investigations and must be confirmed at
the completion of grading.
For appropriate evaluation and mitigation recommendations for other substructures exposed to the potential
influence from corrosive soils, a corrosion engineer specialist should be consulted.
8) Temporary Excavations
Excavations should be made in accordance with Cal OSHA, as a general guideline. Due to the anticipated
landslide prone conditions, additional precautions may be necessary, such as flatter backcuts, during
grading. Recommendations for buttress excavations should be addressed in the site geotechnical
investigation based on the proposed development plan and the findings of the preliminary geotechnical
investigation. Excavation safety is the sole responsibility of the contractor.
9) Fills Placement
Laboratory testing is recommended to evaluate the materials to be used as compacted fill. Onsite soils are
anticipated to be suitable for use as compacted fill provided the soils are free of organics, oversized rock
and other deleterious material.
10) Groundwater
Groundwater has been observed and should be anticipated within the alluvial canyon areas of the site. A
static groundwater table is not expected to be present in the higher elevations of the site, but may be locally
encountered in perched conditions. Part of the focus of upcoming subsurface evaluations will be to
characterize the site groundwater conditions. If surface water or groundwater seepage conditions are present
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in areas of proposed development, recommended mitigative measures such as surface drains and/or
subdrains can be provided.
11) Liquefaction
For the majority of the site, due to the anticipated post-grading lack of a shallow groundwater table below
the site and dense nature of the majority of the onsite material and proposed compacted fill, liquefaction is
not anticipated to be a potential hazard to the development. In the absence of a shallow groundwater table,
loose sandy soils may have the potential for seismically-induced, dry sand settlement. Liquefaction
potential and related potential seismic related hazards will be investigated in our upcoming subsurface
investigation.
12) Rippability
It is anticipated that the onsite materials will be excavatable with conventional heavy-duty construction
equipment. However, it should be anticipated that localized well cemented zones and concretions will be
encountered, which may pose a rippability issue and may require some breaking in order to excavate.
Evaluation of the rippability of the onsite materials should be part of an upcoming subsurface investigation
on the site.
13) Oversize Material
Oversize material, mostly in the form of concretions in the bedrock, should be expected during site grading
and development, however, in small quantities. If oversized material is encountered, the material will need
to broken down to workable dimensions and/or placed in deeper fills following special placement
guidelines outlined in an upcoming geotechnical evaluation report.
14) Seismicity
The site seismic characteristics were evaluated per the guidelines set forth in Chapter 16, Section 1613 of
the 2010 C.B.C. Site coordinates of latitude 33.899061 degrees north and longitude -117.761111 degrees
west, which are representative of the site, were utilized in our analyses. The initial results of our analyses
for the maximum considered earthquake spectral response accelerations (SS and S1) are presented in Table
1.
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TABLE 1
Seismic Design Values
Selected Parameters from the 2010 C.B.C.
Section 1613 - Earthquake Loads
Site Class per Table 1613.5.2
Spectral Acceleration for Short Periods (SS)*
Spectral Accelerations for 1-Second Periods
(S1)*
Site Coefficient Fa per Table 1613.5.3(1)

Seismic Design Values
D
1.992 g
0.748 g
1.0

Site Coefficient Fv per Table 1613.5.3(2)
1.5
*
Calculated from the USGS computer program “Seismic Hazard Curves, Response
Parameters and Design Parameters” v5.1.0 (02/20/11)
The spectral response accelerations (SMS and SM1) and design spectral response acceleration parameters (SDS
and SD1), adjusted for Site Class D, were evaluated for the site in general accordance with section 1613 of
the 2010 C.B.C. These site class adjusted parameters are presented in Table 2.

TABLE 2
Seismic Design Values Modified for Site Class D
Selected Parameters from the 2010 C.B.C.
Section 1613 - Earthquake Loads
Site Modified Spectral Acceleration for Short
Periods (SMS) for Site Class D
[Note: SMS = FaSS]
Site Modified Spectral Acceleration for 1-Second
Periods (SM1) for Site Class D
[Note: SM1 = FvS1]
Design Spectral Acceleration for Short Periods
(SDS) for Site Class D
[Note: SDS = (2/3)SMS]
Design Spectral Acceleration for 1-Second Periods
(SD1) for Site Class D
[Note: SD1 = (2/3)SM1]

Seismic Design Values Modified
for Site Class D
1.992 g

1.123 g

1.328 g

0.748 g

In accordance with Tables 1613.5.6 (1 & 2), the seismic design category for the subject site is Category D,
where SDS > 0.50g and SD1 > 0.20g.
Section 1803.5.12 of the 2010 C.B.C. states that the PGA for a site may be defined as SDS/2.5. The SDS for
the subject site has been calculated as 1.328 g. Therefore, PGA = 1.328 /2.5 = 0.53 g.
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