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1.00 Introduction 

1.01 Purpose 
 
A geotechnical investigation has been completed at the subject site.  The purpose of the investigation is to evaluate 
the geotechnical conditions at the site in relation to our understanding of the proposed development of the subject 
property. 
 

1.02 Scope of the Investigation 
 
The general scope of this investigation included the following: 
 

• Review of published and unpublished geologic, seismic, groundwater, and geotechnical literature. 

• Examination of aerial photographs and topographic maps. 

• Contacting of Underground Service Alert (USA) to locate onsite utility lines. 

• Logging, sampling, and backfilling of one (1) exploratory hollow stem boring. 

• Laboratory testing of representative soil samples. 

• Geotechnical evaluation of the compiled data. 

• Engineering analysis of the proposed development 

• Preparation of this report presenting our findings, conclusions, and recommendations. 
 

Our scope of work did not include a preliminary site assessment for the potential of hazardous materials onsite. 
 

1.03 Site Location and Description 
 
The subject site is located on the north side of Montreal Street in the Playa Del Rey area of the City of Los Angeles 
(Figure 1).  The hillside property overlooks the Ballona Wetlands and the Marina.  The property consists of a 65-foot-
high, north-facing slope which descends from Montreal Street down to a paved parking area on Pershing Drive.  
There is no building pad on the property.  There is a guard rail seperating the sidewalk from the top of slope.  The 
north downslope property line is located approximately 20 feet above the toe of slope.   The slope has an average 
gradient of about 2:1 (horizontal:vertical).  The site is bordered at the east and west by multi-story, single family 
residences.  The site is currently vacant and is vegetated by natural grasses.  Surficial runoff drains down slope to 
offsite properly along Pershing Drive. 
 
The site is located within a landslide hazard area. It is not located within an Alquist-Priolo fault or liquefaction hazard 
zone or City of Los Angeles Preliminary Fault Rupture Study Area.  Its central geographic position is 34.128321° 
north latitude and -118.319379° west longitude. 
 

1.04 Planned Development 
 
Preliminary plans have been provided by Zeroplus Architecture.  We have included a copy of the plans in Appendix 
G.  The plans utilize a recent topographic survey of the property prepared by Den Engineers at a scale of 1”=8’.  The 
survey and preliminary architectural drawings have been utilized to prepare our Geologic Map, Plate 1 and Geologic 
Cross Sections, Plate 2.  According to the drawings, a multi level up to three story home is planned for the property.  
The ground level floors will utilize retaining walls up to an approximate maximum height of 7 feet.   



 

 

237 Montreal Street, Los Angeles April 8, 2022 
Justin Brevoort RMA Project No.: 21G-0735-0 
 Page 2 

1.05 Investigation Methods 
 

Our investigation consisted of research, field exploration, laboratory testing, review of the compiled data, and 
preparation of this report.  It has been performed in a manner consistent with generally accepted engineering and 
geologic principles and practices and has incorporated applicable requirements of City of Los Angeles and California 
Building Codes.  Definitions of technical terms and symbols used in this report include those of the ASTM 
International, the California Building Code, and commonly used geologic nomenclature. 
 
Technical supporting data are presented in the attached appendices. Appendix A presents a description of the 
methods and equipment used in performing the field exploration and logs of our subsurface exploration. Appendix 
B presents a description of our laboratory testing and the test results.  General Earthwork and Grading Specifications 
are presented in Appendix C. Slope stability calculations are presented in Appendix D. References are presented in 
Appendix E.  Referenced previous reports are presented in Appendix F.  The architectural plans are provided in 
Appendix G. 
 

1.06 Research Findings  
 
Research was conducted via email request to the City of Los Angeles Public Works. We requested soils and 
Geology files for the subject site as well as the neighboring residences. Although there were no reports for the 
subject site, we located a report from Geosoils Inc. from November 26, 1990 for the adjacent property at 235 
Montreal Street.  We have included a copy of the report in Appendix F. 
 

1.07 Research Findings and Site History 
 
Aerial photographs from 1952 to 2021 and topographic maps from 1896 to 2018 were reviewed as part of this 
investigation (Netr).  The neighbors homes are visible on photos dating back to 1972.  The homes are not there 
on the 1963 images.  The street is visible on the 1952 photographs.   
 
 

2.00 Findings 
 

2.01 Geologic Setting 
 
The property is located on a 65 foot tall north-northwest facing bluff above the developed portion of the Ballona 
wetlands.  The bluff is underlain by old sand dune deposits (Qos) which overlie the San Pedro Formation (Qsp).   
The earth materials encountered during our field investigation are described below.   Regional geologic conditions 
are illustrated on our Regional Geologic Map, Figure 2 
 
No know active faults cross the site or are located within the site vicinity.   
 

2.02 Earth Materials 
 
Old Sand Dunes (Qos) 
 
Quaternary aged sand dunes consisting of slightly moist fine silty sands. The sand dunes are slightly moist and loose 
to medium dense condition. The dunes are subject to caving in open excavations. 
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San Pedro Formation (Qsp) 
 
Bedrock consisting of light orange gray fine silty sandstone was encountered at 38.5 feet near the bottom of the 
boring.   The bedrock consist of light orange gray friable fine sandstone/siltstone in a slightly moist, medium dense 
condition.  The San Pedro Formation is subject to caving in open excavations. 
 
The earth materials encountered in the exploratory boring at the site are described in greater detail on the boring 
log contained in Appendix A.   
 

2.03 Expansive Soils 
 
Based on the test results, the expansion index of the onsite earth materials is 0.  Expansion Index (EI) tests indicate 
that onsite earth materials have a very low potential for expansion. 

2.04 Surface and Groundwater Conditions 
 
No groundwater was encountered in the boring drilled to a maximum depth of 50 feet below existing street grade.  
No seepage was encountered in the boring. Historic high groundwater level is presented on Figure 3. 
 
2.05 Faults 
 
The proposed site is not located within an Alquist-Priolo Earthquake Fault Zone (CDMG, 1999), and there are no 
known active faults that traverse the property.   The site has experienced earthquake-induced ground shaking in the 
past and can be expected to experience further shaking in the future.  The closest zoned faults are the Newport 
Inglewood Fault located approximately 5.5 miles to the east-northeast and the Santa Monica Fault 5.0 miles to the 
north.   
 

2.06 Flooding Potential 

According to Federal Emergency Management Agency (Flood Insurance Rate Map #06037C1754G), the site is 
located in an area of Flood Zone X, which is determined to be an area of minimal flood hazard. 
 

2.07 Liquefaction 
 
According to the State of California Earthquake Zones Map of the Venice Quadrangle, Seismic Hazard Zones (1999) 
the site is not situated within liquefaction hazard zone.  Without groundwater present, liquefaction of sand dune 
deposits is considered negligible. 
 

2.08 Landslides 
 
According to the State of California Earthquake Zones Map of the Venice Quadrangle, Earthquake Fault Zones 
(1999) the site is located in a landslide hazard zone.  The regional geologic map indicates the site may be 
partially underlain by landslide.   Evidence of landslides was not encountered during our review of references, site 
reconnaissance or subsurface investigation.   
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2.09 Historic Seismicity  
 
The region of the subject site has experienced shaking from several earthquakes recorded back to 1812.  The 
nearest large historic earthquake occurred in 1855 the epicenter of which is located 12.7 miles to the away from 
the site.  Historic earthquakes with magnitudes of greater than or equal to 6.0 and have been epicentered within 
approximately 50 miles of the site, are summarized in the following table. 
 

Large Historic Earthquakes 
Event  Date Magnitude Distance (mi)  

- 7/11/1855 6.3 12.7 
Northridge Earthquake 1/17/1994 6.7 13.7 

- 4/4/1893 6.0 19.9 
San Fernando Earthquake 2/9/1971 6.4 20.1 

- 9/24/1827 7.0 39.9 
Long Beach Earthquake 3/11/1933 6.3 40.7 

San Juan Capistrano Earthquake 12/8/1812 7.0 41.7 
- 7/30/1894 6.0 42.7 
- 12/16/1858 7.0 47.7 
- 7/22/1899 6.5 48.3 

 

2.10 Shear Strength Summary 
 
Direct shear tests were performed on undisturbed samples of the major soil and rock types encountered in the test 
holes, using the standard test method of ASTM D3080 (consolidated and drained). Our direct shear test results are 
presented in Appendix B.   Shear strength data from the referenced GeoSoils Inc. report was also considered. 
 

Soil Type 
Wet Unit 

Weight (pcf) 
Cohesion 

(psf) 
Friction Angle 

(degree) 

Dune Sands 
100 170 31 
105 190 32 

San Pedro Formation 105 90 35 
GSI 1999 130 150 34 

 
After considering the shear data form GeoSoils Inc. and our direct shear test results, we utilized the shear strength 
of 170 psf cohesion and 31 degree friction angle for the Dune Sands and 90 psf cohesion and 35 degree friction 
angle for the San Pedro Formation in our slope stability analysis. 
 

2.11 Slope Stability Analysis 
 
The gross stability of was performed along Geologic Cross Section A-A’ using XSTABL, a computer program based 
on the modified Bishop method of slices. The Regional Topographic Map, Figure 4 was used to extend Geologic 
Cross Section A-A’ to show the topographic conditions on the off site property below the site.  This method is 
based on the static analysis of the mass above any failure arc. The failure mass is broken up into a series of 
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vertical slices and the equilibrium of each of these slices is considered. The force acting along the sides of any 
slice are assumed to have a zero resultant in the direction normal to the failure arc for that slice. In this method, 
the stability of the slope is expressed as a safety factor. Safety factor (FOS) is defined as the relationship of the 
resisting moments, about the center of the failure arc, divided by the overturning moments, about the center of 
the failure arc. 
 
Seismic coefficient has been calculated as 0.29.  Slope stability calculations are summarized below: 
 

Condition Static FOS Seismic FOS 
Permanent 1.819 1.039 

 
The details of our stability analysis are included in Appendix D.  
 
 

3.00 Conclusions and Recommendations 
 

3.01 General Conclusion 
 
Based on specific data and information contained in this report, our understanding of the project and our general 
experience in engineering geology and geotechnical engineering, it is our professional judgment that the proposed 
improvements are geologically and geotechnically feasible. This is provided that the recommendations presented 
below are fully implemented during design, and construction.  At such time as plans become available an update to 
this report will be necessary. 
 
The recommended bearing material is the medium dense sand dunes and or San Pedro Formation  that underlies 
the site. The required setback for the planned foundations for the development is the height of slope divided by 3 
(h/3) or 40 feet maximum.  The use pile foundations will be required to meet foundation setback criteria, provide 
shoring for temporary excavations and achieve bearing into suitable materials below the existing ground surface. 
 

3.02 Construction Cuts 
 
Temporary excavations will be necessary for the proposed construction.  Temporary excavations may be cut to a 
gradient of 1:1 up to 5 feet.  Excavations over 5 feet will require shoring.  Soil exposed in the temporary cuts should 
be kept moist in order to prevent slumping of dry sand.  All applicable requirement of the California Construction 
and General Industry Safety Orders, the Occupational Safety and Health Act of 1970, and the Construction Safety Act 
should be met.  If excavations are to be made during the rainy season, particular care should be given to insure that 
berms or other devices will prevent water from ponding or flowing over the top of the excavations. 
 
Vehicles, equipment, materials, etc. should be set back a minimum distance of 5 feet from the top edge of 
temporary excavations.  Surface waters should be diverted away from temporary excavations and prevented 
from draining over the top of the excavation and down the slope face.  During periods of heavy rain, the slope 
face should be protected with sandbags to prevent drainage over the edge of the slope, and a visqueen liner 
placed on the slope face to prevent erosion of the slope face. 
 
Periodic observations of the excavations should be made by the geotechnical consultant to verify that the 
geotechnical conditions have not varied from those anticipated and to monitor the overall condition of the 
temporary excavations over time.  If at any time during construction conditions are encountered which differ 
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from those anticipated, the geotechnical consultant should be contacted and allowed to analyze the field 
conditions prior to commencing work within the excavation. 
 

3.03 Seismic Design Parameters 
 
Mapped Spectral Accelerations were obtained by using the online ATC Calculator (ASCE 7-16 Standard) and a site 
class D-default was used for the project site based on seismic shear-wave survey results.  Since the mapped risk-
targeted maximum considered earthquake (MCER) spectral response acceleration parameter at a period of 1 
second (S1) is greater than 0.2, a ground motion hazard analysis is required per ACSE/SEI 7-16 to be performed in 
accordance with Section 21.2 for structures on Site Class D. However, as an alternative of performing the ground 
motion hazard analysis, a long period coefficient (FV) of 1.7 may be utilized for calculation of Ts, provided that 
the value of the Seismic Response Coefficient (CS) is determined by Equation 12.8-2 for values of the 
fundamental period of the building (T) less than or equal to 1.5TS, and taken as 1.5 times the value computed in 
accordance with either Equation 12.8-3 for T greater than 1.5TS and less than or equal to TL or Equation 12.8-4 
for T greater than TL. 
 
The parameters generated for the subject site are presented in the following table:  
 

2019 California Building Code (CBC) Seismic Parameters 
Parameter Value 

Site Location Latitude = 33.958812 degrees 
Longitude = -118.447357 degrees 

Site Class Site Class = D-default 

Mapped Spectral Accelerations Ss (0.2- second period) = 1.836g 
S1 (1-second period) = 0.649g 

Site Coefficients 
(Site Class D-default) 

Fa = 1.2 
Fv = 1.7 

Maximum Considered Earthquake 
Spectral Accelerations (Site Class D-default) 

SMS (0.2- second period) = 2.203g 
SM1 (1-second period) = 1.103g 

Design Earthquake 
Spectral Accelerations (Site Class D-default) 

SDS (0.2- second period) = 1.469g 
SD1 (1-second period) = 0.735g 

 
For Risk Category II structures with mapped spectral response acceleration parameter at 1-s period (S1) is less 
than 0.75, the Seismic Design Category is D (ASCE 7-16 Section 11.6). 
 
Peak earthquake ground acceleration adjusted for site class effects (PGAM) has been determine in accordance 
with ASCE 7-16 Section 11.8.3 as follows: PGAM = FPGA x PGA = 1.2 x 0.786g = 0.943g.  
 
3.04 Liquefaction and Secondary Earthquake Hazards 
 
Potential secondary seismic hazards that can affect land development project include liquefaction, tsunamis, 
seiches, seismically induced settlement, seismically induced flooding and seismically induced landsliding. 
 
Liquefaction 
 
Liquefaction is a phenomenon where earthquake-induced ground vibrations increase the pore pressure in 
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saturated, granular soils until it is equal to the confining, overburden pressure.  When this occurs, the soil can 
completely lose its shear strength and enter a liquefied state. In order for liquefaction to occur, three criteria must 
be met: underlying loose, coarse-grained (sandy) soils, a groundwater depth of less than about 50 feet, and a 
potential for seismic shaking from nearby large-magnitude earthquake. There is no groundwater present or is 
anticipated to rise within 50 feet of the ground surface; therefore, the risk of liquefaction occurring during a design 
seismic event is considered nil. 
 
Tsunamis and Seiches 
 
Tsunamis are sea waves that are generated in response to large-magnitude earthquakes. When these waves reach 
shorelines, they sometimes produce coastal flooding. Seiches are the oscillation of large bodies of standing water, 
such as lakes, that can occur in response to ground shaking. Tsunamis and seiches do not pose hazards due to the 
inland location of the site and lack of nearby bodies of standing water.  According to the City of Los Angeles Safety 
Element of the General Plan the site is not located in an Inundation and Tsunami Hazard Area. 

Seismically Induced Landsliding 

The site has been identified as being located within a seismically induced landslide area (CGS, 1999).   Slope stability 
analyses completed as a part of this investigation indicate the slope has adequate factors of safety against 
seismically induced landsliding. 
 
3.05 Conventional Foundations 
 
Continuous footings may be used in areas where slope setback distance is equal to or greater than the code 
requirement.  Footings may be designed using the following allowable bearing values: 

• Conventional Retaining Wall Footings: 
 

Footings for retaining walls with a minimum width of 12 inches and a minimum embedment depth of 18 
inches into compacted fill or native soil will have an allowable bearing capacity of 1,500 pounds per 
square foot (psf).  This bearing capacities represent an allowable net increase in soil pressure over existing 
soil pressure and may be increased by one-third for short-term wind or seismic loads. All footings should be 
designed with steel reinforcing as specified by the Project Structural Engineer.  As a minimum, 
reinforcement for continuous footings should include at least two #4 bars near both the top and bottom of 
footings. 

 

3.06 Pile Foundation Systems 
 
The proposed residential structure may be supported on pile foundations systems with grade beams.  Piles should 
extend a minimum depth of 10 feet into competent native soil.  The point of fixity is assumed to be at 5 feet below 
lowest ground elevation. Piles in groups should be spaced at least 3 diameters on center. There will be no 
reduction in the downward capacities of the shafts due to group action if the shafts are spaced as 
recommended.  
 
The pile design skin friction values are presented in the following table with a maximum depth of 40 feet below the 
lowest ground elevation.  No ending bearing is recommended.  The uplift capacity of piles due to skin friction can 
be considered one half on the upward capacities.  
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Depth below Slope Setback 
Zone, ft 

Allowable Skin 
Friction*, psf 

0 0 
5 131 

10 257 
15 383 
20 510 
25 636 
30 762 
35 888 
40 1014 

   *  The values can be linearized between depths. 
 
The piles and structural grade beams should be designed by a structural engineer that has experience with these 
types of improvements.  The anticipated settlement of the pile foundations, if designed as recommended and 
properly constructed, should be negligible. Maximum differential settlement between adjacent columns 
supported by deep foundations should be negligible. 
 
When designing piles, the allowable passive earth may be computed as an equivalent fluid having a density of 
250 pounds per square foot per foot to a maximum passive earth pressure of 5,000 pounds per square foot.  
When designing piles, the allowable passive earth pressure may be increase by 100 percent for piles that are 
considered isolated.  Piles with spacing greater than three times of pile diameter can be considered as isolated 
piles.  To develop the full lateral value, provisions should be implemented to assure firm contact between the 
soldier piles and undisturbed bedrock. 

If piles are within 10 feet of a down slope, the upper 5 feet of the piles should be designed for 1000 pounds per 
foot of creep load. 

3.07 Lateral Loads 
 
For permanent wall design, lateral loads may be resisted by soil friction and the passive resistance of the soil.  The 
following parameters are recommended. 

 
• Allowable Passive Earth Pressure = 250 psf (the upper 12 inches of subgrade should be ignored in 

unpaved areas, this value includes a factor of safety = 1.5 ) 
• Coefficient of Friction (soil to footing) = 0.26 (includes a factor of safety = 1.5 ) 
• Retaining structures with a non-expansive backfill should be designed to resist the following lateral 

active earth pressures: 
Surface Slope of 

Retained Materials 
(Horizontal:Vertical) 

Equivalent 
Fluid Weight 

(pcf) 
Level 35 
5:1 37 
4:1 39 
3:1 42 
2:1 53 
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These active earth pressures are only applicable if the retained earth is allowed to strain sufficiently to 
achieve the active state. The required minimum horizontal strain to achieve the active state is 
approximately 0.0025H. Retaining structures should be designed to resist an at-rest lateral earth pressure if 
this horizontal strain cannot be achieved. 

 
 At-rest Lateral Earth Pressure for level non-expansive backfill = 54 psf/ft (Jaky, 1994) 
 

For walls over 6 feet, earthquake motions have been considered as required by Section 1803.5.12 of the 
LABC that for Seismic Design Categories D through F. The seismic lateral  earth pressure shall be applied 
in addition to static lateral earth pressure, and can be applied assuming an inverted triangular 
distribution, with resultant applied at a height of ⅔ h measured from the bottom of the wall footings.  
 
 ϒEFP(seismic) = 3

4
 kh ϒsoil = 28 psf/ft 

 

3.08 Foundation Setback from Slopes 
 
Typically, footings adjacent to a descending slope with a gradient steeper than 3:1 should maintain a minimum 
horizontal distance of 1/3 the height of the slope but need not exceed a horizontal distance of 40 feet from the 
bottom outer edge of the footing to the face of the slope.   
 

3.09 Miscellaneous Concrete Flatwork 
 
Miscellaneous concrete flatwork and walkways should be designed with a minimum thickness of 4 inches. Large 
slabs should be reinforced with a minimum of #3 rebar placed 24 inches on-center in both directions. The 
reinforcement must be placed at mid-height in the slab. Control joints should be constructed to create squares 
or rectangles with a maximum spacing of 12 feet. Walkways should be separated from foundations with a thick 
expansion joint filler. Control joints should be constructed into non-reinforced walkways at a maximum of 5 feet 
spacing. The Project Civil Engineer should provide design details and specifications for all exterior concrete 
flatwork including the thickness of slabs, required reinforcement, and joint spacing. 
 
Concrete driveways and any other concrete flatwork that will be subject to vehicular traffic, should be at least 5 
inches thick and reinforced with at least #4 rebar placed 18” on-center in both directions in the middle of the 
slab. These slabs should be underlain by at least 8 inches of Class 2 Aggregate Base compacted to a relative 
compaction of at least 95 percent. The location and spacing of construction and contraction joints should also be 
determined by the Project Civil Engineer. 
 
The subgrade soils beneath all miscellaneous concrete flatwork should be moisture conditioned and compacted 
in accordance with the General Earthwork and Grading Specifications in Appendix C of this report.  
 

3.10 Cement Type and Corrosion Potential 
 
Soluble sulfate tests indicate that water-soluble sulfate in the site soil will have a negligible effect on concrete.  . Our 
preliminary recommendations for concrete exposed to sulfate-containing soils are presented in the following table. 
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RECOMMENDATIONS FOR CONCRETE EXPOSED TO SULFATE-CONTAINING SOILS 

Sulfate 
Exposure 

Water Soluble 
Sulfate (SO4) 

in Soil 
(% by Weight) 

Sulfate (SO4) 
in Water 

(ppm) 

Cement 
Type 

(ASTM C150) 

Maximum 
Water-Cement 

Ratio 
(by Weight) 

Minimum 
Compressive 

Strength 
(psi) 

Negligible 0.00 - 0.10 0-150 -- -- 2,500 

Moderate 0.10 - 0.20 150-1,500 II 0.50 4,000 

Severe 0.20 - 2.00 1,500-
10,000 V 0.45 4,500 

Very Severe Over 2.00 Over 10,000 V plus pozzolan 
or slag 0.45 4,500 

 
Use of alternate combinations of cementitious materials may be permitted if the combinations meet design 
recommendations contained in American Concrete Institute guideline ACI 318-11.   
 
The soils were also tested for soil reactivity (pH). The test results indicate that the on-site soils have a soil reactivity 
of 7.6 and an electrical resistivity of 6,800 ohm-cm. A neutral or non-corrosive soil has a value ranging from 5.5 to 
8.4. Generally, soils that could be considered moderately corrosive to ferrous metals have resistivity values of about 
3,000 ohm-cm to 10,000 ohm-cm. Soils with resistivity values less than 3,000 ohm-cm can be considered corrosive 
and soils with resistivity values less than 1,000 ohm-cm can be considered extremely corrosive. 
 
Based on our analysis, it appears that the underlying onsite soils are moderately corrosive to ferrous metals.  
 

3.11  Pile and Footing Excavations3 
 
Proper construction techniques and quality control are essential to installation of the CIDH piles. Groundwater 
was not encountered in our boring at the time of field exploration.  However, localized perched water could be 
encountered.  Due to presence granular soils, caving should be anticipated in construction of the CIDH piles.  
Mitigation of caving soils like drilling casing might be required during pile drilling. 
 
The Contractor should drill the bottom three feet with a clean-out bucket, or equivalent. Specifications should 
require that sufficient space is allowed within the reinforcement cage to allow for the insertion of a tremmie 
tube. The pile reinforcement should be installed immediately after the drilling and inspection and the concrete 
poured. No boring should be allowed to remain open overnight. No boring should be drilled immediately 
adjacent to another boring until the concrete in the adjacent boring has attained its initial set. Concrete 
placement by pumping or tremmie tube is strongly advised and should be addressed in the specifications 
 
Convention footing excavations and bottom excavations should be observed by the geotechnical consultant to verify 
that they have been excavated into competent native or compaction fill. The foundation excavations should be 
observed prior to the placement of forms, reinforcement steel, or concrete. These excavations should be evenly 
trimmed and level. Prior to concrete placement, any loose or soft soils should be removed. Excavated soils should 
not be placed on slab or footing areas unless properly compacted. 
 
Prior to the placement of the moisture barrier and sand, the subgrade soils underlying the slab should be observed 
by the geotechnical consultant to verify that all under-slab utility trenches have been properly backfilled and 
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compacted, that no loose or soft soils are present, and that the slab subgrade has been properly compacted to a 
minimum of 95 percent relative compaction within the upper 12 inches. 

Footings may experience an overall loss in bearing capacity or an increased potential to settle where located in close 
proximity to existing or future utility trenches. Furthermore, stresses imposed by the footings on the utility lines may 
cause cracking, collapse and/or a loss of serviceability. To reduce this risk, footings should extend below a 1:1 plane 
projected upward from the closest bottom of the trench.  

Slabs on grade and walkways should be brought to a minimum of 2% and a maximum of 6% above their optimum 
moisture content for a depth of 18 inches prior to the placement of concrete. The geotechnical consultant should 
perform insitu moisture tests to verify that the appropriate moisture content has been achieved a maximum of 24 
hours prior to the placement of concrete or moisture barriers. 
 

3.12 Drainage Moisture Proofing 
 
Surface drainage should be directed away from the proposed structure into suitable drainage devices. Neither 
excess irrigation nor rainwater should be allowed to collect or pond against building foundations or within low-lying 
or level areas of the lot.  Surface waters should be diverted away from the tops of slopes and prevented from 
draining over the top of slopes and down the slope face.   
 
Walls and portions thereof that retain soil and enclose interior spaces and floors below grade should be 
waterproofed and damp proofed in accordance with CBC Section 1805A. 
 

3.13 Plan Review 
 
Once formal plans are prepared for the subject property, this office should review the plans from a geotechnical 
viewpoint, comment on changes from the schematic design used during preparation of this report and revise the 
recommendations of this report where necessary. 
 
 

4.00 Closure 
 
The findings, conclusions and recommendations in this report were prepared in accordance with generally accepted 
engineering and geologic principles and practices.  No other warranty, either expressed or implied, is made.  This 
report has been prepared for Justin Brevoort to be used solely for design purposes.  Anyone using this report for any 
other purpose must draw their own conclusions regarding required construction procedures and subsurface 
conditions. 
 
The geotechnical and geologic consultant should be retained during the earthwork and foundation phases of 
construction to monitor compliance with the design concepts and recommendations and to provide additional 
recommendations as needed.  Should subsurface conditions be encountered during construction that are different 
from those described in this report, this office should be notified immediately so that our recommendations may be 
re-evaluated. 
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 APPENDIX A 
 
 FIELD INVESTIGATION 
 
 A-1.00 FIELD EXPLORATION 
 
A-1.01 Number of Borings 
 
Our subsurface investigation consisted of the excavation of one hollow stem auger borings excavated with limited 
access drilling equipment. 
 
A-1.02 Location of Boring 
 
The locations of the Boring is shown on the Geologic Map, Plate 1. 
 
A-1.03 Boring Logging 
 
A Log of the boring is attached in this appendix.  The logs contain factual information and interpretation of 
subsurface conditions between samples.  The strata indicated on these logs represent the approximate boundary 
between earth units and the transition may be gradual.  The logs show subsurface conditions at the dates and 
locations indicated, and may not be representative of subsurface conditions at other locations and times. 
 
Identification of the soils encountered during the subsurface exploration was made using the field identification 
procedure of the Unified Soils Classification System (ASTM D2488).  A legend indicating the symbols and definitions 
used in this classification system and a legend defining the terms used in describing the relative compaction, 
consistency or firmness of the soil are attached in this appendix.  Bag samples of the major earth units were 
obtained for laboratory inspection and testing, and the in-place density of the various strata encountered in the 
exploration was determined. 
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Well graded gravel, gravel-sand mixtures.

Poorly graded gravel or gravel-sand mixtures,

Silty gravels, gravel-sand-silt mixtures.

Clayey gravels, gravel-sand-clay mixtures.

Well graded sands, gravelly sands, little or

Poorly graded sands or gravelly sands, little

Inorganic silts and very fine sands, rock flour
silty or clayey fine sands or clayey silts

Inorganic clays of low to medium plasticity,
gravelly clays, sandy clays, silty clays, lean

Organic silts and organic silty clays of low

Inorganic silts, micaceous or diatamaceous
fine sandy or silty soils, elastic silts.

Inorganic clays of high plasticity, fat clays.

Organic clays of medium to high plasticity,

BOUNDARY CLASSIFICATIONS:  Soils possessing characteristics of two groups are designated by combinations of group symbols.

Pt

OH

CH

MH

OL

CL

ML

SC

SM

SP

SW

GC

GM

GP

GW

MAJOR DIVISIONS
GROUP

SYMBOLS TYPICAL NAMES

CLEAN
GRAVELS

GRAVELS
WITH FINES

GRAVELS

COARSE
GRAINED

SOILS

SANDS

CLEAN
SANDS

SANDS
WITH FINES

SILTS AND CLAYS

SILTS AND CLAYS

FINE
GRAINED

SOILS

HIGHLY ORGANIC SOILS

(More than 50% of
material is LARGER
than No. 200 sieve
size)

(More than 50% of
coarse fraction is
LARGER than the
No. 4 sieve size.

(More than 50% of
coarse fraction is
SMALLER than the
No. 4 sieve size)

(Appreciable
amount of fines)

(Little or no fines)

(Appreciable amt.
of fines)

(Little or no fines)

(More than 50% of
material is SMALLER
than No. 200 sieve
size)

(Liquid limit LESS than 50)

(Liquid limit GREATER than 50)

little or no fines.

little or no fines.

no fines.

or no fines.

Silty sands, sand-silt mixtures.

Clayey sands, sand-clay mixtures.

with slight plasticity

clays.

plasticity.

organic silts.

Peat and other highly organic soils.
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UNIFIED SOIL CLASSIFICATION SYSTEM  
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I.  SOIL STRENGTH/DENSITY 

              BASED ON STANDARD PENETRATION TESTS 

Compactness of sand Consistency of clay 

Penetration Resistance N 
         (blows/Ft)              

Compactness 
 

Penetration Resistance N 
            (blows/ft)               

Consistency 
 

0-4 
 4-10 
10-30 
30-50 
>50 

 

Very Loose 
Loose 
Medium Dense 
Dense 
Very Dense 

<2 
2-4 
4-8 

 8-15 
15-30 
>30 

Very Soft 
Soft 
Medium Stiff 
Stiff 
Very Stiff 
Hard 

N = Number of blows of 140 lb. weight falling 30 in. to drive 2-in OD sampler 1 ft. 

    

            BASED ON RELATIVE COMPACTION 

Compactness of sand Consistency of clay 

% Compaction Compactness % Compaction Consistency 

<75 
75-83 
83-90 
>90 

Loose 
Medium Dense 
Dense 
Very Dense 

<80 
80-85 
85-90 
>90 

Soft 
Medium Stiff 
Stiff 
Very Stiff 

    

II.  SOIL MOISTURE 

    

Moisture of sands Moisture of clays 

% Moisture Description % Moisture Description 

<5% 
5-12% 
>12% 

Dry 
Moist 
Very Moist 

<12% 
12-20% 
>20% 

Dry 
Moist 
Very Moist, wet 
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REFERENCE TEST PIT LOGS 
 



9854 Glenoaks Blvd., Sun Valley, CA 91352

D
e

p
th

 (
ft
)

D
ri

v
e

 S
a

m
p

le

B
u

lk
 S

a
m

p
le

M
o

is
tu

re
 C

o
n

te
n

t 
(%

)

D
ry

 U
n

it
 W

e
ig

h
t 
(p

c
f)

W
e

t 
U

n
it
 W

e
ig

h
t 
(p

c
f)

L
iq

u
id

 L
im

it

P
la

s
ti
c
 L

im
it

P
la

s
ti
c
it
y
 I
n

d
e

x

<
#
2
0
0

D
5

0

U
S

C
S

 C
la

s
s
if
ic

a
ti
o

n

2.6 99.9 102.5 SM-SP
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1.4

2.6 99.5 102.1

2.6 98.0 100.5

1 0.5 SP

Client: Justin Brevoort Project Name: PDR Hillside Home

Project Number: 21G-0735-0 Project Location: 237 Montreal St., Playa Del Ray, CA

Boring Diameter: 9"

Excavation Method: Hollowstem Auger Ground Water Levels: No Groundwater

Date Started: 2/7/2022 Completed:2/7/2022 Ground Elevation: 83*

Drilling Contractor: Leon Krous Drilling Notes: 140 lbs Auto Hammer with 30" Drop

Logged By: mbk Checked By: HHL

1,2,2 moist, loose

@ 2.5'  Same as above, friable, slightly moist, loose

*LA GISNET
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t 
(N
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)

Old Sand Dune Deposits (Qos):  0-38.25'  Light yellowish brown gray fine

Silty SAND with roots in upper 1 foot, slighlty micaceous, friable, slighlty 

1,2,4 @ 10', Same as above, friable, slightly moist, loose

1,2,3 @ 5', Same as above, friable, slightly moist, loose

1,3,9 @ 7.5', Same above, friable, slightly moist, loose

3,3,7 @ 15', Same as above, silt content decreased, friable, slighlty moist,

medium dense

5,7,9 @ 20', same as above, very slighlty micaceous, friable, slighlty moist,

medium dense

medium Silty SAND, slightly moist, medium dense

5,9,11 @ 25', Same as above with layers or lenses of fine Silty SAND and fine to

@ 32-33' drilling starts to get tighter

4,8,12 @ 30', Sand with minor silt, very friable, slightly moist, medium dense,

sample disturbed

BORING NUMBER   1  
Page   1    of    2  

Material Description 
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Backfilled With Cuttings 2/7/22

Very Little Cuttings From Borehole In Upper 15'

No Groundwater Encountered

Borehole Caved To 17' After Auger Pulled

Total Depth Drilled 51.5'

5,6,13 @ 50', Same as above, very friable, slightly moist, medium dense

4,7,12 @ 40', Light orange gray fine SAND  with Silt, very friable, slightly

medium dense, no ring samples, sample in shoe

moist, medium dense

San Pedro Formation (Qsp)?:  38.5-51.5'  
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3,8,13 Old Sand Dune Deposits (Qos) (con't):  0-38.25'

@ 35', Very light yellowish brown gray fine Silty SAND, friable, slightly

Drilling Contractor: Leon Krous Drilling Notes: 140 lbs Auto Hammer with 30" Drop

Logged By: mbk Checked By: HHL

Excavation Method: Hollowstem Auger Ground Water Levels: 

Date Started: 2/7/2022 Completed:2/7/2022 Ground Elevation: 83'

No Groundwater

Client: Justin Brevoort Project Name: PDR Hillside Home

Project Number: 21G-0735-0 Project Location: 237 Montreal St., Playa Del Ray, Ca

Boring Diameter: 9"

BORING NUMBER   1  
Page   2    of    2  

Material Description 
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APPENDIX B 
 

B-1.00 LABORATORY TESTS 
 

B-1.01 Maximum Density 

Maximum density - optimum moisture relationships for the major soil type encountered during the field exploration 
were performed in the laboratory using the standard procedures of ASTM D1557.  

B-1.02 Expansion Tests 

Expansion index testing was performed on a representative sample of the major soil type encountered during the 
field exploration by the test methods outlined in ASTM D4829. 
 
B-1.03 Soluble Sulfates and Chloride Contents 

Tests were performed in accordance with California Test Methods 417 and 422 on a near-surface soil sample 
obtained during the field exploration. These tests were performed by AP Engineering and Testing located in 
Pomona, California.  Test results are included in this section. 
 
B-1.04 Soil Reactivity (pH) and Electrical Conductivity (Ec) 

Representative soil sample was tested for soil reactivity (pH) and electrical conductivity (Ec) using California Test 
Method 643. The pH measurement determines the degree of acidity or alkalinity in the soils. The Ec is a measure of 
the electrical resistivity and is expressed as the reciprocal of the resistivity.  These tests were performed by AP 
Engineering and Testing located in Pomona, California.  Test results are included in this section. 
 
B-1.05 Moisture Determination 

Moisture content of the soil samples was performed in accordance to standard method for determination of water 
content of soil by drying oven, ASTM D2216.  The mass of material remaining after oven drying is used as the mass 
of the solid particles.  The results of our laboratory tests are presented on the test pit logs. 
 
B-1.06 Density of Split-Barrel Samples 

The density of tube samples, which were obtained using a split-barrel sampler, was determined in accordance with 
ASTM D2937. The results of these tests are provided on the test pit logs presented in Appendix A. 
 
B-1.07 Particle Size Analysis 

Particle size analysis was performed on a representative sample of the on-site soils in accordance with the standard 
test methods of the ASTM D422. The test results are included in this Appendix. 
 
B-1.08 Direct Shear 
 
Direct shear test was performed on undisturbed samples encountered in the test hole using the standard test 
method of ASTM D3080 (consolidated and drained).  Shear tests were performed on a direct shear machine of the 
strain-controlled type.  To simulate possible adverse field conditions, the samples were saturated prior to shearing.  
Samples were sheared at varying normal loads and the results plotted to establish the angle of the internal friction 
and cohesion of the tested samples.  Graphic representation of the result is included in this section. 
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B‐1.09 Test Results 

Results  for  laboratory  tests  performed  on  representative  samples  obtained  during  the  field  investigation  are 
presented in this appendix and on test pit logs presented in Appendix A. 
 
MAXIMUM DENSITY ‐ OPTIMUM MOISTURE 
  (Test Method: ASTM D1557) 
 

Sample 
Number 

Optimum Moisture 
(Percent) 

Maximum Density 
(lbs/ft3) 

B1 @ 0‐7.5 ft  10.5  119.5 
 
EXPANSION TEST 
  Test Method: ASTM D4829 
 

Sample 
Location 

Expansion 
Index  Expansion Classification 

B1 @ 0‐7.5 feet  0  Very Low 
 
SOLUBLE SULFATE AND CHLORIDE CONTENTS 
  (California Test Method 417 & 422) 
 

Sample 
Number 

Sulfate Content 
(ppm) 

Chloride Content 
(ppm) 

B1 @ 0‐7.5 ft  70  17 

 
SOIL REACTIVITY (pH) AND ELECTRICAL CONDUCTIVITY 
  (Test Method:  ASTM D4972) 
 

Sample 
Location 

 
pH 

Resistivity 
(Ohm‐cm) 

B1 @ 0‐7.5 ft  7.6  6800 
 
   
 



PARTICLE SIZE ANALYSIS

ASTM D422    

Project ID: 21G-0735

Location: B1 Fraction A Dry Net Weight (gms): 2462.2

Depth: 30 feet

Soil Description: Sand with minor silt

Net RetainedNet Passing

Screen SizeWeight (gms)Weight (gms)% Passing

   1" 0 # 100
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Grain Size Analysis 



Remolded or Undisturbed: Undisturbed

Maximum Dry Density (pcf) = N/A

Optimum Moisture Content (%) = N/A

Project ID: 21G-0735-0 Initial Dry Density (pcf) = 102.1

Location: B1 Relative Compaction (%) = N/A

Depth: 25 Initial Moisture Content (%) = 3.7%

Soil Description: Brown Medium Sand Final Moisture Content (%) = 23.8%

Diameter (in) 2.41

Area of sample (in^2) 4.56

Load Ring Constant (lb/in) 4010

Dial Reading

Shear Resist 

(psf) Dial Reading

Shear Resist 

(psf)

16615 1160 0.0085 1070 0.0070 886

32600 2270 0.0160 2020 0.0132 1671

48674 3390 0.0207 2620 0.0171 2165

64681 4500 0.0288 3650 0.0238 3013

Peak Residual

Cohesion (psf) = 220 190

Friction Angle (deg) = 37 32

Load Applied                        

(g)

     DIRECT SHEAR TEST

     ASTM D3080
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Undisturbed

Maximum Dry Density (pcf) = N/A

Optimum Moisture Content (%) = N/A

Project ID: 21G-0735-0 Initial Dry Density (pcf) = 100.4

Location: B1 Relative Compaction (%) = N/A

Depth: 35 feet Initial Moisture Content (%) = 4.1

Soil Description: Silty Sand Final Moisture Content (%) = 23.3

Diameter (in) 2.42

Area of sample (in^2) 4.60

Load Ring Constant (lb/in) 4480

Peak Residual

Shear Resist (psf) Shear Resist (psf)

1000 910 778

2000 1550 1325

4000 2871 2539

Peak Residual

Cohesion (psf) = 250 170

Friction Angle (deg) = 33 31

Normal Pressure 
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     DIRECT SHEAR TEST
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Undisturbed

Maximum Dry Density (pcf) = N/A

Optimum Moisture Content (%) = N/A

Project ID: 21G-0735-0 Initial Dry Density (pcf) = 99.7

Location: B1 Relative Compaction (%) = N/A

Depth: 50 feet Initial Moisture Content (%) = 5.7

Soil Description: Silty Sand Final Moisture Content (%) = 21.9

Diameter (in) 2.42

Area of sample (in^2) 4.60

Load Ring Constant (lb/in) 4480

Peak Residual

Shear Resist (psf) Shear Resist (psf)

1000 792 780

2000 1536 1524

4000 2928 2904

Peak Residual

Cohesion (psf) = 100 90

Friction Angle (deg) = 35 35
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     ASTM D3080
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GENERAL EARTHWORK AND GRADING SPECIFICATIONS 
 

C-1.00 GENERAL DESCRIPTION 
 
C-1.01 Introduction 
 
These specifications present our general recommendations for earthwork and grading for the subject project.  These 
specifications shall cover all clearing and grubbing, removal of existing structures, preparation of land to be filled, 
filling of the land, spreading, compaction and control of the fill, and all subsidiary work necessary to complete the 
grading of the filled areas to conform with the lines, grades and slopes as shown on the approved plans. 
 
The recommendations contained in the geotechnical report of which these general specifications are a part of shall 
supersede the provisions contained hereinafter in case of conflict. 
 
C-1.02 Laboratory Standard and Field Test Methods 
 
The laboratory standard used to establish the maximum density and optimum moisture shall be ASTM D1557. 
 
The insitu density of earth materials (field compaction tests) shall be determined by the sand cone method (ASTM 
D1556), direct transmission nuclear method (ASTM D2922) or other test methods as considered appropriate by the 
geotechnical consultant. 
 
Relative compaction is defined, for purposes of these specifications, as the ratio of the in-place density to the 
maximum density as determined in the previously mentioned laboratory standard. 
 

C-2.00 Clearing 
 

C-2.01 Surface Clearing 
 
All structures marked for removal, timber, logs, trees, brush and other rubbish shall be removed and disposed of off 
the site.  Any trees to be removed shall be pulled in such a manner so as to remove as much of the root system as 
possible. 
 
C-2.02 Subsurface Removals 
 
A thorough search should be made for possible underground storage tanks and/or septic tanks and cesspools.  If 
found, tanks should be removed and cesspools pumped dry. 
 
Any concrete irrigation lines shall be crushed in place and all metal underground lines shall be removed from the 
site. 
 
C-2.03 Backfill of Cavities 
 
All cavities created or exposed during clearing and grubbing operations or by previous use of the site shall be cleared 
of deleterious material and backfilled with native soils or other materials approved by the soil engineer.  Said backfill 
shall be compacted to a minimum of 90% or 95% relative compaction (ASTM: D1557) provided that footing 
overexcavation requirements are met. The minimum of 90% or 95% compaction requirements will be 
determined by performing hydrometer testing on representative soil samples during grading to define the 
percentage of passing 2-microns required by City of Los Angeles. 
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C-3.00 ORIGINAL GROUND PREPARATION 
 
C-3.01 Stripping of Vegetation 
 
After the site has been properly cleared, all vegetation and topsoil containing the root systems of former vegetation 
shall be stripped from areas to be graded.  Materials removed in this stripping process may be used as fill in areas 
designated by the soil engineer, provided the vegetation is mixed with a sufficient amount of soil to assure that no 
appreciable settlement or other detriment will occur due to decaying of the organic matter.  Soil materials 
containing more than 3% organics shall not be used as structural fill. 
 
C-3.02 Removals of Non-Engineered Fills 
 
Any non-engineered fills encountered during grading shall be completely removed and the underlying ground shall 
be prepared in accordance to the recommendations for original ground preparation contained in this section.  After 
cleansing of any organic matter the fill material may be used for engineered fill. 
 
C-3.03 Overexcavation of Fill Areas 
 
The existing ground in all areas determined to be satisfactory for the support of fills shall be scarified to a minimum 
depth of 6 inches.  Scarification shall continue until the soils are broken down and free from lumps or clods and until 
the scarified zone is uniform.  The moisture content of the scarified zone shall be adjusted to within 2% of optimum 
moisture.  The scarified zone shall then be uniformly compacted to 95% relative compaction. 
 
Where fill material is to be placed on ground with slopes steeper than 5:1 (H:V) the sloping ground shall be benched.  
The lowermost bench shall be a minimum of 15 feet wide, shall be a minimum of 2 feet deep, and shall expose firm 
material as determined by the geotechnical consultant.  Other benches shall be excavated to firm material as 
determined by the geotechnical consultant and shall have a minimum width of 4 feet. 
 
Existing ground that is determined to be unsatisfactory for the support of fills shall be overexcavated in accordance 
to the recommendations contained in the geotechnical report of which these general specifications are a part. 
  

C-4.00 FILL MATERIALS 
C-4.01 General 
 
Materials for the fill shall be free from vegetable matter and other deleterious substances, shall not contain rocks or 
lumps of a greater dimension than is recommended by the geotechnical consultant, and shall be approved by the 
geotechnical consultant. Soils of poor gradation, expansion, or strength properties shall be placed in areas 
designated by the geotechnical consultant or shall be mixed with other soils providing satisfactory fill material. 
 
C-4.02 Oversize Material 
 
Oversize material, rock or other irreducible material with a maximum dimension greater than 12 inches, shall not be 
placed in fills, unless the location, materials, and disposal methods are specifically approved by the geotechnical 
consultant.  Oversize material shall be placed in such a manner that nesting of oversize material does not occur and 
in such a manner that the oversize material is completely surrounded by fill material compacted to a minimum of 
95% relative compaction.  Oversize material shall not be placed within 10 feet of finished grade without the 
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approval of the geotechnical consultant. 
 
C-4.03 Import 
 
Material imported to the site shall conform to the requirements of Section 4.01 of these specifications. Potential 
import material shall be approved by the geotechnical consultant prior to importation to the subject site. 
  

C-5.00 PLACING AND SPREADING OF FILL 
 

C-5.01 Fill Lifts 
 
The selected fill material shall be placed in nearly horizontal layers which when compacted will not exceed 
approximately 6 inches in thickness.  Thicker lifts may be placed if testing indicates the compaction procedures are 
such that the required compaction is being achieved and the geotechnical consultant approves their use. 
Each layer shall be spread evenly and shall be thoroughly blade mixed during the spreading to insure uniformity of 
material in each layer. 
 
C-5.02 Fill Moisture 
 
When the moisture content of the fill material is below that recommended by the soils engineer, water shall then be 
added until he moisture content is as specified to assure thorough bonding during the compacting process. 
 
When the moisture content of the fill material is above that recommended by the soils engineer, the fill material 
shall be aerated by blading or other satisfactory methods until the moisture content is as specified. 
 
C-5.03 Fill Compaction 
 
After each layer has been placed, mixed, and spread evenly, it shall be thoroughly compacted to not less than 90% 
or 95% depending on the guidelines of the governing agency, relative compaction . Compaction shall be by 
sheepsfoot rollers, multiple-wheel pneumatic tired rollers, or other types approved by the soil engineer. 
 
Rolling shall be accomplished while the fill material is at the specified moisture content.  Rolling of each layer shall 
be continuous over its entire area and the roller shall make sufficient trips to insure that the desired density has 
been obtained. 
 
C-5.04 Fill Slopes 
 
Fill slopes shall be compacted by means of sheepsfoot rollers or other suitable equipment.  Compacting of the 
slopes may be done progressively in increments of 3 to 4 feet in fill height.  At the completion of grading, the slope 
face shall be compacted to a minimum of 90% or 95%, depending on the requirements of the governing agency, 
relative compaction.  This may require track rolling or rolling with a grid roller attached to a tractor mounted 
side-boom. 
 
Slopes may be over filled and cut back in such a manner that the exposed slope faces are compacted to a minimum 
of 95% relative compaction. 
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The fill operation shall be continued in six inch (6") compacted layers, or as specified above, until the fill has been 
brought to the finished slopes and grades as shown on the accepted plans. 
 
C-5.05 Compaction Testing 
 
Field density tests shall be made by the geotechnical consultant of the compaction of each layer of fill.  Density tests 
shall be made at locations selected by the geotechnical consultant. 
 
Frequency of field density tests shall be not less than one test for each 2.0 feet of fill height and at least every one 
thousand cubic yards of fill.  Where fill slopes exceed four feet in height their finished faces shall be tested at a 
frequency of one test for each 1000 square feet of slope face. 
 
Where sheepsfoot rollers are used, the soil may be disturbed to a depth of several inches.  Density reading shall be 
taken in the compacted material below the disturbed surface.  When these readings indicate that the density of any 
layer of fill or portion thereof is below the required density, the particular layer or portion shall be reworked until 
the required density has been obtained. 
 

C-6.00 SUBDRAINS 
 
C-6.01 Subdrain Material 
 
Subdrains shall be constructed of a minimum 4-inch diameter pipe encased in a suitable filter material. The subdrain 
pipe shall be Schedule 40 Acrylonitrile Butadiene Styrene (ABS) or Schedule 40 Polyvinyl Chloride Plastic (PVC) pipe 
or approved equivalent.  Subdrain pipe shall be installed with perforations down.  Filter material shall consist of 3/4" 
to 1 1/2" clean gravel wrapped in an envelope of filter fabric consisting of Mirafi 140N or approved equivalent. 
 
C-6.02 Subdrain Installation 
 
Subdrain systems, if required, shall be installed in approved ground to conform the approximate alignment and 
details shown on the plans or herein.  The subdrain locations shall not be changed or modified without the approval 
of the geotechnical consultant.  The geotechnical consultant may recommend and direct changes in the subdrain 
line, grade or material upon approval by the design civil engineer and the appropriate governmental agencies. 
  

C-7.00 EXCAVATIONS 
 

C-7.01 General 
 
Excavations and cut slopes shall be examined by the geotechnical consultant.  If determined necessary by the 
geotechnical consultant, further excavation or overexcavation and refilling of overexcavated areas shall be 
performed, and/or remedial grading of cut slopes shall be performed. 
 
C-7.02 Fill-Over-Cut Slopes 
 
Where fill-over-cut slopes are to be graded the cut portion of the slope shall be made and approved by the 
geotechnical consultant prior to placement of materials for construction of the fill portion of the slope. 
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C-8.00 TRENCH BACKFILL 
 

C-.01 General 
 
Trench backfill within street right of ways shall be compacted to 95% relative compaction as determined by the 
ASTM D1557 test method. Backfill may be jetted as a means of initial compaction; however, mechanical compaction 
will be required to obtain the required percentage of relative compaction.  If trenches are jetted, there must be a 
suitable delay for drainage of excess water before mechanical compaction is applied. 
 

C-9.00 SEASONAL LIMITS 
 

C-9.01 General 
 
No fill material shall be placed, spread or rolled while it is frozen or thawing or during unfavorable weather 
conditions. When the work is interrupted by heavy rain, fill operations shall not be resumed until field tests by the 
soils engineer indicate that the moisture content and density of the fill are as previously specified. 
 

C-10.00 SUPERVISION 
 

C-10.01 Prior to Grading 
 
The site shall be observed by the geotechnical consultant upon completion of clearing and grubbing, prior to the 
preparation of any original ground for preparation of fill. 
 
The supervisor of the grading contractor and the field representative of the geotechnical consultant shall have a 
meeting and discuss the geotechnical aspects of the earthwork prior to commencement of grading. 
 
C-10.02 During Grading 
 
Site preparation of all areas to receive fill shall be tested and approved by the geotechnical consultant prior to the 
placement of any fill. 
 
The geotechnical consultant or his representative shall observe the fill and compaction operations so that he can 
provide an opinion regarding the conformance of the work to the recommendations  
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APPENDIX D 
 

SLOPE STABILITY ANALYSIS RESULTS 
  





      XSTABL File: 21G735ST   4‐07‐22   10:51

                   ******************************************
                   *              X S T A B L               *
                   *                                        *
                   *        Slope Stability Analysis        *
                   *                using the               *
                   *            Method of Slices            *
                   *                                        *
                   *        Copyright (C) 1992 ‐ 2013       *
                   *   Interactive Software Designs, Inc.   *
                   *        Moscow, ID 83843, U.S.A.        *
                   *                                        *
                   *          All Rights Reserved           *
                   *                                        *
                   *  Ver. 5.209                 96 ‐ 2086  *
                   ******************************************

          Problem Description : Cross Section A_Static Condition    

          ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
          SEGMENT BOUNDARY COORDINATES
          ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

             20 SURFACE boundary segments

          Segment    x‐left    y‐left    x‐right   y‐right     Soil Unit
             No.      (ft)      (ft)       (ft)      (ft)    Below Segment

              1          .0      18.0       20.8      20.0         2
              2        20.8      20.0       40.9      30.0         2
              3        40.9      30.0       47.9      32.8         2
              4        47.9      32.8       51.7      35.0         2
              5        51.7      35.0       61.4      39.2         2
              6        61.4      39.2       62.9      40.0         2
              7        62.9      40.0       72.4      43.7         1
              8        72.4      43.7       85.5      49.7         1
              9        85.5      49.7      100.0      49.7         1
             10       100.0      49.7      100.1      58.0         1
             11       100.1      58.0      106.0      58.0         1
             12       106.0      58.0      119.0      58.0         1
             13       119.0      58.0      119.1      68.5         1
             14       119.1      68.5      129.2      68.5         1
             15       129.2      68.5      135.8      68.5         1
             16       135.8      68.5      135.9      72.0         1
             17       135.9      72.0      140.9      75.0         1



             18       140.9      75.0      148.5      80.0         1
             19       148.5      80.0      151.0      81.0         1
             20       151.0      81.0      171.3      82.0         1

              1 SUBSURFACE boundary segments

          Segment    x‐left    y‐left    x‐right   y‐right     Soil Unit
             No.      (ft)      (ft)       (ft)      (ft)    Below Segment

              1        62.9      40.0      171.3      40.0         2

          ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
          ISOTROPIC Soil Parameters
          ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

           2 Soil unit(s) specified

          Soil   Unit Weight   Cohesion  Friction    Pore Pressure      Water
          Unit  Moist    Sat.  Intercept   Angle  Parameter  Constant  Surface
           No.  (pcf)   (pcf)    (psf)     (deg)      Ru      (psf)      No.

            1   100.0   105.0      90.0    35.00      .000         .0      0
            2   100.0   105.0     170.0    31.00      .000         .0      0

          ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
          BOUNDARY LOADS
          ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

              1 load(s) specified

          Load        x‐left      x‐right     Intensity     Direction
           No.         (ft)         (ft)        (psf)         (deg)

            1           85.5        135.8        300.0           .0

          NOTE ‐ Intensity is specified as a uniformly distributed
                 force acting on a HORIZONTALLY projected surface.

          A critical failure surface searching method, using a random
          technique for generating CIRCULAR surfaces has been specified.

           1600 trial surfaces will be generated and analyzed.



            40 Surfaces initiate from each of  40 points equally spaced
          along the ground surface between  x =      4.0 ft
                                       and  x =     25.0 ft

          Each surface terminates between   x =    150.0 ft
                                      and   x =    171.0 ft

          Unless further limitations were imposed, the minimum elevation
          at which a surface extends is  y =       .0 ft

          * * * * *  DEFAULT SEGMENT LENGTH SELECTED BY XSTABL  * * * * *

              7.0 ft line segments define each trial failure surface.

          ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
          ANGULAR RESTRICTIONS
          ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

            The first segment of each failure surface will be inclined
            within the angular range defined by :

                    Lower angular limit :=   ‐45.0 degrees
                    Upper angular limit :=  (slope angle ‐ 5.0) degrees

          Factors of safety have been calculated by the :

          * * * * *   SIMPLIFIED BISHOP METHOD   * * * * *

            The most critical circular failure surface 
            is specified by 24 coordinate points

                 Point      x‐surf      y‐surf
                  No.        (ft)        (ft)

                   1         20.69       19.99
                   2         27.69       19.86



                   3         34.69       20.02
                   4         41.68       20.47
                   5         48.64       21.20
                   6         55.56       22.21
                   7         62.44       23.51
                   8         69.26       25.09
                   9         76.01       26.94
                  10         82.68       29.07
                  11         89.25       31.47
                  12         95.73       34.14
                  13        102.08       37.07
                  14        108.32       40.26
                  15        114.41       43.70
                  16        120.36       47.39
                  17        126.16       51.31
                  18        131.79       55.47
                  19        137.24       59.86
                  20        142.51       64.47
                  21        147.59       69.29
                  22        152.46       74.31
                  23        157.13       79.53
                  24        158.65       81.38

          ****  Simplified BISHOP FOS =   1.819  ****

          The following is a summary of the TEN most critical surfaces

          Problem Description : Cross Section A_Static Condition    

                 FOS      Circle Center    Radius  Initial Terminal  Resisting
              (BISHOP)  x‐coord  y‐coord           x‐coord  x‐coord    Moment
                          (ft)     (ft)     (ft)     (ft)     (ft)    (ft‐lb)

           1.   1.819     27.30   190.94   171.08    20.69   158.65  2.407E+07
           2.   1.820     26.89   189.87   170.21    19.08   157.98  2.384E+07
           3.   1.820     26.17   189.14   169.46    19.08   156.83  2.305E+07
           4.   1.824     27.03   184.26   164.77    18.00   155.57  2.235E+07
           5.   1.824     24.93   188.28   168.70    18.00   155.25  2.214E+07
           6.   1.824     31.18   179.07   159.61    19.62   157.30  2.323E+07
           7.   1.824     23.32   208.11   188.32    19.08   162.80  2.751E+07
           8.   1.824     30.80   186.26   166.66    20.15   160.35  2.526E+07
           9.   1.825     16.09   223.35   203.20    21.23   161.57  2.656E+07
          10.   1.826     32.40   181.24   161.68    20.69   159.54  2.457E+07



                             * * *  END OF FILE  * * *
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                   ******************************************
                   *              X S T A B L               *
                   *                                        *
                   *        Slope Stability Analysis        *
                   *                using the               *
                   *            Method of Slices            *
                   *                                        *
                   *        Copyright (C) 1992 ‐ 2013       *
                   *   Interactive Software Designs, Inc.   *
                   *        Moscow, ID 83843, U.S.A.        *
                   *                                        *
                   *          All Rights Reserved           *
                   *                                        *
                   *  Ver. 5.209                 96 ‐ 2086  *
                   ******************************************

          Problem Description : Cross Section A_Seismic Condition   

          ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
          SEGMENT BOUNDARY COORDINATES
          ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

             20 SURFACE boundary segments

          Segment    x‐left    y‐left    x‐right   y‐right     Soil Unit
             No.      (ft)      (ft)       (ft)      (ft)    Below Segment

              1          .0      18.0       20.8      20.0         2
              2        20.8      20.0       40.9      30.0         2
              3        40.9      30.0       47.9      32.8         2
              4        47.9      32.8       51.7      35.0         2
              5        51.7      35.0       61.4      39.2         2
              6        61.4      39.2       62.9      40.0         2
              7        62.9      40.0       72.4      43.7         1
              8        72.4      43.7       85.5      49.7         1
              9        85.5      49.7      100.0      49.7         1
             10       100.0      49.7      100.1      58.0         1
             11       100.1      58.0      106.0      58.0         1
             12       106.0      58.0      119.0      58.0         1
             13       119.0      58.0      119.1      68.5         1
             14       119.1      68.5      129.2      68.5         1
             15       129.2      68.5      135.8      68.5         1
             16       135.8      68.5      135.9      72.0         1
             17       135.9      72.0      140.9      75.0         1



             18       140.9      75.0      148.5      80.0         1
             19       148.5      80.0      151.0      81.0         1
             20       151.0      81.0      171.3      82.0         1

              1 SUBSURFACE boundary segments

          Segment    x‐left    y‐left    x‐right   y‐right     Soil Unit
             No.      (ft)      (ft)       (ft)      (ft)    Below Segment

              1        62.9      40.0      171.3      40.0         2

          ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
          ISOTROPIC Soil Parameters
          ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

           2 Soil unit(s) specified

          Soil   Unit Weight   Cohesion  Friction    Pore Pressure      Water
          Unit  Moist    Sat.  Intercept   Angle  Parameter  Constant  Surface
           No.  (pcf)   (pcf)    (psf)     (deg)      Ru      (psf)      No.

            1   100.0   105.0      90.0    35.00      .000         .0      0
            2   100.0   105.0     170.0    31.00      .000         .0      0

          A horizontal earthquake loading coefficient
          of   .290 has been assigned

          A vertical earthquake loading coefficient
          of   .000 has been assigned

          ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
          BOUNDARY LOADS
          ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

              1 load(s) specified

          Load        x‐left      x‐right     Intensity     Direction
           No.         (ft)         (ft)        (psf)         (deg)

            1           85.5        135.8        300.0           .0

          NOTE ‐ Intensity is specified as a uniformly distributed
                 force acting on a HORIZONTALLY projected surface.



          A critical failure surface searching method, using a random
          technique for generating CIRCULAR surfaces has been specified.

           1600 trial surfaces will be generated and analyzed.

            40 Surfaces initiate from each of  40 points equally spaced
          along the ground surface between  x =      4.0 ft
                                       and  x =     25.0 ft

          Each surface terminates between   x =    150.0 ft
                                      and   x =    171.0 ft

          Unless further limitations were imposed, the minimum elevation
          at which a surface extends is  y =       .0 ft

          * * * * *  DEFAULT SEGMENT LENGTH SELECTED BY XSTABL  * * * * *

              7.0 ft line segments define each trial failure surface.

          ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
          ANGULAR RESTRICTIONS
          ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

            The first segment of each failure surface will be inclined
            within the angular range defined by :

                    Lower angular limit :=   ‐45.0 degrees
                    Upper angular limit :=  (slope angle ‐ 5.0) degrees

          Factors of safety have been calculated by the :

          * * * * *   SIMPLIFIED BISHOP METHOD   * * * * *



            The most critical circular failure surface 
            is specified by 25 coordinate points

                 Point      x‐surf      y‐surf
                  No.        (ft)        (ft)

                   1         19.62       19.89
                   2         26.62       19.93
                   3         33.61       20.22
                   4         40.59       20.76
                   5         47.54       21.55
                   6         54.47       22.58
                   7         61.35       23.86
                   8         68.18       25.39
                   9         74.95       27.16
                  10         81.66       29.17
                  11         88.29       31.42
                  12         94.83       33.91
                  13        101.28       36.62
                  14        107.63       39.57
                  15        113.87       42.74
                  16        120.00       46.13
                  17        126.00       49.74
                  18        131.86       53.56
                  19        137.59       57.58
                  20        143.17       61.81
                  21        148.59       66.23
                  22        153.86       70.85
                  23        158.95       75.65
                  24        163.87       80.63
                  25        164.84       81.68

          ****  Simplified BISHOP FOS =   1.039  ****

          The following is a summary of the TEN most critical surfaces

          Problem Description : Cross Section A_Seismic Condition   

                 FOS      Circle Center    Radius  Initial Terminal  Resisting
              (BISHOP)  x‐coord  y‐coord           x‐coord  x‐coord    Moment
                          (ft)     (ft)     (ft)     (ft)     (ft)    (ft‐lb)

           1.   1.039     21.98   215.93   196.06    19.62   164.84  2.652E+07
           2.   1.039     28.59   208.42   188.60    20.69   168.37  2.864E+07
           3.   1.039     28.66   202.21   182.71    18.54   165.99  2.720E+07



           4.   1.040     21.59   226.90   207.02    19.62   169.32  3.001E+07
           5.   1.040     26.31   217.11   197.27    20.15   169.97  3.009E+07
           6.   1.040     23.32   208.11   188.32    19.08   162.80  2.502E+07
           7.   1.040     26.86   207.32   187.87    17.46   166.60  2.789E+07
           8.   1.040     29.88   196.02   176.60    18.54   164.41  2.603E+07
           9.   1.040     28.79   200.79   181.47    17.46   165.70  2.716E+07
          10.   1.040     26.35   206.92   186.49    21.77   164.51  2.544E+07

                             * * *  END OF FILE  * * *
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