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September 20, 2022 

W.O. 9511 
 
SVM-LOCKWOOD, LLC. 
5715 Mesmer Avenue 
Los Angeles, California 90230 
 
Attention: Mr. Mark Ross 
 
SUBJECT: Preliminary Geotechnical Investigation, 
  Proposed Multi-Family Residential Development, 

Lockwood Street, Parcel 1, APN 213-0-090-27, 
City of Oxnard, California 

 

Mr. Ross: 

In accordance with your request, Geolabs  Westlake Village (GWV) has undertaken a 

study of the geotechnical conditions at the subject site (Plate 1.1).  Our purpose was to evaluate 

the distribution and engineering characteristics of the earth materials that occur at the subject 

site, so that we might assess their impact upon the proposed new development. 
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PROPOSED PROJECT 

 Based on the architectural site plans by Lauterbach & Associates, print date 4 May 2022, 

the proposed project is to construct apartments for multi-family residential housing that includes 

a single-story café/lounge and multi-story residential quarters on top of parking podium and tuck-

under parking. The 234 residential apartments extend to as tall as five stories overall. It is anticipated 

that the structure will be constructed with conventional light-weight wood or steel construction 

with conventional shallow foundations and a slab-on-grade. We anticipate that the development of 

the site will include grading to prepare building pads, parking areas, and provide adequate site 

drainage.   

  

 
Figure 1 Approximate location of subject site. (Google Earth). 
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SITE DESCRIPTION & HISTORY 

(see plate 1.1). The subject site is undeveloped, 

relatively flat, covered by sparse grass and low-lying vegetation. 

 

Historical aerial imagery shows that the subject site was used for agricultural purposes 

before 1970. Between 1945 and 1959 a citrus grove was planted. Farming operations ceased 

sometime between 1970 and 1994 and the lot remained undeveloped. Farm structures were in 

the west portion of the site as early as 1938. 

PREVIOUS STUDIES 

 Geotechnical investigations have been performed adjacent/south of the subject site.  

 Geolabs-Westlake Village (GWV) conducted a preliminary geotechnical investigation for 

the extension of Lockwood Street along the south side of the subject site. The investigation 

included subsurface exploration with a backhoe, laboratory testing, engineering analysis, and 

preparation of a report to provide geotechnical design criteria for the construction of Lockwood 

Street. The grading for the extension has been completed. During grading, infiltration testing was 

performed for stormwater improvements. 

South of Lockwood Street preliminary geotechnical investigations were performed by 

GWV in 2021 and MTC Engineering, Inc. (MTC) in 2019. The referenced preliminary geotechnical 

reports included an evaluation of the liquefaction potential for the site.  

FIELD INVESTIGATION 

 For this study, five exploratory locations were selected to characterize the nature of the 

earth materials throughout the site. Exploratory borings were excavated with a truck-mounted 

hollow-stem auger drill rig.  Samples were driven with a 140 lb. automatic safety hammer lifted 

30 inches.  The estimated efficiency of the auto hammer is approximately 81.5 percent.  Drill rod 

was used to allow the hammer to remain above the auger.  The boring diameter was 
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approximately eight inches (outer diameter).  The samplers consisted of both SPT split spoon 

sampler and a lined California split spoon sampler (2.375-inch I.D.). All borings were backfilled 

upon the completion of our exploration with cuttings from the boring. 

 Both disturbed (bulk) and relatively undisturbed samples were obtained from the borings. 

These samples were secured and transported to our laboratory for testing. From these samples, 

select materials were sent to an independent laboratory for corrosivity testing. 

GEOLOGIC SETTING 

 The site is located in the Transverse Ranges geomorphic province of Southern California.  

The Transverse Ranges are essentially east-west trending elongate mountain ranges and valleys 

that are geologically complex.  Also included in the province are the Channel Islands. 

Structurally, the province reflects the north-south compressional forces that are the 

result of a bend in the San Andreas Fault.  As the Pacific Plate (westerly side of the fault) and the 

North American Plate (easterly side) move laterally past one another along the fault, the bend 

creates a deflection which allows for large accumulations of compressional energy.  Some of 

these forces are spent in deforming the crust into roughly east-west trending folds and secondary 

faults.  The most significant of these faults are typically reverse or thrust faults, which allow for 

the crustal shortening taking place regionally.  Great thicknesses of folded and faulted Tertiary-

age sediments are characteristic of the Transverse Ranges.   

 The subject property is situated in the western portion of the province, within the city of 

Oxnard. The city is situated on a broad and flat alluvial plain of the Santa Clara River. Based on 

our exploration of the parcel and our review of regional geologic maps, the subject site is 

underlain in the near surface by alluvium (Plate 1.3). 

EARTH MATERIALS 

 The subject property is underlain by artificial/agricultural fill over alluvium to the 

maximum depth explored (see Plate 1.3 and Appendix A). A brief description of the materials is 

provided in the following. 

ARTIFICIAL/AGRICULTURAL FILL (af) 

 Historically, the site was used for farming and the top couple feet of soil have obviously 

been disturbed. However, in the borings there was no clear delineation between the 

artificial/agricultural fill and alluvium. These surficial soils were homogenous silty sand in a 

medium dense condition.   
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ALLUVIUM (Qal) 

 Alluvial material consists of various admixtures of sand, silt, clay, and sandy clay in a moist, 

medium dense/stiff condition.  

GROUNDWATER 

 At the time of our field exploration, groundwater was encountered in Boring B1 at 

approximately 41 feet below the existing ground surface. Historical high groundwater level is 

mapped as being approximately ten feet below the ground surface at the subject site (CGS, 2002). 

 Adjacent to the site/south of Lockwood Street, exploratory borings performed by our 

office in 2021 did not encounter ground water to the maximum depth of 30 feet. In 2019, Yeh 

and Associates, Inc. exploratory borings encountered no groundwater to the maximum depth of 

31.5 feet.  MTC reported groundwater in Boring B-1 at 36.25 feet below existing ground surface. 

 

below the ground surface in 2016 (Independent Solutions, 2016). 

 Seasonal variations in groundwater conditions are expected and are influenced by storm 

runoff, irrigation, and local groundwater pumping. 

SEISMIC HAZARDS 

The subject site contains no known active or potentially active faults, nor is it within an 

Alquist-Priolo Fault Rupture Hazard Zone. Therefore, the potential for ground rupture is 

considered to be very low.  However, the subject site is situated within the seismically active 

Southern California region and ground shaking is likely to occur due to earthquakes caused by 

movement along nearby faults. 

The subject site is not within a seismic landslide hazard zone but is located within a 

liquefaction hazard zone (Plate 1.5).  

SEISMIC GROUND MOTION VALUES (MAPPED) 

This report includes preliminary seismic ground motion values in accordance with the 

methodology of ASCE Standard 7-16.  Seismic ground motion values were determined using the 

ASCE 7 Hazard Tool (https://asce7hazardtool.online). This website presents data from seismic 

design maps for a maximum considered earthquake ground motion, defined by an earthquake 

with a 2 percent probability of exceedance within a 50-year return period (recurrence interval of 

2475 years). Output from these analyses is provided in Appendix C and summarized herein.  
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Latitude: 34.2224º 
Longitude: -119.1497º 

Factor/Coefficient Value 

Site Profile Type Site Class D 
Short-Period MCE at 0.2s Ss 1.801 

1.0s Period MCE S1 0.669 
Site Coefficient Fa 1.0 
Site Coefficient Fv --- 

Adjusted MCE Spectral 
Response Parameters 

Sms 

Sm1 
1.801 
--- 

Design Spectral  
Acceleration Parameters 

SDS 

SD1 
1.201 
--- 

Long-Period Transition Period TL 8.0 sec 
Peak Ground Acceleration PGAM 0.87 

 

Structures on soil profiles designated as Site Class D with S1 values greater than or equal 

to 0.2, need not use site-specific ground motion values provided the value of the seismic 

response coefficient CS is determined in accordance with the procedures in ASCE 7-16 §12.8.1.1 

(per exception 2 of §11.4.8). The following parameters are considered appropriate for use in 

determining CS per exception 2. If the project engineer does not make use of the exception, GWV 

should be notified and a site-specific seismic analyses can be performed upon request.   

Factor/Coefficient Value ASCE 7-16 
Equation 

Site amplification factor at 0.2 second Fa= 1.00  

Site amplification factor at 1.0 second Fv= 1.70  

Site-modified spectral acceleration value SMS= 1.801 (11.4-1) 

Site-modified spectral acceleration value SM1= 1.137 (11.4-2) 

Numeric seismic design value at 0.2 second SA SDS= 1.201 (11.4-3) 

Numeric seismic design value at 1.0 second SA SD1= 0.758 (11.4-4) 

Ts=SD1/SDS Ts= 0.63 (§ 11.3) 

 

If the designer uses the simplified lateral force analysis procedure, §12.14.8 allows Fa to 

be taken as 1.0 for rock sites, or 1.4 for soil sites, for development of SDS. Also, the value of SS can 

be capped at 1.5 for development of parameters in accordance with §11.4.4. Sites are permitted 

to be considered rock if the soil thickness is no greater than 10 feet below the footing.  
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The mean earthquake magnitude was approximated using the USGS Unified Hazard Tool 

website (https://earthquake.usgs.gov/hazards/interactive/index.php).  For ground motions with 

a 2475-year return period, the deaggregated mean earthquake magnitude is estimated at 

M=7.05 with a mean source distance of 9 km. For ground motions with a 475-year return period, 

the mean earthquake magnitude is estimated at M=6.89 with a mean source distance of 13.8 km. 

LIQUEFACTION POTENTIAL 

Liquefaction is a condition where the soil undergoes continued deformation at a constant 

low residual stress due to the build-up of high porewater pressures.  The possibility of 

liquefaction occurring at a given site is dependent upon the occurrence of a significant 

earthquake in the vicinity; sufficient groundwater to cause high pore pressures; and on the grain 

size, relative density, and confining pressures of the soil at the site. 

As part of our analyses of the liquefaction potential on the site, we have performed  

boring B1 on site to obtain subsurface data.  Based upon the subsurface information and review 

of published data, groundwater is  present on the site within the upper fifty feet of the soil profile. 

Considering the historic groundwater information, there is a likelihood of groundwater rising to 

within 10 feet of the ground surface. This, coupled with the likelihood of significant ground 

shaking, was cause to perform a quantitative evaluation of the liquefaction potential at the site. 

GENERAL DISCUSSION 

In the liquefied condition, soil may deform with little shear resistance.  The amount of soil 

deformation following liquefaction depends on the looseness of the material, the depth, 

thickness, and areal extent of the liquefied layers, the ground slope, and the distribution of loads 

applied by structures.  When liquefaction is accompanied by ground displacement or ground 

failure, it can be destructive.  Adverse effects of liquefaction can include ground oscillation, 

lateral spreads, flow failures, loss of bearing strength, settlement, and increased pressures on 

retaining walls.   

Discussion of Liquefaction Hazard Assessment 

To address the possible impacts of liquefaction, the practice of geotechnical engineering 

currently has methods of approximating the potential for liquefaction, the potential liquefaction-

induced settlement, lateral spreading, and the possibility of surface manifestations. For this 

project we performed a quantitative analyses of the potential for liquefaction based on our 
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findings in boring B1. The results indicate that liquefaction on this site is not likely. The results 

are summarized in appendix C of this report.  

 Seismic Settlement Potential 

The potential for seismic settlement of unsaturated soil has been evaluated using the 

procedures proposed by Tokimatsu and Seed (1987).  Our analysis indicates there is not likely to 

be significant seismic settlement due to an earthquake with ground motions based on a 2475 

year return period (2% chance of exceedance in 50 years.  

Tsunamis and Seiches 

 The site is located in elevated terrain. Review of hazard zones as depicted in the Ventura 

County View website indicates the site is not within a Tsunamis inundation hazard zone. The 

potential for tsunamis to impact the site is considered negligible. The site is also not near an 

enclosed body of water; therefore, the potential for seiches impacting the site is considered 

negligible. 

DISCUSSION AND DESIGN CRITERIA 

Data from field exploration on this and adjacent properties performed by this office and 

MTC, laboratory testing performed by this office and MTC, and engineering analyses, coupled 

with inferred conditions about exploratory excavations, are the basis for the following discussion. 

Geotechnical design criteria, based upon the presently available data, are presented for your 

consideration. 

Based on the findings developed during the investigation, the site is feasible for the 

intended project from a geotechnical perspective. The subject site is underlain by some artificial 

fill associated with past agricultural use. We anticipate the thickness will vary across the site. 

Grading of the site will be necessary to prepare the soil for support of the proposed project 

elements. Considering the type of structures and typical loads associated with those building 

types, it is our opinion the structures can be supported on conventional spread footings or mat 

foundations. The geohazards related with the potential for liquefaction at the site is primarily the 

potential for liquefaction induced total and differential settlement. 

GRADING REMOVAL FOR STRUCTURAL AREAS 

Disturbed material after demolition of existing structures, pavement, and utilities, 

stockpile removal, including agricultural fill, are not considered suitable to support structures.  

We recommend that disturbed material and areas to support structures be improved by 
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removing the unsuitable material and replacing these materials with engineered fill.  At least 

three feet of engineered fill should be placed below the bottom of the future foundations.  

Removals for the building area should extend at least five feet horizontally beyond the proposed 

exterior foundations.  

COMPACTION STANDARD 

On-site materials are suitable for use as engineered fill. These materials should be 

moistened and/or air-dried to near optimum moisture content and compacted to at least 90% of 

their maximum density as determined using the Modified Proctor Test (ASTM D1557). The 

density of earth materials is to be measured using the nuclear gauge (ASTM D6938) or sand cone 

(ASTM D1556) test methods. The frequency of field density tests should be at least one density 

test for every 500 cubic yards of fill or each two vertical feet of fill. 

GRADING  ENGINEERED FILL 

The following criteria pertain to preparation for, and placement of engineered fill: 

1. The on-site soils are suitable for use as engineered fill. Any import materials that are to be 

used as structural fill should be approved by this office prior to placement. 

2. Shrinkage refers to the lesser volume of fill that results from a given volume of excavation. 

The shrinkage of the alluvial materials is anticipated to be between 7% and 12%. 

3. Subsidence includes the general lowering of the ground due to in-place compaction by 

construction equipment. Subsidence is anticipated to range from 1.0 to 3.0 tenths of a foot 

in the alluvial areas. 

4. All vegetation, trash, construction debris, asphalt, or other deleterious material should be 

stripped from the area to be filled or to receive the proposed improvements. 

5. Compressible soils and any disturbed soil that lie within the areas to receive engineered fill 

should be removed to relatively incompressible material, moisture conditioned, and replaced 

as properly compacted fill. Portions of the compressible materials that are sufficiently thin 

content, and compacted in-place. 

6. Exposed surfaces should be scarified, moistened or air dried as appropriate, and compacted 

fill (see COMPACTION STANDARD section). 
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7. We recommend a uniform blanket of compacted fill be created for support of structural 

footings. The fill cap should extend to at least three feet below the base of proposed footings 

and five feet beyond their perimeter. Special consideration should be paid to locations where 

property lines or existing improvements (buildings, retaining walls, fences, power poles, etc.) 

interfere with the creation of the desired fill cap. Such conditions should be brought to the 

attention of this office so that the specific site conditions may be evaluated and 

recommendations provided. Depending upon the circumstances, special excavating 

techniques may be employed (i.e. slot cutting), alternative foundation designs may be used 

(i.e. grade beams supported by pad footings or piles), or the compaction standard may be 

increased. 

8. Areas that are to be paved should be scarified to at least 12 inches below the existing or rough 

compacted to the appropriate relative compaction (see COMPACTION STANDARD section).  

9. 

content (or to near 2% over optimum moisture content, and compacted to the applicable 

level of relative compaction prior to placing the next lift). 

10. All grading should comply with the grading specifications and requirements of the local 

governing agency. 

FOUNDATION SYSTEMS 

Grading will be performed so foundations are supported by at least three feet of 

engineered fill. For the conditions at the site, conventional shallow spread footings or mat 

foundations are considered appropriate. 

Conventional Spread Footings 

Continuous or pad footings may be used to support the proposed structures. In order to 

achieve the capacities specified below, they should be founded a minimum of 24 inches into 

engineered fill, with the concrete placed against in-place, undisturbed material. Foundation 

design criteria are based, in part, upon the expansive properties of the materials anticipated to 

be present near the finished pad grade. The subject site contains soil considered to have very low 

expansion potential (EI of 0  20).  

The parameters provided in the following table are minimum design values for the 

pertinent expansion range. Some of these values are empirical in nature. The foundation and slab 
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designer should evaluate and design the foundations for the effects of expansive soils (CBC § 

1805.8). The final foundation and slab-on-grade configuration should contain details that are not 

less than the values provided. Laboratory testing to verify the expansive properties of the near-

pad-grade materials should be performed at the completion of rough grading. 

 

FOUNDATION DESIGN PARAMETER 
DESIGN CRITERIA 

UNITS NOTES 
EI = 0 - 20 

Pre-saturation depth moisten in  
Allowable Bearing Capacity (net) (FS>3) 2000 psf 1,2 
Allowable Lateral Resistance (FS=1.5) 225 psf/ft 2,3 
Maximum Allowable Lateral Resitance 1500 psf 2,3 
Coefficient of Friction (FS=1.0) 0.35   
Minimum Embedment Below Adjacent Grade    

One-Story 12 in 4 
Multi-Story 24 in 4 

Minimum Embedment Into Supporting Material 12 in  
Minimum Reinforcement 2 - #5, 1 near top and 

1 near bottom 
  

SLAB-ON-GRADE DESIGN PARAMETER 

Minimum Concrete Thickness 6 in  
Minimum Reinforcement (On-Center-Each-Way)   5 

NOTES 

1) Bearing portions of all footings should be at least five feet (measured horizontally) from the face of adjacent 
descending slopes. All footings should bear at least three feet below an imaginary plane projected upward at 1.5:1 from 
the toe of locally over-steepened slopes. Pad footings should be at least 24 inches square. Continuous footings should be 
at least 12 inches wide for one-story and 15 inches wide for two-story construction. 
2) May be increased by 1/3 for short duration loading such as by wind or seismic forces. 
3) Decrease by 1/3 when combined with friction. 
4) Applies to exterior footings. 

-  
 

Slab-On-Grade Subgrade 

Concrete slabs-on-grade may be used in this project. The design criteria for these slabs 

consider the subgrade soils to be engineered fill placed in accordance with the jurisdictional 

standards and the design criteria in this report. The material on-site is considered low expansive. 

Concrete slabs-on-grade should be a minimum four inches thick and reinforced with #4 rebar at 

16 inches on center, each way, placed in the middle of the slab section. 

Approximately four inches of sand should be placed across the slab subgrade. A vapor 

retarder should be placed on top of the sand in all areas where moisture penetration of the slab 
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is undesirable. The vapor retarder should consist of a Class A (ASTM E1745), minimum 10 mil 

thick, polyolefin plastic or better. Concrete for the floor slab should be placed directly upon the 

vapor retarder. The vapor retarder should be placed in general conformance with ASTM E1643. 

The permeance (propensity to transmit water) and strength of vapor retarder, as well as the 

water/cement ratio, mix design and strength of the concrete, will influence a variety of things, 

including slab finishing, construction schedules, moisture released from the slab, and floor 

coverings. Project design and construction professionals should consider these factors when 

developing specifications for, and/or selecting materials for, the vapor retarder, concrete, and 

floor covering. 

MAT FOUNDATION 

 A mat foundation is considered appropriate to support the proposed buildings. Mat 

foundations may be designed to impose an allowable net bearing pressure of 2000 psf for dead 

loads plus live loads at an embedment of at least one foot below the adjacent ground level. 

forces. 

 For design of the mat foundation, a modulus-of-subgrade reaction of 120 psi/in may be 

used. This value is a unit value for use with a 1-foot-square mat. The modulus should be 

reduced in accordance with the following equation when used with a larger mat: 

 

Where: Kv =Vertical subgrade modulus 
  Kv1  
  B =Foundation width in feet 
 

 During design, we recommend the foundation designer collaborate with the 

geotechnical consultant to refine the Kv value for this specific foundation design. 

RETAINING WALL RECOMMENDATIONS 

Development plans may include retaining walls. Foundation design criteria are provided 

in the preceding section. Lateral loading criteria for cantilevered wall designs with level backfills 

are presented in the table below. The loading criteria are in part a function of the type of backfill 

material. Criteria for various Unified Soil Classification designations are provided. Earth materials 
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supported by the retaining wall and bearing support may be assumed to have a total soil unit 

weight of 125 pcf.  

Lateral Design (1) 

 Equivalent Fluid Density (pcf) 
USCS Class: SM-SC, ML 

Active Pressure 45 
At-rest Pressure 100 

(1) Considering Table 1610A.1 of the 2019 CBC and laboratory strength results 
 

Retaining walls that are free to deflect at the top may be designed for active pressure. 

Retaining walls that are restrained at the top should be designed for at-rest pressure. The 2019 

CBC §1610A.1 allows basement walls which extend not more than six feet below grade with 

supporting flexible floor systems to be designed for active pressure. 

The equivalent fluid densities in the table should be increased for walls supporting slopes 

steeper than 5:1 (H:V). The values should be increased one pcf for each two degrees of backfill 

gradient. For example, ascending backfill with a gradient of 2:1 may use an equivalent fluid 

density that is increased by 13 pcf. Recommendations for other backfill conditions may be 

provided upon request. 

All retaining walls should be provided with adequate backdrainage systems. Pipe outlets 

are generally preferred over weep holes. Free draining material should be used behind weep 

holes or about pipe drains. Care should be exercised to see that weep holes are installed and 

maintained above finish grade adjacent to the face of the wall. Waterproofing should be included 

in the design where moisture penetration of the wall and mineral deposits/staining on the wall 

face are undesirable. 

Backfill for retaining walls should be properly compacted. Use of expansive soil as backfill 

for retaining walls will result in a surcharge to the wall, the magnitude of which is dependent 

upon the expansion index of the backfill. An impervious cap should be provided at the top of the 

backfill to retard infiltration of water. A typical backfill detail is provided in the Typical Details 

appendix of this report. 

Seismic Increment of Earth Pressure 

As required by California Building Code §1803A.5.12 geotechnical reports for structures 
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assigned to Seismic Design Category D, E or F must include information regarding lateral 

pressures on foundation walls and retaining walls due to earthquake motions. Recent writings 

such as Lew et al. (2010), Al Atik et al. (2010), and Sitar and Wagner (2015) attempt to address 

the appropriate means to implement this code requirement. These works conclude in part that 

seismic earth pressures can be neglected when the peak ground acceleration is below 0.3g. For 

this site, the peak ground acceleration is considered to be above this threshold. 

For retaining walls, the following design criteria are provided considering the general 

provisional recommendations proposed by Sitar and Wagner (2015) for walls founded on non-

saturated, level ground conditions. Per CBC §1803A.5.12 item 1, the seismic earth pressure 

increment need only be included in design when walls support more than six feet of backfill. 

When this criterion is met, cantilever walls free to move and rotate can be designed for a seismic 

earth pressure increment considering an equivalent fluid pressure of 23 pcf (triangular pressure 

distribution). Walls restricted from moving or rotating, such as basement walls, can be designed 

for a seismic earth pressure increment considering an equivalent fluid pressure of 44 pcf 

(triangular pressure distribution). The resultant of this seismic earth pressure increment is 

considered to act at one-third H above the base of the wall, where H is the wall height. The 

seismic earth pressure increment should be applied to the active earth pressure for both the free-

to-rotate and restrained cases. Often, for the case of walls restricted from moving or rotating, 

this combination of active earth pressure and seismic earth pressure increment will not exceed 

the at-rest earth pressure for the static case when considering factored loads used for the basic 

load combinations prescribed in the California Building Code. 

ELEVATOR PITS AND RETAINING WALL BACKDRAINS 

Subsurface elevator pits and retaining walls should be provided with waterproofing, and 

backdrains for the alleviation of porewater pressure as illustrated in the Retaining Wall Detail 

provided in the Typical Details appendix of this report. Such drains should be connected to a 

nearby storm drain or be provided gravity-flow outletting to a sump. In lieu of installing such 

backdrainage measures, retaining walls would need to be designed considering hydrostatic 

pressure. 
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SETTLEMENT 

Considering the preliminary nature of the building design, general static settlement of 

shallow spread foundations is anticipated to be minor, on the order of one inch. Differential 

settlement between footings is anticipated to be less than 1/2 inch. We anticipate the majority 

of settlement to occur during construction. When foundation designs are available, they should 

be provided to our office for review. Additional geotechnical design criteria may be provided at 

that time. 

CORROSIVITY 

For structural elements, a site is considered to be corrosive if one or more of the following 

conditions exist for the representative soil samples taken at the site: Chloride concentration is 

500 ppm or greater, sulfate concentration is 2000 ppm or greater, or the pH is 5.5 or less 

(Caltrans, 2015; GMED, 2013). For structural elements, the minimum resistivity of soil and/or 

water indicates the relative quantity of soluble salts present in the soil or water. In general, a 

minimum resistivity value for soil and/or water less than 1000 ohm-cm indicates the presence of 

high quantities of soluble salts and a higher propensity for corrosion. 

Samples of soil from the subject site were forwarded to consulting corrosion engineers 

Project X Corrosion Engineering. Resistivity results indicate resistivity of saturated samples of 

9,380 ohm-cm. Soluble sulfate test results yielded concentrations of less than 0.10 percent by 

mass. This level of soluble sulfate is in the S0 exposure class per Table 19.3.1.1 of ACI 318-19. 

Chlorides were 22.0 ppm. The pH was determined to be approximately 8.1. A copy of the test 

results is provided in Appendix B.  

Based on these results, the on-site soil does not meet any of the corrosion criteria. 

Samples of the on-site soils are not considered corrosive to structural elements based on the 

aforementioned definition. 

TEMPORARY EXCAVATIONS 

All temporary excavations (including utility trenches, grading removals, and backcuts for 

retaining wall construction) should comply with CAL/OSHA requirements. The safety and stability 

of excavations for the planned improvements are the responsibility of the contractor. The 
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materials encountered in the exploratory excavations are classified 

excavations (such as backcuts for stability fills, removals, and retaining wall excavations) may be 

considered stable if cut vertical, providing they are restricted to a maximum of 5 feet in height, 

are provided with permanent support as soon as possible, and they are protected from erosion 

and saturation. Portions of temporary excavations in excess of 5 feet high should be laid back to 

1.5:1 unless specific alternative treatments are evaluated and found acceptable. 

UTILITY TRENCH BACKFILL 

Backfill for utility trench excavations should be compacted to the appropriate relative 

compaction (see COMPACTION STANDARD section). Where installed in sloping areas, the backfill 

should be properly keyed and benched. 

PRELIMINARY PAVEMENT STRUCTURAL SECTIONS 

For preliminary planning purposes, we provide the following pavement structural 

sections. These results are based upon testing of the subgrade materials in the area of the 

recently constructed section of Lockwood Street that produced a preliminary R-value of 63. 

ASPHALT SECTIONS 

TRAFFIC INDEX ASPHALT THICKNESS BASE THICKNESS 

5.0 3.0 in. 4.0 in. 

6.0 3.0 in. 4.0 in. 

 

Based on Plate 100 of the City of Oxnard Standard Plan, the upper 12 inches of the 

subgrade soil should be compacted to at least 95% relative compaction. Base materials should 

be compacted to at least 95% relative compaction. Near the completion of grading, subgrade 

materials should be sampled and tested to confirm the R-value of the subgrade materials. Final 

pavement structural sections will be prepared at that time. 

DRAINAGE 

 Preserving proper surface drainage is important.  Planters, decorative walls, plants, trees 

or accumulations of organic matter should not be allowed to retard surface drainage.  Area drains 

should be kept free of obstruction.  Swales and/or area drains should outlet to the street or 

acceptable non-erodible device.  Positive drainage along the backs of retaining walls should be 
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LABORATORY TESTING 
 Undisturbed and bulk samples of soil and rock materials encountered at the site were collected 
during the course of our fieldwork.  Selected laboratory tests completed on the retrieved samples are 
described below.  A comprehensive summary of laboratory test results is provided in Plate LS. 

MOISTURE-DENSITY 
 The field moisture content and dry unit weight were determined for each undisturbed sample.  
Dry unit weight is expressed in pounds per cubic foot and the moisture content represents a percentage 
of the dry unit weight.  This test data is presented in the Laboratory Test Summary table in this appendix. 

COMPACTION TESTS 
 To determine the compaction characteristics of the onsite materials, compaction tests are 
performed in accordance with ASTM D1557.  The maximum dry density is reported in pounds per cubic 
foot and the optimum moisture content as a percentage of the maximum dry density.  The results of these 
tests are provided in the Laboratory Test Summary table in this appendix. 

SHEAR TEST 
 Drained Direct shear tests were performed in a Direct Shear Machine of the strain control type.  
The rate of deformation is approximately 0.01 inches per minute.  Shearing occurred under a variety of 
confining loads to determine the Coulomb shear strength parameters.  The test was performed on 
undisturbed and remolded (@ 90% relative compaction) samples in an artificially saturated condition.  The 
test results are presented graphically in this appendix. 

CONSOLIDATION TEST 
 Settlement predictions of the soil's behavior under load are made on the basis of consolidation 
tests.  A one-inch high sample is loaded in a geometric progression and the resulting deformation is 
recorded at selected time intervals.  Porous stones are placed in contact with the sample (top and bottom) 
to permit addition and release of pore fluid.  The sample is inundated at a selected load during the 
progression. Results are plotted on the enclosed Consolidation-Pressure Curves in this appendix. 

PARTICLE SIZE ANALYSIS 
 The distribution of various particle sizes in selected representative samples was determined using 
mechanical sieves in general accordance with ASTM D6913.  The particle distribution is presented as the 
relative percentages of sand, silt and clay particles in each sample tested.  The results are presented on 
the Laboratory Summary in this appendix. 

LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX 
 The Liquid Limit, Plasticity Limit, and Plasticity Index for selected cohesive soil samples were 
determined in the laboratory.  The Standard Test Method (ASTM D4318) was utilized.  These parameters 
are used in the classification of cohesive soils. 

GEOLABS - WESTLAKE VILLAGE PLATE B.1



 A cohesive plastic soil may go through four consistency states as the moisture content of the soil 
is increased.  These states are the solid state, the semisolid state, the plastic state, and the liquid state.  
The limits between these consistency states are the Shrinkage limit, Plastic limit, and the Liquid Limit 
(respectively).  These limits are often referred to as the Atterberg limits. The Plasticity Index is defined as 
the numeric value of the Liquid limit minus the numeric value of the Plastic limit. The results are presented 
graphically in this appendix. 

CORROSIVITY 
 The laboratory test for resistivity is performed in order to determine the relative quantity of 
soluble salts present in a specific soil.  It is most often used as a method to determine the likelihood of 
corrosion potential for steel pipe, pile, or reinforced concrete structures.  The resistivity test is also a 
means for determining the necessity of further chemical analysis of the soil or water for pH, sulfate and 
chloride-ion content. 

 A representative sample of the earth materials encountered at the site was delivered to Project X 
Corrosion Engineering where it was tested for resistivity.  The test method utilized is in conformity with 
the procedures outlined in ASTM G187.  Resistivity of soils is inversely proportional to corrosiveness.  Thus, 
the analysis helps in determining whether the soils may have a deleterious affect on underground metallic 
structures.  A generally accepted correlation between resistivity and soil corrosiveness toward metals is 
provided discussed in the Corrosivity section of this report. 

 Selected samples were submitted to Project X Corrosion Engineering for soluble sulfate and 
Chloride analysis in accordance with ASTM D4327. Please refer to the table below for results.  When 
soluble sulfate test results exceed 0.10 percent by weight, special considerations for concrete design are 
appropriate per ACI 318. The results are discussed in the body of this report.  

 The pH of selected samples was tested in accordance with ASTM G51. The results indicate the 
samples ranged from slightly basic. 
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 CONSOLIDATION RESULTS
Undisturbed Sample
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Sample Inundated At Normal Pressure of 1000  psf

W.O. 9511.006

Sample Location: B01

Sample Depth: 5  ft.
Material: Silty v.f. SAND (SM)

Geologic Unit: Alluvium

Initial Moisture: 27.1  %

Init. Dry Density: 92.1  pcf
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 CONSOLIDATION RESULTS
Undisturbed Sample

-5

-4

-3

-2

-1

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20
100 1000 10000 100000

Normal Pressure (psf)

Sample Inundated At Normal Pressure of 1000  psf

W.O. 9511.006

Sample Location: B01

Sample Depth: 10  ft.
Material: Lean CLAY (CL)

Geologic Unit: Alluvium

Initial Moisture: 16.3  %

Init. Dry Density: 104.3  pcf
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 CONSOLIDATION RESULTS
Undisturbed Sample
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W.O. 9511.006

Sample Location: B04

Sample Depth: 5  ft.
Material: Silty v.f. SAND (SM) w/ Clay

Geologic Unit: Alluvium

Initial Moisture: 18.2  %

Init. Dry Density: 99.6  pcf
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 CONSOLIDATION RESULTS
Undisturbed Sample
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W.O. 9511.006

Sample Location: B05

Sample Depth: 10  ft.
Material: f Sandy CLAY (CL)

Geologic Unit: Alluvium

Initial Moisture: 27.7  %

Init. Dry Density: 85.7  pcf
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 CONSOLIDATION RESULTS
Undisturbed Sample
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W.O. 9511.006

Sample Location: B05

Sample Depth: 5  ft.
Material: silty v.f. SAND (SM)

Geologic Unit: Alluvium

Initial Moisture: 7.5  %

Init. Dry Density: 102.7  pcf
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 CONSOLIDATION RESULTS
Undisturbed Sample

-5

-4

-3

-2

-1

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20
100 1000 10000 100000

Normal Pressure (psf)

Sample Inundated At Normal Pressure of 2000  psf

W.O. 9511.006

Sample Location: B05

Sample Depth: 20  ft.
Material: f-m SAND (SP)

Geologic Unit: Alluvium

Initial Moisture: 3.4  %

Init. Dry Density: 108.9  pcf
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 Project X  REPORT S220908D 

 Corrosion Engineering  Page 2 
 Corrosion Control Soil, Water, Metallurgy Testing Lab 

29990 Technology Dr., Suite 13, Murrieta, CA  92563   Tel: 213-928-7213 Fax: 951-226-1720
www.projectxcorrosion.com

Soil Analysis Lab Results
Client: Geolabs-Westlake Village 

Job Name: SVM Lockwood 
Client Job Number: 9511.006 

Project X Job Number: S220908D 
September 12, 2022 

Method ASTM G51 ASTM 
G200

SM 4500-D ASTM 
D4327

ASTM 
D6919

ASTM 
D6919

ASTM 
D6919

ASTM 
D6919

ASTM 
D6919

ASTM 
D6919

ASTM 
D4327

ASTM 
D4327

Bore# / Description Depth pH Redox Sulfide 
S2-

Nitrate 
NO3

-

Ammonium
NH4

+

Lithium
Li+

Sodium
Na+

Potassium
K+

Magnesium
Mg2+

Calcium
Ca2+

Fluoride
F2

--

Phosphate
PO4

3-

(ft) (mg/kg) (wt%) (mg/kg) (wt%) (Ohm-cm) (Ohm-cm) (mV) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

B1 0-5 58.3 0.0058 22.0 0.0022 63,650 9,380 8.1 112 0.66 5.8 0.2 0.36 46.0 15.2 45.0 97.4 7.9 19.7

ASTM 
G187

ASTM 
D4327

ASTM 
D4327

Resistivity 
As Rec'd  | Minimum

Sulfates
SO4

2-

Chlorides
Cl-

Cations and Anions, except Sulfide and Bicarbonate, tested with Ion Chromatography 
mg/kg = milligrams per kilogram (parts per million) of dry soil weight 

ND = 0 = Not Detected | NT = Not Tested | Unk = Unknown 
Chemical Analysis performed on 1:3 Soil-To-Water extract 

PPM = mg/kg (soil) = mg/L (Liquid) 
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