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1.0	INTRODUCTION 
 
 
LGC Geotechnical has performed a geotechnical evaluation for the proposed grading of the site located at 
20 Old Ranch Road in Laguna Niguel, California (Figure 1). This report summarizes our findings, 
conclusions, and preliminary geotechnical design recommendations relative to the proposed grading.	
 
 
1.1	 Project	Description 
 

The subject site is an approximately 13-acre hillside property located at 20 Old Ranch Road in the 
city of Laguna Niguel, California. The site is bound on the south and east by residential 
developments, on the north by vacant land and on the west by homeowners’ association property 
and Old Ranch Road (Figure 1).  
 
The site is located on a generally east-facing slope consisting of a graded pad with a large single-
family home in the upper portion of the slope, a driveway, swimming pool, and as associated 
improvements. Topographically, elevations of the hillside range from approximately 340 feet and 
620 feet above mean sea level. The upper portion of the hillside was graded into a building pad 
for the existing home, pool and improvements in 2014 (LGC Geotechnical, 2014) with 2:1 
(horizontal to vertical) inclination slopes above and below. Subsequent grading was performed 
to repair erosional scouring along the northern property line and to establish two flat terraces 
and associated access trail, below the building pad area, in 2018 (LGC Geotechnical, 2018) and 
2020 (LGC Geotechnical, 2020) with intermediate approximately 2:1 (horizontal to vertical) 
inclination slopes. The graded slopes have been planted with low ground cover. Below the 
previous limits of grading, slopes within the property are covered by native grasses and weeds 
and a few bushes.  
 
The proposed grading will include trimming of the lower portion of the site slope to an 
approximately 2:1 (horizontal to vertical) inclination for construction of two large flat areas in 
the lower portion of the site (Toal, 2022). The subject grading will be performed concurrent with 
grading for future residential construction on the adjacent 25 Old Ranch Road property to the 
north (Toal, 2022). The adjacent grading has been addressed by this firm under separate cover 
(LGC Geotechnical, 2019b, 2021 & 2023c). We understand that the proposed grading and pad 
construction on the subject site will ultimately be utilized for landscaping purposes. No 
structures are proposed.  
 
 

1.2	 Background 
 
Several geotechnical consultants have performed subsurface evaluations within the subject 
property and adjoining areas to evaluate the presence of potential landslides, including GeoSoils 
in 1977 and 1985, and Petra Geotechnical in 2006 and 2011 (Appendix A). Petra Geotechnical, 
Inc. performed a geotechnical investigation in 2006 and 2011 which included the subject 
property at 20 Old Ranch Road and the adjoining parcel at 13 Old Ranch Road to the south. 
Thirteen bucket auger borings were excavated and logged as part of their investigation.  
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While the regional geologic maps of the area and the evaluation report by Geosoils indicated that 
a large ancient landslide complex was present on the subject and adjacent sites, the Petra 
Geotechnical evaluation found the landslides not to be present on the site (Petra, 2011a).  
 
The building pad for the residential structure at 20 Old Ranch Road and surrounding fill slopes 
were graded in the upper portion of the site in 2014, under the geotechnical observation and 
testing services of LGC Geotechnical (2014). The home and associated improvements were 
constructed shortly thereafter.  
 
Geotechnical evaluation by LGC Geotechnical of a recent landslide failure at 13 Old Ranch Road, 
(the adjacent property to the south) which occurred in 2023 found that the landslide on that 
property was a reactivation of a portion of an ancient landslide (LGC Geotechnical, 2023). The 
evaluation identified a deep landslide rupture surface below that site which projected beneath 
the subject site. The rupture surface for the ancient landslide at 13 Old Ranch Road is coplanar 
with the clay bed previously identified in our geotechnical evaluation for 25 Old Ranch Road, to 
the north of the subject site (LGC Geotechnical, 2019b). This new data prompted concern for the 
potential presence of slope stability concerns for the subject site. Based on the proposed grading 
for the lower portion of the subject site, and in consideration of the potential slope stability 
concerns, a subsurface evaluation was performed by this firm, including excavation of two large-
diameter borings in the lower portion of the subject site. The findings of this additional 
evaluation are presented herein. These findings indicate that an ancient landslide rupture surface 
is present in the lower portion of the site slope and that slope stability mitigation is necessary to 
improve the stability of the site and for the proposed grading.  
 
The data gathered from a previous site geotechnical evaluations were reviewed and considered 
as part of our study. Boring logs from the previous evaluation reports for the site have been 
included herein (see Appendix C). The findings, conclusions and recommendations of the 
geotechnical evaluation have been considered as part of our study.  
 

	
1.3	 Subsurface	Evaluation	 
 

Our subsurface evaluation consisted of the excavation, sampling, and logging of two large-
diameter borings (BA-1 and BA-2), excavated in April of 2023. The approximate locations of our 
excavations are shown on the Geotechnical Map (Sheet 1) and their logs presented in Appendix B. 
The locations of pertinent borings by others have also been included on the Geotechnical Map 
and are also included in Appendix C.  
 
The exploratory excavations were logged from the surface by a representative of our firm during 
excavation and following the completion of the hole, the large-diameter borings were downhole 
logged by a geologist from our firm. During our subsurface evaluation, representative driven soil 
samples were obtained at regular intervals from within the borings. Subsequent to the 
subsurface evaluation, the excavations were backfilled with excavated materials to the ground 
surface. Tamping of the materials placed within the borings was performed periodically during 
backfilling. However, some settlement of the backfill materials will likely occur over time. 
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1.4	 Laboratory	Testing		
 

Representative bulk and driven samples were obtained for laboratory testing during the current 
field evaluation. Laboratory testing included Atterberg Limits, Torsional Shear, and Direct Shear.  
 
 An Atterberg Limit test was performed on a grab sample of clay bed material at 

approximately 40 feet. Results indicated a Liquid Limit of approximately 67 and a 
Plasticity Index of 44. 

 Direct shear tests were performed on select driven samples. The plots are provided in 
Appendix D. 

 Torsional ring shear tests for residual and fully softened shear strength were performed 
on grab samples of site clay materials. The plots are provided in Appendix D. 
 

Laboratory test results obtained from our field evaluation are provided in Appendix D. 
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2.0 GEOTECHNICAL	CONDITIONS 
	
	
2.1	 Regional	Geology 
 

The site is located on the southwestern border of the Peninsular Ranges. Specifically, the site lies 
within the sedimentary basin known as the Capistrano Embayment, a sub-horizontal deposit 
consisting of marine siltstone and clayey, siltstone bedrock of the Tertiary Period (late Miocene 
to early Pliocene Epoch; approximately 5 to 15 million years old) Capistrano Formation. This 
sedimentary unit, in excess of 3,000 feet thick near the center of the embayment, was uplifted, 
gently folded, and eroded to produce the low, rolling hillside topography observed today. More 
recently, the local geology has also been influenced by a rapid drop in sea level resulting in 
extensive erosion, creating numerous steep-sided drainage channels, and relatively steep slopes 
that are prone to landsliding.  

 
 
2.2	 Site‐Specific	Geology 
 

The geologic materials identified on the site include artificial fill, topsoil, landslide materials, and 
the Capistrano Formation bedrock. The typical onsite characteristics of the materials are 
described in the following subsections (from youngest to oldest). The approximate lateral 
extent of the geologic units encountered is presented on the Geotechnical Map (Sheet 1). The 
topographic base utilized for our Geotechnical Map was provided by Toal Engineering, Inc. 
(Toal, 2022). 
 
Regional geologic maps of the area depict a large, ancient landslide encompassing most of the 
subject property (CGS, 1999). The findings of our subsurface evaluation have confirmed that at 
least locally a landslide is present on the site. More discussion is provided herein. 
 
Based on our review of the State of California Seismic Hazard Zones Map for the Dana Point 7.5 
Minute Quadrangle (CGS, 2001b), the site is not located within a potential liquefaction zone but 
is located within a zone of potential earthquakes induced landslides. These maps were 
prepared by the State to raise awareness of the potential for such hazards and to prompt 
appropriate investigation to evaluate these potentials on a site-by-site basis.  
 
The site is not located within a mapped State of California Earthquake Fault-Rupture Hazard 
Zone per compiled maps released by the CGS (2000), and no known active or potentially active 
faults cross the site.  
 
 

	 2.2.1	 Artificial	Fill	Soils	(Map	Symbol	–	af) 
 

Compacted artificial fill soils underlie the area of the previous site development from 
previous grading operations for the site (LGC Geotechnical, 2014 & 2018). The fill 
materials are generally comprised of moist, very stiff silts, clays, and sandy silts. The fill 
thicknesses placed during the grading operations were up to approximately 50 feet 
(LGC Geotechnical, 2014). 
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 2.2.2	 Topsoil/Colluvium	(Not	Mapped) 
 

A relatively thin veneer of topsoil/colluvium mantles the surface of the majority of the 
site. The material typically consists of brown to dark brown, dry to moist, medium stiff, 
silty clay. These soils are typically porous and contain scattered roots and organics. The 
topsoil/colluvium is considered potentially compressible and will need to be removed 
to competent formational material in areas of proposed development. Topsoil can be 
generally expected to be on the order of two feet thick whereas as colluvial deposits can 
be on the order of approximately ten feet thick within and along the margins of the 
drainage gullies on the site.  

	
	
	 2.2.3	 Quaternary	Landslide	(Map	Symbol	–	Qls	&	Qols) 

 
Multiple landslides are present on the subject property.  
 
A small landslide is present along the northern property line which is anticipated to be on 
the order of approximately eight to ten feet thick (Sheet 1). The landslide material is 
considered potentially compressible and will need to be removed to competent 
formational material in areas of proposed grading. Potential, overlying and/or 
underlying colluvial deposits may require locally deeper removals.  
 
A large landslide complex underlies the majority of the site. For the purposes of this 
report the ancient landslide has been subdivided into two overlying landslides, internal 
failures, and a larger underlying “older” landslide (Sheets 1 through 3). The landslide 
material encountered consisted of siltstone, clayey siltstone, and sandy siltstone 
derived landslide deposits. Where encountered, the landslide materials were observed 
to be relatively intact and similar to the bedrock materials at the site, but moderately 
fractured and weathered. The basal rupture surface of site landslides were observed 
along very thin, soft, clay beds.  
 
 

 2.2.4	 Tertiary	Capistrano	Formation	(Map	Symbol	–	Tc) 
 

Tertiary Capistrano Formation material underlies the entire site at depth. This material 
generally consists of very fine sandy siltstone, slightly clayey siltstone, and lesser 
amounts of sandstone. Within the upper oxidized (weathered) portion of the formation 
this material is typically light gray to brown in color and is commonly has gypsum and 
is iron-stained along joints and fractures. The unoxidized portion of the Capistrano 
Formation is very dark gray, stiff to very stiff fresher bedrock. In general, the Capistrano 
Formation material was found to be thickly bedded to massive with rare, very thin beds, 
and few concretionary nodules. 

 
 
2.3 Geologic	Structure 

 
The Capistrano Formation bedrock, encountered in our large-diameter borings, consisted of 
mostly massive material with the exception of a few gently westerly dipping (approximately 2-3 
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degrees) clay beds. Jointing within the Capistrano Formation bedrock is commonly found to be 
moderately to steeply dipping, and generally randomly oriented.  
 
The findings of our study indicate that the landslides are generally block-type failures, with steep 
backscarps and gently into-slope-dipping basal rupture surfaces.  
 
No faults are known to transect the site. The closest significant fault to the site is the active 
offshore portion of the Newport-Inglewood Fault Zone, located approximately 4 miles 
southwest of the site.  

	
	
2.4	  Groundwater	 
 

Perched groundwater seepage was encountered in both borings during the subject evaluation. 
Moderate seepage was encountered within Boring BA-1 from 23 feet to approximately 50 feet 
below the ground surface, and between 30 to 40 feet below ground surface in Boring BA-2. A 
static groundwater table was not encountered on the site. 

 
 

2.5	 Seismicity	and	Faulting 
 

The subject site is not located within an Alquist-Priolo Earthquake Fault Zone and there are no 
known faults (active, potentially active, or inactive) onsite. 



 

Project	No.	14123‐01	 Page	7	 October	25,	2023	

3.0	ANALYSES 
 
 
3.1	 Soil	Shear	Strength	Parameters	

 
The soil shear strength parameters utilized in our slope stability analysis are based on laboratory 
testing, published correlations (Stark and Hussain, 2013 & Stark et al, 2005) and published shear 
strength data (CGS, 2001a). The along bedding clay shear strength is based on a few different 
things. We took into consideration published shear strength correlations for drained fully-
softened friction angle (Stark and Hussain, 2013) from a grab sample obtained from our field 
evaluation, a torsional shear test result of a grab sample obtained from a boring drilled onsite, 
and a torsional shear test result of a grab sample obtained from a boring drilled on the adjacent 
property (LGC Geotechnical, 2023). Table 1 summarizes the static shear strength parameters 
utilized in our analysis of the proposed design and peak shear strength parameters utilized in our 
analysis for pseudostatic conditions and of the temporary condition during grading operations. 
Laboratory test results are provided in Appendix D. 
 

TABLE	1	
Soil	Shear	Strength	Parameters	

 

Soil	Type 

Static	

	(Degrees)	
Cohesion	
(psf)	

af, Compacted fill  26 300 
Qls – Quaternary Landslide, young 27 250 
Qols, Quaternary Landslide, older 27 250 
Tc, Capistrano Bedrock Formation 28 250 

Landslide Rupture Surface 8 0 
 
 
3.2	 Slope	Stability	Analyses	
	

Global slope stability analyses were performed on 2 two-dimensional Geotechnical Cross 
Sections (1-1’ and 2-2’) depicting the proposed design profile and positioned through the site 
landslides. Slope stability analyses were performed using the computer program GSTABL7 
with STEDwin version 2.005.3 (Gregory Geotechnical Software, 2011). Potential block failure 
modes were analyzed using Janbu’s Simplified Method, respectively. A minimum factor of 
safety of 1.5 is typically required for static loading conditions. Seismic slope stability analysis 
was performed incorporating a horizontal seismic coefficient (Kh) of 0.15 with a minimum 
required factor of safety of 1.1. For bedding planes less than 12 degrees from the horizontal, 
pseudostatic (seismic) slope stability was not performed. Slope stability analyses are provided 
in Appendix E. 
 
Based on the reinterpretation of the site geologic conditions as comprised of a landslide 
complex rather than Capistrano Formation bedrock and in particular, the “clay bed” beneath 
the site as a landslide rupture surface, the site currently has a factor of safety of as low as 1.10 
for global slope stability. Combined with the proposed grading, partial removal and buttressing 
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of the ancient landslide will be required. On Geotechnical Cross Sections 1-1’ and 2-2’ potential 
failure surfaces were evaluated along the landslide rupture surface exiting at various locations 
through the buttress key. Results of our slope stability analysis indicate a minimum buttress 
size as depicted on our Remedial Measures Map (Sheet 2) to achieve a minimum of 1.5 static 
factor of safety and a 1.1 pseudostatic factor of safety. Note that based on our analysis, the 
proposed grading will not achieve an appropriate factor of safety as currently proposed. In 
order to achieve an appropriate calculated factor of safety for slope stability, the size of the 
proposed upper pad should be increased with additional fill placement as depicted on our 
Geotechnical Map and Cross Section 2-2’. 
 
The analysis for the temporary condition of Geotechnical Cross Sections 1-1’ and 2-2’ have a 
factor of safety less than 1.25, at 0.80 and 0.84, respectively. This indicates a backcut failure 
could occur within the left-in-place landslide material if the entire keyway is opened up at once. 
To help prevent this from happening, the keyway should be excavated in 20-foot width slot 
cuts. Analysis of the temporary condition with 20-foot slot cuts for Geotechnical Cross Section 
1-1’ and 2-2’ is included in Appendix E showing a factor of safety of 3.31 and 3.14, respectively. 
 
In order to expedite improvement of the stability of the site, it may be necessary to construct 
the recommended buttress and restore site grades to the current topography as an “interim 
grade” until the proposed grading plans are revised, submitted and approved by the City. Based 
on our analysis, construction of the recommended buttress and restoring the site to the current 
site topography will achieve a global factor of safety of approximately 1.24. Ultimately, the 
proposed design grading and modification thereto, provided herein, will need to be performed 
to achieve slope stability factor of safety of 1.5 for the site.  
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4.0	CONCLUSIONS	
 
 
Based on the results of our subsurface evaluation and geotechnical review of the proposed plan, it is our 
opinion that the proposed grading of the site is considered feasible from a geotechnical standpoint, 
provided that the recommendations provided here and in future reports are incorporated during site 
grading and development. A summary of our geotechnical conclusions are as follows: 
 

 The major geologic units on the site include artificial fill, topsoil/colluvium, a small surficial failure, 
ancient landslide materials, and the Capistrano Formation.  

 Based on our evaluation, landslide stabilization is required to improve the stability of the site and 
for the proposed grading. We recommend that the lower portion of the ancient landslide and 
underlying rupture surface be removed, and a landslide buttress be constructed per the 
recommendations and at least to the minimum dimensions provided herein. Furthermore, 
additional fill placement is required to improve the stability for the proposed grading in the area of 
Geotechnical Cross Section 2-2’ to increase the mass in the buttress to improve the stability for the 
landslide to achieve a minimum of 1.5 static factor of safety and a 1.1 pseudostatic factor of safety. 
Once the proposed grading has been revised to reflect the recommended additional fill placement, 
the plans should be provided to LGC Geotechnical for additional analysis to confirm the necessary 
stability will be achieved. Provided our recommendations are appropriately incorporated into the 
project grading plan, the proposed grading will be considered feasible from a geotechnical point of 
view. 

 Interim grading, including buttress construction and restoring the site to existing grades can be 
performed to improve the stability of the site until such a time that the proposed grading plan (and 
modification discussed herein) have been revised, submitted to and approved by the City.  

 Although groundwater is not considered a constraint for the proposed development, localized 
groundwater seepage may be encountered during grading. 

 The site is not located in a State of California Seismic Hazard Zone for liquefaction potential. Site soils 
are primarily fine-grained and generally not considered susceptible to liquefaction. The developed 
site will consist of compacted fill over dense/hard bedrock and not considered susceptible to 
liquefaction.  

 The site is located within a State of California Seismic Hazard Zone as having potential for 
earthquake-induced landslides. This potential hazard will be mitigated with remedial grading 
measures including buttress keyways recommended herein.  

 Existing native slopes surrounding the development area are anticipated to be grossly stable; 
however, minor surficial failures may occur.  

 From a geotechnical perspective, the existing onsite soils are considered suitable material for use 
as general fill, provided that they are relatively free from rocks (larger than 8 inches in maximum 
dimension), construction debris, and significant organic material. Significant moisture conditioning 
will be required to obtain the required compaction. 	

 Design slopes are anticipated to be both grossly and surficially stable, as long as they are 
constructed in accordance with our geotechnical recommendations and are properly landscaped 
and maintained throughout their design life. 
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 Although fill depths are anticipated to exceed 50 feet in vertical thickness with the area of the 
proposed buttress key backfill, deep fill compaction criteria (increased compaction effort, 
settlement monitor installation and monitoring, and settlement waiting period) are not considered 
applicable/necessary as no structural improvements are proposed.  

 Based on the results of our evaluation and analysis provided herein, and provided our 
recommendations are properly implemented during construction, the proposed development of the 
site is not anticipated to significantly impact adjacent perimeter properties.  

 
Please note that the conclusions and recommendations contained herein are based on preliminary 
subsurface conditions, which have been interpreted from a limited number of subsurface excavations. 
These conclusions and recommendations should be verified during site grading and adjusted according 
to the actual exposed field conditions. 
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5.0	RECOMMENDATIONS	
 
 
The following recommendations are to be considered preliminary, and should be confirmed upon 
completion of grading and earthwork operations. In addition, they should be considered minimal from 
a geotechnical viewpoint, as there may be more restrictive requirements from the architect, structural 
engineer, building codes, governing agencies, or the City. 
 
It should be noted that the following geotechnical recommendations are intended to provide sufficient 
information to develop the site in general accordance with the 2022 C.B.C. requirements. With regard 
to the potential occurrence of potentially catastrophic geotechnical hazards such as fault rupture, 
earthquake-induced landslides, liquefaction, etc. the following geotechnical recommendations should 
provide adequate protection for the proposed development to the extent required to reduce seismic 
risk to an “acceptable level.” The “acceptable level” of risk is defined by the California Code of 
Regulations as “that level that provides reasonable protection of the public safety, though it does not 
necessarily ensure continued structural integrity and functionality of the project” [Section 3721(a)].  
 
All geotechnical recommendations contained herein must be confirmed to be suitable or modified 
based on the actual as-graded conditions. 
 
 
5.1	 Site	Earthwork 
 

We anticipate that earthwork at the site will consist of site preparation, remedial grading, 
excavation of the recommended buttress keys, construction of subdrains and hydraugers, and 
fill placement to design grades. We recommend that earthwork onsite be performed in 
accordance with the following recommendations, the City of Laguna Niguel Grading 
Requirements and the General Earthwork and Grading Specifications for Rough Grading included 
in Appendix F. In case of conflict, the following recommendations shall supersede all previous 
recommendations and those included as part of Appendix F. The following recommendations 
should be considered preliminary and may be revised based on the actual conditions 
encountered during site grading by the geotechnical consultant. 
 

 5.1.1	 Site	Preparation	
	

Prior to commencement of grading operations, the site should be stripped of all 
vegetation within the limits of proposed grading. Vegetation and debris should be 
removed and properly disposed of offsite. Prior to grading of areas to receive structural 
fill, the areas should be cleared of surface obstructions, any existing debris, potentially 
compressible material (such as unsuitable fill soils, topsoil/colluvium, highly weathered 
bedrock, and/or unsuitable landslide materials). Areas to receive fill and/or other surface 
improvements should be scarified to a minimum depth of 6 inches, brought to a near-
optimum moisture condition, and recompacted to at least 90 percent relative compaction 
(based on American Standard of Testing and Materials [ASTM] Test Method D1557). 
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	 5.1.2	 Removals	
 

Complete removal of landslide materials will be required within the limits of the 
recommended buttress key areas prior to fill placement, as depicted on the 
Geotechnical Map (Sheet 1). Removal depths within the limits of the buttress key will 
extend to a depth of at least 5 feet below the rupture surface. The approximate depths 
of the anticipated removal bottoms are depicted on the Geotechnical Map. The actual 
depths and extent of the required removals will be determined in the field by the 
geotechnical consultant based on in-grading observation and testing.  

 
Potentially compressible/collapsible materials not removed by the planned design cuts or 
remedial grading for the site landslides should be excavated to competent material and 
replaced with compacted fill soils. We anticipate removals on the site will vary greatly 
across the site. Deeper removals should be expected along the margins and within the 
onsite drainage. Estimated removal depths are indicated on the Geotechnical Map. In 
general, the depth of remedial grading should be anticipated to range between five and 
ten feet below existing grade.  
 
Local conditions may be encountered which could require additional removals beyond 
those estimated herein. The actual depth and lateral extents of removals should be 
determined by the geotechnical consultant, based on subsurface conditions encountered 
during grading.  
 
 

5.1.3	 Removal	Bottoms	and	Subgrade	Preparation	 
 
In general, removal bottom areas and any areas to receive compacted fill should be 
scarified to a minimum depth of 6 inches, brought to a near-optimum moisture condition, 
and re-compacted per project recommendations.  
 
Removal bottoms and areas to receive fill should be observed and accepted by the 
geotechnical consultant prior to subsequent fill placement.  

	
	
	 5.1.4	 Fill	Placement	
 

Material to be placed as fill should be brought above optimum moisture content 
(generally near optimum to about 2 percent above optimum moisture content) and 
recompacted to at least 90 percent relative compaction (per American Society for Testing 
and Materials [ASTM] Test Method D1557). Soils will require significant moisture 
conditioning (either adding water or drying back) in order to achieve adequate 
compaction. The optimum lift thickness to produce a uniformly compacted fill will 
depend on the type and size of compaction equipment used. In general, fill should be 
placed in uniform lifts not exceeding 8 inches in compacted thickness. Each lift should be 
thoroughly compacted and accepted prior to subsequent lifts. Generally, placement and 
compaction of fill should be performed in accordance with local grading ordinances and 
under the observation and testing performed by the geotechnical consultant. Any 
encountered oversized material as previously defined must be appropriately handled 
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(Appendix F).  
 
Fill placed on any slopes greater than 5:1 (horizontal to vertical) should be properly 
keyed and benched into firm and competent soils as it is placed in lifts. During backfill of 
excavations, the fill should be properly benched into firm and competent soils of 
temporary backcut slopes as it is placed in lifts.  

 
Fill slope faces should also be compacted to project requirements. This may require 
overbuilding of the slope face and trimming back to design grades. To improve surficial 
stability, vegetation specified by the landscape architect should be established on the 
slope face as soon as it is practical. 

 
Areas prepared to receive structural fill and/or other surface improvements should be 
scarified to a minimum depth of 6 inches, brought to at least optimum moisture content, 
and recompacted to at least 90 percent relative compaction (based on ASTM Test 
Method D1557). The optimum lift thickness to produce a uniformly compacted fill will 
depend on the type and size of compaction equipment used. In general, fill should be 
placed in uniform lifts not exceeding 8 inches in compacted thickness. Placement and 
compaction of fill should be performed in accordance with local grading ordinances 
under the observation and testing of the geotechnical consultant.  
 
From a geotechnical viewpoint, any required import soils should consist of clean, soils of 
Medium expansion potential (expansion index 90 or less based on ASTM D4829) or less 
and no particles larger than 6 inches in greatest dimension. Source samples of planned 
importation should be provided to the geotechnical consultant for laboratory testing a 
minimum of 3 working days prior to any planned importation for required laboratory 
testing. 
 
Aggregate base material should be compacted to a minimum of 95 percent relative 
compaction near optimum moisture content per ASTM D1557. Subgrade below aggregate 
base should be compacted to a minimum of 90 percent relative compaction per ASTM 
D1557 near optimum moisture content (generally within optimum and 2 percent above 
optimum moisture content).  
 
If gap-graded ¾-inch rock is used for backfill (around storm drain storage chambers, 
retaining wall backfill, etc.) it will require compaction. Rock shall be placed in thin lifts 
(typically not exceeding 6 inches) and mechanically compacted with observation by the 
geotechnical consultant. Backfill rock shall meet the requirements of ASTM D2321. Gap-
graded rock is required to be wrapped in filter fabric to prevent the migration of fines 
into the rock backfill 
 

 
5.1.4.1	Oversized	Placement  

 
Oversized material (material larger than 8 inches in maximum dimension) will 
likely be generated during site grading. Recommendations are provided for 
appropriate handling of oversized materials in General Earthwork & Grading 
Specifications, Appendix F. Oversize material should not be placed in any deep fill 
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areas where an increased minimum relative compaction is required. If feasible, 
crushing oversized materials or exporting to an offsite location may be 
considered.  

 
 

	 5.1.5	 Trench	Backfill	and	Compaction 
 

Bedding material used within the pipe zone should conform to the requirements of the 
current Greenbook and the pipe manufacturer. Where applicable, sand having a sand 
equivalent (SE) of 20 or greater (per Caltrans Test Method [CTM] 217) may be used to 
bed and shade the pipes within the bedding zone. Sand backfill should be densified by 
jetting or flooding and then tamped to ensure adequate compaction. Bedding sand should 
be from a natural source, manufactured sand from recycled material is not suitable for 
jetting. The onsite soils may generally be considered suitable as trench backfill (zone 
defined as 12 inches above the pipe to subgrade), provided the soils are screened of rocks 
greater than 3 inches in maximum dimension, construction debris and organic material. 
Trench backfill should be compacted in uniform lifts (as outlined above in Section 
“Material for Fill”) by mechanical means to at least 90 percent relative compaction (per 
ASTM D1557). If gap-graded rock is used for trench backfill, refer to above Section 5.1.4.  

 
  A representative from LGC Geotechnical should observe, probe, and test the backfill to 

verify compliance with the project recommendations. 
 

 
5.1.6	 Shrinkage	and	Bulking		

 
Volumetric changes in earth quantities will occur when excavated onsite earth materials 
are replaced as properly compacted fill. The following is an estimate of shrinkage and 
bulking factors for the various geologic units found onsite. These estimates are based on 
in-place densities of the various materials and on the estimated average degree of relative 
compaction achieved during grading. Allowance in the earthwork volumes budget should 
be made for an estimated 5 to 15 percent reduction in volume of in-place landslide 
material (Qls), topsoil and colluvium. Bulking on the order of 5 to 15 percent should be 
anticipated for site bedrock (Tc).  

 
It should be stressed that these values are only estimates and that an actual shrinkage 
factor is extremely difficult to predetermine. The effective shrinkage of onsite soils will 
depend primarily on the type of compaction equipment and method of compaction used 
onsite by the contractor. Additionally, the onsite geology is very complex, the above 
estimates are generalized groupings of similar lithologies and should be expected to vary 
across the site and with depth. The above shrinkage and bulking estimates are intended 
as an aid for project engineers in determining preliminary earthwork quantities. 
However, these estimates should be used with some caution since they are not absolute 
values. Contingencies such as a balance pad should be made for balancing earthwork 
quantities based on actual shrinkage and subsidence that occurs during grading. 
Shrinkage and bulking are also expected to vary with variations in survey accuracy during 
rough grading. 
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5.2	 Buttress	Key	Backcut	Excavation	
 

In order to construct the recommended buttress key, a series of temporary and potentially 
unstable backcuts will be made. The more extensive the lateral and vertical limits of the 
removal, the higher the potential for a failure of the resulting backcut to occur. 
 
Excavations should be made in accordance with Cal OSHA, as a general guideline. Backcut 
excavations on the western side of the buttress should be made to inclinations of 1:1 
(horizontal to vertical) inclinations or flatter in the vicinity of Geotechnical Cross Section 1-1’ 
and 2:1 (horizontal to vertical) or flatter in the vicinity of the Geotechnical Cross Section 2-2’ 
for at least the area “Needed Pad Expansion” depicted on the Geotechnical Map. Backcuts along 
the eastern edge of the buttress key and sides should also be made at 1:1 (horizontal to 
vertical) inclinations or flatter. All backcuts should be mapped and frequently checked by a 
representative of LGC Geotechnical. Once excavation has been initiated, the proposed design 
should be constructed as soon as possible after backcut excavation. Prolonged exposure of 
backcut slopes may result in some localized slope instability. Excavations should be planned so 
that they are not initiated without sufficient time to backfill them prior to weekends, holidays, 
or forecasted rain.  
 
To limit the temporary stability risk to the residence and property, we recommend 
performance of the remedial grading in the area of the recommended landslide buttress in 
narrow slot cuts. We recommend that the buttress key excavation be performed deep 
excavator excavated slots through the landslide and rupture surface. Our analysis indicates that 
in this scenario, slots of up to 20-foot widths will be suitably stable for temporary conditions. 
Each slot would be backfilled with compacted fill prior to excavation of the adjacent slot. The 
excavations will need to be overlapped to ensure complete removal of the subject portion of 
the landslide and underlying rupture surface. Concurrently with remedial grading, the slope 
can be reconstructed as a 2:1 (horizontal to vertical) inclination compacted fill slope, with 
typical drainage benches for drainage swales to achieve a static slope stability factor of safety 
for the area of proposed grading of at least 1.5.  

 
The contractor’s proposed mode of operations and grading sequencing shall be reviewed and 
coordinated with the project geotechnical consultant. Excavation safety and protection of 
existing improvements during earthwork operations is the responsibility of the contractor. 
Vehicular traffic, stockpiles, and equipment storage should be set back from the perimeter of 
excavations a distance equivalent to a 1:1 projection from the bottom of the excavation, or 5 feet 
whichever is greater. The contractor will be responsible for providing the “competent person” 
required by Cal/OSHA standards to evaluate soil conditions. Close coordination with the 
geotechnical consultant should be maintained to facilitate construction while providing safe 
excavations. Excavation safety is the responsibility of the contractor. Once an excavation has 
been initiated, it should be backfilled as soon as practical. Prolonged exposure of temporary 
excavations may result in some localized instability. Excavations should be planned so that they 
are not initiated without sufficient time to shore/fill them prior to weekends, holidays, or 
forecasted rain. 
 
The preceding recommendations will significantly reduce the potential for backcut failures; 
however, they will not eliminate it. Should backcut failures occur, then the failed material will 
require removal and recompaction from within the limits of the recommended key bottom. 
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Portions of the failed material, outside of the key footprint, may be suitable to be left in place at 
the discretion of the geotechnical consultant. Excavation safety is the sole responsibility of the 
contractor. Full-time geologic inspection may be performed during backcut excavation, not 
only to confirm the geologic conditions but also to help provide early warning of potential 
failures. 
 
We recommend the contractors proposed plan of operations be reviewed by this office prior to 
initiation of work and closely monitored by representatives of LGC Geotechnical during 
excavation and construction. 
 

	
5.3 Subdrains	&	Hydraugers 
 

Subdrains should be constructed at the heel of the buttress key and again every 30 vertical feet 
up the backcut prior to placement of fill soils. If necessary, some minor fill placement may be 
performed to achieve appropriate flow of the subdrains. The subdrains should be constructed 
utilizing 4-inch-diameter, schedule 40, perforated PVC pipe (placed holes down), surrounded by 
a minimum of 5 cubic feet per linear foot of ¾-inch clean gravel and wrapped in Mirafi 140N (or 
equivalent) filter fabric. The subdrains should be outletted via solid PVC pipe of equivalent 
diameter through the slope face and into the proposed toe and mid-slope drainage swales. The 
outlet pipes should be constructed at the low points of the subdrains and have a minimum 2 
percent fall to the outlet location. See General Earthwork Grading Specifications (Appendix F) for 
specific details. 
 
As a portion of the proposed landslide mitigation is to be performed with slot cutting, 
construction of typical buttress subdrains along the buttress backcut will not be practical for the 
lower portion of the buttress excavation. As an alternative, we recommend hydraugers be 
installed along the toe of the completed buttress. The hydraugers can be drilled from the east 
side of the reconstructed slope and outletted into site drainage swales. Note that if it is necessary 
to reconstruct the slope to current site grades (interim grade), it may be necessary to drill the 
hydraugers from the existing, native slope face into the buttress fill area. The portions of the 
hydraugers closest to the slope face would later get cut back when the lower portion of the slope 
is cut back to design grades. The hydraugers should be installed on 30-foot centers for the length 
of the buttress key as shown on Sheet 1. They should extend from the slope face to at least the 
heel of the buttress key. The hydraugers should have fall from west to east of approximately two 
percent, to facilitate drainage. Hydraugers should be constructed with minimum 2-inch-diameter 
slotted PVC Schedule 40 pipe or approved equivalent placed into 4-inch-diameter holes. All but 
the last 5 feet (end closest to the slope face) of each hydrauger shall be slotted. The slots shall be 
0.20-inch in width and shall have a maximum spacing of 0.2 inch. The contractor should provide 
documentation that the augers do not have less than 2 percent slope. If feasible, another 
alternative would be to provide for subdrainage within the slot cuts by essentially constructing 
“hydraugers,” to the approximate recommendations provided above, within the slot cuts prior to 
backfilling. The feasibility of this option would need to be demonstrated to the satisfaction of the 
geotechnical consultant.  
 
For planning purposes, the anticipated locations and elevations of recommended canyon 
subdrains to be constructed during site grading are depicted on the Geotechnical Map. The 
locations of the recommended subdrains are generally controlled by the natural site 
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topography within the alluvial canyons/swales. Canyon subdrains are typically placed 
following remedial grading and before fill placement within the “cleaned-out” channels on the 
exposed bedrock removal bottoms to collect future groundwater that may accumulate/migrate 
in these areas along the bedrock/fill contact. In areas where remedial grading will be deeper 
than available subdrain outlet elevations, fill placement will be performed until suitable 
subdrain flow elevations are achieved (minimum 2 percent flow towards the outlet location). 
In these areas, the primary purpose of the subdrains will be to reduce the potential for ground-
water to rise above the subdrain elevations into the compacted fill. The canyon subdrains 
should be constructed in accordance with the recommendations provided in Appendix F. 

 
Additional subdrains and/or hydraugers may be needed if seepage and/or areas of potential 
seepage are encountered during grading operations. The location and frequency of the subdrains 
should be determined by the geotechnical consultant during grading based on the actual field 
conditions. All subdrains should be surveyed by the project civil engineer prior to fill placement. 

 
Upon completion of rough grading, all subdrain outlets should be cleared of soil cover or other 
potential blockage, which may have occurred after initial subdrain construction. All subdrain 
outlets should be protected from future blockage and surveyed by the civil engineer upon the 
completion of grading. 

 
 

5.4 Cut	Slopes	
 

At the owners’ option, where there is a potential for exposure of adverse bedding and/or 
material prone to poor surficial stability, the outer portion of the proposed cut slopes may be 
replaced with manufactured buttress/stability fill slopes.  

 
Generally, stabilization fills should be constructed on proposed cut slopes over 10 feet in height 
in accordance with the detail provided in Appendix F. Keyway widths should be a minimum of 
one-half of the total height of the slope or no less than 15 feet wide, whichever is greater. 
Keyways should be a minimum of 5 feet deep, determined from the lowest toe-of-slope elevation, 
and tilt back to the heel a minimum of 1-foot or 2 percent (whichever is greater). Stabilization fill 
backcuts should be excavated so that at least a minimum 15-foot-wide fill width is maintained for 
the entire height of the stability fill slope. In general, backcuts should be excavated at 2:1 
(horizontal to vertical) inclinations. If grading limits do not allow sufficient room for maintaining 
15-foot widths at 2:1 backcut inclinations, then portions of the backcut may be cut steeper to 
accommodate the stability fill slopes at the appropriate widths at the discretion of the 
geotechnical consultant. Properly outletted back drains should be constructed along stabilization 
fill backcuts.   

  
In general, to reduce the potential for backcut failures, we recommend the keyway backcuts be 
planned to minimize the time the backcut is left exposed. The backcuts should not be initiated 
prior to forecasted rain or where they will be left open for extended periods, such as weekends.  
Backcuts and key excavations should be geologically mapped by the geotechnical consultant 
during excavation to confirm the anticipated conditions. If adverse joints, fractures, and/or 
bedding are exposed, additional analysis and/or remediation measure may be required. The 
grading contractor must trim the backcuts with a slope board to remove loose material to allow 
for confirmational mapping.  



 

Project	No.	14123‐01	 Page	18	 October	25,	2023	

5.5 Fill	Slopes	
	

Design fill slopes at the site are anticipated to be both grossly and surficially stable as designed, 
as long as they are constructed in accordance with the Standard Earthwork and Grading 
Specifications included in Appendix F. Fill slopes should be constructed with a maximum slope 
ratio of 2:1 (horizontal to vertical). Slope faces should also be compacted to minimum project 
specifications. This may require overbuilding of the slope face and trimming back to design 
grades. To improve surficial stability, vegetation specified by the landscape architect should be 
established on the slope face as soon as it is practical. 
 
Fill slopes should be constructed at least equipment width wide (approximately 10 horizontal 
feet). Where design grades will result in “sliver” fills, thinner than 10 feet, the slopes should be 
constructed as stability fill slopes as described herein. 
 
 

5.6 Existing	Native	Slopes	
 

Natural slopes will be left in their existing condition above and below portions of the area of 
proposed grading. These slopes will be subject to “natural” phenomena such as erosion, 
sloughing and surficial instabilities. It is impossible to predict where or when this may happen. 
Should erosion or slippage occur, it should be promptly repaired. Paramount in reducing the 
potential for either erosion or slippage is to properly maintain these slopes (refer to Section 
5.7). 

 
  
5.7	 Slope	Maintenance	Guidelines	

	
We recommend that graded slopes be properly landscaped with deep-rooted drought-tolerant, 
slope stabilizing vegetation as soon as possible to minimize the potential for erosion and/or 
other instabilities. Slopes should not be allowed to be bare of vegetation. Landscape vegetation 
should not be “trimmed” to root structures leaving no protection of the slopes 
 
Irrigation at the site should be kept at the minimum level to support plant growth, 
overwatering must be avoided. Future landowners/property managers should be made aware 
that even though the site has been developed in accordance with the local standard of practice 
that includes a subdrain system, improper maintenance and particularly significant 
overwatering or poor surface drainage could possibly lead to a buildup in localized 
groundwater levels. This may result in nuisance type water-related issues to foundations, 
flatwork, walls, landscaping improvements, etc., and in extreme cases a decrease in the stability 
of slopes. To help reduce the potential for excessive erosion of graded slopes we recommend 
that protective measures be implemented in accordance with the latest City of Laguna Niguel 
grading ordinances and other governing codes. Design of surface drainage provisions are 
within the purview of the project civil engineer.  
 
Subdrains and v-ditches must be properly maintained, and their outlets kept free draining and 
clear of any potential obstructions. Routine maintenance should be performed, especially prior 
to and during the rainy season. Failure to properly maintain these elements may result in slope 
failures, slumps, excessive erosion, localized saturated zones, nuisance type water issues, etc.  
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Any future trenches excavated on a slope face for utility or irrigation lines and/or for any 
purpose should be properly backfilled and compacted to the slope face. Observation/testing 
and acceptance by the geotechnical consultant during trench backfill are recommended.  
 
A program for the elimination of burrowing animals in both native and graded slope areas 
must be established and properly maintained to protect slope stability by reducing the 
potential for surface water to penetrate into the soil. Continuous erosion control, rodent 
control, and maintenance are essential to the long-term stability of all slopes. 

 
 
5.8	 Subsurface	Water	Infiltration		
 

Recent regulatory changes have occurred that mandate that storm water be infiltrated below 
grade rather than collected in a conventional storm drain system. Typically, a combination of 
methods are implemented to reduce surface water runoff and increase infiltration including; 
permeable pavements/pavers for roadways and walkways, directing surface water runoff to 
grass-lined swales, retention areas, and/or drywells, etc. 
 
It should be noted that collecting and concentrating surface water for the purpose of intentional 
infiltration below grade, conflicts with the geotechnical engineering objective of directing surface 
water away from slopes, structures and other improvements. The geotechnical stability and 
integrity of a site is reliant upon appropriately handling surface water. In general, the vast 
majority of geotechnical distress issues are directly related to improper drainage. In general, 
distress in the form of movement of improvements could occur as a result of soil saturation and 
loss of soil support, expansion, internal soil erosion, collapse and/or settlement.  
 
The site will consist of compacted fill over very dense bedrock on hillside terrain. As such, we 
do not recommend that surface water be intentionally infiltrated into subsurface soils at this site.  
	
 

5.9	 Geotechnical	Plan	Review		
 

Grading plans and final project drawings should be reviewed by this office prior to grading to 
verify that our geotechnical recommendations, provided herein, have been appropriately 
incorporated. Additional or modified geotechnical recommendations may be required based on 
the proposed design.  

 
 
5.10	 Geotechnical	Observation	and	Testing	During	Construction 
 

The recommendations provided in this report are based on limited subsurface observations and 
geotechnical analysis. The interpolated subsurface conditions should be checked in the field 
during grading by a representative of LGC Geotechnical. Geotechnical observation and testing is 
required per Section 1705 of the 2022 California Building Code (CBC). 
 
Geotechnical observation and/or testing should be performed by LGC Geotechnical at the 
following stages: 
 
 During grading (key excavations, removal bottoms, remedial grading, fill placement, etc.); 
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 Subdrain/hydrauger construction 
 During utility trench backfill and compaction; and 
 When any unusual soil conditions are encountered during any construction operation 

subsequent to issuance of this report.	 
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6.0	LIMITATIONS 
 
 
Our services were performed using the degree of care and skill ordinarily exercised, under similar 
circumstances, by reputable engineers and geologists practicing in this or similar localities. No other 
warranty, expressed or implied, is made as to the conclusions and professional advice included in this 
report. The samples taken and submitted for laboratory testing, the observations made, and the in-situ 
field testing performed are believed representative of the entire project; however, soil and geologic 
conditions revealed by excavation may be different than our preliminary findings. If this occurs, the 
changed conditions must be evaluated by the project soils engineer and geologist and design(s) 
adjusted as required or alternate design(s) recommended.  
 
This report is issued with the understanding that it is the responsibility of the owner, or of his/her 
representative, to ensure that the information and recommendations contained herein are brought to 
the attention of the architect and/or project engineer and incorporated into the plans, and the 
necessary steps are taken to see that the contractor and/or subcontractor properly implements the 
recommendations in the field. The contractor and/or subcontractor should notify the owner if they 
consider any of the recommendations presented herein to be unsafe.  
 
The findings of this report are valid as of the present date. However, changes in the conditions of a 
property can and do occur with the passage of time, whether they be due to natural processes or the 
works of man on this or adjacent properties. Therefore, the findings, conclusions, and 
recommendations presented in this report can be relied upon only if LGC Geotechnical has the 
opportunity to observe the subsurface conditions during grading and construction of the project, in 
order to confirm that our preliminary findings are representative for the site. 
 
In addition, changes in applicable or appropriate standards may occur, whether they result from 
legislation or the broadening of knowledge. Accordingly, the findings of this report may be invalidated 
wholly or partially by changes outside our control. Therefore, this report is subject to review and 
modification, and should not be relied upon after a period of 3 years.  
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Ty
pe
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t

TEST TYPES:
DS
MD
S04
CL
EI
CN               CONSOLIDATION
CR               CORROSION
AL                ATTERBERG LIMITS
CO               COLLAPSE/SWELL
RV                R-VALUE
TS TORSIONAL SHEAR

Drop :
Drive Weight :

Type of Rig :
Drilling Company :
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S 
Sy

m
bo

l

M
oi

st
ur

e 
(%

)
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Date :

Project Number :
Project Name :

Hole Location :

At
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ud
es

G
ra

ph
ic

 L
og

D
ep

th
 (f

t)

El
ev

at
io

n 
(ft

)

Elevation of Top of Hole :

SAMPLE TYPES:
B        BULK SAMPLE
R        RING SAMPLE
G        GRAB SAMPLE

THIS SUMMARY APPLIES ONLY AT THE
LOCATION OF THIS BORING AND AT THE TIME OF
DRILLING.  SUBSURFACE CONDITIONS MAY
DIFFER AT OTHER LOCATIONS AND MAY
CHANGE AT THIS LOCATION WITH THE PASSAGE
OF TIME.  THE DATA PRESENTED IS A
SIMPLIFICATION OF THE ACTUAL CONDITIONS
ENCOUNTERED.

DESCRIPTION

DIRECT SHEAR
MAXIMUM DENSITY
SULFATE CONTENT
CHLORIDE CONTENT
EXPANSION INDEX

0

5

10

15

20

25

Geotechnical Boring Log BA-1
4/06/23

See Geotechnical Map
470' MSL

Big Johnny 
20 Old Ranch Road
14123-01

Logged by KTM
Sampled by JMN/KTM

Page 1 of 3

@0' to 48' - Quaternary Landslide (Qls)
@0' - Clayey Sand: dark brown, very moist, loose, grades to a mottled
brown clay

30

R-2

R-1

24"
Calweld 150 Bucket Auger

12"
0'-25'  - 3300 lbs.
25'-50' - 2200 lbs.
50'-80' - 1100 lbs.
80'-100' - 2200 lbs.

465

460

455

450

445

440

@2' - Sandy Silt: yellow brown and orange mottled, fine grained,
moist, highly fractured with oxidation

5/12"

3/12"

@4' - General Bedding attitude
GB: N45W, 26SE

@9' - Concretion, orange, 2' long, 1' thick

@12' - Olive brown Siltstone with iron oxide lined sand lenses, highly
fractured, gypsum, shear attitude, polished, faint slickenlines
@13' - Rupture surface attitude, internal slide, remains highly
fractured with gypsum below, polished shears, Grab Sample G-1
taken from 18" dark gray, very stiff clay

RS: N45W, 5S

Sh: N22E, 66W

@15' - Concretion Lens, 2' long, 10" thick, offset a foot, sheared, a
few open voids

G-1

@19' - Grades into fine sandy siltstone, slightly hard

@20' - Increase in moisture, decrease in stiffness to slightly stiff,
gypsum

@22' - Shear attitude, planar, seepage, oxidation, claySh: N65W, 50S

Sh: N50W, 52S @24' - Shear attitude, discontinuous, iron oxide, fractures, grades into
olive brown siltstone with traces of fine sand, very moist to wet, few
gypsum lined joints, fractured zones are seeping

J: N25W, 20E

@10' - Sandy Clay to Sandy Silt: light gray, some oxidation, slightly
moist

@30' - Joint attitude



Hole Diameter :

Ty
pe
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Drop :
Drive Weight :

Type of Rig :
Drilling Company :
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Date :

Project Number :
Project Name :

Hole Location :

At
tit

ud
es

G
ra

ph
ic

 L
og

D
ep

th
 (f

t)

El
ev

at
io

n 
(ft

)

Elevation of Top of Hole :

SAMPLE TYPES:
B        BULK SAMPLE
R        RING SAMPLE
G        GRAB SAMPLE

THIS SUMMARY APPLIES ONLY AT THE
LOCATION OF THIS BORING AND AT THE TIME OF
DRILLING.  SUBSURFACE CONDITIONS MAY
DIFFER AT OTHER LOCATIONS AND MAY
CHANGE AT THIS LOCATION WITH THE PASSAGE
OF TIME.  THE DATA PRESENTED IS A
SIMPLIFICATION OF THE ACTUAL CONDITIONS
ENCOUNTERED.

DESCRIPTION
30

35

40

45

50

55

Geotechnical Boring Log BA-1

See Geotechnical Map
470' MSL

Big Johnny

14123-01

Logged by KTM
Sampled by JMN/KTM

Page 2 of 3

Sh: N35W, 74E

60

4/06/2023
20 Old Ranch Road

4/12"R-4

R-5

24"12"
0'-25'  - 3300 lbs.
25'-50' - 2200 lbs.
50'-80' - 1100 lbs.
80'-100' - 2200 lbs.

6/12"

Calweld 150 Bucket Auger

435

430

425

420

415

410

TEST TYPES:
DS
MD
S04
CL
EI
CN               CONSOLIDATION
CR               CORROSION
AL                ATTERBERG LIMITS
CO               COLLAPSE/SWELL
RV                R-VALUE
TS TORSIONAL SHEAR

DIRECT SHEAR
MAXIMUM DENSITY
SULFATE CONTENT
CHLORIDE CONTENT
EXPANSION INDEX

@48' to T.D. - Tertiary Capistrano Formation (Tc):
estimated change in material from surface logging

@34' - Shear attitude

@40' - End Visual Log, belling below this point. Silty Clay, dark gray
to light orangish brown, moist

@30' - Silty Clay: brownish gray, slightly moist to moist, very stiff,
some orange mottling, cohesive

@50' - Unoxidized, siltstone, dark gray, moist, slightly hard

DS



Hole Diameter :
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pe
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Drop :
Drive Weight :

Type of Rig :
Drilling Company :
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Date :

Project Number :
Project Name :

Hole Location :

At
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 L
og

D
ep

th
 (f

t)

El
ev

at
io

n 
(ft

)

Elevation of Top of Hole :

SAMPLE TYPES:
B        BULK SAMPLE
R        RING SAMPLE
G        GRAB SAMPLE

THIS SUMMARY APPLIES ONLY AT THE
LOCATION OF THIS BORING AND AT THE TIME OF
DRILLING.  SUBSURFACE CONDITIONS MAY
DIFFER AT OTHER LOCATIONS AND MAY
CHANGE AT THIS LOCATION WITH THE PASSAGE
OF TIME.  THE DATA PRESENTED IS A
SIMPLIFICATION OF THE ACTUAL CONDITIONS
ENCOUNTERED.

DESCRIPTION
60

65

70

75

50

55

Geotechnical Boring Log BA-1

See Geotechnical Map
470' MSL

Big Johnny

14123-01

Logged by KTM
Sampled by JMN/KTM

Page 3 of 3

60

4/06/2023
20 Old Ranch Road

Total Depth = 73'
Visual Log to 40'
Seepage encountered at 24' and 45'
Backfilled with cuttings and tamped on 4/6/2023

28/12"R-5

24"12"
0'-25'  - 3300 lbs.
25'-50' - 2200 lbs.
50'-80' - 1100 lbs.
80'-100' - 2200 lbs.

@60' - Sandy Siltstone: dark gray, moist, hard

Calweld 150 Bucket Auger

405

400

395

390

385

380

TEST TYPES:
DS
MD
S04
CL
EI
CN               CONSOLIDATION
CR               CORROSION
AL                ATTERBERG LIMITS
CO               COLLAPSE/SWELL
RV                R-VALUE
TS TORSIONAL SHEAR

DIRECT SHEAR
MAXIMUM DENSITY
SULFATE CONTENT
CHLORIDE CONTENT
EXPANSION INDEX

@73' - Sandy Siltstone: dark gray, moist, hard



Hole Diameter :

Ty
pe
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TEST TYPES:
DS
MD
S04
CL
EI
CN               CONSOLIDATION
CR               CORROSION
AL                ATTERBERG LIMITS
CO               COLLAPSE/SWELL
RV                R-VALUE
TS TORSIONAL SHEAR

Drop :
Drive Weight :

Type of Rig :
Drilling Company :

U
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Sy
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Date :

Project Number :
Project Name :

Hole Location :

At
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es
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ic

 L
og

D
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th
 (f

t)
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at
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n 
(ft

)

Elevation of Top of Hole :

SAMPLE TYPES:
B        BULK SAMPLE
R        RING SAMPLE
G        GRAB SAMPLE

THIS SUMMARY APPLIES ONLY AT THE
LOCATION OF THIS BORING AND AT THE TIME OF
DRILLING.  SUBSURFACE CONDITIONS MAY
DIFFER AT OTHER LOCATIONS AND MAY
CHANGE AT THIS LOCATION WITH THE PASSAGE
OF TIME.  THE DATA PRESENTED IS A
SIMPLIFICATION OF THE ACTUAL CONDITIONS
ENCOUNTERED.

DESCRIPTION

DIRECT SHEAR
MAXIMUM DENSITY
SULFATE CONTENT
CHLORIDE CONTENT
EXPANSION INDEX

0

5

10

15

20

25

Geotechnical Boring Log BA-2
4/07/23

See Geotechnical Map
450' MSL

Big Johnny 
20 Old Ranch Road
14123-01

Logged by KTM
Sampled by JMN/KTM

Page 1 of 3

@0' to 6' - Artificial Fill (af)

30

R-2

R-1

DS

24"
Calweld 150 Bucket Auger

12"
0'-25'  - 3300 lbs.
25'-50' - 2200 lbs.
50'-80' - 1100 lbs.
80'-100' - 2200 lbs.

445

440

435

430

425

420

5/12"

5/12"RS: N68E, 15N

@6' to 48' - Quaternary Landslide (Qls)

@0' to 6'- Brown and dark gray clasts, silt, sand, siltstone clasts, silt,
sand, siltstone clasts, slightly moist, stiff to very stiff

@6'- Brown and dark gray siltstone clasts, silt, sand, silt, sand,
siltstone clasts, slightly moist, stiff to very stiff
@7' to 14' - Clayey Silt, white flecks of calcium carbonate, grades to
light orange and gray mottled with white mineralization and
manganese oxide, lacks structure, slightly moist, stiff,
fractured/weathered, some siltstone with fine sand closer to 14'

@15' - Krotovina (ancient animal burrow)

@19' - Increase in white mineralization, chalky to granular gypsum,
highly fractured, iron oxide pods and streaks
@20.5' - Rupture surface attitude, 18" zone, with gray clay and white
mineralization, contact between materials, is planar. below the zone is
a 3" fine sand lense and a decrease in white mineralization and
fracturing

@24' - Concretion

@26' - Shear attitude, fabric of clayey zone with sand lenses and
concretions, gypsum, lightly fractured, oxidized, pods of clay

@30' - Isolated free water in fractures

Sh: N45E, 25SE



Hole Diameter :
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TEST TYPES:
DS
MD
S04
CL
EI
CN               CONSOLIDATION
CR               CORROSION
AL                ATTERBERG LIMITS
CO               COLLAPSE/SWELL
RV                R-VALUE
TS TORSIONAL SHEAR

Drop :
Drive Weight :

Type of Rig :
Drilling Company :
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Date :

Project Number :
Project Name :

Hole Location :
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 L
og

D
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th
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t)
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at
io

n 
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)

Elevation of Top of Hole :

SAMPLE TYPES:
B        BULK SAMPLE
R        RING SAMPLE
G        GRAB SAMPLE

THIS SUMMARY APPLIES ONLY AT THE
LOCATION OF THIS BORING AND AT THE TIME OF
DRILLING.  SUBSURFACE CONDITIONS MAY
DIFFER AT OTHER LOCATIONS AND MAY
CHANGE AT THIS LOCATION WITH THE PASSAGE
OF TIME.  THE DATA PRESENTED IS A
SIMPLIFICATION OF THE ACTUAL CONDITIONS
ENCOUNTERED.

DESCRIPTION

DIRECT SHEAR
MAXIMUM DENSITY
SULFATE CONTENT
CHLORIDE CONTENT
EXPANSION INDEX

30

35

40

45

50

55

Geotechnical Boring Log BA-2
4/07/23

See Geotechnical Map
450' MSL

Big Johnny 
20 Old Ranch Road
14123-01

Logged by KTM
Sampled by JMN/KTM

Page 2 of 3

60

R-4 AL

24"
Calweld 150 Bucket Auger

12"
0'-25'  - 3300 lbs.
25'-50' - 2200 lbs.
50'-80' - 1100 lbs.
80'-100' - 2200 lbs.

415

410

405

400

395

390

9/12"

Sh: N45E, 58SE

@40' to T.D. - Tertiary Capistrano Formation

@30' - scattered concretions, highly fractured pods of sticky clay
@31' - Shear attitude

R-3 9/12"

@38' - Shear attitude, continuous fabric/zone of gypsum, fractures
and seepage

Sh: N10E, 51SE

RS: N19E, 3NW

B: N15E, 3W
@40' - Siltstone, dark gray, slightly moist, very stiff, massive, some
fine sand and sand lenses
@42' - Bedding attitude, 1" thick, sandstone lenses, gray, some soft
sediment deformation

@45' - Decrease in sand, some signs of bioturbation

@48' - Silty 3" thick orange oxide pod, increase in moisture to moist

@52' - Concretion, lens 3" thick
@53' to 65' - Massive siltstone, some burrows/bioturbation

@34' - Lens of clay, vague, not continuous

TS

@40' - Rupture surface attitude, gray Clay, soft, moist, 18 " to 14 " thick,
white mineralG-1
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TEST TYPES:
DS
MD
S04
CL
EI
CN               CONSOLIDATION
CR               CORROSION
AL                ATTERBERG LIMITS
CO               COLLAPSE/SWELL
RV                R-VALUE
TS TORSIONAL SHEAR

Drop :
Drive Weight :

Type of Rig :
Drilling Company :
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Project Number :
Project Name :

Hole Location :

At
tit

ud
es

G
ra

ph
ic

 L
og

D
ep

th
 (f

t)

El
ev

at
io

n 
(ft

)

Elevation of Top of Hole :

SAMPLE TYPES:
B        BULK SAMPLE
R        RING SAMPLE
G        GRAB SAMPLE

THIS SUMMARY APPLIES ONLY AT THE
LOCATION OF THIS BORING AND AT THE TIME OF
DRILLING.  SUBSURFACE CONDITIONS MAY
DIFFER AT OTHER LOCATIONS AND MAY
CHANGE AT THIS LOCATION WITH THE PASSAGE
OF TIME.  THE DATA PRESENTED IS A
SIMPLIFICATION OF THE ACTUAL CONDITIONS
ENCOUNTERED.

DESCRIPTION

DIRECT SHEAR
MAXIMUM DENSITY
SULFATE CONTENT
CHLORIDE CONTENT
EXPANSION INDEX

60

65

70

75

80

85

Geotechnical Boring Log BA-2
4/07/23

See Geotechnical Map
450' MSL

Big Johnny 
20 Old Ranch Road
14123-01

Logged by KTM
Sampled by JMN/KTM

Page 3 of 3

90

24"
Calweld 150 Bucket Auger

12"
0'-25'  - 3300 lbs.
25'-50' - 2200 lbs.
50'-80' - 1100 lbs.
80'-100' - 2200 lbs.

385

380

375

370

365

360

@60' - Sandy siltstone to clayey siltstone, dark gray, slightly moist,
hard

R-4 31/12"

Total Depth = 70'
Seepage encountered at 30' to 40'
Backfilled with cuttings and tamped on 4/7/2023

@65' - End visual log.



 

 

	
	
	
	
	

Appendix	C	
Boring	Logs	by	Others





























































 

 

	
	
	
	
	

Appendix	D	
Laboratory	Test	Results



Project No. 14123-01 D-1 October 2023 

APPENDIX D 
 

Laboratory Test Results 
 
The laboratory testing program was directed towards providing quantitative data relating to the 
relevant engineering properties of the soils.  Samples considered representative of site 
conditions were tested in general accordance with American Society for Testing and Materials 
(ASTM) procedure and/or California Test Methods (CTM), where applicable.  The following 
summary is a brief outline of the test type and a table summarizing the test results. 
 
Atterberg Limits: The liquid and plastic limits (“Atterberg Limits”) were determined per 
ASTM D4318 for engineering classification of fine-grained material and presented in the table 
below.  The USCS soil classification indicated in the table below is based on the portion of sample 
passing the No. 40 sieve and may not necessarily be representative of the entire sample.  The 
plots are provided in this Appendix.   
 

Sample Location 
Liquid Limit 

(%) 
Plastic Limit 

(%) 
Plasticity 
Index (%) 

USCS 
Soil 

Classification 

BA-2 @ 40 ft 67 23 44 CH 
 
 
Direct Shear:  Direct shear tests were performed on selected driven samples, which were soaked 
for a minimum of 24 hours prior to testing.  The samples were tested under various normal loads 
using a motor-driven, strain-controlled, direct-shear testing apparatus (ASTM D3080).  The plots 
are provided in this Appendix. 
 
 
Torsional Ring Shear for Residual Shear Strength:  Drained, residual and fully softened torsional 
ring shear tests were performed on site clay grab samples (BA-2 @ 40 ft).  The samples were 
tested under various normal loads (2, 4, 8 and 16 ksf) using a torsional ring-shear testing 
apparatus (ASTM D6467).  The plots are presented in this Appendix. 
 



Project Name: North Pacific Dev - 20 Old Ranch Road Tested By: G. Bathala Date: 04/13/23
Project No.: 14123-01 Checked By: J. Ward Date: 04/21/23
Boring No.: Sample Type: Ring
Sample No.: Depth (ft.): 30.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
191.31 192.88 192.63
45.10 45.48 42.02

Before Shearing
146.54 146.54 146.54
123.06 123.06 123.06
37.33 37.33 37.33
0.0000 0.2607 0.2329
0.0023 0.2667 0.2541

After Shearing
209.02 209.19 218.07
174.46 174.80 186.57
60.37 60.19 67.74
2.70 2.70 2.70
62.43 62.43 62.43

BA-1

Olive lean clay (CL)

Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Sample Thickness(in.):
Weight of Sample + ring(gm):

R-3

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS BA-1, R-3 @ 30



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

04-23

Project No.: 14123-01

Sample Type:

Ring

Olive lean clay (CL)
96.6

1.0023
30.3

North Pacific Dev - 20 Old Ranch RoadDIRECT SHEAR TEST RESULTS  
Consolidated Drained - ASTM D 3080

103.5
0.9788
26.5

1.000
1.462
0.764
0.0017

1.000
2.415

1.000
2.415

2.000
2.131
1.245
0.0017

4.000
2.609
2.216
0.0017

98.4
0.9940
30.0

Soil Identification: 27.39
96.2

27.39
95.5 98.3

1.000
2.415
27.39

Boring No.
Sample No.
Depth (ft)

BA-1
R-3
30

0.00

1.00

2.00
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5.00
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DS BA-1, R-3 @ 30



Project Name: North Pacific Dev - 20 Old Ranch Road Tested By: G. Bathala Date: 04/13/23
Project No.: 14123-01 Checked By: J. Ward Date: 04/21/23
Boring No.: Sample Type: Ring
Sample No.: Depth (ft.): 20.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
186.44 191.59 199.57
45.23 45.69 45.55

Before Shearing
190.66 190.66 190.66
176.00 176.00 176.00
57.48 57.48 57.48
0.2553 0.2655 0.0000
0.2474 0.2647 -0.0066

After Shearing
218.07 211.18 226.20
188.63 183.63 200.33
65.20 56.01 65.42
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

BA-2

Olive lean clay (CL)

Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Sample Thickness(in.):
Weight of Sample + ring(gm):

R-2

DS BA-2, R-2 @ 20



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

114.0

1.000
2.415
12.37

Boring No.
Sample No.
Depth (ft)

BA-2
R-2
20

59.5
1.0008
21.6

Soil Identification: 12.37
108.0

12.37
104.5

1.333
0.0017

4.000
3.763
2.512
0.0017

1.000
1.072
0.751
0.0017

1.000
2.415

1.000
2.415

2.000
1.965

54.5
1.0079
23.9

North Pacific Dev - 20 Old Ranch RoadDIRECT SHEAR TEST RESULTS  
Consolidated Drained - ASTM D 3080

69.8
0.9934
19.2

04-23

Project No.: 14123-01

Sample Type:

Ring

Olive lean clay (CL)
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DS BA-2, R-2 @ 20



BGL Job No.: Boring: Date: 2/10/2023 Clay, %:
Client: Sample: By: PJ LL: 76.2

Project Name: Depth (ft): Checked: PJ PL: 23.8
Project Number: Test Type: <#40

Soil Type:
3000 5000 7000 17000

10 9 8 8

Drained Residual Torsional Shear Strength
(ASTM D6467)

Very Dark Gray Fat CLAY
Normal Stress, psf

BA-1
G-1
95

Remarks:  Sample prepared by the wet prep method. A 
small friction correction was applied to each point.

Secant Phi, deg.:

040-016
LGC Geothechnical
13 Old Ranch Road

23012-01 Reconstituted Residual Sample Preparation:
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To convert degrees to inches of 
deformation multiply by  0.0291
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BGL Job No.: Boring: Date: 5/6/2023 Clay, %:
Client: Sample: By: PJ LL: 66.5

Project Name: Depth (ft): Checked: PJ PL: 22.8
Project Number: Test Type: <#40

Soil Type:
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18 17 16 16

Drained Residual Torsional Shear Strength
(ASTM D6467)

Greenish Gray Fat CLAY w/ potential gypsum
Normal Stress, psf

BA-2
G-1
40

Remarks:  Sample prepared by the wet prep method. A 
small friction correction was appiled to each point.

Secant Phi, deg.:

040-021
LGC Geotechnical , Inc.

North Pacific Development - 20 Old Ranch Road

14123-01 Reconstituted Residual Sample Preparation:
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BGL Job No.: Boring: Date: 5/5/2023 Clay, %:
Client: Sample: By: PJ LL: 66.5

Project Name: Depth (ft): Checked: PJ PL: 22.8
Project Number: Test Type: <#40

Soil Type:
2000 4000 8000 16000

24 23 21 19

Drained Fully Softened Torsional Shear Strength
(ASTM D7608)

Greenish Gray Fat CLAY w/ potential gypsum
Normal Stress, psf

BA-2
G-1
40

Remarks:  Sample prepared by the wet prep method.

Secant Phi, deg.:

040-021
LGC Geotechnical , Inc.

North Pacific Development - 20 Old Ranch Road

14123-01 Reconstituted Fully Softened Sample Preparation:
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Appendix	E	
Slope	Stability	Analyses



Project No. 14123-01  October, 2023 

Summary of Slope Stability Analysis 
 
 

Cross-
Section 

File 
Name 

Factor 
of 

Safety 

Description 

1-1’ 

x1 1.13 Lower Claybed, Existing Profile 
x1k 1.64 Keyway, Existing Profile, Static 

x1dk 1.62 Keyway, Design Profile, Static 

x1kt 
0.80 Temporary Stability – Slot Cut 2D 
3.31 3D Slot Cut Factor of Safety 

2-2’ 

x2 1.10 Lower Claybed, Existing Profile 
x2k 1.24 Keyway, Existing Profile, Static 

x2dk 1.50 Keyway, Design Profile, Static 

x2kt 
0.84 Temporary Stability – Slot Cut 2D 
3.14 3D Slot Cut Factor of Safety 
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14123-01 / 20 Old Ranch Rd / 1-1' / Existing / Lower Clay (Bldg) / Static
z:\2014\14123-01 north pacific dev - 20 old ranch road\engineering\slope stability\1-1'\2023_04_12\x1.pl2   Run By: LGC Geotechnical - CMP   4/13/2023   09:56AM
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L1bc
de
fg
hi
j
a

# FS
a 1.13
b 1.13
c 1.13
d 1.13
e 1.13
f 1.13
g 1.13
h 1.13
i 1.13
j 1.13

Soil
Desc.

Af
Qls
Qols
Tc

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
120.0
120.0
120.0
120.0

Saturated
Unit Wt.

(pcf)
120.0
120.0
120.0
120.0

Cohesion
Intercept

(psf)
300.0
Aniso
Aniso
Aniso

Friction
Angle
(deg)
26.0
Aniso
Aniso
Aniso

Pore
Pressure
Param.

0.00
0.00
0.00
0.00

Pressure
Constant

(psf)
0.0
0.0
0.0
0.0

Piez.
Surface

No.
0
0
0
0

Load Value
L1 250 psf

GSTABL7 v.2  FSmin=1.13
Safety Factors Are Calculated By The Simplified Janbu Method for the case of c & phi both > 0
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14123-01 / 20 Old Ranch Rd / 1-1' / Existing / 135' Keyway / Static
z:\2014\14123-01 north pacific dev - 20 old ranch road\engineering\slope stability\1-1'\2023_10_23\x1k.pl2   Run By: LGC Geotechnical, Inc. - CMP   10/23/2023   04:39PM
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# FS
a 1.64
b 1.64
c 1.64
d 1.64
e 1.64
f 1.64
g 1.64
h 1.64
i 1.64
j 1.64

Soil
Desc.

Af
Qls
Qols
Tc

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
120.0
120.0
120.0
120.0

Saturated
Unit Wt.

(pcf)
120.0
120.0
120.0
120.0

Cohesion
Intercept

(psf)
300.0
Aniso
Aniso
Aniso

Friction
Angle
(deg)
26.0
Aniso
Aniso
Aniso

Pore
Pressure
Param.

0.00
0.00
0.00
0.00

Pressure
Constant

(psf)
0.0
0.0
0.0
0.0

Piez.
Surface

No.
0
0
0
0

Load Value
L1 250 psf

GSTABL7 v.2  FSmin=1.64
Safety Factors Are Calculated By The Simplified Janbu Method for the case of c & phi both > 0
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z:\2014\14123-01 north pacific dev - 20 old ranch road\engineering\slope stability\1-1'\2023_08_24\x1dk.pl2   Run By: LGC Geotechnical - CMP   8/24/2023   09:15AM
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a 1.62
b 1.62
c 1.62
d 1.62
e 1.62
f 1.62
g 1.62
h 1.62
i 1.62
j 1.62

Soil
Desc.

Af
Qls
Qols
Tc

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
120.0
120.0
120.0
120.0

Saturated
Unit Wt.

(pcf)
120.0
120.0
120.0
120.0

Cohesion
Intercept

(psf)
300.0
Aniso
Aniso
Aniso

Friction
Angle
(deg)
26.0
Aniso
Aniso
Aniso

Pore
Pressure
Param.

0.00
0.00
0.00
0.00

Pressure
Constant

(psf)
0.0
0.0
0.0
0.0

Piez.
Surface

No.
0
0
0
0

Load Value
L1 250 psf

GSTABL7 v.2  FSmin=1.62
Safety Factors Are Calculated By The Simplified Janbu Method for the case of c & phi both > 0
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14123-01 / 20 Old Ranch Rd / 1-1' / Temporary /  Keyway / Static
z:\2014\14123-01 north pacific dev - 20 old ranch road\engineering\slope stability\1-1'\2023_08_24\x1kt.pl2   Run By: LGC Geotechnical - CMP   8/24/2023   10:24AM
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a 0.80
b 0.80
c 0.80
d 0.80
e 0.80
f 0.80
g 0.80
h 0.80
i 0.80
j 0.80

Soil
Desc.

Af
Qls
Qols
Tc

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
120.0
120.0
120.0
120.0

Saturated
Unit Wt.

(pcf)
120.0
120.0
120.0
120.0

Cohesion
Intercept

(psf)
300.0
Aniso
Aniso
Aniso

Friction
Angle
(deg)
26.0
Aniso
Aniso
Aniso

Pore
Pressure
Param.

0.00
0.00
0.00
0.00

Pressure
Constant

(psf)
0.0
0.0
0.0
0.0

Piez.
Surface

No.
0
0
0
0

Load Value
L1 250 psf

GSTABL7 v.2  FSmin=0.80
Safety Factors Are Calculated By The Simplified Janbu Method for the case of c & phi both > 0







SLOPE STABILITY OF SLOTS - 3rd DIMENSION

Section 1-1'  

From Slope Stability: x1kt.OUT

Resisting Forces: 617946 lb/ft

Driving Forces: 833682 lb/ft

Factor of Safety: 0.80 *1.075 Janbu Coefficient

Side Forces:

φ 22 Degrees 0.383972

Cohesion 250 psf

Failure Wedge Area: 14404 ft
2

(From Slope Stability Coordinates)

Slot Width: 20 ft

Depth to centroid, y: 40.8 ft

σ'avg (γ=120 pcf) 4899.3 psf

Ko 0.63

Per Slot Neglecting Sides:

Resisting Forces: 12359 Kips

Driving Forces: 16674 Kips

Per Slot Including Side Resistance:

Side Cohesion 7202 Kips

Side Friction 35662 Kips

3-D Factor of Safety: 3.31

Z:\2014\14123-01 North Pacific Dev - 20 Old Ranch Road\Engineering\Slope Stability\3D Slope Stability - Slot Cut\Slope Stability for Slots 8/24/2023



0 100 200 300 400 500 600 700
200

300

400

500

600

700

14123-01 / 20 Old Ranch Rd / 2-2' / Existing / Lower Clay (Bldg) / Static
z:\2014\14123-01 north pacific dev - 20 old ranch road\engineering\slope stability\2-2'\2023_04_13\x2.pl2   Run By: LGC Geotechnical-JMN   04/14/2023   10:40AM
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a 1.10
b 1.10
c 1.10
d 1.10
e 1.10
f 1.10
g 1.10
h 1.10
i 1.10
j 1.10

Soil
Desc.

Af
Qls

Qols
Tc

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
120.0
120.0
120.0
120.0

Saturated
Unit Wt.

(pcf)
120.0
120.0
120.0
120.0

Cohesion
Intercept

(psf)
300.0
Aniso
Aniso
Aniso

Friction
Angle
(deg)
26.0
Aniso
Aniso
Aniso

Pore
Pressure
Param.

0.00
0.00
0.00
0.00

Pressure
Constant

(psf)
0.0
0.0
0.0
0.0

Piez.
Surface

No.
0
0
0
0

Load Value
L1 250 psf

GSTABL7 v.2  FSmin=1.10
Safety Factors Are Calculated By The Simplified Janbu Method for the case of c & phi both > 0
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14123-01 / 20 Old Ranch Rd / 2-2' / Existing / 105' Keyway / Static
z:\2014\14123-01 north pacific dev - 20 old ranch road\engineering\slope stability\2-2'\2023_10_23\x2k.pl2   Run By: LGC Geotechnical, Inc. - CMP   10/23/2023   04:00PM
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# FS
a 1.24
b 1.24
c 1.24
d 1.24
e 1.24
f 1.24
g 1.24
h 1.24
i 1.24
j 1.24

Soil
Desc.

Af
Qls
Qols
Tc

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
120.0
120.0
120.0
120.0

Saturated
Unit Wt.

(pcf)
120.0
120.0
120.0
120.0

Cohesion
Intercept

(psf)
300.0
Aniso
Aniso
Aniso

Friction
Angle
(deg)
26.0
Aniso
Aniso
Aniso

Pore
Pressure
Param.

0.00
0.00
0.00
0.00

Pressure
Constant

(psf)
0.0
0.0
0.0
0.0

Piez.
Surface

No.
0
0
0
0

Load Value
L1 250 psf

GSTABL7 v.2  FSmin=1.24
Safety Factors Are Calculated By The Simplified Janbu Method for the case of c & phi both > 0
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14123-01 / 20 Old Ranch Rd / 2-2' / Design / 105' Keyway / Static
z:\2014\14123-01 north pacific dev - 20 old ranch road\engineering\slope stability\2-2'\2023_07_28\x2dk.pl2   Run By: LGC Geotechnical - CMP   7/28/2023   11:28AM
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a 1.50
b 1.51
c 1.51
d 1.51
e 1.51
f 1.51
g 1.51
h 1.51
i 1.51
j 1.51

Soil
Desc.

Af
Qls

Qols
Tc

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
120.0
120.0
120.0
120.0

Saturated
Unit Wt.

(pcf)
120.0
120.0
120.0
120.0

Cohesion
Intercept

(psf)
300.0
Aniso
Aniso
Aniso

Friction
Angle
(deg)
26.0
Aniso
Aniso
Aniso

Pore
Pressure
Param.

0.00
0.00
0.00
0.00

Pressure
Constant

(psf)
0.0
0.0
0.0
0.0

Piez.
Surface

No.
0
0
0
0

Load Value
L1 250 psf

GSTABL7 v.2  FSmin=1.50
Safety Factors Are Calculated By The Simplified Janbu Method for the case of c & phi both > 0
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z:\2014\14123-01 north pacific dev - 20 old ranch road\engineering\slope stability\2-2'\2023_08_24\x2kt.pl2   Run By: LGC Geotechnical - CMP   8/24/2023   11:04AM
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a 0.84
b 0.85
c 0.85
d 0.85
e 0.85
f 0.85
g 0.85
h 0.85
i 0.85
j 0.85

Soil
Desc.

Af
Qls
Qols
Tc

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
120.0
120.0
120.0
120.0

Saturated
Unit Wt.

(pcf)
120.0
120.0
120.0
120.0

Cohesion
Intercept

(psf)
300.0
Aniso
Aniso
Aniso

Friction
Angle
(deg)
26.0
Aniso
Aniso
Aniso

Pore
Pressure
Param.

0.00
0.00
0.00
0.00

Pressure
Constant

(psf)
0.0
0.0
0.0
0.0

Piez.
Surface

No.
0
0
0
0

Load Value
L1 250 psf

GSTABL7 v.2  FSmin=0.84
Safety Factors Are Calculated By The Simplified Janbu Method for the case of c & phi both > 0







SLOPE STABILITY OF SLOTS - 3rd DIMENSION

Section 2-2'  

From Slope Stability: x2kt.OUT

Resisting Forces: 552875 lb/ft

Driving Forces: 709271 lb/ft

Factor of Safety: 0.84 *1.079 Janbu Coefficient

Side Forces:

φ 22 Degrees 0.383972

Cohesion 250 psf

Failure Wedge Area: 13266 ft
2

(From Slope Stability Coordinates)

Slot Width: 20 ft

Depth to centroid, y: 33.4 ft

σ'avg (γ=120 pcf) 4003.2 psf

Ko 0.63

Per Slot Neglecting Sides:

Resisting Forces: 11057 Kips

Driving Forces: 14185 Kips

Per Slot Including Side Resistance:

Side Cohesion 6633 Kips

Side Friction 26838 Kips

3-D Factor of Safety: 3.14

Z:\2014\14123-01 North Pacific Dev - 20 Old Ranch Road\Engineering\Slope Stability\3D Slope Stability - Slot Cut\Slope Stability for Slots 8/24/2023



 

 

	
	
	
	
	

Appendix	F	
General	Earthwork	and	Grading	
Specifications	for	Rough	Grading	

 
 
 
 

 



 
General Earthwork and Grading Specifications for Rough Grading 

 
1.0 General 
 

1.1 Intent 
 

These General Earthwork and Grading Specifications are for the grading and earthwork 
shown on the approved grading plan(s) and/or indicated in the geotechnical report(s). These 
Specifications are a part of the recommendations contained in the geotechnical report(s). In 
case of conflict, the specific recommendations in the geotechnical report shall supersede these 
more general Specifications. Observations of the earthwork by the project Geotechnical 
Consultant during the course of grading may result in new or revised recommendations 
that could supersede these specifications or the recommendations in the geotechnical report(s). 

 
1.2 The Geotechnical Consultant of Record 

 
Prior to commencement of work, the owner shall employ a qualified Geotechnical Consultant 
of Record (Geotechnical Consultant). The Geotechnical Consultant shall be responsible for 
reviewing the approved geotechnical report(s) and accepting the adequacy of the preliminary 
geotechnical findings, conclusions, and recommendations prior to the commencement of the 
grading. 
 
Prior to commencement of grading, the Geotechnical Consultant shall review the "work 
plan" prepared by the Earthwork Contractor (Contractor) and schedule sufficient personnel to 
perform the appropriate level of observation, mapping, and compaction testing. 
 
During the grading and earthwork operations, the Geotechnical Consultant shall observe, 
map, and document the subsurface exposures to verify the geotechnical design assumptions. If 
the observed conditions are found to be significantly different than the interpreted 
assumptions during the design phase, the Geotechnical Consultant shall inform the owner, 
recommend appropriate changes in design to accommodate the observed conditions, and 
notify the review agency where required. 
 
The Geotechnical Consultant shall observe the moisture-conditioning and processing of the 
subgrade and fill materials and perform relative compaction testing of fill to confirm that the 
attained level of compaction is being accomplished as specified. The Geotechnical Consultant 
shall provide the test results to the owner and the Contractor on a routine and frequent basis. 

 
1.3 The Earthwork Contractor  

 
The Earthwork Contractor (Contractor) shall be qualified, experienced, and knowledgeable 
in earthwork logistics, preparation and processing of ground to receive fill, moisture-
conditioning and processing of fill, and compacting fill. The Contractor shall review and 
accept the plans, geotechnical report(s), and these Specifications prior to commencement of 
grading. The Contractor shall be solely responsible for performing the grading in accordance 
with the project plans and specifications. The Contractor shall prepare and submit to the 
owner and the Geotechnical Consultant a work plan that indicates the sequence of earthwork 
grading, the number of “equipment” of work and the estimated quantities of daily earthwork 
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contemplated for the site prior to commencement of grading. The Contractor shall inform 
the owner and the 
Geotechnical Consultant of changes in work schedules and updates to the work plan at least 
24 hours in advance of such changes so that appropriate personnel will be available for 
observation and testing. The Contractor shall not assume that the Geotechnical Consultant is 
aware of all grading operations. 
 
The Contractor shall have the sole responsibility to provide adequate equipment and methods 
to accomplish the earthwork in accordance with the applicable grading codes and agency 
ordinances, these Specifications, and the recommendations in the approved geotechnical 
report(s) and grading plan(s). If, in the opinion of the Geotechnical Consultant, unsatisfactory 
conditions, such as unsuitable soil, improper moisture condition, inadequate compaction, 
insufficient buttress key size, adverse weather, etc., are resulting in a quality of work less 
than required in these specifications, the Geotechnical Consultant shall reject the work and 
may recommend to the owner that construction be stopped until the conditions are rectified. It 
is the contractor’s sole responsibility to provide proper fill compaction. 

 
 
2.0 Preparation of Areas to be Filled 
 

2.1 Clearing and Grubbing  
 

Vegetation, such as brush, grass, roots, and other deleterious material shall be sufficiently 
removed and properly disposed of in a method acceptable to the owner, governing agencies, 
and the Geotechnical Consultant. 
  
The Geotechnical Consultant shall evaluate the extent of these removals depending on 
specific site conditions. Earth fill material shall not contain more than 1 percent of organic 
materials (by volume). Nesting of the organic materials shall not be allowed. 
 
If potentially hazardous materials are encountered, the Contractor shall stop work in the 
affected area, and a hazardous material specialist shall be informed immediately for proper 
evaluation and handling of these materials prior to continuing to work in that area. 
 
As presently defined by the State of California, most refined petroleum products (gasoline, 
diesel fuel, motor oil, grease, coolant, etc.) have chemical constituents that are considered to be 
hazardous waste. As such, the indiscriminate dumping or spillage of these fluids onto the 
ground may constitute a misdemeanor, punishable by fines and/or imprisonment, and shall 
not be allowed. The contractor is responsible for all hazardous waste relating to his work. The 
Geotechnical Consultant does not have expertise in this area. If hazardous waste is a concern, 
then the Client should acquire the services of a qualified environmental assessor. 
 

2.2 Processing  
 

Existing ground that has been declared satisfactory for support of fill by the Geotechnical 
Consultant shall be scarified to a minimum depth of 6 inches. Existing ground that is not 
satisfactory shall be over-excavated as specified in the following section. Scarification shall 
continue until soils are broken down and free of oversize material and the working surface is 
reasonably uniform, flat, and free of uneven features that would inhibit uniform compaction. 
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2.3 Over-excavation 

 
In addition to removals and over-excavations recommended in the approved geotechnical 
report(s) and the grading plan, soft, loose, dry, saturated, spongy, organic-rich, highly 
fractured or otherwise unsuitable ground shall be over-excavated to competent ground as 
evaluated by the Geotechnical Consultant during grading. 

 
2.4 Benching 

 
Where fills are to be placed on ground with slopes steeper than 5:1 (horizontal to vertical units), 
the ground shall be stepped or benched. Please see the Standard Details for a graphic 
illustration. The lowest bench or key shall be a minimum of 15 feet wide and at least 2 feet 
deep, into competent material as evaluated by the Geotechnical Consultant. Other benches 
shall be excavated a minimum height of 4 feet into competent material or as otherwise 
recommended by the Geotechnical Consultant. Fill placed on ground sloping flatter than 5:1 
shall also be benched or otherwise over-excavated to provide a flat subgrade for the fill. 

 
2.5 Evaluation/Acceptance of Fill Areas  

 
All areas to receive fill, including removal and processed areas, key bottoms, and benches, 
shall be observed, mapped, elevations recorded, and/or tested prior to being accepted by the 
Geotechnical Consultant as suitable to receive fill. The Contractor shall obtain a written 
acceptance from the Geotechnical Consultant prior to fill placement. A licensed surveyor 
shall provide the survey control for determining elevations of processed areas, keys, and 
benches. 

 
 
3.0 Fill Material 

 
3.1 General  

 
Material to be used as fill shall be essentially free of organic matter and other deleterious 
substances evaluated and accepted by the Geotechnical Consultant prior to placement. Soils 
of poor quality, such as those with unacceptable gradation, high expansion potential, or low 
strength shall be placed in areas acceptable to the Geotechnical Consultant or mixed with other 
soils to achieve satisfactory fill material. 

 
3.2 Oversize  

 
Oversize material defined as rock, or other irreducible material with a maximum dimension 
greater than 8 inches, shall not be buried or placed in fill unless location, materials, and 
placement methods are specifically accepted by the Geotechnical Consultant. Placement 
operations shall be such that nesting of oversized material does not occur and such that 
oversize material is completely surrounded by compacted or densified fill. Oversize material 
shall not be placed within 10 vertical feet of finish grade or within 2 feet of future utilities or 
underground construction. 
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3.3 Import 
 

If importing of fill material is required for grading, proposed import material shall meet the 
requirements of the geotechnical consultant. The potential import source shall be given to the 
Geotechnical Consultant at least 48 hours (2 working days) before importing begins so that its 
suitability can be determined and appropriate tests performed. 

 
 

4.0 Fill Placement and Compaction 
 

4.1 Fill Layers 
 

Approved fill material shall be placed in areas prepared to receive fill (per Section 3.0) in 
near-horizontal layers not exceeding 8 inches in loose thickness. The Geotechnical 
Consultant may accept thicker layers if testing indicates the grading procedures can 
adequately compact the thicker layers. Each layer shall be spread evenly and mixed 
thoroughly to attain relative uniformity of material and moisture throughout. 

 
4.2 Fill Moisture Conditioning 

 
Fill soils shall be watered, dried back, blended, and/or mixed, as necessary to attain a 
relatively uniform moisture content at or slightly over optimum. Maximum density and 
optimum soil moisture content tests shall be performed in accordance with the American 
Society of Testing and Materials (ASTM Test Method D1557). 

 
4.3 Compaction of Fill 

 
After each layer has been moisture-conditioned, mixed, and evenly spread, it shall be 
uniformly compacted to not less than 90 percent of maximum dry density (ASTM Test 
Method D1557). Compaction equipment shall be adequately sized and be either specifically 
designed for soil compaction or of proven reliability to efficiently achieve the specified level of 
compaction with uniformity. 

 
4.4 Compaction of Fill Slopes 

 
In addition to normal compaction procedures specified above, compaction of slopes shall be 
accomplished by backrolling of slopes with sheepsfoot rollers at increments of 3 to 4 feet in 
fill elevation, or by other methods producing satisfactory results acceptable to the 
Geotechnical Consultant. Upon completion of grading, relative compaction of the fill, out to 
the slope face, shall be at least 90 percent of maximum density per ASTM Test Method D1557. 

 
4.5 Compaction Testing 

 
Field tests for moisture content and relative compaction of the fill soils shall be performed 
by the Geotechnical Consultant. Location and frequency of tests shall be at the Consultant's 
discretion based on field conditions encountered. Compaction test locations will not 
necessarily be selected on a random basis. Test locations shall be selected to verify 
adequacy of compaction levels in areas that are judged to be prone to inadequate compaction 
(such as close to slope faces and at the fill/bedrock benches). 
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4.6 Frequency of Compaction Testing 

 
Tests shall be taken at intervals not exceeding 2 feet in vertical rise and/or 1,000 cubic yards of 
compacted fill soils embankment. In addition, as a guideline, at least one test shall be taken 
on slope faces for each 5,000 square feet of slope face and/or each 10 feet of vertical height 
of slope. The Contractor shall assure that fill construction is such that the testing schedule 
can be accomplished by the Geotechnical Consultant. The Contractor shall stop or slow 
down the earthwork construction if these minimum standards are not met. 

 
4.7 Compaction Test Locations 

 
The Geotechnical Consultant shall document the approximate elevation and horizontal 
coordinates of each test location. The Contractor shall coordinate with the project surveyor to 
assure that sufficient grade stakes are established so that the Geotechnical Consultant can 
determine the test locations with sufficient accuracy. At a minimum, two grade stakes within 
a horizontal distance of 100 feet and vertically less than 
5 feet apart from potential test locations shall be provided. 

 
 
5.0 Subdrain Installation 
 

Subdrain systems shall be installed in accordance with the approved geotechnical report(s), the 
grading plan, and the Standard Details. The Geotechnical Consultant may recommend additional 
subdrains and/or changes in subdrain extent, location, grade, or material depending on conditions 
encountered during grading. All subdrains shall be surveyed by a land surveyor/civil engineer for line 
and grade after installation and prior to burial. Sufficient time should be allowed by the Contractor for 
these surveys. 

 
 
6.0 Excavation 
 

Excavations, as well as over-excavation for remedial purposes, shall be evaluated by the Geotechnical 
Consultant during grading. Remedial removal depths shown on geotechnical plans are estimates only. 
The actual extent of removal shall be determined by the Geotechnical Consultant based on the field 
evaluation of exposed conditions during grading. Where fill-over-cut slopes are to be graded, the cut 
portion of the slope shall be made, evaluated, and accepted by the Geotechnical Consultant prior to 
placement of materials for construction of the fill portion of the slope, unless otherwise recommended 
by the Geotechnical Consultant. 

 
 
7.0 Trench Backfills 
 

7.1 The Contractor shall follow all OHSA and Cal/OSHA requirements for safety of trench 
excavations. 

 
7.2 All bedding and backfill of utility trenches shall be done in accordance with the applicable 

provisions of Standard Specifications of Public Works Construction. Bedding material shall 
have a Sand Equivalent greater than 30 (SE>30). The bedding shall be placed to 1 foot over 
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the top of the conduit and densified by jetting. Backfill shall be placed and densified to a 
minimum of 90 percent of maximum from 1 foot above the top of the conduit to the surface. 

 
7.3 The jetting of the bedding around the conduits shall be observed by the Geotechnical 

Consultant. 
 
7.4 The Geotechnical Consultant shall test the trench backfill for relative compaction. At least one 

test should be made for every 300 feet of trench and 2 feet of fill. 
 
7.5 Lift thickness of trench backfill shall not exceed those allowed in the Standard Specifications 

of Public Works Construction unless the Contractor can demonstrate to the Geotechnical 
Consultant that the fill lift can be compacted to the minimum relative compaction by his 
alternative equipment and method. 
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