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Dear Mr. Okura: .
This report presents the results of our geotechnical investigation for the Rancho Las Bolsas
Multi-Family Affordable Homes proposed East of Mt. Hope Street and north of Slater Avenue in
the City of Fountain Valley, California. Based on our discussions, the project is to consist of a
138 unit, 4-story apartment complex of Type V construction with wood-framing and stucco
exteriors. Additional development includes a swimming pool, picnic area, tot lot, basketball
court, pool house, at-grade parking, access streets, landscape areas, concrete flatwork, and
undergronnd utilities.
The purpose of our review is to evaluate the subsurface conditions, determine the compatibility
of the plans with respect to the geotechnical features of the site, and provide preliminary
geotechnical recommendations and design parameters for site precise grading and planned
improvements. Specific information and recommendations for site development are provided in
the following text.

SCOPE
As outlined within our Proposal No: S103479, dated Jnne 30, 2010, and Proposal No: Sl03580,
dated November 11, 20 I 0, the scope of our investigation included the following:
A.

Review of collected geologic, soil engineering and seismologic reports and maps,
pertinent to this site.

14 HUGHES, SUITE B-101

IRVJNE, CA 92618-1923 (949) 380-4886 · FAX (949) 455-9371

January 21, 2011

Project No: 13466-01
Report No: 11-11344
Page No:
2

B.

Reconnaissance of the site, demarcation of boring locations and coordination with
Underground Alert to inform us of conflicts with existing underground utilities.

C.

Logging and sampling of four hand auger borings drilled to depths between about 9 to 10
feet below the site to evaluate subsurface conditions and obtain samples of earth materials
for laboratory analysis.

D.

Cone Penetrometer Testing (CPT) at four sounding locations to depths between about 30 to
100 feet below the site to evaluate subsurface conditions.

E.

Logging and sampling of a rotary wash and hollow-stem auger boring to depths between 20
and 50 feet below the site to evaluate subsurface conditions and obtain samples of earth
materials for laboratory analysis.

F.

Laboratory analysis of selected soil samples obtained during the field investigation.

G.

Engineering analysis and evaluation of resultant field and laboratory data related to the
proposed development.

H.

Preparation of this report including presentation of findings, conclusions and
recommendations, and drafted illustrations.

SITE DESCRIPTION
The site is located East of Mt. Hope Street and North of Slater Avenue in the city of Fountain
Valley, as shown in the Site Location Map, Figure 1. The site is roughly in the mirror shape of
an "L" and measures approximately 4 acres. The site and surrounding properties are relatively
level lots. The property is bordered by the Orange County Regional Cancer Facility on the west,
the Palm Island Active Adult Living on the north and west, by the US Post Office and AnimeOC
Store on the east, and by the Fountain Valley Water Services Facilities to the south (see
Geotechnical Plot Plan, Plate 1). The site is surrounded by a chain link fence on the north and
west, and by block walls on the west and south. A portion of the wall on the south is used as part
of a storage bin for gravel and other materials. A portion of the block wall to the southwest is
part of the adjacent office building. Access to the property is through a locked gate at the end of
the driveway entrance to the Cancer Facility.
At the time of our field investigation the site was barren with the exception of the occasional
weed and brushes. It was covered in general with a 1 to 4-inch thick layer of wood chips. The
ALTA-ACSM Land Title Survey Plan (see Reference a) indicates that the site slopes gently to
the northeast, with elevations ranging from 43.8 feet to the southeast to 40.7 feet toward the
northwest. The plan also indicates the presence of an easement for sanitary purposes located
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along portion of the west boundary, and an easement for sewer, storm drain, and water along the
south boundary.
The surface was observed to be very uneven, with various gopher holes throughout. It is our
understanding that this site may have been used for agricultural purposes in the past.

PROPOSED DEVELOPMENT
Jamboree Housing Corporation has proposed the development of new Multi-Family Affordable
Homes at the subject site. The development will include 138 units in a combination of one, two,
and three bedroom units. Four four-story, at grade buildings are proposed for the site: three
buildings with open podium parking at the first level, and one building with a community
room/property management offices at the first level. It is anticipated that the apartment building
will be Type V construction with wood-framing and stucco exteriors. Additional development
includes a swimming pool, picnic area, tot lot, basketball court and a pool house. Parking will
include 230 stalls. Supporting improvements will include access streets, landscape areas,
concrete flatwork, and underground utilities. Pavement areas are to generally consist of asphalt
concrete over base.
Our office was provided with a conceptual exhibit showing the tentative locations of proposed
structures (see Figure 2). A review of this exhibit indicates that the most western structure will
be located near an existing sewer line (approximately 2.3 feet laterally). The depth ofthis line is
believed to be 6 to 7 feet below existing site grade.
It is anticipated that the planned design will be achieved through conventional cut and fill
earthwork techniques. Grading and structural plans are not currently available, however, it is
anticipated that maximum cuts and fills (not taking into account possible remedial grading to
prepare the site for proposed construction) will not exceed 2 feet. For our evaluation we have
been provided the following maximum structural loads: 300 kips (column loads) and 5 kips/foot
(wall loads). Overall dead and live building loads at the foundation level range from 250 to 300
pounds per square foot. These assumptions form the basis for the conclusions and
recommendations presented herein. If the assumptions mentioned above are not in accordance
with the final structural design, our office should be notified

SITE INVESTIGATION
Previous Site Investigation
The subject site was investigated in 1998 (Reference 2) during a study of this parcel and a
contiguous parcel to the north. The logs of borings from this study are provided in Appendix B
(Figures B-9 through B-14). Borings B-1 and B-2 are located on the subject property in the

January 21, 2011

Project No: 13466-01
ReportNo: 11-11344
Page No:
4

approximate locations shown on the Geotechnical Plot Plan, Plate 1. The results of testing from
this earlier study are provided in Appendix C (after Figure C-10).
Current Site Investigation
Field Exploration
Subsurface conditions were explored on October 12, 2010 using four hand auger borings and
four cone penetration tests (CPT's). Hand auger boring depths ranged from 9 to 10 feet below
existing grades. Cone penetration test holes were probed to a depth of30 to 100 feet below
grade. Hand auger borings were observed by our field geologist/engineer who logged the soils
and obtained bulk and relatively undisturbed samples for identification and laboratory testing.
A supplemental investigation of subsurface conditions was conducted on December 12, 2010.
This investigation consisted of excavating and sampling a mud rotary boring (Boring MR-1) to a
depth of 81 feet and a hollow-stem auger boring (Boring HSA-1) to a depth of 20 feet below site
grade. The excavation of both borings was observed by our field geologist/engineer who logged
the soils and obtained bulk and relatively undisturbed samples for identification and laboratory
testing.
Details of the field exploration, including the Logs of Borings and Cone Penetration Tests are
presented in Appendix B (Figure B-1 through B-8 and B-15 through B-21). The approximate
locations of the borings and CPT's are shown on Plate 1.
Laboratory Testing Program
Tests were performed on bulk and relatively undisturbed samples considered representative of
the subsurface conditions. Tests included those to determine moisture content, dry density,
compaction characteristics, corrosivity characteristics, settlement potential, and shear strength,
and expansion potential. Test procedures and results are given in Appendix C.
REGIONAL GEOLOGIC SETTING AND SEISMICITY
The subject property, as well as the entire City of Fountain Valley, is located in the east-central
portion of the Los Angeles Basin. The Los Angeles Basin is a structural depression filled with a
stratigraphic succession of about 14,000 feet of Pliocene, Miocene, and Lower Pleistocene
marine elastic sediments, about 200 feet of Upper Pleistocene marine and continental deposits,
and recent alluvial and coastal deposits. The site is located approximately 12-mile west of the
Santa Ana river channel.
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SUBSURFACE CONDITIONS

The geologic units exposed near the site surface consist of a relatively thin cap of artificial fill
deposits underlain by alluvium. The following sections present a summary of the geologic units
present at the site.
Geologic Units

Artificial Fill
Artificial fills were encountered in our borings to a maximum depth of 3 feet below existing site
grade. The fill consisted of a medium to light grayish brown sand that is loose to medium dense
and dry at surface to very moist below (average moisture content of20%). This unit is generally
considered unsuitable for support of structural improvements in its present condition given its
variations in thickness, and density, as well as the presence of gopher holes.
Alluvium
The entire site is underlain by young alluvial fan deposits including lenses and layers of clays,
silts and sands. Based on our investigation, the alluvium is generally characterized as moist to
wet with moisture contents ranging from 12.3 to 47.2 percent (average of27.7%), dry densities
ranging from 76.6 to 123.4 pounds per cubic foot (average of94.6 pcf), and saturations ranging
from 39 to 100 percent (average of 83 percent).
Groundwater

Groundwater was encountered in all hand-auger borings at depths of 7.8 to 9.6 feet below
existing grades (Elevations 31.4 to 33.9 feet amsl) during our subsurface work on October 12,
2010. During insertion of the Cone Penetration Test Probes, pore pressure dissipation tests were
performed to aid in estimating groundwater levels. These tests indicated water levels at a depth
of 8.5 feet (Elevation 33.7 feet amsl) in CPT-1, and at a depth of7.5 feet (Elevation 34 feet amsl)
in CPT-2, respectively.
Groundwater was also encountered in our hollow-stem auger boring (Boring HSA-1) at a depth
of approximately 5 feet below existing grade (Elevation 36.3 feet amsl) during our subsurface
work on December 12, 2010.
Groundwater levels may seasonally fluctuate, or increase as a result of development, and should
be anticipated to be a constraint to site development.
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SEISMIC CONSIDERATIONS
Published Studies
One of the principals of seismic analyses and prediction is the premise that earthquakes are more
likely to occur on geologically younger faults, and less likely to occur on older faults. For many
years studies have described faults with Holocene movement (within the last 11,000 years) as
"Active", and faults with documented Pleistocene movement (within the last 1.6 million years)
and with undetermined Holocene movement as "Potentially Active". Informally, many studies
have described faults documented to have no Holocene movement as "Inactive". Recent
geologic and seismic publications are attempting to clarify the nomenclature describing faults to
more accurately represent the potential affects from earthquakes.
Reports by the California Division of Mines and Geology indicate faults with documented
Holocene or Historic (within the last 200 years) movement should be considered Active.
However, Potentially Active faults are more appropriately characterized in terms of the last
period of documented movement. The Fault Activity Map of California (Jennings, C.W.; 1994)
defines four categories for onshore Potentially Active faults. The categories are associated with
the time of the last displacement evidenced on a given fault and are summarized in Table 1.

It is important to note these categories embrace all Pre-Holocene faults as Potentially Active, and
provide no methodology to designate a given fault as "Inactive". Although the likelihood of an
earthquake or movement to occur on a given fault significantly decreases with inactivity over
geologic time, the potential for such events to occur on any fault cannot be eliminated within the
current level of understanding.

Activity
Active
Potentially
Active

Table 1, Definitions of Fault Activitv in California
Category
Recency of Movement
Historic
Within the last 200 years
Holocene
Within the last 11,000 years
Late Quaternary
Within the last 700,000 years
Quaternary
Within the last 1.6 million years
Late Cenozoic
Possibly within the last 1.6 million years
Pre-Quaternary
Before the last 1.6 million years

Local and Regional Faults
The closest published active fault to the site is the San Joaquin Hills blind fault, approximately
3.4 miles from the site, (Blake, T.F., 2000, CGS/2004). Other active faults in the vicinity of the
sites include the Los Angeles Basin extension of the Newport-Inglewood Fault, approximately
4.8 miles southwest, the Puente Hills Blind Thrust, approximately 15.1 miles to the northeast; the
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Palos Verdes Fault, approximately 15.4 miles northwest; the Whittier Fault, approximately 16.0
miles northeast, and the San Andreas Fault, approximately 46.8 miles to the northeast.
The California Geological Survey updated the Fault Parameters and Earthquake Catalog for the
probabilistic Seismic Hazards Maps, (Cao, T., et.al. 2002). This update included the addition of
the "San Joaquin Hills" blind thrust fault, theorized to exist from Newport Beach to Dana Point,
and ramping up inland to the Irvine area, and essentially underlying the site. Earthquakes of
Magnitude 6.6 are presently postulated for this structure. With the fault's location underlying
and projecting approximately 3.4 miles to the northeast, it is calculated as the most significant
seismic source to affect the site.

Ground Motion Analyses
The potential ground motions from earthquakes that could impact the sites were analyzed
through probabilistic methods. The probabilistic method considers the regional seismic history
and the slip rates of faults within a 100-mile radius of the subject sites. Utilizing attenuation
relationships (Bozorgnia, et al.; 1999, unconstrained/Pleistocene soil), one can estimate the
ground motion history of the sites and attempt to predict the probability of future accelerations
within a given period of time. The study indicates the maximum site acceleration from 1800 to
2004 was approximately 0.314g and occurred during a magnitude 6.3 Long Beach Earthquake
7.1 miles from the site on March 11, 1933. The peak ground acceleration with a probability of
exceedance of 10% in 50 years as predicted by the California Geological Survey Probabilistic
Seismic Hazards Mapping Program is 0.39g.
It is noted that the estimation of peak ground accelerations presented above is provided for the
interest of the client and is required by local (City or County) review agencies. The values
derived are not directly utilized in structural design of residential structures. Seismic parameters
for use by the structural engineer and liquefaction analysis in accordance with 2007 California
Building Code in design of the proposed structure(s) are presented in the recommendations
portion of this report.

Site Classification for Seismic Design
For the purposes of determining seismic design parameters provided in the recommendations
portion of this report pertaining to the new structures, the upper one hundred feet of soil
underlying the subject site has been classified in accordance with Section 1613.5.5 of the 2007
CBC. The results of shear wave velocity data from our CPT soundings were used to estimate an
average shear wave velocity in the top 100 feet of soil at the site (see Appendix D, Figures D-1
and D-2). The average shear wave velocity is estimated at 650 feet per second, resulting in a
Site Class D.
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Secondary Seismic Hazards
Review of the Seismic Hazards Zones defined by the California Geological Survey (CGS, 1997)
indicates this portion of the Newport Beach Quadrangle is within a "zone of required
investigation" for liquefaction, but outside the zone for earthquake-induced landslides. Based on
our results of our subsurface investigation and calculations, there is a potential for limited
liquefaction to occur at this site. This estimate is based on a peak site acceleration of 0.413g,
determined in accordance with section 1802.2.7 of the 2007 CBC, a 7.1 magnitude earthquake,
and a groundwater level of 7 feet below grade. The consequence of such liquefaction would be
ground settlement on the order of 2 to 4 inches, with possible 1 to 2 inches of differential
settlement after an event triggering liquefaction.
Other secondary seismic hazards can include deep rupture and shallow ground cracking.
Without onsite faulting, the potential for deep fault rupture is not present. The potential for
shallow ground cracking to occur during an earthquake is a possibility at any site, but does not
pose a significant hazard to site development.
CONCLUSIONS AND RECOMMENDATIONS
General
Based on the results of our geotechnical review of the site for the proposed Affordable Housing
Development, it is our conclusion that the development of the site is geotechnically feasible,
provided the recommendations of this report are incorporated into the project plans and
specifications. Site development for the four-story apartment buildings appears to be feasible
with moderately difficult to difficult grading and construction conditions.
We are of the opinion that the proposed structures can safely be supported on mat or pile
foundations with limited grading of underlying natural alluvial soil. Total settlements for a mat
foundation would be within tolerable limits of 3-inches or less, whereas those for a pile
foundation would be less than one inch.
Alternatively, the structures could be supported on a combination of spread and continuous
footings provided the underlying alluvial soils are stiffened by ground improvement methods to
limit foundation settlements. Preliminary analyses indicate settlements in excess of 2-inches for
conventional foundations without ground improvement. Suitable ground improvement methods
include rammed aggregate piers and stone columns. Ground treatment would be required in an
estimated 15- to 20-foot thick zone beneath the foundations.
Finalized grading and foundation plans should be reviewed by the geotechnical consultant
prior to grading and construction.
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The design recommendations in this report should be reviewed during the grading phase when
the soil conditions in the excavations become exposed. We consider that the anticipated grading
will not adversely affect, nor be affected by adjoining property, with due precaution being taken.
General geotechnical considerations applicable to site grading and recommendations for the
design and construction of the proposed development are discussed below. A summary of the
geotechnical issues created by development of the proposed design at the site are presented as
follows:

•

Grading
It is our opinion that the existing artificial fill and upper alluvial soils at the subject site
are not competent for foundation support and will have to be excavated and replaced as
engineered fills. The fill and alluvial soil within the upper four feet of the site are moist to
wet with moisture contents averaging about 25 percent, which is well above optimum
moisture content. Grading of these soils will be difficult to very difficult, and will
require significant drying for reuse as fill soil. Site grading under fair weather conditions
and outside of the rainy season should be anticipated so that overwet soils may be dried
back.
Due to the high moisture contents of the soil and relatively high groundwater level at
about 7 to 9 feet below site grades, portions of the excavation base may require geofabric
(Mirafi 500X or equal) overlain by 8- to 12-inches of 1- to 3-inch sized angular gravel to
provide a stable working platform.

•

Foundation Properties
The upper fill and alluvial soils are not currently suitable for foundation support and will
require remedial grading prior to construction of planned improvements. The alluvial
soils underlying the site are moist to nearly saturated and typically, normally
consolidated. Use of a conventional shallow foundation and slab system is precluded due
to excessive settlements under the anticipated column loads, unless some form of ground
modification is performed. Ground settlement from soil liquefaction during a potential
earthquake is also a concern. Removal and recompaction of the upper site soil from
beneath foundation bases will be necessary to limit differential settlement for the
buildings. To mitigate impacts of settlement on the buildings, it is recommended that a
stiffened mat foundation system be used in conjunction with only limited remedial
grading of the supporting alluvial soil. Alternatively, conventional spread and continuous
footings may be used provided an estimated 15- to 20-foot thick zone of the supporting
foundation soils are stiffened by ground treatment methods such as rammed aggregate
piers and stone columns. Deep foundations consisting of driven piles would also be
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suitable for support of the buildings and provide near complete mitigation of settlement
due to gravity loads and seismic loads.
Underground utilities should be provided with flexible and extendable couplings to
reduce potential damage due to differential settlement at penetrations to the planned
buildings if a mat foundation is employed.
•

Existing Utility Lines
Based on information provided to our office, it is our understanding that one or more of
the buildings will be located very close to an existing sewer line. The soils at the site are
relatively wet and soft and within the influence of proposed foundations. If the sewer
line (or any gravity drain line) is located within a 1 to 1 outward and downward
projection of the building foundations, the line may settle differentially and develop a
"sag" that would negatively impact flow gradient. If the building must remain close to an
existing gravity drain line, then deep foundations will be needed to avoid surcharging and
settlement of any such line. Recommendations for deep foundations are provided later in
this report. Consideration should be given to re-alignment of gravity drain lines to area
outside the influence of buildings.

•

Slope Stability
Excavation slopes for site development are anticipated to be less than 4 feet in height,
with the exception of the pool area. Excavation may be made vertically for a maximum
height of 4 feet and then sloped back at 45 degrees above this height. The impact of
slope deformations on adjoining property should be limited depending upon actual
excavation limits. Care should be taken when excavating near existing structures located
near the east and south boundaries. Shoring recommendations can be provided upon
request, if needed.

•

Expansive Soil:
Current testing of the near surface site soils indicate that soils within the influence of
foundations and slabs have a very low expansion potential. Soil expansion need not be
considered in design of foundations and slabs provided slab subgrades are underlain by
the existing sandy soils or similarly very low expansion import soil. However, it is
anticipated that the fine grained soils underlying the near surface sandy soils may have a
medium to very high expansion potential. It is therefore recommended that these lower
soils not be used within the influence of slabs and foundations, unless they are designed
for such conditions.
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Corrosive Soil:
Previous and current testing for soluble sulfates and chlorides indicates the on-site soils
have a moderate to severe potential for corrosion of buried concrete and metal elements.
Mitigation measures include providing cement and concrete resistant to water soluble
sulfates, and corrosive protection to metal elements or substituting non-corrosive
materials in place of metal elements.

This report outlines the major geotechnical features of the site based on our review of the data
collected during our geotechnical investigation and previous work in the area. The information
included herein is provided for preliminary estimating and design pwposes. Updated grading
and building plans should be reviewed by the Geotechnical Consultant prior to final design and
construction.

Grading and Earthwork
Grading should be accomplished in accordance with the Earthwork Guidelines presented in
Appendix E herein, and the Grading Code and Manual of the City of Fountain Valley.
Clearing and Grubbing
The site should be cleared of existing vegetation, organic matter, wood chips, debris, rubble, and
any buried obstructions. Clearing and grubbing should extend to the outside of all proposed
excavation and fill areas. Clearing and grubbing may need to be extended in local areas beyond
the limits of planned grading to accommodate the removal and replacement of unsuitable
materials with compacted fill.
Removal of Unsuitable Materials
Where exposed subgrade is deemed unsuitable for support of proposed structural fill materials
and/or improvements, overexcavation of the unsuitable materials will be required. Unsuitable
materials at the site include previously placed non-structural fill soils, as well as soft alluvial
soils. The following recommendations are based on final grades located at elevations within +2
foot of existing grade. It is recommended that site soils be over-excavated as follows:
•

Building pads: 3.5 feet below existing grade to at least 5 feet beyond building perimeter.

•

Pavement and Flatwork: 2 feet below existing grade to at least 2 feet beyond
improvement.

•

Pool: 2 feet below pool bottom when the pool depth is less than 4 feet, and 1 foot
otherwise. Geofabric and rock will likely be required to provide a stable working
platform.
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Pool deck: 2 feet below existing grade.

Due to the high moisture content of the alluvial soils within the zone of remedial grading and the
high groundwater at the site, it is recommended that remedial overexcavation not be made below
Elevation 36 feet amsl, unless specifically required by the Geotechnical Consultant.
Materials that are considered unsuitable should be excavated and removed under the observation,
and in accordance with, the recommendations of the Geotechnical Consultant. Removal depths
will vary and final determination of the removal depths should be made based on observations
during grading by the Soils Engineer and/or Engineering Geologist. Any surface or subsurface
obstructions, or questionable material encountered during grading, should be brought
immediately to the attention of the geotechnical engineer for proper exposure, removal and
processing as directed.
Currently, information regarding the existing utilities beyond their general location was not made
available to our office. Existing utilities to remain in place should be protected during grading.
Recommendations for protection as well as abandonment of utilities will be addressed during the
plan review phase of this project.
Excavation Base Stabilization
Due to the high moisture content and localized soft to firm consistency of the subgrade soil
anticipated at the base of the excavation, it is probable that the excavation base will need to be
stabilized to provide a suitable working platform. Based on our experience on similar projects
and for typical equipment loads, stabilization of the base should be possible with a geofabric
equal to or better than Mirafi 500x overlain with an 8- to 12-inch thick layer of 1- to 3-inch
angular gravel.
Scarification and Processing of Surface Soils
With the exception ofremovals exposing wet alluvial soils, following overexcavation of
unsuitable materials, all areas of the site to receive fill should be scarified to a depth of 6 to 8
inches, brought to a minimum of 110 percent of optimum moisture content and compacted to at
least 90 percent relative compaction (ASTM: Dl557).
Excavating Conditions
Grading restricted to within the upper four feet of existing grade will be moderately difficult to
difficult, but should be possible with conventional equipment supplemented by grading
equipment designed for wet and soft subgrade conditions.
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Groundwater is not expected to be present within the proposed depth of remedial grading;
however, groundwater may fluctuate depending on the time of grading. Provisions for
dewatering should be made by the contractor in the event of seepage into the excavation.
General Fill Material

It is our opinion that the upper four feet of the artificial fill and alluvial soil at the site may be
used for engineered fill at the site provided moisture contents are brought to within the
compactable range. However, the majority of the native soil materials below four feet will have
excessive moisture contents for compaction. In general, soils generated from the site will be
suitable for placement as compacted fill when it is brought to above 110 percent of optimum
moisture content.
Both imported and existing on-site soils to be used as fill should be predominately granular (EI ,::::
20), and free of debris, organics and cobbles over 3 inches in maximum dimension. The
geotechnical engineer prior to importing should approve imported fill material. The geotechnical
engineer should be notified not less than 72 hours in advance of the location of any soil or base
course material proposed for import.
Shrinkage and Subsidence
Shrinkage due to removal and recompaction of the existing on-site soils is estimated to be on the
order of 10 percent. Subsidence due to grading operations may be estimated at 0.1 foot overall.
These are preliminary estimates, which may vary with depth of removal, stripping loss, and field
conditions at the time of grading.
Fill Compaction Method
Fill should be placed in uniform horizontal, loose lifts of 6 to 8 inches in thickness, moisture
conditioned to above 110 percent of optimum moisture content, and compacted by mechanical
means. All fill materials placed at the site should be compacted to a relative compaction of at
least 90 percent, based on ASTM: D 1557.
Fill should be tested for compliance with the recommended relative compaction and moisture
conditions. Field density testing should conform to ASTM Method of Test D1556 or D6938.
Fill found not to be in conformance with the grading recommendations should be removed or
otherwise handled as recommended by the Geotechnical Consultant. All fills should be placed
and all grading performed in accordance with the Grading Code and Manual of the City of
Fountain Valley.
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Temporary Unshored Excavations and Slopes
Generally, excavation slopes for site development are anticipated to be less than 4 feet in height.
Excavation may be made vertically for a maximum height of 4 feet and then sloped back at 45
degrees above this height. We do not anticipate excavation to extend below the water table.
Existing structures are located along the southern and eastern boundaries of the site. Excavation
limits and impacts on adjoining property should be reviewed prior to final design and
construction. Information on the existing foundations will be required by our office for such
review.
All applicable requirements of the California Construction and General Industrial Safety Orders,
the Occupational Safety and Health Act, and the Construction Safety Act should be met. Where
there is insufficient room to slope back an excavation, shoring will be required. Shoring
recommendations can be provided upon request.
The geotechnical consultant makes no warranties as to the stability of temporary slopes. The
contractor should proceed in a manner such that the safety of workers and adjoining properties
are not compromised. The contractor should be responsible for the stability of all temporary
slopes.
Surface and Subsurface Drainage
The performance of foundations is dependent upon maintaining adequate surface drainage both
during and after construction. The ground surface around structures should be graded so that
surface water will be carried quickly away from the building without ponding. In general, we
recommend that pads be graded to sheet flow with a minimum gradient of 2 percent. Where
possible, drainage should be directed to suitable disposal areas via non-erodible devices. Surface
runoff from graded areas should be directed to the channels of existing natural drainage swales in
a non-erosive manner. Planters should be constructed so that moisture is not allowed to seep into
foundation areas or beneath slabs and pavements.
Foundations and Slabs
General
For our evaluation we have been provided the following maximum structural loads: 300 kips
(column loads) and 5 kips/foot (wall loads). Overall dead and live building loads at the
foundation level range from 250 to 300 pounds per square foot. These assumptions form the
basis for the conclusions and recommendations presented herein. If the assumptions mentioned
above are not in accordance with the final structural design, our office should be notified.
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The building loads coupled with the high groundwater and moderate to high compressibility of
the subsurface soil, preclude the use of conventional shallow footings and slabs for foundation
support without some form of ground modification {e.g., geopiers or stone columns) to mitigate
against excessive settlement of the planned buildings. Ground settlement from soil liquefaction
during a potential earthquake is also a concern.
Suitable foundation types for the planned buildings would include mat foundations or driven
piles. Mat foundations would distribute the building dead and live loads to limit the dead plus
live load bearing pressures to approximately 500 pounds per square foot. This would limit static
foundation settlements to less than three inches and differential settlements to less than 1.5
inches, and mitigate against foundation settlements caused by soil liquefaction during a probable
seismic event. Settlements due to liquefaction are estimated at 2 to 4 inches and may require releveling of foundations after the probable seismic event.
Driven pile foundations can be designed to limit building settlements to less than Yz-inch under
dead plus live loads and to on the order of one-inch due to soil liquefaction during a probable
seismic event. Floor slabs for driven pile foundations could be designed to be supported atgrade.
Conventional spread footings with grade beams and continuous footings may be used for support
of the structure provided soil material below foundation bases are improved {stiffened) to
mitigate settlements. An allowable bearing pressure of at least 4000 pounds per square foot
should be achievable with ground improvement such as rammed aggregate piers or stone
columns.
Mat Foundations
Mat foundations may be designed for a dead plus live load net bearing pressure of 500 pounds
per square foot. These assumptions partially form the basis for the recommendations presented
below. If the assumptions above are not in accordance with the final structural design, our office
should be notified.
Earth materials to be exposed at finished grades are expected to exhibit a very low expansion
potential within the upper 4 feet of subgrade, and low to high expansion potential below a depth
of 4 feet. Foundations and slabs should be designed for the intended use and loading by the
Structural Engineer. The design should consider the expansion potential of the subgrade soils
and other appropriate soil related criteria.
Our recommendations are considered to be generally consistent with the standards of practice.
They are based on both analytical methods and empirical methods derived from experience with
similar geotechnical conditions. These recommendations are considered the minimum necessary
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for the likely soil conditions and are not intended to supersede the design of the Structural
Engineer or criteria of governing agencies.
Allowable Bearing Capacity
Provided that the site is graded in accordance with the recommendations herein and the mat is at
least 12 inches thick and embedded at least 12 inches below grade, a maximum allowable net
bearing pressure of 500 pounds per square foot may be used in static design. The design value
may be increased one-third for short duration wind or seismic loading. Net soil pressure may be
determined using a total soil unit weight of 110 pounds per cubic feet. A modulus of subgrade
reaction of 100 pounds per cubic inch may be used in structural design.
The allowable net bearing pressure should limit static foundation settlements to less than three
inches and differential settlements to less than 1.5 inches. The mat foundation should distribute
building loads and help mitigate against foundation settlements caused by soil liquefaction
during a probable seismic event. Settlements due to liquefaction are estimated at 2 to 4 inches
and may require re-leveling of foundations after the probable seismic event.
Lateral Load Resistance
Lateral loads may be resisted by passive earth pressure forces and by friction acting on the
bottom of the mat foundation. The allowable passive pressure forces may be computed using an
equivalent fluid density of 250 pounds per cubic foot. A coefficient of friction of 0.25 may be
used in computing the frictional resistance for concrete in contact with underlying soil materials.
Settlement
The total dead plus live load settlement of the mat foundation is estimated to be less than 3
inches. Approximately 'l2 of this should occur during construction, the other Yi occurring over a
4 year time period. The differential settlement is not anticipated to exceed 1.5 inches. Angular
distortions should not exceed 1/500.

In addition, there is a potential for an estimated 2 to 4 inches of settlement induced by soil
liquefaction during a probable seismic event. The combined maximum settlement of the mat
foundation will be on the order of 6 inches. Combined differential settlements due to gravity
loads and liquefaction could be as much as 3 inches across the width of the building. Angular
distortions should not exceed 1/350.
It is recommended that all utility penetrations into the proposed building be equipped with
flexible joints capable of allowing a 6-inch vertical differential movement.
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Driven Pile Foundations
Deep foundations consisting of driven piles would also be suitable for support of the buildings
and provide near complete mitigation of settlement due to gravity loads and soil liquefaction
during a probable seismic event.
Driven pile foundations consisting of precast, prestressed concrete would be suitable for this
application. Piles would be designed as friction piles deriving load capacity from soils at depths
of 15 feet or more below grade. Piles would be at least 50 feet long. Pile capacity may be
determined using an allowable adhesion of 350 pounds per square foot between the concrete pile
and adjacent soil materials. The piles should be spaced at least three diameters (center to center)
to avoid capacity reductions due to group effects. Lateral loads would be carried by passive
earth pressure acting against a pile cap embedded in engineered fill soil. The allowable passive
pressure forces may be computed using an equivalent fluid density of 250 pounds per cubic foot.
The total dead plus live load settlement of the pile foundation is estimated to be less than Yi-inch.
The differential settlement is not anticipated to exceed ~-inch. Angular distortions should not
exceed 1/500.

In addition, there is a potential for an estimated one inch of settlement induced by soil
liquefaction during a probable seismic event. The combined maximum settlement of the pile
foundation system will be on the order of 1.5 inches. Combined differential settlements due to
gravity loads and liquefaction could be as much as -X-inch between column and wall locations.
Angular distortions should not exceed 1/500.
Conventional Foundations
Conventional continuous footing and spread footings ( connected with grade beams) may be used
for support of the structure provided soil material below foundation bases is improved ( stiffened)
to mitigate settlements. An allowable bearing pressure of at least 4000 pounds per square foot
should be achievable with ground improvement such as rammed aggregate piers or stone
columns. Foundations should be embedded at least 24 inches below lowest adjacent grade.
Earth materials to be exposed at finished grades are expected to exhibit a very low expansion
potential within the upper 4 feet of sub grade, and low to high expansion potential below a depth
of 4 feet. Foundations and slabs should be designed for the intended use and loading by the
Structural Engineer. The design should consider the expansion potential of the subgrade soils
and other appropriate soil related criteria.
Our recommendations are considered to be generally consistent with the standards of practice.
They are based on both analytical methods and empirical methods derived from experience with
similar geotechnical conditions. These recommendations are considered the minimum necessary
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for the likely soil conditions and are not intended to supersede the design of the Structural
Engineer or criteria of governing agencies.
Allowable Bearing Capacity
Provided that the site is subject to ground improvement methods extending to a depth of 15 to 20
feet below site grades, an allowable bearing pressure of 4000 pounds per square foot may be
used in preliminary design. The design value may be increased one-third for short duration
wind or seismic loading.
Lateral Load Resistance
Lateral loads may be resisted by passive earth pressure forces and by friction acting on the
bottom of the foundation. The allowable passive pressure forces may be computed using an
equivalent fluid density of 250 pounds per cubic foot. A coefficient of friction of 0.25 may be
used in computing the frictional resistance for concrete in contact with underlying soil materials.
Settlement
The allowable bearing pressure should limit static foundation settlements to less than 1.5 inches
and differential settlements to less than 0.75 inches. Settlements due to liquefaction are
estimated at 1 to 2 inches provided ground improvement methods extend 15 to 20 feet below site
grades. The use of grade beams should help mitigate against excessive differential foundation
movements due to settlements caused by soil liquefaction during a probable seismic event.
Building Slabs
Concrete building slabs constructed as floors for interior living areas should be at least 5 inches
thick. Minimum reinforcement should be equal to No. 4 reinforcing bars spaced at 24 inches on
center with bars placed at the middle one-third of the slab. Actual reinforcement should be
designed by the project Structural Engineer.
Slabs should be underlain by a vapor retarder, which should be lapped at least 12-inches at joints
and around any breaks, such as openings for utility conduits and foundations. Stoney-Miller
Consultants, Inc. does not practice in the field of moisture vapor transmission evaluation or
mitigation nor concrete underlayment design for curing and constructability. Therefore, we
recommend that a qualified firm be retained to evaluate the general and specific moisture vapor
transmission paths and any impact on the proposed construction. This firm should provide
recommendations for mitigation of potential adverse impact of moisture vapor transmission on
various components of the structure and proper concrete construction methods as deemed
appropriate. Concrete slabs and vapor barriers should be designed and constructed in accordance
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with the CBC, the American Concrete Institute, American Society of Testing and Materials, and
the Portland Cement Association.
The Finish Floor Level should be at least 6-inches above high adjacent grade. Planter areas
should not be sited adjacent to walls, unless contained so as to prevent the ingress of moisture
under footings and against walls.

Foundation Excavations
All excavations should be observed by the geotechnical engineer prior to placement of forms,
reinforcement, or concrete for verification of conformance with the intention of these
recommendations. All excavations should be trimmed neat, level, and square. All loose or
sloughed material should be removed prior to the placement of concrete. Materials from footing
excavations should not be spread in slab-on-grade areas unless compacted.

Construction Materials
Previous and current laboratory testing indicates that the onsite native soils represent a moderate
to severe sulfate and chloride exposure for concrete at the site as defined by the California
Building Code (CBC).
Based on our understanding of the CBC, the site soil conditions, and the improvements planned
for the site, we have prepared Table 2 to summarize the minimum concrete requirements for
specific elements. These requirements should be considered subject to review and approval of
the architect and structural engineer for the project. Additional testing to assess the site soils
corrosivity should be performed at the completion of precise grading.
Due to the potential for moderate to severe corrosion of buried pipes and metals, it is
recommended that non-corrodible elements be substituted for metal elements wherever possible.

Hardscape Design and Construction
Planters, fences, or garden walls constructed with a minimum embedment of 12-inches in
compacted fill should be designed for an allowable bearing value of 1000 pounds per square
foot, and may utilize an allowable lateral bearing pressure of I 00 pounds per cubic foot and a
friction coefficient of 0.25.
Concrete flatwork should be divided into as nearly square panels as possible. Joints should be
provided at maximum IO feet intervals to give articulation to the concrete panels. Landscaping
and planters adjacent to concrete flatwork should be designed in such a manner as to direct
drainage away from concrete areas to approved outlets. Planters located adjacent to principal

January 21, 2011

Project No: 13466-01
Report No: 11-11344
20
Page No:

foundation elements should be sealed and drained; this is especially important if located upon
retaining wall backfills.
Flatwork elements should be a minimum of 4-inches thick. A thickened edge should be
considered for significant elements. Subgrades should be presoaked to 120 percent of optimum
moisture to a depth of 12 inches prior to concrete placement.
Landscape design should include provisions for subsurface drains beneath high water use areas.
It is recommended that deep-rooted, low water need plants be selected for general landscaping
purposes to minimize irrigation requirements and consequent saturation of underlying soils.
Seismic Structural Design

Based on the geotechnical data and site parameters, the following is provided by the USGS
(NEHRP 2003) to satisfy the 2007 CBC design critena:

s·t
' ' D es1. !B Cn·tena
. f,or 2007 CBC
1 e and S eISmIC
Design
Parameters
Site Class
Site Longitude (degrees)
Site Latitude (degrees)
Ss (g) B
S1 (g) B
SMs (g) D
SM1 (g)D
SDs (g) D
SD1 (g) D

FA
Fv
Seismic Design Category

Recommended
Values
D

-117.931
33.715
1.550
0.546
1.550
0.819
1.033
0.546
1.0
1.5
D

This evaluation asswnes the fundamental period of vibration of proposed structures does not
exceed 0.5 second. The structural engineer should review the above parameters and the
California Building code to evaluate the seismic design.
Pavement Design

General
Pavement areas for vehicle traffic may consist of concrete, asphalt concrete, or concrete pavers.
Recommendations for each are given below. For design, we have used an assumed R-value of
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30. In general, the site subgrade soils are expected to be mostly comprised of sandy soils with a
low expansion potential. A Traffic Index of 4 to 5.5 has been used for the design.
The upper one-foot of subgrade soils directly supporting any structural section should be
compacted to a minimum 90 percent of the maximum dry density at moisture contents at least
110 percent of optimum moisture content (ASTM: D1557). This one-foot layer of fill soils
subgrade should be founded on competent engineered fill. Final compaction and testing of
pavement subgrade should be performed just prior to placement of aggregate base.
The untreated base material should consist of crushed aggregate base, crushed miscellaneous
base, or processed miscellaneous base as defined in the Standard Specification for Public Works
Construction. Base materials should be compacted to at least 95 percent relative compaction
(ASTM: D 1557) at or above optimum moisture content.
Concrete Pavers
Concrete pavers may be used in driveways and parking areas at the site and would be
approximately 3-inches thick and underlain by 1 to 1 ~-inches of clean sand. The pavers and
sand should be supported on a minimum of 12-inches of untreated base material placed in three
4-inch thick lifts. The bottom two lifts should be placed at 95 percent relative compaction
(ASTM: Dl557) and the remaining upper lift should be at 98 percent relative compaction. The
base should be at or above optimum moisture content.
Concrete pavers might also be used in pedestrian traffic. In foot traffic areas, the pavers should
be underlain with 4-inches of base compacted to 95 percent relative compaction.
Concrete
We recommend the following concrete section:
Portland Cement Concrete Slab (Drive Areas - Auto)
=
5 inches thick
Portland Cement Concrete Slab (Drive Areas - Truck)
6 inches thick
Portland Cement Concrete Slab (Foot Traffic)
=
4 inches thick
Reinforcing: No. 3 rebar each way in middle third of section at 18-inch spacing
Minimum Concrete Modulus of Rupture
=
530 psi
Asphalt Concrete
Pavement sections at the site should be in accordance with those given in Table 1.
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Swimming Pool
Swimming pools should be designed and constructed considering both the on-site soil and the
potential for groundwater conditions at the site. Swimming pools will be subject to inwardly
directed pressure from the soils forming the pool shell and from possible groundwater.
Subsurface water buildup may cause uplift of a draining or drained pool if it is not designed
against buoyancy effects. Flatwork adjacent the pool will experience distress if not designed and
constructed for the onsite soils. The recommendations given below will serve to mitigate against
existing soil and groundwater conditions, although they will not entirely preclude distress to the
swimming pool and flatwork.
1.

All soil from the pool excavation should be removed to a suitable disposal area. Loose
soil should not be placed on pad areas in an uncontrolled manner.

2.

The pool shell and bond beam should be designed in accordance with the California
Building Code. The pool wall should be designed to resist an inwardly directed
equivalent fluid pressure of75 pounds per cubic foot

3.

Pool decking should be constructed of concrete or equally impervious material, which
slopes away from the pool and has a minimum width of 4 feet. The pool deck should be
underlain with not less than 12 inches of clean, non-expansive angular gravel or sand.
Expansion joints within concrete decking should be provided at not less than 5 feet
intervals. Concrete slabs should have a minimum thickness of 4-inches. Slab
reinforcement should consist of at least No. 3 reinforcing bar spaced at 18-inches each
way or No. 4 reinforcing bar spaced at 24-inches each way placed in the middle one-third
of the slab section. A thickened edge with at least an 18-inch embedment should be used
at the perimeter of the pool deck.

4.

Rainfall and pool splash water should be adequately controlled to prevent ponding by
installing area drains. The drainage system should be connected to an approved
discharge facility

5.

The pool is expected to be founded on engineered fill; however, if the excavation
walls/bottom exposes native alluvial material, it should be evaluated by the geotechnical
engineer. In order to provide a uniform bearing condition for pool, subgrade bottom
exposing differing materials (fill/alluvial soils) will require overexcavation of the native
portion and replacement with engineered fill. Depth of overexcavation will be
determined in the field by the geotechnical consultant of record. Due to the presence of
high groundwater at the site, dewatering may be necessary.
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6.

The pool excavation and pool deck subgrade should be moistened prior to placing gunite
or concrete. The pool deck subgrade should be pre-soaked to 120 percent of optimum to
a depth of 18 inches prior to placement of base, sand, pavers and flatwork

7.

All areas to receive fill should be scarified to a depth of 6- to 8-inches, brought to 110
percent of optimum moisture content and compacted to a minimum of 90 percent of the
maximum dry density as determined by ASTM: D1557.

8.

All compacted fill should be brought to 110 percent of optimum moisture content and
compacted to a minimum of 90 percent of the maximum density as determined by
ASTM: D1557-78.

Utilities and Trenches
The walls of temporary construction trenches are expected to be stable when cut into fill soils,
with only minor sloughing, provided the total depth does not exceed about 4 feet. Shoring of
excavation walls or flattening of slopes may be required, if greater depths are necessary. All
work associated with trench shoring must conform to the State of California Safety Code. The
depth of the site utilities is unknown at this time. Excavation exceeding 7 feet below existing
site grades will likely encounter groundwater.
Trenches should be located so as not to impair the bearing capacity or cause settlement under
foundations. As a guide, trenches subparallel to foundations should be clear of a 45-degree plane
extending outward and downward from the edge of the foundations.
Existing soils are not considered generally re-usable as trench backfill due to their high moisture
contents. Import soil should be considered for trench backfill materials.

Trench Bedding and Backfilling
The trench backfill should be compacted at a minimum of 110 percent of optimum moisture
content to a minimum of 90 percent relative compaction (ASTM: D 1557).
If utility contractors indicate that it is undesirable to use compaction equipment in close
proximity to a buried conduit, we recommend the utilization of lightweight mechanical
equipment and/or shading of the conduit with clean granular material, which could be thoroughly
jetted in place above the conduit prior to initiating mechanical compaction procedures. Bedding
materials should have a Sand Equivalent not less than 30. Other methods of utility trench
compaction may also be appropriate as approved by the geotechnical engineer at the time of
construction.
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Observation and Testing
As a condition of the use ofthis report, it is presumed that observation and testing will be
conducted by Stoney-Miller Consultants, Inc. during grading and construction to assess proper
removal of unsuitable materials, that footing excavations are clean and founded in competent
material, to assist the contractor in obtaining proper moisture content and proper degree of
compaction, to approve selection and placement of trench backfill materials, and to confirm
design assumptions.
LIMITATIONS
Our services were performed using the degree of care and skill ordinarily exercised, under
similar circumstances, by reputable geotechnical engineers and geologists practicing in this or
similar localities. No other warranty, expressed or implied, is made as to the conclusions and
professional advice included in this report.
The samples taken and used for testing, the observations made and the in-place field testing
performed are believed representative of the entire project; however, soil and geologic conditions
can vary significantly between tested or observed locations.
As in most projects, conditions revealed by excavation may be at variance with preliminary
findings. If this occurs, the changed conditions must be evaluated by the project geotechnical
engineer and geologist, and designs adjusted or alternate designs recommended.
This report is issued with the understanding that it is the responsibility of the owner, or of his
representative, to ensure that the information and recommendations contained herein are brought
to the attention of the architect and engineer for the project and incorporated into the plans, and
the necessary steps are taken to see that the contractor and subcontractors carry out such
recommendations in the field.
This firm does not practice nor consult in the field of safety engineering. We do not direct the
contractor's operations, and we cannot be responsible for other than our own personnel on the
site; therefore, the safety of others is the responsibility of the contractor. The contractor should
notify the owner ifhe considers any of the recommended actions presented herein to be unsafe.
The findings of this report are valid as of the present date. However, changes in the conditions
of a property can occur with the passage of time, whether they are due to natural processes or the
works of man on this or adjacent properties.
In addition, changes in applicable or appropriate standards may occur, whether they result from
legislation or the broadening of knowledge. Accordingly, the findings of this report may be
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invalidated wholly or partially by changes outside our control. Therefore, this report is subject to
review and should not be relied upon after a period of three years.
This opportunity to be of service is appreciated. If you have any questions, please call.
Respectfully,

STONEY-MILLER CONSULTANTS, INC.

Russell C. Lamb, G.E. 2207
Geotechnical Engineer
Registration Expires 03-31-11
GV/RCL:fp
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