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References pertinent to the site are included in Appendix A. Boring/CPT logs and laboratory test 
data from the prior site-specific geotechnical study are included in Appendix B and C, respectively. 
Seismic design parameters are presented in Appendix D. Percolation test data and liquefaction 
hazard analysis performed during the prior study is presented in Appendix E and F, respectively. 
General earthwork and grading specifications are presented in Appendix G.  
 
If you have any questions regarding this report, please contact our office.  We appreciate the 
opportunity to provide our services.  
 
Respectfully submitted, 
 
SA GEOTECHNICAL, INC. 
 
 
    
Anthony Zepeda, CEG 2681 Reza Saberi, GE 3071  
Project Geologist Principal Engineer 
  
      
      
Peter Anderson, CEG 2596 
Principal Engineering Geologist 
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EXECUTIVE SUMMARY 
 

The subject site is underlain by thick Quaternary-age native alluvium that generally consists of 
interlayered clays, silty clays, clayey sands, silty sands, and sandy clays. The primary geotechnical 
constraints at the site include the following: 
 

 Soft, compressible, wet/saturated, and highly expansive near-surface clayey soils; 
 Potentially liquefiable subsurface soils; 
 Potential difficulty performing remedial grading requiring special handling (i.e. top 

loading) and/or soft and saturated soil mitigation; and 
 The potential for seismic shaking during an earthquake event. 

Remedial grading for the site should consist of the removal and re-compaction of all 
undocumented fill materials, topsoil, and weathered or disturbed alluvium. Remedial removals are 
anticipated to be on the order of 5 feet below existing grades within the proposed building pads. 
Remedial grading for minor structures and within the proposed drive areas may be limited to 
removal and re-compaction of the soils in the upper 2 to 3 feet. Deeper removals may be required 
where existing trees, utility lines, structures, and foundations are to be abandoned/removed or 
where deeper undocumented fills are encountered. Considering that the onsite soils consist of 
wet/saturated highly expansive soils, achieving adequate compaction at acceptable moisture 
contents during fill placement may be difficult. Therefore, cement treating of the onsite soils 
should be considered. Cement treatment, if necessary, should consist of mixing the onsite soils 
with 6 percent cement.  

As discussed above and per boring logs by others, the removal bottoms and/or trench excavations 
for utility lines may be saturated, soft, and require stabilization of the bottom.  Near-surface soils 
may pump or be unable to support the weight of heavy equipment. Special handling (e.g., top-
loading with excavator) may be required to complete remedial grading. Removal bottoms may 
require stabilization to support heavy compaction equipment and can be stabilized with a layer of 
geotextile material (Mirafi HP270 or equivalent) placed at the bottom of the excavation, with 12 
to 24 inches of ¾-inch or 1-inch gravel (or crushed aggregate base) over the geotextile. 
Alternatively, removal bottoms may be stabilized with one foot of cement-treated soil with a 
minimum of 6 percent cement.   

Groundwater was encountered during prior exploration by others, at depths ranging from 18.3 to 
20.7 feet. Historic high groundwater is mapped between 10 and 30 feet below grade. In general, 
we anticipate groundwater to remain at least 10 feet below design grades upon the completion of 
grading. However, seepage/groundwater may be present at shallower depth locally and can 
fluctuate on an annual and seasonal basis. In general, we anticipate that localized dewatering, such 
as with a sump pump, may be feasible and sufficient during construction, if groundwater is 
encountered at shallow depth or within excavations for deep utility lines.  
 
Considering the relatively minor grading anticipated to achieve design grades, the laboratory test 
data and liquefaction analysis by others, building foundations and slabs should be designed to 
tolerate a total settlement of 2.5 inches and a differential settlement of 1.25 inches over a span of 
40 feet. However, please note that the liquefaction settlement analysis performed during the prior 
study was based on an outdated California Building Code and we understand the raw CPT data is 
not available for our use. Additional exploration during the design phase of the project will be 
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required to update settlement estimates in accordance with the current building code. Onsite soils 
are anticipated to have "High" to "Very High" expansion potential at the completion of grading 
and are considered corrosive to concrete and metals.  

Based on our findings, we conclude that the proposed residential development is feasible from a 
geotechnical viewpoint, provided it is designed and constructed in accordance with the 
recommendations presented in this report and the future design/plan review report(s). The site is 
not considered suitable for infiltration of storm water. 
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1.0 INTRODUCTION 

1.1 Introduction and Scope of Services 

At your request, SA Geotechnical, Inc. (SA GEO) has conducted a geotechnical due diligence 
review for the proposed residential development located at 3150 Bear Street in the City of Costa 
Mesa, California (Figure 1). The purpose of our review was to assess the onsite geologic and 
geotechnical conditions and provide preliminary recommendations for design, grading, and 
construction of the proposed improvements. At this time, no conceptual site plan or topographic 
survey was available for our review.  We have utilized a Google Earth satellite image as the base 
for our Boring Location Map (Plate 1). 
 
Our scope of services for this due diligence study included the following tasks: 

 Review of available geologic and geotechnical maps, reports, and data for the subject site and 
surrounding area, include the site-specific study performed by others. A list of references is 
included in Appendix A.  

 Review of boring logs, laboratory test data, percolation test data, and liquefaction analysis by 
others are included in Appendices B, C, E, and F, respectively.   

 Historic aerial photograph review, dating back to 1952.  

 Preliminary evaluation of faulting, seismicity, and seismic and static settlement in accordance 
with the 2022 California Building Code (CBC). 

 Preparation of this report including our findings, conclusions, preliminary recommendations, 
and accompanying illustrations.   

 
SA GEO's expertise and scope of services do not include assessment of potential subsurface 
environmental contaminants or environmental health hazards.   

1.2 Site Condition and History 

The subject site is located at 3150 Bear Street, Costa Mesa, California (see Figure 1).  The 
approximately 6.2-acre site is bounded by Interstate 405 freeway to the north, residential 
neighborhoods to the east and south, and Bear Street to the west. The site is currently developed, 
with a two-story commercial building with at-grade concrete paved parking lot, drive aisles, and 
landscaping/hardscaping in the northern and central portions of the property. 
 
Based on our review of available historic aerial photographs dating back to 1952, the earliest land 
use at the subject site and surrounding areas were for agricultural purposes (row crops). 
Development of the surrounding area for residential use began by 1972, although the site itself 
remained undeveloped. The existing two-story commercial building at the site was constructed by 
1980. No significant changes were observed on the subject site since initial development and 
construction of the existing commercial building.  
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1.3 Proposed Grading and Improvements 

Prior to any site development or grading, the existing structures, pavements, utilities, and 
hardscape will be demolished. Considering the site is relatively flat, we anticipate design grading 
to consist of cuts and fills on the order of 1 to 3 feet to reach pad grades and provide for proper 
site drainage. 
 
The proposed project is anticipated to include grading/construction for residential development, 
and street and utility infrastructure to support the development. At this time, the building size, 
story count/height, and type (single-family, multifamily, etc.) are unknown.  

1.4 Prior Geotechnical Studies 

GMU Geotechnical, Inc. (GMU) performed a preliminary geotechnical exploration and infiltration 
study at the subject site in 2019. Their subsurface exploration included excavation of nine hollow-
stem auger borings (DH-1 through DH-5, DH-7, and DH-9 through DH-11) and two hand-auger 
borings (DH-6 and DH-8), to depths ranging from 5 to 31.5 feet. Percolation testing to determine 
stormwater infiltration feasibility was also performed in three borings (DH-3, DH-7, and DH-9) at 
a depth of 5 feet. Four Cone Penetration Tests (CPTs) (CPT-1, CPT-2A, CPT-3A, and CPT-4) 
were also performed to a maximum depth of 50.5 feet.  
 
Laboratory testing included moisture content and dry density, grain size analysis, Atterberg limits, 
consolidation, direct shear, expansion index, maximum density and optimum moisture content, R-
value, and chemical/corrosivity. The approximate boring locations are shown on the Boring 
Location Map (Plate 1). The associated boring/CPT logs and laboratory test data are provided in 
Appendices B and C, respectively. The percolation test data and liquefaction analysis performed 
during this study are provided in Appendix E and F, respectively. 
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2.0  GEOTECHNICAL FINDINGS 

2.1 Geologic Setting and Geotechnical Conditions 

The subject site is located in the southwestern portion of the Tustin Plain, near the northwestern 
margin of the Newport Bay watershed, within the Peninsular Ranges geomorphic province of 
Southern California.  The site is mapped by the U.S. Geological Survey (USGS, 2006) as underlain 
by extensive Quaternary-age alluvial fan deposits. The alluvium encountered during the prior 
subsurface exploration (GMU, 2019) generally consisted of olive brown, yellowish brown, brown, 
and brownish gray clay, silty clay, sandy clay, clayey sands, and silty sands. Limited topsoil 
materials were encountered in several borings, up to 1.2 feet thick. 
 
Based on our review of the prior geotechnical exploration and laboratory testing (Appendix C; 
GMU, 2019), the site geotechnical conditions are generally as follows: 
 
Soil Moisture Content and Dry Density: Native alluvial soils had in-situ moisture contents and 
dry densities ranging from 4.0 to 38.8 percent and 77 to 136 pounds per cubic foot (pcf), 
respectively. Blow counts in the alluvial materials generally ranged from 11 to 51 and locally up 
to 80+ blows per foot. Alluvial soils were generally found to be moist to wet and soft to stiff/loose 
to dense.  
 
Soil Properties: Grain-size distribution tests were conducted on three ring samples collected at 
depths of 5, 15, and 30 feet. The shallowest sample was classified in accordance with the Unified 
Soil Classification System (USCS) as fat clay (CH), while both other tested samples were 
classified as sand with silt (SP-SM), with fines contents (passing No. 200 sieve) of 97, 11, and 10 
percent, respectively. 
 
Soil plasticity testing was performed on three ring samples. Two samples were collected at a depth 
of 5 feet bgs, and one was collected at a depth of 15 feet bgs. The 5-foot samples were classified 
as CH with Plasticity Indices of 40 and 66 and Liquid Limits of 61 and 97 percent. Testing of the 
sample collected at 15 feet bgs, which contained only 11% fines passing the #200 sieve, was non-
plastic (USCS classification of SP-SM). 
 
Maximum dry density testing of three near surface samples (collected from the uppermost 5 feet) 
indicates that the near surface clayey soil (CL/CH) has maximum dry densities ranging from 113.5 
to 124.0 pcf at optimum moisture contents of 11.5 to 15.5 percent.  
 
Shear Strength: Three direct shear tests were conducted which included one remolded sample 
prepared from a bulk sample collected from the uppermost 5 feet, and two undisturbed samples 
collected at depths of 2.5 and 5 feet. The remolded direct shear test results indicate that the sample 
had ultimate and peak internal friction angles of 28.1 and 26.0 degrees, with ultimate and peak 
cohesions of 324 and 564 pounds per square foot (psf), respectively. The undisturbed direct shear 
test results indicate that the samples had ultimate and peak internal friction angle of 19.5 degrees 
(2.5-foot sample) and 27.0 and 31.0 degrees (5-foot sample). Ultimate and peak cohesions were 
558 and 708 psf (2.5-foot sample), and 18 and 84 psf (5-foot sample), respectively. 
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Consolidation: Tests were performed on seven samples collected at depths ranging from 5 to 12.5 
feet. The testing showed that the materials are low to moderately compressible. The samples 
generally had minor collapse and swell (less than 1 percent) upon the addition of water at various 
loads. The majority of the samples swelled upon the addition of water which indicates that the 
onsite soils are expansive. 
 
Expansion Potential: Expansion index testing was performed on three samples collected in the 
upper 0 to 5 feet. The results indicate a "High" expansion potential (EI ranging from 120 to 129). 
 
Chemical Properties: Chemical properties testing was performed on three bulk samples collected 
from the uppermost 5 feet. Testing included electrical resistivity, pH, soluble sulfate, and chloride 
content.  The electrical resistivity tests (515 to 692 ohm-cm) indicate that the onsite soils are 
severely corrosive to ferrous metals. Soil pH value ranged from 7.4 to 8.5. Chloride contents 
ranged from 696 to 936 ppm and soluble sulfate contents ranged from 68 to 2943 ppm. Soluble 
sulfate contents indicate the soils are classified as "S0" and "S2" per Table 19.3.1.1 of ACI-318-
14. 
 
R-Value: R-value testing was performed on a sample collected from 1 to 5 feet. The test results 
indicate an R-value of 8. 

2.2 Groundwater 

Groundwater was encountered during the prior exploration at depths ranging from 18.3 to 20.7 
feet bgs. Historic high groundwater mapping indicates high groundwater between 10 and 30 feet 
bgs (CDMG, 1997).  Groundwater well data available on the State of California Water Resources 
Control Board database ("GeoTracker") shows depth to groundwater at nearby sites have been 
recorded between 20 and 29 feet bgs. Groundwater is anticipated to fluctuate both seasonally and 
annually. 

2.3 Regional Faulting and Seismicity 

Regional Faults: The site is not located within a fault-rupture hazard zone as defined by the 
Alquist-Priolo Special Studies Zones Act (CGS, 2018). Also, based on mapping by the State 
(Jennings and Bryant, 2010), there are no active faults mapped at the site. 
 
Seismicity: Properties in southern California are subject to seismic hazards of varying degrees 
depending upon the proximity, degree of activity, and capability of nearby faults. These hazards 
can be primary (i.e., directly related to the energy release of an earthquake) or secondary (i.e., 
related to the effect of earthquake energy on the physical world). Since there are no active faults 
at the site, the potential for primary ground rupture is considered very low. The primary seismic 
hazard for this site is ground shaking during a future earthquake. 
 
Using the USGS deaggregation computer program (USGS, 2023) and the site coordinates of 
33.6862 north latitude and –117.8911 west longitude, the closest major active faults include the 
Newport-Inglewood Fault and San Joaquin Hills Fault. The maximum moment magnitude for the 
controlling fault is 7.1 MW, which would be generated from the San Joaquin Hills Fault; however, 
numerous other regionally active faults could also produce ground shaking at the site during an 
earthquake. 
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The site is located within an area of potential liquefaction, as defined by the State's Seismic Hazard 
Mapping (CDMG, 1997). Liquefaction hazard assessment is discussed in the following section. 
Other secondary seismic hazards, such as tsunami and seiche are considered nil due to site 
elevation and distance from the ocean or other confined body of water (CGS, 2021). 

2.4 Liquefaction Potential 

Liquefaction is a phenomenon in which earthquake-induced stress generates excess pore water 
pressure in low density, saturated, sandy and silty soils below the groundwater table. Liquefaction 
causes a loss of strength and is often accompanied by ground settlement. For liquefaction to occur, 
the following four conditions must be present at the site: 1) Severe ground shaking, such as during 
a strong earthquake, 2) Soil must be saturated or nearly saturated, generally below the groundwater 
table, 3) Corrected normalized standard penetration test (SPT) blow counts (N1) and/or CPT tip 
resistance (Qt) must be relatively low, and 4) Soils must be granular (typically sand or sandy silt) 
with low plasticity; clays and silts of relatively high plasticity are generally not liquefiable.  
 
As discussed in Section 2.3, the subject site is situated within a mapped liquefaction hazard zone; 
thus, a liquefaction hazard assessment was performed as part of the prior geotechnical study 
(GMU, 2019). Their assessment was performed using the collected CPT data and CLiq software, 
version 1.7.6.49 by Geologismiki. Please note that the seismic settlement analysis was performed 
in accordance with the prior building code (2016 CBC and ASCE 7-10 criteria). Thus, the seismic 
input and settlement values discussed herein are subject to change, following additional subsurface 
exploration and analysis during the design phase of the project.  
 
The liquefaction potential of onsite soils was estimated based on a peak ground acceleration of 
0.54g and a maximum earthquake magnitude of 6.5MW, as determined in the site seismicity 
analysis (GMU, 2019). An in-situ groundwater table of 18 feet bgs and a seismic (design) 
groundwater table of 10 feet were used in the analysis.  
 
Seismic Settlement: The results of the analysis performed by GMU indicate that liquefiable layers 
are present and, when subjected to ground accelerations generated during a large earthquake event 
near the subject site, may be prone to settlement. Based on the calculations, settlement due to 
liquefaction is estimated to be approximately 0.5 to 1.25 inches.  The graphic representations of 
the CPT soundings are included in Appendix B and the liquefaction analysis is presented in 
Appendix F.  
 
Loss of Bearing and Surface Manifestations: The potential for loss of bearing was reviewed 
based on the thickness of the liquefiable layers that will be left in-place, versus the amount of fill 
and non-liquefiable native soils overlying liquefiable soils. Considering the depth to design 
groundwater, the clayey nature of the soils in the upper 10 feet, and that the proposed structures 
will be underlain by compacted fill, the potential for local surface disruptions, loss of bearing 
strength and surface manifestations is considered very low. Please also note that the liquefiable 
layers are generally deep (below 24 feet) which further reduces the potential for loss of bearing 
and surface manifestation. 
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Lateral Spread: Considering the proposed improvements are not located near any sloping ground 
or free face and the relatively flat grades across the site, we anticipate the potential for lateral 
spread as a result of seismic shaking to be very low.  

2.5 Settlement and Foundation Considerations 

In general, the anticipated settlements depend upon the building loads, type of foundations, and 
the geotechnical properties of the supporting subgrade. We have reviewed the consolidation test 
data included in the prior geotechnical report by others (GMU, 2019). Considering the subsurface 
soil conditions and laboratory test data, and relatively lightly loaded residential structures, we 
estimate the total static settlement to be on the order of 1 inch and the differential static settlement 
to be on the order of ½-inch over a 40-foot span. This assumes remedial grading measures 
recommended in Section 3.2 of this report are implemented during site grading. 
 
As discussed above, we have reviewed the liquefaction assessment performed during the prior 
study (GMU, 2019). Based on their analysis, the total seismic settlement at the site is anticipated 
to be on the order of 1.5 inches. Differential seismic settlement is estimated to be ¾-inch over a 
40-foot span. However, please note that the analysis was performed in accordance with a prior 
building code and will need to be updated during the design phase following additional subsurface 
exploration. Seismic settlement estimates provided herein are subject to change based on the 
additional subsurface exploration.  

2.6 Stormwater Infiltration Feasibility 

Percolation testing was performed in three exploratory borings, DH-3, DH-7, and DH-9 (GMU, 
2019). The borings were 5 feet deep each and were tested in general accordance with County of 
Orange requirements. Tested infiltration rates (no factor-of-safety applied) were found to range 
from 0.02 to 0.04 inches per hour. The percolation test data sheets are provided in Appendix E. 

2.7 Shrinkage and Bulking 

The shrinkage and bulking (reduction or increase in volume of excavated materials on 
recompaction as fill) varies by soil type and location. The volume changes depend primarily on 
in-situ density and the maximum dry density of the soil type. We anticipate that the near surface 
(uppermost 5 feet) alluvial materials will have shrinkage of 2 to 7 percent. Ground subsidence at 
the site is estimated to be on the order of 0.1 foot. These values exclude losses due to removal of 
vegetation and debris and are dependent on the accuracy of the site topographic survey and type 
of equipment and compaction method used by the contractor. 
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3.0  CONCLUSION AND PRELIMINARY RECOMMENDATIONS 

3.1 General Conclusion and Recommendation 

Based on our review, construction of the proposed residential development, as described herein, is 
considered geotechnically feasible provided the preliminary recommendations in this report are 
implemented during design, grading, and construction. Additional geotechnical exploration will 
need to be performed during the design phase in order to finalize seismic liquefaction hazard and 
settlement estimates in accordance with the current building code. Also, grading, foundation, 
structural and wall plans for the project should be reviewed by the geotechnical consultant during 
the design phase. Updated recommendations should be provided once the project plans are finalized 
and as needed. 
 
The recommendations in this report should be considered minimum and may be superseded by more 
restrictive requirements of others. In addition to the following recommendations, General Earthwork 
and Grading Specifications are provided in Appendix G.  

3.2 Site Preparation and Earthwork 

Site preparation and grading should be performed in accordance with the recommendations herein 
and the requirements of the City of Costa Mesa. 

 3.2.1 Site Demolition and Clearing 

 Prior to remedial grading, the existing structures, foundations, hardscape/landscape, and 
utilities to be abandoned should be demolished and removed.   Deleterious materials and debris 
should be cleared from the site and disposed of offsite.  Concrete material may be mixed with 
onsite soils and placed as compacted fill provided it is broken into pieces that are smaller than 
6 inches in the largest diameter. Placement of concrete as compacted fill should also be 
approved by the project environmental consultant. Excavations for the removal of existing 
foundations, utilities, and vegetation, including onsite trees, should be observed by the 
geotechnical consultant.  Large roots, highly organic soils, and existing utilities should be 
removed and should not be incorporated into new fills.   

 
Cesspools, septic tanks and/or wells may be encountered at the site. If encountered, they 
should be removed in accordance with Orange County Health Care Agency requirements 
and the project environmental consultant's recommendations.  

 
Soil that is disturbed as part of excavations or removal of trees or underground utilities should 
be evaluated by the geotechnical consultant.  Excavations that require backfill should be 
properly documented and compacted under the observation and testing of the geotechnical 
consultant in accordance with the recommendations provided in Section 3.2.4. 

        3.2.2 Protection of Existing Improvements and Utilities 

Existing improvements, and utilities on or adjacent to the site that are to be protected in place 
should be located and visually marked prior to grading operations.  Excavations adjacent to 
improvements to be protected in-place or any utility easement should be performed with care, 
so as not to undermine existing foundations or destabilize the adjacent ground.   
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