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1. INTRODUCTION 
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February 29, 2024 

This report presents the results of the geotechnical investigation by NOVA Services, Inc. (NOVA) for 
the "The Hive" building project. As currently planned, the project will consist of construction of three 
five-story residential wrap buildings with six level garages. Schematic architectural drawings indicate 
there are several areas of landscape improvement. NOVA anticipates there will also be improvements 
to fire lane located adjacent to the proposed building limits and to underground utilities. 

The purpose of NOVA's work is to make recommendations regarding design and construction of the 
geotechnical aspects of the project. Figure 1-1 depicts the site vicinity. Figure 1-2 shows the site 
location on a recent aerial image. 
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Figure 1-2. Site Location Map 
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2.1. Field Investigation 

2. 1. 1 General 

2. SCOPE OF WORK 

NOVA explored the subsurface conditions by two means. 
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1. Borings. Four geotechnical borings (B-1 through B-4) to depths up to about 51½ feet below 
the ground surface (bgs) using a truck-mounted drill rig equipped with a hollow-stem auger as 
well as 

2. Soundings. Two Cone Penetration Test ('CPT', after ASTM D5778) soundings (CPT-1 through 
CPT-2) were extended to a depth of up to 100ft with a 30-ton CPT rig. 

Figure 2-1 presents the approximate locations of the borings. Plate 1 presents the exploration 
locations on a larger scale. 
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Figure 2-1. Subsurface Exploration Map 
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2. 1. 2 Logging and Sampling the Borings 
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A NOVA engineer logged the borings and collected samples of the materials encountered for 
laboratory testing. Relatively undisturbed samples were obtained using a modified California (CAL) 
sampler, a ring-lined split tube sampler with a 3-inch outer diameter and 2½-inch inner diameter. 
Standard Penetration Tests (SPT) were performed in the borings using a 2-inch outer diameter and 
1¾-inch inner diameter split tube sampler. 

The CAL and SPT samplers were driven using an automatic hammer with a calibrated Energy Transfer 
Ratio {ETR) of 81.5%. The number of blows needed to drive the sampler 18 inches is noted in three, 
6-inch intervals on the logs. Sampler refusal was encountered when 50 blows were applied during any 
one of the three 6-inch intervals, a total of 100 blows was applied, or there was no discernible sampler 
advancement during the application of ten successive blows. The field blow counts, N, were corrected 
to a standard hammer ( cathead and rope) with a 60% ETR. The corrected blow counts are noted on 
the boring logs as N50. Disturbed bulk samples were obtained from the SPT sampler and the drill 
cuttings. 

Appendix B presents logs of the borings. Soils are classified according to the Unified Soil Classification 
System. 

2.2. Laboratory Testing 

NOVA tested selected samples from the borings to evaluate soil classification and engineering 
properties and develop geotechnical conclusions and recommendations. The laboratory tests 
consisted of in-place dry density and moisture content, maximum dry density and optimum moisture 
content, particle-size distribution, Atterberg limits, expansion index, consolidation, direct shear and 
corrosivity. 

Appendix C presents the results of the laboratory tests and brief explanations of the test procedures. 

2.3. Analysis and Report Preparation 

The results of the field investigation and laboratory testing were evaluated to develop conclusions and 
recommendations regarding the geotechnical aspects of the proposed construction and site 
improvements. 
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3. 

3.1. Site Description 
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SITE AND PROJECT DESCRIPTION 

The approximately 13.5-acre, irregular shaped site is located at 3333 Susan Street in the City of Costa 
Mesa. The site is bounded by Sunflower Avenue to the north, Susan Street to the east, Coast Drive 
to the south, and a mix of warehouse and commercial use buildings and associated parking to the 
west. The western limit of the property is also adjacent to a portion of abandoned railway. 

The site is relatively level with elevations ranging from +30 feet mean sea level(msl) to +34 feet msl 
throughout the site (elevations are sourced from Google Earth). The site is used for a variety of 
purposes including: three connected two-story buildings for commercial use with associated parking 
within the northern, western, and eastern portions of the property. An athletic field is developed within 
the southern portion of the property. Additionally, two small stand-alone single-story buildings are 
present adjacent to the north west entrance. 

Review of aerial photography from the earliest aerial survey available from 1953 indicates the site was 
undeveloped. The vicinity of the site appears to be generally developed for agricultural purposes. 
Roads adjacent to the north and south of the site vicinity appear paved by 1963. By 1972, portions of 
the adjacent commercial buildings were developed. By 1992 additional commercial buildings west of 
the site were developed. Susan Street first appears in photographs in 1996. Development of the site 
property began in 2003. By 2004 the commercial buildings on the subject property were developed. 
By 2018, the athletic field had been developed. The site has remained relatively unchanged since 
then. 

3.2. Site History 

NOVA reviewed several geotechnical reports for the subject site. 

1. NMG 2002a. A report by NMG Geotechnical (NMG) on August 1, 2002, addresses a 
geotechnical investigation for the proposed Emulex Development. Exploration consisted of 
three exploratory borings reaching up to 51.5 feet in depth, six backhoe trenches reaching up 
to 10.5 feet in depth, and three Cone Penetrometer Test (CPT) soundings reaching up to 66.4 
feet in depth. Groundwater was observed between depths of 15 feet to 20 feet. 

2. NMG 2002b. An October 28, 2002, report by NMG addresses recommendations for 
construction and settlement monitoring a surcharge fill to precompress soils for the Emulex 
Development. NMG recommended a minimum 9.3 feet high surcharge fill placed at least 10 
feet beyond building footprint. NMG also recommended that the top of the surcharge fill be 
placed beyond building footprint. 

3. NMG 2002c. A December 26, 2002, project memorandum NMG -summarizes the total ground 
settlement following the placement of surcharge fill. About 3.68 to 4.16 inches of settlement 
was recorded within Buildings A, B, and C following 40 to 50 days of surcharge. 
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4. Petra 2010. A February 8, 2010, report by Petra Geotechnical (Petra) addresses issues 
regarding moisture intrusion within the buildings causing damage to the floor tiles. Petra 
concluded that moisture intrusion was likely due to the vaporization of the natural moisture 
within the subsurface soils coupled with the vapor barrier not functioning as intended. 

References of the provided geotechnical reports indicate numerous reports prepared by NMG during 
the design and construction of the subject property. A public records request has been made with the 
City Clerk's office. The City has indicated that additional documents are still being prepared. A 
supplemental letter will be issued once additional documents are provided. 

3.3. Proposed Construction 

3. 3. 1 Architectural 

Review of schematic plans indicates the project will consist of the design of three five-story residential 
wrap structures with six level garages. These residential buildings contain between 320 units and 370 
units. Each apartment building is associated with a swimming pool with adjacent hardscape and 
landscape. 

Between structures there is planned to be recreational areas, landscaping, and various types of 
flatwork improvements. NOVA anticipates there will also be improvements to the pavement for the fire 
lane located adjacent to the proposed building limits. A variety of underground utilities will extend to 
and from the structures. 

3. 3. 2 Structural 

No structural information was available for this evaluation. However, based upon experience with 
similar structures/evelopments, NOVA expects that the residential buildings and the parking structures 
will be developed approximately as described below. 

The residential apartment buildings will rise to five levels, to about 75 feet above surrounding ground 
level). It is expected that the apartment buildings will be developed with four levels of Type Ill-A wood 
framed construction atop a single level Type IA podium. Column loads at the apartments are expected 
to be in the range of DL + LL ~200 kips to 300 kips. 

The parking structure will include six levels, rising about ± 70 feet above surrounding grades. The 
structure will be of reinforced concrete construction, structurally separated from the adjacent 
residential apartment building. Column loads at the grag3e will be much higher than at the apartments 
are expected to be a in the range of DL + LL ~400 kips to 600 kips. 

3.3.3 Earthwork 

NOVA understands the proposed finished grades will generally match the existing grades, such that 
design cuts and fills are anticipated to be minimal. Earthwork is anticipated to consist of remedial and 
fine grading, footing excavations, backfilling underground utilities, subgrade preparation, and 
pavement construction. 
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4. GEOLOGY AND SUBSURFACE CONDITIONS 

4.1. Regional Geology 

The site is located within the Peninsular Ranges Geomorphic Province of California, which stretches 
from the Los Angeles basin to the tip of Baja California in Mexico. This province is characterized as a 
series of northwest-trending mountain ranges separated by subparallel fault zones and a coastal plain 
of subdued landforms. The mountain ranges are underlain primarily by Mesozoic metamorphic rocks 
that were intruded by plutonic rocks of the western Peninsular Ranges batholith, while the coastal 
plain is underlain by subsequently deposited marine and nonmarine sedimentary formations. The site 
is located within the coastal plain portion of the province and is underlain by Quaternary, Late 
Holocene to Late Pleistocene alluvial deposits. Figure 4-1 presents the regional geology in the vicinity 
of the site. 
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Figure 4-1. Geologic Compilation of Quaternary Surficial Deposits of Southern California, 
Orange County 30' x 60' quadrangles, California 2012 
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4.2. Site-Specific Geology 
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The subsurface investigation by NOVA indicates that the site is underlain by minor fill and alluvial 
deposits. The description of the material encountered in the borings is presented below. Plate 1 
(provided following the text of the report) presents site-specific geology. 

Fill (af): Fill was encountered in all the four borings with an approximate thickness up to about 
3 feet. As encountered in the borings, the fill generally consists of slightly moist to moist, soft 
to stiff sandy silt and sandy clay to loose to medium dense clayey sand. NOVA has no records 
regarding the placement and compaction of the fill; therefore, the fill is considered 
'undocumented' and at risk for wide variations in quality. 

Alluvium (Qa): The site is underlain by Quaternary-aged Alluvium. As encountered in the 
borings, the alluvium consists of olive brown and brown with variable red brown mottling, firm 
to stiff, sandy clay to clay and sandy silt to clayey silt. Layers of sand were observed at 25 feet 
and 40 feet. 

Groundwater: Groundwater was encountered in the borings between 22 feet and 24 feet 
below ground surface. Groundwater was observed by NMG during their exploration in 2002 at 
depths between 15 and 20 feet. Based on the review of the referenced CDMG Special Report, 
the site is mapped with a historical groundwater depth of 10 feet. 
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5. 

5.1. Faulting and Surface Rupture 

GEOLOGIC HAZARDS 
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Major known active faults in the region consist generally of en echelon, northwest striking, right-lateral, 
strike-slip faults. These include the San Andreas, Elsinore, and San Jacinto Faults located east of the 
site, and the Palos Verdes, San Pedro Basin Fault Zone, and Newport-Inglewood-Rose Canyon Fault 
Zone (NIRC) located to the west of the site. 

Earthquake Fault Zones have been established along known active faults in California in accordance 
with the Alquist-Priolo Earthquake Fault Zoning Act. The State Geologist defines an "active" fault as 
one which has had surface rupture within recent geologic time (i.e., Holocene time, <11,700 years 
b.p.). Earthquake Fault Zones have been delineated to encompass traces of known Holocene-active 
faults to address hazards associated with fault surface rupture within California. Where developments 
for human occupancy are proposed within these zones, the state requires detailed fault evaluations 
be performed so that engineering geologists can identify the locations of active faults and recommend 
setbacks from locations of possible surface fault rupture. 

The site is not located in the Alquist-Priolo Earthquake Fault Zone. No active surface faults are 
mapped across the site. Evidence of active faulting was not observed at the site during our field 
investigation. The probability of fault rupture is considered low. Figure 5-1 shows the locations of 
known faults in the site vicinity. 
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Figure 5-1. Faulting in the Site Vicinity 
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5.2. Site Class 
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Site Class is determined using the average shear-wave velocity or average standard penetration 
resistance blowcounts (N-values) of the soil/rock underlying a site in the upper 100 feet. The shear 
wave velocity measurements as measured within CPT-1 indicates a value of 937 feet per second. 
Therefore, the site can be classified as Site Class Din accordance with Table 20.3-1 of ASCE 7-16. 

5.3. CBC Seismic Design Parameters 

The mapped site coefficients and maximum considered earthquake (MCER) spectral response 
acceleration parameters in accordance with the 2022 CBC/ ASCE 7-16 are presented in Table 5-1. 

Table 5-1.2022 CBC and ASCE 7-16 Mapped Seismic Design Parameters 

Risk Category 

Site Class D 

Site Coefficients, Fa 1.0 

Site Coefficients, Fv 1.853 

Mapped Spectral Response Acceleration at Short Period, Ss 1.314g 

Mapped Spectral Response Acceleration at 1-Second Period, S1 0.472g 

Adjusted MCER Spectral Response Acceleration at short periods, SMs 1.314 

Adjusted MCER Spectral Response Acceleration at short periods, SM1 1.312 

Design Spectral Response Acceleration at 1-Second Period, Sos 0.876 

Design Spectral Response Acceleration at 1-Second Period, So1 0.875 

Peak Ground Acceleration, PGAM 0.622 g 

According to Section 11.4.8 in ASCE 7-16 and Supplement 3, "a ground motion hazard analysis shall 
be performed in accordance with Section 21.2 for the following structures on Site Class D site with S1 
greater than or equal to 0.2." However, "A ground motion hazard analysis is not required for structures 
where the value of the parameter SM1 determined by Eq. (11.4-2) is increased by 50 percent for all 
applications of SM1 in the Standard. The resulting value of the parameter SD1 determined by Eq. 
(11.4-4) shall be used for all applications of SD1 in this Standard." Should this exception not be met, 
the site-specific seismic design parameters provided below should be used. 

In addition to the Code Spectra parameters presented in Table 5-1, NOVA has performed a site
specific ground motion hazard analysis in accordance with Chapter 21 of ASCE 7-16 to obtain site
specific seismic design acceleration parameters, the risk-targeted maximum considered earthquake 
response spectrum, and the design earthquake response spectrum. The site-specific seismic design 
parameters are presented on Table 5-2. 
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Table 5-2.2022 CBC and ASCE 7-16 Site-Specific Seismic Design Parameters 

Site Coefficients and Spectral Response Acceleration Parameters Value 

Site Amplification Factor at 0.2 Second, Fa 1.0 

Site Amplification Factor at 1 Second, Fv 2.5 

Adjusted MCER Spectral Response Acceleration at short periods, SMs 1.051 

Adjusted MCER Spectral Response Acceleration at short periods, SM1 0.944 

Design Spectral Response Acceleration at 1-Second Period, Sos 0.701 

Design Spectral Response Acceleration at 1-Second Period, So1 0.629 

Peak Ground Acceleration, PGAM 0.498g 

Seismic Design Category D 

5.4. Liquefaction 

Liquefaction occurs when loose, saturated, generally fine sands and silts are subjected to strong 
ground shaking. The soils lose shear strength and become liquid, resulting in large total and differential 
ground surface settlements, as well as possible lateral spreading during an earthquake. The site is 
located within a State-designated zone for liquefaction. Figure 5-2 shows the locations of seismic 
hazard zones in the site vicinity. 

Engineering analyses have been performed to evaluate the potential for liquefaction at the site if the 
design earthquake event were to occur. The evaluation was performed utilizing the Cliq computer 
program developed by Geologismiki. The program utilized the procedure by Robertson (NCEER 
R&W 1998, 2009). These analyses are based on field test data obtained by the CPT soundings. 

The liquefaction evaluation is provided in Appendix C. High groundwater was assumed at a depth of 
10 feet below the existing ground surface based historic high groundwater as discussed in Section 
4.2. The analyses indicate that some subsurface layers have a factor of safety below 1.25 and as 
such, are potentially prone to liquefaction during the design earthquake event. The estimated 
settlement caused by soil liquefaction is on the order of 0.5 to 0.7 inches. 

Based on the State of California Special Publication 117 A, hazards from liquefaction should be 
mitigated to the extent required to reduce seismic risk to "acceptable levels". The acceptable level of 
risk means, "that level that provides reasonable protection of the public safety" [California Code of 
Regulations Title 14, Section 3721 (a)]. The use of well-reinforced foundations, such as post-tensioned 
slabs, grade beams with structural slabs, or mat foundations have been proven to adequately provide 
basal support for similar structures during comparable liquefaction events. 

11 



CJ 

~ --------- .. __ 
···? ········ 1 

M"P EXPUIN ... TION 

EARTHQUAKE fAUlT ZONES 

Earthquak• fault Zone• 
Zone bol.ndlnes.,. delineated bystr.ight..,. ~ti: the 
tiounda1ff csetne lhe zone encompnw,g acav. •~ It'll 
0Cll'lltaule. polanbal hazard tel muclUrN fn>m aurfa:a fal&ng Of 

,_. aeep such thal avoiCSanc:• H dUcr'ibecl In Pubic RHCXll'CH 
Cooe SedlCl"I 2821 .5(■) woutl De reqund. 

ActtvefM1ttnac.s 
Faur• contlderod IO hlff been eclM di.Iring Holocene tame end 
to hiwe pcunc .. 1 tot &U'fac:e f\411Ufe• Solla Line h l!ladl o, 
Red wt..■ Al:,curat1111¥ Located. L0n9 0■11'1 in Black or $did I.Jns n 
Purple Whert App,ollmlllttr LocMed, Sh0f1 Dash ill BIid. Of SOid 
l.JneinOra•wtter.lnf9mtd.Dotledl.JneinetacaorSddlir•n 
Role wh«■ Co',culld Query ff) if'lalc9t• addilonal unc:.rta-'!ty 
EW111na. of t.toric. offset indcinad by year of .-thquake 

, 
0 

Geotechnical Investigation 
The Hive, Costa Mesa, CA 

NOVA Project No. 3023028 

February 29, 2024 

SEISIUC HAZAltD ZONES 

UctuafKtlO" ZonN 
M• WMr■ hiatonall oco.nence of llQIUefatbOn. or loCIII geoklgltif, 
geoleehnielil ■nd grouno w■•r ccndeona ftMca• ■ poW!t.i lor 
permanrt graund d1p!Kemanu 1ucn flat mqaoon • cien'wCI 1n 
PuCllc Rffoul'Cff Code Seeton 298l(C)9'0Uld be req\Ared 

!afthquakMndlKH Landlllde ZonH 
Are• wt.re prevou1 oc:cll'nwice ol llndllida movement. or local 
~raprlc:, gtobgleal. 9ff1Knnkal ana -.murtace- , c:ondllON 
n:hc:ate ■ potet'1llll b parman111t gmun::t dilplac::9meni. audl fie 
mligllicn H dtfNCI in PUtJllc RIIOUl'Cfl COde StctlOII 261J(C) WOUid 
be111qund. 
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5.5. Landslides and Slope Stability 

Evidence of landslides, deep-seated landslides, or slope instabilities was not observed at the time of 
NOVA's field evaluation. The site is relatively level. Additionally, there are no mapped landslides in 
the vicinity of the project site in both published geologic maps and the California Department of 
Conservation Landslide Inventory database. 

The potential for landslides or slope instabilities to occur at the site is considered very low given the 
flat topography, and flat-lying geological structure below the site. 

5.6. Flooding, Tsunamis, and Seiches 

The site is mapped within Zone X (FEMA, 2012), which are areas of minimal flood hazard. As such, 
the risk of a flood to affect the site is considered low. Figure 5-3 shows the flood zone mapped within 
the site vicinity mapped by the Federal Emergency Management Agency. 
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The site is not located within a mapped area on the State of California Tsunami Inundation Maps 
(CGS, 2022); therefore, damage due to tsunamis is considered low. 

Seiches are periodic oscillations in large bodies of water such as lakes, harbors, bays, or reservoirs. 
The site is not located adjacent to any lakes or confined bodies of water; therefore, the potential for a 
seiche to affect the site is considered low. 

5.7. Subsidence 

The site is not located in an area of known subsidence associated with fluid withdrawal (groundwater 
or petroleum); therefore, the potential for subsidence due to the extraction of fluids is considered very 
low. 
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Based on the results of NOVA's investigation, we consider the proposed construction feasible from a 
geotechnical standpoint provided the recommendations contained in this report are followed. 
Geotechnical conditions exist that should be addressed prior to construction. Geotechnical design and 
construction considerations include the following. 

There are no known active faults underlying the site. The primary seismic hazard at the site is the 
potential for moderate to severe ground shaking in response to large-magnitude earthquakes 
generated during the lifetime of the proposed construction. The risk of strong ground motion is 
common to all construction in southern California and is typically mitigated through building design in 
accordance with the CBC. While strong ground motion could affect the site, the risk of liquefaction is 
considered very low. 

• Surcharge fill was placed as part of the development of the existing structures. However, the 
limits of the surcharge fill are unknown and likely limited to the existing structures. The 
proposed structures are planned beyond the perimeters of the existing structures. Differential 
settlement associated with the unimproved and improved portions of the site will exceed 
tolerances typical for the proposed structures. Recommendations for remedial grading are 
provided in this report. 

• The site is underlain by minor undocumented fill and Alluvial Deposits. The deeper portions of 
the Alluvial Deposits are considered suitable for support of structural or fill loads. The 
undocumented fill and the near-surface portions of the alluvium, however, is potentially 
compressible and unsuitable for support of structural or fill loads. Recommendations for 
remedial grading are provided in this report. 

• Based on laboratory testing, the on-site soils are anticipated to have a low expansion potential. 
Recommendations for expansive soils are not a design consideration. 

• In general, excavations should be achievable using standard heavy earthmoving equipment in 
good working order with experienced operators. 

• The proposed residential buildings can be supported on shallow spread footings with bottom 
levels bearing entirely on engineered fill. Recommendations for foundations are provided 
herein. 

• Due to the anticipated structural loads of the proposed parking structures, static settlements 
are estimated to exceed typical tolerance levels. Therefore, ground improvement is 
recommended to reduce settlements and increase bearing capacity. 

• Groundwater was encountered in NOVA's borings. The permanent groundwater table is at 
deep enough levels not expected to be a constraint to development. However, groundwater 
seepage may develop in the future. These conditions can be mitigated if they occur. 
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The remainder of this report presents recommendations regarding earthwork construction as well as 
preliminary geotechnical recommendations for the design of the proposed improvements. These 
recommendations are based on empirical and analytical methods typical of the standard-of-practice 
in southern California. If these recommendations appear not to address a specific feature of the 
project, please contact NOVA for additions or revisions to the recommendations. The 
recommendations presented herein may need to be updated once final plans are developed. 

7 .1. Earthwork 

Grading and earthwork should be conducted in accordance with the CBC and the recommendations 
of this report. The following recommendations are provided regarding specific aspects of the proposed 
earthwork construction. These recommendations should be considered subject to revision based on 
field conditions observed by a NOVA field representative during grading. 

7. 1. 1 Site Preparation 

Site preparation should begin with the removal of existing improvements, vegetation, and debris. 
Subsurface improvements that are to be abandoned should be removed, and the resulting excavations 
should be backfilled and compacted in accordance with the recommendations of this report. Pipeline 
abandonment can consist of capping or rerouting at the project perimeter and removal within the 
project perimeter. If appropriate, abandoned pipelines can be filled with grout or slurry as 
recommended by and observed by the geotechnical consultant. 

7.1.2 Remedial Grading- Residential Building Pad Slab on Grade 

Beneath the proposed residential building pad to support a slab-on-grade, the existing fill and near
surface portions of the alluvium should be excavated to expose competent alluvial materials. The 
removals should extend to at least a depth of 5 feet below the existing ground surface or 2 feet below 
the bottom of the deepest footing, whichever is deeper. If a cut/fill transition exists at finished pad 
grade, the cut portion of the pad should be excavated to a depth of 3 feet below finished pad grade or 
2 feet below the bottom of the deepest footing, whichever is deeper. This will likely require over
excavation of the near-surface alluvium. Horizontally, excavations should extend at least 5 feet outside 
the planned perimeter building foundations or up to existing improvements or the limits of grading, 
whichever is less. NOVA should observe the conditions exposed in the bottom of excavations to 
evaluate whether additional excavation is recommended. 

Prior to placing any fill, the excavation bottom should be scarified to a depth of 6 to 8 inches, moisture 
conditioned to at least 110% of the optimum moisture content and compacted to at least 90% relative 
compaction. 

Removals performed adjacent to existing improvements should be performed in slots to avoid 
undermining existing foundations. The dimensions of the slots can be provided during grading 
operations. 

15 



7. 1. 3 Remedial Grading - Pedestrian Hardscape 
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Beneath proposed pedestrian hardscape areas, the existing soils should be excavated to a depth of 
at least 2 feet below existing grade or planned subgrade elevation, whichever is deeper. Horizontally, 
excavations should extend at least 2 feet outside the planned hardscape or up to existing 
improvements or the limits of grading, whichever is less. NOVA should observe the conditions exposed 
in the bottom of excavations to evaluate whether additional excavation is recommended. 

7. 1.4 Remedial Grading - Vehicular Pavements 

Beneath proposed vehicular pavement areas, the existing soils should be excavated to a depth of at 
least 2 feet below existing grade or planned subgrade elevation, whichever is deeper. Horizontally, 
excavations should extend at least 2 feet outside the planned pavement or up to existing 
improvements or the limits of grading, whichever is less. NOVA should observe the conditions exposed 
in the bottom of excavations to evaluate whether additional excavation is recommended. 

7. 1. 5 Expansive Soil 

The on-site soils tested have El's of 25 and 26, classified as low expansion potential. The 
recommendations presented herein are based on such soils. Additional testing of site soils should be 
performed by the project geotechnical consultant to confirm the basis of these recommendations 
during site grading. Based on results of such testing, the preliminary recommendations presented 
herein may require modification. 

7. 1. 6 Engineered Fill 

Excavated soils free of organic matter, construction debris, rocks greater than 6 inches, and expansive 
soil as described above should generally be suitable for reuse as compacted fill. Areas to receive fill 
should be scarified to a depth of 6 to 8 inches, moisture conditioned to at least 110% of optimum 
moisture content, and compacted to at least 90% relative compaction. Fill and backfill should be placed 
in 6- to 8-inch-thick loose lifts, moisture conditioned to at least 110% of optimum moisture content, 
and compacted to at least 90% relative compaction. The top 12 inches of subgrade beneath 
pavements should be compacted to at least 95% relative compaction. The maximum density and 
optimum moisture content for the evaluation of relative compaction should be determined in 
accordance with ASTM D1557. 

7. 1. 7 Imported Soil 

Imported soil should consist of El's less than 30, free of organic matter and rocks greater than 6 inches. 
Imported soil should be observed and, if appropriate, tested by NOVA prior to transport to the site to 
evaluate suitability for the intended use. 

7. 1. 8 Subgrade Stabilization 

Excavation bottoms should be firm and unyielding prior to placing fill. In areas of saturated or yielding 
subgrade, a reinforcing geogrid such as Tensar@ lnterAx™ NX650 or equivalent can be placed on the 
excavation bottom, and then at least 12 inches of aggregate base placed and compacted. Once the 
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surface of the aggregate base is firm enough to achieve compaction, then the remaining excavation 
should be filled to the finished pad grade with suitable material. 

7. 1. 9 Excavation Characteristics 

It is anticipated that excavations can be achieved with conventional earthwork equipment in good 
working order. The existing near-surface materials are well above optimum moisture content and will 
require drying to achieve proper compaction. 

Volumetric changes in earth quantities will occur when excavated on-site soil materials are replaced 
as properly compacted fill. We estimate that the existing surficial soils will shrink approximately less 
than 15%. Subsidence due to reprocessing of removal bottoms is anticipated to be approximately 0.1 
to 0.2 feet. The estimates of shrinkage and subsidence are intended as an aid for project engineers 
in determining earthwork quantities. However, these estimates should be used with some caution 
since they are not absolute values. Contingencies should be made for balancing earthwork quantities 
based on actual shrinkage and subsidence that occurs during the grading process. 

7. 1. 10 Oversized Material 

Excavations may generate oversized material. Oversized material is defined as rocks or cemented 
clasts greater than 6 inches in largest dimension. Oversized material should be broken down to no 
greater than 6 inches in largest dimension for use in fill, used as landscape material, or disposed of 
off-site. 

7.1.11 Temporary Excavations 

Temporary excavations 4 feet deep or less can be made vertically. Deeper temporary excavations in 
fill should be laid back no steeper than 1 :1 (horizontal:vertical) (h:v). If cohesionless, poorly graded 
sands are encountered, temporary excavations should be laid back no steeper than 1 ½: 1 (h:v) with 
no allowances of a vertical cut. The faces of temporary slopes should be inspected daily by the 
contractor's Competent Person before personnel are allowed to enter the excavation. Any zones of 
potential instability, sloughing, or raveling should be brought to the attention of the engineer and 
corrective action implemented before personnel begin working in the excavation. Excavated soils 
should not be stockpiled behind temporary excavations within a distance equal to the depth of the 
excavation. NOVA should be notified if other surcharge loads are anticipated so that lateral load 
criteria can be developed for the specific situation. If temporary slopes are to be maintained during the 
rainy season, berms are recommended along the tops of slopes to prevent runoff water from entering 
the excavation and eroding the slope faces. 

Slopes steeper than those described above will require shoring. Additionally, temporary excavations 
that extend below a plane inclined at 1½:1 (h:v) downward from the outside bottom edge of existing 
structures or improvements will require shoring. Soldier piles and lagging, internally braced shoring, 
or trench boxes could be used. If trench boxes are used, the soil immediately adjacent to the trench 
box is not directly supported. Ground surface deformations immediately adjacent to the pit or trench 
could be greater where trench boxes are used compared to other methods of shoring. 
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Due to the cohesive nature of the existing soils on-site, seepage from perched groundwater is 
anticipated to occur locally in excavations. If dewatering is necessary, the dewatering method should 
be evaluated and implemented by an experienced dewatering subcontractor. 

7. 1. 13 Surface Drainage 

Final surface grades around structures should be designed to collect and direct surface water away 
from structures, including retaining walls, and toward appropriate drainage facilities. The ground 
around the structure should be graded so that surface water flows rapidly away from the structure 
without ponding. In general, we recommend that the ground adjacent to the structure slope away at a 
gradient of at least 2%. Densely vegetated areas where runoff can be impaired should have a 
minimum gradient of at least 5% within the first 5 feet from the structure. Roof gutters with downspouts 
that discharge directly into a closed drainage system are recommended on structures. Drainage 
patterns established at the time of fine grading should be maintained throughout the life of the 
proposed structures. Site irrigation should be limited to the minimum necessary to sustain landscape 
growth. Should excessive irrigation, impaired drainage, or unusually high rainfall occur, saturated 
zones of perched groundwater can develop. 

7. 1. 14 Grading Plan Review 

NOVA should review the grading plans and earthwork specifications to ascertain whether the intent of 
the recommendations contained in this report have been implemented and that no revised 
recommendations are needed due to changes in the development scheme. 

7.2. Foundations 

7.2.1 General 

The foundation recommendations provided herein are considered generally consistent with methods 
typically used in southern California. Other alternatives may be available. NOVA's recommendations 
are only minimum criteria based on geotechnical factors and should not be considered a structural 
design, or to preclude more restrictive criteria of governing agencies or by the structural engineer. The 
design of the foundation system should be performed by the structural engineer, incorporating the 
geotechnical parameters described herein and the requirements of applicable building codes. 

As previously mentioned, the proposed residential buildings should be supported on shallow spread 
footings with bottom levels bearing entirely on engineered fill materials. Buildings should not be 
underlain by cut/fill transitions or transitions from shallow fill to deep fill. Due to excessive static 
settlements coupled with low bearing capacities, foundations for the parking structure should bear on 
a ground improvement system, such as Rammed Aggregate Piers®, (RAPs). 

7. 2. 2 Shallow Spread Footings 

Footings should extend at least 24 inches below lowest adjacent finished grade and bear entirely into 
engineered fill. A minimum width of 18 inches is recommended for continuous footings and 24 inches 
for isolated or retaining wall footings. An allowable bearing capacity of 2,500 psf can be used for 
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spread footings supported on engineered fill. The allowable bearing capacity can be increased by 300 
psf for each foot of depth below the minimum and 700 psf for each foot of width beyond the minimum 
up to a maximum of 3,500 psf on formation. The bearing value can be increased by ½ when 
considering the total of all loads, including wind or seismic forces. 

Lateral loads will be resisted by friction between the bottoms of footings and passive pressure on the 
faces of footings and other structural elements below grade. An allowable coefficient of friction of 0.34 
can be used. An allowable passive pressure of 250 psf per foot of depth below the ground surface can 
be used for level ground conditions where the ground is horizontal for a distance of at least 10 feet or 
three times the height generating the passive pressure. The passive pressure can be increased by ½ 
when considering the total of all loads, including wind or seismic forces. The upper 1 foot of soil should 
not be relied on for passive support unless the ground is covered with pavements or slabs. 

7.2.3 Mat Foundation 

The allowable bearing capacity provided in the spread footings section of this report is also applicable 
to mat foundations. Mat foundations typically experience some deflection due to loads placed on the 
mat and the reaction of the soils underlying the mat. A design modulus of subgrade reaction, k, of k = 
80 pounds per cubic inch (pci) can be used for the subgrade soils in evaluating such deflections. This 
value is based on an area of 1 square foot and should be adjusted for larger mats. Adjusted values of 
the modulus of subgrade reaction, Kv, can be obtained from the following equation for square mats of 
various widths: 

[B + 1]2 
Kv = K 2B (pci) 

Where B is the width of the mat in feet. 

Adjusted values of the modulus of subgrade reaction, K' , can be obtained from the following equation 
for rectangular mats: 

Kv ( 1 + 0.5 (:)) 

K' = 1.S (pci) 

Where B is the width and L is the length of the mat in feet. 

7.2.4 Foundation Plan Review 

As an alternative to the mat foundations, a Geopier-supported foundation system may be utilized to 
support the proposed buildings. A Geopier foundation system takes aggregate elements, such as the 
Geopier Impact™ system that utilizes Rammed Aggregate Pier®, (RAP), and compacts them to a 
density that forms a high stiffness engineered element. The compaction process in turn increases the 
lateral stresses and improves the surrounding soils. The densification of the adjacent soils should 
reduce the potential of liquefiable soils. 
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Following the installation of the Geopiers, the proposed building can then be supported on 
conventional shallow spread footings with a greater maximum allowable soil bearing pressure 
between the base of the foundation elements and the underlying aggregate materials. 

7.2.5 Foundation Plan Review 

NOVA should review the foundation plans to ascertain that the intent of the recommendations in this 
report has been implemented and that revised recommendations are not necessary as a result of 
changes after this report was completed. 

7.2.6 Foundation Excavation Observations 

A representative from NOVA should observe the foundation excavations prior to forming or placing 
reinforcing steel. 

7.3. Interior Slabs-On-Grade 

Interior concrete slabs-on-grade should be underlain by supported on engineered fill provided the 
subgrade has been prepared as previously described above. It is recommended that the floor slab 
expansive subgrade soils be moisture conditioned and maintained to at least 110% above the soil's 
optimum moisture content to a depth of at least 12 inches prior to concrete placement. Testing by the 
geotechnical engineer within 24 hours of floor slab concrete placement is recommended to document 
that the expansive soils have been adequately moisture treated. The intent of this recommendation is 
to pre-wet the expansive soils in attempt to reduce the potential for post-construction heave. 

We recommend that conventional concrete slab-on-grade floors be at least 5 inches thick and 
reinforced with at least No. 4 bars at 18 inches on center each way. To reduce the potential for 
excessive cracking, slabs should be provided with construction or 'weakened plane' joints at frequent 
intervals. The project structural engineer should design on-grade building slabs, reinforcement, and 
joint spacing. 

Moisture protection should be installed beneath slabs where moisture-sensitive floor coverings will be 
used. The project architect should review the tolerable moisture transmission rate of the proposed 
floor covering and specify an appropriate moisture protection system. Typically, a plastic vapor barrier 
is used. Minimum 15-mil plastic is recommended. The plastic should comply with ASTM E1745. The 
vapor barrier installation should comply with ASTM E1643 and the manufacturer's recommendations. 
The slab can be placed directly on the vapor barrier. If desired, granular material can be placed 
beneath the plastic to provide a level surface. 

7.4. Hardscape 

Pedestrian hardscape should be underlain by at least 2 feet of engineered fill material. The top 12 
inches of subgrade soils should be moisture conditioned to at least 110% of the optimum moisture 
content. Moistening should be accomplished by lightly spraying the area over a period of a few days 
just prior to pouring concrete. The geotechnical consultant should observe and verify the density and 
moisture content of subgrade soils prior to pouring concrete to ensure that the required compaction 
and pre-moistening recommendations have been met. 
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Exterior concrete slabs should be at least 4 inches thick and reinforced with at least No. 3 bars at 18 
inches on center each way. Slabs should be provided with weakened plane joints. Joints should be 
placed in accordance with the American Concrete Institute (ACI) guidelines. The project architect 
should select the final joint patterns. A 1-inch maximum size aggregate mix is recommended for 
concrete for exterior slabs. The corrosion potential of on-site soils with respect to reinforced concrete 
will need to be taken into account in concrete mix design. Coarse and fine aggregate in concrete 
should conform to the "Greenbook" Standard Specifications for Public Works Construction. 

7.5. Retaining and Screen Walls 

7. 5. 1 Footings 

Conventional retaining walls can be supported on spread footings. The recommendations for spread 
footings in the foundation section of this report are also applicable to conventional retaining walls. The 
passive resistance for walls along property lines, where lateral removals are restricted, should be 
limited to 150 psf. The passive pressure and bearing capacity can be increased by ½ in determining 
the seismic stability of the wall. 

7. 5. 2 Lateral Earth Pressures 

The active earth pressure for design of unrestrained retaining walls with level backfill can be taken as 
equivalent to the pressure of a fluid weighing 45 pcf. The at-rest earth pressure for design of restrained 
retaining wall with level backfill can be taken as equivalent to the pressure of a fluid weighing 65 pcf. 
These values assume existing soil with an El<30 and drained backfill condition. 

For walls with 2: 1 (h:v) sloping backfill, an equivalent fluid pressure of 85 pcf should be used for design 
purposes. The above values do not include an FS. Appropriate factors of safety should be incorporated 
into the design. If any other surcharge loads are anticipated, NOVA should be contacted for the 
necessary increase in soil pressure. 

Based on the 2022 CBC, walls that retain less than 6 feet need not be designed for seismic earth 
pressures. Seismic earth pressures provided herein are based on the method provided by Seed & 
Whitman ( 1970) using a peak ground acceleration (PGA) of 0.37 g, for 10% probability of exceedance 
in 50 years. The seismic earth pressure can be taken as equivalent to the pressure of a fluid pressure 
weighing 12 pcf. This value is for level backfill and does not include an Factor of Safety. Appropriate 
factors of safety should be incorporated into the design. This pressure is in addition to the un-factored, 
active earth pressure. The total equivalent fluid pressure can be modeled as an inverted triangular 
pressure distribution with the resultant acting at a height of H/3 up from the top of the wall, where H is 
the retained height of the wall. 

The total force, including both static and seismic components can be taken as a uniform load of 29 
pcf over the entire height of the wall. The total of static and seismic force acts at the center of the wall. 
Seismic surcharge only acts at 2/3H while static only acts at 1/3H. Consideration can be given to using 
a load factor of 1.0 for the seismic surcharge portion and a load factor of 1. 7 for the static portion 
(SEAOSC). 
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Retaining walls should be provided with a backdrain to reduce the accumulation of hydrostatic 
pressure or be designed to resist hydrostatic pressure. Backdrains can consist of a 12-inch-wide zone 
of ¾-inch crushed rock. The crushed rock should be separated from the adjacent soils using a non
woven filter fabric, such as Mirafi 140N or equivalent. A perforated pipe should be installed at the base 
of the backdrain and sloped to discharge to a suitable storm drain facility, or weep holes should be 
provided. As an alternative, a geocomposite drainage system such as Miradrain 6000 or equivalent 
placed behind the wall and connected to a suitable storm drain facility can be used. The architect 
should provide dampproofing/waterproofing specifications and details. Figure 7-1 presents typical 
conventional retaining wall backdrain details. Note that the guidance provided on Figure 7-1 is 
conceptual. A variety of options are available to drain retaining walls. 

RETAINING 
WALL 

FINISHED 
GRADE 

CONCRETE 
BROWDITCH 

12" 

I GROUND SURFACE 

WATER PROOFING 
PER ARCHITECT 

FILTER FABRIC ENVELOPE 
(MIRAFI 140N OR APPROVED 
EQUIVALENT) 

314" CRUSHED ROCK 
(1 CU.FT./FT.) 

Fil TER FABRIC 
ENVELOPE 
MIRAFI 140N OR 
EQUIVALENT 

4" DIA. SCHEDULE 40 
PERFORATED PVC PIPE 
OR TOTAL DRAIN 
EXTENDED TO 
APPROVED OUTLET 

COMPETENT BEDROCK 
OR MATERIAL AS 
EVALUATED BY THE 
GEOTECHNICAL 
CONSULTANT 

Figure 7-1. Typical Conventional Retaining Wall Backdrain Detail 
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Wall backfill should consist of onsite soils with El < 30. The backfill zone is defined by a 1: 1 plane 
projected upward from the heel of the wall. Additionally, backfill within 3 feet from the back of the wall 
should not contain rocks greater than 3 inches in dimension. Backfill should be compacted to at least 
90% relative compaction. 

Backfill should not be placed until walls have achieved adequate structural strength. Compaction of 
wall backfill will be necessary to minimize settlement of the backfill and overlying settlement sensitive 
improvements. However, some settlement should still be anticipated. Provisions should be made for 
some settlement of concrete slabs and pavements supported on backfill. Additionally, any utilities 
supported on backfill should be designed to tolerate differential settlement. 

7.6. Pavement Sections 

The pavement support characteristics of the upper soils encountered during NOVA's investigation are 
considered low. An R-value of 5 was assumed for design of preliminary pavement sections. The actual 
R-value of the subgrade soils should be determined after grading, and the final pavement sections 
provided. The following preliminary pavement structural sections are provided based on an R-value 
of 5 for the assumed Traffic Indexes in Table 7-1. 

Table 7-1. AC and PCC Pavement Sections 

Traffic Type 

Parking Stalls 

Driveways 

Fire Lanes 
AC: Asphalt Concrete 
AB: Aggregate Base 

I Traffic Index I 
4.5 

6.0 

7.5 

PCC: Portland Cement Concrete 

Asphalt Concrete 
I 

Portland Cement Concrete 
(inches) (inches) 

3 AC/6AB 6 PCC /4AB 

4 AC I 13 AB 9 PCC /4AB 

5 AC I 17 AB 11 PCC / 4 AB 

Subgrade preparation should be performed immediately prior to placement of the pavement section. 
The upper 12 inches of subgrade should be scarified, moisture conditioned to at least 110% of 
optimum moisture content, and compacted to at least 95% relative compaction. All soft or yielding 
areas should be stabilized or removed and replaced with compacted fill or aggregate base. Aggregate 
base and asphalt concrete should conform to the Caltrans Standard Specifications or the "Greenbook" 
and should be compacted to at least 95% relative compaction. Aggregate base should have an R
value of not less than 78. All materials and methods of construction should conform to good 
engineering practices and the minimum local standards. 

7.7. Pipelines 

For level ground conditions, a passive earth pressure of 350 psf per foot of depth below the lowest 
adjacent final grade can be used to compute allowable thrust block resistance. A value of 150 psf per 
foot should be used below groundwater level, if encountered. 
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A modulus of soil reaction (E') of 400 psi can be used to evaluate the deflection of buried flexible 
pipelines. This value assumes that granular bedding material is placed adjacent to the pipe and is 
compacted to at least 90% relative compaction. 

Pipe bedding as specified in the "Greenbook" Standard Specifications for Public Works Construction 
can be used. Bedding material should consist of clean sand having a sand equivalent not less than 
20 and should extend to at least 12 inches above the top of pipe. Alternative materials meeting the 
intent of the bedding specifications are also acceptable. Samples of materials proposed for use as 
bedding should be provided to the engineer for inspection and testing before the material is imported 
for use on the project. The on-site materials are not expected to meet "Greenbook" bedding 
specifications. The pipe bedding material should be placed over the full width of the trench. After 
placement of the pipe, the bedding should be brought up uniformly on both sides of the pipe to reduce 
the potential for unbalanced loads. No voids or uncompacted areas should be left beneath the pipe 
haunches. Ponding or jetting the pipe bedding should not be allowed. 

Where pipeline inclinations exceed 15%, cutoff walls are recommended in trench excavations. 
Additionally, we do not recommend that open graded rock be used for pipe bedding or backfill because 
of the potential for piping erosion. The recommended bedding is clean sand having a sand equivalent 
not less than 20 or 2-sack sand/cement slurry. If sand/cement slurry is used for pipe bedding to at 
least 1 foot over the top of the pipe, cutoff walls are not considered necessary. The need for cutoff 
walls should be further evaluated by the project civil engineer designing the pipeline. 

7.8. Corrosivity 

A representative sample of the on-site soils was tested to evaluate corrosion potential. The test results 
are presented in Appendix C. The project design engineer can use the sulfate results in conjunction 
with ACI 318 to specify the water/cement ratio, compressive strength, and cementitious material types 
for concrete exposed to soil. A corrosion engineer should be contacted to provide specific corrosion 
control recommendations. 
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NOVA should review project plans and specifications prior to bidding and construction to check that 
the intent of the recommendations in this report has been incorporated. Observations and tests should 
be performed during construction. If the conditions encountered during construction differ from those 
anticipated based on the subsurface exploration program, the presence of personnel from NOVA 
during construction will enable an evaluation of the exposed conditions and modifications of the 
recommendations in this report or development of additional recommendations in a timely manner. 

NOVA should be advised of changes in the project scope so that the recommendations contained in 
this report can be evaluated with respect to the revised plans. Changes in recommendations will be 
verified in writing. The findings in this report are valid as of the date of this report. Changes in the 
condition of the site can, however, occur with the passage of time, whether they are due to natural 
processes or work on this or adjacent areas. In addition, changes in the standards of practice and 
government regulations can occur. Thus, the findings in this report may be invalidated wholly or in part 
by changes beyond NOVA's control. This report should not be relied upon after a period of two years 
without a review by NOVA verifying the suitability of the conclusions and recommendations to site 
conditions at that time. 

In the performance of professional services, NOVA exercises the level of care and skill ordinarily 
exercised by members of the geotechnical profession currently practicing under similar conditions and 
in the same locality. The client recognizes that subsurface conditions may vary from those 
encountered at the boring locations and that the data, interpretations, and recommendations reported 
herein are based solely on the information obtained by NOV A. NOVA will be responsible for those 
data, interpretations, and recommendations, but shall not be responsible for interpretations by others 
of the information developed. Our services consist of professional consultation and observation only, 
and no warranty whatsoever, express or implied, is made or intended in connection with the work 
performed or to be performed by us, or by our proposal for consulting or other services, or by our 
furnishing of oral or written reports or findings. 
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USE OF THE GEOTECHNICAL REPORT 



Im ortant Information About Your 

Geotechnical Engineering Report 
Subsurface problems are a principal cause of construction delays, cost overruns, claims, and disputes. 

The following information is provided to help you manage your risks. 

Geotechnical Services Are Performed for 
Specific Purposes, Persons, and Projects 
Geotechnical engineers structure their services to meet the specific needs of 
their clients. A geotechnical engineering study conducted for a civil engi
neer may not fulfill the needs of a construction contractor or even another 
civil engineer. Because each geotechnical engineering study is unique, each 
geotechnical engineering report is unique, prepared solelyfor the client. No 
one except you should rely on your geotechnical engineering report without 
first conferring with the geotechnical engineer who prepared it. And no one 
- not even you - should apply the report for any purpose or project 
except the one originally contemplated. 

Read the Full Report 
Serious problems have occurred because those relying on a geotechnical 
engineering report did not read it all. Do not rely on an executive summary. 
Do not read selected elements only. 

A Geotechnical Engineering Re_port Is Based on 
A Unique Set of Project-Specific Factors 
Geotechnical engineers consider a number of unique, project-specific fac
tors when establishing the scope of a study. Typical factors include: the 
client's goals, objectives, and risk management preferences; the general 
nature of the structure involved, its size, and configuration; the location of 
the structure on the site; and other planned or existing site improvements, 
such as access roads, parking lots, and underground utilities. Unless the 
geotechnical engineer who conducted the study specifically indicates oth
erwise, do not rely on a geotechnical engineering report that was: 
• not prepared for you, 
• not prepared for your project, 
• not prepared for the specific site explored, or 
• completed before important project changes were made. 

Typical changes that can erode the reliability of an existing geotechnical 
engineering report include those that affect: 
• the function of the proposed structure, as when it's changed from a 

parking garage to an office building, or from a light industrial plant 
to a refrigerated warehouse, 

• elevation, configuration, location, orientation, or weight of the 
proposed structure, 

• composition of the design team, or 
• project ownership. 

As a general rule, always inform your geotechnical engineer of project 
changes-even minor ones-and request an assessment of their impact. 
Geotechnical engineers cannot accept responsibility or liability for problems 
that occur because their reports do not consider developments of which 
they were not informed 

Subsurface Conditions Can Change 
A geotechnical engineering report is based on conditions that existed at 
the time the study was performed. Do not rely on a geotechnical engineer
ing reportwhose adequacy may have been affected by: the passage of 
time; by man-made events, such as construction on or adjacent to the site; 
or by natural events, such as Hoods, earthquakes, or groundwater fluctua
tions. Always contact the geotechnical engineer before applying the report 
to determine if it is still reliable. A minor amount of additional testing or 
analysis could prevent major problems. 

Most Geotechnical Findings Are Professional 
Opinions 
Site exploration identifies subsurface conditions only at those points where 
subsurface tests are conducted or samples are taken. Geotechnical engi
neers review field and laboratory data and then apply their professional 
judgment to render an opinion about subsurface conditions throughout the 
site. Actual subsurface conditions may differ-sometimes significantly
from those indicated in your report. Retaining the geotechnical engineer 
who developed your report to provide construction observation is the 
most effective method of managing the risks associated with unanticipated 
conditions. 

A Report's Recommendations Are Not Final 
Do not overrely on the construction recommendations included in your 
report. Those recommendations are not final, because geotechnical engi
neers develop them principally from judgment and opinion. Geotechnical 
engineers can finalize their recommendations only by observing actual 



subsurface conditions revealed during construction. The geotechnical 
engineer who developed your report cannot assume responsibility or 
liability for the report's recommendations if that engineer does not perform 
construction observation. 

A Geotechnical Engineering Report Is Subject to 
Misinterpretation 
Other design team members' misinterpretation of geotechnical engineering 
reports has resulted in costly problems. Lower that risk by having your geo
technical engineer confer with appropriate members of the design team after 
submitting the report. Also retain your geotechnical engineer to review perti
nent elements of the design team's plans and specifications. Contractors can 
also misinterpret a geotechnical engineering report. Reduce that risk by 
having your geotechnical engineer participate in prebid and preconstruction 
conferences, and by providing construction observation. 

Do Not Redraw the Engineer's Logs 
Geotechnical engineers prepare final boring and testing logs based upon 
their interpretation of field logs and laboratory data. To prevent errors or 
omissions, the logs included in a geotechnical engineering report should 
never be redrawn for inclusion in architectural or other design drawings. 
Only photographic or electronic reproduction is acceptable, but recognize 
that separating logs from the report can elevate risk. 

Give Contractors a Complete Report and 
Guidance 
Some owners and design professionals mistakenly believe they can make 
contractors liable for unanticipated subsurface conditions by limiting what 
they provide for bid preparation. To help prevent costly problems, give con
tractors the complete geotechnical engineering report, but preface it with a 
clearly written letter of transmittal. In that letter, advise contractors that the 
report was not prepared for purposes of bid development and that the 
report's accuracy is limited; encourage them to confer with the geotechnical 
engineer who prepared the report (a modest fee may be required) and/or to 
conduct additional study to obtain the specific types of information they 
need or prefer. A prebid conference can also be valuable. Be sure contrac
tors have sufficient time to perform additional study. Only then might you 
be in a position to give contractors the best information available to you, 
while requiring them to at least share some of the financial responsibilities 
stemming from unanticipated conditions. 

Read Responsibility Provisions Closely 
Some clients, design professionals, and contractors do not recognize that 
geotechnical engineering is far less exact than other engineering disci
plines. This lack of understanding has created unrealistic expectations that 

have led to disappointments, claims, and disputes. To help reduce the risk 
of such outcomes, geotechnical engineers commonly include a variety of 
explanatory provisions in their reports. Sometimes labeled "limitations" 
many of these provisions indicate where geotechnical engineers· responsi
bilities begin and end, to help others recognize their own responsibilities 
and risks. Read these provisions closely Ask questions. Your geotechnical 
engineer should respond fully and frankly. 

Geoenvironmental Concerns Are Not Covered 
The equipment, techniques, and personnel used to perform a geoenviron
mental study differ significantly from those used to perform a geotechnical 
study. For that reason, a geotechnical engineering report does not usually 
relate any geoenvironmental findings, conclusions, or recommendations; 
e.g., about the likelihood of encountering underground storage tanks or 
regulated contaminants. Unanticipated environmental problems have led 
to numerous project failures. If you have not yet obtained your own geoen
vironmental information, ask your geotechnical consultant for risk man
agement guidance. Do not rely on an environmental report prepared for 
someone else. 

Obtain Professional Assistance To Deal with Mold 
Diverse strategies can be applied during building design, construction, 
operation, and maintenance to prevent significant amounts of mold from 
growing on indoor surfaces. To be effective, all such strategies should be 
devised for the express purpose of mold prevention, integrated into a com
prehensive plan, and executed with diligent oversight by a professional 
mold prevention consultant. Because just a small amount of water or 
moisture can lead to the development of severe mold infestations, a num
ber of mold prevention strategies focus on keeping building surfaces dry. 
While groundwater, water infiltration, and similar issues may have been 
addressed as part of the geotechnical engineering study whose findings 
are conveyed in this report, the geotechnical engineer in charge of this 
project is not a mold prevention consultant; none of the services per
formed in connection with the geotechnical engineer's study 
were designed or conducted for the purpose of mold preven
tion. Proper implementation of the recommendations conveyed 
in this report will not of itself be sufficient to prevent mold 
from growing in or on the structure involved. 

Rely, on Your ASFE-Member Geotechncial 
Engineer for Additional Assistance 
Membership in ASFE/The Best People on Earth exposes geotechnical 
engineers to a wide array of risk management techniques that can be of 
genuine benefit for everyone involved with a construction project. Confer 
with you ASFE-member geotechnical engineer for more information. 

ASFE 
The Best People ■ n larth 

8811 Colesville Road/Suite Gl 06, Silver Spring, MD 20910 
Telephone: 301/565-2733 Facsimile: 301/589-2017 

e-mail: info@asfe.org www.asfe.org 

Copyright 2004 by ASFE, Inc. Duplication, reproduction, or copying of this document, in whole or in part, by any means whatsoever, is strictly prohibited, except with ASFE'S 
specific written permission. Excerpting, quoting, or otherwise extracting wording from this document is permitted only with the express written permission of ASFE, and only for 

purposes of scholarly research or book review. Only members of ASFE may use this document as a complement to or as an element of a geotechnical engineering report. Any other 
firm, individual, or other entity that so uses this document without being an ASFE member could be commiting negligent or intentional (fraudulent) misrepresentation. 

IIGER06045.0M 
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4373 Vlewrldge Ave., I 944 Calle Amanecer, Suite F 
Suite B San Clemente, CA 92673 
San Diego, CA 92123 P: 949.338.7710 

NOTES: ETR-81 .5% 

SOIL DESCRIPTION 
SUMMARY OF SUBSURFACE CONDITIONS 

(USCS; COLOR, MOISTURE, DENSITY, GRAIN SIZE, OTHER) 
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LOG OF BORING 8-2 
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LOG OF BORING B-2(CONT.) 
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NOTES: ETR-81 .5% 

SOIL DESCRIPTION 
SUMMARY OF SUBSURFACE CONDITIONS 

(USCS; COLOR, MOISTURE, DENSITY, GRAIN SIZE, OTHER) 

SANDY CLAY, BROWN, MOIST, MEDIUM STIFF, CLAYEY SAND NOTED AT TIP OF SAMPLER 

- - - - - - - - - - - - - - - - -
SAND, MOTTLED GRAY AND BROWN, MORE OR LESS SATURATED, LOOSE, COARSE - - - - - - - - - - - - - - -
CLAY, MOTTLED OLIVE BROWN AND BROWN, MOIST, STIFF, AT 35' 

- - - - - - - - - - - - - - -
SAND, MEDIUM DENSE 
- - - - - - - - - - - - - - -

SILTLY CLAY, MOTTLED RED BROWN AND OLIVE BROWN, VERY STIFFAT41' 

SAND, VERY DENSE 

SAMPLE LOST 

BORING TERMINATED AT 51½ FT. GROUNDWATER ENCOUNTERED AT 24FT. 

THE HIVE 

3333 SUSAN STREET 

COSTA MESA, CA 92626 
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LOG OF BORING B-3 
DATE DRILLED: DEC 8. 2023 DRILLING EQUPMENT: ~C=M=E~7~5~---- SAMPLE METHOD: HAMMER: 140 LBS .• DROP: 30 IN /AUTO) 

ELEVATION (FT): +28 {Google Earth) DRILLING METHOD: 8-INCH HOLLOW STEM AUGER LOGGED BY: .E!L_ 

REVIEWED BY: .E!L_ GROUNDWATER DEPTH {FT): ....:.N=/A_,___ 
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NOTES: ETR-81 .5% 

SOIL DESCRIPTION 
SUMMARY OF SUBSURFACE CONDITIONS 

(USCS; COLOR, MOISTURE, DENSITY, GRAIN SIZE, OTHER) 

3 INCHES OF A.C. OVER 6 INCHES OF AB 
ARTIFICIAL FILL (AF): SANDY SILT, OLIVE BROWN, SLIGHTLY MOIST TO MOIST, 
MICACEOUS, FINE GRAINED 
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NOVA 

SP SAND, GRAY, SLIGHTLY MOIST 

15 25.4 96.5 CL ALLUVIUM (Qa):CLAY, OLIVE BROWN, SLIGHTLY MOIST TO MOIST, STIFF 

14 29.5 91 .6 ML SANDY SILT, MOTTLED BROWN, OLIVE BROWN, AND RED BROWN, STIFF, 
FINE GRAINED, MICACEOUS 

7 

6 

33.0 CL CLAY, OLIVE BROWN, MOIST TO WET, MEDIUM STIFF 

36.3 

GEOTECHNICAL 

MATERIALS 
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DVBE t SBE • SDVOSB • SLBE 

BORING TERMINATED AT 21 ½ FT. NO GROUNDWATER ENCOUNTERED. 

THE HIVE 

3333 SUSAN STREET 

COSTA MESA, CA 92626 

4373 Vlewrldge Ave.,www.usa.,nova.c~ Calle Amanecer, Suite F 

~~~eotgo, CA 92123 ~~~4iI.~r;:.~foCA 92673 
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LOG OF BORING 8-4 
DATE DRILLED: DEC 81 2023 DRILLING EQUPMENT: -'C=M=E=-7'-'5'------- SAMPLE METHOD: HAMMER: 140 LBS .• DROP: 30 IN (AUTO) 

DRILLING METHOD: 8-INCH HOLLOW STEM AUGER ELEVATION (FT): +30 (Google Earth) 

GROUNDWATER DEPTH (FT): ~2~3 __ 

LOGGED BY: ....E!S...._ 

REVIEWED BY: ....E!S...._ 
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NOTES: ETR-81.5% 

en SOIL DESCRIPTION 
en~ SUMMARY OF SUBSURFACE CONDITIONS :5 en (USCS; COLOR, MOISTURE, DENSITY, GRAIN SIZE, OTHER) 
(.)~ 
....I:::, 5~ 
en 

3 INCHES OF A.C. OVER 6 INCHES OF AB 

ARTIFICIAL FILL (af): SANDY CLAY/ CLAYEY SAND, OLIVE BROWN, SL MOIST TO MOIST, 
DENSE, FINE GRAINED, MICACEOUS 

SC ALLUVIUM (Qa): CLAYEY SAND, OLIVE BROWN, MOIST TO WET, 
VERY LOOSE, FINE GRAINED, MJCACEOUS 

-- ------------------
CL CLAY, MOTTLED BROWN AND RED BROWN, MOIST TO WET, SOFT, CAL/CHE STRINGERS 

PRESENT 

SC 

MEDIUM STIFF 

STIFF 

WATERAT23' 

CLAYEY SAND, MOTTLED BROWN AND GRAY WITH BLACK CARBONATE SPECS, 
WET, DENSE, SCATTERED CAL/CHE STRINGERS 
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3333 SUSAN STREET 

COSTA MESA, CA 92626 
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LOG OF BORING B-4(CONT.) 

DATE DRILLED: DEC 81 2023 DRILLING EQUPMENT: ....,C=M=E=--7"-"5'------ SAMPLE METHOD: HAMMER: 140 LBS .• DROP: 30 IN (AUTO) 

DRILLING METHOD: 8-INCH HOLLOW STEM AUGER ELEVATION {FT): +30 (Google Earth) 

GROUNDWATER DEPTH (FT): ~2=3 __ 

LOGGED BY: ....E!S...._ 

REVIEWED BY: ....E!S...._ NOTES: ETR-81 .5% 
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Suite B San Clemente, CA 92673 
San Diego, CA 92123 P: 949.338.TT10 

DENSE, COARSENESS DECREASES WITH DEPTH 

BORING TERMINATED AT 51½ FT. GROUNDWATER ENCOUNTERED AT 23 FT. 
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APPENDIX C 
LABO RA TORY TESTING 

Geotechnical Investigation 
The Hive, Costa Mesa, CA 

NOVA Project No. 3023028 

February 29, 2024 



Laboratory tests were performed in accordance with the generally accepted American Society for Testing and Materials (ASTM) test methods or suggested 

procedures. Brief descriptions of the tests performed are presented below: 

• CLASSIFICATION: Field classifications were verified in the laboratory by visual examination. The final soil classifications are in accordance with the 

Unified Soils Classification System and are presented on the exploration logs in Appendix B. 

• MOISTURE CONTENT (ASTM D2216): A test was performed on a selected represenative soil sample to evaluate the water (moisture) content by 

mass of soil, rock, and similar materials where the reduction in mass by drying is due to loss of water. The test sample is dried in an oven at a 

temperature of 110° ± 5°C to a constant mass. The loss of mass due to drying is considered to be water. The water (moisture) content was determined 

in general accordance with ASTM D2216. 

• MOISTURE AND DENSITY OF SOIL IN PLACE (ASTM D2937): In-place moisture contents and dry densities were determined for representative soil 

samples. This information was an aid to classification and permitted recognition of variations in material consistency with depth. The dry unit weight is 

determined in pounds per cubic foot, and the in-place moisture content is determined as a percentage of the soil's dry weight. The results are 

summarized in the exploration logs presented in Appendix B. The moisture and density of the soil was determined in general accordance with ASTM 

D2937. 

• GRADATION ANALYSIS (ASTM D6913): Gradation analyses were performed on representative soil samples in general accordance with ASTM 

D422. The grain size distributions of the samples were determined in general accordance with ASTM D6913. 

• ATTERBERG LIMITS (ASTM D4318): Tests were performed on selected representative fine-grained soil samples to evaluate the liquid limits, plastic 

limits, and plasticity indexes in general accordance with ASTM D4318. These test results were utilized to evaluate the soil classification in accordance 

with the Unified Soil Classification System. 

• EXPANSION INDEX (ASTM D4829): The expansion indexes of selected materials were evaluated in general accordance with ASTM D4829. 

Specimens were molded under a specified compactive energy at approximately 50 percent saturation (plus or minus 1 percent). The prepared 1-inch 

thick by 4-inch diameter specimens were loaded with a surcharge of 144 pounds per square foot and were inundated with tap water. Readings of 

volumetric swell were made for a period of 24 hours. 

• CORROSIVITY (CAL. TEST METHOD 417,422, 643): Soi/ PH, and minimum resistivity tests were performed on a representative soil sample in 

general accordance with test method CT 643. The sulfate and chloride content of the selected sample were evaluated in general accordance with CT 

417 and CT 422, respectively. 

• MAXIMUM DENSITY AND OPTIMUM MOISTURE CONTENT (ASTM D1557 METHOD A,B,C): The maximum dry density and optimum moisture content 

of typical soils were determined in the laboratory in accordance with ASTM Standard Test D 1557, Method A, Method B, Method C 

Soi/ samples not tested are now stored in our laboratory for future reference and evaluation, if needed. Unless notified to the contrary, samples will be disposed 
of 90 days from the date of this report. 
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Laboratory tests were performed in accordance with the generally accepted American Society for Testing and Materials (ASTM) test methods or suggested 

procedures. Brief descriptions of the tests performed are presented below: 

• DIRECT SHEAR: The shear strength parameters, angle of internal friction adn cohesion, were determined from undisturbed samples obtained from our 

exploratory borings. The test was performed in general conformance with ASTM D 3080. For each test, the three specimens were arlificially saturated 

in the laboratory and were sheared under submergerd conditions and varied loads at an appropriate rate of constant rate of strain. Residual shear 

of the Mission Valley Formation along bedding was determined by repeatedly shearing a sample in the direct shear machine. 

• CONSOLIDATION PROPERTIES (ASTM D2435): Tests were performed on selected relatively undisturbed soil samples in general accordance with 

ASTM D2435. The samples were inundated during testing to represent adverse field conditions. The percent of consolidation for each load cycle was 

recorded as a ratio of the amount of vertical compression to the original height of the sample. 

Soil samples not tested are now stored in our laboratory for future reference and evaluation, if needed. Unless notified to the contrary, samples will be disposed 
of 90 days from the date of this reporl. 
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Maximum Dry Density and Optimum Moisture Content (ASTM D1557) 

Sample 
Sample Depth Maximum Dry Optimum Moisture 

Location (ft.) Soil Description 

Sample 
Location 

8-1 
8-2 
8-2 
8-4 
8-4 
8-4 

8-1 
8-4 

Sample 
Depth 

(ft.) 

0-5 
15 
30 
0-5 
20 
25 

Density (pcf) 

0-5 Clayey Sand 115.6 
0-5 Clayey Sand 112.5 

Atterberg Limits (ASTM D4318) 

Liquid Limit, LL Plastic Limit PL 

34 17 
61 20 
30 15 
36 18 
36 12 
40 15 

Expansion Index (ASTM D4829) 

Sample 
Location 

8-1 
8-4 

Sample Depth 
(ft.) 

0-5 
0-5 

Expansion 
Index 

26 
25 

Expansion 
Potential 

Low 
Low 

Content(%) 

12.7 
13.9 

Plasticity 
Index, Pl 

17 
41 
15 
18 
24 
25 

Classification of Expansive Soil (ASTM D4829) 
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MATERIALS 
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Expansion 
Index 

0-20 

21-50 

51-90 

91-130 

>130 

Expansion 
Potential 

Very Low 

Low 

Medium 

High 

Very High 

LAB TEST RESULTS 
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Corrosivity (Cal. Test Method 417,422,643) 

Sample Sample Depth Resistivity Sulfate Content Chloride Content 
Location (ft.) pH (Ohm-cm) (ppm) (%) (ppm) (%) 

B-1 0-5 8.09 2600 24 0.002 27 0.003 
B-4 0-5 8.13 1800 33 0.003 19 0.002 

Water-Soluble Sulfate Exposure (ACI 318 Table 19.3.1.1 and Table 19.3.2.1) 

Water-Soluble Sulfate (SO4) Exposure Exposure Cement Type Max. Min. fc' 
in Soil (% by Weight) Severity Class (ASTM C150) W/C (psi) 

SO4 <0.10 N/A so No type restriction N/A 2,500 

0.10 $; SO4 < 0.20 Moderate S1 II 0.50 4,000 

0.20 $; SO4 $; 0.20 Severe S2 V 0.45 4,500 

SO4 > 2.00 Very Severe S3 V plus pozzolan or slag cement 0.45 4,500 

Direct Shear (ASTM D3080) 

Sample 
Location 

B-1 

B-4 
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Sample 
Depth 

(ft.) 

0-5 

0-5 
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Soil Description 

Clayey Sand 

Clayey Sand 
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Friction Apparent 
Cohesion Angle Peak/Ultimate 

(degrees) Peak/Ultimate (psf) 

27/28 300/140 

31/31 90/12 

LAB TEST RESULTS 

Proposed Residential Multi-Family Development 

Hive Live 

Susan Street and West Sunflower Avenue, Costa Mesa, CA 92606 

REVIEWED BY: PK PROJECT: 3023028 FIGURE: C.2a 



Sample 
Location 

B-2 

B-2 

B-2 

B-4 

B-4 
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Classification Test Results 

Sample 
Depth 

(ft.) 

15 

30 

45 

20 

40 

USCS Soil Type Passing No. 200 (%) 
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LIQUEFACTION ANALYSIS REPORT 

Project title: NOVA Services/ The Hive 

CPT file : CPT-1 

Input parameters and analysis data 
Analysis method: NCEER (1998) G. W.T. (in-situ): 
Fines correction method: NCEER (1998) G.W.T. (earthq.) : 
Points to test: Based on le value 
Earthquake magnitude Mw: 6.66 

Average results interval : 
le cut-off value : 

Peak ground acceleration: 0.50 Unit weight calculation : 
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Zone A, : Cyclic liquefaction likely depending on size and duration of cyclic loading 
Zone A2: Cyclic liquefaction and strength loss likely depending on loading and ground 
geometry 
Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening 
Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity, 
brittleness/sensitivity, strain to peak undrained strength and ground geometry 

Cliq v.3.5.2.5 - CPT Liquefaction Assessment Software - Report created on: 2/29/2024, 5:27:45 PM 
Project file : 0 :\3023028 The Hive, Costa Mesa\CPT Data\Hive Liquefaction.clq 
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This software is licensed to: NOVA Services 
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Input parameters and analysis data 
Analysis method: NCEER (1998) 
Fines correction method: NCEER (1998) 
Points to test: Based on le value 
Earthquake magnitude Mw: 6.66 
Peak ground acceleration: 0.50 
Depth to water table (insitu): 22.00 ft 

Depth to water table (erthq.): 
Average results interval: 
le cut-off value: 
Unit weight calculation: 
Use fill : 
Fill height: 

10.00ft 
1 
2.60 
Based on SBT 
No 
N/A 

u (psi) 
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Transition detect. applied : 
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Limit depth applied : 
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Cliq v.3.5.2.5 - CPT Liquefaction Assessment Software - Report created on : 2/29/2024, 5:27:45 PM 
Project file : 0 :\3023028 The Hive, Costa Mesa\CPT Data\Hive Liquefaction.clq 
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This software is licensed to: NOVA Services 

Estimation of post-earthquake settlements 
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q,: Total cone resistance (cone resistance qc corrected for pore water effects) 
le : Soil Behaviour Type Index 
FS: Calculated Factor of Safety against liquefaction 
Volumentric strain: Post-liquefaction volumentric strain 

0 
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LIQUEFACTION ANALYSIS REPORT 

Project title: NOVA Services/ The Hive 

CPT file : CPT-2 

Input parameters and analysis data 
Analysis method: NCEER (1998) G. W.T. (in-situ): 
Fines correction method: NCEER (1998) G.W.T. (earthq.) : 
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Earthquake magnitude Mw: 6.66 

Average results interval : 
le cut-off value : 

Peak ground acceleration: 0.50 Unit weight calculation : 
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Abbreviations 

q,: Total cone resistance (cone resistance qc corrected for pore water effects) 
le : Soil Behaviour Type Index 
FS: Calculated Factor of Safety against liquefaction 
Volumentric strain: Post-liquefaction volumentric strain 
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_-Fino Sandy SILT (Ml-1) ......... 

I .... • ~ ,: - a-!.. ~ .. - • 

P laetlclty lridox: / -P~~ent ~a11lng 
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I Bo~ng ·No·. H· 2 -·\, 
- 7 = Samplo No. Q--4 _Depth; 16.0 ft ,. 

- · ·• ... 
! 

Reddish Brown ~lily CL\'{(CH) 
,- ,, . _. ,, (:\ 

I Samplo D9sc.~ptlpn~ ,, 
G-

I i i f /Jquld Lliplt 1 • Plastl~ltt rndex: ; Porcent PaHlnQ ;· .. :i ~.:- . No. 200 Slovo: !\\J ·' 
.. I Dry ·-: 1 ' ll : Til1t Mcil1luril OaQMOOf . Vold 

' 
tlt.ago I · _ Conlilril (% ),~ _ Saturatlot'I (¾) Ra~o 

\.•. 

£>11n1lty.(~r) • . , \\ 
I • • - · .. l i .. lnlll ■ I I t \ 35.4 : t 83.6 95.11 0,978 . ,I .. 
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~ORM/\L ·sTR.ESS (pal) 
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' · 

' • I ~ .·, . 

Boring No. H· 2 Samplo No. B·1 _ ·oopth::_ 6,1 ~ 

Sample l.loscrlptfon;_ _ Olive Brow'ri .. Flne S~ndy SI_Lt·{ML) il 
,r--·--------------------1 

1 " Porcent Passing ~ 
.._L_lq_u_d_LI_m_lt:_""'.·"·' ... ,;...• __ - __ • ---'-P .... L_1ia_tJ __ c_lty_1_11_de_x_: __ ___..-,;_, .J,...:.N:.::-0:.:.• =20:.::0;..:s:.:.;l•:.:Y:.:;•:...: __ 1_,_..J 
Mol■ture __ , 5 - - --- D~gi'oo of: .-
Contont {¾): 17 • O,y Don■lty (pcf): 11 t ;a Sa',uraU01H'.4\! 97 

Samplo:Tyj,o: , Ramoii:lE:!d 90% R.C, 
!=::::====::=========:====== .... :.~-======= 

SHEAR STRENGTH PARAMETERS ) ' t 

Rate of Shitar (lnJmln,): 

~ ' <~ .. :----,.------..:..------------------1 

Para~otor Pe,k • . Ulllmato 0 

_c_oi_,., ..... 1_o_n _(p_s_f),...- ............... -,:i--------•i __ ,_s_co ______ -+-____ soo __ • __,;.1_·_ --~ 

r-ri~tlori ~""'• (deg root~' T . ·...;.._.._...,...,.. __ .4.-_____________ .:..,1.. ______________ -.1 23.5 

ii 
\. 

.--;:- , ; • 

~~ L• ~ 

,.:, ' · .. 

DIRECT SHEAR TEST RESULTS 
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Llqu~d"Llrrilt:·- _- c _ _ • -- - ~ ~i~~Ucl~~·lnde~: ,~ • '.,~Perco.nlPi1"11tng~ - ----- • - .: 
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-Mol~t~ro~~- -, -24 _9 - - -;· 0 -jty( ;j~ •1~~-0;~-·•!iogroe-of .:~-~--- 04 
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)-..;·:;::~-- :;:::::::=::::::: 

SHEAR ~TRENGTH PARAMETERS .,_. ______________ ...._ __ , .._ . .---- . c:. 

Pllramotor '~ca~ -• Ultlmato o 
.....,._;...._ _______ t------- ----1 
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COMP,fcr10N TEST 

ASTM D 1557 

Project Name: 
') • I) 0 '\, .. 

···..;;; E;;;.;m;.;.;u;;;.;le;;.;.•'i;..;.1...;.H.;.;;o;.;.;m"""e;...;R_a_n.;.;;c.;.;.h_: _______ Tes_ted By : MTR Date: May-15-02 

Proje"Ct No·.: . 02021-01 Calcul~~ed By: JHW ,,Date: May-16-02 

Boring Ne.: 
Sample No. : 

• / 

Depth (ft.) _.2F-·..;;..3 _____ _ ~-~· ---· --
8-1 n 

Visual Sample D~scriptlon: • 
Q 11 ,I_ 

_0_11v_e'-·s_a.;..;·n.;;.,dy~S.;..;l.;.;,;lt.~s~(=M__,L)~----:...· _ 't..a..' ..... ______ _ 

P.reparaUon Method: • □ Mol.~t,._ 
[R) 'DrJ. 

:~.-:-';_":;": Mold Volume (ft l) 

'TEST NO. 1 -
• ' 

Wt. ccfme, s01I + Mold • ,am.> 3645.0 

Wt. of Mold .<an{ l '1803.0 

Net WL or! Soll (grri.) ·1845.0 

Wet Wt. of Soll + Cont.'. (oni.) 483.50 

Di'Y Wt. of Soll+ Cont. fom.1· 448.20 

Wt. of con'talner lam.) 51.10 

Moisture Con,tent . (%) B,89 

Wet Density loco 122.4· 
orv·bensltv . ;1,;;, Cot.'n ·., :,:.~::): 112.4 • 

\\, 
Maximum D,ry Density (pcf}-

PROCEOURE. USED . 
00 Pr·oc~dure A ' 
s011 Pu.11!ng No. 4 (4.75 mm) Sieve 
Ml>l.i • 4 In (\OU! mm) ·dlan,e!er 
layers : $ (Five) 
Blows per lay,r ~ 25 (twenty•flve) 
Maybe used U No.4 retained c 20% 

I 

I 

' 

0,03322 j 

@ ~ei:hanlcat Ram 

0 Manual Ram . 
Ram Welght 10 LBS. Drop 18· Inches. 

"-;', 2 3 4 5 .6 

\/ 37~5.0 3809.0 3737.0 '. 

1803,0 1803.0 • .1803.0 

19~2.0 2006.0 1934.0 

490.40 50l',;')O 520.30 
,. 

.. ;; 

• ·4<:,30 ,451.40 451,20 
50.80· 49.30 50.80 I 
:1,2 .. 00 14.25 .. 17.26 .· , . 

.,:_·1~a.s ~ 1.J3.1' ,..1 28.3 
115.1 116.S ·109.5 .. 

....J 
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... .. ... ·· · ' ,, . 
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TERA TEST LABS 

PROJECT NAME: 

~AMPLE NUMBER: 

SAMPLE DESCRIPTION: 

TEST SPECIMEN 

Emulex/ Home Ranch 

8-1 

s(Ml) 

MOISTURE AT COM~ACTION ¾ 

R-VALUE TEST RESULTS 

PROJ!:t:T NUMBER: 02021·01 -------
SAMPLE LOCATION: -'T--1'----------
TECHNICIAN: _A_c_s _____ _ 

CATE SAMPLED 4'25102 -------
:J b C 

13J5 t4.2 15.1 

• HEIGHT OF SAMPLE~;-r,c:h1t!.,_,;,..- ------------+-,..--"------~---------11-------,....-:--t 

ORV OENSIT'I':, pet ·-·· 

2.48 VIB 2.51 

~------......,....-----+--_;...;..;.;.;,...__-+-__ ....;..;....,;... __ -+-__ ...;..;..,;...._, ___ -i 
COMPACTOR AIR PRESSURE, 1:1sf 

111.1 110.6 1 t0.2 

300 . 250 .. 200 

EXUDATION PRESSU~E. s:,sf 500 399 238 

EXPANSION, lnc:he-s x 10e:in:i-4 ·!;. 65 SB 33 

STABllrn' Ph 2,0::J0 lbs 1160 psi) - 38 .. .co· 44 

TIJRNS DISPLACEMENT 4.92 5.10 5'.21 

R•VALUE UNCORRECTED 62 60 ,:, se 
R•VALUE CORRECTED 62 60 55 

DESIGN CALCULATION DATA a b C 

GRAVEL EQUIVALENT FACTOR 1.0 1.0 1.0 

TRAFFIC INDEX 5.0 . 5.0 5.0 

ST ABILOMETER 'THICKNESS, l't. 0.61 0.64 0.70 

EXPANSION,PRESSURE THICKNESS, tt. 2.17 1.93 1.10' 

EXPANSION PRESSURE CHART EXU~110~ PRESSURE CHAR r 
90 

. 
I . 

~ -

t~ . 
.. 

• so • . 
• 

• 

.~ so· 
.-~ ·~ .. 
~ . 

10 
• I ... ~ 

·, .. 
~ --· 

t~- .. 
'2U ,· ' -: 

.. : 
. 

10 . 
,, 
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TERA TEST LABS 

.PROJ.~CT NAM~: SP I Home Ranch 
;, 

_,. (> ·.•• 

PRO-:,ECT NUMBER: 01071-0t 
---""""-'-------

SAMPLE NUMBl';R: SAMPLE t.OCATION: _'H __ .s;;..;;.o._s· ____ _ 

SAMPLE PESCf{IPTION: Ml TECHNICIAN: _s""'c"'""F_"""""" __ _ 
DATE SAMPLED 1114/02 

.. 
·-·-

Ti:ST SPECIMEN a b 
,. 

. C 

MOISTURE AT COMPACTION % 18.9 19.9 •; 20.4 

HEIGHT OF SAMPLE, Inches 2.46 2.54 2.54 
ORY DENSITY, Def ,:;,,j · _ __,;..;,;._.:,..;. _______ -+---,,......;=.;..._----+--...;.;:=--_..,--...;..;:~"--~ 106.1 104.9. 108.7 

/1 . COMPACTOR AIR PRE:SSURE, osr " 150 ~ - -. 50 

EXUDATION.PRESSURE, psf " 562 371 281' 
EXPANSIC)N, lnch:,::DS::.X:::..:.;10Hn.4:.:':;:i:....;.... _ __. _____ +-,--::.:.,;.---+---....::.:.._ __ +-.....,-_:;;.:,_ __ ~I 67 44 97 . 

ST ABILITY Ph 2,000 lbs (160 w!) 

, TURNS DISPLACEMENT . 
R•VAlUE UNCORRECTED 

R•VAl.UE CORRECTED 

DESIGN CALCULATION DATA 

GRAVEL EQUIVALENT FACTOR 
TRA.FFIC INDEX 
STABILOMETER THICKt.lESS, ft. 
e>:PANSION PRESSURE THICKNESS, ft. 

EXPANSION PRESSURE CKAAT 

• 

.. 
• j · • • " 

69 
3.66 

35 

35 

Ill 

1.0 

5.0 
1.04 
3.23 

so 

110 

0 

eo 

,, 

117 124 

3.79 
., 

3.BQ 
i' 20 16 

20 .. 16 

s.o- s.o 
1.2s· 1.34 

fl 2.23 1 • ·,, 1.47 - ~-~......_ __ ......;.;:~--~ 

200 ICQ . .!I 

" 

<: , ~,' ·., 
". " . i.l , .• ' . ;'.ii . J \! .. ~ ~ . . ·' '.' .. 

··: 
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[ I :, ., TERA'TEST LABS •• .. .. 1 -R~VALUE TES.T RESWLT.S I ,, . 
•: :· ,, 

I 
t 

PROJECT NAME: 
SAMPLE NUMBER: 
SA!.1P!-E [?ESBRIPTION: 

sp· I Homo Rar.ch 

B-1 
ML 

,,• 

.. PROJECT NUMBE~: 01071-01 

SAMPLE ~OCATION: H-2 0-5' 

·-recANICtAN: SCF 

'DATE. SAM~~EO 1114ro·2 -
.. 

[ . TEST SPECIMEN 
MOISTURE.AT COMPACTION% 

a b C 

21.9 ·22.9 
,. 

23.1 :. 

l 
HEIGHT OF SAMPLE, lnchor, 

.. ,· 

DRY OENSrtY, cd 
COMPACTOR AlR PRESSURE. osf 

2.55 \ ' 2.65 2.60 • 

103.1 9~2 100.T _ .. : 
125 50 ,, 50 

l. 
EXUOATIOI': PRESSURE, osf 
EXPANSION, Inches x 10exp-4 .. 
STABILITY Ph 2.000 lbs (160 csl) ---· 

432 
., -. 

.. 302 251 
85 47 40 -,_. 11-4 124 130 .. ... 

.r.. 

[ 
TURNS DISPLACEMENT 
R-VAlUE UNCORRECTED 
R-VAlUE CORRECTED 

3.27 .. 3.62 3.86 
24= 17 13 .. 
24 16 14 

.. 
: 

L DESIGN CP.LCULATJOIH>ATA 
GRAVEL EQUIVALENT FACTOR:. 

.. .. 
:, a b C .. 

to 
.. 

1.0 1.0 

l TRAFFIC INDEX •• 

STABILOMETER THICKNESS, ft 

-- 5.0 s:o 5.0 
'\.~1,1 1.31' 1.38 

~~SION PRESSURE THICKNESS, ft. 2.a.1 
.. 

f.33 1.57 

l 
~~ ·· : . 

EXPM'SION PP.ESSUR.E CHA.RT 

., 

EX\JOATION PRESSURE CHART 

(.00 - - • ,.,. . 

{_ 
.5 
z 3.SO ·O 
u; 

eo 

I 
~ ~00 . ~ 

D. .. • 
~ ~ 

10 

f_ <· ,· 

l .,· · .... , 

;, : i' 
I~ • .. -; 

., . 

. )j .. : ' 

l :.-
:• 

f. 
.,, 

,; 
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. l l • 

;,~ '·~~ . 
·M, J. Schiff & Associntr.s, Inc, .. 
Consulr,i11g Corrasion Eriguuers-Sinc« 1959 

)} 

1~08 Monte ytst11 Avenue, S~lte 6 
Up~and, CA 91786-8214 

'Phone: ~09/931-13150 ,, 

TabJ~r-f- Lnboi:ntoryTcs't,,.m1. Soll Samples •• (J. 
. . . : 

Homt! Ranch Jltsldtndal Pro]tt~~Corta MtS"i CA 
:. Your #01071-iJi; MiSM .tl02•Q049#Q 

21-Jar,-~1 
I) 

'frcncb T~@ 1-4! Trench T•S@ 10-12' 
s·amplc No M'.B•l ~!llDplc No. MB•l 

Dark Grayish Brown • Vm Dan: Grayish. 

0 

Silt :,.. ,:-;. Brown Clay 
....... • .. • ..:. · ; .• .- :-- !- f ' . ')' , J~ , ·:,:·A.1 ... , , . .. J • ~_;;; , 

•-· 

.RcslsUvity .... 
'-1-rcccivcd 
saturated 

pH 

:tlcctricril 
Conducth-l~? 

Unlts 
ohm-cm 
obm.:an 

Chemical An11lyses 

Cations. · · 

e.alcium 
nugncslum 
sodium 
Antons 
c~natc 
bie:zbunatc 

·chloride 

.. · ~· 
Mgli' 

Na1• 

1) '· 

cot i\ngllcg 
,1iC0,1"mg.lkg 
:ci'· mg/leg 
sot mg/kg 

,· 

sulfate 

Other Tests 
~onium NHr -ms/ks 
nltntc · · .·• NO.t mgikg 

;-·.: I S\llfidc s1<' .• . ctual. 

ltedox.- mv . 

.. M-;,., 

1,~00 
1,500 .. 

6:6 

0.29 ,: 

\\ 

144 
24 

ND 

lID 
284 

ii 4S 
1~6 

· 9.4 
5.8 

·.~ 
na 

-

860 · 
860 

6,7 

0.23 

28 

1i9 
107 

ND 

149 
~s 

i~'i 

13.S 
67,9 

·¥ 
na· 

:; 
! 

. .. .. ', . . . 

-- • 

Ja ' , : "' .. •: •. :: : r .. I ••·• . •: •~ •• ~ ~ ) • f • : JJ~: • .-.. ~•4 #,~• 

: I , .. , i_.?° . ; , ·,'., .. :.'.•: · · .. . • . i, , :, , ',t · • ., • ~:- ;, ' • :· •• 

. itcr,tHcaf cod~tlvity in EJ?1!1isicme~tr-m ~od·C~~.al ':m:liy.;i$ 'WCf~·~d~ i>D" l!tsoil•t~wa~r c~t,}·ac;~' •• ' ' 
·m•g&g .. -;.li~gram., 1~~ ,v.i!ogriun (p·trtc:_:pcr'inil1fori) of diY s·ott. • .. , • .-, I: '·1, ;:-:<.: ,. : ) 

. • . ·. ; : ' "' t)o. / ·- i : -.:_; , •••. " -~~· • • :"'. 
: •: 

~--
:.,~'i. :· :-:· 1 

. ' • 
•' · 

Red ox• o:uditi~n~tcdu~tio~pot:uUtl. .in' to.t\Uv.nlts • .- :-, •• • (' 
?-JP cs noi ~etecred !f • .,. • t>· 
• ·o:s .. ~hnil}-ied ;>,; •• " 

•• ~-· -:~i •'• ., 
,, • i 
·- ' '. 

' ..... .. \\ 

.. -· 
' ' . 

'" 'l :.· , . • >~··· 

•'· 
.l 

··- 1· . _. I ~./ 

.:, . .. Page ) ·or 1 

~---,,_-·•--··1:1·-1:••··•-~llil·111·'11· ---••11»ii···&l·gi· ~..;; J~ . 

' ·i 
...... ·.·:1! 
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LABORATORY TEST RESULTS 

ADDITIONAL CONS01.IDATIQ,N TESTING 
(NOT INCLUDED IN PRIOR REPORTS) 

• ,:;:::;, 

I! 

St,mpleID Time-Rate Loading 

2) H-l,D-4@17.5' 

~) H-J, 0-4 @l 7.~ 

'4) H·2, 0 .. 4 @15' 

5) H-2. 0"4.@151 

6) H-3, D-2 @7 .S' 

~;:.,, \\. ·, .. . , ... _. 

\· 

., 
\;: . ,-. 

1/ 

" ~( ' c:. 
..... . .. -.,1 __ . .... ·· - ~·""· ·· ··· .. •··· · · · · ···· ·· • 4 -', •• · · 

··
.• . 

1.6 ksf 

1.oksf 

3.2.ksf 

1.6 ksf 

3.2 ks'f 
.; 

1.6 ksf 

I/ 

.--. 
"1.._l 

,. 

·.' •. 

:.' '· 

.J, •. 

•.: 

(I 

02021-0·1 
Oc19bcr 18, 2001 

,µ.... ~- :,_; .. > ~~4, .. ;· \ . 
..... .. ·- ·· 

" 

., 

., 

1J 

' 'J 
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(~ 
i ) i--N ~~ ...... 

2 
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4 . 

6 

8 
!• ..... t-.... 

~ - · "'-i-. 
- ~ 

--~ z 
< 10 

,-:;; a: 

t;; 

12 

~ • '\ 
I"\ 

' \ 

.:: 

-- t"---,.. r-.. i-..... 

• 
' 
' 

i-.. 
!-..1,..., 

~ -

~ 

LEGEND 
o • ·1nltlal mol:11uri, 
• 11a aftor salurallo!l 

%Coll.apse(-) 
ot % Swell(+) .:Q.Q! 

161-----+--•-+---f--J._...-f-14-.f.----f---+---f--J._...~H--i-----+---+--+---i---+---+-1-H 
.. 

1ai--........ --+---+---+--+---+--+-J-+..~----J------+---+--+--+-~~+----+---+--.---+---+--+-~ 

20 • 
,-, • ·0.1 

Boring No .. H- 1 

STRESS {kaf). 

Sampia No. 0:2 

10 100· 
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ProJect No.: 02021-01 

Date: 

-. •-Sample ID: H-1, D-2 , 1.6 KSF 

Tlme 
Readings 

6 sec 
15 sec 

,,30 sec 
~ 1 min 

2mln 
4 min 
a min ~:. 
15mln 
30min 

1 hr 
2 hr 
4 hr: 
.B hr 
24 hr 

.~ Time (min) 

,~ 

0.10 
0.25 
0.5,g 
1.00 
2.00 
4.00 
8.00 
15.00 
30.ob 
60,00 
120.00 
240.00;, 
480.od 
1440.QO 

. ~, -:·-- ·-'is 

J! 

,·. 

S,q.Rt. Tlme 
(Min) 
a..~32 
Q.SOt: 
0.7.1 
1.00 
1.41 
2.00 
~.83 
3.87 
5.48 
7.75 
1Q.95 
15.49 
21,91 
~7.95 

I ProJect Name! ,. CJS/EMULEX 

:.:-

.. . . .. 

. ., 

\_\ 

,, " ' ' "'' ., -- • 

.,,_,_-. 
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~ ~ \~ 
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'LEGEND : 
◄;)..., 

( J 
. o • ~lllal rriolsl)Jro 

:-,.. 
~ • · • alter Hturallon ,, ...... .., 

2 
\\ 

~ 
% CollapGo (•) . 
,,, ,:. swo11 (+) ~~ 

•.:, 

4 i'... ~, 
'·' •,• 

~ " ' 

6 
\ 

-~ ~ ~ r-......_ 
8 -..,I-- 1 .. 

~ \ 
r--,.,... \ 

10 .... 
I'-, 

r---.. 

~ ~ "l :,..., 
~1--

12 
;, 

,J r---. 
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ProJect No.; 02021--01 

Date: 9/20/02 :) 

Sample ID: H-1 D--4 
Time 

Readings 
6sec. 
15 sec 
30sec 

Tlm·e {min) 

1 min 
2 min 
4 min 
Bmln 

15.mln 
30mtn 
1 hr 
2 hr 
4 hr 
B hr 

24 .hr 

.. 

0.'10 
0.25 .. 
(},50 
too 
2.00 
4.00 
B.00 
15,00 
30.00 
60,00 
120.00 
240.CO 

,, 4eo.od 
1440,00 

~ .-: . :, . ; ..... _. 

. -; 
. (~\\ :-

q, : .:.' : ~ 

.. 
, : , 

'f ' , .. . • 
" '-i:; 

·- ... .,.~ .. 

... 

I Project Name: 

® 1.6 KSF 
Sq.Rt.Time 

(Min} 
0.32 
a.so 
0,71 
1.00 
1.41 ~ 
2.00 
2~63 
3.67 
5.48 
7,75 
10;95 
15.49 
21.91 
37.95 

.stfa1rf • 

"".J-

CJS/EMULEX 

., 

{ · 

0 
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/f 

\) 

•::. ,., 
~j_ -:: . 
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~ n a - -------"""'!"-----------~--~~---------. 
pifect No.: 02021-0·1 .. l:;,rtijecl Na~e~ CJSIEMULEX 

Date: .:· ·9/~0/02 . ...(/ ~ '; · . ..;:'. ________________ , ___ ......,. 
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