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1 INTRODUCTION

This report presents the results of our feasibility-level geotechnical investigation for the 
proposed improvements at the southwest corner of W Avenue F and Sierra Highway in the 
Lancaster area of Los Angeles County, California. The general location of the site is shown on 
Figure 1, Site Vicinity Map.

The purpose of this feasibility-level geotechnical investigation was to evaluate the subsurface 
soil conditions at the site in order to provide geotechnical recommendations for the design and 
construction of the proposed development. The scope of our services was presented in our 
proposal dated November 8, 2022. This report only provides recommendations for the 
proposed improvements discussed below.

1.1 PROJECT DESCRIPTION

Based on our review of the conceptual site plan provided by NorthPoint Development the total 
site area for both Phase 3 and 4 is approximately 162 acres and the proposed project will 
consist of constructing two (2) warehouse buildings. Phase 3 (Building 5) is proposed to be 
approximately 1,007,000 square feet (sf). Phase 4 (Building 6) is proposed to be approximately 
1,215,000 sf. The buildings are anticipated to be concrete tilt-up distribution-type buildings and 
have warehouse areas with loading-dock high slab-on-grade floors. The project also includes 
Best Management Practices (BMPs) stormwater detention basins at the site. 

We anticipate cuts and fills on the order of approximately 10 feet may be needed to develop the 
site. We understand that the proposed buildings are anticipated to be supported on 
conventional shallow spread foundations. Foundation loads are not currently available, but 
based on our experience with similar past projects, we assume that maximum column loading 
will be on the order of 80 kips and maximum wall loads will be on the order of 4 to 8 kips per 
linear foot. Floor loads for proposed distribution-type buildings may be on the order of 500 
pounds per square foot. 

We anticipate parking lot and drive aisles will consist of asphaltic concrete (AC) pavement and 
loading dock areas will consist of Portland cement concrete pavement (PCCP). Ancillary 
construction is anticipated to include concrete flat work, landscaping, and installation of buried 
utilities. 
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1.2 SCOPE OF SERVICES

The scope of our preliminary geotechnical study consisted of a literature review, historical aerial 
photo review, subsurface exploration, geotechnical laboratory testing, engineering evaluation 
and analysis, and preparation of this report. Our report includes a description of the work 
performed, a discussion of the geotechnical conditions observed at the site, and preliminary 
recommendations developed from our engineering analysis of field and laboratory data. A 
description of our scope of services performed for this project is presented below.

Task 1 – Background Data Review. We reviewed published and unpublished geologic 
literature in our files and the files of public agencies, including selected publications prepared by 
the California Geological Survey and the U.S. Geological Survey. We also reviewed readily 
available seismic and faulting information, including data for designated earthquake fault zones 
and our in-house database of faulting in the general site vicinity. 

Task 2 – Field Exploration. The subsurface conditions at the site were explored by drilling and 
logging six (6) hollow-stem auger geotechnical borings (B-1 through B-6). The geotechnical 
borings were drilled to depths ranging from approximately 31½ to 51½ feet bgs. The locations 
of our borings are shown on the attached Figure 2, Exploration Location Map. 

Prior to commencement of the fieldwork, our proposed exploration locations were cleared for 
known existing utility lines and with the participating utility companies through Underground 
Service Alert (USA). A Kleinfelder representative supervised the field operations and logged the 
borings. Selected bulk and drive samples were retrieved, sealed and transported to 
Kleinfelder’s laboratory in Ontario, California for laboratory testing. Our typical sampling interval 
for the hollow stem auger borings was every 5 feet to full depths explored. The number of blows 
necessary to drive California-type samplers were recorded. A description of the field exploration 
and the logs of the borings, including a Legend to the Log of Borings, are presented in 
Appendix A.

Task 3 – Laboratory Testing. Laboratory testing was performed on representative samples of 
soil collected from our excavations to substantiate field classifications and to provide 
engineering parameters for geotechnical design. Laboratory testing included moisture 
determination and unit weight, grain size distribution, plasticity testing, modified Proctor, 
expansion index, collapse potential, and preliminary corrosion potential. A summary of the 
testing performed and the results for this subject site are presented in Appendix B.

~ NFELDER 
~ Bright People. Right Sofutrons. 
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Task 4 – Geotechnical Analyses. Field and laboratory data were analyzed in conjunction with 
the proposed site plan presented on Figure 2 and assumed structural loads to develop 
geotechnical recommendations for the design and construction of the proposed development. 
We evaluated potential foundation systems, lateral earth pressures, settlement, and earthwork 
considerations. Potential geologic hazards, such as ground shaking, liquefaction hazard, 
seismic settlement potential, flood hazard, and fault rupture hazard were also evaluated.

Task 5 – Report Preparation. This preliminary report summarizes the work performed, data 
acquired, and our findings, conclusions, and geotechnical recommendations for the design and 
construction of the proposed development. Preliminary recommendations for the following are 
presented in this report:

Earthwork, including site preparation, excavation, site drainage, and the placement of 
engineered fill;

Design of suitable foundation systems including allowable capacities, lateral resistance, 
and settlement estimates;

Seismic design parameters;

Floor slab and slab-on-grade support, including subgrade preparation;

Lateral earth pressures for design of retaining walls;

Design and construction of asphalt and Portland cement concrete pavements, including 
driveways, fire lanes, and concrete walks; and

Preliminary infiltration correlations of the site soils for design of BMPs.

This report also contains reference maps and graphics, as well as the logs of the borings and 
laboratory test results.

~ NFELDER 
~ Bright People. Right Sofutrons. 
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2 SITE AND SUBSURFACE CONDITIONS

2.1 SITE DESCRIPTION

The site is located at the southwest corner of W Avenue F and Sierra Highway in the Lancaster 
area of Los Angeles County, California. The total site area is approximately 162 acres and is 
currently vacant and appears to not have had any previous development. The site is generally 
bounded by vacant land to the west, Avenue F on the North, Sierra Highway on the east, and 
Avenue G to the south. Topographic survey has not yet been provided to Kleinfelder for the 
proposed project. based on our review of Google Earth imagery, the building site generally 
appears to slope down from south to north with a grade differential of approximately 4 to 7 feet. 
From review of Google Earth imagery, it appears that the site is vacant and may have had 
limited vegetation removal and minor grading. Additionally, the aerial imagery appears to show 
that the Amargosa Creek flows across northwest corner of the site.

2.2 SUBSURFACE CONDITIONS

Subsurface materials observed during drilling are described below and detailed descriptions of 
subsurface materials are provided in our boring logs presented in Appendix A. 

Alluvium/Native Soil:

Alluvium/native soil was observed in the borings drilled for this investigation and generally 
consisted of clayey to silty sand, poorly graded to well graded sand with varying amounts of silt, 
and silts and lean clays with varying amounts of sand to the total depth explored of 
approximately 51½ feet bgs. In-situ moisture content ranged from 0.7 to 30.5 percent and dry 
unit weight ranged from 94.5 to 136.2 pounds per cubic foot (pcf). The apparent density of the 
subsurface soils was  typically medium dense to very dense for coarse-grained soils. Generally, 
the consistency of fine-grained soils was stiff to hard.

2.3 GROUNDWATER CONDITIONS

Groundwater was not encountered in our borings to the maximum depth explored of 
approximately 51½ feet bgs during our geotechnical investigation within the 162-acre site. The 
Lancaster West Quadrangle, Plate 1.2, in the Seismic Hazard Zone Report 095 shows historic 
groundwater to be at approximately 55 feet bgs within the subject site. However, groundwater 
was measured at approximately 6 feet below ground surface (bgs) at a well located 
approximately 0.45 miles to the northwest of the subject site in April 1951 (CDWR, 2022). 
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Current depth to ground water is estimated to be greater than 50 feet bgs based on borings 
drilled on site and reported depth to groundwater for monitoring wells located approximately 
1.3 miles east of the site (Geotracker, 2022).

Fluctuations of localized zones of perched water and rise in soil moisture content should be 
anticipated during the rainy season. Irrigation of landscaped areas may also lead to an increase 
in soil moisture content and fluctuations of intermittent shallow perched groundwater levels.

~ NFELDER 
~ Bright People. Right Sofutrons. 
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3 GEOLOGIC CONDITIONS

3.1 REGIONAL GEOLOGY

The subject site is located within the western portion of the Mojave Desert geomorphic province 
of California (Norris and Webb, 1990; CGS 2002). 

The Mojave Desert is approximately 25,000 square miles of desert situated in southeastern 
California. The area is enclosed on the southwest by the San Andreas fault and the Transverse 
Ranges and on the north and northeast by the Garlock fault, the Tehachapi Mountains and the 
Basin and Range. The Nevada state line and Colorado River form the arbitrary eastern 
boundary. The San Bernardino-Riverside county line designates the southern boundary.

The region is dominated by broad alluvial basins that are mostly aggrading sources receiving 
nonmarine deposits from the adjacent uplands. The highest general elevations of the Mojave 
Desert approach 4,000 feet above mean sea level (MSL) with most of the valleys between 
2,000 and 4,000 feet MSL.

3.1.1 SITE GEOLOGY

Regional geologic mapping indicates that the site is underlain by modern alluvium, modern 
alluvial fan deposits, and younger playa deposits that are Holocene to late Pleistocene in age 
(CGS, 2010a). The alluvium and alluvial fan deposits are derived from Amargosa Creek along 
the western portion of the site and cover the majority of the site. The younger playa deposits 
were deposited in the shallow-water regions of the last pluvial lake that filled the lowland parts 
of Antelope Valley, up to approximately 12,000 years ago. 

3.2 GEOLOGIC HAZARDS 

We have addressed below the potential geologic hazards for the site.

3.2.1 Faulting and Seismicity

Earthquakes and faulting occur as the tectonic plates, which comprise the Earth’s crust, or 
lithosphere, move relative to one-another. Faults identified by the State as being active are not 
known to be present at the surface within the project limits. No portion of the site is located 
within a State of California-Special Studies Zone (CGS, 2018). The closest active fault to the 
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site is the San Andreas fault zone located approximately 10.8 miles southwest of the site (CGS, 
2010b). Because of the distance to known active faults, the lack of surficial evidence of fault 
breaks expressed in air photos or published geologic maps, the risk of surface rupture resulting 
from faulting is considered low.

3.2.2 Flooding

Surface water flow at the site is generally via sheet flow in a west and northwest direction 
toward the Amargosa creek drainage.

Most of the site with exception of the southeastern portion is within a flood hazard zone “AO” 
according to FEMA (2008), where the flood hazard is a “Special Flood Hazard Area subject to 
Inundation by the 1% Annual chance Flood”. Flood depths of 1 to 3 feet (usually sheet flow on 
sloping terrain); average depths 1 foot. The southeastern portion of the site is within a flood 
hazard zone “X” (FEMA, 2008), where the flood hazard is “determined to be outside the 0.2% 
annual chance floodplain”. 

The site is downstream of the Piute Ponds which potentially could cause flooding and inundate 
the project site. A seiche is a wave or sloshing of a body of water that is at least partially 
impounded caused by strong wind or seismic shaking. The risk of seiche damage following a 
seismic event at the site is considered low.

3.2.3 Landslides

Landslides and other forms of mass wasting, including mud flows, debris flows, soil slips, and 
rock falls occur as soil or rock moves down slope under the influence of gravity. Landslides are 
frequently triggered by intense rainfall or seismic shaking. The site is not located within a State 
or county designated landslide hazard zone. The site is relatively flat and the risk at the site 
from landslides and other forms of mass wasting is considered very low. 

3.2.4 Liquefaction and Seismic Settlement

Liquefaction occurs when saturated, loose, coarse-grained or silty soils are subjected to strong 
shaking resulting from earthquake motions. The coarse-grained or silty soils typically lose a 
portion or all of their shear strength and regain strength sometime after the shaking stops. Soil 

~ NFELDER 
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movements (both vertical and lateral) have been observed under these conditions due to 
consolidation of the liquefied soils. 

The site is located within a mapped generalized liquefaction potential zone (CGS, 2005). We 
have performed a liquefaction analysis to assess the seismically induced settlement potential. 
The results of our liquefaction analysis are summarized in Section 4.2.2.

3.2.5 Subsidence

Ground subsidence is a gradual settling or sudden sinking of the earth's surface owing to 
subsurface movement of earth materials. Ground subsidence can result from fluid (water or 
petroleum) extraction from underlying sediments and/or formations, which allows the collapse of 
pore spaces previously occupied by the removed fluid. The collapse of these pore spaces 
compacts these underlying formations, leading to a gradual drop in ground surface elevation. 
Ground subsidence is most often found in areas where large volumetric withdrawals of fluids 
from underground reservoirs has occurred or is ongoing. Ground shaking from tectonic activity 
can exacerbate the vertical sinking of land in an area over the withdrawal site. Structures and 
improvements located in subsidence-prone areas are at risk for damage if subsidence were to 
occur.

The USGS has been tracking subsidence in California since the early 20th century and has 
developed maps that illustrate areas of recorded subsidence across the state (USGS, 2022). 
Most of the subsidence has resulted from excessive groundwater pumping for municipal, 
industrial, and agricultural uses, although oil extraction is also a documented cause. A review of 
the USGS subsidence maps shows the project site is documented to be experiencing 
subsidence. 

3.2.6 Oil and Gas Fields

The project site is not located within a mapped petroleum producing field of Southern California 
and no oil/gas wells are reported within the Project Site [California Geologic Energy 
Management Division (CalGEM), formerly Division of Oil, Gas and Geothermal Resources 
(DOGGR), 2022]. However, based on information available from CalGEM, three (3) idle oil and 
gas wells are reported located within 3 miles of the site. Additional, undocumented well(s) may 
be present and buried near the site. 

~ NFELDER 
~ Bright People. Right Sofutrons. 
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3.2.7 Expansive Soils

The upper site soils were tested for expansion potential and found to be medium to high in 
Borings B-4 and B-5. Due to the variability of near surface soi, the potential for expansive soils 
impacting the project grading is anticipated. Further discussion is presented in Section 4.8. The 
on-site soils should be further evaluated during the geotechnical study for the design phase of 
the project.

~ NFELDER 
~ Bright People. Right Sofutrons. 
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4 CONCLUSIONS AND RECOMMENDATIONS

4.1 GENERAL

Based on the results of our field exploration, laboratory testing and geotechnical analyses 
conducted during this study, it is our professional opinion that the proposed project is 
geotechnically feasible, provided the recommendations presented in this report are 
incorporated into the project design and construction. 

The following preliminary opinions, conclusions, and recommendations are based on the 
properties of the materials encountered in the explorations, the results of our literature review, 
the results of the laboratory testing program, and our engineering analyses performed. Our 
recommendations regarding the geotechnical aspects of the design and construction of the 
project are presented in the following sections. We recommend that the final grading plans be 
reviewed by Kleinfelder prior to the start of construction.

4.2 SEISMIC DESIGN CONSIDERATIONS

4.2.1 Seismic Design Parameters

According to ACSE/SEI 7-16 (2016), which is incorporated into the 2019 California Building 
Code (CBC) by reference, sites subject to liquefaction, as discussed below, should be classified 
as Site Class F, which requires a site response analysis. However, ACSE/SEI 7-16 states that 
for a short period (less than ½ second) structure on liquefiable soils, Site Class D or E may be 
used instead of Site Class F to estimate design seismic loading on the structure. The selection 
of Site Class D or E is based on the assessment of the site soil profile assuming no 
liquefaction. We have assumed that the period of the structures will be less than ½ second. The 
assumption that the structures have a period of less than ½ second should be verified by the 
project structural engineer.

Based on data obtained from our field explorations, published geologic literature and maps, and 
on our interpretation of the 2019 CBC criteria, it is our opinion that the project site may be 
classified as Site Class D, Stiff Soil, according to Section 1613 of 2019 CBC and Table 20.3-1 
of ASCE/SEI 7-16 (2016). Approximate coordinates for the site are noted below.

Latitude: 34.744416

Longitude: -118.148774
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The Risk-Targeted Maximum Considered Earthquake (MCER) mapped spectral accelerations 
for 0.2 seconds and 1 second periods (Ss and S1) were estimated using Section 1613 of the 
2019 CBC and the OSHPD seismic design maps web-based application (available at 
https://seismicmaps.org/). In accordance with Section 11.4.8 of ASCE 7-16, a site-specific 
ground motion analysis is required for Site Class D sites with an S1 greater than 0.2 g. 
However, a site-specific ground motion analysis is not required if the seismic response 
coefficient (Cs) is determined in accordance with requirements of Chapter 12 and exceptions as 
noted in Section 11.4.8. We have assumed that Cs will be determined in accordance with the 
requirements of Chapter 12 and exceptions as noted in Section 11.4.8. This assumption should 
also be verified by the project structural engineer. The 2019 CBC Seismic Design Parameters 
(non site-specific) for these structures are summarized in Table 1.

Table 1
2019 CBC Seismic Design Parameters

Design Parameter Recommended Value

Site Class D

Ss (g) 1.352

S1 (g) 0.549

Fa 1.0

Fv N/A*

SMS (g) 1.352

SM1 (g) N/A

SDS (g) 0.901

SD1 (g) N/A

PGAM (g) 0.550
*Section 11.4.8 of ASCE 7-16 requires a site-specific ground motion hazard analysis be performed 
for Site Class D sites with S1 values greater than or equal to 0.2g unless exceptions are taken. If 
exceptions are taken, then a Fv value of 1.74 could be used only to calculate the Ts value.

4.2.2 Liquefaction and Seismic Settlement

To assess the potential for liquefaction of subsurface soils at the site, we used the liquefaction 
analysis procedures outlined in Youd et al. (2001) based on standard penetration test (SPT) 
data. For estimating the resulting ground settlements, we used the methods proposed by 
Tokimatsu and Seed (1987). These methods utilize corrected SPT blow counts to estimate the 
amount of volumetric compaction or settlement during an earthquake. 
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Groundwater was not encountered during our current field exploration drilled to a maximum 
explored depth of 51½ feet bgs. Based on our groundwater research discussed in Section 2.3, 
a design groundwater depth of 6 feet was used in our analyses based on the historic high 
groundwater level. The historic high groundwater level may be further investigated since the 
current depth is much lower than the historic high.

As recommended in Section 1803.5.12 of 2019 CBC, the peak ground acceleration (PGA) used 
in the liquefaction analysis was estimated in accordance with Section 11.8.3 of ASCE 7-16. A 
PGAM of 0.55g with an earthquake magnitude of 7.9 was used as the design-level seismic 
event in our liquefaction analysis, which is defined as an earthquake event with 2 percent 
probability of being exceeded in 50 years (return period of about 2,475 years) according to the 
2019 CBC and ASCE/SEI 7-16.

We evaluated the liquefaction potential at the site using the SPT data. Based on the SPT data 
and our engineering analyses, it is our opinion that  silty sands at a depth of approximately 
20 feet bgs (below the design groundwater depth) may be subject to liquefaction in the event of 
a major earthquake occurring on a nearby fault. Based on our analyses, the calculated total 
liquefaction-induced settlement is on the order of less than 1 inch. Differential liquefaction-
induced settlement may be estimated as ½ of the total seismically-induced settlement over a 
distance of about 30 feet. 

4.3 FOUNDATIONS

4.3.1 General

Based on the results of our field exploration, laboratory testing, and geotechnical analyses, the 
proposed improvements may be supported on conventional shallow foundations on a zone of 
compacted fill provided the settlement estimates (both static and seismic) are tolerable. We 
have assumed that the proposed structures is able to tolerate the estimated seismic settlement 
(i.e., it will not collapse creating a life safety issue). However, this assumption should be verified 
by the project structural engineer. It should be noted that the design intent of the 2019 
California Building Code (CBC) during a design-level seismic event is life safety, not 
serviceability of the structure after an earthquake.

4.3.2 Allowable Bearing Pressure

Footings supported on at least 3 feet of compacted fill may be designed for a net allowable 
bearing pressure of 2,500 psf for dead plus sustained live loads. A one-third increase in the 

~ NFELDER 
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bearing value can be used for wind or seismic loads. All footings should be established at a 
depth of at least 24 inches below the lowest adjacent grade. The footing dimension and 
reinforcement should be designed by the structural engineer; however, continuous and isolated 
spread footings should have minimum widths of 18 and 24 inches, respectively. 

4.3.3 Estimated Settlements

Total static settlement for foundations designed in accordance with the recommendations 
presented herein is estimated to be less than 1 inch. Differential static settlement between 
similarly loaded columns is estimated to be less than ½ inch over 40 to 70 feet. Note that this 
settlement is in addition to the estimated settlement due to seismic shaking. 

4.3.4 Lateral Resistance

Resistance to lateral loads (including those due to wind or seismic forces) may be provided by 
frictional resistance between the bottom of concrete foundations and the underlying soils and by 
passive soil pressure against the sides of the foundations. A coefficient of friction of 0.3 may be 
used between cast-in-place concrete foundations and the underlying soil. The passive pressure 
available for engineered fill may be taken as equivalent to the pressure developed by a fluid 
with a unit weight of 300 pounds per cubic foot (pcf). A one-third increase in the passive 
resistance may be used for resistance to transient loads such as wind and seismic. The upper 
one foot of soil should be neglected when calculating passive resistance.

The lateral resistance parameters provided above are ultimate values. Therefore, a suitable 
factor of safety should be applied to these values for design purposes. The appropriate factor of 
safety will depend on the design condition and should be determined by the project Structural 
Engineer. Depending on the application, typical factors of safety could range from 1.5 to 2.0.

4.4 EARTHWORK

4.4.1 General

Recommendations for site preparation are presented below. All site preparation and earthwork 
operations should be performed in accordance with applicable codes, safety regulations and 
other local, state or federal specifications. All references to maximum unit weights are 
established in accordance with the latest version of ASTM Standard Test Method D1557.

Grading operations during the wet season or in areas where the soils are saturated may require 
provisions for drying of soils prior to compaction. If the project necessitates fill placement and 
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compaction in wet conditions, we can provide suggested alternative recommendations for 
drying the soil. Conversely, additional moisture may be required during the dry months. A 
sufficient water source should be available to provide adequate water during compaction. 
During dry months, moisture conditioning of the subgrade soils may be required if left exposed 
for greater than a few days.

4.4.2 Site Preparation

Prior to general site grading, existing vegetation, debris, and oversized materials (greater than 
6 inches in maximum dimension) should be stripped and disposed outside the construction 
limits. We estimate the depth of stripping to be approximately 6 to 12 inches over most portions 
of the site. Deeper stripping or grubbing may be required where higher concentrations of 
vegetation are encountered during site grading. Stripped topsoil (less any debris) may be 
stockpiled and reused for landscaping purposes; however, this material should be evaluated for 
suitability if it is desired to use this material for engineered fill below structures. 

All oversize and organic debris, including any produced by demolition operations, (wood, steel, 
piping, plastics, etc.), should be separated and disposed offsite. The material generated during 
demolition of the existing roadways and concrete structures may be reused onsite. If reused, 
the particles should be crushed to a maximum particle size of 6 inches and spread across the 
site to prevent nesting.

Existing utility pipelines (if encountered) which extend beyond the limits of the proposed 
construction and are to be abandoned in place should be plugged with cement grout to prevent 
migration of soil and/or water. Demolition, disposal, and grading operations should be observed 
and tested by a representative from our office.

4.4.3 Overexcavation

Recommendations for overexcavation of the proposed building pads (building foundations and 
floor slabs) and parking lots (pavements) are presented below. All site preparation and 
earthwork operations should be performed in accordance with applicable codes, safety 
regulations and other local, state, or federal specifications. All references to maximum unit 
weights are established in accordance with the latest version of ASTM Standard Test Method 
D1557.

Excavations within a 1:1 (horizontal: vertical) plane extending downward from a horizontal 
distance of 2 feet beyond the bottom outer edge of existing improvements (e.g. building 
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foundations) or property lines should not be attempted without bracing and/or underpinning. All 
applicable excavation safety requirement and regulations, including OSHA requirements should 
be met. 

4.4.3.1 Structural Areas

In order to provide uniform support for the proposed spread foundations and slab-on-grade 
floors, we recommend the site soils be overexcavated and replaced as engineered fill to a 
minimum depth of 3 feet from existing grade and at least 3 feet below the bottom of footings, 
whichever is greater. Building pads located in cut/fill transition areas should be overexcavated a 
minimum of 3 feet below the proposed bottom of footings/slabs. Although not encountered in 
our borings, any existing undocumented artificial fill soils should be removed until native 
alluvium is exposed. The overexcavation should extend horizontally at least 5 feet beyond the 
edges of foundations and a distance equivalent to the thickness of anticipated fill below the 
footing, whichever is greater. Depending on the observed condition of the existing soil and 
engineered fill, deeper overexcavation may be required in some areas. The Geotechnical 
Engineer of Record should be notified for supplemental recommendations if the minimum 
relative compaction of the soil is not achieved.

4.4.3.2 Non-structural Areas 

Within the non-structural areas, such as truck aprons, pavements, sidewalks, other flatwork, 
etc., we recommend that these items be underlain by at least 24 inches of engineered fill. The 
overexcavation should extend beyond the proposed improvements a horizontal distance of at 
least two feet.

4.4.3.3 Additional Overexcavation Considerations 

After site preparation and overexcavation, and prior to scarification or placement of compacted 
fills, the excavation bottom should be observed, evaluated, and approved by Kleinfelder. 
Additional removals may be needed if significant porosity, expansive soil, or other adverse 
conditions are observed. The subgrade should then be scarified to a depth of approximately 
12 inches, moisture conditioned to at least the optimum moisture content; and recompacted. 
After compaction, the subgrade should be proof rolled using equipment with sufficient weight to 
evaluate surface deflection. Proof rolling should be performed to verify that the subgrade soils 
are firm and unyielding at the depth of the recommended overexcavation presented above.
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4.4.4 Engineered Fill

We anticipate that most of the on-site soils may be reusable as engineered fill once any debris and 
oversized materials greater than 4 inches in diameter have been removed, and after any vegetation 
and organic debris is cleared. Engineered fill should contain less than 2 percent organic content and 
maximum material size should be less than 4 inches in maximum dimension. Disturbed/tilled soil, 
less vegetation, may be used in landscape areas, exported, or placed in a controlled manner and 
blended with the onsite soils, provided that the resulting engineered fill contains less than 2 percent 
organic content.

Fill should be placed in lifts no greater than 8 inches thick, loose measurement, and should be 
compacted to at least 90 percent of the maximum dry density. The moisture content of the 
on-site soils should be at least at the  optimum moisture at the time of compaction. Based on 
the limited number of subsurface borings, soil type and extent should be further evaluated 
during the design-level investigation.

Engineered fill placed below pavement should be compacted to at least 90 percent of the 
maximum dry density obtained by the ASTM D1557 method of compaction, with the upper 
12 inches below pavements compacted to at least 95 percent relative compaction.

Although not anticipated, any imported fill materials to be used for engineered fill should be 
sampled and tested for approval by the geotechnical engineer prior to being transported to the 
site. The expansion index of an imported soil should be less than 20. In general, well-graded 
mixtures of gravel, sand and non-plastic silt are acceptable for use as import fill. A minimum 
notice of 3 working days will be required to allow for qualification testing prior to compaction of 
imported materials.

4.4.5 Temporary Excavations

All excavations must comply with applicable local, state, and federal safety regulations including 
the current OSHA Excavation and Trench Safety Standards. Construction site safety generally 
is the sole responsibility of the Contractor, who shall also be solely responsible for the means, 
methods, and sequencing of construction operations. We are providing the information below 
solely as a service to our client. Under no circumstances should the information provided be 
interpreted to mean that Kleinfelder is assuming responsibility for construction site safety or the 
Contractor's activities; such responsibility is not being implied and should not be inferred.
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Excavations within a 1:1 plane extending downward from a horizontal distance of 2 feet beyond 
the bottom outer edge of existing improvements (e.g. building foundations) should not be 
attempted without bracing and/or underpinning the improvements. The geotechnical engineer or 
their field representative should observe the excavations so that modifications can be made to 
the excavations, as necessary, based on variations in the encountered soil conditions. All 
applicable excavation safety requirements and regulations, including OSHA requirements, 
should be met.

Near-surface soils encountered during our field investigation consisted predominantly of sandy 
silt, silty sand and sands with varying amounts of gravel and cobble. In our opinion, these soils 
would be considered a Type 'C' soil with regard to the OSHA regulations. For this soil type, 
OSHA requires a maximum slope inclination of 1.5:1 (horizontal to vertical) or flatter for 
excavations 20 feet or less in depth. Temporary, shallow excavations with vertical side slopes 
less than 4 feet high should generally be stable, although sloughing may be encountered. 
Vertical excavations greater than 4 feet high should not be attempted without appropriate 
shoring to prevent local instability. All trench excavations should be braced and shored in 
accordance with good construction practice and all applicable safety ordinances and codes. 
The contractor should be responsible for the structural design and safety of the temporary 
shoring system, and we recommend that this design be submitted to Kleinfelder for review to 
check that our recommendations have been incorporated.

Stockpiled (excavated) materials should be placed no closer to the edge of an excavation than 
a distance equal to the depth of the excavation, but no closer than 4 feet. All trench excavations 
should be made in accordance with OSHA requirements.

4.4.6 Excavation Conditions

The borings were advanced using a truck-mounted hollow-stem auger drill rig. Drilling 
excavations were completed with easy effort through the existing site soils. Conventional earth 
moving equipment should be capable of performing the soil excavations.

4.4.7 Pipe Bedding and Trench Backfill

Pipe bedding and pipe zone material should consist of sand or similar granular material having 
a minimum sand equivalent value of 30. Onsite soils may be suitable, but should be tested and 
approved by the engineer of record prior to use. The sand should be placed in a zone that 
extends a minimum of 6 inches below and 6 inches above the pipe for the full trench width. The 
bedding material should be compacted to a minimum of 90 percent of the maximum dry density 
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or to the satisfaction of the geotechnical engineer's representative observing the compaction of 
the bedding material. Bedding material should consist of sand, gravel, crushed aggregate, or 
native free-draining granular material with a maximum particle size of ¾ inch. Bedding materials 
should also conform to the pipe manufacturer's specifications, if available. Trench backfill above 
bedding and pipe zone materials may consist of approved, on-site or import soils placed in lifts 
no greater than 8 inches loose thickness and compacted to 90 percent of the maximum dry 
density based on ASTM Test Method D1557. Jetting of backfill is not recommended. The on-
site soils are suitable for backfill of utility trenches from one foot above the top of the pipe to the 
surface provided the material is free of organic and deleterious substances.

4.5 CONCRETE SLABS SUPPORTED ON GRADE

4.5.1 General 

Slab-on-grade floors should be underlain by engineered fill as discussed in the Earthwork 
Section of this report. We anticipate that the planned floor slabs will have a minimum thickness 
of 6 inches, will be unreinforced and dowelled at panel edges. Minimum reinforcement for floor 
slabs, if required, should be determined by the structural engineer. The structural engineer 
should design the slabs for any specific loading conditions. A modulus of subgrade reaction of 
100 pounds per cubic inch may be used for design. The moisture content of the upper 18 
inches of engineered fill should be at the recommended range for fill compaction at the time the 
floor slab is constructed. Precautions should be taken so as not to allow the upper engineered 
fill below the slab to dry out below the recommended moisture range between completion of the 
building pad and construction of the floor slab. Total static settlement for foundations designed 
in accordance with the recommendations presented herein, with an anticipated maximum load 
of 500 psf, is estimated to be less than a 1 inch.

Construction activities and exposure to the environment can cause deterioration of the prepared 
subgrade. We recommend that a Kleinfelder representative inspect the final subgrade 
conditions prior to placement of the concrete, and if necessary, perform additional moisture and 
density testing to determine the subgrade suitability. A low slump concrete should be used to 
reduce possible curling of the slab. 

4.5.2 Exterior Flatwork 

Where exterior flatwork, such as sidewalks, are to be constructed, the subgrade should be 
scarified to a depth of 8 inches and moisture conditioned to a moisture content above the 
optimum moisture content, and recompacted as recommended in the Earthwork Section of this 

~ NFELDER 
~ Bright People. Right Sofutrons. 



20230661.003A/RIV23R148969 Page 19 of 31 January 12, 2023
Copyright 2023 Kleinfelder

report. Exterior, structurally loaded flatwork, such as truck docks or trash enclosures should 
adhere to the recommendations for rigid pavement presented in this report.

4.5.3 Vapor Retarder

Subsurface moisture and moisture vapor naturally migrate upward through the soil and, where 
the soil is covered by a building or pavement, this subsurface moisture will collect. To reduce 
the impact of this subsurface moisture and the potential impact of future introduced moisture 
(such as landscape irrigation or precipitation) on moisture sensitive flooring, the current industry 
standard is to place a vapor retarder on a compacted crushed rock layer and/or sand layers, 
1 to 2 inches in thickness, placed above and below the vapor retarder. The crushed rock layer 
and/or sand layer may be omitted in accordance with the vapor barrier manufacturer’s 
installation recommendations.

The necessity and placement of a vapor retarder should be evaluated by the structural engineer 
and/or flooring consultant. It should be noted that although vapor barrier systems are currently 
the industry standard, this system might not be completely effective in preventing floor slab 
moisture problems. These systems typically will not necessarily assure that floor slab moisture 
transmission rates will meet floor covering manufacturer standards and that indoor humidity 
levels be appropriate to inhibit mold growth. The design and construction of such systems are 
totally dependent on the proposed use and design of the proposed building and all elements of 
building design and function should be considered in the slab-on-grade floor design. Building 
design and construction may have a greater role in perceived moisture problems since sealed 
buildings/rooms or inadequate ventilation may produce excessive moisture in a building and 
affect indoor air quality.

4.5.4 Concrete Curing and Flooring

Various factors such as surface grades, adjacent planters, the quality of slab concrete and the 
permeability of the on-site soils affect slab moisture and can control future performance. In 
many cases, floor moisture problems are the result of either improper curing of floor slabs or 
improper application of flooring adhesives. We recommend contacting a flooring consultant 
experienced in the area of concrete slab-on-grade floors for specific recommendations 
regarding your proposed flooring applications. Special precautions must be taken during the 
placement and curing of all concrete slabs. Excessive slump (high water-cement ratio) of the 
concrete and/or improper curing procedures used during either hot or cold weather conditions 
could lead to excessive shrinkage, cracking or curling of the slabs. High water-cement ratio 
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and/or improper curing also greatly increase the water vapor permeability of concrete. We 
recommend that all concrete placement and curing operations be performed in accordance with 
the American Concrete Institute (ACI) Manual.

It is emphasized that we are not floor moisture-proofing experts. We make no guarantee, nor 
provide any assurance that use of the capillary break/vapor retarder system will reduce 
concrete slab-on-grade floor moisture penetration to any specific rate or level, particularly those 
required by floor covering manufacturers. The builder and designers should consider all 
available measures for slab moisture protection.

4.6 RETAINING WALLS 

We have provided preliminary cantilever retaining wall recommendations below. Further 
evaluation will be needed once wall types, locations and heights are selected.

4.6.1 General 

Design earth pressures for retaining walls depend primarily on the allowable wall movement, 
wall inclination, type of backfill materials, backfill slopes, surcharges, and drainage. The earth 
pressures provided assume that that a non-expansive granular backfill will be used and a 
drainage system will be installed behind the walls, so that external water pressure will not 
develop. If a drainage system will not be installed, the wall should be designed to resist 
hydrostatic pressure in addition to the earth pressure as well as reinforcement that should be 
protected from rust or other corrosion-inducing effects of moisture. Determination of whether 
the active or at-rest condition is appropriate for design will depend on the flexibility of the walls. 
Walls that are free to rotate at least 0.002 radians (deflection at the top of the wall of at least 
0.002 x H, where H is the unbalanced wall height) may be designed for the active condition. 
Walls that are not capable of this movement should be assumed rigid and designed for the at-
rest condition. The recommended active and at-rest earth pressure values are provided in 
Table 2, Earth Pressures for Retaining Walls.
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Table 2
Earth Pressures for Retaining Walls

(Non-Expansive Backfill)

Wall Movement Backfill Condition
Equivalent Fluid 

Pressure 
(pcf)

Seismic Increment *
(pcf)

Free to Deflect 
(active condition) 40 16

Restrained 
(at-rest condition)

Level
60 N/A **

Note: * Walls supporting more than 6 feet of backfill should be designed to support an incremental seismic lateral 
pressure, which is applied as a triangular pressure distribution with a maximum pressure at the bottom of 
the wall, not inverted.

** for restrained wall, use the static active earth pressure and seismic increment to check the seismic 
condition; use at-rest earth pressure only to check the static condition; the larger loading of both cases 
should be used for the design of restrained wall.

In addition to the above lateral pressure, undrained walls will have to be designed for full 
hydrostatic pressure. The above lateral earth pressures do not include the effects of surcharges 
(e.g., traffic, footings), compaction, or truck-induced wall pressures. Any surcharge (live, 
including traffic, or dead load) located within a 1:1 plane drawn upward from the base of the 
excavation should be added to the lateral earth pressures. The lateral contribution of a uniform 
surcharge load located immediately behind walls may be calculated by multiplying the 
surcharge by 0.36 for cantilevered walls and 0.53 for restrained walls. Walls adjacent to areas 
subject to vehicular traffic should be designed for a 2-foot equivalent soil surcharge (250 psf). 
Lateral load contributions from other surcharges located behind walls may be provided once the 
load configurations and layouts are known.

4.6.2 Backfill Compaction

Care must be taken during the compaction operation not to overstress the wall. Wall backfill 
should be compacted to a least 90 percent relative compaction; however, heavy construction 
equipment should be maintained a distance of at least 3 feet away from the walls while the 
backfill soils are being placed. Kleinfelder should be contacted when development plans are 
finalized for review of wall and backfill conditions on a case-by-case basis.

4.6.3 Drainage

Walls should be properly drained or designed to resist hydrostatic pressures. Adequate 
drainage is essential to provide a free-draining backfill condition and to limit hydrostatic buildup 
behind the wall. Walls should also be appropriately waterproofed and include weep holes for 
drainage. In lieu of weep holes, a 4-inch diameter perforated PVC pipe, placed perforations 
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down leading to a suitable gravity outlet, should be installed at the base of the walls. Another 
drainage alternative could be a manufactured prefabricated drainage composite panel such as 
Miradrain G100N or equivalent at regular intervals along the wall.

4.7 DRAINAGE AND LANDSCAPING

It is important that positive surface drainage be provided to prevent ponding and/or saturation of 
the soils in the vicinity of foundations, concrete slabs-on-grade, or pavements. We recommend 
that the site be graded to carry surface water away from the improvements and that positive 
measures be implemented to carry away roof runoff. Poor perimeter or surface drainage could 
allow migration of water beneath the building or pavement areas, which may result in distress to 
project improvements. If planted areas adjacent to structures are desired, we suggest that care 
be taken not to over irrigate and to maintain a leak-free sprinkler piping system. In addition, it is 
recommended that planter areas next to buildings have a minimum of 5 percent positive fall 
away from building perimeters to a distance of at least 5 feet. Drain spouts should be extended 
to discharge a minimum of 5 feet from the building, or some other method should be utilized to 
prevent water from accumulating in planters. Landscaping after construction should not 
promote ponding of water adjacent to structures.

4.8 EXPANSION POTENTIAL

Expansive soils are characterized by their ability to undergo significant volume changes (shrink 
or swell) due to variations in moisture content. Changes in soil moisture content can result from 
precipitation, landscape irrigation, utility leakage, roof drainage, perched groundwater, drought, 
or other factors and may result in unacceptable settlement or heave of structures or concrete 
slabs supported on grade. Expansion index testing of two surficial soils resulted in values of 73 
and 125, which indicates a medium to high expansion potential. The expansion potential should 
be tested further during the design level geotechnical investigation.

4.9 HYDRO-COLLAPSE POTENTIAL

Hydro-collapsible soils are characterized by their ability to undergo significant shrinkage 
(collapse) during inundation. Inundation in soils can result from precipitation, landscape 
irrigation, utility leakage, roof drainage, perched groundwater, drought, or other factors, and 
may result in unacceptable settlement of structures or concrete slabs supported on grade. 
Based on the results of laboratory testing, the collapse potential of the surficial soils is 
approximately 
5.2 percent collapse and 0.1 swell under inundation. 5 percent collapse potential is significant 
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for evaluation of overexcavation depths, however, the laboratory test results from the site to the 
west also resulted in low Collapse Potential. Disturbance of the soil sample that resulted in high 
Collapse Potential may have occurred during sampling and transport and should be further 
tested/evaluated during design level investigation. 

4.10 PRELIMINARY SOIL CORROSIVITY

The soil corrosivity potential of the on-site materials to steel and buried concrete was 
preliminarily evaluated using a sample collected during our investigation. Testing was 
performed in general accordance with California Test Methods 643, 417, and 422 for pH and 
resistivity, soluble chlorides, and soluble sulfates, respectively. The test results are presented in 
Table 3, Preliminary Corrosivity Test Results.

Table 3
Preliminary Corrosivity Test Results

Boring Depth
(ft) pH Sulfate 

(ppm)
Chloride 

(ppm)
Resistivity 
(ohm-cm)

B-3 0 – 5 9.8 416 260 556

B-5 0 – 5 9.9 27 33 1,221

Boring Depth
(ft) pH Sulfate 

(ppm)
Chloride 

(ppm)
Resistivity 
(ohm-cm)

B-3 0 – 5 9.8 416 260 556

B-5 0 – 5 9.9 27 33 1,221

These tests are only an indicator of soil corrosivity for the samples tested. Other soils found on 
site may be more, less, or of a similar corrosive nature. Imported fill materials should be tested 
to confirm that their corrosion potential is not more severe than those noted.

Resistivity values below 1,000 ohm-cm are considered extremely corrosive to buried ferrous 
metals (Roberge, 2006). 

The concentrations of soluble sulfates indicate that the subsurface soils represent a Class S2 
exposure to sulfate attack on concrete in contact with the soil based on ACI 318-14 Table 
19.3.1.1 (ACI, 2014). Therefore, in accordance with ACI Building Code 318-14, a concrete mix 
of Type V cement with a minimum compressive strength of 4,500 psi and maximum 
water-cement ratio of 0.45 are specified for these sulfate concentrations. 



20230661.003A/RIV23R148969 Page 24 of 31 January 12, 2023
Copyright 2023 Kleinfelder

Kleinfelder’s scope of services does not include corrosion engineering and, therefore, a detailed 
analysis of the corrosion test results is not included. A qualified corrosion engineer should be 
retained to review the test results for further evaluation and design protective systems, if 
considered necessary.

4.11 PAVEMENT SECTIONS

4.11.1 Asphalt-Concrete Pavement Sections

The required pavement structural sections will depend on the expected wheel loads, volume of 
traffic, and subgrade soils. The Traffic Indexes (TI’s) assumed should be reviewed by the 
project Owner, Architect, and/or Civil Engineer to evaluate their suitability for this project. 
Changes in the TI's will affect the corresponding pavement section. The pavement subgrade 
should be prepared just prior to placement of the base course. Positive drainage of the paved 
areas should be provided since moisture infiltration into the subgrade may decrease the life of 
pavements. Table 4, Preliminary Asphalt Concrete Pavement Sections, presents our 
recommendations of asphalt concrete pavement sections.

Table 4
Preliminary Asphalt Concrete Pavement Sections

(Design R-value = 13)

Traffic Use
Assumed 

Traffic Index 
(TI)

Asphalt 
Concrete
(inches)

Class 2 
Aggregate Base

(inches)

General Parking Traffic 5 3.0 8.5

Heavy Truck Access Ways 7 4.0 13.5

Based on lab testing of near surface soils, a  design R-Value of 13 was selected for pavement 
design. Additional R-Value testing and analysis should be performed to evaluate the site further 
during the final geotechnical design. Since the characteristics of the near-surface soils can 
change as a result of grading, we recommend that the subgrade soils be tested for pavement 
support characteristics, to confirm the parameters used in design and allow for a possible 
reduction in structural section thickness. Pavement sections provided above are contingent on 
the following recommendations being implemented during construction.

The pavement sections recommended above should be placed on at least 
18 inches of engineered fill compacted to at least 90 percent of maximum dry density 
with the upper 12 inches below pavements compacted to at least 95 percent relative 
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compaction. The overexcavation of the pavement areas should be conducted as 
recommended in the earthwork section of this report. Prior to fill placement, the exposed 
subgrade should be scarified to a depth of 8 inches, uniformly moisture conditioned to at 
least the optimum moisture content prior to compaction.

Subgrade soils should be in a stable, non-pumping condition at the time aggregate base 
materials are placed and compacted.

Aggregate base materials should be compacted to at least 95 percent relative 
compaction.

Adequate drainage (both surface and subsurface) should be provided such that the 
subgrade soils and aggregate base materials are not allowed to become wet.

Aggregate base materials should meet current Caltrans specifications for Class 2 
aggregate base rock, or crushed miscellaneous base as specified in the "Standard 
Specifications for Public Work Construction" ("Greenbook").

The asphalt pavement should be placed in accordance with “Green Book” specifications 
or the County of Los Angeles requirements, as appropriate. We recommend that the 
asphalt pavement be placed in a single layer of ½-inch aggregate mix for pavements 
4 inches thick or less. If the pavement section is over 4 inches thick, then the asphalt 
should be placed in at least two layers of mix. The first layer should consist of a base or 
coarse layer (3/4-inch mix). The second layer (i.e., top layer) should consist of a medium 
or fine layer of ½-inch mix.

Based on our analyses and our experience with similar projects, it is our professional 
opinion that the as-built asphalt pavement sections should have a tolerance of +/- ¼-
inch in order to remain valid for satisfying the intent of the recommendations presented 
herein. Typically, the loose thickness should be ¼ inch per inch greater than the 
required compacted thickness. In addition to loose measurements prior to compaction, 
this is typically evaluated by averaging the thickness of several cores in a specific area. 
Individual measurements (loose thickness or core dimension) should be within at least 
¾-inch of the design thickness.

All concrete curbs separating pavement and landscaped areas should extend into the 
subgrade and below the bottom of adjacent, aggregate base materials.

Pavement sections provided above are based on the soil conditions encountered during our 
field investigation, our assumptions regarding final site grades, and limited laboratory testing. 
Since the actual pavement subgrade materials exposed during grading may be significantly 
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different than those tested for this study, we recommend that representative subgrade samples 
be obtained and additional R-value tests performed. Should the results of these tests indicate a 
significant difference, the design pavement section(s) provided above may need to be revised.

4.11.2 Portland Cement Concrete Pavement

Concrete pavements may be desirable in loading dock and trash collection areas. The concrete 
pavement should have a minimum 28-day compressive strength of 3,000 psi. Control joints 
should be spaced approximately every 10 feet. The concrete pavement section should be 
placed on at least 18 inches of engineered fill compacted to at least 90 percent of the maximum 
dry density. Prior to fill placement, the exposed subgrade should be scarified to a depth of 
8 inches, uniformly moisture conditioned to the moisture content range recommended in 
Section 4.4 of this report. Table 5, Preliminary Recommended PCC Pavement Sections, 
presents our recommendations of Portland Cement Concrete pavement sections.

Table 5
Preliminary Recommended PCC Pavement Sections

Assumed
Traffic Index

(TI)

Concrete Thickness (inches; 
using a 28-day compressive 

strength of 3,000 psi)

Concrete Thickness (inches; 
using a 28-day compressive 

strength of 4,000 psi)

5 8.0 7.5

7 8.5 8.0

As an alternative to placing PCC pavements directly over 18 inches of engineered fill, 
6 inches of aggregate base material may be added between the PCC and engineered fill to 
provide additional load distribution, drainage, and an option to reduce the thickness of the 
recommended PCC. If 6 inches of aggregate base material (compacted to 95% relative 
compaction) is used between the recommended 18 inches of engineered fill and PCC 
pavement, the recommended PCC thickness may be reduced by ½ inch. Aggregate base 
materials should meet current Caltrans specifications for Class 2 aggregate base, or crushed 
miscellaneous base as specified in the "Standard Specifications for Public Work Construction" 
("Greenbook").

4.12 STORMWATER MANAGEMENT

We have preliminarily assessed the potential for storm water infiltration into the subgrade soils 
at the subject project site based on visual soil classification and laboratory testing of the soil 
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samples collected during the field exploration. The onsite near-surface soils consist primarily of 
dense to very dense sands to silty sands and hard sandy clays. Based on these conditions, we 
anticipate a generally low infiltration capacity of the near-surface soils, and we preliminarily 
recommend alternatives to infiltration Best Management Practices (BMPs), such as 
bio-filtration/bio-retention systems (bio-swales and planter boxes), be implemented at the 
project site at these elevations. In-situ infiltration testing should be performed to confirm this 
preliminary assessment and determine design infiltration rates at the BMP design depth at 
specific locations at the site.

If bio-filtration/bio-retention systems are employed, we recommend that the BMPs be built such 
that water exiting from them will not seep into the foundation areas or beneath slabs and 
pavement. If planters are located within 10 feet of structures or foundations, or adjacent to 
slabs and pavements, then some means of diverting water away from the structures, foundation 
soils, or soils that support slabs and pavements would be required, such as lining the planters.

~ NFELDER 
~ Bright People. Right Sofutrons. 
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5 ADDITIONAL SERVICES

5.1 DESIGN LEVEL INVESTIGATION

This report presents preliminary geotechnical recommendations to develop a conceptual design 
and provide planning-level cost estimating. This study is not intended to be a design-level 
geotechnical study, and additional field and laboratory testing will be required in order to provide 
detailed geotechnical recommendations.

The preliminary recommendations provided in this report are based on our understanding of the 
described project information and on our interpretation of the data. We have made our 
recommendations based on experience with similar subsurface conditions under similar loading 
conditions. The recommendations apply to the specific project discussed in this report; 
therefore, any change in the structure configuration, loads, location, or the site grades should 
be provided to us so that we can review our conclusions and recommendations and make any 
necessary modifications.
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6 LIMITATIONS

This report has been prepared for the exclusive use of NorthPoint Development, and its 
consultants and contractors for specific application to the proposed improvements for the 
proposed project. The findings, conclusions and recommendations presented in this report were 
prepared in a manner consistent with the standards of care and skill ordinarily exercised by 
members of our profession practicing under similar conditions in the geographic vicinity and at 
the time the services will be performed. No warranty or guarantee, express or implied, is made. 
Our field exploration program for the geotechnical study of this project was based on the 
approximate building locations provided to us by the client.

The client has the responsibility to see that all parties to the project, including the designer, 
contractor, subcontractors, etc., are made aware of this report in its entirety. This report 
contains information that may be useful in the preparation of contract specifications. However, 
this report is not designed as a specification document and may not contain sufficient 
information for this use without proper modification.

This report may be used only by the client and only for the purposes stated, within a reasonable 
time from its issuance, but in no event later than one year from the date of the report. Land use, 
site conditions (both on site and off site) or other factors may change over time, and additional 
work may be required with the passage of time. Any party, other than the client who wishes to 
use this report shall notify Kleinfelder of such intended use. Based on the intended use of this 
report and the nature of the new project, Kleinfelder may require that additional work be 
performed and that an updated report be issued. Non-compliance with any of these 
requirements by the client or anyone else will release Kleinfelder from any liability resulting from 
the use of this report by any unauthorized party and the client agrees to defend, indemnify, and 
hold harmless Kleinfelder from any claims or liability associated with such unauthorized use or 
non-compliance.

The scope of our geotechnical services did not include any environmental site assessment for 
the presence or absence of hazardous/toxic materials, including methane or other landfill 
related gases. Kleinfelder will assume no responsibility or liability whatsoever for any claim, 
damage, or injury which results from pre-existing hazardous materials being encountered or 
present on the project site, or from the discovery of such hazardous materials.
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APPENDIX A
FIELD EXPLORATIONS
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APPENDIX A
FIELD EXPLORATIONS

The subsurface conditions at the site were explored by drilling and logging six (6) 
hollow-stem auger borings. Due to soft soil at the surface of the site, the hollow stem auger 
borings were drilled using a truck-mounted drill rig. The hollow stem auger drill rigs were 
provided by 2R Drilling of Chino, California. The hollow stem auger drill rig mentioned above 
were equipped with an automatic hammer system to drive the samplers. The locations of our 
borings are shown on Figure 2. 

The logs of borings are presented as Figures A-3 through A-8. An explanation to the logs is 
presented on Figures A-1 and A-2. The Logs of Borings describe the earth materials 
encountered, samples obtained, and show field and laboratory tests performed. The logs also 
show the boring number, excavation date and the name of the logger and excavation 
subcontractor. A Kleinfelder geologist logged the borings utilizing the Unified Soil Classification 
System (USCS). The boundaries between soil types shown on the logs are approximate 
because the transition between different soil layers may be gradual. Bulk and drive samples of 
representative earth materials were obtained from the borings at maximum intervals of about 
5 feet.

A California-type sampler was used to obtain relatively undisturbed drive samples of the soil 
encountered. This sampler consists of a 3-inch O.D., 2.4 inch I.D. split barrel shaft that is driven 
a total of 18 inches into the soil at the bottom of the boring. The soil was retained in six 1-inch 
brass rings for laboratory testing. The sampler was driven using a 140-pound hammer falling 
30 inches. The total number of hammer blows required to drive the sampler the final 12 inches 
is termed the blow count and is recorded on the Logs of Borings. Where the sample was driven 
less than 12 inches, the number of blows to drive the sample for each 6-inch segment, or 
portion thereof, is shown on the logs. For example, 50/4" indicates 50 blows to drive the 
sampler 4 inches to refusal.

Bulk samples of the sub-surface soils were retrieved directly from the soil cuttings and placed in 
large plastic bags. 
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APPENDIX B
LABORATORY TESTING
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APPENDIX B
LABORATORY TESTING

Laboratory tests were performed on drive and bulk soil samples to estimate engineering 
characteristics of the various earth materials encountered. The laboratory testing was 
performed by our laboratory located in Ontario, California or by AP Engineering & Testing, Inc. 
of Pomona, California. Testing was performed in general accordance with procedures outlined 
in the American Society for Testing and Materials, or other accepted procedures. Visual 
classifications presented on the lab figures performed by AP Engineering may differ from those 
presented on the boring logs provided in Appendix A.

LABORATORY MOISTURE DETERMINATIONS AND UNIT WEIGHTS

Natural moisture content and unit weight tests were performed on selected samples. The 
moisture content tests were performed in general accordance with ASTM Test Method D 2216 
and the unit weight tests were performed in general accordance with ASTM Test Method D 
2937. The results are presented on the Logs of Borings in Appendix A.

SIEVE ANALYSES

Sieve analyses were performed on selected samples of the materials encountered at the site to 
evaluate the grain size distribution characteristics of the soils and to aid in their classification. 
Tests were performed in general accordance with ASTM Test Method D 6913. Results of these 
tests are presented in the boring logs in Appendix A and attached as Figure B-1 and B-2, Grain 
Size Distribution Curve.

ATTERBERG LIMITS (PLASTICITY INDEX)

Plasticity limit and liquid limit testing was performed on soil samples to evaluate behavior 
conditions at varying water contents. Testing was performed in general accordance with ASTM 
Standard Test Method D4318. The results are presented on the boring logs in Appendix A and 
attached as Figure B-3, Plasticity Testing.

DIRECT SHEAR

Direct shear testing was performed on a remolded sample for shear strength and cohesion 
values of the in-situ soils in accordance with ASTM Standard Test Method D 3080. The result is 
presented as Figure B-4, Direct Shear Test.
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ONE-DIMENSIONAL SWELL/COLLAPSE TEST

Laboratory testing was performed on selected soil samples to study the collapse potential of the 
subgrade soils. During this test, the soil sample is inundated with water at a specific surcharge 
loading and the percent swell or collapse is measured. This tests were performed by 
AP Engineering in accordance with ASTM D4546. The test results are attached to this 
appendix. 

PRELIMINARY CORROSIVITY TESTS

A series of chemical tests were performed on a selected sample of the near-surface soils to 
estimate pH, resistivity and sulfate and chloride contents. The sample was tested in general 
accordance with California Test Methods 643, 422, and 417 for pH and minimum resistivity, 
soluble chlorides, and soluble sulfates, respectively. Test results may be used by a qualified 
corrosion engineer to evaluate the general corrosion potential with respect to construction 
materials. The tests were performed by AP Engineering. The results of these tests are 
presented in Table B-1, Preliminary Corrosion Test Results.

MODIFIED PROCTOR

Maximum density-optimum moisture tests were performed on a select bulk sample of the on-
site soils to determine compaction characteristics. The test was performed in accordance with 
ASTM Standard Test Method D 1557. The test results are presented in Table B-2, Modified 
Proctor Test Results and Figure B-4 in Appendix B.

EXPANSION INDEX 

Expansion Index testing was performed on two near surface bulk samples to determine the 
expansion potential of the soil. The tests were performed in accordance with ASTM Standard 
Test Method D4829. The test results are presented in Table B-3, Expansion Index Test Results.

R-VALUE TEST

A Resistance Value (R-value) test was performed on a select bulk soil sample to evaluate 
pavement support characteristics of the near-surface onsite soils. R-value testing was 
performed in accordance with ASTM Standard Test Method D2844. The test result is presented 
below in Table B-4, R-Value Test Results Figure B-5 in Appendix B.

C NFELDER 
~ Bright People. Right Solutions. 
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Table B-1
Preliminary Corrosivity Test Results

Boring Depth
(ft) pH Sulfate 

(ppm)
Chloride 

(ppm)
Resistivity 
(ohm-cm)

B-3 0 – 5 9.8 416 260 556

B-5 0 – 5 9.9 27 33 1,221

Table B-2
Modified Proctor Test Results

Boring Number Depth (ft) Maximum Dry Density (pcf) Optimum Moisture (%)

B-2 0 – 5 121.2 11.4

Table B-3
Expansion Index Test Result

Boring Number Depth (ft) Expansion Index Expansion Potential

B-4 0 – 5 125 High

B-5 0 – 5 73 Medium

Table B-4
Resistance Value Test Result

Boring Number Depth (ft) R-Value

B-3 0 – 5 13
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INTRODUC TION

Preliminary Geotechnical Engineering Report
NAVLC 115 Site

South of W Ave E and West of Sierra Hwy
Antelope Valley, Los Angeles County, California

Terracon Project No. CB225192
February 9, 2023

INTRODUCTION

This report presents the results of our subsurface exploration and preliminary geotechnical
engineering services performed for the proposed warehouse to be located at South of W Ave E
and West of Sierra Hwy in Antelope Valley, Los Angeles County, California. The purpose of these
services is to provide information and geotechnical engineering recommendations relative to:

 Subsurface soil conditions
 Groundwater conditions and historic high groundwater
 2022 California Building Code (CBC) seismic design parameters
 Earthwork
 Infiltration and drainage
 Preliminary recommendations for foundation design and concrete slabs-on-grade
 Subgrade preparation/earthwork recommendations
 Preliminary recommendations for pavement section design

The geotechnical engineering Scope of Services for this project included the advancement of
twelve (12) test borings to depths ranging from approximately 5 to 31 ½ feet below existing site
grades.

Maps showing the site and boring locations are shown in the Site Location and Exploration
Plan sections, respectively. The results of the laboratory testing performed on soil samples
obtained from the site during the field exploration are included on the boring logs and/or as
separate graphs in the Exploration Results section.

SITE CONDITIONS

The following description of site conditions is derived from our site visit in association with the
field exploration and our review of publicly available geologic and topographic maps.
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Item Description

Parcel Information

The project site is located at South of W Ave E and West of Sierra Hwy in
Antelope Valley, Los Angeles County, California.  The site is
approximately 115.9 acres.
The approximate coordinates of the site are: 34.7607° N 118.1602° W
(approximate)
See Site Location

Existing Improvements

The project site generally consists of an undeveloped tract of land. It
appears based on layout of trees that the site may have been previously
developed or landscaped.  A man-made pond may have been present in
the western portion of the site at a earlier time but has since been
abandoned.

Current Ground Cover The site is primarily underlain with native soils and light grows grass,
bushes and vegetations.

Existing Topography Site is relatively flat with a gentle slope down toward the west.

PROJECT DESCRIPTION

Our initial understanding of the project was provided in our proposal and was discussed during
project planning. A period of collaboration has transpired since the project was initiated, and our
final understanding of the project conditions is as follows:

Item Description

Proposed Development

The project generally consists of the construction of two industrial
buildings with footprint areas of approximately 1,000,000 (each) square
feet (sf). The project will also include car parking, driveways and utilities.
We assume that stormwater diversion structures such as culverts, open
channels, and storm drains will also be constructed on site.

Proposed Structures Two buildings with footprint areas of about 1,000,000 square feet for each

Building Construction Concrete tilt up walls or steel construction founded on conventional
continuous and spread footings with concrete slab on grade.

Finished Floor Elevation Anticipated to be within 3 feet of existing grade

Structural Loads
(assumed)

Structural loads were not provided at the time of this report.
We assume that the proposed structures will have the following loads:

■ Columns: 100 to 300 kips
■ Walls: 2 to 4 kips per linear foot (klf)
■ Slabs: 150 pounds per square foot (psf)

Grading Requirements Design grades were not provided at the time of this report.
Below Grade Structures Not anticipated

Infiltration Systems

An on-site stormwater retention/infiltration system is planned; therefore,
we have included preliminary infiltration testing in this current scope of
work and report. However the exact location and depth of the system is
undetermined at this time and additional testing may be necessary
depending on the final location of the proposed system.
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Item Description

Pavements

Paved driveway and parking will be constructed on site.
Both rigid (concrete) and flexible (asphalt) pavement sections were
considered in this report.

Anticipated traffic indices (TIs) are as follows for asphalt pavement:
 Auto Parking Areas:                     TI=5.0
 Drive Lanes                                  TI=5.5
 Truck Parking Areas:                    TI=7.0
 Truck Drive Lanes:                       TI=8.0
 The pavement design period is               20 years.

Anticipated average daily truck traffic (ADTT) is as follows for concrete
pavement:

 Light Duty:                                     ADTT=1 (Category A)
 Medium Duty:                                ADTT=25 (Category B)
 Heavy Duty:                                  ADTT=700 (Category C)

GEOTECHNICAL CHARACTERIZATION

Subsurface Profile

We have developed a general characterization of the subsurface soil and groundwater conditions
based upon our review of the data and our understanding of the geologic setting and planned
construction.

The geotechnical characterization forms the basis of our geotechnical calculations and evaluation
of site preparation, foundation options and pavement options. As noted in General Comments,
the characterization is based upon widely spaced exploration points across the site, and variations
are likely.

Conditions encountered at each boring location are indicated on the individual boring logs shown
in the Exploration Results section and are attached to this report. Stratification boundaries on
the boring logs represent the approximate location of changes in native soil types; in situ, the
transition between materials may be gradual. The subsurface materials generally consist of
Interbedded layers of clayey sand, silty sand, sandy lean clay and lean clay extending to the
maximum depth of the explorations approximately 31 ½ feet bgs.

Lab Results

Laboratory tests were conducted on selected soil samples and the test results are presented in the
Exploration Results section and on the boring logs. Atterberg test results indicate that the on-
site soils generally have low plasticity. An Expansion Index test was conducted in surficial sample
of boring B-7 resulted in an expansion index of 27 (low).
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Hydroconsolidation

To evaluate the potential deformation that may be caused by the addition of water to subsurface
soils, hydroconsolidation testing was performed on a selected, representative relatively
undisturbed sample. The result is shown in Exploration Results section. The test result indicates
a collapse potential of 0.25% (B-3 at 5 feet). The soil sample was saturated under an axial
pressure of 2,000 psf.

Groundwater Conditions

The borings were advanced using continuous flight auger drilling techniques that allow short-term
groundwater observations to be made while drilling. Groundwater seepage was encountered in
Boring B-5 at depth of 28 feet bgs at the completion of drilling. According to data collected from the
Water Data Library of California Department of Water Resources (DWR) from a nearby well, located
within the project site with State Well Number of 08N12W28D001S, historic high groundwater levels
are about 50 feet bgs. Our review of historical information regarding groundwater levels indicates
that historical high groundwater levels in the project vicinity are about 50 feet bgs.  In boring B-5
sandy soil with high permeability underlain by interbedded layers of clayey soil with low permeability,
it is our opinion that the encountered water is considered perched water and not a real water table.
Groundwater level fluctuations occur due to seasonal variations in the amount of rainfall, runoff and
other factors not evident at the time the borings were performed.

SEISMIC CONSIDERATIONS

Based on the soil properties encountered at the site and as described on the exploration logs and
results, it is our opinion that the Seismic Site Classification is D. The 2022 California Building
Code (CBC) Seismic Design Parameters have been generated using the SEAOC/OSHPD
Seismic Design Maps Tool. This web-based software application calculates seismic design
parameters in accordance with ASCE 7-16 and 2022 CBC. The 2022 CBC requires that a site-
specific ground motion study be performed in accordance with Section 11.4.8 of ASCE 7-16 for
Site Class D sites with a mapped S1 value greater than or equal 0.2.

However, Section 11.4.8 of ASCE 7-16 includes an exception from such analysis for specific
structures on Site Class D sites. The commentary for Section 11 of ASCE 7-16 (Page 534 of
Section C11 of ASCE 7-16) states that “In general, this exception effectively limits the
requirements for site-specific hazard analysis to very tall and or flexible structures at Site Class
D sites.” Based on our understanding of the proposed structures, it is our assumption that the
exception in Section 11.4.8 applies to the proposed structure(s). However, the structural engineer
should verify the applicability of this exception.

Based on this exception, the spectral response accelerations presented below were calculated
using the site coefficients (Fa and Fv) from Tables 1613.2.3(1) and 1613.2.3(2) presented in
Section 16.4.4 of the 2022 CBC.
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Description Value

Site Classification (CBC) 1 D 2

Site Latitude (°N) 34.7607

Site Longitude (°W)  -118.1602

Ss Spectral Acceleration for a 0.2-Second Period 1.311

S1 Spectral Acceleration for a 1-Second Period 0.531

Fa Site Coefficient for a 0.2-Second Period 1

Fv Site Coefficient for a 1-Second Period 1.77

Site Modified Peak Ground Acceleration 0.55g

De-aggregated Modal Magnitude 3 8.1
1. Seismic site classification in general accordance with the 2022 California Building Code.
2. The 2022 California Building Code (CBC) requires a site soil profile determination extending to a depth of
100 feet for seismic site classification.  The current scope does not include the required 100-foot soil profile
determination.  Our borings were extended to a maximum depth of 31½ feet. This seismic site class definition considers
that similar or denser soils continue below the maximum depth of the subsurface exploration.  Additional exploration to
deeper depths would be required to confirm the conditions below the current depth of exploration.
3. These values were obtained using on-line Unified Hazard Tool by the USGS
(https://earthquake.usgs.gov/hazards/interactive/) for return period of 2% in 50 years accessed

A site-specific ground motion study may reduce design values and consequently construction
costs. We recommend consulting with a structural engineer to evaluate the need for such study
and its potential impact on construction costs. Terracon should be contacted if a site-specific
ground motion study is desired.

Faulting and Estimated Ground Motions
The site is located in the seismically active southern California area. The type and magnitude of
seismic hazards affecting the site are dependent on the distance to causative faults, the intensity,
and the magnitude of the seismic event. As calculated using the USGS Unified Hazard Tool, the
San Andreas (Mojave segment) Fault, which is considered to have the most significant effect at
the site from a design standpoint, has a maximum earthquake magnitude of 8.01 and is located
approximately 19.4 kilometers from the site.

The site is not located within an Alquist-Priolo Earthquake Fault Zone based on our review of the
State Fault Hazard Maps.

LIQUEFACTION AND SEISMIC SETTLEMENT

Liquefaction is a mode of ground failure that results from the generation of high pore-water
pressures during earthquake ground shaking, causing loss of shear strength, and is typically a
hazard where loose sandy soils exist below groundwater. California Geological Survey (CGS) has
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designated certain areas as potential liquefaction hazard zones.  These are areas considered at
a risk of liquefaction-related ground failure during a seismic event, based upon mapped surficial
deposits and the presence of a relatively shallow water table.

The subsurface materials generally consist of Interbedded layers of clayey sand, silty sand, sandy
lean clay and lean clay extending to the maximum depth of the explorations approximately 31 ½
feet bgs. Groundwater seepage was encountered in boring B-5 at depth of 28 feet bgs at the
completion of drilling and has historically been about 50 feet bgs.

According to CGS, the site is not located within an area having liquefaction potential. Based on
the CGS mapping and encountered soil condition, liquefaction hazard is considered low. During
the final design level geotechnical study, borings may be performed to deeper depths to observe
long term static levels of the groundwater and perform liquefaction analyses as necessary
depending on the observed site conditions.

GEOTECHNICAL OVERVIEW

The site appears suitable for the proposed construction based upon geotechnical conditions
encountered in the test borings, provided that the recommendations provided in this report are
implemented in the design and construction phases of this project.

Preliminary geotechnical engineering recommendations for foundation systems and other earth
connected phases of the project are outlined below. The recommendations contained in this
report are based upon the results of field and laboratory testing, engineering analyses, and our
current understanding of the proposed project.

The subsurface materials generally consist of Interbedded layers of clayey sand, silty sand, sandy
lean clay and lean clay extending to the maximum depth of the explorations approximately 31 ½
feet bgs.

Based on the conditions encountered, we believe the proposed building can be supported on
shallow foundations, such as spread footings bearing on compacted engineered fill. Depths of
overexcavation may vary depending on the final grading design for the site.  Furthermore
additional overexcavation may be needed in the area of the previous pond to remove potential
organics and silt deposits.  No borings were performed in the suspected pond area during this
phase.

No groundwater was encountered in any of the borings within the drilling depths at the time of drilling,
except in boring B-5 where groundwater was encountered at a depth of about 28 feet bgs during
drilling. Groundwater is not expected to affect shallow foundation construction on this site.

The General Comments section provides an understanding of the report limitations.
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EARTHWORK

The following recommendations include site preparation, excavation, subgrade preparation and
placement of engineered fills on the project. The recommendations presented for design and
construction of earth supported elements including foundations, slabs, and pavements are
contingent upon following the recommendations outlined in this section.

Earthwork on the project should be observed and evaluated by Terracon. The evaluation of
earthwork should include observation and testing of engineered fill, subgrade preparation,
foundation bearing soils, and other geotechnical conditions exposed during the construction of
the project.

Site Preparation

Strip and remove existing vegetation, debris, pavements and other deleterious materials from
proposed buildings and pavement areas. Exposed surfaces should be free of mounds and
depressions which could prevent uniform compaction. The site should be initially graded to create
a relatively level surface to receive fill and provide for a relatively uniform thickness of fill beneath
proposed building structures.

Existing utility lines were noted across the site.  However, although no evidence of other
underground facilities such as septic tanks, cesspools, and basements, was observed during the
site reconnaissance, such features could be encountered during construction. If unexpected fills,
utilities, or underground facilities are encountered, such features should be removed, and the
excavation thoroughly cleaned prior to backfill placement and/or construction.

Subgrade Preparation

We recommend that the proposed structures be supported on engineered fill extending to a
minimum depth of 2 feet below the bottom of foundations, or 4 feet below existing grades,
whichever is greater.   Engineered fill placed beneath the entire footprint of the structures should
extend horizontally a minimum distance of 3 feet beyond the outside edge of perimeter footings.

Additional overexcavation depths may be necessary to remove unsuitable material from the
previous pond area.  Additional exploration in the area can help in determining depths of
unsuitable material.

Subgrade soils beneath exterior slabs and pavements should be scarified, moisture conditioned,
and compacted to a minimum depth of 10 inches. The moisture content and compaction of
subgrade soils should be maintained until slab or pavement construction.

Exposed areas which will receive fill, once properly cleared and benched where necessary,
should be scarified to a minimum depth of 10 inches, moisture conditioned, and compacted per
the compaction requirements in this report.
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Based upon the subsurface conditions determined from the geotechnical exploration, subgrade
soils exposed during construction are anticipated to be relatively workable. However, the
workability of the subgrade may be affected by precipitation, repetitive construction traffic or other
factors. If unworkable conditions develop, workability may be improved by scarifying and drying.

Excavation

We anticipate that excavations for the proposed construction can be accomplished with
conventional earthmoving equipment. The bottom of excavations should be thoroughly cleaned
of loose soils and disturbed materials prior to backfill placement and/or construction.

Individual contractors are responsible for designing and constructing stable, temporary
excavations. Excavations should be sloped or shored in the interest of safety following local, and
federal regulations, including current OSHA excavation and trench safety standards.

Fill Material Types

All fill materials should be inorganic soils free of vegetation, debris, and fragments larger than
three inches in size.  Pea gravel or other similar non-cementitious, poorly-graded materials should
not be used as fill or backfill without the prior approval of the geotechnical engineer.

Clean on-site soils or approved imported materials may be used as fill material for the following:

 general site grading  foundation backfill
 foundation areas  pavement areas
 interior floor slab areas  exterior slab areas

The lean clay soils encountered in select borings at the site indicate Expansion Index values
which exceed the code recommended value for use beneath lightly loaded slabs, such as floor
slabs.  These soils should not be used within 12 inches of the bottom of floor slabs but may be
used beneath this zone and beneath foundations.

If imported soils are used as fill materials to raise grades, these soils should conform to low
volume change materials and should conform to the following requirements:

Percent Finer by Weight
Gradation (ASTM C 136)
3” ......................................................................................................... 100
No. 4 Sieve ................................................................................... 50 - 100
No. 200 Sieve ................................................................................. 20 - 50

 Liquid Limit ....................................................................... 30 (max)
 Plasticity Index ................................................................. 15 (max)
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 Maximum Expansive Index* ............................................. 20 (max)
*ASTM D 4829

The contractor shall notify the Geotechnical Engineer of import sources sufficiently ahead of their
use so that the sources can be observed and approved as to the physical characteristic of the
import material. For all import material, the contractor shall also submit current verified reports
from a recognized analytical laboratory indicating that the import has a "not applicable" (Class S0)
potential for sulfate attack based upon current ACI criteria. The reports shall be accompanied by
a written statement from the contractor that the laboratory test results are representative of all
import material that will be brought to the job.

Engineered fill should be placed and compacted in horizontal lifts, using equipment and
procedures that will produce recommended moisture contents and densities throughout the lift.
Fill lifts should not exceed 10 inches loose thickness.

Compaction Requirements

Material Type and Location

Per the Modified Proctor Test (ASTM D 1557)
Minimum

Compaction
Requirement

(%)

Range of Moisture Contents for
Compaction Above Optimum

Minimum Maximum

On-site soils and/or low volume change imported
fill:

Beneath foundations: 90 0% +3%
Beneath interior slabs: 90 0% +3%
Miscellaneous backfill: 90 0% +3%

Beneath pavements: 95 0% +3%

Utility Trenches*: 90 0% +3%

Bottom of excavation receiving fill: 90 0% +3%

Aggregate base (beneath pavements): 95 0% +3%

* Upper 12 inches should be compacted to 95% within pavement and structural areas. Low-volume
change imported soils should be used in structural areas.

Utility Trenches

It is anticipated that the on-site soils will provide suitable support for underground utilities and
piping that may be installed.  Any soft and/or unsuitable material encountered at the bottom of
excavations should be removed and be replaced with an adequate bedding material. A
non-expansive granular material with a sand equivalent greater than 30 is recommended for
bedding and shading of utilities, unless otherwise allowed by the utility manufacturer.
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On-site materials are considered suitable for backfill of utility and pipe trenches from one foot
above the top of the pipe to the final ground surface, provided the material is free of organic matter
and deleterious substances.

Trench backfill should be mechanically placed and compacted as discussed earlier in this report.
Compaction of initial lifts should be accomplished with hand-operated tampers or other lightweight
compactors. Where trenches are placed beneath slabs or footings, the backfill should satisfy the
gradation and expansion index requirements of engineered fill discussed in this report. Flooding
or jetting for placement and compaction of backfill is not recommended.

Grading and Drainage

Positive drainage should be provided during construction and maintained throughout the life of
the development. Infiltration of water into utility trenches or foundation excavations should be
prevented during construction. Planters and other surface features which could retain water in
areas adjacent to the building or pavements should be sealed or eliminated. In areas where
sidewalks or paving do not immediately adjoin the structure, we recommend that protective slopes
be provided with a minimum grade of approximately 5 percent for at least 10 feet from perimeter
walls. Backfill against footings, exterior walls, and in utility and sprinkler line trenches should be
well compacted and free of all construction debris to reduce the possibility of moisture infiltration.

We recommend a minimum horizontal setback distance of 10 feet from the perimeter of any
building and the high-water elevation of the nearest storm-water retention basin.

Roof drainage should discharge into splash blocks or extensions when the ground surface
beneath such features is not protected by exterior slabs or paving. Sprinkler systems and
landscaped irrigation should not be installed within 5 feet of foundation walls.

Exterior Slab Design and Construction

Exterior slabs-on-grade, exterior architectural features, and utilities founded on, or in backfill may
experience some movement due to the volume change of the backfill.  To reduce the potential for
damage caused by movement, we recommend:

 minimizing moisture increases in the backfill;
 controlling moisture-density during placement of backfill;
 using designs which allow vertical movement between the exterior features and

adjoining structural elements;
 placing effective control joints on relatively close centers.
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Construction Considerations

Upon completion of filling and grading, care should be taken to maintain the subgrade moisture
content prior to construction of floor slabs and pavements.  Construction traffic over the completed
subgrade should be avoided to the extent practical. The site should also be graded to prevent
ponding of surface water on the prepared subgrades or in excavations.  If the subgrade should
become desiccated, saturated, or disturbed, the affected material should be removed or these
materials should be scarified, moisture conditioned, and recompacted prior to floor slab and
pavement construction.

Onsite soils consist of cohesionless sandy soils. Such soils have the tendency to cave and slough
during excavations. Therefore, formwork may be needed for foundation excavations.

We recommend that the earthwork portion of this project be completed during extended periods
of dry weather if possible.  If earthwork is completed during the wet season (typically November
through April) it may be necessary to take extra precautionary measures to protect subgrade soils.
Wet season earthwork operations may require additional mitigative measures beyond that which
would be expected during the drier summer and fall months.  This could include diversion of
surface runoff around exposed soils and draining of ponded water on the site.  Once subgrades
are established, it may be necessary to protect the exposed subgrade soils from construction
traffic.

Construction Observation and Testing

The geotechnical engineer should be retained during the construction phase of the project to
observe earthwork and to perform necessary tests and observations during subgrade preparation,
proof-rolling, placement and compaction of controlled compacted fills, backfilling of excavations
to the completed subgrade.

The exposed subgrade and each lift of compacted fill should be tested, evaluated, and reworked
as necessary until approved by the Geotechnical Engineer prior to placement of additional lifts.
Each lift of fill should be tested for density and water content at a frequency of at least one test
for every 2,500 square feet of compacted fill in the building areas and 5,000 square feet in
pavement areas.  One density and water content test for every 50 linear feet of compacted utility
trench backfill.

In areas of foundation excavations, the bearing subgrade should be evaluated under the direction
of the Geotechnical Engineer. In the event that unanticipated conditions are encountered, the
Geotechnical Engineer should prescribe mitigation options.

In addition to the documentation of the essential parameters necessary for construction, the
continuation of the Geotechnical Engineer into the construction phase of the project provides the
continuity to maintain the Geotechnical Engineer’s evaluation of subsurface conditions, including
assessing variations and associated design changes.
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SHALLOW FOUNDATIONS

If the site has been prepared in accordance with the requirements noted in Earthwork, the
following preliminary parameters are applicable for initial design of shallow foundations.
Additional exploration and testing will be performed prior to the final design of these foundations.

Item Description

Foundation Support Engineered fill 2 feet below the bottom of foundations,
or 4 feet below existing grades, whichever is greater.

Net Allowable Bearing pressure 1, 2

(On-site soils or structural fill)
2,500 psf

Minimum Foundation Dimensions Columns: 24 inches
Continuous: 18 inches

Minimum Footing Depth 24" below finish grade

Ultimate Passive Resistance 4 375 pcf

Ultimate Coefficient of Sliding Friction 5 0.34

Estimated Total Static Settlement from
Structural Loads 2 Less than 1 inch

Estimated Differential Settlement 2, 6 About 1/2 of total settlement
1. The maximum net allowable bearing pressure is the pressure in excess of the minimum surrounding

overburden pressure at the footing base elevation. An appropriate factor of safety has been applied.
2. Values provided are for maximum loads noted in Project Description. The foundation settlement will depend

upon the variations within the subsurface soil profile, the structural loading conditions, the embedment depth
of the footings, the thickness of compacted fill, and the quality of the earthwork operations.

3. Unsuitable or soft soils should be over-excavated and replaced per the recommendations presented in the
Earthwork.

4. Use of passive earth pressures requires the footing forms be removed and compacted structural fill be placed
against the vertical footing face. A factor of safety of 2.0 is recommended.

5. Can be used to compute sliding resistance where foundations are placed on suitable soil/materials. Should
be neglected for foundations subject to net uplift conditions. A factor of safety of 1.5 is recommended.

6. Differential settlements are as measured over a span of 40 feet.

Foundation Construction Considerations

As noted in Earthwork, the footing excavations should be evaluated under the direction of the
Geotechnical Engineer. The base of all foundation excavations should be free of water and loose
soil, prior to placing concrete. Concrete should be placed soon after excavating to reduce bearing
soil disturbance. Care should be taken to prevent wetting or drying of the bearing materials during
construction. Excessively wet or dry material or any loose/disturbed material in the bottom of the
footing excavations should be removed/reconditioned before foundation concrete is placed.

To ensure foundations have adequate support, special care should be taken when footings are
located adjacent to trenches. The bottom of such footings should be at least 1 foot below an
imaginary plane with an inclination of 1.5 horizontal to 1.0 vertical extending upward from the
nearest edge of adjacent trenches.
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FLOOR SLABS

DESCRIPTION RECOMMENDATION
Interior floor system Slab-on-grade concrete

Floor slab support Engineered fill 2 feet below the bottom of foundations, or 4 feet below
existing grades, whichever is greater.

Subbase Minimum 4-inches of Aggregate Base

Modulus of subgrade
reaction

200 pounds per square inch per inch (psi/in) (The modulus was obtained
based on estimates obtained from NAVFAC 7.1 design charts). This value
is for a small loaded area (1 Sq. ft or less) such as for forklift wheel loads or
point loads and should be adjusted for larger loaded areas.

The use of a vapor retarder should be considered beneath concrete slabs on grade covered with
wood, tile, carpet, or other moisture sensitive or impervious coverings, or when the slab will
support equipment sensitive to moisture. When conditions warrant the use of a vapor retarder,
the slab designer should refer to ACI 302 and/or ACI 360 for procedures and cautions regarding
the use and placement of a vapor retarder.

Saw-cut control joints should be placed in the slab to help control the location and extent of
cracking. For additional recommendations refer to the ACI Design Manual. Joints or cracks should
be sealed with a water-proof, non-extruding compressible compound specifically recommended
for heavy duty concrete pavement and wet environments.

Where floor slabs are tied to perimeter walls or turn-down slabs to meet structural or other
construction objectives, our experience indicates differential movement between the walls and
slabs will likely be observed in adjacent slab expansion joints or floor slab cracks beyond the
length of the structural dowels. The Structural Engineer should account for potential differential
settlement through use of sufficient control joints, appropriate reinforcing or other means.

PAVEMENTS

General Pavement Comments

Pavement designs are provided for the traffic conditions and pavement life conditions as noted in
Project Description and in the following sections of this report. A critical aspect of pavement
performance is site preparation. Pavement designs noted in this section must be applied to the
site which has been prepared as recommended in the Earthwork section.

Pavement Design Parameters

Design of asphalt concrete (AC) pavements is based on the procedures outlined in the Caltrans
"Highway Design Manual for Safety Roadside Rest Areas" (Caltrans, 2016). Design of Portland
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cement concrete (PCC) pavements are based upon American Concrete Institute (ACI) 330R-08;
"Guide for Design and Construction of Concrete Parking Lots."

A correlated design R-value of 25 was used for the AC pavement. A modulus of rupture of 600
psi was used for pavement concrete. The structural sections are predicated upon proper
compaction of the utility trench backfills and the subgrade soils as prescribed by in Earthwork,
with the upper 12 inches of subgrade soils and all aggregate base material brought to a minimum
relative compaction of 95 percent in accordance with ASTM D 1557 prior to paving. The
aggregate base should meet Caltrans requirements for Class 2 base.

It should be noted that the pavement designs were based upon the results of preliminary sampling
and testing and should be verified by additional sampling and testing during construction when
the actual subgrade soils are exposed.

Pavement Section Thicknesses

The following table provides options for AC and PCC Sections:

Asphalt Concrete Design

Usage Assumed Traffic
Index

Recommended
Structural Section

Auto Parking Areas 5.0 3” HMA1/7” Class 2 AB2

Auto Drive Lanes 5.5 3” HMA1/8” Class 2 AB2

Truck Parking Areas 7.0 4” HMA1/11” Class 2 AB2

Truck Drive Lanes 8.0 4.5” HMA1/13” Class 2 AB2

1. HMA = hot mix asphalt
2. AB = aggregate base

Portland Cement Concrete Design

Layer
Thickness (inches)

Light Duty1 Medium Duty2 Heavy Duty3

PCC 5.0 6.0 8.0

Aggregate Base 4 -- -- --

1. Car Parking and Access Lanes, Average Daily Truck Traffic (ADTT) = 1 (Category A).
2. Truck Parking Areas, Multiple Units, ADTT = 25 (Category B)
3. In areas of anticipated heavy traffic, fire trucks, delivery trucks, or concentrated loads (e.g., dumpster

pads), and areas with repeated turning or maneuvering of heavy vehicles, ADTT = 700 (Category C).
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Recommended structural sections were calculated based on assumed TIs and our preliminary
sampling and testing.

Terracon does not practice traffic engineering. We recommend that the project civil engineer or
traffic engineer verify that the TIs and ADTT traffic indices used are appropriate for this project.

Pavement Drainage

Pavements should be sloped to provide rapid drainage of surface water.  Water allowed to pond
on or adjacent to the pavements could saturate the subgrade and contribute to premature
pavement deterioration. In addition, the pavement subgrade should be graded to provide positive
drainage within the granular base section. Appropriate sub-drainage or connection to a suitable
daylight outlet should be provided to remove water from the granular subbase.

Pavement Maintenance

The pavement sections represent minimum recommended thicknesses and, as such, periodic
maintenance should be anticipated. Therefore, preventive maintenance should be planned and
provided for through an on-going pavement management program. Maintenance activities are
intended to slow the rate of pavement deterioration and to preserve the pavement investment.
Maintenance consists of both localized maintenance (e.g., crack and joint sealing and patching)
and global maintenance (e.g., surface sealing). Preventive maintenance is usually the priority
when implementing a pavement maintenance program. Additional engineering observation is
recommended to determine the type and extent of a cost-effective program. Even with periodic
maintenance, some movements and related cracking may still occur and repairs may be required.

Pavement performance is affected by its surroundings. In addition to providing preventive
maintenance, the civil engineer should consider the following recommendations in the design and
layout of pavements:

 Final grade adjacent to paved areas should slope down from the edges at a minimum
2 percent.

 Subgrade and pavement surfaces should have a minimum 2 percent slope to promote
proper surface drainage.

 Install below pavement drainage systems surrounding areas anticipated for frequent
wetting.

 Install joint sealant and seal cracks immediately.
 Seal all landscaped areas in or adjacent to pavements to reduce moisture migration to

subgrade soils.
 Place compacted, low permeability backfill against the exterior side of curb and gutter.
 Place curb, gutter and/or sidewalk directly on clay subgrade soils rather than on unbound

granular base course materials.
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STORM WATER MANAGEMENT

Four in-situ infiltration tests (falling head borehole permeability) were performed at approximate
depths of 5 and 10 feet bgs.  The objective of the infiltration testing is to provide infiltration rates
for designing the proposed infiltration system.  A 2-inch thick, 3/8-inch gravel layer was placed in
the bottom of each boring after the borings were drilled to investigate the soil profile.

Three-inch diameter perforated pipes were installed on top of the gravel layer.  Gravel was used
to backfill between the perforated pipes and the boring sidewall.  The borings were then filled with
water for a pre-soak period.

At the beginning of each test, the pipes were refilled with water and readings were taken at
periodic time intervals as the water level dropped.  The soil at the percolation test locations was
classified in the field using a visual/manual procedure.  The infiltration velocity is presented as the
infiltration rate and is summarized in the following table.  The infiltration rates provided do not
include safety factors.

Test
Location

Boring
Depth (ft.) 1

Test
Depth
Range
(ft.) 1

Soil Type

Unfactored
Percolation

Rate
Average

(in/hr)

Infiltration
Rate Average

(in./hr.) 3

Design
Infiltration Rate

Average
(in./hr.) 2,4

P-1 5 0 to 5 SM 83 5.4 1.3

P-2 10 5 to 10 SC 74 4.0 1.0

P-3 10 5 to 10 CL over
SM

103 5.9 1.5

P-4 5 0 to 5 SM 16.2 1.0 0.3
1. Below existing ground surface.
2. Our percolation tests was performed generally following the well permeater test method described in the

“Guidelines for Geotechnical Investigation and Reporting Low Impact Development Stormwater
Infiltration”, Los Angeles County Department of Public Works, 2017.

3. If proposed infiltration system will mainly rely on vertical downward seepage, the correlated infiltration
rates should be used. CFt (Correction Factor) was used to convert percolation rates to infiltration rates.

4. CFv and CFs Correction Factors of 2 were used to calculate design infiltration rates.

The above infiltration rates determined by the shallow percolation test method are based on field
test results utilizing clear water.  Infiltration rates can be affected by silt buildup, debris, degree of
soil saturation, site variability and other factors.  The rate obtained at specific location and depth
is representative of the location and depth tested and may not be representative of the entire site.
Application of an appropriate safety factor is prudent to account for subsoil inconsistencies,
possible compaction related to site grading, and potential silting of the percolating soils,
depending on the application.
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The design engineer should also check with the local agency for the limitation of the infiltration
rate allowed in the design. If the maximum allowable design infiltration rate is lower than the above
recommended rate, the maximum allowable design infiltration rate should be used.  The designer
of the basins should also consider other possible site variability in the design.

The percolation test was performed with clear water, whereas the storm water will likely not be
clear, but may contain organics, fines, and grease/oil.  The presence of these deleterious
materials will tend to decrease the rate that water percolates from the infiltration systems.  Design
of the storm water infiltration systems should account for the presence of these materials and
should incorporate structures/devices to remove these deleterious materials.

Based on the soils encountered in our borings, we expect the percolation rates of the soils could
be different than measured in the field due to variations in fines and gravel content.  The design
elevation and size of the proposed infiltration system should account for this expected variability
in infiltration rates.

Infiltration testing should be performed after construction of the infiltration system to verify the
design infiltration rates. It should be noted that siltation and vegetation growth along with other
factors may affect the infiltration rates of the infiltration areas.  The actual infiltration rate may vary
from the values reported here. Infiltration systems should be located at least 10 feet from any
existing or proposed foundation system.

CORROSIVITY

The following table lists the laboratory electrical resistivity (standard and as-received), chlorides,
soluble sulfates, and pH testing results.  These values may be used to estimate potential corrosive
characteristics of the on-site soils with respect to contact with the various underground materials
which will be used for project construction.

Boring Depth
(feet)

Soluble
Sulfate
(mg/kg)

Soluble
Chloride
(mg/kg)

Total
Salts

(mg/kg)
pH

Resistivity
(as-received)

(Ohm-cm)

Resistivity
(saturated)
(Ohm-cm)

B-2 0.0 to 2.5 92 72 660 8.55 31,040 1,552

Results of soluble sulfate testing indicate samples of the on-site soils tested possess negligible
sulfate concentrations when classified in accordance with Table 19.3.1.1 of the ACI Design
Manual. Concrete should be designed in accordance with the exposure class S0 provisions of the
ACI Design Manual, Section 318, Chapter 19.
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For protection against corrosion to buried metals, Terracon recommends that an experienced
corrosion engineer be retained to design a suitable corrosion protection system for underground
metal structures or components.

If corrosion of buried metal is critical, it should be protected using a non-corrosive backfill,
wrapping, coating, sacrificial anodes, or a combination of these methods, as designed by a
qualified corrosion engineer.

GENERAL COMMENTS

Our analysis and opinions are based upon our understanding of the project, the geotechnical
conditions in the area, and the data obtained from our site exploration. Natural variations will occur
between exploration point locations or due to the modifying effects of construction or weather.
The nature and extent of such variations may not become evident until during or after construction.
Terracon should be retained as the Geotechnical Engineer, where noted in this report, to provide
observation and testing services during pertinent construction phases. If variations appear, we
can provide further evaluation and supplemental recommendations. If variations are noted in the
absence of our observation and testing services on-site, we should be immediately notified so
that we can provide evaluation and supplemental recommendations.

Our Scope of Services does not include either specifically or by implication any environmental or
biological (e.g., mold, fungi, bacteria) assessment of the site or identification or prevention of
pollutants, hazardous materials or conditions. If the owner is concerned about the potential for
such contamination or pollution, other studies should be undertaken.

Our services and any correspondence or collaboration through this system are intended for the
sole benefit and exclusive use of our client for specific application to the project discussed and
are accomplished in accordance with generally accepted geotechnical engineering practices with
no third-party beneficiaries intended. Any third-party access to services or correspondence is
solely for information purposes to support the services provided by Terracon to our client.
Reliance upon the services and any work product is limited to our client, and is not intended for
third parties. Any use or reliance of the provided information by third parties is done solely at their
own risk. No warranties, either express or implied, are intended or made.

Site characteristics as provided are for design purposes and not to estimate excavation cost. Any
use of our report in that regard is done at the sole risk of the excavating cost estimator as there
may be variations on the site that are not apparent in the data that could significantly impact
excavation cost. Any parties charged with estimating excavation costs should seek their own site
characterization for specific purposes to obtain the specific level of detail necessary for costing.
Site safety, and cost estimating including, excavation support, and dewatering
requirements/design are the responsibility of others. If changes in the nature, design, or location
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of the project are planned, our conclusions and recommendations shall not be considered valid
unless we review the changes and either verify or modify our conclusions in writing.
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EXPLORATION AND TESTING PROCEDURES

Field Exploration

Terracon conducted seven (7) soil-testing borings. These borings were planned to the following
extended depths below existing grades.

Number of Borings Boring Depth (feet) 1 Location

8 (B-1 to B-8) 21 ½ and 31 ½ Building Footprint

4(P-1 to P-4) 5 and 10 Proposed Infiltration areas

1. Below ground surface.

Boring Layout and Elevations: Unless otherwise noted, Terracon personnel provided the boring
layout. Coordinates were obtained with a handheld GPS unit (estimated horizontal accuracy of
about ±10 feet) and approximate elevations were obtained by interpolation from the Google Earth.
If elevations and a more precise boring layout are desired, we recommend borings be surveyed
following completion of fieldwork.

Subsurface Exploration Procedures: We advance the borings with a truck-mounted drill rig using
hollow-stem augers. Both a standard penetration test (SPT) sampler (2-inch outer diameter and 1-
3/8-inch inner diameter) and a modified California ring-lined sampler (3-inch outer diameter and 2-
3/8-inch inner diameter) are utilized in our investigation. The penetration resistance is recorded on
the boring logs as the number of hammer blows used to advance the sampler in 6-inch increments
(or less if noted). The samplers are driven with an automatic hammer that drops a 140-pound weight
30 inches for each blow. After the required seating, samplers are advanced up to 18 inches,
providing up to three sets of blowcounts at each sampling interval. The sampling depths, penetration
distances, and other sampling information are recorded on the field boring logs. The recorded blows
are raw numbers without any corrections for hammer type (automatic vs. manual cathead) or
sampler size (ring sampler vs. SPT sampler). Relatively undisturbed and bulk samples of the soils
encountered are placed in sealed containers and returned to the laboratory for testing and
evaluation.

We observe and record groundwater levels during drilling and sampling. For safety purposes, all
borings are backfilled with auger cuttings after their completion.

Our exploration team prepares field boring logs as part of the drilling operations. These field logs
include visual classifications of the materials encountered during drilling and our interpretation of
the subsurface conditions between samples. Final boring logs are prepared from the field logs. The
final boring logs represent the Geotechnical Engineer's interpretation of the field logs and include
modifications based on observations and tests of the samples in our laboratory.
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Laboratory Testing

The project engineer reviewed the field data and assigned laboratory tests to understand the
engineering properties of the various soil strata, as necessary, for this project. Procedural
standards noted below are for reference to methodology in general. In some cases, variations to
methods were applied because of local practice or professional judgment. Standards noted below
include reference to other, related standards. Such references are not necessarily applicable to
describe the specific test performed.

 Water (Moisture) Content of Soil by Mass
 Laboratory Determination of Density (Unit Weight) of Soil Specimens
 Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis
 Modified Proctor test
 Atterberg Limits
 Expansion Index
 Corrosivity suite test

The laboratory testing program often included examination of soil samples by an engineer. Based
on the material’s texture and plasticity, we described and classified the soil samples in accordance
with the Unified Soil Classification System.
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750 Pilot Road, Suite F
Las Vegas, Nevada  89119
(702) 597-9393

Client
NorthPoint Development LLC

Date Received: Lab No.: 22-0844
 

1
B-2

0.0-2.5

8.55

92

Nil

72

+729

660

31040

1552

Analyzed By: 

 

As-Received Resistivity, ASTM G 57, 
(ohm-cm) 

Feasibility Study for NAVLC 115

 

Terracon (CB)Sample Submitted By: 12/21/2022

Results of Corrosion Analysis

Project

Nathan Campo

pH Analysis, ASTM G 51

Water Soluble Sulfate (SO4), ASTM C 
1580 (mg/kg) 

Sulfides, AWWA 4500-S D, (mg/kg)

Chlorides, ASTM D 512, (mg/kg)

Red-Ox, ASTM G 200, (mV)

Total Salts, AWWA 2540, (mg/kg)

Resistivity, ASTM G 57, (ohm-cm) 

Sample Number

Sample Location 

Sample Depth (ft.) 

The tests were performed in general accordance with applicable ASTM and AWWA test methods.  This report is exclusively for the use of the 
client indicated above and shall not be reproduced except in full without the written consent of our company.  Test results transmitted 
herein are only applicable to the actual samples tested at the location(s) referenced and are not necessarily indicative of the properties of 
other apparently similar or identical materials.

Engineering Technician II
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UNIFIED SOIL CLASSIFICATION SYSTEM

UNIFIED SOI L CLASSI FICATI ON SYSTEM

Criteria for Assigning Group Symbols and Group Names Using Laboratory Tests A
Soil Classification

Group
Symbol Group Name B

Coarse-Grained Soils:
More than 50% retained
on No. 200 sieve

Gravels:
More than 50% of
coarse fraction
retained on No. 4 sieve

Clean Gravels:
Less than 5% fines C

Cu  4 and 1  Cc  3 E GW Well-graded gravel F

Cu  4 and/or [Cc<1 or Cc>3.0] E GP Poorly graded gravel F

Gravels with Fines:
More than 12% fines C

Fines classify as ML or MH GM Silty gravel F, G, H

Fines classify as CL or CH GC Clayey gravel F, G, H

Sands:
50% or more of coarse
fraction passes No. 4
sieve

Clean Sands:
Less than 5% fines D

Cu  6 and 1  Cc  3 E SW Well-graded sand I

Cu  6 and/or [Cc<1 or Cc>3.0] E SP Poorly graded sand I

Sands with Fines:
More than 12% fines D

Fines classify as ML or MH SM Silty sand G, H, I

Fines classify as CL or CH SC Clayey sand G, H, I

Fine-Grained Soils:
50% or more passes the
No. 200 sieve

Silts and Clays:
Liquid limit less than 50

Inorganic:
PI  7 and plots on or above “A”
li J

CL Lean clay K, L, M

PI  4 or plots below “A” line J ML Silt K, L, M

Organic:
Liquid limit - oven dried

 0.75 OL Organic clay K, L, M, N

Liquid limit - not dried Organic silt K, L, M, O

Silts and Clays:
Liquid limit 50 or more

Inorganic:
PI plots on or above “A” line CH Fat clay K, L, M

PI plots below “A” line MH Elastic Silt K, L, M

Organic:
Liquid limit - oven dried

 0.75 OH Organic clay K, L, M, P

Liquid limit - not dried Organic silt K, L, M, Q

Highly organic soils: Primarily organic matter, dark in color, and organic odor PT Peat
A Based on the material passing the 3-inch (75-mm) sieve.
B If field sample contained cobbles or boulders, or both, add “with cobbles

or boulders, or both” to group name.
C Gravels with 5 to 12% fines require dual symbols:  GW-GM well-graded

gravel with silt, GW-GC well-graded gravel with clay, GP-GM poorly
graded gravel with silt, GP-GC poorly graded gravel with clay.

D Sands with 5 to 12% fines require dual symbols:  SW-SM well-graded
sand with silt, SW-SC well-graded sand with clay, SP-SM poorly graded
sand with silt, SP-SC poorly graded sand with clay.

E Cu = D60/D10     Cc =
6010

2
30

DxD

)(D

F If soil contains  15% sand, add “with sand” to group name.
G If fines classify as CL-ML, use dual symbol GC-GM, or SC-SM.

H If fines are organic, add “with organic fines” to group name.
I If soil contains  15% gravel, add “with gravel” to group name.
J If Atterberg limits plot in shaded area, soil is a CL-ML, silty clay.
K If soil contains 15 to 29% plus No. 200, add “with sand” or “with

gravel,” whichever is predominant.
L If soil contains  30% plus No. 200 predominantly sand, add

“sandy” to group name.
MIf soil contains  30% plus No. 200, predominantly gravel, add

“gravelly” to group name.
NPI  4 and plots on or above “A” line.
OPI  4 or plots below “A” line.
P PI plots on or above “A” line.
QPI plots below “A” line.
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2280 Market Street, Suite 300, Riverside, CA 92501    p | 951.801.3681    f | 951.682.0192

October 28, 2024
Kleinfelder Project No.: 20230661.005A

Mr. Jack Lac
NorthPoint Development
12977 North Outer 40 Road, Suite 203
St. Louis, Missouri 63141

SUBJECT: Feasibility-Level Geotechnical Investigation
North Antelope Valley Logistics Center
Southwest Corner of Sierra Highway and West Avenue D
Los Angeles County, California

Dear Mr. Lac:

Kleinfelder is pleased to present this report summarizing the feasibility-level geotechnical 
investigation performed for the subject site, located at the southwest corner of Sierra Highway 
and West Avenue D in Los Angeles County, California. Our conclusions and recommendations 
for geotechnical design and construction are presented in the attached report. 

We appreciate the opportunity to provide geotechnical engineering services to you on this 
project. If you have any questions regarding this report or if we can be of further service, please 
do not hesitate to contact the undersigned.

Sincerely,

KLEINFELDER, INC.

Jose A. Zuniga, E.I.T. Jeffery D. Waller, P.E., G.E.
Project Professional Senior Geotechnical Engineer
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1 INTRODUCTION 

This report presents the results of our feasibility-level geotechnical investigation for the 
proposed improvements at the southwest corner of Sierra Highway and West Avenue D in  
Los Angeles County, California. The general location of the site is shown on Figure 1, Site 
Vicinity Map. 

The purpose of this feasibility-level geotechnical investigation was to evaluate the subsurface 
soil conditions at the site in order to provide geotechnical recommendations and liquefaction 
analysis for the design and construction of the proposed development. The scope of our 
services was presented in our proposal dated January 6, 2023. This report only provides 
recommendations for the proposed improvements discussed below. 

1.1 PROJECT DESCRIPTION 

Based on our review of the conceptual site plan provided by NorthPoint Development which 
includes both sites for NAVLC 157 and 160 the total site area is approximately 317 acres. The 
project will consist of Phase 2 though Phase 4 where a total of five (5) warehouse buildings will 
be constructed. The table below summarizes the building areas, footprint sizes and 
corresponding phase number.  

Phase No. Building No. Area (ft2) Footprint (ft x ft) 

2 3 ±1,215,000 620 x 1,960 

3 4 ±1,215,000 620 x 1,960 

4 5 ±1,215,000 620 x 1,960 

4 6 ±694,000 620 x 1,120 

4 7 ±694,000 620 x 1,120 

The project also includes Best Management Practices (BMPs) stormwater detention basins 
located throughout the site as shown on Figure 2, Exploration Location Map.  
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All the buildings are anticipated to be concrete tilt-up distribution-type buildings and have 
warehouse areas with loading-dock high slab-on-grade floors. We anticipate that the proposed 
buildings may be supported on conventional shallow spread foundations. Foundation loads are 
not currently available, but based on our experience with similar past projects, we assume that 
maximum column loading will be on the order of 80 kips and maximum wall loads will be on the 
order of 4 to 8 kips per linear foot. Floor loads for proposed distribution-type buildings may be 
on the order of 500 pounds per square foot. Cuts and fills on the order of approximately 10 feet 
may be needed to develop the site. 

We anticipate parking lot and drive aisles will consist of asphaltic concrete (AC) pavement and 
loading dock areas will consist of Portland cement concrete pavement (PCCP). Ancillary 
construction is anticipated to include concrete flat work, landscaping, and installation of buried 
utilities.  

1.2 SCOPE OF SERVICES 

The scope of our preliminary geotechnical study consisted of a literature review, historical aerial 
photo review, subsurface exploration, geotechnical laboratory testing, engineering evaluation 
and analysis, and preparation of this report. Our report includes a description of the work 
performed, a discussion of the geotechnical conditions observed at the site, and preliminary 
recommendations developed from our engineering analysis of field and laboratory data. A 
description of our scope of services performed for this project is presented below. 

Task 1 – Background Data Review. We reviewed published and unpublished geologic 
literature in our files and the files of public agencies, including selected publications prepared by 
the California Geological Survey and the U.S. Geological Survey. We also reviewed readily 
available seismic and faulting information, including data for designated earthquake fault zones 
and our in-house database of faulting in the general site vicinity.  

Task 2 – Field Exploration. The subsurface conditions at the site were explored by drilling and 
logging thirteen (13) hollow-stem auger geotechnical borings (B-1 through B-13). The 
geotechnical borings were drilled to depths ranging from approximately 31½ to 51½ feet below 
ground surface (bgs). The locations of our borings are shown on the attached Figure 2, 
Exploration Location Map.  
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Prior to commencement of the fieldwork, our proposed exploration locations were cleared for 
known existing utility lines and with the participating utility companies through Underground 
Service Alert (USA). A Kleinfelder representative supervised the field operations and logged the 
borings. Selected bulk and drive samples were retrieved, sealed and transported to Kleinfelder’s 
laboratory in Ontario, California for laboratory testing. Our typical sampling interval for the 
hollow stem auger borings was every 5 feet to full depths explored. The number of blows 
necessary to drive California-type samplers were recorded. A description of the field exploration 
and the logs of the borings, including a Legend to the Log of Borings, are presented in 
Appendix A. 

Task 3 – Laboratory Testing. Laboratory testing was performed on representative samples of 
soil collected from our excavations to substantiate field classifications and to provide 
engineering parameters for geotechnical design. Laboratory testing included moisture 
determination and unit weight, grain size distribution, consolidation, plasticity testing, modified 
Proctor, expansion index, collapse potential, direct shear strength, and preliminary corrosion 
potential. A summary of the testing performed and the results for this subject site are presented 
in Appendix B. 

Task 4 – Geotechnical Analyses and Report Preparation. Field and laboratory data were 
analyzed in conjunction with the proposed site plan presented on Figure 2 and assumed 
structural loads to develop geotechnical recommendations for the design and construction of the 
proposed development. We evaluated potential foundation systems, lateral earth pressures, 
settlement, and earthwork considerations. Potential geologic hazards, such as ground shaking, 
liquefaction hazard, seismic settlement potential, flood hazard, and fault rupture hazard were 
also evaluated. This report summarizes the work performed, data acquired, and our findings, 
conclusions, and geotechnical recommendations for the design and construction of the 
proposed development. Recommendations for the following are presented in this report: 

 Earthwork, including site preparation, excavation, site drainage, and the placement of 
engineered fill; 

 Design of suitable foundation systems including allowable capacities, lateral resistance, 
and settlement estimates; 

 Liquefaction settlement analysis; 

 Seismic design parameters; 
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 Floor slab and slab-on-grade support, including subgrade preparation; 

 Lateral earth pressures for design of retaining walls; 

 Design and construction of asphalt and Portland cement concrete pavements, including 
driveways, fire lanes, and concrete walks; and 

 Preliminary infiltration correlations of the site soils for design of BMPs. 

This report also contains reference maps and graphics, as well as the logs of the borings and 
laboratory test results. 
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2 SITE AND SUBSURFACE CONDITIONS 

2.1 SITE DESCRIPTION 

The total site area is approximately 317 acres and is located at the southwest corner of Sierra 
Highway and West Avenue D in Los Angeles County, California. From review of readily 
available historic and current aerial photographs it appears that the overall project site includes: 

 a residential home located at the southwest corner of the subject site,  

 several wood framed structures and water detention areas with berms up to ±10 feet 
high near the central area of the site. The berms were historically used to impound 
water, 

 agricultural areas with small berms in the northern half of the site, 

 former wetlands across the site.  

Based on the ALTA survey provided to Kleinfelder, the project site generally appears to slope 
down from north to south and west to east with a grade differential of approximately 2 to 6 feet 
throughout the site.  

2.2 SUBSURFACE CONDITIONS 

Subsurface materials observed during drilling are described below and detailed descriptions of 
subsurface materials are provided in our boring logs presented in Appendix A.  

Alluvium/Native Soils: 

The alluvium/native soils were observed in all of the borings drilled for this investigation and 
predominately consisted of clayey or silty sands, poorly graded sands with silt, and some well 
graded sands with clay and sandy silts to the total depth explored of approximately 51½ feet 
bgs. Interbedded layers of clay were present throughout most of the borings to the total depth 
explored of approximately 51½ feet bgs. In-situ moisture content ranged from 0.9 to  
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32.8 percent and dry unit weight ranged from 93.1 to 128.0 pounds per cubic foot (pcf). 
Generally, the apparent density of the subsurface soils was stiff to hard for fine-grained soils 
and medium dense to dense for coarse-grained soils. 

2.3 GROUNDWATER CONDITIONS 

Groundwater was not encountered in our borings to the maximum depth explored of 
approximately 51½ feet bgs during our geotechnical investigation within the 317-acre site. The 
Rosamond Quadrangle, Plate 1.2, in the Seismic Hazard Zone Report 093 shows current 
groundwater between approximately 60 and 70 feet bgs within the subject site. 

Based on our research of readily available data provided by the California Department of Water 
Resources website (https://wdl.water.ca.gov/WaterDataLibrary/) groundwater was measured at 
approximately 12 feet below ground surface (bgs) at a well located in the area between 
Buildings 3 and 4 of the subject site in April 1951. However, a well located on the east side of 
Sierra Highway, approximately 300 feet from the subject site was observed to have groundwater 
at the ground surface between 1943 and 1945. Since that time, historical groundwater elevation 
trends at the Site from the 1950s to 2022 show that groundwater has depressed to 
approximately 60 and 70 feet bgs. Based on the extensive groundwater pumping by the 
Antelope Valley WaterMaster, we do not anticipate encountering groundwater during grading 
activities at the site. 

Fluctuations of localized zones of perched water and rise in soil moisture content should be 
anticipated during the rainy season. Irrigation of landscaped areas may also lead to an increase 
in soil moisture content and fluctuations of intermittent shallow perched groundwater levels. 
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3 GEOLOGIC CONDITIONS 

3.1 REGIONAL GEOLOGY 

The subject site is located within the western portion of the Mojave Desert geomorphic province 
of California (Norris and Webb, 1990; CGS 2002).  

The Mojave Desert is approximately 25,000 square miles of desert situated in southeastern 
California. The area is enclosed on the southwest by the San Andreas fault and the Transverse 
Ranges and on the north and northeast by the Garlock fault, the Tehachapi Mountains and the 
Basin and Range. The Nevada state line and Colorado River form the arbitrary eastern 
boundary. The San Bernardino-Riverside County line designates the southern boundary. 

The region is dominated by broad alluvial basins that are mostly aggrading sources receiving 
nonmarine deposits from the adjacent uplands. The highest general elevations of the Mojave 
Desert approach 4,000 feet above mean sea level (MSL) with most of the valleys between 
2,000 and 4,000 feet MSL. 

3.2 SITE GEOLOGY 

Regional geologic mapping indicates that the site is underlain by modern alluvium and younger 
playa deposits that are Holocene to late Pleistocene in age (Dibblee, 2008). The southeast 
corner of the site is underlain by younger playa deposits. The alluvium is derived from 
Amargosa Creek and covers the majority of the site. The younger playa deposits were 
deposited in the shallow-water regions of the last pluvial lake that filled the lowland parts of 
Antelope Valley, up to approximately 12,000 years ago.  

3.3 GEOLOGIC HAZARDS  

We have addressed below the potential geologic hazards for the site. 



 

20230661.005A/RIV23R153840 Page 8 of 35 October 28, 2024 
Copyright 2024 Kleinfelder  www.kleinfelder.com 

3.3.1 Active and Potentially Active Fault Search 

Earthquakes and faulting occur as the tectonic plates, which comprise the Earth’s crust, or 
lithosphere, move relative to one-another. Faults identified by the State as being active are not 
known to be present at the surface within the project limits. No portion of the site is located 
within a State of California-Special Studies Zone (CGS, 2018). The closest active fault to the 
site is the San Andreas fault zone located approximately 12 miles southwest of the site (CGS, 
2010). Because of the distance to known active faults, the lack of surficial evidence of fault 
breaks expressed in air photos or published geologic maps, the risk of surface rupture resulting 
from faulting is considered low. 

3.3.2 Flooding 

Surface water flow at the site is generally via sheet flow in a southeast direction toward the 
Amargosa creek drainage. 

The site is within a flood hazard zone “X” (FEMA, 2008), where the flood hazard is “determined 
to be outside the 0.2% annual chance floodplain”. A flood hazard zone appears to be just 
outside the current site to the north and to the southeast. According to FEMA (2008), where the 
flood hazard is a “Special Flood Hazard Area subject to Inundation by the 1% Annual chance 
Flood” with no base flood elevation. 

A seiche is a wave or sloshing of a body of water that is at least partially impounded caused by 
strong wind or seismic shaking. The site is upstream of the Piute Ponds and south of the 
Lancaster Water Reclamation Plant ponds. However, the ponds on the southern portion of the 
Reclamation Plant have been decommissioned and the impact from a potential seiche is 
considered very low. 

3.3.3 Landslides 

Landslides and other forms of mass wasting, including mud flows, debris flows, soil slips, and 
rock falls occur as soil or rock moves down slope under the influence of gravity. Landslides are 
frequently triggered by intense rainfall or seismic shaking. The site is not located within a State 
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or county designated landslide hazard zone. The site is relatively flat and the risk at the site 
from landslides and other forms of mass wasting is considered very low.  

3.3.4 Liquefaction and Seismic Settlement 

Liquefaction occurs when saturated, loose, coarse-grained or silty soils are subjected to strong 
shaking resulting from earthquake motions. The coarse-grained or silty soils typically lose a 
portion or all of their shear strength and regain strength sometime after the shaking stops. Soil 
movements (both vertical and lateral) have been observed under these conditions due to 
consolidation of the liquefied soils.  

The southeastern portion site is located within a mapped generalized liquefaction potential zone 
(CGS, 2005b).  

3.3.5 Subsidence 

Ground subsidence is a gradual settling or sudden sinking of the earth's surface owing to 
subsurface movement of earth materials. Ground subsidence can result from fluid (water or 
petroleum) extraction from underlying sediments and/or formations, which allows the collapse of 
pore spaces previously occupied by the removed fluid. The collapse of these pore spaces 
compacts these underlying formations, leading to a gradual drop in ground surface elevation. 
Ground subsidence is most often found in areas where large volumetric withdrawals of fluids 
from underground reservoirs has occurred or is ongoing. Ground shaking from tectonic activity 
can exacerbate the vertical sinking of land in an area over the withdrawal site. Structures and 
improvements located in subsidence-prone areas are at risk for damage if subsidence were to 
occur. 

The USGS has been tracking subsidence in California since the early 20th century and has 
developed maps that illustrate areas of recorded subsidence across the state (USGS, 2023). 
Most of the subsidence has resulted from excessive groundwater pumping for municipal, 
industrial, and agricultural uses, although oil extraction is also a documented cause. A review of 
the USGS subsidence maps shows that the project site, as well as the Antelope Valley, are in a 
documented area that has experienced subsidence. The Antelope Valley Watermaster basin 
management efforts implemented in the past 4 years are slowing groundwater elevation decline 



 

20230661.005A/RIV23R153840 Page 10 of 35 October 28, 2024 
Copyright 2024 Kleinfelder  www.kleinfelder.com 

and associated subsidence. Continued water  production management efforts stabilize 
groundwater elevation and limit or remove further subsidence in the basin.  

3.3.6 Oil and Gas Fields 

The project site is not located within a mapped petroleum producing field of Southern California 
and no oil/gas wells are reported within the Project Site [California Geologic Energy 
Management Division (CalGEM), formerly Division of Oil, Gas and Geothermal Resources 
(DOGGR), 2022]. However, based on information available from CalGEM, nine (9) idle oil and 
gas wells are reported located within 6 miles of the site. Additionally, undocumented well(s) are 
not known to be at the site.  

3.3.7 Expansive Soils 

The upper site soils were tested for expansion potential and found to be very low. Due to the 
variability of near surface soil, the potential for expansive soils impacting the project grading is 
not anticipated. Further discussion is presented in Section 4.8. The on-site soils should be 
further evaluated during the geotechnical study for the design phase of the project.  
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4 CONCLUSIONS AND RECOMMENDATIONS 

4.1 GENERAL 

Based on the results of our field exploration, laboratory testing and geotechnical analyses 
conducted during this study, it is our professional opinion that the proposed project is 
geotechnically feasible, provided the recommendations presented in this report are incorporated 
into the project design and construction.  

The following preliminary opinions, conclusions, and recommendations are based on the 
properties of the materials encountered in the explorations, the results of our literature review, 
the results of the laboratory testing program, and our engineering analyses performed. Our 
recommendations regarding the geotechnical aspects of the design and construction of the 
project are presented in the following sections. We recommend that the final grading plans be 
reviewed by Kleinfelder prior to the start of construction. 

4.2 SEISMIC DESIGN CONSIDERATIONS 

4.2.1 Seismic Design Parameters 

Based on data obtained from our field explorations, published geologic literature and maps, and 
on our interpretation of the 2022 CBC criteria, it is our opinion that the project site be classified 
as Site Class D, Stiff Soil, according to Section 1613 of the 2022 CBC and Table  
20.3-1 of ASCE/SEI 7-16 (2016). Approximate coordinates for the site are noted below. 

 Latitude: 34.771473 °N 

 Longitude: 118.153315 °W 

In accordance with Section 11.4.8 of ASCE 7-16, a site-specific ground motion hazard analysis 
is required for Site Class D sites with an S1 greater than 0.2 g. However, a site-specific ground 
motion hazard analysis is not required if the exceptions in Section 11.4.8 of ASCE 7-16 are 
taken. In accordance with the 2022 CBC, which adopts Supplement 3 of ASCE 7-16, the 
exception would be if the values of the parameters SM1 and SD1 are increased by 50 percent. 



 

20230661.005A/RIV23R153840 Page 12 of 35 October 28, 2024 
Copyright 2024 Kleinfelder  www.kleinfelder.com 

The assumption that the exception will be used should be verified by the project structural 
engineer during final design based on the governing code. Based on the assumption that the 
exception will be taken in accordance with the governing code, the 2022 CBC Seismic Design 
Parameters (non-site-specific) for the project site are provided in Table 1. 

Table 1 
2022 CBC Seismic Design Parameters 

Design Parameter Recommended Value 

Site Class D 

Ss (g) 1.269 

S1 (g) 0.513 

Fa 1.0 

Fv N/A* 

SMS (g) 1.269 

SM1 (g) N/A 

SDS (g) 0.846 

SD1 (g) N/A 

PGAM (g) 0.550 
* N/A = Not Applicable; Section 11.4.8 of ASCE 7-16 requires a site-specific ground motion hazard 
analysis be performed for Site Class D sites with S1 values greater than or equal to 0.2g unless 
exceptions are taken in which the values of SM1 and SD1 are increased by 50 percent. If exceptions 
are taken, then a Fv value of 1.79 may be used in accordance with Table 11.4-2 of ASCE 7-16 
Supplement 3 (per the 2022 CBC). 
 

4.2.2 Liquefaction and Seismic Settlement 

The term liquefaction describes a phenomenon in which saturated, cohesionless soils 
temporarily lose shear strength (liquefy) due to increased pore water pressures induced by 
strong, cyclic ground motions during an earthquake. Structures founded on or above potentially 
liquefiable soils may experience bearing capacity failures due to the temporary loss of 
foundation support, vertical settlements (both total and differential), and undergo lateral 
spreading. The factors known to influence liquefaction potential include soil type, relative 
density, grain size, confining pressure, depth to groundwater, and the intensity and duration of 
the seismic ground shaking. The cohesionless soils most susceptible to liquefaction are loose, 
saturated sands and some silt. 
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To assess the potential for liquefaction of subsurface soils at the site, we used the liquefaction 
analysis procedures outlined in Youd et al. (2001) based on standard penetration test (SPT) 
data. These methods utilize corrected SPT blow counts to estimate the amount of volumetric 
compaction or settlement during an earthquake.  

Groundwater was not encountered during our current field exploration drilled to a maximum 
explored depth of 51½ feet bgs. As presented in the referenced Kleinfelder Response To 
Comments dated September 12, 2023, the project site and the surrounding area have 
groundwater depths greater than 60 feet bgs. Kleinfelder submitted a Request for a Waiver to 
the County of Los Angeles Geotechnical and Materials Engineering Division to utilize a 
groundwater depth of 50 feet for liquefaction analysis.   The Waiver was approved as presented 
in the referenced Geologic and Soils Engineering Review Sheet dated November 3, 2023.  
Based on the applicable groundwater levels, the potential for liquefaction settlement is negligible 
as shown in the Table below.  

Building 
Number 

Boring 
Number 

Liquefaction Settlement 
Based on Groundwater at 50 

feet BGS (in) 
3 B - 11 0 
4 B – 10 0 
5 B – 5 0 
6 B – 3 0 
7 B – 4 0 

As recommended in Section 1803.5.12 of 2022 CBC, the peak ground acceleration (PGA) used 
in the liquefaction analysis was estimated in accordance with Section 11.8.3 of ASCE 7-16. A 
PGAM of 0.55g with an earthquake magnitude of 8.1 was used as the design-level seismic 
event in our liquefaction analysis, which is defined as an earthquake event with 2 percent 
probability of being exceeded in 50 years (return period of about 2,475 years) according to the 
2022 CBC and ASCE/SEI 7-16. 

Seismic compression (dry seismic settlement) results from the accumulation of contractive 
volumetric strains in unsaturated soil during earthquake shaking. Loose to medium dense 
granular material with no fines or with low plasticity fines are most susceptible to seismic 
compression. The onsite loose to dense granular soils and stiff to very stiff finer non-granular 
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soils may be prone to settlement due to seismic shaking. Dry seismic settlement (total) is 
estimated to range between 0.6 to 1.5 inches.  

Building 
Number 

Boring 
Number 

Dry Seismic Settlement  
(in) 

3 B - 11 1.2 
4 B – 10 0.6 
5 B – 5 0.9 
6 B – 3 1.4 
7 B – 4 1.5 

4.3 FOUNDATIONS 

4.3.1 General 

Based on the results of our field exploration, laboratory testing, and geotechnical analyses, the 
proposed improvements may be supported on conventional shallow foundations on a zone of 
compacted fill provided the settlement estimates (both static and seismic) are tolerable. We 
have assumed that the proposed structures will be able to tolerate the estimated seismic 
settlement (i.e., it will not collapse creating a life safety issue). However, this assumption should 
be verified by the project structural engineer. It should be noted that the design intent of the 
2022 California Building Code (CBC) during a design-level seismic event is life safety, not 
serviceability of the structure after an earthquake. 

4.3.2 Allowable Bearing Pressure 

Footings supported on at least 3 feet of compacted fill may be designed for a net allowable 
bearing pressure of 3,000 psf for dead plus sustained live loads. A one-third increase in the 
bearing value can be used for wind or seismic loads. All footings should be established at a 
depth of at least 24 inches below the lowest adjacent grade. The footing dimension and 
reinforcement should be designed by the structural engineer; however, continuous and isolated 
spread footings should have minimum widths of 18 and 24 inches, respectively.  
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4.3.3 Estimated Settlements 

Total static settlement for foundations designed in accordance with the recommendations 
presented herein is estimated to be less than 1 inch. Differential static settlement between 
similarly loaded columns is estimated to be less than ½ inch over 40 to 70 feet. Note that this 
settlement is in addition to the estimated settlement due to seismic shaking.  

4.3.4 Lateral Resistance 

Resistance to lateral loads (including those due to wind or seismic forces) may be provided by 
frictional resistance between the bottom of concrete foundations and the underlying soils and by 
passive soil pressure against the sides of the foundations. A coefficient of friction of 0.35 may 
be used between cast-in-place concrete foundations and the underlying soil. The passive 
pressure available for engineered fill may be taken as equivalent to the pressure developed by a 
fluid with a unit weight of 350 pounds per cubic foot (pcf). A one-third increase in the passive 
resistance may be used for resistance to transient loads such as wind and seismic. The upper 
one foot of soil should be neglected when calculating passive resistance. 

The lateral resistance parameters provided above are ultimate values. Therefore, a suitable 
factor of safety should be applied to these values for design purposes. The appropriate factor of 
safety will depend on the design condition and should be determined by the project Structural 
Engineer. Depending on the application, typical factors of safety could range from 1.5 to 2.0. 

4.4 EARTHWORK 

4.4.1 General 

Recommendations for site preparation are presented below. All site preparation and earthwork 
operations should be performed in accordance with applicable codes, safety regulations and 
other local, state or federal specifications. All references to maximum unit weights are 
established in accordance with the latest version of ASTM Standard Test Method D1557. 
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Grading operations during the wet season or in areas where the soils are saturated may require 
provisions for drying of soils prior to compaction. If the project necessitates fill placement and 
compaction in wet conditions, we can provide suggested alternative recommendations for drying 
the soil. Conversely, additional moisture may be required during the dry months. A sufficient 
water source should be available to provide adequate water during compaction. During dry 
months, moisture conditioning of the subgrade soils may be required if left exposed for greater 
than a few days. 

4.4.2 Site Preparation 

Prior to general site grading, existing vegetation, debris, and oversized materials (greater than  
6 inches in maximum dimension) should be stripped and disposed outside the construction 
limits. We estimate the depth of stripping to be approximately 6 inches over most portions of the 
site. Deeper stripping or grubbing may be required where higher concentrations of vegetation 
are encountered during site grading. Stripped topsoil (less any debris) may be stockpiled and 
reused for landscaping purposes; however, this material should be evaluated for suitability if it is 
desired to use this material for engineered fill below structures.  

All oversize and organic debris, including any produced by demolition operations, (wood, steel, 
piping, plastics, etc.), should be separated and disposed offsite. The material generated during 
demolition of the existing roadways and concrete structures may be reused onsite. If reused, the 
particles should be crushed to a maximum particle size of 6 inches and spread across the site to 
prevent nesting. 

Existing utility pipelines (if encountered) which extend beyond the limits of the proposed 
construction and are to be abandoned in place should be plugged with cement grout to prevent 
migration of soil and/or water. Demolition, disposal, and grading operations should be observed 
and tested by a representative from our office. 

4.4.3 Overexcavation 

Recommendations for overexcavation of the proposed building pads (building foundations and 
floor slabs) and parking lots (pavements) are presented below. All site preparation and 
earthwork operations should be performed in accordance with applicable codes, safety 
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regulations and other local, state, or federal specifications. All references to maximum unit 
weights are established in accordance with the latest version of ASTM Standard Test Method 
D1557. 

Excavations within a 1:1 (horizontal: vertical) plane extending downward from a horizontal 
distance of 2 feet beyond the bottom outer edge of existing improvements (e.g. building 
foundations) or property lines should not be attempted without bracing and/or underpinning. All 
applicable excavation safety requirement and regulations, including OSHA requirements should 
be met.  

4.4.3.1 Structural Areas 

In order to provide uniform support for the proposed spread foundations and slab-on-grade 
floors, we recommend the site soils be overexcavated and replaced as engineered fill to a 
minimum depth of 3 feet from existing grade and at least 3 feet below the bottom of footings, 
whichever is greater. Building pads located in cut/fill transition areas should be overexcavated a 
minimum of 3 feet below the proposed bottom of footings/slabs. Although not encountered in 
our borings, any existing undocumented artificial fill soils should be removed until native 
alluvium is exposed. The overexcavation should extend horizontally at least 5 feet beyond the 
edges of foundations and a distance equivalent to the thickness of anticipated fill below the 
footing, whichever is greater. Depending on the observed condition of the existing soil and 
engineered fill, deeper overexcavation may be required in some areas. The Geotechnical 
Engineer of Record should be notified for supplemental recommendations if the minimum 
relative compaction of the soil is not achieved. 

4.4.3.2 Non-structural Areas  

Within the non-structural areas, such as truck aprons, pavements, sidewalks, other flatwork, 
etc., we recommend that these items be underlain by at least 24 inches of engineered fill. The 
overexcavation should extend beyond the proposed improvements a horizontal distance of at 
least two feet. 
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4.4.3.3 Additional Overexcavation Considerations  

After site preparation and overexcavation, and prior to scarification or placement of compacted 
fills, the excavation bottom should be observed, evaluated, and approved by Kleinfelder. 
Additional removals may be needed if significant porosity or other adverse conditions are 
observed. The subgrade should then be scarified to a depth of approximately 8 inches, moisture 
conditioned to at least optimum moisture content; and recompacted. After compaction, the 
subgrade should be proof rolled using equipment with sufficient weight to evaluate surface 
deflection. Proof rolling should be performed to verify that the subgrade soils are firm and 
unyielding at the depth of the recommended overexcavation presented above. 

4.4.4 Engineered Fill 

We anticipate that most of the on-site soils may be reusable as engineered fill once any debris and 
oversized materials greater than 4 inches in diameter have been removed, and after any vegetation 
and organic debris is cleared. Engineered fill should contain less than 2 percent organic content and 
maximum material size should be less than 4 inches in maximum dimension. Disturbed/tilled soil, 
less vegetation, may be used in landscape areas, exported, or placed in a controlled manner and 
blended with the onsite soils, provided that the resulting engineered fill contains less than 2 percent 
organic content. 

Fill should be placed in lifts no greater than 8 inches thick, loose measurement, and should be 
compacted to at least 90 percent of the maximum dry density. The moisture content of the  
on-site soils should be at or above the optimum moisture at the time of compaction. 

Engineered fill placed below pavement should be compacted to at least 90 percent of the 
maximum dry density obtained by the ASTM D1557 method of compaction, with the upper  
12 inches below pavements compacted to at least 95 percent relative compaction. 

Although not anticipated, any imported fill materials to be used for engineered fill should be 
sampled and tested for approval by the geotechnical engineer prior to being transported to the 
site. The expansion index of an imported soil should be less than 20. In general, well-graded 
mixtures of gravel, sand and non-plastic silt are acceptable for use as import fill. A minimum 
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notice of 3 working days will be required to allow for qualification testing prior to compaction of 
imported materials. 

4.4.5 Temporary Excavations 

All excavations must comply with applicable local, state, and federal safety regulations including 
the current OSHA Excavation and Trench Safety Standards. Construction site safety generally 
is the sole responsibility of the Contractor, who shall also be solely responsible for the means, 
methods, and sequencing of construction operations. We are providing the information below 
solely as a service to our client. Under no circumstances should the information provided be 
interpreted to mean that Kleinfelder is assuming responsibility for construction site safety or the 
Contractor's activities; such responsibility is not being implied and should not be inferred. 

Excavations within a 1:1 plane extending downward from a horizontal distance of 2 feet beyond 
the bottom outer edge of existing improvements (e.g. building foundations) should not be 
attempted without bracing and/or underpinning the improvements. The geotechnical engineer or 
their field representative should observe the excavations so that modifications can be made to 
the excavations, as necessary, based on variations in the encountered soil conditions. All 
applicable excavation safety requirements and regulations, including OSHA requirements, 
should be met. 

Near-surface soils encountered during our field investigation consisted predominantly of sandy 
silts, silty sand and clayey sands. In our opinion, these soils would be considered a Type 'C' soil 
with regard to the OSHA regulations. For this soil type, OSHA requires a maximum slope 
inclination of 1.5:1 (horizontal to vertical) or flatter for excavations 20 feet or less in depth. 
Temporary, shallow excavations with vertical side slopes less than 4 feet high should generally 
be stable, although sloughing may be encountered. Vertical excavations greater than 4 feet high 
should not be attempted without appropriate shoring to prevent local instability. All trench 
excavations should be braced and shored in accordance with good construction practice and all 
applicable safety ordinances and codes. The contractor should be responsible for the structural 
design and safety of the temporary shoring system, and we recommend that this design be 
submitted to Kleinfelder for review to check that our recommendations have been incorporated. 
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Stockpiled (excavated) materials should be placed no closer to the edge of an excavation than a 
distance equal to the depth of the excavation, but no closer than 4 feet. All trench excavations 
should be made in accordance with OSHA requirements. 

4.4.6 Excavation Conditions 

The borings were advanced using a truck-mounted hollow-stem auger drill rig. Drilling 
excavations were completed with easy effort through the existing site soils. Conventional earth 
moving equipment should be capable of performing the soil excavations. 

4.4.7 Pipe Bedding and Trench Backfill 

Pipe bedding and pipe zone material should consist of sand or similar granular material having 
a minimum sand equivalent value of 30. Onsite soils may be suitable but should be tested and 
approved by the engineer of record prior to use. The sand should be placed in a zone that 
extends a minimum of 6 inches below and 6 inches above the pipe for the full trench width. The 
bedding material should be compacted to a minimum of 90 percent of the maximum dry density 
or to the satisfaction of the geotechnical engineer's representative observing the compaction of 
the bedding material. Bedding material should consist of sand, gravel, crushed aggregate, or 
native free-draining granular material with a maximum particle size of ¾ inch. Bedding materials 
should also conform to the pipe manufacturer's specifications, if available. Trench backfill above 
bedding and pipe zone materials may consist of approved, on-site or import soils placed in lifts 
no greater than 8 inches loose thickness and compacted to 90 percent of the maximum dry 
density based on ASTM Test Method D1557. Jetting of backfill is not recommended. The on-site 
soils are suitable for backfill of utility trenches from one foot above the top of the pipe to the 
surface provided the material is free of organic and deleterious substances. 

4.5 CONCRETE SLABS SUPPORTED ON GRADE 

4.5.1 General  

Slab-on-grade floors should be underlain by engineered fill as discussed in the Earthwork 
Section of this report. We anticipate that the planned floor slabs will have a minimum thickness 
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of 6 inches, will be unreinforced and dowelled at panel edges. Minimum reinforcement for floor 
slabs, if required, should be determined by the structural engineer. The structural engineer 
should design the slabs for any specific loading conditions. A modulus of subgrade reaction of  
100 pounds per cubic inch may be used for design. The moisture content of the upper 18 inches 
of engineered fill should be at the recommended range for fill compaction at the time the floor 
slab is constructed. Precautions should be taken so as not to allow the upper engineered fill 
below the slab to dry out below the recommended moisture range between completion of the 
building pad and construction of the floor slab. Total static settlement for foundations designed 
in accordance with the recommendations presented herein, with an anticipated maximum load 
of 500 psf, is estimated to be less than a 1 inch. 

Construction activities and exposure to the environment can cause deterioration of the prepared 
subgrade. We recommend that a Kleinfelder representative inspect the final subgrade 
conditions prior to placement of the concrete, and if necessary, perform additional moisture and 
density testing to determine the subgrade suitability. A low slump concrete should be used to 
reduce possible curling of the slab.  

4.5.2 Exterior Flatwork  

Where exterior flatwork, such as sidewalks, are to be constructed, the subgrade should be 
scarified to a depth of 8 inches and moisture conditioned to a moisture content above the 
optimum moisture content, and recompacted as recommended in the Earthwork Section of this 
report. Exterior, structurally loaded flatwork, such as truck docks or trash enclosures should 
adhere to the recommendations for rigid pavement presented in this report. 

4.5.3 Vapor Retarder 

Subsurface moisture and moisture vapor naturally migrate upward through the soil and, where 
the soil is covered by a building or pavement, this subsurface moisture will collect. To reduce 
the impact of this subsurface moisture and the potential impact of future introduced moisture 
(such as landscape irrigation or precipitation) on moisture sensitive flooring, the current industry 
standard is to place a vapor retarder on a compacted crushed rock layer and/or sand layers,  
1 to 2 inches in thickness, placed above and below the vapor retarder. The crushed rock layer 
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and/or sand layer may be omitted in accordance with the vapor barrier manufacturer’s 
installation recommendations. 

The necessity and placement of a vapor retarder should be evaluated by the structural engineer 
and/or flooring consultant. It should be noted that although vapor barrier systems are currently 
the industry standard, this system might not be completely effective in preventing floor slab 
moisture problems. These systems typically will not necessarily assure that floor slab moisture 
transmission rates will meet floor covering manufacturer standards and that indoor humidity 
levels be appropriate to inhibit mold growth. The design and construction of such systems are 
totally dependent on the proposed use and design of the proposed building and all elements of 
building design and function should be considered in the slab-on-grade floor design. Building 
design and construction may have a greater role in perceived moisture problems since sealed 
buildings/rooms or inadequate ventilation may produce excessive moisture in a building and 
affect indoor air quality. 

4.5.4 Concrete Curing and Flooring 

Various factors such as surface grades, adjacent planters, the quality of slab concrete and the 
permeability of the on-site soils affect slab moisture and can control future performance. In 
many cases, floor moisture problems are the result of either improper curing of floor slabs or 
improper application of flooring adhesives. We recommend contacting a flooring consultant 
experienced in the area of concrete slab-on-grade floors for specific recommendations 
regarding your proposed flooring applications. Special precautions must be taken during the 
placement and curing of all concrete slabs. Excessive slump (high water-cement ratio) of the 
concrete and/or improper curing procedures used during either hot or cold weather conditions 
could lead to excessive shrinkage, cracking or curling of the slabs. High water-cement ratio 
and/or improper curing also greatly increase the water vapor permeability of concrete. We 
recommend that all concrete placement and curing operations be performed in accordance with 
the American Concrete Institute (ACI) Manual. 

It is emphasized that we are not floor moisture-proofing experts. We make no guarantee, nor 
provide any assurance that use of the capillary break/vapor retarder system will reduce concrete 
slab-on-grade floor moisture penetration to any specific rate or level, particularly those required 
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by floor covering manufacturers. The builder and designers should consider all available 
measures for slab moisture protection. 

4.6 RETAINING WALLS  

We have provided preliminary cantilever retaining wall recommendations below. Further 
evaluation will be needed once wall types, locations and heights are selected. 

4.6.1 General  

Design earth pressures for retaining walls depend primarily on the allowable wall movement, 
wall inclination, type of backfill materials, backfill slopes, surcharges, and drainage. The earth 
pressures provided assume that that a non-expansive granular backfill will be used and a 
drainage system will be installed behind the walls, so that external water pressure will not 
develop. If a drainage system will not be installed, the wall should be designed to resist 
hydrostatic pressure in addition to the earth pressure as well as reinforcement that should be 
protected from rust or other corrosion-inducing effects of moisture. Determination of whether the 
active or at-rest condition is appropriate for design will depend on the flexibility of the walls. 
Walls that are free to rotate at least 0.002 radians (deflection at the top of the wall of at least 
0.002 x H, where H is the unbalanced wall height) may be designed for the active condition. 
Walls that are not capable of this movement should be assumed rigid and designed for the  
at-rest condition. The recommended active and at-rest earth pressure values are provided in 
Table 2, Earth Pressures for Retaining Walls. 
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Table 2 
Earth Pressures for Retaining Walls 

(Non-Expansive Backfill) 

Wall Movement Backfill Condition 
Equivalent Fluid 

Pressure  
(pcf) 

Seismic Increment * 
(pcf) 

Free to Deflect  
(active condition) 

Level 
40 15 

Restrained  
(at-rest condition) 65 N/A ** 

Note: * Walls supporting more than 6 feet of backfill should be designed to support an incremental seismic lateral 
pressure, which is applied as a triangular pressure distribution with a maximum pressure at the bottom of the 
wall, not inverted. 

** for restrained wall, use the static active earth pressure and seismic increment to check the seismic 
condition; use at-rest earth pressure only to check the static condition; the larger loading of both cases 
should be used for the design of restrained wall. 

In addition to the above lateral pressure, undrained walls will have to be designed for full 
hydrostatic pressure. The above lateral earth pressures do not include the effects of surcharges 
(e.g., traffic, footings), compaction, or truck-induced wall pressures. Any surcharge (live, 
including traffic, or dead load) located within a 1:1 plane drawn upward from the base of the 
excavation should be added to the lateral earth pressures. The lateral contribution of a uniform 
surcharge load located immediately behind walls may be calculated by multiplying the 
surcharge by 0.33 for cantilevered walls and 0.5 for restrained walls. Walls adjacent to areas 
subject to vehicular traffic should be designed for a 2-foot equivalent soil surcharge (250 psf). 
Lateral load contributions from other surcharges located behind walls may be provided once the 
load configurations and layouts are known. 

4.6.2 Backfill Compaction 

Care must be taken during the compaction operation not to overstress the wall. Wall backfill 
should be compacted to a least 90 percent relative compaction; however, heavy construction 
equipment should be maintained a distance of at least 3 feet away from the walls while the 
backfill soils are being placed. Kleinfelder should be contacted when development plans are 
finalized for review of wall and backfill conditions on a case-by-case basis. 
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4.6.3 Drainage 

Walls should be properly drained or designed to resist hydrostatic pressures. Adequate 
drainage is essential to provide a free-draining backfill condition and to limit hydrostatic buildup 
behind the wall. Walls should also be appropriately waterproofed and include weep holes for 
drainage. In lieu of weep holes, a 4-inch diameter perforated PVC pipe, placed perforations 
down leading to a suitable gravity outlet, should be installed at the base of the walls. Another 
drainage alternative could be a manufactured prefabricated drainage composite panel such as 
Miradrain G100N or equivalent at regular intervals along the wall. 

4.7 DRAINAGE AND LANDSCAPING 

It is important that positive surface drainage be provided to prevent ponding and/or saturation of 
the soils in the vicinity of foundations, concrete slabs-on-grade, or pavements. We recommend 
that the site be graded to carry surface water away from the improvements and that positive 
measures be implemented to carry away roof runoff. Poor perimeter or surface drainage could 
allow migration of water beneath the building or pavement areas, which may result in distress to 
project improvements. If planted areas adjacent to structures are desired, we suggest that care 
be taken not to over irrigate and to maintain a leak-free sprinkler piping system. In addition, it is 
recommended that planter areas next to buildings have a minimum of 5 percent positive fall 
away from building perimeters to a distance of at least 5 feet. Drain spouts should be extended 
to discharge a minimum of 5 feet from the building, or some other method should be utilized to 
prevent water from accumulating in planters. Landscaping after construction should not promote 
ponding of water adjacent to structures. 

4.8 EXPANSION POTENTIAL 

Expansive soils are characterized by their ability to undergo significant volume changes (shrink 
or swell) due to variations in moisture content. Changes in soil moisture content can result from 
precipitation, landscape irrigation, utility leakage, roof drainage, perched groundwater, drought, 
or other factors and may result in unacceptable settlement or heave of structures or concrete 
slabs supported on grade. Expansion index testing of surficial soils resulted in values of 4, 5 and 
16, which indicates a very low expansion potential. 
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4.9 HYDRO-COLLAPSE POTENTIAL 

Hydro-collapsible soils are characterized by their ability to undergo significant shrinkage 
(collapse) during inundation. Inundation in soils can result from precipitation, landscape 
irrigation, utility leakage, roof drainage, perched groundwater, drought, or other factors, and may 
result in unacceptable settlement of structures or concrete slabs supported on grade. Based on 
the results of laboratory testing, the collapse potential of the surficial soils ranges from 
approximately 0.2 to 1.8 percent collapse under inundation. Collapse potential less than  
2 percent is considered low. 

4.10 PRELIMINARY SOIL CORROSIVITY 

The soil corrosivity potential of the on-site materials to steel and buried concrete was 
preliminarily evaluated using a sample collected during our investigation. Testing was performed 
in general accordance with California Test Methods 643, 417, and 422 for pH and resistivity, 
soluble chlorides, and soluble sulfates, respectively. The test results are presented below in 
Table 3, Preliminary Corrosivity Test Results. 

Table 3 
Preliminary Corrosivity Test Results 

Boring Depth 
(ft) pH Sulfate  

(ppm) 
Chloride 

(ppm) 
Resistivity 
(ohm-cm) 

B-3 1-5 10.3 29 38 1,908 

B-4 1-5 10.0 35 114 1,047 

B-6 1-5 9.9 32 76 1,840 

B-12 1-5 10.1 56 55 1,094 

 

These tests are only an indicator of soil corrosivity for the samples tested. Other soils found on 
site may be more, less, or of a similar corrosive nature. Imported fill materials should be tested 
to confirm that their corrosion potential is not more severe than those noted. 

Resistivity values between 1,000 - 3,000 ohm-cm are considered highly corrosive to buried 
ferrous metals (Roberge, 2006).  
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The concentrations of soluble sulfates indicate that the subsurface soils represent a Class S0 
exposure to sulfate attack on concrete in contact with the soil based on ACI 318-14 Table 
19.3.1.1 (ACI, 2014). Therefore, in accordance with ACI Building Code 318, no special 
provisions for selection of cement type are required.  

Kleinfelder’s scope of services does not include corrosion engineering and, therefore, a detailed 
analysis of the corrosion test results is not included. A qualified corrosion engineer should be 
retained to review the test results for further evaluation and design protective systems, if 
considered necessary. 

4.11 PAVEMENT SECTIONS 

4.11.1 Asphalt-Concrete Pavement Sections 

The required pavement structural sections will depend on the expected wheel loads, volume of 
traffic, and subgrade soils. The Traffic Indexes (TI’s) assumed should be reviewed by the 
project Owner, Architect, and/or Civil Engineer to evaluate their suitability for this project. 
Changes in the TI's will affect the corresponding pavement section. The pavement subgrade 
should be prepared just prior to placement of the base course. Positive drainage of the paved 
areas should be provided since moisture infiltration into the subgrade may decrease the life of 
pavements. Table 4, Preliminary Asphalt Concrete Pavement Sections, presents our 
recommendations of asphalt concrete pavement sections. 

Table 4 
Preliminary Asphalt Concrete Pavement Sections 

(Assumed Design R-value = 30) 

Traffic Use 
Assumed  

Traffic Index  
(TI) 

Asphalt 
Concrete 
(inches) 

Class 2 
Aggregate Base 

(inches) 

General Parking Traffic 5 3.0 5.5 

Heavy Truck Access Ways 7 4.0 9.5 

Based on the size of the project area and the variation of near surface soil type, a design  
R-Value of 30 was selected for pavement design. Additional R-Value testing and analysis 
should be performed to evaluate the site further during the final geotechnical design. Since the 
characteristics of the near-surface soils can change as a result of grading, we recommend that 
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the subgrade soils be tested for pavement support characteristics, to confirm the parameters 
used in design and allow for a possible reduction in structural section thickness. Pavement 
sections provided above are contingent on the following recommendations being implemented 
during construction. 

 The pavement sections recommended above should be placed on at least  
18 inches of engineered fill compacted to at least 90 percent of maximum dry density 
with the upper 12 inches below pavements compacted to at least 95 percent relative 
compaction. The overexcavation of the pavement areas should be conducted as 
recommended in the earthwork section of this report. Prior to fill placement, the exposed 
subgrade should be scarified to a depth of 8 inches, uniformly moisture conditioned to 
the moisture content of granular soils (sands, silty sands and gravels) should be near the 
optimum moisture content at the time of compaction. 

 Subgrade soils should be in a stable, non-pumping condition at the time aggregate base 
materials are placed and compacted. 

 Aggregate base materials should be compacted to at least 95 percent relative 
compaction. 

 Adequate drainage (both surface and subsurface) should be provided such that the 
subgrade soils and aggregate base materials are not allowed to become wet. 

 Aggregate base materials should meet current Caltrans specifications for Class 2 
aggregate base rock or crushed miscellaneous base as specified in the "Standard 
Specifications for Public Work Construction" ("Greenbook"). 

 The asphalt pavement should be placed in accordance with “Green Book” specifications 
or the County of Los Angeles requirements, as appropriate. We recommend that the 
asphalt pavement be placed in a single layer of ½-inch aggregate mix for pavements  
4 inches thick or less. If the pavement section is over 4 inches thick, then the asphalt 
should be placed in at least two layers of mix. The first layer should consist of a base or 
coarse layer (3/4-inch mix). The second layer (i.e., top layer) should consist of a medium 
or fine layer of ½-inch mix. 

 Based on our analyses and our experience with similar projects, it is our professional 
opinion that the as-built asphalt pavement sections should have a tolerance of +/- ¼-inch 
in order to remain valid for satisfying the intent of the recommendations presented 
herein. Typically, the loose thickness should be ¼ inch per inch greater than the required 
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compacted thickness. In addition to loose measurements prior to compaction, this is 
typically evaluated by averaging the thickness of several cores in a specific area. 
Individual measurements (loose thickness or core dimension) should be within at least 
¾-inch of the design thickness. 

 All concrete curbs separating pavement and landscaped areas should extend into the 
subgrade and below the bottom of adjacent, aggregate base materials. 

Pavement sections provided above are based on the soil conditions encountered during our 
field investigation, our assumptions regarding final site grades, and limited laboratory testing. 
Since the actual pavement subgrade materials exposed during grading may be significantly 
different than those tested for this study, we recommend that representative subgrade samples 
be obtained, and additional R-value tests performed. Should the results of these tests indicate a 
significant difference, the design pavement section(s) provided above may need to be revised. 

4.11.2 Portland Cement Concrete Pavement 

Concrete pavements may be desirable in loading dock and trash collection areas. The concrete 
pavement should have a minimum 28-day compressive strength of 3,000 psi. Control joints 
should be spaced approximately every 10 feet. The concrete pavement section should be 
placed on at least 18 inches of engineered fill compacted to at least 90 percent of the maximum 
dry density. Prior to fill placement, the exposed subgrade should be scarified to a depth of  
8 inches, uniformly moisture conditioned to the moisture content range recommended in 
Section 4.4 of this report. Table 5, Preliminary Recommended PCC Pavement Sections, 
presents our recommendations of Portland Cement Concrete pavement sections. 
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Table 5 
Preliminary Recommended PCC Pavement Sections 

Assumed 
Traffic Index 

(TI) 

Concrete Thickness (inches; 
using a 28-day compressive 

strength of 3,000 psi) 

Concrete Thickness (inches; 
using a 28-day compressive 

strength of 4,000 psi) 

5 7.5 6.5 

7 8.0 7.5 

As an alternative to placing PCC pavements directly over 18 inches of engineered fill,  
6 inches of aggregate base material may be added between the PCC and engineered fill to 
provide additional load distribution, drainage, and an option to reduce the thickness of the 
recommended PCC. If 6 inches of aggregate base material (compacted to 95% relative 
compaction) is used between the recommended 18 inches of engineered fill and PCC 
pavement, the recommended PCC thickness may be reduced by ½ inch. Aggregate base 
materials should meet current Caltrans specifications for Class 2 aggregate base or crushed 
miscellaneous base as specified in the "Standard Specifications for Public Work Construction" 
("Greenbook"). 

4.12 STORMWATER MANAGEMENT 

We have preliminarily assessed the potential for storm water infiltration into the subgrade soils 
at the subject project site based on visual soil classification and laboratory testing of the soil 
samples collected during the field exploration. The onsite near-surface soils consist primarily of 
medium dense sandy silts, clayey sands and silty sands. Based on these conditions, we 
anticipate a generally low infiltration capacity of the near-surface soils, and we preliminarily 
recommend alternatives to infiltration Best Management Practices (BMPs), such as  
bio-filtration/bio-retention systems (bio-swales and planter boxes), be implemented at the 
project site at these elevations. In-situ infiltration testing should be performed to confirm this 
preliminary assessment and determine design infiltration rates, if applicable, at the BMP design 
depth at specific locations at the site. 

If bio-filtration/bio-retention systems are employed, we recommend that the BMPs be built such 
that water exiting from them will not seep into the foundation areas or beneath slabs and 
pavement. If planters are located within 10 feet of structures or foundations, or adjacent to slabs 
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and pavements, then some means of diverting water away from the structures, foundation soils, 
or soils that support slabs and pavements would be required, such as lining the planters. 
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5 ADDITIONAL SERVICES 

5.1 DESIGN LEVEL INVESTIGATION 

This report presents preliminary geotechnical recommendations to develop a conceptual design 
and provide planning-level cost estimating. This study is not intended to be a design-level 
geotechnical study, and additional field and laboratory testing will be required in order to provide 
detailed geotechnical recommendations. 

The preliminary recommendations provided in this report are based on our understanding of the 
described project information and on our interpretation of the data. We have made our 
recommendations based on experience with similar subsurface conditions under similar loading 
conditions. The recommendations apply to the specific project discussed in this report; 
therefore, any change in the structure configuration, loads, location, or the site grades should be 
provided to us so that we can review our conclusions and recommendations and make any 
necessary modifications. 
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6 LIMITATIONS 

This report has been prepared for the exclusive use of NorthPoint Development, and its 
consultants and contractors for specific application to the proposed improvements for the 
proposed project. The findings, conclusions and recommendations presented in this report were 
prepared in a manner consistent with the standards of care and skill ordinarily exercised by 
members of our profession practicing under similar conditions in the geographic vicinity and at 
the time the services will be performed. No warranty or guarantee, express or implied, is made. 
Our field exploration program for the geotechnical study of this project was based on the 
approximate building locations provided to us by the client. 

The client has the responsibility to see that all parties to the project, including the designer, 
contractor, subcontractors, etc., are made aware of this report in its entirety. This report 
contains information that may be useful in the preparation of contract specifications. However, 
this report is not designed as a specification document and may not contain sufficient 
information for this use without proper modification. 

This report may be used only by the client and only for the purposes stated, within a reasonable 
time from its issuance, but in no event later than one year from the date of the report. Land use, 
site conditions (both on site and off site) or other factors may change over time, and additional 
work may be required with the passage of time. Any party, other than the client who wishes to 
use this report shall notify Kleinfelder of such intended use. Based on the intended use of this 
report and the nature of the new project, Kleinfelder may require that additional work be 
performed and that an updated report be issued. Non-compliance with any of these 
requirements by the client or anyone else will release Kleinfelder from any liability resulting from 
the use of this report by any unauthorized party and the client agrees to defend, indemnify, and 
hold harmless Kleinfelder from any claims or liability associated with such unauthorized use or 
non-compliance. 

The scope of our geotechnical services did not include any environmental site assessment for 
the presence or absence of hazardous/toxic materials, including methane or other landfill 
related gases. Kleinfelder will assume no responsibility or liability whatsoever for any claim, 
damage, or injury which results from pre-existing hazardous materials being encountered or 
present on the project site, or from the discovery of such hazardous materials. 
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The information included on this graphic representation has been compiled from a
variety of sources and is subject to change without notice. Kleinfelder makes no
representations or warranties, express or implied, as to accuracy, completeness,
timeliness, or rights to the use of such information. This document is not intended for
use as a land survey product nor is it designed or intended as a construction design
document. The use or misuse of the information contained on this graphic
representation is at the sole risk of the party using or misusing the information.
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APPENDIX A 
FIELD EXPLORATIONS 

The subsurface conditions at the site were explored by drilling and logging thirteen (13)  
hollow-stem auger borings. Due to soft soil at the surface of the site, the hollow stem auger 
borings were drilled using a limited access track drill rig. The drill rig was provided by BC2 of 
Orange, California and the rig was equipped with an automatic hammer system to drive the 
samplers. The locations of our borings are shown on Figure 2.  

The logs of borings are presented as Figures A-3 through A-15. An explanation of the logs is 
presented on Figures A-1 and A-2. The Logs of Borings describe the earth materials 
encountered, samples obtained, and show field and laboratory tests performed. The logs also 
show the boring number, excavation date and the name of the logger and excavation 
subcontractor. A Kleinfelder geologist logged the borings utilizing the Unified Soil Classification 
System (USCS). The boundaries between soil types shown on the logs are approximate 
because the transition between different soil layers may be gradual. Bulk and drive samples of 
representative earth materials were obtained from the borings at maximum intervals of about  
5 feet. 

A California-type sampler was used to obtain relatively undisturbed drive samples of the soil 
encountered. This sampler consists of a 3-inch O.D., 2.4 inch I.D. split barrel shaft that is driven 
a total of 18 inches into the soil at the bottom of the boring. The soil was retained in six 1-inch 
brass rings for laboratory testing. The sampler was driven using a 140-pound hammer falling  
30 inches. The total number of hammer blows required to drive the sampler the final 12 inches 
is termed the blow count and is recorded on the Logs of Borings. Where the sample was driven 
less than 12 inches, the number of blows to drive the sample for each 6-inch segment, or 
portion thereof, is shown on the logs. For example, 50/4" indicates 50 blows to drive the sampler 
4 inches to refusal. 

Samples were also obtained using a Standard Penetration Sampler (SPT). This sampler 
consists of a 2-inch O.D., 1.4-inch I.D. split barrel shaft that is advanced into the soils at the 
bottom of the drill hole a total of 18 inches. The sampler was driven using a 140 pounds 
hammer falling 30 inches. The total number of hammer blows required to drive the sampler the 
final 12 inches is termed the blow count (N-value) and is recorded on the Logs of Borings. 
Where the sample was driven less than 12 inches, the number of blows to drive the sample for 
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each 6-inch segment, or portion thereof, is shown on the logs. For example, 50/4" indicates  
50 blows to drive the sampler 4 inches to refusal. 

The procedures we employed in the field are generally consistent with those described in ASTM 

Standard Test Method D-1586. 

Bulk samples of the sub-surface soils were retrieved directly from the soil cuttings and placed in 
large plastic bags.  
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APPENDIX B 
LABORATORY TESTING 

Laboratory tests were performed on drive and bulk soil samples to estimate engineering 
characteristics of the various earth materials encountered. The laboratory testing was performed 
by our laboratory located in Ontario, California or by AP Engineering & Testing, Inc. of Pomona, 
California. Testing was performed in general accordance with procedures outlined in the 
American Society for Testing and Materials, or other accepted procedures. Visual classifications 
presented on the lab figures performed by AP Engineering may differ from those presented on 
the boring logs provided in Appendix A. 

LABORATORY MOISTURE DETERMINATIONS AND UNIT WEIGHTS 

Natural moisture content and unit weight tests were performed on selected samples. The 
moisture content tests were performed in general accordance with ASTM Test Method D 2216 
and the unit weight tests were performed in general accordance with ASTM Test Method  
D 2937. The results are presented on the Logs of Borings in Appendix A. 

SIEVE ANALYSES 

Sieve analyses were performed on selected samples of the materials encountered at the site to 
evaluate the grain size distribution characteristics of the soils and to aid in their classification. 
Tests were performed in general accordance with ASTM Test Method D 6913. Results of these 
tests are presented in the boring logs in Appendix A and attached as Figures B-1 through B-4, 
Grain Size Distribution Curve. 

ATTERBERG LIMITS (PLASTICITY INDEX) 

Plasticity limit and liquid limit testing was performed on soil samples to evaluate behavior 
conditions at varying water contents. Testing was performed in general accordance with ASTM 
Standard Test Method D4318. The results are presented on the boring logs in Appendix A and 
attached as Figures B-5 through B-9, Plasticity Testing. 
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DIRECT SHEAR 

Direct shear testing was performed on a remolded sample for shear strength and cohesion 
values of the in-situ soils in accordance with ASTM Standard Test Method D 3080. The tests 
were performed by AP Engineering. The results are presented as Figures B-10 and B-11, Direct 
Shear Test. 

PRELIMINARY CORROSIVITY TESTS 

A series of chemical tests were performed on a selected sample of the near-surface soils to 
estimate pH, resistivity and sulfate and chloride contents. The sample was tested in general 
accordance with California Test Methods 643, 422, and 417 for pH and minimum resistivity, 
soluble chlorides, and soluble sulfates, respectively. Test results may be used by a qualified 
corrosion engineer to evaluate the general corrosion potential with respect to construction 
materials. The tests were performed by AP Engineering. The results of these tests are 
presented below in Table B-1, Preliminary Corrosion Test Results. 

MODIFIED PROCTOR 

Maximum density-optimum moisture tests were performed on a select bulk sample of the on-site 
soils to determine compaction characteristics. The test was performed in accordance with 
ASTM Standard Test Method D 1557. The test results are presented below in Table B-2, 
Modified Proctor Test Results. 

EXPANSION INDEX  

Expansion Index testing was performed on three near surface bulk samples to determine the 
expansion potential of the soil. The tests were performed in accordance with ASTM Standard 
Test Method D4829. The test results are presented below in Table B-3, Expansion Index Test 
Results. 

 



 

20230661.005A/RIV23R153840 Page B-3 October 28, 2024 
Copyright 2024 Kleinfelder www.kleinfelder.com 

R-VALUE TEST 

A Resistance Value (R-value) test was performed on four bulk soil samples to evaluate 
pavement support characteristics of the near-surface onsite soils. R-value testing was 
performed in accordance with ASTM Standard Test Method D2844. The test results are 
presented below in Table B-4, R-Value Test Results. 

ONE-DIMENSIONAL SWELL/COLLAPSE TEST 

Laboratory testing was performed on two selected soil samples to study the collapse potential of 
the subgrade soils. During this test, the soil sample is inundated with water at 2 kips per square 
foot (ksf) and the percent swell or collapse is measured. This test was performed by AP 
Engineering in accordance with ASTM D4546. The test results are presented below in Table  
B-5, Collapse Potential Test Results.  

CONSOLIDATION CURVE 

Laboratory testing was performed on two selected soil samples to study the consolidation of the 
subgrade soils. During this test, the soil sample is inundated with water at a specific surcharge 
loading and the percent swell or collapse is measured. This test was performed by AP 
Engineering in accordance with ASTM D2435. The test results are presented as Figures B-12 
and B-13, Consolidation Curve. 

 

Table B-1 
Preliminary Corrosivity Test Results 

Boring Depth 
(ft) pH Sulfate  

(ppm) 
Chloride 

(ppm) 
Resistivity 
(ohm-cm) 

B-3 1-5 10.3 29 38 1,908 

B-4 1-5 10.0 35 114 1,047 

B-6 1-5 9.9 32 76 1,840 

B-12 1-5 10.1 56 55 1,094 
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Table B-2 
Modified Proctor Test Results 

Boring Number Depth (ft) Maximum Dry Density (pcf) Optimum Moisture (%) 

B-2 1 – 5  131.0 8.3 

B-7 1 – 5 103.0 18.0 

B-8 1 – 5 122.3 8.8 

B-13 1 – 5 122.7 10.8 

 
 

Table B-3 
Expansion Index Test Results 

Boring Number Depth (ft) Expansion Index Expansion Potential 

B-2 1 – 5 4 Very Low 

B-9 1 – 5 5 Very Low 

B-13 1 – 5 18 Very Low 

 
 

Table B-4 
Resistance Value Test Results 

Boring Number Depth (ft) R-Value 

B-4 1 – 5 34 

B-5 1 – 5 38 

B-10 1 – 5 24 

B-11 1 – 5  41 

 
 

Table B-5 
Collapse Potential Test Result 

Boring Number Depth (ft) Collapse Potential (%) 

B-1 5.0 0.9 

B-6 7.5 0.3 

B-8 5.0 1.8 

B-11 7.5 0.2 
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B-5
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B-7
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FIGURE

B-10



FIGURE

B-11



 

20230661.001A/RIV22R141902 Page 1 of 1 March 6, 2023 
Copyright 2023 Kleinfelder  www.kleinfelder.com 
 

2280 Market Street, Suite 300, Riverside, CA 92501    p | 951.801.3681    f | 951.682.0192 

 
 
 
March 6, 2023 
Kleinfelder Project No. 20230661.001A 
 
 
Mr. Jack Lac 
NorthPoint Development 
12977 North Outer 40 Road, Suite 203 
St. Louis, Missouri 63141 
 
SUBJECT: Feasibility-Level Geotechnical Investigation 

Antelope LAC 234 
Lancaster Area of Los Angeles County, California 

 
 
Dear Mr. Lac: 
 
Kleinfelder is pleased to present this report summarizing the feasibility-level geotechnical 
investigation performed for the subject site, located at the southeast corner of West Avenue F 
and 20th Street in the Lancaster area of Los Angeles County, California. Our conclusions and 
recommendations for geotechnical design and construction are presented in the attached 
report.  
 
We appreciate the opportunity to provide geotechnical engineering services to you on this 
project. If you have any questions regarding this report or if we can be of further service, please 
do not hesitate to contact the undersigned. 
 
Sincerely, 
 
KLEINFELDER, INC. 
 
 
 
 
 
Hector Marquez, P.E. Jeffery D. Waller, P.E., G.E. 
Project Engineer Senior Geotechnical Engineer 
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1 INTRODUCTION 

This report presents the results of our feasibility-level geotechnical investigation for the 
proposed improvements at the southeast corner of West Avenue F and 20th Street West in the 
Lancaster area of Los Angeles County, California. The general location of the site is shown on 
Figure 1, Site Vicinity Map. 

The purpose of this feasibility-level geotechnical investigation was to evaluate the subsurface 
soil conditions at the site in order to provide geotechnical recommendations for the design and 
construction of the proposed development. The scope of our services was presented in our 
proposal dated April 22, 2022. This report only provides recommendations for the proposed 
improvements discussed below. 

1.1 PROJECT DESCRIPTION 

Based on our review of a conceptual site plan provided by NorthPoint Development, the site 
area is approximately 238 acres and the proposed improvements include the construction of 
three approximately 1,117,000 square foot buildings. The buildings are anticipated to be 
concrete tilt-up distribution-type buildings and have warehouse areas with loading-dock high 
slab-on-grade floors. The project also includes Best Management Practices (BMPs) stormwater 
detention basins at the site.  

We anticipate cuts and fills on the order of approximately 10 feet may be needed to develop the 
site. We anticipate that the proposed buildings may be supported on conventional shallow 
spread foundations. Foundation loads are not currently available, but based on our experience 
with similar past projects, we assume that maximum column loading will be on the order of  
80 kips and maximum wall loads will be on the order of 4 to 8 kips per linear foot. Floor loads for 
proposed distribution-type buildings may be on the order of 500 pounds per square foot.  

We anticipate parking lot and drive aisles will consist of asphaltic concrete (AC) pavement and 
loading dock areas will consist of Portland cement concrete pavement (PCCP). Ancillary 
construction is anticipated to include concrete flat work, landscaping, and installation of buried 
utilities.  

1.2 SCOPE OF SERVICES 

The scope of our preliminary geotechnical study consisted of a literature review, historical aerial 
photo review, subsurface exploration, geotechnical laboratory testing, engineering evaluation 
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and analysis, and preparation of this report. Our report includes a description of the work 
performed, a discussion of the geotechnical conditions observed at the site, and preliminary 
recommendations developed from our engineering analysis of field and laboratory data. A 
description of our scope of services performed for this project is presented below. 

Task 1 – Background Data Review. We reviewed published and unpublished geologic 
literature in our files and the files of public agencies, including selected publications prepared by 
the California Geological Survey and the U.S. Geological Survey. We also reviewed readily 
available seismic and faulting information, including data for designated earthquake fault zones 
and our in-house database of faulting in the general site vicinity.  

Task 2 – Field Exploration. The subsurface conditions at the site were explored by drilling and 
logging five (5) hollow-stem auger geotechnical borings (B-1 to B-5). The geotechnical borings 
were drilled to depths ranging from approximately 26½ to 51½ feet bgs. The locations of our 
borings are shown on the attached Figure 2, Exploration Location Map.  

Prior to commencement of the fieldwork, our proposed exploration locations were cleared for 
known existing utility lines and with the participating utility companies through Underground 
Service Alert (USA). A Kleinfelder representative supervised the field operations and logged the 
borings. Selected bulk and drive samples were retrieved, sealed and transported to Kleinfelder’s 
laboratory in Ontario, California for laboratory testing. Our typical sampling interval for the 
hollow stem auger borings was every 5 feet to full depths explored. The number of blows 
necessary to drive California-type samplers were recorded. A description of the field exploration 
and the logs of the borings, including a Legend to the Log of Borings, are presented in 
Appendix A. 

Task 3 – Laboratory Testing. Laboratory testing was performed on representative samples of 
soil collected from our excavations to substantiate field classifications and to provide 
engineering parameters for geotechnical design. Laboratory testing included moisture 
determination and unit weight, grain size distribution, plasticity testing, direct shear, 
consolidation, modified Proctor, expansion index, collapse potential, and preliminary corrosion 
potential. A summary of the testing performed and the results for this subject site are presented 
in Appendix B. 

Task 4 – Geotechnical Analyses. Field and laboratory data were analyzed in conjunction with 
the proposed site plan presented on Figure 2 and assumed structural loads to develop 
geotechnical recommendations for the design and construction of the proposed development. 
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We evaluated potential foundation systems, lateral earth pressures, settlement, and earthwork 
considerations. Potential geologic hazards, such as ground shaking, liquefaction hazard, 
seismic settlement potential, flood hazard, and fault rupture hazard were also evaluated. 

Task 5 – Report Preparation. This report summarizes the work performed, data acquired, and 
our findings, conclusions, and geotechnical recommendations for the design and construction of 
the proposed development. Recommendations for the following are presented in this report: 

 Earthwork, including site preparation, excavation, site drainage, and the placement of 
engineered fill; 

 Design of suitable foundation systems including allowable capacities, lateral resistance, 
and settlement estimates; 

 Seismic design parameters; 

 Floor slab and slab-on-grade support, including subgrade preparation; 

 Lateral earth pressures for design of retaining walls; 

 Design and construction of asphalt and Portland cement concrete pavements, including 
driveways, fire lanes, and concrete walks; and 

 Preliminary infiltration correlations of the site soils for design of BMPs. 

This report also contains reference maps and graphics, as well as the logs of the borings and 
laboratory test results. 
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2 SITE AND SUBSURFACE CONDITIONS 

2.1 SITE DESCRIPTION 

The site is located at the southeast corner of West Avenue F and 20th Street West in the 
Lancaster area of Los Angeles County, California. The total site area is approximately 238 acres 
and is currently vacant and appears to not have had any previous development. The site is 
generally bounded by similarly vacant and undeveloped land in all directions. Topographic 
survey has not yet been provided to Kleinfelder for the proposed project. However, based on 
our review of Google Earth imagery, the site appears to generally slope from the west towards 
the east, approximately 6 feet. 

2.2 SUBSURFACE CONDITIONS 

Subsurface materials observed during drilling are described below and detailed descriptions of 
subsurface materials are provided in our boring logs presented in Appendix A.  

Alluvium/Native Soils: 

The alluvium/native soils were observed in all of the borings drilled for this investigation and 
generally consisted of clayey to silty sand, poorly graded to well graded sand with varying 
amounts of silt, and lean clays with varying amounts of sand to the total depth explored of 
approximately 51½ feet bgs. In-situ moisture content ranged from 0.8 to 35.3 percent and dry 
unit weight ranged from 86.3 to 123.4 pounds per cubic foot (pcf). Generally, the apparent 
density of the subsurface soils was stiff to hard for fine-grained soils and loose to very dense for 
coarse-grained soils. 

2.3 GROUNDWATER CONDITIONS 

Groundwater was not encountered in our borings to the maximum depth explored of 
approximately 51½ feet bgs during our geotechnical investigation within the 238-acre site. The 
closest wells to the site are approximately 0.17 miles northwest of the site 
(347497N1181674W001) with a ground surface elevation of 2311.8 feet above mean sea level 
(MSL) and approximately 0.18 miles west of the site (347422N1181696W001) with a ground 
surface elevation of 2313.8 feet above mean sea level (MSL). The shallowest depth to 
groundwater last measured was approximately 14 feet bgs on April 27,1951 in the northwest 
well and approximately 13 feet on March 3, 1952 in the west well, (CDWR, 2022). Current depth 
to ground water is estimated to be greater than 50 feet bgs based on borings drilled on site and 
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reported depth to groundwater for monitoring wells located approximately 1.8 miles east of the 
site (Geotracker, 2022). 

Fluctuations of localized zones of perched water and rise in soil moisture content should be 
anticipated during the rainy season. Irrigation of landscaped areas may also lead to an increase 
in soil moisture content and fluctuations of intermittent shallow perched groundwater levels. 
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3 GEOLOGIC CONDITIONS 

3.1 REGIONAL GEOLOGY 

The subject site is located within the western portion of the Mojave Desert geomorphic province 
of California (Norris and Webb, 1990).  

The Mojave Desert is approximately 25,000 square miles of desert situated in southeastern 
California. The area is enclosed on the southwest by the San Andreas fault and the Transverse 
Ranges and on the north and northeast by the Garlock fault, the Tehachapi Mountains and the 
Basin and Range. The Nevada state line and Colorado River form the arbitrary eastern 
boundary. The San Bernardino-Riverside county line designates the southern boundary. 

The region is dominated by broad alluviated basins that are mostly aggrading sources receiving 
nonmarine deposits from the adjacent uplands. The highest general elevations of the Mojave 
Desert approach 4,000 feet above mean sea level (MSL) with most of the valleys between 
2,000 and 4,000 feet MSL. 

3.2 SITE GEOLOGY 

The western approximately 2/3rd of site is underlain by Holocene alluvial fan deposits and the 
eastern approximately 1/3rd is underlain by Holocene alluvium fluvial deposits within the 
Armagosa Creek drainage (CGS, 2010).  

3.3 GEOLOGIC HAZARDS  

We have addressed below the potential geologic hazards for the site. 

3.3.1 Active and Potentially Active Fault Search 

Earthquakes and faulting occur as the tectonic plates, which comprise the Earth’s crust, or 
lithosphere, move relative to one-another. Faults identified by the State as being active are not 
known to be present at the surface within the project limits. No portion of the site is located 
within a State of California-Special Studies Zone, formerly Alquist-Priolo Earthquake Fault Zone 
(Bryant and Hart, 2007). The closest zoned fault to the site is the San Andreas fault zone 
located approximately 10.8 miles southwest of the site (USGS, 1999). Because of the distance 
to known active faults, the lack of surficial evidence of fault breaks expressed in air photos or 
published geologic maps, the risk of surface rupture resulting from faulting is considered low. 
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3.3.2 Flooding 

Surface water flow at the site is generally via sheet flow in a northeasterly direction toward the 
Armagosa creek drainage. 

The western approximately 1/3rd of the site is within a flood hazard zone “X” according to FEMA 
(2008), where the flood hazard is “determined to be outside the 0.2% annual chance floodplain”. 
The eastern approximately 2/3rd of the site is within a flood hazard zone “AO” according to 
FEMA (2008), where the flood hazard is a “Special Flood Hazard Area subject to Inundation by 
the 1% Annual chance Flood”. Flood depths of 1 to 3 feet (usually sheet flow on sloping terrain); 
average depths 1 foot.  

A seiche is a wave or sloshing of a body of water that is at least partially impounded caused by 
strong wind or seismic shaking. The site is not downstream of large bodies of water or tanks 
which potentially could causes flooding and inundate the project site. The risk of seiche damage 
following a seismic event at the site is considered low. 

3.3.3 Landslides 

Landslides and other forms of mass wasting, including mud flows, debris flows, soil slips, and 
rock falls occur as soil or rock moves down slope under the influence of gravity. Landslides are 
frequently triggered by intense rainfall or seismic shaking. The site is not located within a State 
or county designated landslide hazard zone. The site is relatively flat and the risk at the site 
from landslides and other forms of mass wasting is considered very low.  

3.3.4 Liquefaction and Seismic Settlement 

Liquefaction occurs when saturated, loose, coarse-grained or silty soils are subjected to strong 
shaking resulting from earthquake motions. The coarse-grained or silty soils typically lose a 
portion or all of their shear strength and regain strength sometime after the shaking stops. Soil 
movements (both vertical and lateral) have been observed under these conditions due to 
consolidation of the liquefied soils.  

The site is located within a mapped generalized liquefaction potential zone (CGS, 2005). We 
have performed a liquefaction analysis to assess the seismically induced settlement potential. 
The results of our liquefaction analysis are summarized in Section 4.2.2. 
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4 CONCLUSIONS AND RECOMMENDATIONS 

4.1 GENERAL 

Based on the results of our field exploration, laboratory testing and geotechnical analyses 
conducted during this study, it is our professional opinion that the proposed project is 
geotechnically feasible, provided the recommendations presented in this report are incorporated 
into the project design and construction.  

The following preliminary opinions, conclusions, and recommendations are based on the 
properties of the materials encountered in the explorations, the results of our literature review, 
the results of the laboratory testing program, and our engineering analyses performed. Our 
recommendations regarding the geotechnical aspects of the design and construction of the 
project are presented in the following sections. We recommend that the final grading plans be 
reviewed by Kleinfelder prior to the start of construction. 

4.2 SEISMIC DESIGN CONSIDERATIONS 

4.2.1 Seismic Design Parameters 

According to ACSE/SEI 7-16 (2016), which is incorporated into the 2019 and 2022 California 
Building Codes (CBC) by reference, sites subject to liquefaction, as discussed below, should be 
classified as Site Class F, which requires a site response analysis. However, ACSE/SEI 7-16 
states that for a short period (less than ½ second) structure on liquefiable soils, Site Class D or 
E may be used instead of Site Class F to estimate design seismic loading on the structure. The 
selection of Site Class D or E is based on the assessment of the site soil profile assuming no 
liquefaction. We have assumed that the period of the structures will be less than ½ second. The 
assumption that the structures have a period of less than ½ second should be verified by the 
project structural engineer. 

Based on data obtained from our field explorations, published geologic literature and maps, and 
on our interpretation of the 2019/2022 CBC criteria, it is our opinion that the project site may be 
classified as Site Class D, Stiff Soil, according to Section 1613 of the 2019/2022 CBC and Table 
20.3-1 of ASCE/SEI 7-16 (2016). Approximate coordinates for the site are noted below. 

 Latitude: 34.7445°N 

 Longitude: 118.1598°W 
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The Risk-Targeted Maximum Considered Earthquake (MCER) mapped spectral accelerations 
for 0.2 seconds and 1 second periods (Ss and S1) were estimated using Section 1613 of the 
2019/2022 CBC and the OSHPD seismic design maps web-based application (available at 
https://seismicmaps.org/). In accordance with Section 11.4.8 of ASCE 7-16, a site-specific 
ground motion hazard analysis is required for Site Class D sites with an S1 greater than 0.2 g. 
However, a site-specific ground motion hazard analysis is not required if the exceptions in 
Section 11.4.8 of ASCE 7-16 are taken. Under the 2019 CBC, the exception would be if the 
seismic response coefficient (Cs) is determined in accordance with requirements of Chapter 12 
and Exception 2 of Section 11.4.8 of ASCE 7-16. However, under the 2022 CBC, which adopts 
Supplement 3 of the ASCE 7-16, the exception would be if the values of the parameters SM1 and 
SD1 are increased by 50 percent. The assumption that the applicable exception will be used 
should be verified by the project structural engineer during final design based on the governing 
code. Based on the assumption that the applicable exception will be taken in accordance with 
the governing code, the 2019/2022 CBC Seismic Design Parameters (non site-specific) for the 
project site are provided in Table 1. 
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Table 1 
2019/2022 CBC Seismic Design Parameters 

Design Parameter Recommended Value 

Site Class D 

Ss (g) 1.369 

S1 (g) 0.556 

Fa 1.0 

Fv N/A* 

SMS (g) 1.369 

SM1 (g) N/A 

SDS (g) 0.912 

SD1 (g) N/A 

PGAM (g) 0.550 
* N/A = Not Applicable; Section 11.4.8 of ASCE 7-16 requires a site-specific ground motion hazard 
analysis be performed for Site Class D sites with S1 values greater than or equal to 0.2g unless 
exceptions are taken in which the values of SM1 and SD1 are increased by 50 percent. If exceptions 
are taken, then a Fv value of 1.74 may be used in accordance with Table 11.4-2 of ASCE 7-16 
Supplement 1 (per the 2019 CBC) or of Supplement 3 (per the 2022 CBC). 

 

4.2.2 Liquefaction and Seismic Settlement 

To assess the potential for liquefaction of subsurface soils at the site, we used the liquefaction 
analysis procedures outlined in Youd et al. (2001) based on standard penetration test (SPT) 
data. For estimating the resulting ground settlements, we used the methods proposed by 
Tokimatsu and Seed (1987). These methods utilize corrected SPT blow counts to estimate the 
amount of volumetric compaction or settlement during an earthquake.  

Groundwater was not encountered during our current field exploration drilled to a maximum 
explored depth of 51½ feet bgs. Based on our groundwater research discussed in Section 2.3, a 
design groundwater depth of 13 feet was used in our analyses based on the historic high 
groundwater level. The historic high groundwater level may be further investigated since the 
current depth is much lower than the historic high. 

As recommended in Section 1803.5.12 of 2019/2022 CBC, the peak ground acceleration (PGA) 
used in the liquefaction analysis was estimated in accordance with Section 11.8.3 of ASCE  
7-16. A PGAM of 0.55g with an earthquake magnitude of 8.1 was used as the design-level 
seismic event in our liquefaction analysis, which is defined as an earthquake event with  
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2 percent probability of being exceeded in 50 years (return period of about 2,475 years) 
according to the 2019/2022 CBC and ASCE/SEI 7-16. 

We evaluated the liquefaction potential at the site using the SPT data. Based on the SPT data 
and our engineering analyses, it is our opinion that layers of sands and silty sands at depths 
approximately 35 to 50 feet bgs (below the design groundwater depth) may be subject to 
liquefaction in the event of a major earthquake occurring on a nearby fault. Based on our 
analyses, the calculated total liquefaction-induced settlement is on the order of less than 1 inch. 
Differential liquefaction-induced settlement may be estimated as ½ of the total seismically-
induced settlement over a distance of about 30 feet  

4.3 FOUNDATIONS 

4.3.1 General 

Based on the results of our field exploration, laboratory testing, and geotechnical analyses, the 
proposed improvements may be supported on conventional shallow foundations on a zone of 
compacted fill provided the settlement estimates (both static and seismic) are tolerable. We 
have assumed that the proposed structures will be able to tolerate the estimated seismic 
settlement (i.e., it will not collapse creating a life safety issue). However, this assumption should 
be verified by the project structural engineer. It should be noted that the design intent of the 
2019/2022 California Building Code (CBC) during a design-level seismic event is life safety, not 
serviceability of the structure after an earthquake. 

4.3.2 Allowable Bearing Pressure 

Footings supported on at least 3 feet of compacted fill may be designed for a net allowable 
bearing pressure of 2,500 psf for dead plus sustained live loads. A one-third increase in the 
bearing value can be used for wind or seismic loads. All footings should be established at a 
depth of at least 24 inches below the lowest adjacent grade. The footing dimension and 
reinforcement should be designed by the structural engineer; however, continuous and isolated 
spread footings should have minimum widths of 18 and 24 inches, respectively.  

4.3.3 Estimated Settlements 

Total static settlement for foundations designed in accordance with the recommendations 
presented herein is estimated to be less than 1 inch. Differential static settlement between 
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similarly loaded columns is estimated to be less than ½ inch over 40 to 70 feet. Note that this 
settlement is in addition to the estimated settlement due to seismic shaking.  

4.3.4 Lateral Resistance 

Resistance to lateral loads (including those due to wind or seismic forces) may be provided by 
frictional resistance between the bottom of concrete foundations and the underlying soils and by 
passive soil pressure against the sides of the foundations. A coefficient of friction of 0.3 may be 
used between cast-in-place concrete foundations and the underlying soil. The passive pressure 
available for engineered fill may be taken as equivalent to the pressure developed by a fluid with 
a unit weight of 300 pounds per cubic foot (pcf). A one-third increase in the passive resistance 
may be used for resistance to transient loads such as wind and seismic. The upper one foot of 
soil should be neglected when calculating passive resistance. 

The lateral resistance parameters provided above are ultimate values. Therefore, a suitable 
factor of safety should be applied to these values for design purposes. The appropriate factor of 
safety will depend on the design condition and should be determined by the project Structural 
Engineer. Depending on the application, typical factors of safety could range from 1.5 to 2.0. 

4.4 EARTHWORK 

4.4.1 General 

Recommendations for site preparation are presented below. All site preparation and earthwork 
operations should be performed in accordance with applicable codes, safety regulations and 
other local, state or federal specifications. All references to maximum unit weights are 
established in accordance with the latest version of ASTM Standard Test Method D1557. 

Grading operations during the wet season or in areas where the soils are saturated may require 
provisions for drying of soils prior to compaction. If the project necessitates fill placement and 
compaction in wet conditions, we can provide suggested alternative recommendations for drying 
the soil. Conversely, additional moisture may be required during the dry months. A sufficient 
water source should be available to provide adequate water during compaction. During dry 
months, moisture conditioning of the subgrade soils may be required if left exposed for greater 
than a few days. 
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4.4.2 Site Preparation 

Prior to general site grading, existing vegetation, debris, and oversized materials (greater than  
6 inches in maximum dimension) should be stripped and disposed outside the construction 
limits. We estimate the depth of stripping to be approximately 6 inches over most portions of the 
site. Deeper stripping or grubbing may be required where higher concentrations of vegetation 
are encountered during site grading. Stripped topsoil (less any debris) may be stockpiled and 
reused for landscaping purposes; however, this material should be evaluated for suitability if it is 
desired to use this material for engineered fill below structures.  

All oversize and organic debris, including any produced by demolition operations, (wood, steel, 
piping, plastics, etc.), should be separated and disposed offsite. The material generated during 
demolition of the existing roadways and concrete structures may be reused onsite. If reused, the 
particles should be crushed to a maximum particle size of 6 inches and spread across the site to 
prevent nesting. 

Existing utility pipelines (if encountered) which extend beyond the limits of the proposed 
construction and are to be abandoned in place should be plugged with cement grout to prevent 
migration of soil and/or water. Demolition, disposal, and grading operations should be observed 
and tested by a representative from our office. 

4.4.3 Overexcavation 

Recommendations for overexcavation of the proposed building pads (building foundations and 
floor slabs) and parking lots (pavements) are presented below. All site preparation and 
earthwork operations should be performed in accordance with applicable codes, safety 
regulations and other local, state, or federal specifications. All references to maximum unit 
weights are established in accordance with the latest version of ASTM Standard Test Method 
D1557. 

Excavations within a 1:1 (horizontal: vertical) plane extending downward from a horizontal 
distance of 2 feet beyond the bottom outer edge of existing improvements (e.g. building 
foundations) or property lines should not be attempted without bracing and/or underpinning. All 
applicable excavation safety requirement and regulations, including OSHA requirements should 
be met.  
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4.4.3.1 Structural Areas 

In order to provide uniform support for the proposed spread foundations and slab-on-grade 
floors, we recommend the site soils be overexcavated and replaced as engineered fill to a 
minimum depth of 3 feet from existing grade and at least 3 feet below the bottom of footings, 
whichever is greater. Building pads located in cut/fill transition areas should be overexcavated a 
minimum of 3 feet below the proposed bottom of footings/slabs. Although not encountered in 
our borings, any existing undocumented artificial fill soils should be removed until native 
alluvium is exposed. The overexcavation should extend horizontally at least 5 feet beyond the 
edges of foundations and a distance equivalent to the thickness of anticipated fill below the 
footing, whichever is greater. Depending on the observed condition of the existing soil and 
engineered fill, deeper overexcavation may be required in some areas. The Geotechnical 
Engineer of Record should be notified for supplemental recommendations if the minimum 
relative compaction of the soil is not achieved. 

4.4.3.2 Non-structural Areas  

Within the non-structural areas, such as truck aprons, pavements, sidewalks, other flatwork, 
etc., we recommend that these items be underlain by at least 24 inches of engineered fill. The 
overexcavation should extend beyond the proposed improvements a horizontal distance of at 
least two feet. 

4.4.3.3 Additional Overexcavation Considerations  

After site preparation and overexcavation, and prior to scarification or placement of compacted 
fills, the excavation bottom should be observed, evaluated, and approved by Kleinfelder. 
Additional removals may be needed if significant porosity or other adverse conditions are 
observed. The subgrade should then be scarified to a depth of approximately 12 inches, 
moisture conditioned to at least optimum moisture content; and recompacted. After compaction, 
the subgrade should be proof rolled using equipment with sufficient weight to evaluate surface 
deflection. Proof rolling should be performed to verify that the subgrade soils are firm and 
unyielding at the depth of the recommended overexcavation presented above. 

4.4.4 Engineered Fill 

We anticipate that most of the on-site soils may be reusable as engineered fill once any debris and 
oversized materials greater than 4 inches in diameter have been removed, and after any vegetation 
and organic debris is cleared. Engineered fill should contain less than 2 percent organic content and 
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maximum material size should be less than 4 inches in maximum dimension. Disturbed/tilled soil, 
less vegetation, may be used in landscape areas, exported, or placed in a controlled manner and 
blended with the onsite soils, provided that the resulting engineered fill contains less than 2 percent 
organic content. 

Fill should be placed in lifts no greater than 8 inches thick, loose measurement, and should be 
compacted to at least 90 percent of the maximum dry density. The moisture content of the  
on-site soils should be at or above the optimum moisture at the time of compaction. 

Engineered fill placed below pavement should be compacted to at least 90 percent of the 
maximum dry density obtained by the ASTM D1557 method of compaction, with the upper  
12 inches below pavements compacted to at least 95 percent relative compaction. 

Although not anticipated, any imported fill materials to be used for engineered fill should be 
sampled and tested for approval by the geotechnical engineer prior to being transported to the 
site. The expansion index of an imported soil should be less than 20. In general, well-graded 
mixtures of gravel, sand and non-plastic silt are acceptable for use as import fill. A minimum 
notice of 3 working days will be required to allow for qualification testing prior to compaction of 
imported materials. 

4.4.5 Temporary Excavations 

All excavations must comply with applicable local, state, and federal safety regulations including 
the current OSHA Excavation and Trench Safety Standards. Construction site safety generally 
is the sole responsibility of the Contractor, who shall also be solely responsible for the means, 
methods, and sequencing of construction operations. We are providing the information below 
solely as a service to our client. Under no circumstances should the information provided be 
interpreted to mean that Kleinfelder is assuming responsibility for construction site safety or the 
Contractor's activities; such responsibility is not being implied and should not be inferred. 

Excavations within a 1:1 plane extending downward from a horizontal distance of 2 feet beyond 
the bottom outer edge of existing improvements (e.g. building foundations) should not be 
attempted without bracing and/or underpinning the improvements. The geotechnical engineer or 
their field representative should observe the excavations so that modifications can be made to 
the excavations, as necessary, based on variations in the encountered soil conditions. All 
applicable excavation safety requirements and regulations, including OSHA requirements, 
should be met. 
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Near-surface soils encountered during our field investigation consisted predominantly of sandy 
silt, silty sand and sands with varying amounts of gravel and cobble. In our opinion, these soils 
would be considered a Type 'C' soil with regard to the OSHA regulations. For this soil type, 
OSHA requires a maximum slope inclination of 1.5:1 (horizontal to vertical) or flatter for 
excavations 20 feet or less in depth. Temporary, shallow excavations with vertical side slopes 
less than 4 feet high should generally be stable, although sloughing may be encountered. 
Vertical excavations greater than 4 feet high should not be attempted without appropriate 
shoring to prevent local instability. All trench excavations should be braced and shored in 
accordance with good construction practice and all applicable safety ordinances and codes. The 
contractor should be responsible for the structural design and safety of the temporary shoring 
system, and we recommend that this design be submitted to Kleinfelder for review to check that 
our recommendations have been incorporated. 

Stockpiled (excavated) materials should be placed no closer to the edge of an excavation than a 
distance equal to the depth of the excavation, but no closer than 4 feet. All trench excavations 
should be made in accordance with OSHA requirements. 

4.4.6 Excavation Conditions 

The borings were advanced using a truck-mounted or track-mounted hollow-stem auger drill rig. 
Drilling excavations were completed with easy to moderate effort through the existing site soils. 
Conventional earth moving equipment should be capable of performing the soil excavations. 

4.4.7 Pipe Bedding and Trench Backfill 

Pipe bedding and pipe zone material should consist of sand or similar granular material having 
a minimum sand equivalent value of 30. Onsite soils may be suitable, but should be tested and 
approved by the engineer of record prior to use. The sand should be placed in a zone that 
extends a minimum of 6 inches below and 6 inches above the pipe for the full trench width. The 
bedding material should be compacted to a minimum of 90 percent of the maximum dry density 
or to the satisfaction of the geotechnical engineer's representative observing the compaction of 
the bedding material. Bedding material should consist of sand, gravel, crushed aggregate, or 
native free-draining granular material with a maximum particle size of ¾ inch. Bedding materials 
should also conform to the pipe manufacturer's specifications, if available. Trench backfill above 
bedding and pipe zone materials may consist of approved, on-site or import soils placed in lifts 
no greater than 8 inches loose thickness and compacted to 90 percent of the maximum dry 
density based on ASTM Test Method D1557. Jetting of backfill is not recommended. The on-site 
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soils are suitable for backfill of utility trenches from one foot above the top of the pipe to the 
surface provided the material is free of organic and deleterious substances. 

4.5 CONCRETE SLABS SUPPORTED ON GRADE 

4.5.1 General  

Slab-on-grade floors should be underlain by engineered fill as discussed in the Earthwork 
Section of this report. We anticipate that the planned floor slabs will have a minimum thickness 
of 6 inches, will be unreinforced and dowelled at panel edges. Minimum reinforcement for floor 
slabs, if required, should be determined by the structural engineer. The structural engineer 
should design the slabs for any specific loading conditions. A modulus of subgrade reaction of  
100 pounds per cubic inch may be used for design. The moisture content of the upper 18 inches 
of engineered fill should be at the recommended range for fill compaction at the time the floor 
slab is constructed. Precautions should be taken so as not to allow the upper engineered fill 
below the slab to dry out below the recommended moisture range between completion of the 
building pad and construction of the floor slab. Total static settlement for foundations designed 
in accordance with the recommendations presented herein, with an anticipated maximum load 
of 500 psf, is estimated to be less than a 1 inch. 

Construction activities and exposure to the environment can cause deterioration of the prepared 
subgrade. We recommend that a Kleinfelder representative inspect the final subgrade 
conditions prior to placement of the concrete, and if necessary, perform additional moisture and 
density testing to determine the subgrade suitability. A low slump concrete should be used to 
reduce possible curling of the slab.  

4.5.2 Exterior Flatwork  

Where exterior flatwork, such as sidewalks, are to be constructed, the subgrade should be 
scarified to a depth of 8 inches and moisture conditioned to a moisture content above the 
optimum moisture content, and recompacted as recommended in the Earthwork Section of this 
report. Exterior, structurally loaded flatwork, such as truck docks or trash enclosures should 
adhere to the recommendations for rigid pavement presented in this report. 

4.5.3 Vapor Retarder 

Subsurface moisture and moisture vapor naturally migrate upward through the soil and, where 
the soil is covered by a building or pavement, this subsurface moisture will collect. To reduce 
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the impact of this subsurface moisture and the potential impact of future introduced moisture 
(such as landscape irrigation or precipitation) on moisture sensitive flooring, the current industry 
standard is to place a vapor retarder on a compacted crushed rock layer and/or sand layers,  
1 to 2 inches in thickness, placed above and below the vapor retarder. The crushed rock layer 
and/or sand layer may be omitted in accordance with the vapor barrier manufacturer’s 
installation recommendations. 

The necessity and placement of a vapor retarder should be evaluated by the structural engineer 
and/or flooring consultant. It should be noted that although vapor barrier systems are currently 
the industry standard, this system might not be completely effective in preventing floor slab 
moisture problems. These systems typically will not necessarily assure that floor slab moisture 
transmission rates will meet floor covering manufacturer standards and that indoor humidity 
levels be appropriate to inhibit mold growth. The design and construction of such systems are 
totally dependent on the proposed use and design of the proposed building and all elements of 
building design and function should be considered in the slab-on-grade floor design. Building 
design and construction may have a greater role in perceived moisture problems since sealed 
buildings/rooms or inadequate ventilation may produce excessive moisture in a building and 
affect indoor air quality. 

4.5.4 Concrete Curing and Flooring 

Various factors such as surface grades, adjacent planters, the quality of slab concrete and the 
permeability of the on-site soils affect slab moisture and can control future performance. In 
many cases, floor moisture problems are the result of either improper curing of floor slabs or 
improper application of flooring adhesives. We recommend contacting a flooring consultant 
experienced in the area of concrete slab-on-grade floors for specific recommendations 
regarding your proposed flooring applications. Special precautions must be taken during the 
placement and curing of all concrete slabs. Excessive slump (high water-cement ratio) of the 
concrete and/or improper curing procedures used during either hot or cold weather conditions 
could lead to excessive shrinkage, cracking or curling of the slabs. High water-cement ratio 
and/or improper curing also greatly increase the water vapor permeability of concrete. We 
recommend that all concrete placement and curing operations be performed in accordance with 
the American Concrete Institute (ACI) Manual. 

It is emphasized that we are not floor moisture-proofing experts. We make no guarantee, nor 
provide any assurance that use of the capillary break/vapor retarder system will reduce concrete 
slab-on-grade floor moisture penetration to any specific rate or level, particularly those required 
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by floor covering manufacturers. The builder and designers should consider all available 
measures for slab moisture protection. 

4.6 RETAINING WALLS  

We have provided preliminary cantilever retaining wall recommendations below. Further 
evaluation will be needed once wall types, locations and heights are selected. 

4.6.1 General  

Design earth pressures for retaining walls depend primarily on the allowable wall movement, 
wall inclination, type of backfill materials, backfill slopes, surcharges, and drainage. The earth 
pressures provided assume that that a non-expansive granular backfill will be used and a 
drainage system will be installed behind the walls, so that external water pressure will not 
develop. If a drainage system will not be installed, the wall should be designed to resist 
hydrostatic pressure in addition to the earth pressure as well as reinforcement that should be 
protected from rust or other corrosion-inducing effects of moisture. Determination of whether the 
active or at-rest condition is appropriate for design will depend on the flexibility of the walls. 
Walls that are free to rotate at least 0.002 radians (deflection at the top of the wall of at least 
0.002 x H, where H is the unbalanced wall height) may be designed for the active condition. 
Walls that are not capable of this movement should be assumed rigid and designed for the at-
rest condition. The recommended active and at-rest earth pressure values are provided in 
Table 2, Earth Pressures for Retaining Walls. 
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Table 2 
Earth Pressures for Retaining Walls 

(Non-Expansive Backfill) 

Wall Movement Backfill Condition 
Equivalent Fluid 

Pressure  
(pcf) 

Seismic Increment * 
(pcf) 

Free to Deflect  
(active condition) 

Level 
45 16 

Restrained  
(at-rest condition) 65 N/A ** 

Note: * Walls supporting more than 6 feet of backfill should be designed to support an incremental seismic lateral 
pressure, which is applied as a triangular pressure distribution with a maximum pressure at the bottom of the 
wall, not inverted. 

** for restrained wall, use the static active earth pressure and seismic increment to check the seismic 
condition; use at-rest earth pressure only to check the static condition; the larger loading of both cases 
should be used for the design of restrained wall. 

In addition to the above lateral pressure, undrained walls will have to be designed for full 
hydrostatic pressure. The above lateral earth pressures do not include the effects of surcharges 
(e.g., traffic, footings), compaction, or truck-induced wall pressures. Any surcharge (live, 
including traffic, or dead load) located within a 1:1 plane drawn upward from the base of the 
excavation should be added to the lateral earth pressures. The lateral contribution of a uniform 
surcharge load located immediately behind walls may be calculated by multiplying the 
surcharge by 0.36 for cantilevered walls and 0.53 for restrained walls. Walls adjacent to areas 
subject to vehicular traffic should be designed for a 2-foot equivalent soil surcharge (250 psf). 
Lateral load contributions from other surcharges located behind walls may be provided once the 
load configurations and layouts are known. 

4.6.2 Backfill Compaction 

Care must be taken during the compaction operation not to overstress the wall. Wall backfill 
should be compacted to a least 90 percent relative compaction; however, heavy construction 
equipment should be maintained a distance of at least 3 feet away from the walls while the 
backfill soils are being placed. Kleinfelder should be contacted when development plans are 
finalized for review of wall and backfill conditions on a case-by-case basis. 

4.6.3 Drainage 

Walls should be properly drained or designed to resist hydrostatic pressures. Adequate 
drainage is essential to provide a free-draining backfill condition and to limit hydrostatic buildup 
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behind the wall. Walls should also be appropriately waterproofed and include weep holes for 
drainage. In lieu of weep holes, a 4-inch diameter perforated PVC pipe, placed perforations 
down leading to a suitable gravity outlet, should be installed at the base of the walls. Another 
drainage alternative could be a manufactured prefabricated drainage composite panel such as 
Miradrain G100N or equivalent at regular intervals along the wall. 

4.7 DRAINAGE AND LANDSCAPING 

It is important that positive surface drainage be provided to prevent ponding and/or saturation of 
the soils in the vicinity of foundations, concrete slabs-on-grade, or pavements. We recommend 
that the site be graded to carry surface water away from the improvements and that positive 
measures be implemented to carry away roof runoff. Poor perimeter or surface drainage could 
allow migration of water beneath the building or pavement areas, which may result in distress to 
project improvements. If planted areas adjacent to structures are desired, we suggest that care 
be taken not to over irrigate and to maintain a leak-free sprinkler piping system. In addition, it is 
recommended that planter areas next to buildings have a minimum of 5 percent positive fall 
away from building perimeters to a distance of at least 5 feet. Drain spouts should be extended 
to discharge a minimum of 5 feet from the building, or some other method should be utilized to 
prevent water from accumulating in planters. Landscaping after construction should not promote 
ponding of water adjacent to structures. 

4.8 EXPANSION POTENTIAL 

Expansive soils are characterized by their ability to undergo significant volume changes (shrink 
or swell) due to variations in moisture content. Changes in soil moisture content can result from 
precipitation, landscape irrigation, utility leakage, roof drainage, perched groundwater, drought, 
or other factors and may result in unacceptable settlement or heave of structures or concrete 
slabs supported on grade. Expansion index testing of surficial soils resulted in a value of 5, 
which indicates a very low expansion potential. 

4.9 HYDRO-COLLAPSE POTENTIAL 

Hydro-collapsible soils are characterized by their ability to undergo significant shrinkage 
(collapse) during inundation. Inundation in soils can result from precipitation, landscape 
irrigation, utility leakage, roof drainage, perched groundwater, drought, or other factors, and may 
result in unacceptable settlement of structures or concrete slabs supported on grade. Based on 
the results of laboratory testing, the collapse potential of the surficial soils is approximately  
1.3 percent collapse under inundation. Collapse potential less than 2 percent is considered low. 
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4.10 PRELIMINARY SOIL CORROSIVITY 

The soil corrosivity potential of the on-site materials to steel and buried concrete was 
preliminarily evaluated using a sample collected during our investigation. Testing was performed 
in general accordance with California Test Methods 643, 417, and 422 for pH and resistivity, 
soluble chlorides, and soluble sulfates, respectively. The test results are presented in Table 3, 
Preliminary Corrosivity Test Results. 

Table 3 
Preliminary Corrosivity Test Results 

Boring Depth 
(ft) pH Sulfate  

(ppm) 
Chloride 

(ppm) 
Resistivity 
(ohm-cm) 

B-3 0 – 5 8.2 2,468 3,872 118 

 

These tests are only an indicator of soil corrosivity for the samples tested. Other soils found on 
site may be more, less, or of a similar corrosive nature. Imported fill materials should be tested 
to confirm that their corrosion potential is not more severe than those noted. 

Resistivity values below 1,000 ohm-cm are considered extremely corrosive to buried ferrous 
metals (Roberge, 2006).  

The concentrations of soluble sulfates indicate that the subsurface soils represent a Class S2 
exposure to sulfate attack on concrete in contact with the soil based on ACI 318-14 Table 
19.3.1.1 (ACI, 2014). Therefore, in accordance with ACI Building Code 318-14, a concrete mix 
of Type V cement with a minimum compressive strength of 4,500 psi and maximum water-
cement ratio of 0.45 are specified for these sulfate concentrations.  

Kleinfelder’s scope of services does not include corrosion engineering and, therefore, a detailed 
analysis of the corrosion test results is not included. A qualified corrosion engineer should be 
retained to review the test results for further evaluation and design protective systems, if 
considered necessary. 

4.11 PAVEMENT SECTIONS 

4.11.1 Asphalt-Concrete Pavement Sections 

The required pavement structural sections will depend on the expected wheel loads, volume of 
traffic, and subgrade soils. The Traffic Indexes (TI’s) assumed should be reviewed by the 
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project Owner, Architect, and/or Civil Engineer to evaluate their suitability for this project. 
Changes in the TI's will affect the corresponding pavement section. The pavement subgrade 
should be prepared just prior to placement of the base course. Positive drainage of the paved 
areas should be provided since moisture infiltration into the subgrade may decrease the life of 
pavements. Table 4, Preliminary Asphalt Concrete Pavement Sections, presents our 
recommendations of asphalt concrete pavement sections. 

Table 4 
Preliminary Asphalt Concrete Pavement Sections 

(Assumed Design R-value = 40) 

Traffic Use 
Assumed  

Traffic Index  
(TI) 

Asphalt 
Concrete 
(inches) 

Class 2 
Aggregate Base 

(inches) 

General Parking Traffic 5 3.0 4.0 

Heavy Truck Access Ways 7 4.0 7.0 

Based on the size of the project area and the variation of near surface soil type, an assumed 
design R-Value of 40 was selected for pavement design. Additional R-Value testing and 
analysis should be performed to evaluate the site further during the final geotechnical design. 
Since the characteristics of the near-surface soils can change as a result of grading, we 
recommend that the subgrade soils be tested for pavement support characteristics, to confirm 
the parameters used in design and allow for a possible reduction in structural section thickness. 
Pavement sections provided above are contingent on the following recommendations being 
implemented during construction. 

 The pavement sections recommended above should be placed on at least  
18 inches of engineered fill compacted to at least 90 percent of maximum dry density 
with the upper 12 inches below pavements compacted to at least 95 percent relative 
compaction. The overexcavation of the pavement areas should be conducted as 
recommended in the earthwork section of this report. Prior to fill placement, the exposed 
subgrade should be scarified to a depth of 8 inches, uniformly moisture conditioned to 
the moisture content of granular soils (sands, silty sands and gravels) should be near the 
optimum moisture content at the time of compaction. 

 Subgrade soils should be in a stable, non-pumping condition at the time aggregate base 
materials are placed and compacted. 
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 Aggregate base materials should be compacted to at least 95 percent relative 
compaction. 

 Adequate drainage (both surface and subsurface) should be provided such that the 
subgrade soils and aggregate base materials are not allowed to become wet. 

 Aggregate base materials should meet current Caltrans specifications for Class 2 
aggregate base rock, or crushed miscellaneous base as specified in the "Standard 
Specifications for Public Work Construction" ("Greenbook"). 

 The asphalt pavement should be placed in accordance with “Green Book” specifications 
or the County of Los Angeles requirements, as appropriate. We recommend that the 
asphalt pavement be placed in a single layer of ½-inch aggregate mix for pavements  
4 inches thick or less. If the pavement section is over 4 inches thick, then the asphalt 
should be placed in at least two layers of mix. The first layer should consist of a base or 
coarse layer (3/4-inch mix). The second layer (i.e., top layer) should consist of a medium 
or fine layer of ½-inch mix. 

 Based on our analyses and our experience with similar projects, it is our professional 
opinion that the as-built asphalt pavement sections should have a tolerance of +/- ¼-inch 
in order to remain valid for satisfying the intent of the recommendations presented 
herein. Typically, the loose thickness should be ¼ inch per inch greater than the required 
compacted thickness. In addition to loose measurements prior to compaction, this is 
typically evaluated by averaging the thickness of several cores in a specific area. 
Individual measurements (loose thickness or core dimension) should be within at least 
¾-inch of the design thickness. 

 All concrete curbs separating pavement and landscaped areas should extend into the 
subgrade and below the bottom of adjacent, aggregate base materials. 

Pavement sections provided above are based on the soil conditions encountered during our 
field investigation, our assumptions regarding final site grades, and limited laboratory testing. 
Since the actual pavement subgrade materials exposed during grading may be significantly 
different than those tested for this study, we recommend that representative subgrade samples 
be obtained and additional R-value tests performed. Should the results of these tests indicate a 
significant difference, the design pavement section(s) provided above may need to be revised. 
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4.11.2 Portland Cement Concrete Pavement 

Concrete pavements may be desirable in loading dock and trash collection areas. The concrete 
pavement should have a minimum 28-day compressive strength of 3,000 psi. Control joints 
should be spaced approximately every 10 feet. The concrete pavement section should be 
placed on at least 18 inches of engineered fill compacted to at least 90 percent of the maximum 
dry density. Prior to fill placement, the exposed subgrade should be scarified to a depth of  
8 inches, uniformly moisture conditioned to the moisture content range recommended in 
Section 4.4 of this report. Table 5, Preliminary Recommended PCC Pavement Sections, 
presents our recommendations of Portland Cement Concrete pavement sections. 

Table 5 
Preliminary Recommended PCC Pavement Sections 

Assumed 
Traffic Index 

(TI) 

Concrete Thickness (inches; 
using a 28-day compressive 

strength of 3,000 psi) 

Concrete Thickness (inches; 
using a 28-day compressive 

strength of 4,000 psi) 

5 7.0 6.5 

7 7.5 7.0 

As an alternative to placing PCC pavements directly over 18 inches of engineered fill,  
6 inches of aggregate base material may be added between the PCC and engineered fill to 
provide additional load distribution, drainage, and an option to reduce the thickness of the 
recommended PCC. If 6 inches of aggregate base material (compacted to 95% relative 
compaction) is used between the recommended 18 inches of engineered fill and PCC 
pavement, the recommended PCC thickness may be reduced by ½ inch. Aggregate base 
materials should meet current Caltrans specifications for Class 2 aggregate base, or crushed 
miscellaneous base as specified in the "Standard Specifications for Public Work Construction" 
("Greenbook"). 

4.12 STORMWATER MANAGEMENT 

We have preliminarily assessed the potential for storm water infiltration into the subgrade soils 
at the subject project site based on visual soil classification and laboratory testing of the soil 
samples collected during the field exploration. The onsite near-surface soils consist primarily of 
medium dense to dense clayey to silty sands. Based on these conditions, we anticipate a 
generally low infiltration capacity of the near-surface soils, and we preliminarily recommend 
alternatives to infiltration Best Management Practices (BMPs), such as bio-filtration/bio-retention 
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systems (bio-swales and planter boxes), be implemented at the project site at these elevations. 
However, sand and sand with silt were observed in the upper 15 feet in limited layers in Borings 
B-1, B-2, and B-5. In-situ infiltration testing should be performed to confirm this preliminary 
assessment and determine design infiltration rates at the BMP design depth at specific locations 
at the site. 

If bio-filtration/bio-retention systems are employed, we recommend that the BMPs be built such 
that water exiting from them will not seep into the foundation areas or beneath slabs and 
pavement. If planters are located within 10 feet of structures or foundations, or adjacent to slabs 
and pavements, then some means of diverting water away from the structures, foundation soils, 
or soils that support slabs and pavements would be required, such as lining the planters. 
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5 ADDITIONAL SERVICES 

5.1 DESIGN LEVEL INVESTIGATION 

This report presents preliminary geotechnical recommendations to develop a conceptual design 
and provide planning-level cost estimating. This study is not intended to be a design-level 
geotechnical study, and additional field and laboratory testing will be required in order to provide 
detailed geotechnical recommendations. 

The preliminary recommendations provided in this report are based on our understanding of the 
described project information and on our interpretation of the data. We have made our 
recommendations based on experience with similar subsurface conditions under similar loading 
conditions. The recommendations apply to the specific project discussed in this report; 
therefore, any change in the structure configuration, loads, location, or the site grades should be 
provided to us so that we can review our conclusions and recommendations and make any 
necessary modifications. 
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6 LIMITATIONS 

This report has been prepared for the exclusive use of NorthPoint Development, and its 
consultants and contractors for specific application to the proposed improvements for the 
proposed project. The findings, conclusions and recommendations presented in this report were 
prepared in a manner consistent with the standards of care and skill ordinarily exercised by 
members of our profession practicing under similar conditions in the geographic vicinity and at 
the time the services will be performed. No warranty or guarantee, express or implied, is made. 
Our field exploration program for the geotechnical study of this project was based on the 
approximate building locations provided to us by the client. 

The client has the responsibility to see that all parties to the project, including the designer, 
contractor, subcontractors, etc., are made aware of this report in its entirety. This report 
contains information that may be useful in the preparation of contract specifications. However, 
this report is not designed as a specification document and may not contain sufficient 
information for this use without proper modification. 

This report may be used only by the client and only for the purposes stated, within a reasonable 
time from its issuance, but in no event later than one year from the date of the report. Land use, 
site conditions (both on site and off site) or other factors may change over time, and additional 
work may be required with the passage of time. Any party, other than the client who wishes to 
use this report shall notify Kleinfelder of such intended use. Based on the intended use of this 
report and the nature of the new project, Kleinfelder may require that additional work be 
performed and that an updated report be issued. Non-compliance with any of these 
requirements by the client or anyone else will release Kleinfelder from any liability resulting from 
the use of this report by any unauthorized party and the client agrees to defend, indemnify, and 
hold harmless Kleinfelder from any claims or liability associated with such unauthorized use or 
non-compliance. 

The scope of our geotechnical services did not include any environmental site assessment for 
the presence or absence of hazardous/toxic materials, including methane or other landfill 
related gases. Kleinfelder will assume no responsibility or liability whatsoever for any claim, 
damage, or injury which results from pre-existing hazardous materials being encountered or 
present on the project site, or from the discovery of such hazardous materials. 



 

20230661.001A/RIV22R141902 Page 29 of 30 March 6, 2023 
Copyright 2023 Kleinfelder  www.kleinfelder.com 

7 REFERENCES 

American Concrete Institute (ACI), 2014, Building Code Requirements for Structural Concrete 
(ACI 318-14) and Commentary (ACI 318R-14). 

American Society of Civil Engineers (ASCE), 2016, Minimum Design Load for Buildings and 
Other Structures (ASCE/SEI 7-16) with ASCE Supplement 1, 2018 and Supplement 3, 
2021. 

California Department of Water Resources (CDWR), 2022, Water Data Library (WDL) Station 
Map, online California map of groundwater data, accessed June 13, 2022. 

California Geological Survey (CGS), 2010, Geologic Map of the Lancaster West 7.5’ 
Quadrangle, Los Angeles County, California: A Digital Database, Version 1.0 by Janis L. 
Hernandez, scale 1:24,000. 

California Geological Survey (CGS), 2005, Seismic Hazard Zones, Earthquake Zones of 
Required Investigation, Lancaster West Quadrangle, map dated February 11, 2005. 

Federal Emergency Management Agency (FEMA), 2008, FIRM, Flood Insurance Rate Map, Los 
Angeles County, California, and Incorporated Areas, Panel 410 of 2350, Map Number 
06037C0410F, Effective Date September 26, 2008. 

Geotracker, 2022, Lancaster Landfill (T0603700262), letter prepared by SCS, dated February 
4,2009, site accessed on June 13, 2022. 

International Code Council, Inc., 2019, California Building Code. 

International Code Council, Inc., 2022, California Building Code. 

Norris, R.M., Webb, R.W., 1990, Geology of California, second ed., John Wiley and Sons.  

Portland Cement Association. Portland Cement Concrete Pavement Design for Light, Medium & 
Heavy Traffic. Third Printing Dated 1981. 

Roberge, P., 2006, Corrosion Basics, 2nd ed. 

Tokimatsu, K., and Seed, H. B., 1987, Evaluation of settlements in sands due to earthquake 
shaking, J. Geotechnical Eng., ASCE 113(GT8), 861–78. 



 

20230661.001A/RIV22R141902 Page 30 of 30 March 6, 2023 
Copyright 2023 Kleinfelder  www.kleinfelder.com 

Youd, T.L., et al. 2001, “Liquefaction Resistance of Soils: Summary Report from the 1996 
NCEER and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of 
Soils,” Journal of Geotechnical and Geoenvironmental Engineering, October 2001, pp 
817-833. 

 



 

20230661.001A/RIV22R141902  March 6, 2023 
Copyright 2023 Kleinfelder  www.kleinfelder.com 

 
 

FIGURES 



The information included on this graphic representation has been compiled from a
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representations or warranties, express or implied, as to accuracy, completeness,
timeliness, or rights to the use of such information. This document is not intended for
use as a land survey product nor is it designed or intended as a construction design
document. The use or misuse of the information contained on this graphic
representation is at the sole risk of the party using or misusing the information.
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APPENDIX A 
FIELD EXPLORATIONS 

The subsurface conditions at the site were explored by drilling and logging five (5)  
hollow-stem auger borings. Due to soft soil at the surface of the site, the hollow stem auger 
borings were drilled using either a truck-mounted or track-mounted drill rig. The hollow stem 
auger drill rigs were provided by 2R Drilling of Chino, California. The hollow stem auger drill rigs 
mentioned above were equipped with an automatic hammer system to drive the samplers. The 
locations of our borings are shown on Figure 2.  

The logs of borings are presented as Figures A-3 through A-7. An explanation to the logs is 
presented on Figures A-1 and A-2. The Logs of Borings describe the earth materials 
encountered, samples obtained, and show field and laboratory tests performed. The logs also 
show the boring number, excavation date and the name of the logger and excavation 
subcontractor. A Kleinfelder geologist logged the borings utilizing the Unified Soil Classification 
System (USCS). The boundaries between soil types shown on the logs are approximate 
because the transition between different soil layers may be gradual. Bulk and drive samples of 
representative earth materials were obtained from the borings at maximum intervals of about 5 
feet. 

A California-type sampler was used to obtain relatively undisturbed drive samples of the soil 
encountered. This sampler consists of a 3-inch O.D., 2.4 inch I.D. split barrel shaft that is driven 
a total of 18 inches into the soil at the bottom of the boring. The soil was retained in six 1-inch 
brass rings for laboratory testing. The sampler was driven using a 140-pound hammer falling  
30 inches. The total number of hammer blows required to drive the sampler the final 12 inches 
is termed the blow count and is recorded on the Logs of Borings. Where the sample was driven 
less than 12 inches, the number of blows to drive the sample for each 6-inch segment, or 
portion thereof, is shown on the logs. For example, 50/4" indicates 50 blows to drive the sampler 
4 inches to refusal. 

Bulk samples of the sub-surface soils were retrieved directly from the soil cuttings and placed in 
large plastic bags.  
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APPENDIX B 
LABORATORY TESTING 

Laboratory tests were performed on drive and bulk soil samples to estimate engineering 
characteristics of the various earth materials encountered. The laboratory testing was performed 
by our laboratory located in Ontario, California or by AP Engineering & Testing, Inc. of Pomona, 
California. Testing was performed in general accordance with procedures outlined in the 
American Society for Testing and Materials, or other accepted procedures. Visual classifications 
presented on the lab figures performed by AP Engineering may differ from those presented on 
the boring logs provided in Appendix A. 

LABORATORY MOISTURE DETERMINATIONS AND UNIT WEIGHTS 

Natural moisture content and unit weight tests were performed on selected samples. The 
moisture content tests were performed in general accordance with ASTM Test Method D 2216 
and the unit weight tests were performed in general accordance with ASTM Test Method D 
2937. The results are presented on the Logs of Borings in Appendix A. 

SIEVE ANALYSES 

Sieve analyses were performed on selected samples of the materials encountered at the site to 
evaluate the grain size distribution characteristics of the soils and to aid in their classification. 
Tests were performed in general accordance with ASTM Test Method D 6913. Results of these 
tests are presented in the boring logs in Appendix A and attached as Figure B-1, Grain Size 
Distribution Curve. 

ATTERBERG LIMITS (PLASTICITY INDEX) 

Plasticity limit and liquid limit testing was performed on soil samples to evaluate behavior 
conditions at varying water contents. Testing was performed in general accordance with ASTM 
Standard Test Method D4318. The results are presented on the boring logs in Appendix A and 
attached as Figures B-2 and B-3, Plasticity Testing. 
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DIRECT SHEAR 

Direct shear testing was performed on a remolded sample for shear strength and cohesion 
values of the in-situ soils in accordance with ASTM Standard Test Method D 3080. The result is 
presented as Figure B-4, Direct Shear Test. 

CONSOLIDATION TESTS 

Consolidation testing was performed on selected relatively undisturbed samples by AP 
Engineering in accordance with ASTM D 2435. The tests were performed on 1.0-inch-high, 
2.41-inch diameter samples. After trimming the ends, the sample was placed in a 
consolidometer and an initial reading was recorded. The sample was saturated during loading, 
and thereafter, the sample was incrementally loaded. The test results are attached to this 
appendix. 

ONE-DIMENSIONAL SWELL/COLLAPSE TEST 

Laboratory testing was performed on selected soil samples to study the collapse potential of the 
subgrade soils. During this test, the soil sample is inundated with water at a specific surcharge 
loading and the percent swell or collapse is measured. This test was performed by AP 
Engineering in accordance with ASTM D4546. The test results are attached to this appendix.  

PRELIMINARY CORROSIVITY TESTS 

A series of chemical tests were performed on a selected sample of the near-surface soils to 
estimate pH, resistivity and sulfate and chloride contents. The sample was tested in general 
accordance with California Test Methods 643, 422, and 417 for pH and minimum resistivity, 
soluble chlorides, and soluble sulfates, respectively. Test results may be used by a qualified 
corrosion engineer to evaluate the general corrosion potential with respect to construction 
materials. The tests were performed by AP Engineering. The results of these tests are 
presented in Table B-1, Preliminary Corrosion Test Results. 
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MODIFIED PROCTOR 

Maximum density-optimum moisture tests were performed on a select bulk sample of the on-site 
soils to determine compaction characteristics. The test was performed in accordance with 
ASTM Standard Test Method D 1557. The test results are presented in Table B-2, Modified 
Proctor Test Results. 

EXPANSION INDEX  

Expansion Index testing was performed on one near surface bulk sample to determine the 
expansion potential of the soil. The test was performed in accordance with ASTM Standard Test 
Method D4829. The test result is presented in Table B-3, Expansion Index Test Result. 

 

Table B-1 
Preliminary Corrosivity Test Results 

Boring Depth 
(ft) pH Sulfate  

(ppm) 
Chloride 

(ppm) 
Resistivity 
(ohm-cm) 

B-3 0 – 5 8.2 2,468 3872 118 

 

Table B-2 
Modified Proctor Test Results 

Boring Number Depth (ft) Maximum Dry Density (pcf) Optimum Moisture (%) 

B-1 0 – 5 120.5 11.2 

 

Table B-3 
Expansion Index Test Result 

Boring Number Depth (ft) Expansion Index Expansion Potential 

B-1 0 – 5 5 Very Low 
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, Remolded to 90% Relative Compaction

Silty Clayey Sand (SC-SM)

Silty Clayey Sand (SC-SM)






