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1.0 INTRODUCTION

Project Location

The Del Mar Bluffs Stabilization Project 2 - Preserving Trackbed Support (Project 2) is
situated along 1.6 miles of North County Transit District (NCTD) railroad right-of-way
on the western edge of the City of Del Mar, as shown on Figure 1, Site Location Map.
The project area extends from rail Milepost (MP) 244.1 near Coast Boulevard south to
MP 245.7 at about Torrey Pines State Beach. Within this reach, the NCTD rail alignment
runs atop the 50- to 70-foot high coastal bluffs. Railroad right-of-way varies between
approximately 100 feet and 235 feet in width and, in some places, extends onto the beach
below.

Project Description

The coastal bluffs supporting the rail alignment in the project area have a history of
landslides and surficial failures. In addition, the bluffs are subject to ongoing erosion and
failures that could threaten the viability of rail service. Project 2 includes the design and
installation of stabilization measures intended to preserve trackbed support in high-
priority areas and maintain the viability of rail operations for at least 20 years.

Project Backaground

The NCTD railroad right-of-way is an integral part of the 128-mile Los Angeles to San
Diego (LOSSAN) Rail Corridor. The corridor provides a vital link for passenger and
freight movements within San Diego County as well as between San Diego, Los Angeles
and points further north. Approximately 44 passenger trains per day traverse the section
of track within the project area, including NCTD Coaster commuter rail service and
Amtrak inter-city rail service. In terms of ridership, the LOSSAN corridor is Amtrak's
second busiest inter-city rail corridor in the nation. It is also Amtrak's fastest growing rail
corridor; increasing over 26 percent in the last year. Overall, in FY 2003, more than 6.6
million passengers traveled the LOSSAN corridor.

In addition to passenger rail, four to eight freight trains, operated by the Burlington
Northern Santa Fe Railway (BNSF), travel this section of track daily. Last year, BNSF
carried nearly 6 million gross tons of freight over this section

1
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The LOSSAN rail corridor is considered a critical facility due to the dependence on the
facility by passengers and by freight movements as mentioned above and due to the fact
that it is the only rail line connecting San Diego to points north. Therefore, as part of
maintaining its portion of the LOSSAN Rail Corridor, NCTD has adopted a four-phased
approach to preserve the track structure, ensure the viability of rail service and protect its
investment in the railroad right-of-way located along the bluffs tops. The first phase of
this approach included construction of approximately $1.8 million in drainage
improvements along the right-of-way which were completed in 1998.

The second phase, which was completed in January 2001, included conducting a
geotechnical study of the bluffs. The results of the geotechnical study (herein referenced
to as the “Geotechnical Study™), was entitled the “Del Mar Bluffs Geotechnical Study,
Part 1: Geotechnical Evaluation and Part 2: Conceptual Repair Alternatives” and was
prepared by Leighton and Associates. The Geotechnical Study characterized the nature
and causes of bluff erosion, identified and prioritized areas in need of stabilization, and
presented a range of conceptual stabilization options. The Geotechnical Study concluded
that the bluffs are subject to failure due to inadequate lateral support, storm wave action,
and significant seismic activity. In addition, groundwater seepage and inadequate surface
drainage were identified as factors that contributed to the ongoing degradation of the
coastal bluff.

The information provided in the Geotechnical Study now serves as the basis for phase
three of the Del Mar Bluffs trackbed preservation program and defines overall project
priorities. Phase three (the current phase) consists of two separate Del Mar Bluffs
stabilization projects to design and construct stabilization measures within “high-priority”
areas.

e The first project entitled “Del Mar Bluffs Stabilization Project 1 — Drainage
Improvements and Landslide Warning System” (Project 1) is currently under
construction and includes the installation of surface and subsurface drainage
improvements along the NCTD railroad right-of-way and within the defined
high-priority areas. Project 1 also includes the installation of a landslide warning
system within portions of the high-priority areas to provide early warning of slope
failure along the railroad right-of-way.

e The second project entitled “Del Mar Bluffs Stabilization Project 2 — Preserving
Trackbed Support” (Project 2) is currently under design and is the subject of this
document. Project 2 involves the installation of additional stabilization measures
to provide additional lateral support for the railroad right-of-way within high-
priority areas that are marginally stable. It should be noted that there may not be
sufficient funding to mitigate all of the high-priority areas at this time. Therefore,
the work will be prioritized based on geotechnical analysis and some work may be
performed in the future when additional funding becomes available.
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The fourth phase of the approach includes identification of an alternative railroad
alignment through the City of Del Mar as a long-term solution to bluff erosion and slope
stability concerns. The California High-Speed Rail Authority (CHSRA) in association
with the California Department of Transportation (Caltrans) is currently evaluating this
alternative as part of its study of conventional rail improvements between Los Angeles
and San Diego.

Purpose and Scope

The Geotechnical Study previously identified the high-priority areas in need of bluff
stabilization and presented a range of stabilization measures; however, the stabilization
measures (or repair alternatives) were conceptual in nature and not site specific.
Therefore, the purpose of this report is to identify the site specific repair measures for the
high-priority areas needing mitigation.

The first part of this report provides supplemental geotechnical data based on the results
of the additional geotechnical investigation performed since the completion of the
Geotechnical Study. In addition, supplemental geotechnical analysis (including slope
stability analysis) of representative geologic cross sections prepared at selected locations
along the bluffs was also performed. The results of the analysis along with topographic
and geological features along the right-of-way, were used to divide the high-priority areas
into smaller “stabilization areas” with similar stabilization requirements. These
stabilization areas are assigned a priority number based on the factors of safety and the
degree to which additional lateral support/mitigative measures are recommended to
mitigate the potential for deep-seated instability of the trackbed foundation materials.

Next, the potential stabilization measures originally presented in the Geotechnical Study
are revisited to briefly discuss the characteristics of the various conceptual repair
alternatives and whether or not they meet the objectives of the project. The project
objectives are: preserve trackbed support along the railroad alignment for at least a 20-
year period; provide minimum recommended factors of safety; maintain uninterrupted rail
operations; and preserve natural bluff areas as much as possible. Those conceptual
stabilization measures that do not meet the objectives for stabilization are dismissed from
further consideration.

Finally, the report provides recommended conceptual repair alternatives and/or mitigative
measures for each of the stabilization areas on a site specific basis using data developed
during this and earlier phases of work.

<
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2.0 SITE CONDITIONS, SUBSEQUENT INVESTIGATIONS AND RELATED CONCLUSIONS

2.1 Site Geology

The geologic conditions of the project site have been described in the Geotechnical Study.
Additional studies recommended in that report have been achieved by: 1) the drilling of
additional borings as part of the Project 1 design; 2) the logging of borings drilled as part
of the Eighth Street Emergency Repair; 3) additional field mapping; 4) observations of
backhoe test pits and trenches, hydro-augers and other exposures related to Project 1
construction; and 5) additional slope stability analyses.

To summarize the geologic conditions, the site is underlain by sandy permeable materials
of the Quaternary-aged Bay Point Formation (i.e. Terrace Deposits) which overlie the
generally dense sandstones and relatively impermeable siltstones and claystones of the
Eocene-aged Delmar Formation. This unit also includes localized permeable zones
related to sandy lenses and sandy paleo channel infill deposits, and dense resistant layers.
The extent and elevations of these dense layers have been better defined by observations
during construction activities of Project 1 near the base of the bluff. The Eocene-aged
Torrey Sandstone can be observed just east of the tracks in the southern portion of the site
and within Anderson Canyon. This unit is shown on the geologic maps and cross
sections but does not underlie the rail alignment.

Within both formations that underlie the right-of-way there are fracture zones that
roughly parallel the bluff face. Recent observations related to Project 1 construction and
the logging of the borings drilled since the Geotechnical Study have also confirmed the
presence of near horizontal layers of highly fractured claystone within the Delmar
Formation that were identified in some of the earlier borings. Shears within these zones
are highly polished and randomly oriented. In addition to these horizontal claystone beds,
steeply dipping fractures and joints are also present. Near-vertical fractures and joints are
closely spaced near the bluff face, but steeply dipping fractures and joints can also be
observed at wider spacing throughout the entire right of way. As an example, closely
spaced vertical fractures and joints can be observed.at the outlet excavation at 8™ Street
(Project 1). More steeply dipping fractures and joints were observed in borings LB- 2
through LB-6 and also in several of the Project 1 excavations, which were located near
the tracks. The highly fractured zones near the bluff face can in part be attributed to
weathering. East of the bluff face, the formation of these highly fractured claystone beds
and the presence of steeply dipping fractures and joints within what is a typically brittle
formational unit, are believed to be related to tectonic and/or depositional processes.
These joints and fracture zones consist of breaks in the bedrock and provide weak zones
on which failures can occur and also conduits for ground water migration within the bluff.

1
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The approximate areal extent of each of the geologic units and the interpretation of the
subsurface geologic conditions are indicated on the provided Geotechnical Map and
Sections (Plates 2 through 8).

Field Explorations

In order to evaluate the site’s pertinent soil and geologic conditions and develop the site
geologic maps and cross sections used for slope stability analysis, several phases of field
investigations, extensive geologic mapping and numerous exploratory borings have been
performed. The result of this work is presented on the Geotechnical Map and Sections
(Plates 2 through 8). For ease of review, copies of all of the boring logs are presented in
Appendix B.

In total, 32 borings have been drilled to depths ranging from 60 to 70 feet below the
existing ground surface (bgs). These included 22 small diameter borings drilled by a
hollow-stem auger drill rig and 10 large-diameter borings. The large-diameter borings
were downhole logged by geologists to better evaluate the subsurface conditions. The
borings have been used to characterize the subsurface conditions and develop the
geologic cross sections utilized in the slope stability analysis. These cross sections and
the geologic maps have been refined with the results of the additional data obtained since
the completion of the Geotechnical Study.

The 32 borings, discussed above, include 4 small-diameter borings drilled by Leighton in
1978, 16 small-diameter borings drilled by others as part of the first phase of the
Geotechnical Study, 6 large-diameter borings drilled by Leighton for the Geotechnical
Study, 3 large-diameter borings and 2 small-diameter borings drilled by Leighton as part
of Project 1, and 1 additional large-diameter boring drilled and downhole logged at the
Eight Street Emergency Repair (Leighton, 2001b).

In addition to the field investigations and subsurface explorations, geologists have
observed the installation of 70 hydro-augers and numerous construction excavations as
part of Project1. The results of this additional work with some refinement have
confirmed the findings presented in the Geotechnical Study.

Laboratory Testing

Laboratory testing was performed on representative soil samples obtained during the
various phases of site exploration and the results utilized in the slope stability analysis.
The laboratory tests included moisture/density determinations, soluble sulfate content, pH
and resistivity, chloride content, and direct shear tests. A discussion of the tests
performed and a summary of the results are presented in Appendix C. The

1
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moisture/density determinations of the “undisturbed” ring samples obtained from the
borings are shown on the boring logs (Appendix B). A discussion of the strength
parameters utilized in the slope stability analysis is presented in Section 3.3.

Bluff Retreat

As discussed in the Geotechnical Study, average bluff retreat rates in the study area are
estimated at a maximum of 0.4 to 0.6 feet per year. This corresponds to a retreat of
approximately 10 feet in the project’s 20-year design life, assuming that the bluff will
retreat at an average rate of 0.5 feet per year for the next 20 years. Bluff retreat is
typically episodic with no retreat for some time and then several feet or more occurring in
one event.

Ground Water

As described in the Geotechnical Study, ground water is a major factor influencing slope
stability as it accelerates the degradation of the bluff and bluff face erosion. Based on
observations during the various phases of field investigation, hydro-auger installation and
construction excavations, the majority of the ground water is located in a perched horizon
at the base of the Bay Point Formation with additional localized zones of ground water
within near-vertical fractures and joints and sandy channel infills of the Delmar
Formation. As discussed previously, geologic observations indicate that the near-vertical
fractures and joints within the Delmar Formation are more prevalent near the bluff face,
but do extend landward with lesser frequency and typically wider spacing through the
entire right-of-way as observed in numerous borings and trenches. These near-vertical
fractures and joints create potential pathways for migration of ground water throughout
the bluff and the right-of-way.

Ground water can also be observed as numerous localized seeps in the exposed bluff face
with additional seepage zones likely masked by dense vegetation or loose surficial soils.
Fluctuation in ground water levels within the near-surface soils and weathered and
fractured material near the bluff face is also anticipated after periods of heavy rainfall
resulting in additional seepage zones and a temporary increase in seepage.

Since construction of the rail alignment in the early 1900’s, there have been many efforts
to reduce the amount of water in the bluff. Historically these efforts have included
construction of a storm drain system, surface drainage improvements and the installation
of subdrains. In 1998, the District completed construction of $1.8 million of additional
surface and subsurface drainage improvements. Additionally, Project 1, which also
consists of both surface and subsurface drainage improvements, has been recently
completed.

1
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While these past projects have collected a large amount of subsurface water, not all
ground water is intercepted by these improvements as evidenced by lingering seepage in
the exposed bluff face in improved areas. Considering that the Project 1 improvements,
which include interceptor trench drains and hydro-augers, will further help to reduce the
amount of ground water within the bluffs, the amount of ground water is reduced in the
current stability analysis compared to the initial analysis in the Geotechnical Study.
Additional discussion of the ground water levels utilized in the slope stability analysis is
presented in Section 3.1.

]
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3.0 SLOPE STABILITY

The Geotechnical Study characterized the overall bluff stability, established the high-priority
areas and provided conceptual repair alternatives to improve the slope stability. Actual repair
recommendations were to be made based on site specific analysis. The Geotechnical Study also
noted that additional site investigation and design would be required to implement the selected
alternatives. This recommended additional site investigation and design is the basis for this
study.

Since the completion of the Geotechnical Study, additional investigation of the site has been
accomplished for the Eighth Street Emergency Repair and the Project 1 improvements. The
results of the additional borings and field and laboratory testing are included in this report. This
section presents the results of additional site specific slope stability analysis performed in the
high-priority areas. In addition, this analysis is to be utilized in the selection and further
development of stabilization measures.

3.1 Stability Analysis

In the Geotechnical Study, 17 cross sections were prepared and 11 of those cross sections
were analyzed. The results of this previous analysis were then utilized in part to develop
the high-priority areas. For this study, all of the 17 original cross sections have been
reviewed and updated where appropriate. In addition, 12 new cross sections were
developed as part of this study. Consequently, a total of 25 geological cross sections (i.e.,
13 of the original cross sections and 12 new cross sections) have been analyzed to
evaluate the current site specific conditions. To simplify the current discussion of the
bluff stability, the original 13 cross sections (previously identified by letters in the
Geotechnical Study) have been relabeled and are now identified as numbered cross
sections from north to south. The geological cross sections, Sections 1-1° through 25-25°
(Plates 2 through 8), start at MP 244.2 and end at MP 245 4.

The locations of the 12 new geologic cross sections were selected based on: 1.)the results
of the previous slope stability analyses presented in the Geotechnical Study; 2.) the site
specific geologic conditions; and 3.) recent field observations that include determining
the lateral distance between the track and top edge of the bluff. Additionally, the new
cross sections are located within high-priority areas with the exception of Section 20-20°,
which was prepared to evaluate an area of additional concern related to an existing
retaining wall identified during Project 1.

The stability analysis performed for this study utilized the computer program Slope/W
(Geo-Slope, 2002) with Spencer’s and Bishop’s methods for block and circular failure
modes, respectively. Analyzed scenarios included: 1) static conditions; 2) static
conditions with a train surcharge loading; and 3) pseudo-static (seismic) conditions.
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While near-vertical fractures and joints can be observed throughout the right of way, they
are most concentrated near the bluff face. For the purposes of slope stability analysis, the
analyzed static and surcharged scenarios in the northern areas (north of MP 245.21 or
Station 1491+20) considered a shallow profile of ground water parallel to the bluff face (a
5-foot hydrostatic head within a 10-foot fractured bluff face zone). This ground water
profile is considered to be a valid representation of the current site conditions based on
observations during the construction activities of Project 1. For analyses in the southern
portions of the project (south of MP 245.21 or Station 1491+20), substantially less
ground water seepage is observed on the bluff face. The reduction in the ground water to
the south is due to the partial removal of the permeable terrace deposits on the bluff top,
existing drainage improvements that extend through the terrace deposits and the distance
from the upslope developments. As a result, the ground water profile model was changed
to incorporate a 2-foot hydrostatic head within a 5-foot fracture zone. Figures 2 and 3
present generalized cross sections that illustrate the ground water profiles utilized in the
slope stability analysis.

In addition to the conditions described above, two alternative or hypothetical ground
water conditions were analyzed to determine how sensitive the slope stability analysis
would be to ground water. The first condition consisted of an increased ground water
profile with a 10-foot hydrostatic head within a 10-foot fractured bluff face zone applied
to five representative cross sections, Sections 1-1', 2-2° 3-3', 5-5' and 10-10°. The second
condition analyzed a complete removal of ground water in selected cross sections with
calculated factors of safety less than 1.5. The results indicate a reduction in the factors of
safety with an increase in ground water, but only a slight increase in the factors of safety
with the elimination of ground water. Results of the analyses are presented and further
discussed in Section 3.4.

It should also be noted that the slope stability analysis contained herein does not include
the effects of additional bluff retreat. While additional bluff retreat is likely to occur over
the life span of the project, it was not considered in our stability analysis. According to
NCTD, there are limited funds available for stabilization of the bluffs at this time.
Therefore, the goal of Project 2 is to identify the areas currently in need of stabilization,
prioritize the areas by greatest need, and stabilize the areas in order of priority as funding
allows. Additional bluff retreat will, as identified in the Geotechnical Study, expand the
high-priority areas in the future and, as additional funds become available, further
stabilization will be considered where appropriate.

Factor of Safety

For this study calculated factors of safety, generated by the slope stability analysis
program for each cross section, were used to assess the stability of the bluff as it exists
today. In order to generate these calculated factors of safety, the model required selection
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of a constant evaluation point at which the potential failure surface intersects the existing
ground surface. As there are no specific criteria published to aid in the selection of such a
point, the distance was established using engineering judgment that was primarily based
on the State of California Department of Transportation (Caltrans) Trenching and Shoring
Manual, Section 7 "Railroads".

In the Caltrans manual, shoring requirements are determined based on the relationship of
excavations to "railroad reference lines", below which any excavation requires shoring.
In view of this, a point 10 feet from the railroad centerline (approximately 6 feet beyond
the end of a typical railroad tie) was selected as it is just inside the limits of the
aforementioned reference lines and thus would require shoring according to the Caltrans
manual. In addition, NCTD has indicated that a failure within 10 feet of the track would
be a serious concern and would likely "shut down" the rail line. It should be noted that a
greater distance could be chosen if it was required to have maintenance or emergency
vehicle access on the west side of the track. Also, as the evaluation point moves toward
the edge of the bluff, the calculated factor of safety for all cross sections would decrease
and subsequently, the areas with low factors of safety requiring stabilization would
increase.

The calculated factors of safety generated, as discussed above, are compared to minimum
factors of safety in order to assess the potential for failure within the established 10-foot
distance from the railroad centerline. The following minimum factors of safety (FS) were
considered reasonable or acceptable parameters:

e Static Analysis: FS=1.5
e Pseudo-Static (Seismic) Analysis with a seismic coefficient of 0.15: FS=1.15
e Pseudo-Static (Seismic) Analysis with a seismic coefficient of 0.28: FS =1.00

The selection of the factor of safety for a static condition is based on various published
guidelines, including:

» National Research Council’s Transportation Research Board’s Special Report
247, “Landslides: Investigation and Mitigation”, which states:

“The choice of appropriate safety factor for a given slope depends on
a number of considerations, such as the quality of the data used in the
analysis, which in turn depends on the quality of the subsurface
investigations; laboratory and field testing, interpretation of field and
laboratory data; quality of construction control; and in some cases,
degree of completeness of information about the design problem. The
engineer must also consider the probable consequences of failure. In
most transportation situations, slope designs generally require safety
factors in the range of 1.25 to 1.50. Higher factors may be required if
slope movements have the potential for causing loss of human life or
great economic loss or if there is considerable uncertainly regarding
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the pertinent design parameters, construction quality control, potential
for seismic activity and so forth. Likewise, lower safety factors may be
used if the engineer is confident of the accuracy of the input data and
if good construction control may be relied upon.”

*  American Railway Engineering and Maintenance-of-Way Association (AREMA)
Manual for Railway Engineering, Section 1.2.3.2e (AREMA, 2000), which states:

"Generally a factor of safety of 1.5 is considered adequate, although,
lower safety factors may be considered acceptable if the engineer
performing the stability analysis has sufficient design data available
for analysis. Higher safety factors are required when limited test and
field data are available for use in the performance of the slope
stability analysis."

» Naval Facilities Engineering Command (NAVFAC), Soil Mechanics, Design
Manual 7.01, which requires that slopes have a safety factor of no less than 1.5 for
reasonable assurance of stability in permanent or sustained loading conditions.

In summary, the aforementioned guidelines recommend selecting a factor of safety
between 1.25 and 1.50 or higher depending on various factors. The value determined for
this study was primarily influenced by two characteristics of the rail line.

First, as indicated in Section 1.3, the rail line is a critical facility and the only rail line
connecting San Diego to points north. Consequently, its loss of use would have a severe
impact on NCTD's, Amtrak's, and BNSF's ability to provide service. Second, the rail line
can be considered a "lifeline facility". In the event of a natural or manmade disaster, the
rail line may be one of the few alternatives to quickly get people and rescue, relief, and/or
recovery supplies between Los Angeles and San Diego. These two reasons alone justify a
higher factor of safety than a typical project.

Therefore, considering the rail line is a critical, lifeline facility and the associated
consequences of failure, a 1.5 factor of safety is established as the appropriate value to
evaluate slope stability. A factor of safety higher than 1.5 was considered to be
conservative as some of the unknowns which would call for increasing the FS are
accounted for in other inputs to the analysis, such as soil strengths.

Discussions supporting the selection of the minimum factors of safety for the pseudo-
static (seismic) analyses and the seismic coefficients are presented in Section 3.5.

Soil Properties

The soil properties used in the analysis consisted of soil strength parameters and unit
weights that are based on laboratory testing from the Geotechnical Study, laboratory
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testing from the recent site investigation, field observations during the Eighth Street
Emergency Repair and Project 1 construction activities, and engineering judgment. In
general, the soil properties used in the analysis were consistent with the Geotechnical
Study with the exception of the landsliding material strength parameters. Recent field
observations during Project 1 indicated that the landsliding material generally consists of
loose and disturbed material. As a result, the strength parameters for the landslide
material were reduced for the current study.

A summary of the assigned soil strength parameters for each geologic unit used in the
slope stability analysis is provided in Table 1, below. Based on laboratory test data, the
average moist unit weight used in the analyses for the fill soils, beach deposits, Bay Point
and Delmar Formations was 125 pounds per cubic foot (pct), while 110 pcf was used for
the landslide materials.

Table 1
Soil Strength Parameters for Slope Stability Analysis
. . . Friction Angle, .
Material Unit Weight (pcf) (degrees) Cohesion, (psf)
Fill Soils 125 : 32 100
Bay Point Formation 125 36 200
Delmar Formation 125 36 300
(within +/- 5°
horizontal) 125 2 150
Landslide Materials 110 18 50
Beach Deposits 125 30 0

The overall stability of the slope is significantly affected by the strength of the Delmar
Formation. While testing an intact block of the Delmar Formation would yield relatively
higher strength parameters, the use of such a strength in the slope stability analysis would
show no failures occurring on the bluff. As a majority of the bluff has experienced
numerous failures, the use of intact strength values is not appropriate. As presented on
Figures 4 through 7, a comparison of the average peak and residual strength data indicates
that the Delmar Formation experiences significant strength loss once the cementation
between the soil grains is broken. Similarly, when joints and fractures develop within the
unit from both weathering and tectonic influences, the loss of contact can greatly reduce
or eliminate the strength across the break . In addition, the geometry or steepness of the
bluff induces a state of tension behind the crest and at times in the middle of the slope
face. When the tensile strength of the materials is exceeded, cracks form. These zones of
tension tend to expand during earthquakes, leading to additional areas where reduced
strengths and higher water pressures are appropriate for use in the analyses. For these
reasons, lower bound strength parameters were assigned to the Delmar Formation (i.e.,
the strength parameters presented on Figure 4, friction angle of 36 degrees and cohesion
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of 300 pounds per square foot, psf). To account for the presence of sheared siltstone and
claystone beds, strength parameters similar to the average residual values of fine-grained
Delmar Formation samples (i.e., friction angle of 25 degrees and cohesion of 150 psf)
were assigned to this material within 5 degrees of horizontal (see Figures 5, 6, and 7).
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As verification of the soil properties used in the analyses, two existing landslides on the
bluff were modeled and analyzed to back calculate the strength parameters prior to failure
(determining what strength parameters generated a factor of safety of approximately 1.0,
which corresponds to the moment of failure). The failures analyzed included a block fall
at MP 244.47 (Station 1529+60), and a wedge failure at MP 245.27 (Station 1488+85) as
shown on Plates 3 and 7, respectively). The results of the back calculation analysis, as
presented in Appendix D, Slope Stability Calculations, indicate that the selected soil
strength parameters for the Delmar Formation appropriately model bluff failures.

Results of Analysis for Static Conditions

Circular and block failure surfaces were considered in the analysis for static conditions
with and without a train surcharge loading. Typically, block or wedge surfaces represent
the probable failure for a natural bluff condition while a circular surface represent the
probable failure for a fill slope condition. In modeling the train surcharge, a uniform strip
load of 3,000 pounds per square foot (psf) was applied across a width of 5 feet. This is
considered equivalent to typical stresses under a 50,000 pound train axle load (Section
4.3.3, AREMA, 2003), which is considered to be the appropriate loading for this section
of the LOSSAN corridor.

Table 2, below, presents a summary of the results for the stability analysis of the existing
conditions under both static scenarios (static and static with a train surcharge load). The
results of this analysis indicate that 18 of the 25 sections analyzed have a factor of safety
less than 1.5 for a static condition with a train surcharge load and a modeled ground water
profile as discussed in Section 3.1. The condition determined to be the most appropriate
for analysis is static with surcharge and 2 to 5 feet of hydrostatic head. The computer
program Slope/W calculation plots for the analyses are presented in Appendix D, Slope
Stability Analyses.

In addition to the analyses performed with the conditions noted above, two additional
hypothetical ground water analyses, as mentioned in Section 3.1, were performed on the
five selected cross sections. One analysis assumed an increased water level and the other
assumed a complete elimination of ground water. Even though these conditions are
unlikely to occur, the hypothetical analyses are worthwhile to aid in understanding the
sensitivity of the bluff to water.

The hypothetical analysis of Sections 1-1', 2-2°, 3-3', 5-5' and 10-10’ for a static condition
(no surcharge) with an increased ground water profile (a 10-foot of hydrostatic head
within a 10-foot fractured bluff face zone) indicated a reduction in the calculated factors
of safety. The reductions ranged from approximately 4 percent in Section 2-2' to
approximately 24 percent in Section 3-3'. For the hypothetical analysis of selected cross
sections with no ground water, the results, as shown on Table 2, indicate a slight to
moderate increase in the calculated factors of safety. However, only four cross sections,

1

Leighton

-19-



040151-009

Sections 3-3°, 4-4', 5-5" and 22-22' yielded factors of safety greater than 1.5 assuming no
ground water and a static condition with no surcharge loading.

In summary, the conditions assumed in the analysis, which include the train surcharge
loading and a 2 to 5 foot hydrostatic head, represent a reasonable interpretation of the site
conditions that can be expected.

Table 2
Summary of Results for Static Scenarios
Factor of Safety (FS)
Section Station Location With Without With Train
ground | ground
water water* Surcharge

1-1° 1544407 1.26 1.47 1.26

2-2’ 1543+00 1.42 1.45 1.42

3-3 1540+57 1.31 1.51 1.31

4-4 1540+30 1.50 1.54 1.47

5-5 1539+56 1.44 1.50 1.44

6-6’ 1538+92 1.43 1.47 1.43

7-7° 1537+82 1.24 1.24 1.24

8-8’ 1537+15 1.34 1.34 1.34

9-9 1536+69 1.02 1.08 1.02
10-10° 1535+69 1.25 1.34 1.25
11-11° 1533+24 1.17 1.23 1.17
12-12° 1532425 1.23 1.27 1.23
13-13° 1530+31 1.37 1.37 1.35
14-14° 1529+60 1.36 1.44 1.35
15-15° 1520+95 2.10 -- 1.90
16-16° 1518+47 2.07 - 2.07
17-17° 1516+05 1.33 1.33 1.29
18-18° 1512+55 1.98 - 198
19-19° 1499+61 1.60 -- 1.60
20-20° 1493+77 1.65 -- 1.65
21-21° 1491+02 1.42 1.44 1.41
22-22 1488+03 1.46 1.51 1.45
23-2% 1484+37 1.34 1.36 1.34
24-24° 1483+00 1.58 -- 1.52
25-25° 1482+81 1.74 - 1.25

*  Selected sections analyzed without ground water.
-- No analysis performed for sections with a static FS (with ground water) equal to or greater than 1.50
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Results of Analysis for Pseudo-Static (Seismic) Conditions

In order to evaluate the bluff stability in the event of a major earthquake on a regional
active fault, a seismic slope stability or pseudo-static analysis, as defined by California
Division of Mines and Geology in Special Publication 117, was performed. For this
analysis, two values of the ground motion parameters or seismic coefficients (0.15 and
0.28) were considered.

The seismic coefficient (ky) of 0.15 was selected based on the range presented by Seed as
indicated in California Division of Mines and Geology Special Publication 117 —
Guidelines for Evaluating and Mitigating Seismic Hazards in California (CDMG, 1997).
According to Seed, a seismic coefficient range of 0.10 to 0.15 corresponds to maximum
earthquake magnitudes of M6.5 to M8.25. Although the maximum moment magnitude of
the Rose Canyon Fault Zone is considered to be M7.0 by the California Department of
Transportation (Caltrans), the upper bound of the seismic coefficient range, ky = 0.15,
was elected for the analysis based on the location of the site relative to the Rose Canyon
Fault and the standard of practice in Southern California. It should be noted that for the
seismic coefficient of 0.15, the minimum acceptable pseudo-static factor of safety of
1.15, as recommended by Seed (CDMG, 1997), was used to assess bluff stability. This
analysis is most appropriate for conditions that may occur during a minor to moderate
seismic event. '

The higher seismic coefficient, 0.28, is equal to one-half the deterministic peak horizontal
ground motion. The peak horizontal ground motion assigned to the site using Caltrans
maps is 0.55g. Accordingly, the seismic coefficient was calculated to be 0.28. For the
higher seismic coefficient, ky = 0.28, the minimum acceptable pseudo-static factor of
safety of 1.0, as specified by Caltrans (Caltrans, 1999), was used to assess bluff stability.
It should be noted that use of a higher seismic coefficient, 0.28, is in general agreement
with the recently published recommendations for evaluating steep slopes during major
seismic events (Ashford and Sitar, 2002).

Table 3 presents a summary of the results for the pseudo-static stability analysis. Results
of the slope stability analysis for pseudo static (seismic) conditions indicate that 14 of the
25 cross sections analyzed have a factor of safety less than the minimum acceptable
parameter for a seismic coefficient of 0.15 (i.e., FS=1.15), and 19 of the 25 cross sections
analyzed were less than the minimum acceptable parameter for a seismic coefficient of
0.28 (i.e., FS=1.00). For the purposes of prioritizing areas to stabilize, the Caltrans
(1999) methodology, traditionally used for transportation facilities, using the higher
seismic coefficient of 0.28 was selected. This decision was based on the slightly higher
conservatism of this method, and the fact that an M7.0 earthquake on the Rose Canyon
would be a major seismic event.
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Table 3
Summary of Results for Pseudo-Static Analysis
Factor of Safety

Section Station Location ky=0.15% ky = 0.28%*

1-1° 1544407 1.12 0.95

2-2 1543+00 1.18 0.98

3-3 1540+57 1.11 0.90

4-4 1540+30 1.19 0.93

5-5° 1539+56 1.21 1.01

6-6’ 1538+92 1.19 0.99

7-7 1537+82 0.98 0.78

8-8’ 1537+15 1.03 0.84

9-9° 1536+69 0.94 0.79
10-10° 1535+69 0.89 0.69
11-11 1533+24 0.90 0.77
12-12 1532425 0.97 0.79
13-13 1530+31 1.01 0.81
14-14° 1529+60 1.13 0.90
15-15 1520+95 1.30 1.00
16-16 1518+47 1.40 1.11
17-17 1516+05 1.07 0.92
18-18’ 1512+55 1.46 1.18
19-19 1499+61 1.25 1.03
20-20° 1493+77 1.21 0.95
21-21° 1491+02 1.10 0.92
2222 1488+03 1.17 0.97
23-23 1484+37 1.11 0.92
24-24° 1483+00 1.14 0.90
25-25° 1482+81 1.31 1.08

* minimum acceptable parameter, factor of safety: 1.15
** minimum acceptable parameter, factor of safety: 1.0
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Slope Stability Summary

As previously noted, the factor of safety for static slope stability (with surcharge) is
considered to be the primary design criteria. The factor of safety for pseudo static
(seismic) condition (ky=0.28) is the secondary design criteria.

Table 4 presents a summary of the cross sections that have one or more factors of safety
less than the minimum acceptable parameters defined previously. Therefore, these are the
areas that should be considered the first priority for stabilization. As previously noted, the
impacts of additional bluff retreat were not included in the slope stability analysis. The
locations of the cross sections with factors of safety less than the minimum acceptable
parameters are also illustrated on Plates 2 through 8.

Table 4
Summary of Sections with Factors of Safety Below Acceptable Parameters
. Factor of Safety (FS)
Section LSJ?;?SH Static with Pseudo-Static
Surcharge ky =0.28
1-1° 1544+07 1.26 0.95
2-2’ 1543+00 1.42 0.98
3-3 1540+57 1.31 0.90
4-4’ 1540+30 1.47 0.93
5-5 1539+56 1.44 1.01
6-6’ 1538492 1.43 0.99
7-7 1537+82 1.24 0.78
8-8’ 1537+15 1.34 0.84
9-9’ 1536+69 1.02 0.79
10-10° 1535+69 1.25 0.69
11-11° 1533+24 1.17 0.77
12-12° 1532+25 1.23 0.79
13-13° 1530+31 1.35 0.81
14-14° 1529+60 1.35 . 0.90
17-17° 1516+05 1.29 0.92
20-20° 1493+77 1.65 0.95
21-21° 1491+02 1.41 0.92
22-22° 1488+03 1.45 0.97
23-23 1484+37 1.34 0.92
24-24° 1483+00 1.52 0.90
25-25° 1482+81 1.25 1.08
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4.0 STABILIZATION AREAS

Based on the slope stability analyses presented in Section 3, ten unique and discontinuous
“Stabilization Areas” have been established. In general, the limits of the individual
stabilization areas were determined based on the slope stability analysis (areas having less
than the minimum acceptable parameters or factor of safety) and similar geotechnical and
topographic conditions. It should be noted that there are portions of these areas that have
existing stabilization improvements that were not taken into account during the current
slope stability analysis; thus the entire area does not require a new stabilization measure.
The Stabilization Areas are numbered from 1 to 10 in order from north to south. In
addition, each area is assigned a priority number that indicates the need for repair based
on the factor of safety. It should be noted that the primary and secondary considerations
utilized to rank the areas recommended for stabilization were the static (with surcharge)
and seismic slope stability (ky=0.28) factors of safety, respectively.

The Stabilization Areas, identified as SA-1 through SA-10, are summarized below and
illustrated on Plates 2 through 8.

4.1 Stabilization Area 1 (SA-1)

Priority Ranking: 5

Location: Station 1544+70 to 1540+66

Section 1-1°, Factor of Safety = 1.26 (0.95 seismic)
Section 2-2°, Factor of Safety = 1.42 (0.98 seismic)

4.2  Stabilization Area 2 (SA-2)

Priority Ranking: 7

Location: Station 1540+66 to 1539+40

Section 3-3°, Factor of Safety = 1.31 (0.90 seismic)
Section 4-4’, Factor of Safety = 1.47 (0.93 seismic)
Section 5-5°, Factor of Safety = 1.44 (1.01 seismic)
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4.4

4.5

4.6

4.7

Stabilization Area 3 (SA-3)

Priority Ranking: 11
Location: Station 1539+40 to1538+85
Section 6-6°, Factor of Safety = 1.43 (0.99 seismic)

Stabilization Area 4 (SA-4)

Priority Ranking: 3

Location: Station 1538+85 to 1536+90

Section 7-7°, Factor of Safety = 1.24 (0.78 seismic)
Section 8-8’, Factor of Safety = 1.34 (0.84 seismic)

Stabilization Area 5 (SA-5)

Priority Ranking: 1

Location: Station 1536+90 to 1532+50

Section 9-9°, Factor of Safety = 1.02 (0.79 seismic)
Section 10-10", Factor of Safety = 1.25 (0.69 seismic)
Section 11-117, Factor of Safety = 1.17 (0.77 seismic)

Stabilization Area 6 (SA-6A and SA-6B)

Priority Ranking: 2 for SA-6A and 9 for SA-6B

Location: Station 1532+50 to 1531465 and 1530+25 to 1529+10
Section 12-12°, Factor of Safety = 1.23 (0.79 seismic)

Section 13-13°, Factor of Safety = 1.35 (0.81 seismic)

Section 14-14°, Factor of Safety = 1.35 (0.90 seismic)

Stabilization Area 7 (SA-7)

Priority Ranking: 6
Location: Station 1516+57 to 1515+50
Section 17-17, Factor of Safety = 1.29 (0.92 seismic)

040151-009
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Stabilization Area 8 (SA-8A and SA-8B)

Priority Ranking: 10

Location: Station 1494+05 to 1493433 and 1491+15 to 1490+80
Section 20-2(°, Factor of Safety = 1.65 (0.95 seismic)

Section 21-21°, Factor of Safety = 1.41 (0.92 seismic)

Stabilization Area 9 (SA-9A and SA-9B)

Priority Ranking: 12 for SA-9A and 8 for SA-9B

Location: Station 1490+80 to 1484+80 and 1484+80 to 1483+55
Section 22-22°, Factor of Safety = 1.45 (0.97 seismic)

Section 23-23°, Factor of Safety = 1.34 (0.92 seismic)

Stabilization Area 10 (SA-10)

Priority Ranking: 4

Location: Station 1483+55 to 1482+10

Section 24-24" (West), Factor of Safety = 1.52 (0.90 seismic)
Section 25-25 (East), Factor of Safety = 1.25 (1.08 seismic)

<

Leighton




4.11

Priority of Stabilization Areas

040151-009

Based on the priority ranking identified above, Table 5 presents the stabilization areas in
order of improvement or repair priority:

Table 5

Stabilization Area Priority

Priority Stabilization Area
1 SA-5
2 SA-6A
3 SA-4
4 SA-10
5 SA-1
6 SA-7
7 SA-2
8 SA-9B
9 SA-6B
10 SA-8
11 SA-3
12 SA-9A

-27-
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5.0 REVIEW AND ANALYSIS OF CONCEPTUAL REPAIR ALTERNATIVES

As a first step in determining the site specific stabilization alternatives for the high-priority areas,
a review of the conceptual repair alternatives (i.e. stabilization measures) presented in the
Geotechnical Study was performed.

The conceptual repair alternatives as presented in the Geotechnical Study included:
1) maintenance and repair of existing facilities; 2) stabilization at the bluff toe; 3) stabilization of
the bluff face; 4) stabilization of the bluff top; 5) drainage improvements; and/or 6) groundwater
reduction. The figures which correspond to the conceptual alternatives included in the
Geotechnical Study are provided in Appendix E. Selection of the appropriate mitigation
alternative is highly dependent upon the site specific stabilization problem at each of the
Stabilization Areas and will likely include a combination of the methods.

Factors that were considered during the evaluation of the conceptual repair alternatives included
the need to: 1) preserve track bed support for +/- 20 years; 2) provide for a minimum factor of
safety; 3) maintain uninterrupted rail service; and 4) preservation of natural bluff areas.

As a result of this review, it has been determined that several of the conceptual repair measures
do not adequately meet the needs of the project as they do not provide the minimum
recommended factor of safety or they will not be effective over the entire 20-year design life.
Therefore, alternatives that do not meet the goals of the project have been dismissed from further
consideration.

5.1 Repair of Existing Facilities

The Geotechnical Study identified a number of existing facilities at the site that are in
need of repair and/or ongoing maintenance, including storm drain outlets and existing sea
walls. Repair of some of the drainage facilities was conducted as part of Project 1. Repair
of sea walls will be considered where they can be utilized in conjunction with other
stabilization methods or where they can be utilized to meet the project goals. Monitoring
of all existing improvements will also be performed as part of on-going maintenance. It
should be noted that the repair of the existing facilities alone does not improve bluff
stability to acceptable levels.

5.2 Stabilization at Bluff Toe

Stabilization at the bluff toe should be considered in areas where slope stability analysis
indicates low factors of safety at the base of the bluff and where improvements at the
bluff toe will increase the factor of safety. Methods for stabilization include: 1) wooden

1
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or concrete sea walls; 2) steel piles and wood lagging walls; 3) soil cement buttress;
4) rock revetments; and 5) beach replenishment. Temporary toe protection, such as beach
replenishment, were not taken into consideration as an effective measure that meets the
project goals and therefore, were not recommended as part of any stabilization alternative.
The other bluff toe stabilization options were considered where appropriate. In general,
however, toe protection alone does not meet the goals of the project based on the slope
stability analysis, but may help to reduce the expected bluff retreat.

Stabilization of Bluff Face

Stabilization of the bluff face can be considered where factors of safety indicate adequate
lateral support is not present or where additional erosion or failures will move the bluff
face landward. Stabilization can be accomplished through slope grading or the use of
pipe and board retaining walls.

Slope grading can be used to stabilize the bluff face and re-establish eroded and failed
areas. Slope grading would generally consist of the placement of compacted fill soils on
the face of the slope to provide additional lateral support and/or flatten localized over-
steepened areas. Removal of existing slope failures material could also be performed as
part of slope grading. In areas where a conventional 2:1 horizontal to vertical slope
cannot be constructed because of space limitations, the slope grading can incorporate
steeper gradients through the use of geogrid reinforcement, or soil cement.

Slope grading alternatives can be designed to meet the project goals. With the goal to
minimize disturbance of natural bluffs, the use of slope grading should be limited to areas
of existing manufactured slopes. Slope grading would also likely include removals of
existing compressible or disturbed material to provide a width of fill soils that is
sufficient to achieve the desired factor of safety. These removals may encroach on the
trackbed support and require the use of temporary shoring or the disruption of rail service.

Pipe and board retaining walls are generally considered a surficial repair and do not meet
the goals of the project to improve overall gross stability of the slope. -This option may,
however, be applicable for repair of shallow surficial slope failures, repair of localized
erosional areas or the retention of plantable soil on a steeper than 2:1 (horizontal to
vertical) slope or on a soil cement slope.

1
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Bluff Top Stabilization

Where the top of the bluff within 10 feet of the tracks has an inadequate factor of safety,
additional bluff top stabilization is recommended. In general bluff top stabilization can be
accomplished through the installation of a soldier pile wall system within the right-of-way
or, in localized areas, it can be accomplished by a system of soil nails installed through
the bluff face.

Soldier piles can incorporate, as needed, tiebacks and grade beams. In addition, if the
tops of the soldier piles become exposed over time, lagging can be added to modify the
system through the recommended lifetime. Exposed areas can be “rock scaped” as desired
to match the surroundings. This option would involve little, if any, disruption of rail
operation.

Soil nails can also be considered for stabilization of the bluff top. However, in areas
mantled by surficial or disturbed soil deposits, soil nail installation would require
disturbance of the natural bluff face and would likely increase erosion and/or require the
use of a hard facing to be placed on the bluff face. In these types of areas, the use of soil
nails is not being considered because it does not meet the project objectives. However, in
localized areas of dense bedrock, the amount of disturbance caused or the extent of hard
facing required would be substantially reduced and soil nails may provide an effective
solution.

Drainage Improvements

Drainage improvements were recommended in the Geotechnical Study to reduce erosion
of the bluff face and infiltration of water into the subsurface soils. Project 1 incorporated
both surface and subsurface drainage improvements. Therefore, additional drainage
improvements are not being considered as part of Project 2 except for back drains or
surface drainage (i.e., area drains or drainage swales) within future graded areas.

1

Leighton




040151-009

6.0 RECOMMENDED STABILIZATION ALTERNATIVES

The following describes each of the stabilization areas, discusses the existing site specific
conditions in each stabilization area and recommends stabilization alternatives.

6.1

Stabilization Area 1 (SA-1)

Priority Area No. 5

Location: Station 1544+70 to 1540+66

Section 1-1°, Factor of Safety = 1.26 (0.95 seismic)
Section 2-2’, Factor of Safety = 1.42 (0.98 seismic)
Total Length: 404 feet

Length Recommended for Stabilization: 404 feet

In this area, the edge of the bluff is roughly 25 feet west of the track centerline at Station
1544+07 (Section 1-17), and 20 feet west of the track centerline at Station 1543+00
(Section 2-2°) with an elevation of roughly 45 feet above mean sea level (msl). The bluff
face is a natural bluff with a series of failures (block falls and landslides) along the toe
resulting in an oversteepened condition. Because of the close proximity of the tracks to
the top of the bluff and the oversteepened conditions, the calculated factors of safety in
this area are below the minimum acceptable parameters and stabilization is recommended
for the upper portion of the bluff. To the north of this area, the track is set back a greater
distance from the bluff top and is not a high-priority area.

In order to achieve the factor of safety criterion for SA-1, stabilization i1s recommended.
One option that will provide the necessary stabilization would be the construction of a
soldier pile wall system. This alternative could be easily constructed on the bluff top
within the right-of-way without disruption of rail operations. The soldier piles wall
system could be buried.

Because of the somewhat lower bluff height in this area, a second option may be the
construction of a large (15°+) sea wall along the bluff toe or a shorter wall with grading of
the natural bluff behind the wall. This option would require substantial disturbance of the
natural bluff in this area. This option likely raises a wealth of issues that may not be
reviewed favorably from a number of perspectives.
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Stabilization Area 2 (SA-2)

Priority Area No. 7

Location: Station 1540+66 to 1539+40

Section 3-3°, Factor of Safety = 1.31 (0.90 seismic)
Section 4-4°, Factor of Safety = 1.47 (0.93 seismic)
Section 5-5°, Factor of Safety = 1.44 (1.01 seismic)
Total Length: 126 feet

Length Recommended for Stabilization: 81 feet

SA-2 includes a former drainage channel that has been partially infilled with fill soils. In
1998, the central portion of this area required emergency stabilization of the trackbed.
The emergency stabilization measures consisted of constructing a 45-foot long soldier
pile retaining wall (a 2-foot diameter drilled shaft foundation with a 40 foot long steel
“H” pile, HP14 x 89, and wood lagging) located approximately 15 feet west of the track
centerline and placement of additional fill. In this section of the bluff, slope stability
calculations indicate a low factor of safety in the upper portion of the bluff both north and
south of the previous repair.

In order to improve the factor of safety, additional stabilization is recommended on either
side of the previous repair. One option that provides adequate stability is the continuation
of the existing soldier pile system to the north and south of the existing repair. This could
be done within the right-of-way and without disruption to rail service.

A second alternative would be to regrade the existing fill area and use a soil cement type
of buttress to achieve adequate stability. This alternative would require removal of the
existing fill, probable disturbance of the margins of the area, and, possibly, temporary
excavations adjacent to the track. It should be noted that if temporary excavations were
performed, they would require temporary shoring or the disruption of rail operations
during construction.

Stabilization Area 3 (SA-3)

Priority Area No. 11

Location: Station 1539+40 to 1538+85

Section 6-6°, Factor of Safety = 1.43 (0.99 seismic)
Total Length: 55 feet

Length Recommended for Stabilization: 55 feet

In this relatively limited area, the bluff is characterized by an oversteepened natural bluff.
This area has been the site of very recent failures within the upper portion of the bluff.
Calculated factors of safety for static, train surcharge and pseudo-static loading conditions
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are slightly below acceptable parameters. The area with a factor of safety below the
criteria is predominately limited to the upper portion of the bluff.

Stabilization of SA-3 could be accomplished by the installation of a soldier pile wall
system along the bluff top. This stabilization method could be installed with little
disruption to rail operations. The repair would be entirely within the right-of-way.

A second option is the extension of the sea wall located just to the south of this area along
with the construction of a soil cement or geogrid reinforced slope (buttress) to stabilize
the bluff. This option would require disturbance of a natural bluff and grading beyond and
west of the right-of-way. In addition, temporary excavations would likely be
recommended adjacent to the track. These temporary excavations would require a
disruption in rail operations or a need for temporary shoring such as a shallow soldier pile
system.

Stabilization Area 4 (SA-4

Priority Area No. 3

Location: Station 1538+85 to 1536+90

Section 7-7°, Factor of Safety = 1.24 (0.78 seismic)
Section 8-8’, Factor of Safety = 1.34 (0.84 seismic)
Total Length: 195 feet

Length Recommended for Stabilization: 195 feet

Previous slope failures within SA-4 have resulted in the placement of stabilization
measures consisting of a large embankment fill and a relatively high wooden sea wall
along the toe of slope. Portions of the slope face are now eroded and much of the slope is
in an oversteepened condition. Slope stability calculations indicate that this entire section
of the bluff has factors of safety less than the minimum acceptable parameters.

In order to increase the factor of safety, stabilization measures are recommended.
Stabilization can be accomplished by the installation of a soldier pile wall system. This
option can be accomplished from the bluff top within the right-of-way with little or no
disruption to rail operations. No disturbance of the bluff face is required.

A second option to stabilize the slope is to regrade the bluff face and construct a soil
cement or reinforced buttress. Based on the assumption that the existing sea wall at the
toe of the bluff is structurally sound, stabilization measures consisting of either a soil
cement or reinforced buttress constructed behind the existing sea wall could be
implemented. If it is determined that the existing wall is structurally insufficient, a
replacement sea wall with a fill slope placed behind the wall, with or without geogrid
reinforcement, could be considered. Geogrid reinforcement will allow an increase in the
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inclination of the slope, however, embedment lengths of the reinforcement layers could
be restricted by the existing track alignment and will be dependent on the height of the
new wall and the soil strength parameters of the backfill soil.

It should be noted that the grading alternatives will require temporary excavations
adjacent to the track. These temporary excavations would require a disruption in rail
operations or temporary shoring. Based on the depth of fill, temporary shoring for this
area would likely be some type of a soldier pile system. The soldier pile shoring would be
similar to the first alternative but at a shallower depth as it is only needed for the
temporary condition. Also, slope grading in this area would include grading outside of
the right-of-way and extensive disturbance of the existing bluff face.

Stabilization Area 5 (SA-5)

Priority Area No. 1

Location: Station 1536+90 to 1532+50

Section 9-9°, Factor of Safety = 1.02 (0.79 seismic)
Section 10-10°, Factor of Safety = 1.25 (0.69 seismic)
Section 11-11", Factor of Safety = 1.17 (0.77 seismic)
Total Length: 440 feet

Length Recommended for Stabilization: 350 feet

SA-5 consists of a predominately natural bluff with the track in close proximity to the
edge of the bluff. A localized area of fill soils is present adjacent to a storm drain
structure (BR 244.4). The bluff is oversteepened due to past failures and the lower half of
the bluff is mantled by slope creep deposits and landslide debris. This loose material is
easily eroded during storms and periods of heavy surf with the exception of the southern
350 feet where a low wooden sea wall is present. Because of previous landsliding in this
area, soldier piles have been installed at the top of the bluff roughly between Station
1536+50 and 1535+60. Recent bluff failures have also occurred just north of the existing
soldier piles.

Because of the close proximity to the bluff edge, the abundance of failures and the
oversteepened condition in this area, the upper bluff requires stabilization except at the
location of the existing soldier piles.

The option that appears best suited for this area would be an extension of the soldier pile
wall system to span the entire length. This option could be constructed within the right-
of-way with only minimal disruption. Because of the close proximity of the tracks to the
bluff edge some of this work may be required to be performed at night or may require
breaks in rail operations.
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As another option in this area, the slope could be reconstructed as a soil cement buttress.
This option would require removal of a portion of the existing fill soils and necessitate
temporary excavations along the track. Temporary excavations would require the use of
shoring or a disruption of rail operations. Note that a similar condition was previously
repaired just to the south of SA-5 at BR244.45. Soil removals during the replacement of
the storm drain at this location proved to be much more extensive than anticipated and
resulted in a break in rail service. Slope grading of this area will likely have some impacts
to the adjacent areas of natural bluff.

Stabilization Area 6 (SA-6A and SA-6B)

Priority Area No. 2 for SA-6A and Priority Area No. 9 for SA-6B

Location: Station 1532+50 to 1531+65, and Station 1530+25 to 1529+10

Section 12-12°, Factor of Safety = 1.23 (0.79 seismic)

Section 13-13°, Factor of Safety = 1.35 (0.81 seismic)

Section 14-14°, Factor of Safety = 1.35 (0.90 seismic)

Total Length: 200 feet

Length Recommended for Stabilization: 85 feet for SA-6A and 115 feet for SA-6B

As pictured on the cover of the Geotechnical Study, the track in this area is in very close
proximity to the bluff edge. Previous landsliding has occurred in this area and the bluff
has been reconstructed as a manufactured fill slope. The existing slope is currently
constructed at gradients that are generally considered unstable with near vertical portions
in some areas. A retaining wall is present at the bluff top in the northern portion of SA-6
and a low sea wall is present at the toe of the bluff for a majority of the length of SA-6.
Slope stability calculations indicate the area has an inadequate factor of safety. In between
SA-6A and SA-6B an existing soil cement repair was constructed in the late 1990°s
roughly between Station 1531+65 and 1530+25. Becayse of the previous repair, this
portion of the slope is considered a medium priority area. The repair was initiated as a
storm drain replacement project but removals of unsuitable material were much more
extensive than anticipated and expanded the repair area to a much larger area that
required breaks in rail operations. At the southern end of SA-6B, the fill soils at the top of
the bluff overlie an area of natural bluff. The southerly end of this area is the site of a
recent bluff failure and the exposed bluff face consists of a near vertical face of dense
bedrock with fill above (see Appendix D, Section 14-14").

A fill slope is present on the bluff face roughly between Station 1532+50 and 1531+65.
In addition, a small sea wall built in 1965 continues from SA-5 and extends to Station
1530+30. The slope stability analyses for the remaining unimproved portion of the bluff
indicate that the calculated factors of safety for static, train surcharge and pseudo-static
analysis condition fall below the acceptable criterion.
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Given the existing sea wall and existing manufactured fill slope, stabilization measures
between Station 1532+50 and 1531+65 (SA-6A) consist of either a soldier pile retaining
system or a soil cement buttress. Considering the natural topography of the bluff and the
dense exposed bluff face, stabilization measures between Station 1530+35 and 1529+10
(SA-6B) consist of a soldier pile retaining system or an embedded soil nail on the bluff
face or soil nails with a facing.

The soldier pile wall system can be constructed within the right-of-way with minimal or
no disruption to rail operations. Slope grading would require work to be performed
outside the right-of-way and possibly, as with the previous repair, may include large
excavations. Temporary excavations next to the track would require the use of shoring
(such as a shallow soldier pile system) or a disruption of the rail operations. At the
southern end of this section where the use of soil nails can be considered, the installation
can be done without impacts to rail operations. However, it would require work outside
the right-of-way and on the beach. In addition, the work is likely to cause additional
disturbance of the natural bluff areas. Slope disturbance would probably result in some
increased erosion, but this could be reduced by use of a bluff facing in conjunction with
soil nail system.

Stabilization Area 7 (SA-7)

Priority Area No. 6

Location: Station 1516+57 to 1515+50

Section 17-17", Factor of Safety = 1.29 (0.92 seismic)
Total Length: 107 feet

Length Recommended for Stabilization: 107 feet

Notably, SA-7 is located north of the 8th Street Emergency Repair site where a soldier
pile wall system was constructed in 2001. The slope stability analyses for this portion of
the bluff indicate that the calculated factors of safety are below the acceptable criterion.

Given the existing steep bluff face, stabilization measures consist of either a continuation
of the soldier pile retaining system (installed as part of the previous emergency repair) or
possibly an embedded soil nail repair. The soldier pile wall system can be constructed
within the right-of-way with minimal or no disruption to rail operations. The grade beam
can be constructed below grade.

With regard to soil nails, the installation can be done without impacts to rail operations,
but would likely require work outside the right-of-way and on the beach. Also, soil nail
installation will likely result in additional disturbance of the natural bluff area, an increase
in slope erosion, and/or the use of a facing on the slope.
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Stabilization Area 8 (SA-8A and SA-8B)

Priority Area No. 10

Location: Station 1494+05 to 1493+33 and 1491+15 to 1490+80
Section 20-20°, Factor of Safety = 1.65 (0.95 seismic)

Section 21-21°, Factor of Safety = 1.41 (0.92 seismic)

Total Length: 107 feet

Length Recommended for Stabilization: 107 feet

In SA-8A and SA-8B, removal of storm drains resulted in the construction of a retaining
wall in each area. In section SA-8A, this wall is located on the beach and retains fill soils
extending up to the bluff top. In section SA-8B, the wall is located near the bluff top.
Within both areas, the track is in relatively close proximity to the edge of the bluff. The
bluff is locally oversteepened from past erosion with the limits of this section confined to
a localized condition.

Slope stability calculations for these areas indicate factors of safety below the design
criterion for seismic slope stability at both locations and also for static slope stability at
section SA-8B.

In order to provide an acceptable factor of safety for these areas, stabilization is
recommended. One option that will provide the necessary stabilization would be the
construction of a soldier pile wall system across these two limited areas. This alternative
could be easily constructed on the bluff top within the right-of-way without disruption of
rail operations. The soldier piles could be buried or above grade. Another possible
conceptual repair alternative given the limited length and locally oversteepened erosional
areas is a soil cement buttress.

Stabilization Area 9 (SA-9A and SA-9B)

Priority Area No. 12 for SA-9A and Priority Area No. 8 for SA-9B

Location: Station 1490+80 to 1484+80 and 1484+80 to 1483+55

Section 22-22°, Factor of Safety = 1.45 (0.97 seismic)

Section 23-23°, Factor of Safety = 1.34 (0.92 seismic)

Total Length: 725 feet

Length Recommended for Stabilization: 600 feet for SA-9A and 125 feet for SA-9B

Stabilization Area 9, located north of Anderson Canyon, is prone to blockfalls, landslides
and is locally oversteepened. What appear to be minimal fill soils are present at the top of
bluff, possibly the result of a previous erosional repair. The bluff face in this area is
generally very steep and composed of relatively dense materials with limited zones of
loose surficial soils.
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The slope stability analyses for this portion of the bluff indicate that the calculated factors
of safety are below the acceptable criterion locally for static slope stability and throughout
for seismic conditions; therefore, stabilization is recommended.

Given the existing steep bluff face, the appropriate stabilization measures consist of either
a soldier pile retaining system or a soil nail reinforcement alternative. The soldier pile
wall system can be constructed within the right-of-way with minimal or no disruption to
rail operations. Soil nails, if utilized, can be installed without impact to rail operations,
but would likely require work on the beach within the right-of-way. Soil nail installation
would likely result in disturbance of the natural bluff areas, an increase in slope erosion,
and/or the use of a facing on the slope.

Stabilization Area 10 (SA-10)

Priority Area No. 4

Location: Station 1483+55 to 1482+10

Section 24-24", (West Side) Factor of Safety = 1.52 (0.90 seismic)
Section 25-25°, (East Side) Factor of Safety = 1.25 (1.08 seismic)
Total Length: 145 feet (East Side)

Length Recommended for Stabilization: 145 feet (East Side)

SA-10 is located at Anderson Canyon where a large fill slope has been constructed across
a major drainage channel with fill slopes located both east and west of the tracks. These
slopes are supported by a sea wall on the west side with a slope gradient that is steeper
than currently considered acceptable for an unreinforced fill slope. A detention basin and
storm drain inlet is present on the east side. Some areas of surficial sloughing and
slumping can be observed on both sides and locally oversteepened areas also exist on
both sides of the track. The tracks are roughly 20 feet from the top of slope on the west
side but only 5 feet from the top of slope on the east where a near vertical section of slope
is present.

Slope stability analyses for this portion of the bluff indicate that the calculated factors of
safety for static and for train surcharge conditions are generally above the acceptable
criterion for gross stability on the west side. However, the analysis indicates that the
calculated factors of safety for surcharge conditions are below the acceptable criterion on
the east side. As a result of this and given that it is a fill slope with oversteepened areas,
stabilization measures are warranted for the east side in this area.

Stabilization measures consist of either a soldier pile retaining system or a soil cement
replacement fill. Note that in this area, mitigation of the slope stability issues should be
considered only on the east side of the tracks.
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A soldier pile wall system can be constructed within the right-of-way with minimal or no
disruption to rail operations. Construction of a graded slope such as a soil cement or
geogrid reinforced slope can also be considered. Conventionally graded and somewhat
flatter slopes are likely not an alternative because of space limitations. The soil cement or
geogrid slope can be constructed but will likely require disruption of rail operations or
extensive shoring. It may be possible to construct a soil cement stabilization on the east
side of the track in conjunction with a retaining wall to reduce impacts.

6.11 Summary of Stabilization Areas

Table 6 provides a summary of the currently recommended lengths for the stabilization

areas.
Table 6
Recommended Stabilization Lengths
Area Length of Stabilization (feet)
SA-1 404
SA-2 81
SA-3 55
SA-4 195
SA-5 350
SA-6A 85
SA-6B 115
SA-7 107
SA-8 107
SA-9A 600
SA-9B 125
SA-10 145
TOTAL 2,369

As presented in the table above, the current total recommended length of stabilization is
2,369 feet, or roughly 28 percent of the entire bluff length. The total length of the study
area is 1.6 miles (8,450 feet).
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7.0 CONCLUSIONS

In conclusion, the slope stability analysis included within this report demonstrates which areas of
this critical link of the LOSSAN corridor do not currently meet the project criteria for factor of
safety and where stabilization is warranted. The conceptual repair alternatives presented in Part 2
of the Geotechnical Study have been further evaluated to define which alternatives meet the
project needs and objectives. Those alternatives that meet the project needs have been considered
in the stabilization alternatives present as Section 6 of this report.

Through a substantial amount of additional slope stability analysis, areas have now been grouped
into Stabilization Areas of like soil and geologic conditions which have then been prioritized
based on the factor of safety. This additional analysis has reaffirmed the need for stabilization
within the high-priority areas defined by the Geotechnical Study. The analysis also provides for
the selection of improvements to the areas with the greatest need at this time. Options for the
repair/stabilization of the high-priority areas that meet the goals of this project have been
reviewed and suggested on a site specific basis.
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Aerial Photographs

Agency Date Flight No. Photo Nos.
USDA 1953 AXN-8M 82 and 84
GTI November 26, 1969 16 37a BU, 37b BU
41-44, 49-51, 54-60
GTI July 29, 1990 (oblique photos)
GTI January 28, 1999 ' 86-95 (oblique photos)
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GEOTECHNICAL BORING LOG KEY

Date Sheet __ 1 of _1
Project KEY TO BORING LOG GRAPHICS Project No.
Drilling Co. Type of Rig
Hole Diameter Drive Weight Drop in.
Elevation Top of Hole +/- ft. Ref. or Datum
[= 4 .,3_‘ Q U; ~
O~lenl ® o | 2 | wola leCl 8a GEOTECHNICAL DESCRIPTION
+0 ¥ | co o o 39| co | 2+ | =0
el ad| a0 | + 2 o go | Hhel oY
|85 5 8 | 2 |ay (08|28 Ja
- ~ £ (] [o) .
o ] k- el |25 53 Logged By
o ol v Sampled By
0 CL Inorgan;'c clay of low to medium plasticity; gravelly clay; sandy clay; silty clay; lean
| clay L]
’//A CH Inorganic clay or high plasticity; fat clay
R A OL-OH Organic clay, silt or silty clay-clayey silt mixtures |
| | SSA:P’I\I/;PI E ML Inorganic silt; very fine sand; silty or clayey fine sand; clayey silt with low plasticity
5—1 - MH Inorganic silt; diatomaceous fine sandy or silty soils; elastic silt |
/}_ : ' SCA?\}I‘PLE CL-ML | oy plasticity clay to silt mixture
m ML-SM Sandy silt to silty sand mixture n
L ] CL-SC Sandy clay to clayey sand mixture
‘A1l | SC-sM Clayey sand to silty sand mixture ]
10 -. L Sw Well graded sand; gravelly sand, little or no fines
i::‘: | | Sp Poorly graded sand; gravelly sand, little or no fines ]
2 o | SM Silty sand; poorly graded sand-silt mixture
'y SC :
AV AV L Clayey sand; poorly graded sand; clay mixture
o\J.o&_,} 4 Y H
1 I\B '~ ] Gw Well graded gravel; gravel-sand mixture, little or no fines
bV g
15 . !: (:’II‘KA?MUI‘I{:li\y ﬁ;}j’g g GP Poorly graded gravel; gravel-sand mixture, little or no fines |
OI_DRILLI.\IG GM Silty gravel; gravel-sand-silt mixture
| | GC Clayey gravel; gravel-sand-clay mixture
| Sandstone
| Siltstone
20 | Claystone
] Breccia (angular gravel and cobbles or matrix-support conglomerate)
| | Conglomerate (rounded gravel and cobble clast-supported)
| Igneous granitic or granitic type rock
| | Metavolcanic or metamorphic rock
25— | Artificial or man-made fill
| Asphaltic concrete
Portland cement concrete
30
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Boring Logs - Geotechnical Investigation, 10"
Street Retaining Wall
(April 30, 2002)




GEOTECHNICAL BORING LOG HSA-1

Date 4-11-02 Sheet _ 1 of _3
Project Del Mar Bluffs Project No. 040151-007
Drilling Co. Cal Pac Drilling Type of Rig  Hollow-Stem Auger
Hole Diameter 8in. Drive Weight 140 pounds Drop _30 in.
Elevation Top of Hole +/-_80  ft. Ref. or Datum Mean Sea Level
c ; Z S| oen
Sl enle | o | 2 |85l 2%] GEOTECHNICAL DESCRIPTION
e |z o ol 3 .=,
+b % | €O o " 32| cw | 2+ =43
sl | o | Qo + et <] gu|heci oY
s | B | & 2 | 2 |mg |98 58| -
EV “ | & £ K > 2 el 53 Logged By GIM
@ a O | o |Sampled By GIM
8071 0 Bag-1 SM | QUATERNARY BAY POINT FORMATION (Qbp)
| @0’-5" | | @ 0’: Silty fine to medium SAND: Red-brown, damp to moist, loose [ ]
B ST 2 13 |106.0| 52 i
-+ @ 6’: Silty fine to medium SAND: Red-brown, damp to moist, loose B
707 10 o ) 3 18 [111.4] 63 i
] @ 11°: Silty fine to medium SAND: Red-brown, damp to moist, loose |
651 151 4 35 |113.5] 8.9 i
— _:A @ 16’: Silty fine to medium SAND: Orange-gray, damp to moist, medium dense
607 2071k 5 36 |109.4] 9.4 i
=+l @ 21’: Silty fine to medium SAND: Orange-brown, damp to moist, medium dense ]
" ] -
— B |
337 25 ) 6 75 |119.9] 12.0 i
] @ 26’: Silty fine to medium SAND: Dark orange-brown with some black grains,
] i damp to moist, dense i
_ ] V n
304 30
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GEOTECHNICAL BORING LOG HSA-1

Date 4-11-02 Sheet _ 2 of _3
Project Del Mar Bluffs Project No. 040151-007
Drilling Co. Cal Pac Drilling Type of Rig  Hollow-Stem Auger
Hole Diameter 8 in. Drive Weight 140 pounds Drop _30_in.
Elevation Top of Hole +/- 80  ft. Ref. or Datum Mean Sea Level

cC 3 2 N o

Silealo | o |8 | 8l5 2% 8 GEOTECHNICAL DESCRIPTION

+5|¥5 | €o ] o 30| cw | 2| =¢

3| ad| ao + 9 0 oo | el o°

>58¢ o® | @3 0 o = |0g|lo} "y

o B § = £ mg » ZO"é =5 Logged By GIM

c °
- » & | 8| &% |Sampled By GIM
50 30

-3

|
W
(=2
=
“
—
[~
=3
~3
—
=2
w
w
=

@ 31’: Medium to SAND: Light orange-brown, damp to moist, wet, dense to very | |
dense

45 35—-/-'//'-' 8 I50/4" 112.8| 184 | CL |

/ CL TERTIARY DEL MAR FORMATION (Td)
| | @ 36’: Silty CLAYSTONE: Olive gray-green, damp to moist, dense to very dense | |
407 40—t 9 505 [1145] 160 | sM

] Bag-10

@40°-45[ @ 41’: Silty fine SANDSTONE: Green, damp to moist, dense to very dense

357 B . 11 606" |114.9] 127 @ 45’: Silty fine to medium SANDSTONE: Green-gray green, very dense ']
301 50_; _ // 12 . 55/6" | 108.7 ] 15.9 |SM/SC | @ 50’: Silty fine to medium slightly clayey SANDSTONE: Olive green-gray green, | |

A / ] very dense ]

13 I 60/6" | 108.0| 15.3 CL @ 55’ Silty CLAYSTONE: Gray-green to olive-green, damp to very dense

204,60
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GEOTECHNICAL BORING LOG HSA-1

Date 4-11-02 Sheet _ 3 of _3
Project Del Mar Bluffs Project No. 040151-007
Drilling Co. Cal Pac Drilling Type of Rig  Hollow-Stem Auger
Hole Diameter 8in. Drive Weight 140 pounds Drop _30_in.
Elevation Top of Hole +/-_ 80  ft. Ref. or Datum Mean Sea Level
c ; 2 N
Sale~lo | o |2 |o8]54]2%] 80 GEOTECHNICAL DESCRIPTION
+- + o 3 4
=g |ty | LD [\ o 3| &1 £+ | —=o
sa| o | &O + 9 5] go|He| o9
>¥ | g | @2 o] a —|Qg|20 o
wi ol | g z E | P9 57| QE| =5 |Logged By GIM
w L o| o
“’ a O | ®Y |Sampled By GIM
207 60 / 14 I 50/5" 1101.9} 19.2 CL @ 60’: Silty fine to sandy CLAYSTONE: Olive green-gray green, damp to very
| dense
Total Depth = 61 Feet
1 i Ground water encountered at 29 feet at time of drilling M
Backfilled with soil cuttings on 4/11/02
1549 65— M H
104 70— o 1
59 75— I~ 1
01 80— H L
51 85— M H
2104 90
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GEOTECHNICAL BORING LOG HSA-2

Date 4-11-02 Sheet _1 of _2
Project Del Mar Bluffs Project No. 040151-007
Drilling Co. Cal Pac Drilling Type of Rig  Hollow-Stem Auger
Hole Diameter 8in. Drive Weight 140 pounds Drop _30 in.
Elevation Top of Hole +/-_ 73 ft. Ref. or Datum Mean Sea Level
c . 2 [ e~
6| ~| o 2 Bl |2 vy GEOTECHNICAL DESCRIPTION
—2lef | = 0 w8l u~t§ o
+olxh ! co| o 0 302 i cw | 2+ | =
adl od | aoO + hd o 20| e 09
> of | a2 e} 0. ne|2& -2 _o
u;..‘lv ol | & =z £ S 2t | =3 Logged By GIM
« a O | ©®~ |Sampled By GIM
0 SM ARTIFICIAL FILL (Af)
N n @ 0’: Silty fine to medium SAND: Brown, red-brown, damp to loose |
01 T I “$M [ QUATERNARY BAY POINT FORMATION (Gbp)_ ~ ~~~~~~~ "~~~ 5
ST L 1 28 [1122] 43 i
7] @ 6': Silty fine to medium SAND: Orange-brown to red-brown, damp to moist, | |
] medium dense |
65 1 - H | |
10— 2 21 |103.3] 7.4 i
] @ 11’; Silty fine to medium SAND: Orange-brown to red-brown, damp to moist,
] B medium dense |
604 2 »
B 3 a2 |1020] 30 i
Tl @ 16’: Silty fine to medium SAND: Gray to orange-gray, damp to moist, medium | |
dense
ss1 =] s -
20 4 50/5" | 122.3 | 10.2 B
] @ 21’: Silty fine to medium SAND: Dark orange-brown with some black grains,
B damp to moist, dense to very dense
50 — - : H -
B 5 80 | 107.9] 200 i
e AV : : . i
= @ 26’: Medium to coarse SAND: Light gray to light orange-gray, wet to
n i saturated, dense
a5 =1 g -
TETN i "SM | TERTIARY DEL MAR FORMATION (T i
3Q
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GEOTECHNICAL BORING LOG HSA-2

Date 4-11-02 Sheet _ 2 of _2
Project Del Mar Bluffs Project No. 040151-007
Drilling Co. Cal Pac Drilling Type of Rig  Hollow-Stem Auger
Hole Diameter 8 in. Drive Weight 140 pounds Drop _30 in.
Elevation Top of Hole +/-_ 73 ft. Ref. or Datum Mean Sea Level
c : 7 K| oen
.| .~ | o S | 5% |28 s GEOTECHNICAL DESCRIPTION
| fx |l o | O 30| cor | 2+ | =
ol al| co| + | & ok go | Hhc| 0°
x| 8| & 2 | & |2 |0 58| =@ -
—_ “ | & g ) Sc| -5 Logged By GIM
[F4 L =} o]
o (= O | ®Y |Sampled By GIM
30 6 60/6" | 106.8 | 15.6 M
B B @ 31’: Silty fine to medium SANDSTONE: Light gray, yellow-gray, damp to
N | moist, medium dense i
ol | a a
35—_: :': - . 7 50/5" | 104.4 | 20.5 @ 35’: Medium to coarse SANDSTONE: Light gray to light yellow-gray, moist to | |
B e wet, very dense
354 — H 1
40— H H
R I N O H a
B 777 g8 506" |111.5] 149 | CL | @45 CLAYSTONE: Olive-green, damp to very stiff B
251 — H |-
50— H I
201 — H I
p— )_ 1
3] l 50/4" | 116.5 | 15.8 @ 55’: CLAYSTONE: Olive-green, damp to very stiff (little sample recovery) ]
Total Depth = 56 Feet
] ] Ground water encountered at 26 feet at time of drilling ]
5 Backfilled with soil cuttings on 4/11/02
80
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Boring Logs — Supplemental Geotechnical
Investigation, Project 1 - Drainage Improvement
and Landslide Warning System
(October 26, 2001)




GEOTECHNICAL BORING LOG:LB-7

Date 8-28-01 ‘Sheet _1 of _2 _
Project 4 Del Mar Bluffs Project No. 040151-001
Drilling Co. San Diego Drilling Company Type of Rig Bucket Auger
Hole Diameter 30 Drive Weight Drop n
Elevation Top of Hole 3 Ref. or Datum Mean Sea Level
' [ Loy .f\ ' ’
en| o 4 ,g 3 § f;'h S| b GEOTECHNICAL DESCRIPTION
3 ] 0 gu. wlp =3 .
88|88 £ |2 |3+|3%|SE| Y
vl & £ 3 28| 2 ,g*g : |Logged By GIM/MRS
€ = 8% Sampled By
T M 0% Reddish brovin, fino > mediam s A SAND xposed
1. 1 @ 0 et side of boring 5 5 depi of 1£1eey D (shear pin & -
s—1p09. | 5 L A
SRS SM/SC | @5”: SMpANtt!l)ed gray and reddish brown, fine to medium, moist, slightly clayey

SM/SW | @ 7’: Gradation change to reddish brown, medium, very moist SAND, no

L clay, friable, horizoital !
-7 |standing water after
_{" o7 U« |24 hours ] 5
SW @ 9.5’: Gravel lag with 1/2"-2" pebbles and cobbles R
B SM @ 10’: Sharp sloping contact to light and dark gray silty SAND on east side
with inclusions and fractures (infilled) with very light gray clayey silt,
: M contact appears erosional 3
cleNssw o b b o~ Ll [, @ 11.57: 2" thick layer of medium to coarse SAND with moderate to heavy
5 i SM I’ _ _seepage _ _ ST i
| TERTIARY DEL Q ON (Td |

@ 12’: Gray-green, fine silly SANDSTONE, very dense, unfractured,
scattered inclusions of dark gray to black sandstone, orientated out of

SM slope 4-5” west i

. @ 13’: Yellow-brown, damp, very dense, silty SANDSTONE
“IB:horizontal ] SM @ 15’: Becomes gray, slightly coarser SANDSTONE |
| L
B:horizontal ] |
| SM/CL | @ 19’: Interbedded dark gray CLAYSTONE, very hard, slightly fractured i
1 and orange-brown to gray, damp, silty SANDSTONE |

C:horizontal L

CL @ 21’: Sharp contact to gray-green CLAYSTONE, fractured, very hard

CL @ 24': Light gray to olive-green CLAYSTONE

30
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GEOTECHNICAL BORING LOG LB-7

Date 8-28-01 Sheet _2 of _2
Project Del Mar Bluffs Project No. 040151-001
Drilling Co. San Diego Drilling Company Type of Rig Bucket Auger
Hole Diameter 30 Drive Weight Drop in,
Elevation Top of Hole 3 . Ref. or Datum Mean Sea Level
D ~ ..
3 N ] ~
cnl® ~§ 2 | 8|5l E°| 4 GEOTECHNICAL DESCRIPTION
=Y o g | 551 £ | GO
8888 £ |2 |&-|&f|EB|od|
“| & E g |°9 2," g’é = |Logged By GIM/MRS
@ =] O | ®»~ |[Sampled By
30
Total Depth = 30 Feet
] [ Downhole Logged to 24 Feet - Water at 27 feet 1 hour after drilling B
Moderate to Heavy Seepage at 11.5 Feet
- 5 Backfilled with 2-sack cement slurry: 8/29/01 to within +/-5 feet B
of grade. Top of boring backfilled with soil.
-~ = Water level after 24 hours was at a depth of 8 to 10 feet ~
below surface.
35— H =
40 — . 1
45— - =
50 — H ]
55 — B =
60
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GEOTECHNICAL BORING LOG LB-8 -

Date 8-29-01 : Sheet _1_of _2
Project Del Mar Bluffs Project No. ___040151-001
Drilling Co. San Diego Drilling Company Type of Rig Bucket Auger
Hole Diameter - 30 Drive Weight Drop __._in
Elevation Top of Hole __ 47  ft. Ref. or Datum Mean Sea Level
: 2 |.8| én
»
enl ® § 3 *é - gv 03 GEOTECHNICAL DESCRIPTION
=0 3 o og‘u. Sl1EE| oo
‘§§ p = |2 Blug| Oy
 l & - g |08 2 3:_5-, =3 |Logged By GIM/MRS
<«
* a ~ |Sampled By
0= SM | ARTIFICIALFILL (AD_
st @ 0’: Brown, dark reddish brown, fine to medium silty SAND, damp to i
DR 1 moist, medium dense to dense; some gravels
T3 i [SM7sW | QUATERNARY TERRACE DEPOSITS (oD~~~ ~~ "~ "~~~ T
S @ 2’: Sharp contact orange-reddish brown, medium SAND, damp, medivm
.0 [l dense; friable, some gravels
L I - 5
o I | SM @ 6: Grades to orange-brown, fine to medium silty clayey SAND, mottled |
B RN ] gray and orange-brown, damp, medium dense to dense i
| " ., | SM @ 8.5’-9’: Yellow-brown, fine silty clayey SAND, damp, medium dense
10— - L
. X 1 : SM @ 13’: Reddish orange-brown, medium SAND, very moist to wet, medium
"1 1 | _ | ___ denselightseepage _ _ __ _ _________________ I
v+ '|C:N30E 30W SM RTIARY DEL (0) d
. @ 14’: Sharp contact, yellow-brown, fine to medium silty SANDSTONE,
. i damp, dense
1.0 ] | SM @ 17": Grades to light gray, light yellow, fine to medium silty SANDSTONB, |
4 | damp, dense ]
20—+ " - 1 SM @ 20’: Grades into light gray, medium to coarse silty SANDSTONE, damp
N Y | to moist, dense X
o @ 21’: Slightly coarser
1 ,' . B @ 22’: Moderate to heavy seepage ]
Jd.o 0 ] @ 22.5": Inclusions of claystone to 4" i
T SM @ 23’: Grades to orange-brown SANDSTONE, dense
_ﬁ\L\:fJ?Z F:horizontal i CL @ 24’ TIrregular erosional contact, gray clayey SAND '
F:NGOW 20N |
25— _-3.—\_% F:N4OW 25N CL @ 25°: Irregular contact, greenish CLAYSTONE, fractured, polished
_\-:\_ surfaces randomly orientated; several steeply dipping fractures
-1z .\_\\ , o continuous around hole [
s
. 153 -
s
A B SM @ 28’: Gray-green silty SANDSTONE, fractured, becomes less fractured,
B P very hard
30
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GEOTECHNICAL BORING LOG.LB-8

Date 8-29-01 . Sheet _2 of _2
Project Del Mar Bluffs Project No. -~ 040151-001
Drilling Co. San Diego Drilling Company Type of Rig Bucket Auger
Hole Diameter 30 Drive Weight Drop in.
‘Elevation Top of Hole 47  ft. Ref. or Datum Mean Sea Level
> P o .I'\
enl o 3 2 |55 L% da GEOTECHNICAL DESCRIPTION
£9)58| 2 | |3%|§%|¥x| G
- - -~ o fid 4
3% | & + g |08 >~ | 8E =2 |Logged By GIM/MRS
€ b S 3| 8% Sampled By
N === Fnaow 20N
f’ ] SM @ 31’: Olive-green, dark gray moitled, damp, very dense clay SANDSTONE [
-—| _- ..._:.‘ | [
35———/ - R
—] - 5
40— - -
45— H L
. 3 i
50
Total Depth = 50 Feset
] ] Downhole Logged to 36 Feet - Standing water at 33 feet, 3
1 hour after drilling
= -1 Moderate to Heavy Seepage at 13 and 24 feet -
Backfilled: 8/29/01
55 —f H "
60
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‘ GEOTECHNICAL BORING LOG LB-9
Date 8-29-01 Sheet _1 _of _2

Project _Del Mar Bluffs Project No. 040151-001
Drilling Co. San Diego Drilling Company Type of Rig A_ug
Hole Diameter 30 Drive Weight Drop —in,
Elevation Top of Hole 70 . Ref. or Datum Mean Sea Level
; 2 | 8| #n
o 0 _§ 3 *8' - gv W GEOTECHNICAL DESCRIPTION
B3| 83| £ 3 | 20188 %5| °
“| § E E @ E g" QF | = |Logged By GIM
3| 8% Sampled By
0 B [ | | f---- [ @03% Agphalt Comorete_ _____________________ i
- . = QUATERNARY TERRACE DEPOSITS (Qt) __ -
RPN SM @ .5’: Orange brown, fine to medium silty SAND, damp, dense
LS ]
5— . 5 -
-1 ] SM/SC | @ 6': Grades to reddish brown-gray brown, fine to medium clayey SAND, [
L | damp, dense, mottled i
-1 B SM @ 8": Orange brown-gray, motiled, fine to medium silty SAND, damp to ]
- moist, dense |
o— .. - ‘ -
I i @ 117 Same as above
1 I SM @ 12’: Grades to light gray to gray, fine to medium silty SAND, damp,
| dense; friable
15— o ] M @ 15’ Grades to orange-brown, fine to medium silty SAND, damp, dense;
S | mottied, orange-brown to gray-brown
—a l e ', - -
20— .: + —l
T , i SM @ 21’: Grades to orange-brown to yellow-brown, thinly laminated SAND,
[ moist, dense; friable
] 90?.12.'3_9_2' Il SM/SW | @ 22’: Grades to yellow-brown, medium to coarse SAND, wet to saturated,
] ] | _ _ _ _} _ _ _ dense; some gravels, moderate to heavy seepage _ _ _ _ _ _ _ _ _ _
\ AN\~ 8 SM TERTIARY DEL MAR EQBMAIION (Td)
N @ 23’: Sharp wavy erosional contact, yellow-brown, fine to medium silty
AN ‘ B SANDSTONE, damp to wet, dense, fractured
/
25—\ '\ 5
\ 7
-1 ’/\ " CL | @26 Irregular contact, greenish CLAYSTONE, hatd, fractured
7
Y
P
B\ |
4 1
7/ \ ~ I 9 @ 29’: Seepage from fracture
30
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GEOTECHNICAL BORING LOG LB-9 -

Date 8-29-01 -~ Sheet _2 of _2
Project Del Mar Bluffs Project No. 040151-001
Drilling Co. San Diego Drilling Company Type of Rig Bucket Auger
Hole Diameter 30 Drive Weight - Drop ___in.
Elevation Top of Hole __70 _ fi. Ref. or Datum Mean Sea Level
[ m ’: 'f\
en| © 8 2 | 8|5 E°| 8 GEOTECHNICAL DESCRIPTION
1€+ & 3 g 1 8¢ 3, 25 . )
581 88| = |2 |2+|af|RE| o)
8z & * g |25, 2t gg Logged By GIM
< @ & O oY [Sampled By
30
35— s n
40— 8 [
45— . 2
- L |
50 — = [
55
| n Total Depth = 55 Feet |
Downhole Logged fo 29 Feet
Heavy Seepage at 23 Peet and 29 Feet,
7 B Standing water at 30 Feet 1 hour after drilling B
Backfilled: 8/30/01
60
505A(11/77) LEIGHTON & ASSOCIATES




GEOTECHNICAL BORING LOG S.PIN#6

Date 6-13-01 Sheet _ 1 of _2
Project Del Mar Bluff Project No. 040151-004
Drilling Co. San Diego Drilling Company Type of Rig E-120
Hole Diameter 36 Drive Weight N/A Drop _-- in.
Elevation Top of Hole 62  ft. Ref. or Datum See Geotechnical Map
I : 2 NS
o $ S |5l eS| 8 GEOTECHNICAL DESCRIPTION
+| z 39 cw| B | —,2
28 58 2 s ol o | He| o®
ol | a3 - ry o | P2 28 "
Bel § ot £ S| »7| 2E| =5 |Logged By KBC
a 3 & 6| o2
0 of » Sampled By d
0 Steel casing from 0-10°
5— H u
— ] 1
B ] "SM | TERTIARY DEL MAR FORMATION (@d) _~ ~~~~~~7~7°~ ]
ot @ 10'-15’: Silty medium SANDSTONE: Yeltow-brown, damp, dense to very | |
N x-bedding I dense; cross-bedding common dipping southwesterly
a7 ';.‘ . |sw dipping A Note: heavy seepage emitting from cased area, at approximately 10 feet 1
15 .. |c: horizontal ] CL @ 15°: Sharp, horizontal contact to fine sandy CLAYSTONE: Olive-gray,
— 1 damp, hard |
20— - . a s
B 2 horizontal ] SM @ 23’: Silty fine to medium SANDSTONE: Greenish gray, damp, dense to
- L very dense |
25— ... H ]
— ‘ ' 1 1
NS @ 27.3°-28’: White cemented SANDSTONE concretionary layer: very dense
0y SANT ]
- .. @ 28’ Silty fine to medium SANDSTONE: Dark gray, damp, dense to very
R dense; scattered black peat? lenses; few +/-6" diameter concretion
B @ 1l nodules
30 —
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GEOTECHNICAL BORING LOG S.PIN#6

| I

¥ F—  ——

N

s

Date 6-13-01 Sheet _ 2 of _2
Project Del Mar Bluff Project No. 040151-004
] ]
Drilling Co. San Diego Drilling Company Type of Rig E-120
Hole Diameter 36 Drive Weight N/A Drop _--_in.
Elevation Top of Hole 62  fi. Ref. or Datum See Geotechnical Map
v 3 Z Nl oen
c~l e I 2 | ,eloal 29 vs GEOTECHNICAL DESCRIPTION
¥l co 3 o 30| cw | 2= | =g
adl ao + 9 0 go|Hhec| 0l
8218 |t |=y|28 28l e
gl 1 i+ £ Ol » | 8c| == |Logged By KBC
a 3 [ 6 o2 ]
0 Q| 07 - |Sampled By -
30 — 2 CL RTIARY DE AR FORMATI Continye
—— 1 @ 30°-33’: Silty sandy CLAYSTONE to clayey SANDSTONE: Olive-green,
= damp, hard to very dense
T \; 77 horizontal i @ 33’-39": Approximately horizontal contact to fine sandy CLAYSTONE:
B il - ’\"‘ . ] Olive-green, damp, stiff to very stiff; upper 6" is tectonically sheared
35— T T - =
T——"Tc: horizontal ] @ 39°-42’: Approximately horizontal contact to sandy CLAYSTONE: ]
-_ Olive-green, damp, hard
40— s > H a
= —c: horizontal B @ 42’-47’: Approximately horizontal contact to fine sandy CLAYSTONE:
A== . Olive-green, damp, hard |
== i i
45 —{— = - a
N
- - horizontal ] scC @ 47°-49’: Approximately horizontal contact to clayey SANDSTONE: |
_ "‘___ ] Gray-green with rose-brown mottles commom, damp, dense - i
T}———{c: horizontal B @ 49'-52’: Approximately horizontal contact to clayey SANDSTONE: Dark
50— - | ] gray, damp, dense to very dense B
7] —c: horizontal i @ 52°-54": Clayey SANDSTONE: Olive-green, damp, dense to very dense
— ¢: horizontal i SM @ 54’: Silty fine to medium SANDSTONE: light gray, damp, medium dense
55— B to dense; moderately friable
_ ] Total Depth = 57 Feet ]
Cased from 0-10 feet; downhole logged to 55 feet
Ground water seepage encountered at 10 feet at time of drilling
N N Concrete and steel shear pin placed 6/14/01 B
505A¢11/77) LEIGHTON & ASSOCIATES




Boring Logs — Del Mar Bluffs Geotechnical Study
(January 31, 2001)




BORING LOGS FROM CURRENT
INVESTIGATION




Date

6-13-00

Project

GEOTECHNICAL BORING LOG LB-1

HDR/Del Mar

Sheet 1 of 3

Project No. 040151-001

Drilling Co.

San Diego Drilling

Type of Rig E-120 Bucket

Hole Diameter

24 in.

Elevation Top of Hole

63

&

Drive Weight

0'-30" 4991, 30'-60' 3,84, 60'-90" 2446#

Ref. or Datum

See Map

Drop _12 in.

Depth
(feet)
Graphic
Log

Attitudes

Sample No.

Blious
Per Foot

(pcf)
Moisture
Class.

Dry Density
Content 2
U.s.C.8.»

Soi l

GEOTECHNICAL DESCRIPTION

Logged By KTS/RKW
Sampled By KTS

. .»';‘w
é
—_
§ —_—
. =

30

@24

@8’-10’

R-2

Bag-3

Bag-1 T

Bag-2 B

@21-23¢ |

-

TPush/g"

5/4"

10

SM

SM-ML

SM

ML/CL

SM/ML

SM

ML/CL

ML

BAYPOQINT FORMATION (Qbp)

@ 0’-5’: Light brown, mottled with reddish brown, moist to wet, medium
dense, fine to medium SAND with few cobbles; caving, weakly
cemented

DELMAR FORMATION (Td)
@ 5’: Light olive-gray, moist, slightly stiff, SILTSTONE

@ 7’: Blue-gray, very damp, slightly stiff to stiff, fine to medium sandy
SILTSTONE

@ 8.5’: Blue-gray, very damp, stiff, silty CLAYSTONE,; fractured;
approximately 1/2’ thick interbedded with gray medium SANDSTONE
with subhorizontal laminations below

@ 10’: Bluish gray, damp, stiff to very stiff, silty CLAYSTONE

@ 10.5’: Silty CLAYSTONE becomes SILTSTONE

@ 19’: Change in material to dark gray, very damp, dense, silty fine to
medium SAND, interbedded with SILTSTONE between 19° and 20’

@ 20°-23.5’: Light maroon gray, very moist to wet at base, medium dense,
medium SANDSTONE; thin clay lenses, subhorizontal laminations

@ 20’: Light gray, moist, medium dense, silty fine to medium SANDSTONE;
grades to slightly coarser sand at tip

@ 21°-23’: Material same as Sample R-2

@ 23.5°-24.5’: Interbed of dark gray, very damp, very stiff to hard, silty
CLAYSTONE; 1’ thick, subhorizontal contacts

@ 24.5°-26.5’: Material same as between 20°-23.5’ sand coarsens to base of
unit, moisture increases to minor seepage at base. Rip-up clasts of
blue-gray SILTSTONE within SANDSTONE

@ 26’: Blue-gray, very damp, slightly stiff, silty CLAYSTONE

@ 29°-33.5’: Light blue/green-gray, damp, hard, very fine sandy
SILTSTONE grades to coarse sandy SILTSTONE; iron-oxide mottled

I
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GEOTECHNICAL BORING LOG LB-1

Date 6-13-00 Sheet _2 of _3
Project HDR/Del Mar Project No. 040151-001
Drilling Co. San Diego Drilling Type of Rig  E-120 Bucket
Hole Diameter 24 in. Drive Weight 0'-30" 4991, 30'-60" 3,84, 60°'-90° 2446# Drop _12 in.
Elevation Top of Hole 63 ft. Ref. or Datum See Map
n ; Z NS
~| & 9 2 Sl aa| Y Vs GEOTECHNICAL DESCRIPTION
L - he va WA |5 m©,
bl o 3 o 32| cw | 2+ | =4
Qg Q0 + g o VO | phC o=
82| s - 2 |@c |08 28| Zo
“| & = £ 1 27| @c| =5 |Logged By KTS/RKW
< [ o] [o]
@ = O | @~ |Sampled By KTS
30 —=
[
- '__—"T“ | Fl
i
e | |
o R-3 14 ML-SM | @ 32’: Light blue gray, very damp to slightly moist, stiff/dense, fine
T SANDSTONE
o I—/)"/' L b
Yo
| — i @ 33.5°: Planar subhorizontal contact to blue-gray silty CLAYSTONE,
- fractured, iron-oxide on surfaces, few waxy surfaces, spalling material,
7 possible minor seepage from fractures
35— 7 A H L]
\
- ﬁ | -]
L
i N n L]
‘C:i_‘ @ 37": Localized cemented zones
— L ]
P = H N
40— - R4 [l 6 l110.1] 166! ML @ 40": Dark blue-gray, damp, stiff to very stiff, clayey SILTSTONE B
| .,_/ @ 41.5’: Increased cementation, mottled yellow and red-brown, oxide |
. ] staining
@ 42.5’: Blue-gray to dark blue-gray, damp, hard/very dense, very fine sandy
I ] SILTSTONE, moderately cemented, reddish oxide staining B
. — = L]
45— = - §
4= B n
Ti=— ¥ @ 47°-61": Light gray to dark blue gray, damp, very stiff, clayey SILTSTONE} |
I Ry fractured, lacks continuation
—_ o -
-'/,"/
= B i
50— ':::_ R-5 ]: 9 1102 | 17.0 IMLSM | @ 50°: Dark blue-gray, damp, stiff to very stiff, clayey SILTSTONE; massive []
~Z ||
- —/’/ L L]
= L N
= L] L]
80 —
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GEOTECHNICAL BORING LOG LB-1

Date 6-13-00 Sheet _3 of _3
Project HDR/Del Mar Project No. 040151-001
Drilling Co. San Diego Drilling Type of Rig - E-120 Bucket
Hole Diameter 24 in. Drive Weight 0-30" 4991, 30'-60" 3,841#, 60'-90° 2446# Drop _12 in.
Elevation Top of Hole 63 ft. Ref. or Datum See Map
o : 2 N
Al 0 o 2 FIE N AL GEOTECHNICAL DESCRIPTION
£ - i) Waoi| V| 35 L
=l LD 3 o 3l c+ | g+ —0O
og| 6o + it °] 00| He| o9
Qg | ® — o = |Qg| 28| "
Ovl & T € |®98| 27| QE| =5 |Logeged By KTS/RKW
T [ o} o]
« = o | ®“~ |Sampled By KTS
60 L R-6 28 ML-SM | @ 60’: Light blue-gray, damp to very damp, stiff to very stiff, fine
P i SANDSTONE
o Bag-4 SM @ 61’: Light brown, medium SANDSTONE with subhorizontal laminations
| '._".' ) @61°-63/ | | |
] '____~‘ ’ @ 62.5’: Blue gray to dark blue-gray, damp, hard/very dense, very fine sandy| |
— B SILTSTONE; moderately cemented
B~ i CL | @65 Light blue-gray, damp; hard silty CLAYSTONE; a few waxy, B
N polished, fractured, surfaces; randomly oriented
—-— u (Logged to 657) B
—1
—
= ] ML i
70 .1 . . .
7 1 1117 17. @ 70’: Light blue gray, slightly damp, very stiff to slightly hard, clayey
R l 8 173 SILTSTONE; massive 7
7] Total Depth = 70 Feet B
Backfilled/tamped 6/13/00
] u Upper 5 Feet slurry cap o
Active seepage at 5 Feet
75 —] M -
80 — H ]
85 — H ]
20
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GEOTECHNICAL BORING LOG LB-2

Date 6-14-00 Sheet _ 1 of _3
Project HDR/Del Mar Project No. 040151-001
Drilling Co. San Diego Drilling Type of Rig  E-120 Bucket
Hole Diameter 24 in. Drive Weight 0'-30" 4991, 30'-60' 3841 Drop _12 in.
Elevation Top of Hole 58 ft. Ref. or Datum See Map
0 s 2 NS
~| 0 g 2 RN R AT GEOTECHNICAL DESCRIPTION
£l = go) wd|wu~| § [ hds
o co 3 o 30| cw | 2+ | =3
oadl oo + it 0 00| wel| 09
g8 |z 3 |ay|28| 28| Za
| & et € |®8| 57| QF| =5 |Logged By KTS/MRS
<T (& (o} o}
@ (=] O | ® |Sampled By KTS
0 .o SM BAYPOINT FORMATION (Qbp)
] _‘/* | | @ 0’-1-1/2’: Light brown, very dry, loose, SAND
P @ 1-1/2’: Reddish brown and blue-gray, mottled, very damp to moist, loose
. * to slightly dense, silty SAND
—] t/'/ ) .| -
/‘.‘t Bag-1
.. @351 i
- l
3 ‘/;—— ’ R-1 f| SM @ 5°: Reddish brown, very moist to wet, loose to slightly dense, clayey fine to| |
|~ ] medium SAND, weakly cemented
| A 1 i
S
— - R ‘./ - -
B _:_ B SM @ 9’: Grade to light reddish brown, very moist to wet, loose to slightly
co . dense, very fine to medium SAND, with SILT
10— ¢ o o -
e
LI M H
-, "‘ -:“I L ]
T L 1]
o
n /gf—a\-/— I | “sm | \@ 14-15": Contact at base of Baypoint Formation is extremely undulatory, ||
. \ o : !
X , _ _ black staining, scoured/ripupsof Tdin Qbp _ _ _ _ _ _ _ __ ___
5= 0 B DELMAR FORMATION (Td) B
T - @ 14°-28’: Yellow, moist to wet at base, stiff, grades to very dense, silty, very
1 -_:_; N fine SANDSTONE; grades to silty coarse SANDSTONE; seepage at [
e base
20— —.— . 2 1 @ 20°-22’: Light yellow, moist, slightly dense to dense, silty fine to medium
Bag-2
- — > SANDSTONE
477 @20°-22] | ||
. ._T .
.. ,|GB:NS5E, 10N R2 [l 8 @ 22°: Light yellow, wet, dense, silty fine to coarse SANDSTONE; massive
n ",__J ] @ 23’: General bedding attitude on 4" thick lense of dark brown SAND 1
4 — i i
.
25— ¢ '\/’ H H
=y 7B a
a7- ? GB:N10E, 9N @ 26’: Pebbly sand lense, 2" thick, heavy free-flowing seepage, general
_? R B bedding attitude on faint subhorizontal laminations |
.“ v
[ -
T ML/CL | @ 28’: Slightly undulatory, irregular erosional contact with iron-oxide along
| contact, material below is gray-brown, damp, stiff, silty CLAYSTONE,;
B iron-oxide, joints, moderately fractured u
-
30 —
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GEOTECHNICAL BORING LOG LB-2

Date 6-14-00 Sheet _ 2 of _3
Project HDR/Del Mar Project No. 040151-001
Drilling Co. San Diego Drilling Type of Rig  E-120 Bucket
Hole Diameter 24 in. Drive Weight 0'-30" 4,991, 30'-60" 38414 Drop _12 in.
Elevation Top of Hole 58 ft. Ref. or Datum See Map
0 : 2 K| e
N 9 2 Sle | O¥ 8 GEOTECHNICAL DESCRIPTION
Lot = ! w81l un|§ )
g LD 3 o 3p | | £+ -0
ol oo + 9 o] 00| Hhe! o
By | @ T o ot | 28 =2 o ’
Ol & x £ o > 2 c| =3 Logged By KTS/MRS
« a O | ®~ |Sampled By KTS
30 P ML @ 30’: Blue-gray, moist, stiff to very stiff, clayey SILTSTONE and siltstone;
I et | zones weak of cementation in SILTSTONE material B
1 : Bag3 | | @ 32’: Tron-oxide mottling (similar to staining above resistant beds seen in
N @32°-341 | neighboring boreholes) | |
— —; - —
35— - —! B @ 35’: Material becomes very hard and competent, cemented B
. ’“—: J:2N60W, 33N ] SM-ML | @ 39’: Material change to blue-gray, very damp, very stiff to hard, clayey
— SILTSTONE to siltstone; randomly, fractured with waxy polished
40— e ] surfaces, non planar, slightly random, weakly cemented ]
A : @ 40°: Generalized joint/fracture attitudes, decrease in fractures below,
- . M more competent M
— . [J:N10E, 208
| Nssw, 428 § i
4 > i n
45— . R-3 9 @ 45°: Blue-gray, damp, stiff to very stiff, SILTSTONE with clay; massive [
B | l
_/ -
— o — H L]
~
. -
- | |
so— T H Downbhole logged to 50’ =
—H._. o L]
- a ¥ " Co
J— = All tailings to T.D. are blue-gray clays and silts with iron-oxide bands, and
| ] extremely wet due to seepage above | ]
, =
55— = -
- L L]
e
a0
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GEOTECHNICAL BORING LOG LB-2

Date 6-14-00 Sheet _ 3 of _3
Project HDR/Del Mar Project No. 040151-001
Drilling Co. San Diego Drilling Type of Rig  E-120 Bucket
Hole Diameter 24 in. Drive Weight 0'-30" 499, 30'-60' 3,841 Drop _12 in.
Elevation Top of Hole 58 ft. Ref. or Datum See Map
n ; 2 N
~1 9 9 2 F N R L GEOTECHNICAL DESCRIPTION
o o w8 | unl§ b R
¥hi €O =] o 39| cw | 2+ =g
ol a0 + o o 30| he| oY
ad | o - o —¢ |0g| 20 @
ovl & E € |P9| 37| 9% | T |Logged By KTS/MRS
L 6| o2
@ =] O | % |Sampled By KTS
60
] L Total Depth = 60 Feet ]
Backfilled and tamped 6/14/00
5 feet slurry cap
. N Water at 27 feet; standing water at 53 feet at time of backfill I
65 — H -
70— H I
75 — = |
80 — H o
85 —] H L
90
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GEOTECHNICAL BORING LOG LB-3

Date 6-14-00 Sheet _ 1 of _3
Project HDR/Del Mar Project No. 040151-001
Drilling Co. San Diego Drilling Type of Rig  E-120 Bucket
Hole Diameter 24 in. Drive Weight 0'-30° 4991, 30'-60' 3841 Drop _12 in.
Elevation Top of Hole 59 ft. Ref. or Datum See Map
0 3 Z N

cn| O 8 g |55 185 8s GEOTECHNICAL DESCRIPTION

¥*Ul co 5 o 30| co| 2| =4

od| ao + e ] 00| Hhe| 0%

8| s b 2 |mg |98 28| Zo

| & = £ Kl > 2 c| 53 Logged By KTS/MRS
«® a O | ®Y |Sampled By KTS

0 SM BAYPOINT FORMATION (Qbp)

_ i @ 0°-10’: Reddish brown, damp to wet at base, slightly dense, clayey medium | |
SAND grades to silty medium to coarse sand at base; seepage at base,
boring is belling

> R-1 Push |103.0| 12.0 | SM-SC | @ 5': Reddish brown, very moist to wet, loose to slightly dense, clayey
RS SAND; lacks cementation
+ ‘ N
1S,
_,.;;_‘/ CS:N5SOE, 14N ] @ 9-10°: Zone of generally undulatory contact, rip-ups of Td within Qbp (8" ||
A diameter, dark brown, rip-up 1’ above contact), few cobbles, dark
10 ——.?_ —_ . Y brown staining K
'@ 10°; Clay seam attitude, paper thin, along contact. _ _ _ _ _ _ _ _ _ _ _
] L |1:N65W, 358 ] DELMAR FORMATION (Td) ]
@ 9.5°-10.5": Light yellow, very moist to wet, slightly stiff, SILTSTONE; ven

- J-E-W. vertical N weakly cemented, mottled iron-oxide B

et ’ @ 10.5’: Material change to green/blue-gray, very damp, soft to slightly stiff,

— T" H silty CLAYSTONE; randomly oriented fractures, polished, waxy M

— surfaces, iron-oxide on surfaces, seepage between fractures, material
i || spalling, joint attitudes -
L @ 13.5’: Gradual change to gray, damp, stiff, SILTSTONE
15— 2 M o

1 2T l1:Neow, 148 ] i

7] )\ |S:N70E-60W, i ML-CL | @ 18’: Zone of CLAYSTONE with shears (remolded clay surfaces along

25-35N similar orientation), iron-oxide on surfaces around portion of hole

_“’72" H only, moisture in fractures, purple-brown staining (mottled), shear ]

AL attitude, joint attitude

20— _k J.N34E, 38S B ML @ 20’: Blue-gray and yellowish gray, mottled SILTSTONE B
C:horizontal B @ 22’: Horizontal contact to reddish brown, silty SAND, lenses of light sand ]
B at 25’ and 27°, 2" and 6" thick, respectively i

25 R2 ] 8 117.4 | 11.5 |ML-SM | @ 25’ Blue-gray, damp, stiff to very stiff, SILTSTONE with very fine
i SAND; massive, weak to moderately cemented | |

@ 26’: Blue-green gray, damp, very stiff, silty CLAYSTONE; short, random
A non-planar; waxy fractures i
. ! . 1 @ 28’: General bedding attitude, biue-gray silty fine to medium N
. GB:N30E, 5N SM SANDSTONE; 8" thick with dark green laminations
] ML-CL | @ 29’: Blue/green-gray very fine sandy SILTSTONE, grades to silty
10 CLAYSTONE; randomly fractured with waxy, polished surfaces,
505A¢11/77) LEIGHTON & ASSOCIATES




GEOTECHNICAL BORING LOG LB-3

Date 6-14-00 Sheet _ 2 of _3
Project HDR/Del Mar Project No. 040151-001
Drilling Co. San Diego Drilling Type of Rig  E=120 Bucket
Hole Diameter 24 in. Drive Weight 0'-30" 4,991#, 30'-60° 3 841# Drop _12 in.
Elevation Top of Hole 59  ft. Ref. or Datum See Map
" : 2 [ oen
cnl © 8 S | JBl5 |2 B GEOTECHNICAL DESCRIPTION
*H| co 3 " 32| cw | P+ =g
ol ao + it 0 00| Lol oY
g | 5 : 2 |mg |08 28| Z¢
v & T E S| » | @F| =5 |Logged By KTS/MRS
<« [ [} o}
@ = O | » |Sampled By KTS
30 /71-— iron-oxide, reddish mottled staining to 32.5’
—\y = - -
ML-SM | @ 32.5": Light blue-gray, moist to wet, hard, SILTSTONE; moderately ||
] cemented, dark blue streaks and random, discontinuous polished
surfaces
— -
] ML @ 36’: Light blue-gray, moist, very stiff clayey SILTSTONE; iron oxide and | |
i waxy polished surfaces, short, randomly oriented fractures | |
Ol ML-CL | @ 38’-46’: Blue-gray, very damp (to wet in fractures), very stiff to hard,
SILTSTONE and silty CLAYSTONE, zones of random, waxy polished
u surfaces in clayier material, reddish brown mottled staining ]
M sc @ 44’: Lense of sandy CLAYSTONE B
R3 [l 12 12471 9.8 @ 45’: Blue-gray, damp, very stiff, fine SANDSTONE, minor iron-oxide
mottling, weakly cemented
1 SC-CL | @ 46’: Blue-gray, very damp, stiff, CLAYSTONE, fractures with waxy, B
polished surfaces, iron-oxide
ISM @ 47.5’: . Gray grades to blue/green-gray, moist to wet, dense to very dense,
] fine grades to coarse SANDSTONE; massive, weakly cemented
e
-1 ? ! B CL @ 52°: Dark gray silty CLAYSTONE, 7" thick, weakly cemented a
B eSS | ] ) -
w,—‘,/"- SM @ 53’: Brown, damp, slightly dense, fine to coarse SANDSTONE;
T non-planar, subhorizontal contacts
- 0 L o
= @ 54.5: Blue-gray, silty CLAYSTONE; waxy, polished fractures
== L ML-CL a
55 \=
I Py | | ML-SM | @ 56.5°-65’: Gray and brown, mottled, damp, very stiff, sandy SILTSTONE; | |
— weakly cemented
il ———
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GEOTECHNICAL BORING LOG LB-3

Date 6-14-00 Sheet _ 3 of _3
Project HDR/Del Mar Project No. 040151-001
Drilling Co. San Diego Drilling Type of Rig  E-120 Bucket
Hole Diameter 24 in. Drive Weight 0'-30" 4,991#, 30'-60 3,841 Drop _12 in.
Elevation Top of Hole 59 fi Ref. or Datum See Map
0 ; 2 K| en
cal o 8 S | Bl5 |2 Bs GEOTECHNICAL DESCRIPTION
+~— 0 [l =1 .
*hico 3 o 201 e+ | 2+ =0
Q9 Q.0 + — Q VO zC o=
ol ! o - o —¢ |08 20| "
Ovl & x s |“8| 27| QE| S5 |Lossed By KTS/MRS
o a o | ®~ |Sampled By KTS
60 .
65— .. R4 Ml 23 {12341 11.0 @ 65’: Dark gray, dry to damp, hard, very fine SANDSTONE, moderately
| | \ cemented
Total Depth = 65 Feet
_ i Backfilled and Tamped 6/15/00 ]
5 feet slurry cap
| | Ground water encountered at 10, 12, 20, and 52 feet at time of drilling 3
70— s H
75— - -
80 — H s
85— H o
90
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GEOTECHNICAL BORING LOG LB-4

Date 6-14-00 Sheet _ 1 of _ 3
Project HDR/Del Mar Project No. 040151-001
Drilling Co. San Diego Drilling Type of Rig  E-120 Bucket
Hole Diameter 24 in. Drive Weight 0'-30° 499, 30'-60' 3,841#, 60'-90° 2446# Drop _12 in.
Elevation Top of Hole _ 64  ft. Ref. or Datum See Map
n : 2 Nl
cn| @ 8 S |85 |8 8s GEOTECHNICAL DESCRIPTION
¥5l o 3 o 30| co | 2= =0
o a0 = e ] go|Hhe| oY
d+ | 2~ - o | pe |28 =2 _o
“| & &*: E |Tg 27| 2| T |Logeed By KTS/MRS
@ a O | © |Sampled By KTS
0 - SM-SC | BAYPOINT FORMATION (Qbp)
a e L] @ 0’-14’: Reddish brown, moist to wet at base, loose to slightly dense, SAND | |
. with CLAY; seepage at base
— '/ - +—4
— ' , . — b
’ 1
e o -
T
5 — o B B
et
1+ . L -
4 —
AILEINN
- . L] L]
t. '
= P 1] L]
I '..s | |l
;/4 4
10—« =- ) u SM u
, L
R o L]
.
AP B @ 12’-14’: Moderate to active seepage and minor belling ]
I | i
1 .:3:‘ i 'Sc'sM | DELMAR FORMATION (tdy ~ ~~~~~ =777 i
N @ 14’-64’: Light yellowish gray, wet at top to moist with depth, soft at top
15 L ] grades to stiff, very fine sandy CLAY, grades to clayey, very fine
A= SANDSTONE
7 ] CL @ 16’: Light greenish gray; moist to wet (from fractures), slightly stiff, silty
] CLAYSTONE; randomly fractured, iron-oxide
~— . .| -4
_~
] __ﬁ -l . -
 —_ ML @ 18’: Material becomes cemented, yellowish gray, damp, hard
_'_';.’ SILTSTONE, mottled iron-oxide, lacks fractures
1= B @ 19°-20°: Yellow-gray, wet, very dense, silty fine to medium SILTSTONE
20—/ = R1 Ml s @ 20’: Blue-gray, damp, hard, clayey SILTSTONE; massive, moderately
cemented, minor iron-oxide
1= b @ 20°-22°: Mottled blue-gray CLAYSTONE and yellow-gray SANDSTONE; [7]
—— sheared zone (non-continuous), non-planar features, iron-oxide on
. . . B surfaces, seepage from fractures u
e @ 22°-25’: Yellow-gray, moist to wet at base, dense, silty fine to medium
1. H SANDSTONE; weakly cemented, lense of dark gray clay, 2" thick, H
[V SM-ML iron-oxide banding
] »
25 /’; 1/S:N27W-40W, B CL @ 25°-26.5": Greenish gray, very damp to moist, slightly stiff, CLAYSTONE;] |
éﬁ’ 32-40S waxy, polished fractures with iron-oxide joint/shear attitudes on
T == {isiNasw, 42N M non-continuous features ]
i _j @ 26.5’: Light gray, grades to blue-gray, moist to wet, very dense, very fine | |
~—— - IGB:N55W, 238 SM sandy SILTSTONE, cemented, general bedding attitude on yellow silt
R bed, lacks cementation, planar feature
. :—__// .. — bt
3Q ——
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GEOTECHNICAL BORING LOG LB-4

Date 6-14-00 Sheet 2 of 3
Project HDR/Del Mar Project No. 040151-001
Drilling Co. San Diego Drilling - Type of Rig  E-120 Bucket
Hole Diameter 24 in. Drive Weight 0-30° 4991, 30-60' 3841, 60'-90'2446# ~  pDrop 12 in.
Elevation Top of Hole 64  ft. Ref. or Datum See Map
0 : 2 NS
cn| © H S |55 | ¢ 8s GEOTECHNICAL DESCRIPTION
| 2 o ol 3 °l
*ol co 3 " 3% col 2| =4
Q. I 0.0 + - o (T8 ] 0 c o=,
B« | 84 - o ne |28 =2 _»
>l o = £ o > e c| 53 Logged By KTS/MRS
@ a O | o~ |Sampled By KTS
30 .¢ > CL-ML { @ 30’: Clay lense in above unit, then coarse SAND at base of unit
— // — —
- J:N45E, 35N @ 31°’: Blue-gray CLAYSTONE with polished waxy surfaces, some
B | iron-oxide, joint attitude, lacks visible voids | |
___’%\ — T
E:’_ @ 34’: Mottled zones of increased SILT content and partial cementation
35— = - H
e
I % S:N62E, 31S I @ 36°’: Shear attitude on non-continuous, polished surface a
1= ] ML @ 37°-40’: Blue-gray, wet, very dense, SILTSTONE; weakly cemented u
40— N sanl rR2 [l 8 110.5 | 18.0 @ 40’: Dark blue-gray and mottled reddish staining, damp, hard, i
. CLAYSTONE and silty claystone; random waxy fracture, moderately
1IN L 1 cemented o
N i @ 42": Cemented SILTSTONE bed with reddish staining i
= | ML-CL | @ 44’: Slightly fractured CLAYSTONE with polished non-planar surfaces, n
45 __% | very weakly cemented |
——
B T |J:N20W, 65N ] @ 46’: Gray, moist to wet, very stiff to hard SILTSTONE; few joints with ]
N | faint, non-continuous, polished surfaces, attitudes ]
e |J:N20W, 77N
e— | a
so— =2 - g
| ] @ 51’: Color changes to light blue-gray B
N "f_::‘_ S:N70W, 5-358 ] CL @ 52’ Shear attitude, continuous around hole but 1/2 steepens, irregular B
= || paper-thin CLAY, fainty polished ||
-1 . I L |
55— T = N
i
N ,_: B ML-SM | @ 57': Blue-gray, moist, dense/hard, very fine sandy SILTSTONE; weakly to | |
T A moderately cemented 1
) I (Downhole logged to 59 feet) U]
[
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GEOTECHNICAL BORING LOG LB-4

Date 6-14-00 Sheet _ 3 of _3
Project HDR/Del Mar Project No. 040151-001
Drilling Co. San Diego Drilling Type of Ri E-120 Bucket
g yp g
Hole Diameter 24 in. Drive Weight 0'-30° 499#, 30'-60° 3841, 60-90' 2446# Drop 12 in.
Elevation Top of Hole 64  ft. Ref. or Datum See Map
n : 2 S| oen
cal o H S | Bl |22 8 GEOTECHNICAL DESCRIPTION
+— 0 o 3 .
x £ 3 3 Co | Pa=| =
ad| 6o + ° ol @o| Hc| 0@ i
as| ¢~ pu e ng| 28| c2| —o
vl o x £ o > K- £ 53 Logged By KTS/MRS
@ o G| ©Y |Sampled By KTS
60 R-3 1 20 112.7 | 16.4 @ 60’: Blue-gray, damp, very stiff, silty CLAYSTONE

T iy

| Total Depth = 64 Feet

65 1 Backfilled and tamped 6/15/00
5 feet slurry cap

1 = Ground water encountered at 12 and 20 feet at time of drilling B

20
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GEOTECHNICAL BORING LOG LB-5

Date 6-16-00 Sheet _ 1 of _3
Project HDR/Del Mar Project No. 040151-001
Drilling Co. San Diego Drilling Type of Rig  E-120 Bucket
Hole Diameter 24 in. Drive Weight 0-30° 4,991, 30'-60' 3,841 Drop _12 in.
Elevation Top of Hole 55 ft. Ref. or Datum See Map
m > 2 NS
~| L 9 2 Bl | e¥] 9a GEOTECHNICAL DESCRIPTION
Lo | = o we | vl 5 al
*o| €o 3 o 20| cu-| 2+ =4
ong| oo + et 0 go| he| o
ar| 2~ n e oy |28 2 -0
Y1 6 - £ 8| »7 | 2c| =5 |Logged By KTS/MRS
<< (& [} 0] )
o a O | o [Sampled By KTS
0 v, SM BAYPOINT FORMATION (Qbp)
I B @ 0’-3.5’: Reddish brown, moist (at base), loose to slightly dense, fine to
AN medium SANDSTONE
e
P o 2 |C:N4OW, 4N’ ] ]
_qc\/?" || ML-SM [' @ 3.5’: Contact attitude, generalized non-planar, undulatory, rip-ups of clay |7
v | _ _ insandstone, lightseepage _ ___ ___ _ ____ _____ i
s— — | DELMAR FORMATION (Td) _
. ~@ 3.5’: Yellow-orange, very damp to slightly moist, stiff, silty very fine
L~ SANDSTONE (grades to silty medium to coarse sandy SILTSTONE),
1 C:N7W. 6S B iron-oxide bands
/;< ’ @ 6’: Blue gray, damp, stiff to very stiff with depth, very fine sandy
i u CLAYSTONE/SILTSTONE (zones); cementation increases with M
/}, . depth, very short, non-planar fractures, decrease at 10°, iron-oxide in
= [ H upper portions H
10— — - |
T - :: ] @ 14’: Light brown, moist to wet, dense, very fine to medium SANDSTONE |
15— v e ] lense, subhorizontal, grades to material above |
] _— i @ 16°: Dark blue-gray, very damp, stiff to very stiff, silty CLAYSTONE, few] |
== | | polished fracture surfaces, randomly oriented | |
= . .
_ A& {CS:N4SE, IN L ML-CL | @ 17.5’: Clay seam attitude, paper thin clay seam, gently undulatory, ]
e material below is mottled (rip-ups?), dark gray CLAYSTONE and
e light gray, fine to medium SILTSTONE; very stiff
= B @ 19.5’: Interbedded blue-gray, fine to coarse SILTSTONE; wet (light
20— " ] seepage), dense to very dense (slightly cemented at base) | |
| ___%:':_ a CL-ML | @ 20.5": Blue-gray, damp, very stiff to hard, silty CLAYSTONE and
pa— claystone; moderately fractured with polished, popouts (non-planar,
short), zones of weak cementation
— oull H
25 — ‘E:); = n
=
L
- J/S:N10W, 37S ] @ 28’: Joint or shear attitude on non-continuous planar, polished surface
J\, : within CLAYSTONE, black rootlet staining
— = L L]
=
30 =
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GEOTECHNICAL BORING LOG LB-5

Date 6-16-00 Sheet _2 of _3
Project HDR/Del Mar Project No. 040151-001
Drilling Co. San Diego Drilling Type of Rig  E-120 Bucket
Hole Diameter 24 in. Drive Weight 0'-30" 499, 30'-60" 3.841# Drop _12 in.
Elevation Top of Hole 55  fi. Ref. or Datum See Map
0 ; 2 N
| o 3 2 | 5L | ¢%| s GEOTECHNICAL DESCRIPTION
+ | F o| 23| 3 L
| €0 3 o 3P| €| 2+ | =
ol ao + et o 80| Hhe| ol
ax| g~ p 2 |ps|°8 -2 _o
Y| o = £ K 2 ) c| =5 Logged By KTS/MRS
@ = O | ©®~ |Sampled By KTS
] @ 34’:- Moist zone, lacks continuation below, light seepage B
i ML @ 35’: Paleo-root, black charcoal branch, material below is blue-gray, very
| damp, slightly stiff, sandy SILTSTONE; massive ||
a @ 39’: Dark gray lense of SILTSTONE with charcoal pieces B
B @ 40’: 4" sand lense then organic banded interbedded very fine SAND and
| CLAY, some charcoal pods, subhorizontal, minor seepage |
@ 41.5°-44.5’: Blue-gray, moist to wet at base, stiff, SILTSTONE, grades to | |
] ML-SM very fine sandy SILTSTONE; zones of cementation, seepage

| ] SM @ 44.5°-45.5’: Zone similar to 40’; organized banded lenses of
SANDSTONE; slightly moist

ML-SM | @ 45.5’: Blue/green, slightly damp, stiff, sandy SILTSTONE

@ 48.5’: Blue-gray, damp, slightly stiff CLAYSTONE; iron-oxide fractures,
waxy, polished surface, randomly oriented
@ 49’: Blue/green, slightly damp, stiff, SILTSTONE

@ 51.5’:Blue-green gray, damp, stiff to hard, silty CLAYSTONE; few waxy | |
fractures with iron-oxide, cemented

60

S05AC11/77) LEIGHTON & ASSOCIATES




GEOTECHNICAL BORING LOG LB-5

Date 6-16-00 Sheet _ 3 of _3
Project HDR/Del Mar Project No. 040151-001
Drilling Co. San Diego Drilling Type of Rig  E-120 Bucket
Hole Diameter 24 in, Drive Weight 0'-30' 499, 3060 3841 Drop _12 in.
Elevation Top of Hole 85 ft. Ref. or Datum See Map
0 3 2 S| oen
cal o 8 S | .8l5 128 8a GEOTECHNICAL DESCRIPTION
+ (o] >3 .
¥hl co 3 " 32| cw | P+ | =4
oad| oo + i 0 au i He| o¥
0P| wd - o Sc |28 20 g
v & g E |P9 > | 2 | =5 |Logged By KTS/MRS
e a O | ®“ |Sampled By KTS
60
| L Total Depth == 60 Feet L]
Backfilled and tamped 6/16/00
5 feet slurry cap
1 ] Ground water encountered at 20, 34, 44 feet at time of drilling B
65— H |
70 — s -
75— H H
80 — H o
85— H o
90
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GEOTECHNICAL BORING LOG LB-6

Date 6-19-00 Sheet _1 of _3
Project HDR/Del Mar Project No. 040151-001
Drilling Co. San Diego Drilling Type of Rig _E-120 Bucket
Hole Diameter 24 in. Drive Weight 0'-30° 4991, 30'-60° 3,84, Drop _12 in.
Elevation Top of Hole 51 ft. Ref. or Datum See Map
m ; 2 N
cal 8 S |55, ¢%| Ba GEOTECHNICAL DESCRIPTION
| = 0 o 3 L
*Hl €co 3 o 32| cw | 2+ | =3
ad| 6o + g o 00| Hel oY
as| &~ = 2 |(pg|P8|-2 Lo
~ | & = £ 9 > 2 el =3 Logged By KTS/MRS
« g o | ®Y |Sampled By KTS
0 . SM-SC | BAYPOINT FORMATION (Qbp)
i ’ ] @ 0’-2’: Reddish brown, damp, slightly dense, clayey fine to medium
P SANDSTONE; weakly cemented, non-planar, gradual contact with Td,
P rip-ups of SILTSTONE, iron-oxide pods, pods of CLAY
"" p— ] | "ML | DELMAR FORMATION (Td) ~ T T T T
- ] @ 2’: Mottled gray and light brown in blocky pattern, very damp, slightly
— stiff, very fine sandy SILTSTONE; increase in cementation with depth
A [ i M i
1.t B @ 6’: Mottled blue gray and light brown in blocky pattern, wet, dense, fine to | |
DR medium SANDSTONE; iron-oxide staining in light brown portions,
1w B very minor seepage
N ~—-¥— J:N10-50W, 36-43S i ML-CL | @ 8’: Green/blue-gray, very damp to wet in fractures, slightly stiff |
% CLAYSTONE with SILT; polished waxy fracture surfaces, non-planar,
== B Jjoint attitudes are range of typical fracture planes
10 —| N\ L L SM @ 9.5’: Non-horizontal, non-planar contact with light gray and blue-gray, ]
. ( . silty fine to medium SANDSTONE; weakly cemented
. -
7] i S:N73W, 47N 2 ML-CL | @ 12’: Shear contact attitude at base of 55°, below is blue-green ]
— CLAYSTONE that immediately grades to gray, very damp, soft to
-1 — B slightly stiff SILT/SILTSTONE; grades to incresed cementation of ]
— stiffness below
N i @ 15”: Reddish mottled staining B
BRE i @ 16’: Blue-gray, very damp, slightly hard/dense, silty very fine ]
b SANDSTONE/very fine SILTSTONE; moderately cemented
o - o ) L]
i ’;T " | L]
e - =
20 ___ﬁx | @ 19.5°-20’: Concretion, continuous | |
L R-1 9 12031 7.1 @ 20’: Yellowish gray, very damp, dense, silty fine to coarse SANDSTONE;
1. | massive, cemented
‘ @ 21’: Undulatory contact between blue-gray material and yellowish gray
: material, weaker cementation at contact, slightly dense to dense, silty
] X " N fine SANDSTONE, grades to fine to coarse SANDSTONE
L, L L
AT
25— «. 7, = L]
- " Fa ,
7] °, ,; ...  |GB:N30E, 16S ] @ 26’: General bedding attitude on pebble lense, mostly continuous, ]
] ? - . | possibly offset in portion? minor seepage in lense | |
] __’:,.— S:N55E, 408 M @ 28’: Shear attitude, material is blue-green CLAYSTONE with waxy B
| % B polished fractures, partially discontinuous, random | |
3Q =
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GEOTECHNICAL BORING LOG LB-6

Date 6-19-00 Sheet _ 2 of _3
Project HDR/Del Mar Project No. 040151-001
Drilling Co. San Diego Drilling Type of Rig  E-120 Bucket
Hole Diameter 24 in. Drive Weight 0'-30" 4991#, 30'-60" 3841, Drop 12 in.
Elevation Top of Hole 51 ft. Ref. or Datum See Map
0 ; 2 NN
| © g S | ,BlT | & 8a GEOTECHNICAL DESCRIPTION
+ o] o | .
ol co 3 " 32| €% | 2+ =
ol | oo + e [+ go|Hc| 0
8¢ s ; 2 |@s |08 28| Zo
~ | & = E K > 2 £l 53 Logged By KTS/MRS
» a ©| ®Y |Sampled By KTS
30 — ML-CL | @ 30’: Blue and gray mottled, silty CLAYSTONE/SILTSTONE, very moist

to wet, mottled, stiff and very stiff, iron-oxide, gradual increase in
cementation to 35°; some red staining, moderately fractured with few
randomly oriented polished surfaces

35— o ] @ 35’: Dark blue/green-gray, SILTSTONE; wet, very stiff, reddish staining
T i SM-ML | @ 36’: Reddish brown, fine SANDSTONE ]
B \- | | @ 36.5’: Same as at 35’ ||
B i N

.t SM @ 39’: Irregular contact to gray damp, very dense, silty fine to medium

20— e | SANDSTONE |

N X R-2 15 119.7 | 13.7 @ 40’: Blue-gray, very damp, hard/dense, very fine SANDSTONE; massive,

- N weakly to moderately cemented
@ 41’: CLAYSTONE; few random polished surfaces

—/. CL

-
] / E i CL @ 44’: Mottled red and blue-gray, very hard CLAYSTONE with few random | |
T polished surfaces

sC @ 49:. Very hard in areas; with-sand, very few fractures

SC-SM @ 51’: Increase in sand, very dense, no fractures

I PR o L
P R - -
=
55 P M | ]
———
1 ’f N 1 —14
pa— "4.' - —
i -
- L
e P — 1
P
(= v’
L -
. Y
[a—
el
60
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GEOTECHNICAL BORING LOG LB-6

Date 6-19-00 Sheet _ 3 of 3
Project HDR/Del Mar Project No. 040151-001
Drilling Co. San Diego Drilling Type of Rig  E-120 Bucket
Hole Diameter 24 in. Drive Weight 0'-30° 4991#, 30-60 3,841 Drop _12 in.
Elevation Top of Hole 51 ft. Ref. or Datum See Map
] 3 3 S 0
| o 3 S | Bl 8 GEOTECHNICAL DESCRIPTION
+~ 0 3 .
ol co 3 o 39 co| 2= =g
ol ao + 9 o] 30| He! 09
g&| 5 T 2 |zg|o8|28)| Z¢
1o = £ K > 2 £l =3 Logged By KTS/MRS
@ = O | ®Y |Sampled By KTS
60 R-3 7/6" | 1244 10.1 \@ 60’: Blue-gray, damp, hard, fine SANDSTONE /
—_ [ 27/12" Total Depth = 60 Feet -
Backfilled and Tamped 6/19/00
] i 5 feet slurry cap o
Ground water encountered at 6, 8, 27 feet at time of drilling
65— 8 H
70 — H ]
75 — H L]
80 — H u
85 — H | ]
90
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PREVIOUS BORING LOGS BY
LEIGHTON AND ASSOCIATES




Date 1/20/78

GEOTECHNICAL BORING LOG )

Drill Hole No. El Sheet]l of2
Project___Santa Fe Railroad

Job No. 478008-1

Drilling Co.

Pioneer

Type of Rig B-53 Flite

Hole Diameter
Elevation Top of Hole 63.0

Drive Weight 140 1b,

Drop 30 in.

Ref. or Datum

> .
(5} 0 . L o® | U~
= = 2 - A A GEOTECHNICAL DESCRIPTION
ao | &3 3 20|32(8§0|3E|Cu
22l E g gags i&.gE:UiLoggedby WH - DLH
I < 55 a | & R 3|8 2 (sampled by WH
& “ Ao/ .
%{;23 SM- ! Fill-cinders, silty-clayey sand.
LA A ] SC
q€1f§fj SM | Dark orange, moist, medium dense, silty
0N 1 @17/6 medium grained sand.
11 29/6' 115.411.3
:i.} i Moist-wet.
o i Fill?
<410} ?
-{%: , 2 Q9/19111.4 14.1 Loose, medium, dense, natural ground, wet,
. dark orange mottled with gray 200=15-20%.
4 Fab
10 1" RE 3 §20/3408.2 14.1 SM | Dark orange, brown, wet-saturated, medium.
"Q :.:.
b Terrace Deposit (Qt)
4 @55/6M02.2 12.7SC | Pale yellow, moist, wet, dense, clayey coarse
to medium sand - (Ted) Del Mar Formation
- bedrock.
- S @41/6% ML | Light gray ground, clayey silt, moist, dense.
60/4106.021.3 ;
- . @ 17.5': Increased density, very dense now
’ light green color.
20 — 1 @ 17 - 22': Less dense, moist.
i 6 l61/6110.4 13.§
- -
25 — -
- = @ 26': Less density, increased moisture.
T 7H60/ST96.3 20. 5 @ 27.5': Clean fine sand in sample.
= -
SO0A (2 hton A i
~O0A (2/77) | eioghton & Acanciateca




GEOTECHNICAL BORING LOG i

pate 1/20/78 Drill Hole No., Pl Sheet 2 of 2-
Project_ Santa Fe Railroad Job No, 478008-1
Drilling Co, Pioneer Type of Rig B-53 Flite
Hole Diameter Drive Weight 140 1b. Drop 30 in,
Elevation Top of Hole 3.0 Ref, or Datum
Q 0 . b o U;r-\
o = 2 2.8l e ey GEOTECHNICAL DESCRIPTION
g el dq 3 o 2O | BW| 3|t s :
RE(E7 | 5 | 538% (225555 ogged b
Awm !l o = R 1 |~ 0y |HOBEED DY WH
< 3 «|& |28|3:3]s d
I v a 813 2 (Sampled by WH
30
2 n ML | As above.
N 8. 60/5" Coarse grained sand in sample tube.
100.814.0
- -
35 @ 36': Very dense.
- @ 36.5': Less dense but still very hard.
A O2/6'105.818.8
0/4 .5"
40— =
q —
N 10!%3/6”102.213.9 @ 43': Drilling becoming difficult moist
material sticks to auger hard to clear
7 u cuttings from hole.
45— @
i 11fb1/6'199.3 [18.2
- =
| ] @ 53': Slight decrease in density.
55— n T.D. 54!
No water - No Caving
- -
~ —
LSO~ .
A-11

S00A (2/77) | ainhtAn 8 AccAnrintac




Date 1/20/78

Project Santa Fe Railroad

GEOTECHNICAL BORING LOG -
Drill Hole No. P2

Sheet ] of 1~
Job No. 478008-1

Drilling Co. Pioneer Type of Rig B-53 Flite
Hole Diameter Drive Weight 140 1b, Drop 30 in,
Elevation Top of Hole ¢3.0 Ref., or Datum
(5} Us) . 5‘ of V;F\
= |2l 3 2lagl? 2.2y GEOTECHNICAL DESCRIPTION
gl daq 3 oz o|lgw| 3w~ ‘
9| @ 2 208 |8QIDEIOY
2|85 5 ‘23‘8‘6 >\°‘-2§:d"°gg°dby WH
I = 3| =|& |28|3|sampied by _wH
0 - :
. }' SW | Track Bed - Sandy gravel, medium brown, moisi
FREER SM | Fill - Dark orange, silty sand, fine to coar:
R grained, pebbly, moist, dense.
NN 12jn8/6'117.4 6.7
AR 7/6' @ 3': Less pebble, very moist, orange brown,
KR to brown sand, somewhat silty.
5 ¥l 13M6/6'122.6 7.8
ll Bl 7/5!
14 v SM | @ 5.5': Orange brown, sand, fine-coarse
IR YR 14820/6'"112.814.9 grained (natural) very moist to wet, dense.
e Terrace Deposit (Qt)
-}{ : 1 i;g: 87.214.1 @ 8': Somewhat denser.
10 —. |1 u
171 #)/5'103.4 13.3
'P‘ : ﬁ SM | @ 12,7': Tan, sand, fine-medium grained,
10101 a moist, dense, Del Mar Formation (Ted)
15 1AM bedrock.
IO
' 17830/6'05.922.4| ML | @ 16': Light gray grained, clayey silt,
60/67 \\moist, dense (bedrock).
- | T.D. 17"
No Water - No Caving
20 — -
-1 -
. =
25 — "
. -
] i

S00A (2/77)

. WHA“
Leiaghton

-111 .
& Associates




GEOTECHNICAL BORING LOG -

Date___1/20/78 Drill Hole No. P3 Sheet 1 of 1-
Project Santa Fe Railroad Job No, 478008-1
Drilling Co. Pioneer Type of Rig_ B-53 Flite
Hole Diameter Drive Weight 140 1b. Drop 30 in.
Elevation Top of Hole 63.0 Ref. or Datum
.3 7] . 5‘ QP U;H
- =" 2 2la8 A AN GEOTECHNICAL DESCRIPTION
$ o ag 3 o |z o jaw]| IR~ " :
2B E3| 5 | 53[2% (2.5 5| |Logged by__
Aw| O ey = ola A 8~ o |hoBgEC DY
< g1 2% |2 8|3 3|sampled by WH
I v a S|} 2 joampied by
0 N ../
R &A%Y, sM/ | Fill-Grayish brown to orange brown, sand, j
é}//// sc | fine-coarse grained, moist, pebbles in
-?.)/}/. 1680/6" 1107 .414.0 upper foot, with gravel. .
- N 1 -
T - 26/6 sM | @ 2.8': Brown to orange brown sand, fine-
< ~‘"'_°,: coarse grained, moist, dense, terrace deposit |
s— e 19h18/6' Qv H
..::.' 32/6'109'515'6
IERNE 20023/ 6" i
-l .- .o ...a.. 31/6' p
10_::-"-"--' 21 J24/6'109.116.4 .
NS 42/ 6!
4 1} | §
o] e | A
- sC | Tan, sand, fine-medium grained, moist, dense. |-
- Note: Upper contact approximate Del Mar —
Formation (Ted) bedrock. i
25/46!
. 22 B60/5'h02.921.5| ML | Light gray grained, clayey silt, moist, densel-
] i T.D. 17.5" i
- ~ No Water - No Caving -
20 — = =
25 _| | |
30 —d { i ; i L [ S
A Ty

! mlmbabam O AcamnintAe




GEOTECHNICAL BORING LOG )

Date _ 1/20/78 Drill Hole No. P4 Sheet 1 of 1-
Project Santa Fe Railroad Job No. 478008-1
Drilling Co. Pioneer Type of Rig B-53 Flite
Hole Diameter Drive Weight 140 1b. Drop 30 in.
Elevation Top of Hole  63.5 Ref. or Datum
> .
= 3 sl wla |87 GEOTECHNICAL DESCRIPTION
= = 00 g Zlno|w H oo B w
gwolda 3 QT O g W] S| e :
e8| 8 n | 53[=2% (884 5|° Y ogged by  WH
Qu | O 8 Y N 1 ieks ogged Dby
I < 3| «|& | 28|35 sanpred by
0 Y
_(‘;;3; | SM/| Fill-Brown, silty sand, fine-medium grain,
§/// SC | very moist, medium dense.
L A
./%-'.)/'( ~-BB/6" [112.313.6 @ 2-3': 01d road bed.
Jdebee 8/6' SM | @ 3': Orange brown, sand, fine-coarse graine
'EENE - (natural) very moist, dense. Terrace Deposit
RS (Qt)

t
l

PR 24fh7/6'
Reds @4/6,111.113.2

of* :o.‘. '
To—d P10 2 (]352,109.614.4
JHREY 2662/6'(104.413. 6
: SC| @1Z2.77: Tan, sand, finé-coarse, Moist, dens
_ Del Mar Formation (Ted) bedrock.
) 261103.711,2
- == -
51/6' ML | @ 16.7': Light gray grained, clayey silt,
moist, dense, (bedrock).
N\
i i T.D. 18!
20 B No Water - No Caving
25T -
U N SRS S 1 S P SR S A .
T —

S00A (2/77) Leighton & Associates




PREVIOUS BORING LOGS BY
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NCTD Geotechnical Investigation, Volume I

APPENDIX A

Field Mapping and Subsurface Exploration Logs
Geologic Units and Feature Identification

The Site Plan and Geologic Map (in pocket) was prepared based upon
information supplied by the client, or others, along with MAHG's field
measurements and observations. Site geology including surficial units,
bedrock units, measurement of bedrock structure, contacts, areas of notable
seepage and springs as well as the approximate locations of exploratory
borings and trenches associated with this field investigation are presented on
the Geotechnical Map. In addition, ten geologic cross sections were prepared
to enable the evaluation of slope stability at selected locations and these
sections are presented in Appendix D.

General Field Procedures

The Boring and Trench Logs on the following pages depict or describe the
subsurface (soil and water) conditions encountered at the specific exploration
locations on the date that the exploration was performed. Subsurface
conditions may differ between exploration locations and within areas of the
site that were not explored. The subsurface conditions may also change at
the exploration locations over the passage of time.

Boring and Test Trench Elevations

The ground surface elevations reported on the field logs were established
from interpolation of elevations and contours illustrated on the Site Plan and
Geologic Map.

Boring and Test Trench Locations

All subsurface exploration locations were located on-site based on visual
observation and measurement from existing improvements. The locations are
shown on the Geotechnical Map. Subsurface exploration locations reported
for this study should be considered accurate only to the degree implied by the
method used in determining them.

Water Level Measurement

The water levels reported on the Boring Logs represent the depth to the
piezometric water surface measured at the conclusion of the drilling
operation after a short wait, or in monitoring wells that were constructed
within selected boreholes. Water levels are expected to show seasonal and
long-term fluctuations consistent with historical trends in the area.

X:1078151066|Appendicies / MAHG I'DR
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DRAFT Del Mar Bluffs
CTD Geotechnical Investigation, Volume I

Field Sampling and Testing Procedures

Drilling was performed between April 27 and April 30, 1998, utilizing
Mobile B-53 and B-61 truck-mounted rigs equipped with 8-inch-diameter,
continuous-flight, hollow-stem augers. Trenches were excavated with a
rubber tire mounted backhoe provided by the client.

The field operations were conducted in general accordance with the
procedures recommended by the American Society for Testing and Materials
(ASTM) designation D 420 entitled "Standard Guide for Sampling Soil and
Rock" and/or other relevant specifications. Soil samples were preserved and
transported to our laboratory in general accordance with the procedures
recommended by ASTM designation D 4220 entitled "Standard Practice for
Preserving and Transporting Soil Samples". Brief descriptions of the
sampling and testing procedures are presented below:

Ring-Lined Barrel Sampling - (ASTM D 3550)

In this procedure, a barrel sampler constructed to receive a stack of 1-inch-
high brass rings is used to collect soil samples for classification and
laboratory testing. Ring samples were collected from closely spaced intervals
in all of the hollow-stem auger borings. Each hollow-stem rig was equipped
with a 140-pound wireline downhole hammer, manually operated to fall an
approximate distance of 30 inches. An 18-inch or 24-inch-long barrel fitted
with 2.5-inch-diameter rings was subsequently driven a distance of 18 inches
or to practical refusal (considered to be 50 blows for 6 inches).The method
provides relatively undisturbed samples that fit directly into laboratory test
instruments without additional handling and disturbance.

Raw blow count data were recorded for each 6-inch increment of the 18-inch
drive. The sum of blows required to drive the sampler the final 12 inches, or
fraction thereof, is noted on the Field Logs, presented in this Appendix, as an
uncorrected N-value. Penetration resistance of the initial 6-inch seating
interval is not shown, except in the instance of total penetration of 6 inches or
less. The raw blow count values, presented as N=XX, do not have exact
equivalency with Standard Penetration Test “N-values” as determined by
ASTM D 1586. However, it is commonly accepted that general correlations
can be applied to obtain approximately equivalent (uncorrected) Standard
Penetration Test N-values and their respective consistency and relative
density classifications according to the following tables.

X:107815|066|Appendicies ii MAHG IDR
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Table A-1
Blow Count/Density Relationships for Granular Soils
Ring Sample Blow Count SPT Blow Count Description
0-5 0-4 Very loose
5-13 4-10 Loose
13-38 10-30 Medium dense
38-63 30-50 Dense
>63 | >50 Very dense
Table A-2
Blow Count/Consistency Relationships for Fine-Grained Soils
Ring Sample Blow Count SPT Blow Count Description
0-3 0-2 Very soft
3-5 2-4 Soft
5-10 4-8 Firm/Medium stiff
10-19 8-15 Stiff
19 -38 15-30 Very stiff
>38 >30 Hard
Bulk Sample

A relatively large volume of soil is collected with a shovel or trowel. The
sample is transported to the materials laboratory in a sealed plastic bag or
bucket.

Classification of Samples

Excavated soils and discrete soil samples were visually-manually classified,
based on texture and plasticity, in general accordance with the Unified Soil
Classification System (ASTM D 2488-75). The classifications are reported
on the field logs. Plasticity noted on the field logs reflects soil conditions at
field moisture contents, and may not correlate with achievable plasticity at
differing moisture contents.

X:|07815|066|Appendicles 1 MAHG H)R
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faqon. N; FIELD LOG OF BORING B - 1P
edal’A n’ ngley Sheet 1 of 3

\\ N\l 7]

Project: NORTH COUNTY TRANSIT DISTRICT

N\ ANV I
°°technical, mG» Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
Dates(s) Drilled:  4/27/98 Logged By: M. Doerschlag
Drilled By: California-Pacific Total Depth: 51.0 Ft.
Rig Make/Model: Mobile B-61 Hammer Type: Wireline downhole
Drilling Method: Hollow-stem Auger Hammer Weight/Drop: 140 Lb./+30 In.
Hole Diameter: 8in. Surface Elevation: 50.4 Ft.

Comments: Located at south end of project alignment.

SAMPLE 0
INTERVALS S e Z =
~| =z =1 T lws| 2 @
c|5 J 218 | > |g5 ) G E
Ti<a 33 50 & GEOTECHNICAL DESCRIPTION ElgE| 7 x
Elos RE e8] ¢ 3 >2 | 2% |33 T
wrﬁvmotv T g rw | Q0 |YO =
Q| z| 3 3 6o S0 |20 ()
T -
50 ! Clayey Sand: Dense; yellowish brown:
moist; fine to coarse grained. [Fill]
__ Silty Sandstone: Very dense; pale yellow
(5Y 8/3); moist; fine to medium grained;
. about 40% fines. [Delmar Fm.]
ﬁ_ Sandstone: Very dense:; gray (N6); moist;
fine to medium grained; slightly silty; very
5 — RING weakly cemented.
— 45 67/6" 1016 (106 | | |']SHEAR

Sandy Siltstone and Siity Claystone: Hard:
dark gray (N4) with common dusky red
(2.5YR 3/2) mottles; moist; trace to some
fine to medium-grained sand: crumbly, 102.4 16.7
friabie, and non-plastic. ’ )

RING
80/11"

-
o
1 l
f
IS
[w]
I

i/ SHEAR

15 i

Continued on next sheet.

' FIG. A-1 l




ol Aragon, i | FIELD LOG OF BORING B - 1P
I Jy Sheet 2 of 3
4 .’,. Y
R e B ;
Ge O ( Project: NORTH COUNTY TRANSIT DISTRICT
. ]
Otechmcal, n Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
INTERVALS s = % &
i - > a = Q n
£|3 o €10 slgs| B| w
T EFIxS g 9 GEOTECHNICAL DESCRIPTION 28| 4 .
ARt R 22105 |38 &
W< mo| a o
w | 3 =~ = %) xW | Q0O (WO =
Q| D E=z 3 3 0a |20 (20 o
15 — .
— 35 . Silty Sandstone and Siltstone: Very dense |
or hard; mostly gray (N6), with few smail 9.9 131
: reddish FeQ mottles; fine to medium grained |
2 sand; thinly bedded. i
4 | ;
A | |
i} L r
L Silty Claystone: Hard; dark gray (N4);
moist; crumbly, friable, and non-plastic.
20 — P
30 Sandstone: Very dense; brownish yellow i
(10YR 6/6); moist; fine to coarse grained; 99.5 9.8 1 SHEAR
g uncemented. Much thinner than in adjacent
- bluff face.
4
-
ﬂ_ Sandy Siltstone and Silty Claystone: Hard;
mostly gray (N5), with some reddish FeO
25 — mottles to 1" across; moist; sand proportion
— 25 mostly fine-grained; faintly plane laminated. 98.3 14.4
30 — L= -
RING T
— 20 59/6" _3\_‘:_-_' CL —— Silty claystone, as above; dark gray (N4). 101.9 17.5 SHEAR
1 SR
i
35 - J L

Continued on next sheet. §|
FIG. A2 |




Medau iy FIELD LOG OF BORING B - 1P
. b Sheet 3 of 3
A NN N Iﬂ ( Project: NORTH COUNTY TRANSIT DISTRICT
1 /]
°techn|ca|, Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
— (D
INTERVALS s| 3| z @
L | O £ Q S les | F w
TIEDIxS 2| 9 GEOTECHNICAL DESCRIPTION = 22| Y ”
3@ @sge) £ | 2 ¥5 (08|03 =
oo Fz | 5 ) 8o |201|25 o
35 — ——
— 15 ? RING ! Sandy Siltstone and Silty Claystone: Hard:
: 80/6" 1 ML t mostly gray (N5), with some reddish FeO 1012 127
E ‘ mottles to 1" across; moist; sand proportion
L mostly fine-grained; faintly plane laminated.
SP-SM | Sandstone: Very dense; dark gray (N4);
I moist; fine to mediurn grained; very weakly
r cemented with trace of clay.
i RING
8o/6" CL «— Sandy claystone, dark gray (N4), texture of | 108.4 14.3
: small slickensided granules. Local lens.
! Silty Claystone: Hard; dark gray (N4),
T abundantly mottled with dusky red (2.5YR
r 3/2) iron oxides; moist; very silty, with
] occasional trace of fine-grained sand;
L massive and non-plastic. Harder drilling.
®71 RING X
60/6" «— Silty claystone, as above. N/R N/R
0 . RING XXX
80/6" RNUN ] CL “— Silty claystone, as above. 102.8 | 153
dJ L EANTNTATe

Bottom of boring at 51.0 feet.
No groundwater encountered.
Piezometer installed as depicted in well completion column..

l FIG. A-3 l




il Aragon, iy FIELD LOG OF BORING B - 2
¥ P Sheet 1 of 3
N ( Project: NORTH COUNTY TRANSIT DISTRICT
In Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
Dates(s) Drilled:  4/27/98 Logged By: M. Doerschiag
Drilled By: California-Pacific Total Depth: 40.5 Ft.
Rig Make/Model: Mobile B-61 Hammer Type: Wireline downhole
Drilling Method:  Hollow-stem Auger Hammer Weight/Drop: 140 Lb./+30 In.
Hole Diameter: 8 In. Surface Elevation: 51.4 Ft.
Comments: Located at Andersen Canyon embankment fill.
SAMPLE . ”
INTERVALS 5| gl 3 &
~|Z =1 > e lw>=-| =2 @
- *;: & x>0 g 3 GEOTECHNICAL DESCRIPTION E E L o o
EIS2Isglwd]| O ) ek |35 £
|t lggea| £ | & x5 |08 B3 £
alm Fz| I ot oo |20 (S0 o
9 -_;_ JsMm Gravelly Sand with Silt: Dense; dark brown
; : (7.5YR 4/2); moist; fine to coarse grained;
3 estimated 20-25% fine to coarse-grained
JL— 50 gravel ballast; trace of clay. [Fill]
3 —T_ RING . | SP-SC Clayey Sand: Dense; dark yellowish brown
q (10YR 4/4); moist; mostly fine to medium
b N=47 grained, with trace of gravel and silt. [Fill] 100.3 7.4
- 45 ) )
10 4 RING r Becomes medium dense; very moist.
1 0 N=14 SP-SC 108.6 |13.0 CONS
]
15 =

Continued on next sheet.

FIG. A4 I




g, FIELD LOG OF BORING B - 2
b Sheet 2 of 3
( Project: NORTH COUNTY TRANSIT DISTRICT
n ]
, Location: DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
INTERVALS sl =z = %)
O X =
~ | 2 —~ > S T Q 2]
T 9 _ | Ju €109 s les| F w
;:’ ~ZJ XIS g 9 GEOTECHNICAL DESCRIPTION - E E o o
E1SS 5 ws| © 9 2l2g 4% T
Q' LE aial am T &) >Z | =2 |42 T
w | 3 t g = n xw Q3o wa =
Q| @ z 3 o) QaaQ (20126 o
15 ; T -
. [l RING | . Clayey Sand: Medium dense: dark | | i
]! . l ! yellowish brown (10YR 4/4); very moist; fine i i ;
- ! to medium grained: trace of silt. {Fill) i I :
i | N=13 ' ;— Trace FeO mottling. | 1148 | 129
| ’ | |
] |
| i
| | "
b ]
!
RING ;’ r Becomes wet; slightly sticky.
N=18 1l SP-SC | 1150 | 145
|
|
I
|
|
|
RING !
! N=17 SP-SC |— Contains few yellowish siltstone fragments; | 114.1 10.2
moist.
“IML,CL | Clayey Siltstone and Sandy Claystone:
Very stiff; mottled pale yellow, dark brown,
RING and dark gray; wet; consists mostly of small
intact sedimentary fragments in clayey silt
<. matrix. [Fill]
N=23 -] ML, CL 94.6 242
! Abrupt contact.
: SP-SM | Sandstone: Very dense; pale brownish
[ I yellow (10YR 6/6); wet; fine to medium

grained; massively bedded. [Delmar Fm]

Continued on next sheet. h‘.
_ FIG. A5 |




i3, Aragon, hy FIELD LOG OF BORING B - 2
H & ey Sheet 3 of 3
Ge NS Project:  NORTH COUNTY TRANSIT DISTRICT
Otechmcal, n Location:  DEL MAR, CALIFORNIA Project No. 3650-sF |
SAMPLE
INTERVALS & S| =z 2
|z Z| % Slge | 2l 8
(U =
T EZIxS g 9 GEOTECHNICAL DESCRIPTION E|5Z| U »
< ¥ (d=] . 3 o | B E -~ Q.
= >SS Dl we 9] Dl 4= wi
b L= @oes| T 9 x& |03 |3 =
Q| D Fz | o 3 OQ |20 |20 )
35 RING SP-SM | Sandstone: Very dense; pale brownish I o [
62/6" g | vellow (10YR 6/6); wet; fine to medium 138 175

—_
(4,3

n
[=]

T_J“]_L. —— L.._]_ _L___r _L_,__[ ‘_J

!
| grained; massively bedded. [Delmar Fm.] | ;
' |
[ 1
I

-
B

oo ML { Clayey Silt: Hard; mottled dark gray (N4) | R

= - and dusky red (2.5YR 2/3); moist: crumbly, | - . o

[— — Il friable, and non-plastic. | - !
RING L—f s ’ I C sl
53/6" '-\_—; | ML 989 126 [

Bottom of boring at 40.5 feet.

Perched groundwater encountered in zone from approximately
33.0 to 38.0 feet.

No groundwater encountered below 38.0 feet.

Boring backfilled with soil cuttings.

Fio. Az 1




FIELD LOG OF BORING B - 3
Sheet 1 of 3
Project: NORTH COUNTY TRANSIT DIS TRICT ]
Location: DEL MAR, CALIFORNIA Project No. 3650-SF
Dates(s) Drilled: 4/27/98 . Logged By: M. Doerschlag
Drilled By: California-Pacific Total Depth: 35.5 Ft.
Rig Make/Model: Mobile B-61 Hammer Type: Wireline downhole
Drilling Method: Hollow-stem Auger Hammer Weight/Drop: 140 Lb./£30 in.
Hole Diameter: 8in. Surface Elevation: 54.0 Ft.
Comments: Located north of Andersen Canyon.
SAMPLE 0
INTERVALS 5 <3 <
Lo _ | Iy € 3 > | x S| 0 =
T kaI¥s 2] 9 GEOTECHNICAL DESCRIPTION = P& z @
EISs Slgwel O %) Qi 4 s w
g9 @ges| £ | 8 £5 (03|33 &
Q| Fz| 5 3 8o |30 |20 o
0 T T S mayey Sand: Medium dense; dark ( ’
i ( i yellowish brown (10YR 4/4); moist; fine to .
T !l medium grained; trace of silt. [Fil s
i |
RING
T
j N=23 106.3 7.3
+ 50
5 _r SP Sand: Medium dense; pale yeliow: moist;'ﬁ
, ) B fine to coarse grained, with trace of silt. [Fil] |
/ RING 5
i "—| SP, ML, | Clayey Silt and Sand: Medium dense or
i N=18 ) CL stiff mottied mixture of yellowish sand and 94.7 13.9
+— 45 - grayish clayey-silt; moist: common
j fragmentary silty claystone. [F ill] '
10 -+
| |
T ML, SM | Sandy Siltstone and Silty Sandstone: Hard
! RING or very dense; mostly yeliowish brown
- (2.5YR 6/4); moist; sand component
1 predominantly fine-grained: thinly bedded
! N=55 | and closely fractured; fine-grained strata are | N/R N/R
f* 40 | non-plastic. [Delmar Fm.]
15

Continued on next sheet.




il Aragon, Higle FIELD LOG OF BORING B - 3
b & y Sheet 2 of 3
“ ' ( Project: NORTH COUNTY TRANSIT DISTRICT
n '
Location: DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
—_ %]
INTERVALS < < > @
~| Z - > TR Q 0
| O €| Q s les | = o
TIET XY 2] 9 GEOTECHNICAL DESCRIPTION F| D& | W
I | <®w |32 - = | = W Fon x
| >=s Dl we ®) n Do el i
o U< Rlol @ T Q >Z |32 |82 T
W | = | E A xuw | Q0 (WS =
Q| m z - 3 QaQ (=20 (20 o
15 - :
T | ML, SM ; Sandy Siltstone and Silty Sandstone: Hard ! |
| | Or very dense; yellowish brown abruptly !
hs [ becoming dark gray (N4) at 16 feet: moist; ’
¢ sand mostly fine-grained; thinly bedded; ;
X fine-grained strata are non-plastic.
RING
T 55/6" — Silty sandstone, fine to medium grained, 108.2 13.2
very silty.
+ 35
20
i RING
T 56/6" = Clayey siltstone, gray (5Y 6/1), trace of 98.6 16.0
fine-grained sand, friable and non-plastic.
+— 30 r Grades increasingly clayey.
25 —+
RING
T e5/6" «— Clayey siltstone, dark gray (N4), trace of 105.4 16.1
sand.
+— 25
30 r Becomes harder drilling.
i RING
+ 62/6" {— Siltstone, lacks clay. Trace of coal. 98.4 15.1
.L 20
35 — l
Continued on next sheet.




Aragon, FIELD LOG OF BORING B - 3
9°y Sheet 3 of 3

Medﬂ"v

> ra’ .

.
S Project:  NORTH COUNTY TRANSIT DISTRICT
5% ’
eoteChmcal, In Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
INTERVALS o S| 2 %)
-~ =z ~~ > e w < Q 7
|5 £/ 0 SIEe| E w
T|ETIxY 2] 9 GEOTECHNICAL DESCRIPTION 52| 4 v
F1 S 3zl wd| @ » G| he|ag mi
o | U< @lalam I QO >Z | =22 |43 T
W | 5 = = %5} xuw QO WS =
Q|m Fz| 5 3 QQ |20 |20 o
3 B Fh el gp . Sandstone: Very dense; color and moisture | J' | ]

| undetermined; well-cemented with calcium
| carbonate. Biuff exposure is erosion- i
i resistant, lenticular ledge about 14" thick. {
i Very hard drilling.

Refusal encountered at 35.5 feet.
No groundwater encountered.
Boring backfilled with soil cuttings.

FIG. A9




FIELD LOG OF BORING B - 4P

Sheet 1 of 4

Project: NORTH COUNTY TRANSIT DISTRICT

Location: DEL MAR, CALIFORNIA Project No. 3650-SF
Dates(s) Drilled:  4/27/98 Logged By: M. Doerschlag
Drilled By: California-Pacific ' Total Depth: §5.5 Ft.
Rig Make/Model: Mobile B-61 Hammer Type: Wireline downhole
Drilling Method:  Holiow-stem Auger Hammer Weight/Drop: 140 Lb./+30 In.
Hole Diameter: 8In. Surface Elevation: 60.5 Ft.

Comments: Groundwater Seepage noted along nearby bluff face.

SAMPLE
INTERVALS

GEOTECHNICAL DESCRIPTION

DRIVE

TYPE,

ELEVATION
(MSL)

L BULK
N (Blows/ft
LITHOLOGY
DENSITY (Pcf)
MOISTURE
CONTENT (%)
OTHER TESTS

UsCs
DRY

S0

|| DEPTH (Ft)

o

Clayey Sand: Dense; dark reddish brown
(5YR 3/4); moist; fine to medium grained,
with occasional trace of gravel to ~1". [Bay
Point Fm ]

[e ]
o

Sharp contact.
Sandy Siitstone: Hard: olive yeliow (2.5Y
6/6); moist; fine-grained sand. Includes few
thin clayey sand lenses, and occasional
olive silty clay rip-up clasts. [Delmar Fm.)

[6;]
[3,]

94.0 233

[3,]
T b~ T 4 r‘lﬁ*lﬁ‘“g T L T ! r—"

Silty Claystone: Hard; pale yellow (2.5YR
7/4), moist; slightly plastic. i

.

oS SP-SC Clayey Sandstone: Very dense; mottled
1::\:\ pale yellow (2.5Y 8/4) to olive yellow (5Y
10 — RING Ragagatats 6/8); moist; fine to medium grained;

L 50 ategetetelad massively bedded; very weakly cemented.

oV oNaNavoNoN

68/12"  |iscessacasoe 1073 |21.3 SHEAR

E o3a962a0a8 ¢
oSovadalala?

o¥ale%afalo?
F 23086800008
OO
- ¥ o0ada®a? 0

] a%a%

Continued on next sheet.

' FIG. A-10 |
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FIELD LOG OF BORING B - 4p
Sheet 2 of 4
Project: NORTH COUNTY TRANSIT DISTRICT
Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
INTERVALS g 5 > 8
el -4 - > e lw>| O %]
€5 £ 0 = W
L=~ iw @ o > |5 5 [
T lz & 5 S g o GEOTECHNICAL DESCRIPTION = E & ] x
=SS S wd Q N Dl lan w
o | L ool am T Q >Z | =2z |3S T
W g > E %) xw | Q0O (WO =
Q| -2z o S 0aQ |20 |20 o
15 ; -
ﬁ}’_ 45 i IR'N" ML, SP | Sandy Siltstone and Sandstone: Hardor | i Pl
| | B 8o/g | very dense; siltstone light gray (2.5Y 7/2), 11005 1180 ! IsHEAR
7 , | and sandstone yellow (2.5Y 8/6); moist: fine | | Pl
! i to medium-grained sand; fine-grained strata | i ’ ,I i
_r ! | contain trace of clay and are non-plastic. ' f ' | |
1 i i }
L .’ ! ' | , L
] f ! | B
i | ! r N
] . l_Abrupt contact. |
i ~sleL  Silty Claystone: Hard; very dark gray (SYR | .
3/1); moist; friable and non-plastic, with S
20 RING granular texture, ~ |
%— 40 50/8" 1058 | 16.9 ‘] SHEAR
1; N Grades less clay; color lightens.
}.
5
2 4_ RING I ML, SM | Siltstone and Silty Sandstone: Hard or very
=35 66/6" : dense; mostly light gray (2.5Y 8/1) to gray 1024 | 131
4 (N8), with local orange mottling; moist;
L sands fine to medium grained.
30 1 H RING |3
30 50/3" ) | SM < Very silty fine to medium-grained 110.0 | 115
i ;2 ;e sandstone; gray (N5).
|
] %
r -
7 CL, ML | Sity Claystone: Hard: gray (N5); moist:
) r very silty; non-plastic and friable.
35 -

Continued on next sheet.




eda"' Aragon, Hi | FIELD LOG OF BORING B - 4P
j 7 gey Sheet 3 of 4
8075, s
AN 0 Project: NORTH COUNTY TRANSIT DISTRICT
eotEChnlcal, In Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
INTERVALS o = = ’_03
|z <! o R &
£ | O & Q ;’ x = = E
T EdIxS 2| 9 GEOTECHNICAL DESCRIPTION El258| 4 ”
1S22S5 wE| © | o R =R &
h|u=s@oe@d | = | 9 x& |08 |03 =
a | o Fz | 3 ! Qa |20 (20 o
35 —
! ;’ ! RING -~ -7 | Silty Claystone: Hard; gray (N5); moist;
25 | 7] 85/6" s | very silty; non-plastic; becomes commonly 92.0 18.6 SHEAR
b i Coam e - mottied with dusky red iron oxide staining
" i - — P and small hematitic concretions.
- { c=-T - :
- B
4 | L
F A |
40 RING
~20 56/6" — Silty claystone, as above. 105.2 19.3
i L
! Sandy Siitstone: Hard: gray (N6); moist;
i mostly fine-grained sand; generally massive
b in recovered samples.
45 RING
~ 15 100/6" « Sandy siltstone, as above. 116.2 10.3
T
L
50 RING
— 10 50/3" <« Sandy siltstone, as above. 107.3 | 13.7
L i
I }
55 —~
Continued on next sheet. "_'
VRIS A
| -




o4l Aragon, g FIELD LOG OF BORING B - 4P
o | Sheet 4 of 4
Project: NORTH COUNTY TRANSIT DISTRICT
Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
INTERVALS = = = %
==z =1 |y S 7
T | O € Q s e | F =
I B |x¥ g - GEOTECHNICAL DESCRIPTION £ | W -
E|S252lwd] 2 | w 3| pE |48 O
a o2& da | = 84 >2 |2z |3s T
w | 3 E_—_ = = ) rxw | Qo |Ug =
oo\ =z 3 =) Qo |20 |20 o
| % 1 (M7 T JcL | Sy Claystons: Harg, dark gray (N4), 11021 1175 SHEAR ]

(6]

~ abundantly mottled with dusky red (2.5YR
| 3/2) iron oxides; moist; very silty; massive
| and non-plastic.
|

Bottom of boring at 55.0 feet.
No groundwater encountered.

Piezometer installed as depicted in well completion column..

FIG, A-12




gall, Aragen, iy FIELD LOG OF BORING B - 5
Me a3 ge‘i Sheet 1 of 3

Q .. A ‘ Project: NORTH COUNTY TRANSIT DISTRICT
e 2372 ’
Otechmcal, n Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
Dates(s) Drilled:  4/28/98 Logged By: M. Doerschlag
Drilled By: California-Pacific Total Depth: 51.0 Ft.
Rig Make/Model:  Mobile B-61 Hammer Type: Wireline downhole
Drilling Method: Hollow-stem Auger Hammer Weight/Drop: 140 Lb./230 In.
Hole Diameter: 8 iIn. Surface Elevation: 59.5 Ft.
Comments:
SAMPLE %)
INTERVA S ) Z
=~ Z ’I;S Po é w g Q o
- ; %) 5 > .2 = GEOTECHNICAL DESCRIPTION = ,.:’_ w T '
>SS D wSe ®) N B | o= jE o
o= @aes) | 3 & |28 |83 £
alm -\ Ez| 5 3 caa |30 (20 o
0 - -
. ;-1 SP-SC Clayey Sand: Dense; dark reddish brown
i' (5YR 3/2); moist; fine to coarse grained, with
- trace of gravel to ~2" diameter. [Bay Point
L Fm.]
|
: SESDREEINEE Sharp contact.
1 —.—.—1ML, CL | Clayey Siltstone and Silty Claystone: Hard;
" - - dark to very dark gray (N4-N3), locally
1 RN becoming biack (N2), moist; friable and non-
55 e plastic, non-cemented. Bluff outcroppings
o contain common coal-bearing lenses to ~6"
3 JrRNG T thick. [Delmar Fm.}
- 50/6" ’_’—' '—“ ML « Clayey siltstone, as above. 106.7 14.1
. N
: RN
. R
- SN
: AN
- 50 AN
10 RN Do _
- 65/6" A « Silty claystone, black (N2). 104.7 116.1
* T
s }'\'?\. R
; s 3| SP-SM Silty Sandstone: Very dense; dark gray
o (N5) apparently mottled with shades of
- yellow; moist to locally very moist; fine to
— 45 coarse grained. Interval inferred from bluff
15 _ exposure,

Continued on next sheet.




FIELD LOG OF BORING B - 5
Sheet 2 of 3
Project: NORTH COUNTY TRANSIT DISTRICT
Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
INTERVALS —_
53 | Z o
IO ||l =1 @ Sl | E w
:‘r_.’ IZ o b ¢ 9 GEOTECHNICAL DESCRIPTION = |2 5 w *Q‘:
o | L< gl aad I Q > 2Z | =2 |HE T
w | 3 > > = %] xw|Q0O |US =
oo\ Fz | 3 ) OaQ {20 |20 o)
15 — i -
: RN G Silty Sandstone: Very dense; dark gray :
, REELH i (NS5); maist to locally very moist; fine to 11073 1141 ‘
- S | coarse grained. Locally contains sandy ‘ : ,‘
- , i siitstone drapes and partings. ! ; \ !
4 A 4 f
_ 40 ‘ ! Sandy Siltstone: Hard; gray (N5); moist;
i i sand component fine to medium grained;
20 —J‘ l RING apparently massively bedded; non-plastic
f’ 55/6" and mostly lacks clay. Sample @ 20 ft. 1112 12.2
3 found to have plane and convolute : -
| lamination, with estimated 30-40% sand.
- Increasingly sandy with depth.
1
ir
-i r Color becomes 10YR 5/1, possibly grading
- to siity sandstone. ‘
|
- 35
25 J rivG
v j | 678" < Sandy siltstone, mottled with reddish brown | 101.9 | 15.0
- (2.5YR 3/4) oxidation color.
-_ Clayey Siltstone: Hard; mottled gray (10YR
6/1) and yellow (10YR 7/6); moaist; trace of
3 fine-grained sand; non-plastic. Harder
L driling.
I
-3
30 J| RinG
r i i | 62/8" +~ Sandy siltstone, as above. 110.7 15.8
- ]
|
F |
N !
] |
4 l
2
35 =

Continued on next sheet.




il Aragon, Higt FIELD LOG OF BORING B - 5
H T Gy Sheet 3 of 3
N, im
N 57 Project: NORTH COUNTY TRANSIT DISTRICT
Ytachnical. I .
echnical, Location: DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
INTERVALS )
S T 2 2
Sl | |lul % 8 s x5 g =
T l::- = 5 S g 9 GEOTECHNICAL DESCRIPTION i uz.l w E
=SS Dl Wwe ] ) A | hE |wE &
[a N LS ool a: I Q 2 | =2 A2 o
TV == E ) xuw | Q0 |¥O =
a | \ z - D Q|20 |20 O
35 - ;
E_ 1 RW? - - = "ML - Clayey Siltstone: Hard; color mostly clive ;
i ' 58/6 - . gray(5Y 5/2); moist. }96.6 171 !
1 : Bl i ' | I
i ‘,_: ’: _: ‘ 5 i i
] ; Iz .
| n S B |
i I -
| - == ! |
-~ = =1
— 20 - T |
40 — ::—1
i JrRNG = ML Sandy Siltstone: Hard: dark gray (N5);
80/e" = z moist; contains estimated 20-30% fine to 174 | 106
E = o ‘ medium-grained sand. Little or no clay; non-
- L= plastic.
15 E—
45 RN ==
" 55/6" :_f 3 ML Siltstone, trace of fine-grained sand. 102.0 |17.2
— 10 E
50 — RING =
] 11 B ._-:—‘f ML Siltstone, as above. 108.8 1856

Bottom of boring at 51.0 feet.

Groundwater seepage reported by driller somewhere in upper
20 feet of boring; interpreted to be from basal portion of
sandstone interval located from 13 to 19 feet.

Boring backfilled with soil cuttings.

FIG. A-16
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Lghhs by Sheet 1 of 2
85, al
A ¢ Project: NORTH COUNTY TRANSIT DISTRICT
°0technical, Iﬂ Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
Dates(s) Drilled:  4/28/98 Logged By: M. Doerschlag
Drilled By: California-Pacific Total Depth: 28.0 Ft.
Rig Make/Model: Mobile B-61 Hammer Type: Wireline downhole
Drilling Method:  Hollow-stem Auger Hammer Weight/Drop: 140 Lb./x30 in.
Hole Diameter: 8in. Surface Elevation: 64.3 Ft.
Comments: Groundwater Seepage apparent from nearby bluff.
SAMPLE. %)
INTERVALS 5 ;\? = =
T k@ M3 2| 9 GEOTECHNICAL DESCRIPTION |25 - x
EI>sS Dwad Q %) 2| gk |- < 0
|y @Egses)l £ | 9 x5 |93 B3 £
QD Fz | 3 bt oo |20 |20 o
0 ﬂ‘r | sand: Dense; dark yellowish brown (10YR |
4/4); moist; fine to medium grained, with
occasional trace of gravel; trace of clay and
i Fe-oxide binding agents. [Bay Point Fm.]
j RING
1
! N=36 1143 |69
’L 60
5
r
ji r Becomes wet.
r
1" r Becomes medium to coarse grained, some
‘?- ¥ fine gravel,
RING
{ Silty Claystone: Hard: pale olive (5Y 6/3);
! N=54 moist; very siity; slightly plastic to non- 102.0 18.8
5 plastic. [Delmar Fm.]
55
]
i SC-SP, | Clayey Sandstone and Sandstone: Very
1‘ RING SP dense; pale oIive(5_Y 6/4) becoming olive
JF 20/12" gg'ic:: JSY 6/8); moist; fine to medium 1146 1.3
|
J—so

—
(4]

Continued on next sheet.

FIG, A7 l




|, Aragon, Higley

FIELD LOG OF BORING B - 6P

d _74':_. Sheet 2 of 2
= * |=)
SN W Project: NORTH COUNTY TRANSIT DISTRICT
°techn|ca|, I Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
INTERVALS —_ n
S 2 Z =
ol 4 = > e |y = Q 0
cl9 |l €1 9 S~ g F W
=@ X8 2! S GEOTECHNICAL DESCRIPTION £|13&| 4 »
FiS2 3l w3 | 0 @ | 5Ee a8 i
G |us@aem | T | O x5 |03 |Z3 =
ol d Fz| 5 | 8 da |35 (23 o
15 —
- i Clayey Sandstone and Sandstone: As j
| i before; grades primarily SP classification. i
| Sandy Siltstone: Hard; mostly gray (5Y 1
L 5/1); moist; fine to medium grained sand, i
RING and trace of clay; apparently massively |
ol 50/6" bedded. 1107 [ 166
45
20 — r Becomes harder drilling.
RING .
T 76/8" “— Sandy siltstone with clay, and some thinly | 117.7 14.3
bedded silty fine to medium-grained
J sandstone; color dark gray (N6) with
- 40 abundant dusky red mottles; slightly sticky
when wet.
25 —
1 RING
J 8e" < Sandy siltstone with clay. 110.9 15.4

Boring terminated at 28.0 feet due to very slow progress.

Perched groundwater encountered in zone from a

6.0 to 8.0 feet (base of Bay Point Fm.).

pproximately

Piezometer installed as depicted in well completion column.,




;1| sP-sC Clayey Sand: Dense becoming locally very
dense; dark reddish brown (5YR 3/4); moist,
becoming very moist by ~2 ft.; fine to
medium grained, with trace of gravel to ~2"
diameter; very weakly cemented with clay
and Fe-oxides. [Bay Point Fm.]

FIELD LOG OF BORING B - 7
Sheet 1 of 4
Project: NORTH COUNTY TRANSIT DISTRICT
Location: DEL MAR, CALIFORNIA Project No. 3650-SF
Dates(s) Drilled:  4/28/98 Logged By: M. Doerschiag
Drilled By: California-Pacific Total Depth: 56.0 Ft.
Rig Make/Model: Mobile B-61 Hammer Type: Wireline downhole
Drilling Method:  Hollow-stem Auger Hammer Weight/Drop: 140 Lb./230 In.
Hole Diameter; 8in. Surface Elevation: 61.3 Ft.
Comments:
SAMPLE »
INTERVALS S S 2 o
2 == > e | w<| 2 4l
Sa Y %2 - |55 5
22 ¥ - GEOTECHNICAL DESCRIPTION E 2 = 0
<0 (2 3 0 D [ - (o o]
> s D we 2] 2] i
4P £ Q x5 (08|28 E
o -\ £F=z| & ! aa | 30|20 o

" °| DEPTH (Ft)
*_r—‘*_’__l“'__j
()]
(o]

153
|H1_l_ J_“r_;r«%,_l\,_t_éﬁv_,ﬁ_;_j_%*%_;
&
ol ",// . : : TNt NG rr tereieean teee sl Laan siaes
R A A~

[6,]

r Becomes very moist to wet. Trace of

RING coarse-grained sand.
N=70 114.4 10.8
CL Silty Claystone: Hard: pale clive (5Y 6/3);
----- moist; up to several percent fine-grained
RING P\ sand; non-piastic and non-cemented:;
_\_ massive appearance. [Delmar Fm.}
50 N=52 RN 1051 [17.2

Clayey Siltstone: Hard; dark gray (N4);
moist; trace of fine to medium-grained sand.

-
[,]

Continued on next sheet.
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Qley

FIELD LOG OF BORING B - 7

7 Sheet 2 of 4
GQ N ln ( Project: NORTH COUNTY TRANSIT DISTRICT
» i
oteChmcaI; Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
INTERVALS - n
S S Z e
=2 - > e =] Q @
Tlo_ |y &1 9 S |les | = =
T EZIXS 2/ 9 GEOTECHNICAL DESCRIPTION E2%| 4 »
- =] T ] w B I R i P oW w
a U< el am T O >Z | =2 |33 T
w | 5 e - %] xw QO WS =
Q| m z S o) ao |20 (|20 o)
15 —
- RING j{ ML i Clayey Siltstone: Hard: dark gray (N4);
80/12" - moist; trace of fine to medium-grained sand; 1065 {212
. texture locally comprises small granules ’ '
- 45 somewhat loosely bound together; non-
plastic.
1
20 H
L RING Sandy Siltstone: Hard; gray (N5); moist;
67/8" sand component fine to medium grained; 1081 |12.8 SHEAR
apparently massively bedded; non-plastic
i 40 and mostly lacks clay. Increasingly sandy
{ with depth.
25 —~ RING r Unit contains subordinate thin layers of
i 50/3" silty, fine to medium-grained sandstone. 111.8 12.9
L3s
0 RING :
“ 100/6" < Very fine-grained silty sandstone. 105.9 121 Y SHEAR
— 30
1 — 6&-inch-thick well-cemented layer, hard
‘ drilling.
1 :
_J v
- oeotaosesaal SP Sandstone: Very dense; very pale brown
{ ogezalata%a (10YR 7/4); wet; fine to coarse grained.

|

Continued on next sheet.

| FIG. A-20
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FT Sheet 3 of 4
»."wAa (b
" avi lnc Project: NORTH COUNTY TRANSIT DISTRICT
. +
°techmcal, Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
INTERVALS —~ %)
L ‘5 9 = =
< el B L w9 @
o |l 2|8 -
o i:(- a %> g e GEOTECHNICAL DESCRIPTION e E uzJ u x
EISs [5IE Wa Q N Q bk |42 w
e Le alglam I O >2 |22 |3S T
W = == E %) xw Q9 WS =
Qo \ Z | 3 ) Q0 |20 |20 o
35 — AN ‘
- RING = .50 5T sp | Sandstone: Very dense; very pale brown |
100/8"  iZaleslerezs . (10YR 7/4); wet; fine to coarse grained; 1047 |99 SHEAR
: 2ateetatele | massively bedded. '
— 25 020%a20%2%0° | .
| e
I Tagelelale’s |
] ORI |
I o .f
4 S
40 RING .
90/6" | SP, SP- N/R N/R
M|
20 i
J |
L -2
RING SP-SM |~ Color gray (N6). Abrupt lower contact.
708 ML Clayey Siltstone: Hard: gray (N5), with few 1024 232
dusky red mottles to about 1/2" across;
moist; trace of fine-grained sand: non-
plastic.
45 ‘J RING
f’ 66/6" 109.7 17.7 SHEAR
15
|
|
50 ‘J RNG [R5
90/10" T DIML, SC | Sample with some clayey sandstone 106.3 | 15.1
4 P layer(s) to 6-8" thick.
=10 o :
{ AR
| N
| I3

Continued on next sheet, "_l
| FIG. A-21 |
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s ey Sheet 4 of 4
e vs lﬂ c liroject: NORTH COUNTY TRANSIT DISTRICT
°t60hmcal, 'Location: DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
INTERVALS < ) =z f£
— =1 > o < O %
c|38 = 9 -2 -
T ED |x 2! 9 GEOTECHNICAL DESCRIPTION E|2&| W »
E L0 [T W3 o) n B |5 E|u& w
a2 |2 m| I O >z |2 Z |3s T
g | 4= |@oed) I A W | Q0 |US =
Q| ~= 3 35 QA (2023 o
55 — — : — 1
- i l RIN i = =1 j i : fore; to silty |
I o 55/6" f__ o2 1 ML, CL , 3?;;'etgrgftstone As before grading to silty ’ 105.9 ; 192
J L - - , ' i

Bottom of boring at 56.0 feet.

Perched groundwater encountered in zone from approximately
6.0t0 9.0 feet (base of Bay Point Fm.); also, sandstone aquifer
encountered from 34 to 43 feet.

Boring backfilled with soil cuttings.

=0 ¥ o e
LRI P




g, Aragon, le FIELD LOG OF BORING B - 8
Me ra g ‘j Sheet 1 of 4
S Projectt ~ NORTH COUNTY TRANSIT DISTRICT
eOtechmcal, Iﬂ Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
Dates(s) Drilled:  4/29/98 Logged By: M. Doerschlag
Drilled By: California-Pacific Total Depth: 61.0 Ft.
Rig Make/Model: Mobile B-53 Hammer Type: Wireline downhole
Drilling Method:  Hollow-stem Auger Hammer Weight/Drop: 140 Lb./#30 In.
Hole Diameter: 81In. Surface Elevation: 60.5 Ft.
Comments:
SAMPLE 7]
INTERVALS < 3 =2
|z =1 = c w T 9 o
e T Q Nl = ~ w
L= w B (@) i: xS w -
Tl=Ed xS 20 3 GEOTECHNICAL DESCRIPTION Ei24d| 2 x
< v |d e} = gJQ
oG e 2|5 & 2 I O >2 ek |33 &
W ~ =>| E ciwg|Q XO) =
8| @ £z 5| 3 58|23 298] b
0 7_ i Sand: Dense; strong brown (7.5YR 4/6);
60 moist, becoming very moist by ~2 ft.; fine to
4 medium grained; estimated 3-5% clay and
L Fe-oxide binder. {Bay Point Fm.]
j_
4 [ Becomes wet. >
ST s RING Knife-sharp contact.
61/12" Silty Claystone: Hard, pale olive (5Y 6/4)to | 106.1 17.0
1 yellow (2.5Y 7/6); maist; up to several
r percent fine-grained sand; non-plastic and
4 non-cemented; granulated appearance.
] [Delmar Fm.}
1 Silty Sandstone and Siitstone: Very dense
I or hard; mostly yellow (2.5Y 8/6); moist;
10 — RING apparently thinly bedded;. siltstong beds with
L 50 ! 50/6" tsr:rc‘;:s?;ﬁlea'y; fine to medium-grained 100.3 15
15 -

Continued on next sheet.




- FIELD LOG OF BORING B - 8
Sheet 2 of 4
Project: NORTH COUNTY TRANSIT DISTRICT
Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
INTERVALS S| £ =z 2
-~z - > e lw=] 2 “
|5 € 0 > 25| K =
T Ed Ix g g Q GEOTECHNICAL DESCRIPTION T E W @
I < (4= - = - o
>SS Sl wd @] %) 2wk |- w
i R T - @ (08 |T3| £
Q| m Fz | I 3 Qa |20 |20 o
187 45 | ll RING ML Clayey Siltstone: Hard; gray (N5); moist:
~ 55/6" trace of fine-grained sand; non-plastic; 1127 124

massively bedded.

YNNI NN

MAETENSYRARNENEARNE R

il RN AN RN RSN

L
| .
__ Sandy Siltstone: Hard: gray (N5); moist;
sand component fine to medium grained;
20 — RING apparently massively bedded; non-plastic
40 62/6" and mostly lacks clay. Increasingly sandy 102.9 95
with depth. Sample @ 15 ft. classified as ’ :
! clayey siltstone with sand.
r
J
25 RING
— 35 54/3" < Very sandy siltstone, trace of clay. 1104 12.0

Silty Sandstone: Very dense; dark gray
(N4), with some smali dusky red mottles;
moist; fine to coarse grained. Inferred upper
contact from harder drilling performance.

1023 |9.2

ML, CL | Sandy Siitstone and Siity Claystone: Hard:;
3 dark gray (N4); moist; typically 5-10% fine to
medium-grained sand; spotted with reddish
Fe oxides along discontinuities. Mostly
crumbly, friable, non-plastic, and often with
granulated appearance.

30 J
RING
{_
]
.
4
L
|
i

Continued on next sheet.




o Aegon, Higley FIELD LOG OF BORING B - g8
4’ Sheet 3 of 4

ARY._ [ Y
-, ua Wb,
L WL IsEND

" O lﬂ ( Project: NORTH COUNTY TRANSIT DISTRICT
°techmca|, Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
INTERVALS = S| =z 2
- 2 _ > 0(3 w e\-’ 9 [72]
£ | O £ Q s lek| F u
:‘E’ EJx Lﬁ' g’ 9 GEOTECHNICAL DESCRIPTION = 1D E _“j x
=S € Sl wd Q n R = Y
kg @S e £ | 8 £g o3 |@a 2
oo Fz | 3 S QQa |20 |20 o
¥ 25 RIN ' Sandy Siltstone and Silty Claystone: Hard; | | o
B S0/5" dark gray (N4), frequently spotted with 104.1 154 D ’
reddish Fe oxides along discontinuities; L
! moist; trace of mostly fine-grained sand: {
i

| non-plastic, granulated appearance.

H
o

.r.-_l_hr._Lﬁ__L_“l\I_L_r‘*L<j__i__‘__L._‘r b
n
o

~— Silty claystone, color very dark gray (5Y
3/1), crumbly texture. 102.3 16.2

H
(4]

[$)
o
Jﬁ_lﬁ,__xﬁr‘.__,_;_r__g_l_]_
o)

-
[6,]

< Silty claystone. 104.7 16.9

Silty Claystone: Hard; gray (5Y 5/1); moist;
non-plastic. Near 50-ft. depth, contains 1071 1.0
some very thin (~1") layers of silty
sandstone. Not mottled.

L__AJRI_A—,_-gr_

Continued on next sheet. l_h'
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FIELD LOG OF BORINGB - §
Sheet 4 of 4
Project: NORTH COUNTY TRANSIT DIS TRICT
Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
INTERVALS = = = %]

—~ | =z -~ > C?.) w < @) 5
L | Qo £ Q s les | F -
5:’ Ed|x u>.| g 9 GEOTECHNICAL DESCRIPTION =D uz.x E x
S A - - e » 3| HE|aE ]
o o= olal oo T Q > Z = Z |d3 T
Ww | ~ - 197) xw Q0 |W3 =
Q| o F=z 3 s 0aQ |20 |20 o
55 ] RING L~ Ter Silty Claystone: Hard; gray (5Y 5/1); moist; j

=S 857 T B non-plastic. Sample @ 55 ft. intensely 114.6 | 10.2

4 L fractured, with marble-size granules !

|L """" 3 bounded by random slicks.

4

e

4: I et

|

r

J
60 RING «— Trace of reddish FeO mottling; few traces

0 62/6" of carbonized organic matter. 95.8 13.8

Bottom of boring at 61.0 feet.

Perched groundwater encountered in zone from approximately
4.0to 5.5 feet (base of Bay Point Fm. ).

Boring backfilled with soil cuttings.

FIG. A-26 l
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Aragon, k; FIELD LOG OF BORING B - 9P

Medal’ gley Sheet 1 of 3
(A
G ‘ Project: NORTH COUNTY TRANSIT DISTRICT
eotechnical, I Location:  DEL MAR, CALIFORNIA Project No. 3650-SF

Dates(s) Drilled:  4/29/98 Logged By: M. Doerschlag
Drilled By: California-Pacific Total Depth: 45.5 Ft,
Rig Make/Model: Mobile B-53 Hammer Type: Wireline downhole
Drilling Method:  Hollow-stem Auger Hammer Weight/Drop: 140 Lb./+30 In.
Hole Diameter: 8In. Surface Elevation: 59.3 Ft.

Comments: Groundwater seepage and dense arundo cane at nearby bluff.

SAMPLE *
INTERVALS S 9 2 s
=l =] > S lys| Q9 2]
Cl2alky % S > ge| gl A
i3 %3 (¢ 2 GEOTECHNICAL DESCRIPTION = Pl x
EISs SlEglwal O %) 3| ok |- ]
s @aea| £ | & x5 |23 |8 £F
& | Fz| 5| 3 o |23 23 5
0
] Sand: Dense; mostly yellowish red (5YR égj:@
J 5/8); moist becoming very moist at 1-2 ft.: (<—_-,;L
! fine to medium grained: trace of clay and -
Fe-oxide binding agents. [Bay Point Fm.]
RING
] N=45 _ 108.5 10.0 SHEAR
-+ r Becomes wet.
=55 s
| j»
{ RING r Becomes medium to coarse grained; some
highly weathered black volcanic clasts;
slightly increased clay. Gravel lag deposit
N=35 at base of formation; sharp contact. 113.4 14.3 SHEAR
50 Silty Claystone: Hard; pale olive (5Y 6/3);
_____ moist; very silty; non-plastic; apparently -
10 —{r _____ massively bedded. [Deimar Fm ]
’ RING B0 :
70/12" N '\': ~— Silty claystone, with trace of fine to coarse- | 107.3 19.7 1 SHEAR
\\'kx\“ ' grained sand.
=N\ =\ -
— 45 N \.\_\ =
] NN

_
(4]

Continued on next sheet.
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FIELD LOG OF BORING B - 9P

> e Sheet 2 of 3
. AR A
[ Dl 1} NN
S ¢ Project: NORTH COUNTY TRANSIT DISTRICT
®taphniea]. 11
Otechmcal, lﬂ Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
INTERVALS - %]
53 S| 2 -
o Z = > e lwu>=| 9 %]
£ |9 €| Q s lge| F W
T EZixd ¢ Q GEOTECHNICAL DESCRIPTION E|1S52Z| W
I |l<@ T2 .32 = R Wl 04
FliSs |5l wd @] 0 QN obk |42 w
w | t = = %) xw| Qo |wg =
Q| P = ) QO |20 (2O o
15 -
1 ro-osle | Silty Claystone: Hard; pale olive (5Y 6/3), | |
| ; i Mmoist; very silty; non-plastic. Trace of fine to !
E : | coarse-grained sand. ][
L F i .
] L 1
- = —4 ML CL | Clayey Siitstone and Silty Claystone: Hard:
RING | - _- . | pale yellow (5Y 7/4) and olive (5Y 6/3), with |
. o | yellow (5Y 7/8) mottles and laminae; moist, |
73112 ; | non-plastic. 1116.2 [ 11.9 SHEAR
40 i
20 J
RING !
+ 75/12" — Clayey siltstone, with 1" wide, vertical clay- | 117.4 10.4
filled fracture (?) in sample.
1 35 In Abruptly becomes dark gray (N5 to 5Y 5/1).
25 —L
1 Silty Sandstone: Very dense; dark gray
RING (N4); moist; fine to medium grained, with
1 50/6" trace of clay; uncemented. 1145 |76 SHEAR
130
30 —
1 Clayey Siltstone: Hard; dark gray (10YR
4/1), maist; non-plastic; texture of loosely
bound granules. Hard drilling.
RING
N=45 108.0 | 129 SHEAR
25 L L
35

Continued on next sheet.

FIG. A-28




FIELD LOG OF BORING B - 9P

Sheet 3 of 3
Project: NORTH COUNTY TRANSIT DISTRICT
Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
INTERVALS o —_ %
Q P
~|z =1 > gl B o
i ||y &1 @ Slek| F w
TiEFXS 2 9 GEOTECHNICAL DESCRIPTION £33 4 »
=g S Ok wa @) » B (e (ak w
Z|E=@olse| £ | g X% (03|08 £
Q| o ) - ] o QQ |20 38 5
35 -
3 SIS ML Clayey Siltstone: Hard: dark gray (10YR
- - - 4/1), moist; non-plastic. Approximate lower
1 _: _: _: °°.ma°t'
Silty Sandstone: Very dense; gray (N5),
RING moist; fine to coarse grained; appears

massively bedded. Very weakly cemented, 105.8 8.4
but hard drilling.

72/6"

|'ﬁ|4'
.

— Silty sandstone with trace of clay. 116.5 8.2

RING

1 55/6"
45 RING
65/6"

Silty Claystone: Hard; dark gray (N4), with
abundant dusky red mottles; moist; texture
of small, hard granules; non-plastic.

110.8 12.1

Boring terminated at 45.5 feet due to slow drilling progress

and overheating equipment.

Perched groundwater encountered in zone from approximately
4.0 to 9.0 feet (base of Bay Point Fm.).

Piezometer installed as depicted in well completion column..

F1G. A-29




o4l Aragon, iy FIELD LOG OF BORING B - 10
U > e : Sheet 1 of 4
1S '
A N\ |n ( Project: NORTH COUNTY TRANSIT DISTRICT
°techn|cal, Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
Dates(s) Drilled:  4/29/98 X Logged By: M. Doerschiag
Drilled By: California-Pacific Total Depth: 56.0 Ft.
Rig Make/Model: Mobile B-53 Hammer Type: Wireline downhole
Drilling Method: Hollow-stem Auger Hammer Weight/Drop: 140 Lb./+30 In.
Hole Diameter: 8in. Surface Elevation: 62.0 Ft.
Comments: Groundwater seepage from nearby bluff exposures.
SAMPLE "
INTERVALS s S| z @
~|Z = > e lws| 8 w
26 _ |l 2] 8 g | g o
TlEZ X3 2| 3 GEOTECHNICAL DESCRIPTION E|3&| 4 x
<® |2 o) el =g BN
FEISS Dlgwa @ . 212% |33 e
Glu< |@oed| L 3 5 |08 |Ed =
QD £Fz| 5 > 6a |20 |20 o
° T -SC | Clayey Sand with Gravel: Medium dense; | | [
brown (7.5YR 4/4); moist; fine to medium
T grained, with gravel and cobble-size rocks to
~4" diameter. [Fill]
T 60
RING
13/12" 1065 (66
il Approximate contact.
Sand: Dense; yellowish red (5YR 5/8);
moist becoming very moist near 8 f.; fine to
5 —+ medium grained; trace of clay and Fe-oxide
binding agents. [Bay Point Fm.}
— 55
1 Sharp contact.
Sandstone: Very dense; yellow (5Y 7/8);
very moist; fine to medium grained:;
10 —+ RING uncemented; apparently massively bedded.
43/6" [Delmar Fm.] 1049 | 14.4 SHEAR
+ 50
Clayey Siltstone and Silty Claystone: Hard:
olive brown (2.5Y 4/4); moist; generally trace
n - of fine-grained sand.
| ]
15 - S ’

Continued on next sheet,

| FIG. A-30 '
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g, Aragon, FIELD LOG OF BORING B - 10
Hed 7 Qey Sheet 2 of 4
% (e : Project.  NORTH COUNTY TRANSIT DISTRICT
. 4
°°techmcal, m Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
INTERVALS = _ n
) Z
4 =1 c w | 3 &
|0 e 9 N I A~ W
T EJ|xY @] O GEOTECHNICAL DESCRIPTION E|S5Z]| w
Ll<a |52 3| 2 S |RW| x
FISS ISe we o 0 Qlnk |94& w
G @5 ga| £ | 8 &5 |o8 @3 &
a|d \ £z | 5 3 Ga 3020 o
15 - = —]ML, CL Clayey Siltstone and Silty Claystone: Hard; [i
: N pale olive (5Y 6/3); moist; non-plastic. Trace
N of fine-grained sand. i
. ! |
T4 — Cuttings dusky red (2.5YR 3/2) from about |
17-18 f.
1 Siity Sandstone: Very dense; dark reddish
brown (5YR 2.5/2); wet: fine-grained. Thinly
20 —+ RING bedded in bluff exposures.
73/6" 105.8 19.2
+ 40
2 Siltstone and Silty Sandstone: Hard or very
dense; dark gray (N4); moist; fine to medium
grained sand; siltstones commonly with
trace of clay; uncemented.
35
30 RING
60/6" + Fine-grained, very silty sandstone. 107.6 11.9
30
35

Continued on next sheet.
FIG. A-31 ‘




FIELD LOG OF BORING B - 10
Sheet 3 of 4

Project: NORTH COUNTY TRANSIT DISTRICT

Location: DEL MAR, CALIFORNIA Project No. 3650-SF

SAMPLE
INTERVALS

GEOTECHNICAL DESCRIPTION

DRIVE

TYPE,

BULK

ELEVATION
(MSL)
N (Blows/ft.)
LITHOLOGY
USCS
DENSITY (Pcf)
MOISTURE
CONTENT (%)
WELL

DRY
COMPLETION
OTHER TESTS

&| DEPTH (Ft.)

ML Clayey Siltstone: Hard; mostly gray (5Y
5/1), occasionally mottled with dusky red Fe-
oxide staining; moist; non-plastic.

RING
l 40/8" ML — Sandy siltstone, gray (5Y 5/1), slight 111.0 12.9
granulated texture, some Fe-oxide

mottling.

45 —

b b b b b b L

bbb e b b b b b e o L e e 1
Dbl b b e L L

50 —+ -

RING |22
l 65/6" T IML «- Clayey siltstone with trace of sand, slight 103.1 15.5
- o™~/ granulated texture, non-plastic.

Continued on next sheet.
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FIELD LOG OF BORING B - 10
Sheet 4 of 4
Project: NORTH COUNTY TRANSIT DISTRICT
Location:  DEL MAR, CALIFORNIA Project No. 3650.SF
SAMPLE
INTERVALS 5| gl = &
ol -4 = 5 < | w = 8 €
L | O & o
S B vlw 2| 9 GEOTECHNICAL DESCRIPTION F|53&| 4 ”
= g g SiE| w8 o n a5 E |48 W
G| i=@ajel ) £ 9 3|03 T3 £
ol a \ £z | 5 > ca |20 (20 o
5T " RING Sandy Siltstone: Hard; gray (N5); moist: SR
i !_L 52/6" fine-grained sand. 111.8 155 0| SHEAR

Bottom of boring at 56.0 feet.

Perched groundwater encountered in sandstone member from
approximately 19.0 to 25.0 feet.

Boring backfilled with soil cuttings.

l, FIG. A.22 l
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4, Aragon, iy FIELD LOG OF BORING B - 11P
H i ey Sheet 1 of 3
A NN A7 Iﬂ ( Project: NORTH COUNTY TRANSIT DISTkICT
QteChmcal! Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
Dates(s) Drilled:  4/29/98 Logged By: M. Doerschlag
Drilled By: California-Pacific Total Depth: 51.0 Ft.
Rig Make/Model: Mobile B-53 Hammer Type: Wireline downhole
Drilling Method:  Hollow-stem Auger Hammer Weight/Drop: 140 Lb./+30 In.
Hole Diameter: 8 In. Surface Elevation: 60.2 Ft.
Comments: Surface water in adjacent drainage.
SAMPLE 0
INTERVALS S Q9 £ =
= £ O ClEel F L
=9 w 3 o) et x> w -
TlzZ X3 ¢ 2 GEOTECHNICAL DESCRIPTION El2T| = @
= § g 5 w2 Q ] 7] (’7') - (a0 ]
zeE@sea| £ | 3 x5 |08 |E3 £
ald Fz| 5 3 oo | S0 |20 o
o+ 60 Sand: Mostly dense; mostly strong brown ) Eéj_
(7.5YR 4/6); moist; fine to medium grained, S
1 with trace of gravel; trace of clay and Fe- % %
oxide binding agents. [Bay Point Fm.] 2ok [t
RING
N= 171 |74 [Z
RING
N=40 « Color 10YR 5/6; includes some coarse- 109.3 44
T grained sand.
10 - 50
] Shamp contact.
] Sandstone: Very dense; yellow (5Y 7/8);
RING very moist becoming wet; fine to medium
1 " grained, with trace of silt; uncemented:
67/12 massively bedded. [Delmar Fm.] 106.8 |10.0
!_
15 —

Continued on next sheet,
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3, Aragon 1 | FIELD LOG OF BORING B - 11p
P gey Sheet 2 of 3
Project: NORTH COUNTY TRANSIT DISTRICT
Location: DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
INTERVALS = —_ %]
B Z
~ |z =] > el w3 o
" e £ Q S |k [ u
T EdIxd @ O GEOTECHNICAL DESCRIPTION 52| w
T < |32 .2 = = R W = 24
o | 4= Boes| T | 2 x& |08 |dg £Z
Q|d ez 5 > 0Q |20 1|20 5
15 — ; —
45 ; L f:’: i Sandstone: Very dense; yellow (5Y 7/8);
. ‘ j 2 ’ wet, fine to medium grained, with trace of
I } o : I silt; uncemented:; massively bedded.
I } R
- | DI |
RING  Jolelelslols !
I 728" latetele% %l SP — Sandstone, little or no fines. 103.3 214
20 40 . +— Slightly cemented from 20-21 t.: harder
®e% L drilling.
3 ML Sandy Siltstone: Harg: very dark gray (N3);
- moist; fine to medium-grained sand;
massive and non-plastic.
RING
55/6" 1109 | 158
25 lﬁ ' |
4} RING 5
; 50/6" 1 ML < Siltstone, as above. 113.1 14.0
30 —1‘_ 30
| |
Ji_

Continued on next sheet.




uedal" Aragon, Higle FIELD LOG OF BORING B - 11P
7 y Sheet 3 of 3
Project: NORTH COUNTY TRANSIT DISTRICT
Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
INTERVALS s| | =z Z
o
-~ Z - > I T Q 0
gl o) & o) N [ -
:‘E EIJx ";' g 9 GEOTECHNICAL DESCRIPTION = E 5 u x
=S 2 5| wid @) 0 @ lpE=lak w
o 'mwe @olam| T Q zZ2 132 |02 T
S ': g = %) @ W @) O =
o @\ z = S oo |20 |20 @)
5 - T T
3 _‘r 25 RING = —- ML, SM | Sandy Siltstone: As before; some very silty
53/6" 125232252535 spP-sM [ sandstone. . 103.5 135
1 Silty Sandstone: Very dense; gray (N5);
38 3 moist; fine to coarse grained: apparently
| ; massively bedded. Slightly cemented from
u | 361037 ft., and hard driling. Becomes
siitier with depth.
1 r Becomes easier drilling; interpreted silty
sandstone.
0 2
i 38 Approximate contact.
' — T M Clayey Siltstone: Hard:; olive gray (5Y 4/2),
Pty maist; trace of sand; non-plastic, with some
1 -z granulated textures.
!
S22
s RING (2270
56/6" ==z < Clayey siltstone, as above. 1074 |[15.8
] 333
4 ™D
L BENPRNN
-2
1 oD
i ™2
-\ -_\ —_\
. -
i AR
S22
50=_19 RING |22 ML, SM |~ Mixed clayey siltstone and thin silty
J 58/6" ‘_\\\ ‘_i “_: sandstone, with common dusky red 108.0 {109
TN mattiag

Bottom of boring at 51.0 feet.

Perched groundwater encountered in zone from approximately
14.0 to 21.0 feet, measured depth of 15.1 feet after well
installation. No groundwater encountered below 21.0 feet.
Piezometer installed as depicted in well completion column..




il Aragon, iy FIELD LOG OF BORING B - 12
o J Sheet 1 of 3
ui =
DN 2/ ( Project: NORTH COUNTY TRANSIT DISTRICT
In Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
Dates(s) Drilled:  4/30/98 _ Logged By: M. Doerschlag
Drilled By: California-Pacific Total Depth: 50.0 Ft.
Rig Make/Model: Mobile B-53 Hammer Type: Wireline downhole
Driling Method:  Hollow-stem Auger Hammer Weight/Drop: 140 Lb./+30 In.
Hole Diameter: 8 In. Surface Elevation: 60.5 Ft.
Comments: Boring located in rail cut.
SAMPLE o
INTERVALS S s Z =
Ti<g 52 % 3 GEOTECHNICAL DESCRIPTION % P g x
clasREES| 2| 8 x5 |c3 |3 &
ol Fz| 5§ g o0 |20 |20 o
° 7 Sand: Dense; yellowish red (SYR 4/6);
60 moist becoming very moist near 5 ft.; fine to
b medium grained; trace of ciay and Fe-oxide
L binding agents. [Bay Point Fm.]
5 —
— 55
10 o RING r Lightens to strong brown (7.5YR 5/6).
| 59/12" 98.5 10.7
. [ Becomes wet. b4
: Sharp contact.
Silty Claystone: Hard; light yellowish brown
_J_ (2.5Y 6/4); moist; trace of fine to medium-
15 . grained sand; slightly plastic. [Delmar Fm.)

Continued on next sheet.

- l

P A ————— |




FIELD LOG OF BORING B - 12

Sheet 2 of 3
Project: NORTH COUNTY TRANSIT DISTRICT
Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
INTERVALS 3 S| =z 2
i Z - > O TR o 4
L | Q £ Q r k= = ,“_"
T Ed|x § g 3 GEOTECHNICAL DESCRIPTION E D LZU u
L | <2 |d:2| - i 04
o | g2 (35 ga| 2 | 3 >2 12545 u
=~ > E x| Q0o W [
8| @ \ £z | 5 4 Ga|23(283 o
18 ﬁ_ 45 Silty Claystone: Hard; light yellowish brown

(2.5Y 6/4); moist; trace of fine to medium-
grained sand; slightly plastic.

Silty Sandstone: Very dense; dark gray
(5YR 4/1); moist; fine to medium grained
and very silty. Apparently massively
bedded.

RING

60/6" «— Silty sandstone, as above. 104.7 123

n
(S
t
I
i
)
.

Clayey Siltstone and Silty Claystone: Hard;
dark gray (N4); moist; occasional trace of
fine to medium-grained sand: non-plastic.
Increasing sand content with depth.

25 —
— 35
30 1 RING -
— 30 60/6" T\‘_\_\}“_\T\‘_ SM « Local very fine-grained, very silty 1135 |88
y NN sandstone, light gray (SYR 6/1).
] [ Very clayey from about 33 to 35 feet.
35 .

Continued on next sheet.




: FIELD LOG OF BORING B - 12
Sheet3 of 3
Project: NORTH COUNTY TRANSIT DISTRICT
Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
INTERVALS P =~ > f’—’

~ ! Z —~ > é_> w 3\1 Q n
Tle_ [ ly &9 s |lgs | E &
I EO Ix 2 0 GEOTECHNICAL DESCRIPTION EI s e w
T i< |32 -3 = = | Wi o
E|SsS Dlegfwl Q %) 2ok 4% ww
Qo WLE nlgl oo I O >Z =2 |J43 T
W s> | E D xw |29 (LS =
oo\ =z = 5 oQ |20 |20 o
35

" §7525%a%5%% SM Silty Sandstone: Very dense; gray (N5);

moist; fine to medium grained. Inferred from

7 cuttings.
404 RING

20 91/9" « Sandy siltstone, gray (N5), trace of clay, 95.3 9.2

R massive texture. Thin, local layer.
45 —

1 Silty Claystone: Hard; dark gray (N4) and

— 15 dusky red (10R 3/3); moist; non-plastic and

b Y N I N AN NN friable, with pronounced granulated texture.

S O N AN Hard drilling.

~_ RING : : : : : < Grades to clayey siltstone, olive gray, slight
50 ' 56/8" AN\ ML granulated texture. , 1023 | 144

Bottom of boring at 50.0 feet.

Slight groundwater seepage inferred to originate from
approximately 13.0 to 14.0 feet (base of Bay Point Fm.).
Boring backfilled with soil cuttings.

| FIG. A-39 '




FIELD LOG OF BORING B - 13
Sheet 1 of 4

Medall,", Hig]ey

Ge NG lﬂ ( Project: NORTH COUNTY TRANSIT DISTRICT
°t90hn|ca|, Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
Dates(s) Drilled:  4/30/98 Logged By: M. Doerschlag
Drilled By: California-Pacific Total Depth: 56.0 Ft.
Rig Make/Model: Mobile B-53 Hammer Type: Wireline downhole
Drilling Method: Hollow-stem Auger Hammer Weight/Drop: 140 Lb./+30 In.

Hole Diameter: 8in. Surface Elevation: §7.6 Ft.
Comments: Groundwater seepage visible at bluff face.
SAMPLE %)
INTERVALS 5| & 3 &
£|Q wl £ 8 Sles | =
Tl %S £ = GEOTECHNICAL DESCRIPTION C p@l g x
Fi>s Dl we o ] 3| ok |4 < 0
A UeS ooja @ L Q >Z2 | 22 |g T
TV =S = %) xuw!| Q0 o =
Q| z| I S 6o |30 |20 o
0 _
Sand: Dense to very dense; red (2.5YR
r 4/8), slightly moist; fine to medium grained;
b trace of clay and Fe-oxide binding agents.
L [Bay Point Fm.]
— 55
5 —
) r Lightens to strong brown (2.5YR 5/8) and
L 50 yellowish brown (10YR 5/6).
10 RING
1 N=60 1062 |4.6 J SHEAR
- 45
| Sharp contact.
i Sandstone: Very dense; yellow (10YR 7/5)
1 becoming very pale brown (10YR 7/4); moist
F to very moist; fine to coarse grained;
15 - massively bedded and essentially

\uncemented. [Delmar Fm.]

Continued on next sheet.

FIG. A40




”edall, Aragon iy FIELD LOG OF BORING B - 13
e ] Sheet 2 of 4
», .=b
e Inc Project: NORTH COUNTY TRANSIT DISTRICT
0 i '
technICGI; Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
INTERVALS = - > %)
> g S| 3 o
|8 £ © SIEE| F 0
:‘E’ = |x g ‘é’ 9 GEOTECHNICAL DESCRIPTION t F_) E w o
F|S2 38wl @ | o A x
o loe ol o d I Q >Z | =Z |J3 T
[ae] 49 (e w
w3 t = %) o id [®) '®) =
o|m \ z T ) oQ |20 |20 )
= -
TRING etetala’a’s| SP Sandstone: Very dense; very pale brown C
r 55/6" steatetels (10YR 7/4); maist to very moist; fine to 1184 | 119 | . | SHEAR
5 0%a%a20%a%s° coarse grained; massively bedded. :
- 40 “leseraetes
20 e
RING 3.0,0,9.9 0,
- 1 57/6" arecenee| SP «— Sandstone, as above. 113 | 11.8
| I~ DML Clayey Silt: Hard; very pale brown (10YR
" NN 7/4); moist; non-plastic.
- 35 L
1 asinteae?| 8P Sandstone: Very dense; very pale brown
r So%ale%ea’s (10YR 7/4); moist; fine to coarse grained;
8 0%0%s%0% 0" uncemented.
25 - Sosasegelats
RING a%6%6%%%° !
- ﬂes_/e" Sateetaels| SP « Sandstone, as above. 107.8 | 19.2 /| SHEAR
- 30 e
| N N A e CL Silty Claystone: Hard; dark gray (10YR
T R R R N 4/1); moist; trace of fine-grained sand; non-
DI I B I NN plastic.
3049w omnes RSN
RING PR :
r l 70/6" DAL CL «— Silty claystone, as above. 111.9 16.9 ‘| SHEAR
-2 NAAN
. NN
I \ \ NN
NN
] NNNAN
NN
34 Ul hewee
Continued on next sheet.
FIG. A-41 |
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Aragon, ki FIELD LOG OF BORING B - 13
o0 e e
P as | Sheet 3 of 4
&."UA Ry
e |n0 Project: NORTH COUNTY TRANSIT DISTRICT
. 1]
°tGChmca|, Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
—_ 197]
INTERVALS S : Z —
~ |z -~ > [ TR Q w
£]9O € 9Q NG - =
:1__" E X g g 9 GEOTECHNICAL DESCRIPTION I E w ~
S Szl wid Q %) 3 |5 e |ag @
GlEs@sjge )| £ | g 2% (85|23 =
-
Q| o = 3 ) A0 |20 |20 o)
35 =
RING L] ML, CL | Clayey Siltstone and Silty Claystone: Hard; S
- 60/8" ; : gray (10YR 6/1) at 35 feet becoming mostly | 116.4 | 12.8 © -] SHEAR
¥ dark gray (N4) at greater depths; moist; non- :
| plastic. Variably granulated textures,
} ranging from massive to intensely fractured.
- 20 NN
y 3‘\3_\5 R
L _\\S_
- N
40 JRNG SRR
- 59/¢" NN < Clayey siltstone, dark gray (N4) with some | 106.2 | 15.7
- rgiiatt dusky red Fe oxide mottling, trace of sand,
] NN granulated texture.
] AN
~ 15 T
4 i—\l—\:—
1 RN
- R
45 4 ‘ RING [0
L 50/6" A ML & Clayey siltstone, less clay than above, and | 111.8 | 17.2 SHEAR
. ? - '\"\-? ] only slightly granulated texture.
— .
| LoD
[ R
R
| e
_ AT
50 RING Foxo=
- 65/6" SN ML < Very clayey siltstone, abundant dusky red | 107.7 1 19.9
1 e mottles, intensely fractured.
—~ 5

55 —

Continued on next sheet.

FIG. A42
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FIELD LOG OF BORING B - 13
Sheet 4 of 4

Project: NORTH COUNTY TRANSIT DISTRICT

Location: DEL MAR, CALIFORNIA Project No. 3650-SF

S| DEPTH (Ft.)

ELEVATION
(MSL)

SAMPLE
INTERVALS

BULK
DRIVE

N (Blows/ft.)

LITHOLOGY
USCS

GEOTECHNICAL DESCRIPTION

DENSITY (Pcf)
CONTENT (%)
COMPLETION
OTHER TESTS

MOISTURE
WELL

DRY

e
33| TvPE,

L

S

Clayey Siltstone and Silty Claystone: As
before at 50 ft.

71 sHEAR

-
-
N
»
Y
w
-

Bottom of boring at 56.0 feet.

Perched groundwater encountered in sandstone unit from
approximately 23.0 to 28.0 feet; no groundwater encountered
below 28.0 feet.

Boring backfilled with soil cuttings.

FIG. A-43




dall, Aragon, Hi | FIELD LOG OF BORING B - 14P
Me T4 . gey Sheet 1 of 3
S
8 N2 ‘ Projectt ~ NORTH COUNTY TRANSIT DISTRICT
eoteChnicaI, In Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
Dates(s) Drilled:  4/30/98 Logged By: M. Doerschlag
Drilled By: California-Pacific Total Depth: 51.0 Ft.
Rig Make/Model: Mobile B-53 Hammer Type: Wireline downhole
Drilling Method: Hollow-stem Auger Hammer Weight/Drop: 140 Lb./+30 In.
Hole Diameter: 8in. Surface Elevation: 52.8 Ft.
Comments:
SAMPLE o
INTERVALS S : - =
~z =1 L lws| 8 @
|22 %5 2| 3 GEOTECHNICAL DESCRIPTION Ei24]| = @
E1ge |d 8| © G| Hhe [T w
dlus@ged| £ | 9 x& |08 |85 £
Qlm Fz| 5 3 6o |20 |20 o
0 7 Clayey Sand: Dense; red (2.5YR 3/6); d B4
L moist; fine to medium grained, with rare e 1A
y gravel clasts to 1/2"; trace of Fe-oxide d
binding agent. [Bay Point Fm.] X £
5 o RING
F 57/12" « Color locally pale brown (10YR 6/3). 131 |99 [ [
45 %
| Sharp contact.
- Sandstone: Very dense; yellow (10YR 7/6);
10 RING moist to very moist; fine to coarse grained,
55/6" with trace of silt; uncemented; massively 115.3 15.5
I bedded. [Delmar Fm.]
40
15 L
Continued on next sheet.
' FIG. A-44




4, Aragon, FIELD LOG OF BORING B - 14P
o ng Sheet 2 of 3
=i”:. * i
- ‘ Project: NORTH COUNTY TRANSIT DISTRICT
’ —
eotEChnl(;al, ln Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
INTERVALS —_ %)
S S| Z =
~| =z - > T |y Q @
€5 o £ 0 S|ge| E| u
| 2352 2| 2 GEOTECHNICAL DESCRIPTION El2g | 4 ”
ElISS Dl wl ©) » G| GE |48 &
o LE s am T 'S >Z | =2Z o= T
TV B > = = D xuw |90 o =
oo\ Fz | 3 ot a0 20|20 o
15 CRCACRENCT ——
—’ RING = B-7-27ISP | Sandstone: Very dense, color becoming S
| 56/6" 2atata%a%0% pale brown (10YR 8/3); becomes wet at 15 108.3 1175 3
7 IO feet; mostly medium to coarse grained, with
as00000%0% trace of silt; uncemented; massively bedded.
1— 35 PRI
1 SM r Grades silty, fine-grained.
20
RING ML Clayey Siitstone: Hard; dark gray (N4);
i 50/8" moist; trace of fine to medium-grained sand; | 112.4 | 15.4
) massive and non-plastic.
30
25 1 RING A
3 43/6" _—\ :—\ :-: ML < Clayey siltstone, as above. 99.3 17.6
1 N
-—\ -\, B
T X
25 ENENEN
=
L =
] RN
B
: SR
30 7 RING |22
| 50/6" DT ML « Siltstone, little to no clay, massively 111.8 | 155
4 :_Z;\ -0 bedded.
— 20
35 1 - |

Continued on next sheet,

l FIG. A-45 l
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Medau’ Aragon, iy FIELD LOG OF BORING B - 14P
7 Y Sheet 3 of 3
».
Project: NORTH COUNTY TRANSIT DISTRICT
Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
INTERVALS S| I z 2
| 2 - > |y Q2 n
T | O & Q N A L
TEFXS 2| 9 GEOTECHNICAL DESCRIPTION E128| Y4 »
E|S2 18z wd| O 0 B | E [k m
AL Ao o I Q >Z | =2 (-3 T
w3 =1 E %, xw | Q0 |YO =
om \ Fz | = 3 oQ |20 |20 o
35 o
RING Siltstone and Silty Sandstone: Hard or very
i 6o/6" dense; dark to very dark gray (N3-N4); 99.3 11.6 SHEAR
b slightly moist to moist; sandy fayers mostly
fine to medium grained. Classified silty
r sandstone at 35 ft. depth.
15
40 - i :
RING
L 55/6" +— Sandy siltstone, little to no clay, massive. 106.2 14.8 %
o
1 Silty Sandstone: Very dense; dark gray B
L (N4); moist; fine to medium grained; 7
45 — RING apparently massively bedded. Exposed at s
. " toe of bluffs. 4
L 724 1025 |105 %
1 Clayey Siltstone: Hard; dark gray (N5) with gﬁ
5 common dusky red mottles; moist; local 25
) trace of sand; non-plastic, locally with some 2o
granulated textures. 2%
50 — ;é
RING 7
| 42/6" :.: :-: = « Clayey siltstone, as above. 1073  |149 |2 SHEAR

Bottom of boring at 51.0 feet.

Perched groundwater encountered in zone from approximately
15.0 to 17.0 feet, at base of sandstone member.

No groundwater encountered below 17.0 feet.

Piezometer installed as depicted in well completion column..

l FIG. A46 |
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g, Aragon, | FIELD LOG OF BORING B - 15
Me 7 ng Sheet 1 of 3
VR A ;
G & ‘ Project: NORTH COUNTY TRANSIT DISTRICT
eotechmcal, In Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
Dates(s) Drilled:  4/30/98 Logged By: M. Doerschlag
Drilled By: California-Pacific Total Depth: 43.0 Ft.
Rig Make/Model: Mobile B-53 Hammer Type: Wireline downhole
Drilling Method:  Hollow-stem Auger Hammer Weight/Drop: 140 Lb./£30 In.
Hole Diameter: 8 In. Surface Elevation: 50.3 Ft.
Comments:
SAMPLE o
INTERVALS < ) z
- 2 — > Qo. w é 9 5
S50yl 1| 8 >l | B F
|z a %3 ¢ I GEOTECHNICAL DESCRIPTION E 2 = o
<D |u o) = -0
S REE8] 2| g 2 |lob 45 4
| =~ = = cz o] @]
Q| O Ez| 5 g 58|58 |23 5
0 . 50 SP-SC Clayey Sand with Gravel: Dense; dark red
(2.5YR 3/8); moist; fine to medium grained.
1 [Fill)
| SP-SC | Clayey Sand: Dense; dark red (2.5YR 3/6);
L moist becoming very moist at about 4 ft.;
fine to medium grained; very weakly
i cemented with clay and Fe oxides. [Bay
- Point Fm.)
5 —
— 45
1 [ Becomes wet. b4
| i Sharp contact.
- CL Siity Claystone: Hard; yellow (10YR 8/6);
NN\ moist to very moist; non-plastic. [Delmar
10 — E\N\\- Fm.]
— 40 A
L Sandy Siltstone: Hard; yellow (10YR 7/6);
moist; fine-grained sand; non-plastic.
__ RING
- 55/12" 1088 |16.0
1 Silty Sandstone: Very dense; yellow (10YR
7/6); maist; fine to medium grained. Intervai
15 - . deduced from bluff face exposure.

Continued on next sheet.

I FIG. A-47 '
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. FIELD LOG OF BORING B - 15
Sheet 2 of 3
Project: NORTH COUNTY TRANSIT DISTRICT
Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
INTERVALS S| F| =z 2
>~ Z —~ > |y ) n
:‘E E xS g 9 GEOTECHNICAL DESCRIPTION ~ E ,_zu Wy ©
=< 2 38| w3 ) n Bl E Ak w
w3 = E D xuw | Q20 YO =
Q| Fz | I oo} oo |20 (20 o
15 "
_]» 35 S5iatslals Silty Sandstone: Very dense; yellow (10YR
siadaisdsdss 7/6); moist; fine to medium grained. Interval
1 2523 deduced from bluff face exposure.
L ;:\ —: ML Clayey Siitstone: Hard; mostly dark gray
RING e {N4) with frequent dusky red mottles: moist;
1 . =TT small amounts of fine to medium-grained
- 74N2" oo sand; variably massive to intensely fractured | 104.6 [17.7
| = : or granulated.
20 DT
— 30 NN
I =
1 IR =
NN
i NN
L AR
RING -/
- =N\ =\ =\
r 74/12" LSS ML « Clayey siltstone, as above, granulated 99.7 16.4
- texture.
ENENEN
25 IR
~25 IR
. SRR
- 22
=D
R =N =\ =\
- P
RING AN
7 PR
B =N\ =\ =\
N=27 AN ML « Clayey siltstone with sand, olive gray (5Y 97.6 18.8
7 AN 5/2) with red (10R 3/6) mottles.
i NN
30 N
20 C==== Siltstone:  Hard; dark gray (5Y 4/1); moist;
non-plastic; trace of clay and fine-grained
7 sand. Mostly massive to lightly granutar
i texture.
35 -

Continued on next sheet.
FIG. A48




Medau’ Aragon, iy FIELD LOG OF BORING B - 15
P s y Sheet 3 of 3
( Project: NORTH COUNTY TRANSIT DISTRICT
“ttechnical, on -
f Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
INTERVALS = = = %
PN < = < |y S E
i il § -~ |2 5 ~
T | EF XS ¢ GEOTECHNICAL DESCRIPTION El25 4
L@ |d=] ;B = g 14
o R Ea 3 2 (2% |35 T
F U= pgea 3 xw Q20 |WO =
Q| W =z s oo |20 |20 o)
% 1— 15 Siltstone: Hard; dark gray (5Y 4/1) and gray
(N5); moist; non-plastic; trace of clay; mostly
1 massive and without granular texture.
I i RING =
1 53/6" ML «— Siltstone, as above. 107.8 | 16.0
40 —
~ 10
T RING
¥ __l72/6" «— Very sandy siltstone, gray (N5), massive 103.8 15.8 ]

Bottom of boring at 43.0 feet.

Perched groundwater encountered in zone from approximately
7.0 to 9.0 feet (base of Bay Point Fm.).

Boring backfilled with soil cuttings.

FIG. A49




il Aragon iy FIELD LOG OF BORING B - 16
J by Sheet 1 of 2
ARy _J
&~ WA [l 92
g ‘ c Project: NORTH COUNTY TRANSIT DISTRICT
R s
OteChnICZI, In Location: DEL MAR, CALIFORNIA Project No. 3650-SF
Dates(s) Drilled:  4/30/98 Logged By: M. Doerschlag
Drilled By: California-Pacific Total Depth: 29.5 Ft.
Rig Make/Model: Mobile B-53 Hammer Type: Wireline downhole
Drilling Method: Hollow-stem Auger Hammer Weight/Drop: 140 Lb./+30 In.
Hole Diameter: 8In. Surface Elevation: 46.5 Ft.
Comments: Located at north end of project alignment.
SAMPLE "
INTERVALS S| & 2 @
~| z =1 > e |lw®| 2 7
CIRo iy 5| 8 sz g E
TiEZ XS ¢! 2 GEOTECHNICAL DESCRIPTION E|2Z | 4 x
<w |d b~ -
o LI>J e 8 % o c% % 8 ' > % (2] E oS %
w ~ =| E xw|Q go =
oo £z | 5 8 582823 o
° 7 SP-SC Clayey Sand with Gravel: Dense; dark red
i (2.5YR 3/8); moist; fine to coarse grained.
. {Filf]
— 45 :
) -2 8P-SC Clayey Sand: Dense; yellowish red (5YR
i : 4/6); moist; fine to medium grained; very
- weakly cemented with clay and Fe oxides.
L [Bay Point Fm.}
5 —
i " Sharp contact.
o%a%| SP Sandstone: Very dense; yeliow (5Y 8/6);
7 moist; fine to coarse grained; local trace of
— 40 silt; uncemented; massively bedded.
i [Deimar Fm.}
10
§ r Becomes yellow (5Y 7/7).
- 35 ‘
| L~ | CL,ML | Silty Claystone and Clayey Siltstone: Hard;
i T yellow (10YR 8/6) to pale brown (10YR 7/3);
h moist; trace of fine to medium-grained sand;
- slightly plastic from 13-16 feet.
15 - =
Continued on next sheet.
l FIG. A-50 l




FIELD LOG OF BORING B - 16
Sheet 2 of 2
Project: NORTH COUNTY TRANSIT DISTRICT
Location:  DEL MAR, CALIFORNIA Project No. 3650-SF
SAMPLE
——— w
INTERVALS S| | =z 2
-~ 2 — (>5 T | w = 8 @
e | o & I
TIET Y 2| 9 GEOTECHNICAL DESCRIPTION E2&| 4 »
S5 35 88 2 |3 .2 |25 |45
uw~ im
a | o £z | 5 3 8o |20 |20 o
15 ——
— == 1ML Clayey Siltstone: Hard; yellow (10YR 8/6)
i - to pale brown (10YR 7/3); moist; trace of
h o fine to medium-grained sand; non-plastic
L 30 - below about 16 feet.
| =T =
- EEEY
— N A b 5Y 5/1).
20 i RING ENE r bruptly becomes gray (5Y 5/1)
| 69/12" T T ML ~— Clayey siltstone, non-plastic, slight 109.9 |15.0
- granulated texture.
~ 25 T
=N\ NN
' S5
- NP
] NN
giied
i e
* B
" -
25— AR Rl
L P
223
i A
— 20 T
BENEENREN
| R
" ™~
. PR
- :—\ 3 :‘i Clayey siltstone, very pale brown (10YR
4 RING I X 7/4) with dusky red mottles, massively
L I 48/6" i ML « bedded. 1013 | 20.8

Bottom of boring at 29.5 feet.
No groundwater encountered.
Boring backfilled with soil cuttings.

l FIG. A-51 l
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EXPLANATION OF GEOTECHNICAL BORING LOG

Date .Drill Hole No; Sheet__ of -
Project Job No,

Drilling Co. Type of Rig

Hole Diameter Drive Weight Drop in,

Elevation Top of Hole

Ref. or Datum

Depth

Feet
Log

Tube

Attitudes
Sample No.

Ll—l Graphic

GEOTECHNICAL DESCRIPTION

Blows
Per Foot
pcf

Logged by

Dry Density
Content, $
Soil Class,
(u.s.C.s.)

Moisture

Sampled by

1
i

P
'O

*

J:N1OW/
20E

b: Hori-
zontal

:N8OW/
10N

5 :NSOE/
40W

1

I . AN SRR
Nl L NG
o R e IR
]l.l"L g A AT CONGL S

K

t
]

rl},l

Hh
JURT

H
‘o

csN30W/
20E

Wil
|}ﬂn"
L

L

Attitudes: Strike/Dip

Bedding
Contact
Joint
Fracture
Fault
Clay Seam
Shear

M

Relatively undisturbed drive sample
(Modified California Sampler) - Number to
left represents Sample Number

Bulk Sample (with sampling interval)

+= 4

106.2{14.9 CL

Standard Penetration Test
(Split-Spoon Sampler)

15.8 | SP

~Sample not recovered
Graphic Log:

.....

oLy

CH .___._contact

/ fracture

g;#’shear/clay seam

tE zone with calcareous cement
g Ax roots

@ seep
Y ground water table

I

< clast

Total Depth = 28' (depth of hole)

0

S00A (2/77)

Leighton & Associates




MAJOR DIVISIONS | solL cLAsS. TYPICAL NAMES

GW Well graded gravels or gravei-sand mixtures, little or no fines
‘. GRAVELS GP Poorly graded gravels or gravel-sand mixtures, little or no fines
© =
]
o
(Ds (More than 1/2 of GM Slity gravels, gravel-sand-silt mixtures
-6-"5 coarse fractlon >
Q
(2] . 1
QN no. 4 sieve size) GC Clayey gravels, gravei~sand~ciay mixtures
g
z:
EA
=3 SW Well graded sands or gravelly sands, little or no fines
00
t(g'é
Eg SANDS SP Poorly graded sands or gravelly sands, little or no fines
O e
O£
ol (More than 1/2 of SM Slity sands, sand-siit mixtures
3| coarse fraction <
no. 4 sieve size) SC Clayey sands, sand-clay mixtures
g ML Inorganic siits and very fine sands, rock flour, silty or clayey
© fine sands or clayey silts with slight piasticit
o] SILTS & CLAYS vey oe y
% cL Inorganic clays of low to medium plasticity, gravelly clays,
Do sandy clays, slity clays, lean clays '
gg LtL < 50 4
gg oL Organic silts and organic slity clays of low plasticity
{TTAY
%E MH inorganic siits, micaceous or diatomaceous tine sandy or
5'5 ailty solls, elastic slits
w SILTS & CLAYS
==
ﬁ_'g CH . Inorganic cltays of high plasticity, fat clays
£ LL > 50
g _—— OH Organic clays of medium to high plasticity, organic siity clays,
& organic silts
HIGHLY
Pt Peat and other highly organic solls

ORGANIC SOILS

CLASSIFICATION CHART

(Unified Soil Classitication System)

RANGE OF GRAIN SIZES /
CLASSIFICATION| u.s. Standard Grain Slze x 60
Sieve Size in Millimeters § CIH
£ 40
BOULDERS | Above 12" Above 305 - 21
- W
=30 Y
’* to 3" 76.2 =4
COBBLES 12" to 305 to £ / |
GRAVEL  |3" to No. 4 76.2 to 4.76 < cL 0&”
coarse 3" to 3/4” 76.2 to 10.1 & 0 MH
. 7 4
fine 3/4' to No. 4 19.1 to 4.78 4 CL-ML L & OL
n o No 4 I/ I |
SAND No. 4 to No. 200 [4.76 to 0.074 0 10 20 30 40 60 60 70 B8O GO0 100
coarse . No. 4 to No. 10 4,76 to 2.00 LIQUID LIMIT
i medium No. 10 to No. 40 2.00 to 0.420
fine No. 40 to No.200| 0.420 to 0.074 PLASTICITY CHART
SILT & CLAY | Below No. 200 |Below 0.074

GRAIN SIZE CHART

9 '

WHZ IV Ui Owile Uik vowiimivm iy




040151-009

APPENDIX C

Laboratory Testing Procedures and Test Results

Chloride Content: Chloride content was tested in accordance with Caltrans Test Method CT422.
The results are presented below:

Sample o Chloride Chloride Attack
Location Sample Description Content (ppm) Potential*
B-1 @ 0°-% Red-brown silty SAND 300 Threshold
B-1 @ 40°-45° Dark Olive silty clayey SAND 500 Positive

* per City of San Diego Program Guidelines for Design Consultant, 1992.

Direct Shear Tests: A Direct shear test was performed on a selected relatively undisturbed sample
which was soaked for a minimum of 24 hours under a surcharge equal to the applied normal force
during testing. After transfer of the sample to the shear box and reloading of the sample, the pore
pressures set up in the sample (due to the transfer) were allowed to dissipate for a period of
approximately 1 hour prior to application of shearing force. The sample was tested under various
normal loads utilizing a motor-driven, strain-controlled, direct-shear testing apparatus at a strain
rate of 0.005 inches per minute. After a shear strain of 0.2 inches, the motor was stopped and the
sample was allowed to "relax" for approximately 15 minutes. The stress drop during the relaxation
period was recorded. It is anticipated that, in a majority of samples tested, the 15 minutes relaxing
of the samples is sufficient to allow dissipation of pore pressures that may have set up in the
samples due to shearing. The drained peak strength was estimated by deducting the shear force
reduction during the relaxation period from the peak shear values. The shear values at the end of
shearing are considered to be ultimate values and are shown in parenthesis.

Sample Location | Sample Description | Friction Angle (degrees) Apparent
Cohesion (psf)
| 36 300
B-1, 16 Feet Dark brown silty
SAND (34) (300)

C-1



APPENDIX C (Continued)

040151-009

Maximum Dry Density Tests: The maximum dry density and optimum moisture content of typical

materials were determined in accordance with ASTM Test Method D1557. The results of these
tests are presented in the table below:

) o Maximum Dry | Optimum Moisture
Sample Location Sample Description Density (pcf) Content (%)
B-1 @ 0’-5° Red-brown silty SAND 128.0 7.5

Minimum Resistivity and pH Tests: Minimum resistivity and pH tests were performed in general
accordance with Caltrans Test Method CT643 for Steel or CT532 for concrete and standard
geochemical methods. The results are presented in the table below:

Sample L - Minimum Resistivity
Location Sample Description pH (ohms-cm)
B-1 @ 0’-5° Red-brown silty SAND 8.77 2336

Soluble Sulfates: The soluble sulfate contents of selected samples were determined by standard
geochemical methods (Caltrans Test Method CT417). The test results are presented in the table

below:
Samole Locati Samole Descriofi Soluble Sulfate POtz?tétllgff’r ee
ample Location ample Description
Content (ppm) Attack*
B-1 @ 0’-5° Red-brown silty SAND <150 Negligible
B-1 @ 40°-45° Dark Olive silty clayey SAND <150 Negligible

* Based on the 1997 edition of the Uniform Building Code, Table No. 19-A-4, prepared by
the International Conference of Building Officials (ICBO, 1997).

C-2
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COMPACTION TEST

ASTM D 1557
Project Name; DEL MAR BLUFFS Tested By: MDR
Project Number:  040151-007 Date: 4/18/02
Boring Number: B-1 Depth (ft.):
Sample Number, 1 Scalp Fraction (%), +#4: 3/8™ 3/4"
Sample Description.  SM, BROWN SILTY SAND
Preparation Method: Moist Compaction Method:] X [Mechanical Ram
Manual Ram
Mold Volume (ft.°): Ram Weight: 10 Ibs. Drop: 18 inches

Water added (ml):

TEST NUMBER: 1 2

Weight of Soil and Mold (g) o
Weight of Mold (g)
Weight of Sail (g)

Wet Soiland Tare (g) | |

Dry Soil and Tare (g)

Weight of Tare (g) 2.

Wet Density (pcf) 137.9

Moisture Content (%) 7.8 9.8
Dry Density (pcf) 127.9 123.0

3432

Maximum Dry Density (pcf)

PROCEDURE 145 . o —
rocedure A — i I 1
Soil: Passing No. 4 (4.75mm) Sieve ‘ \ SPE. G. - 265
Mold: 4 in. (101.6 mm) Diameter 140 X - oA
Layers: 5 (five) —r
Blows per Layer: 25 (twenty-five)
May be used if 20% or less by weight of the 135
material is retained on the No. 4 sieve.

\\

]
g
1
A

i g
A
\
|

/Vi; L/
”

"4
AN
C
\

rocedure B 130 . Ie\\
Soil: Passing 3/8 in. (9.5 mm) Sieve

Mold: 4 in. (101.6 mm) Diameter

Layers: 5 (five)

Blows per Layer: 25 (twenty-five)

Shall be used if more than 20% by weight of
the material is retained on the No. 4 sieve

/ N\ \\\\‘
N \\
125 <

NA

120 ’ % Ay

and 20% or less by weight is retained on the
3/8 in. sieve.

Dry Density (pcf)

115 A WY

Soil. Passing 3/4 in. (19.0 mm) Sieve \
Mold: 6 in. (152.4 mm) Diameter 110 iy
Layers: 5 (five) A
Blows per Layer: 56 (fifty-six)
Shall be used if more than 20% by weight of 105
the material is retained on the 3/8 in. sieve
and less than 30% by weight is retained on
the 3/4 in. sieve. 100

0 5 10 15 20

Moisture Content (%)

Rev. 01-02 L




pH and Resistivity Sulfate
Content Chloride Content

CT §32,CT 417,CT 422

Project Name: DEL MAR BLUFFS Date: 4/17/02
Project Number: 040151-007 Tested By: MDR
Boring Number: B-1 Checked By:
Sample Number: 1 Depth (ft.): 0.0-5.
Sample Description: SM, REDDISH BROWN SILTY SAND

Initial Moisture Content Initial Sample Weight 1300
Wet Wt. Soil+Container (g) 985 Box Constant . 6.87
Dry Wt. Soil+Container (g) Soil pH
Weight of Container (g) Sulfate Content (ppm)
Moisture Content (%) Chioride Content(ppm)
Water Added (mi)
Moisture Content

Spec. Cond.(uhm/cm)

Resistivity (ohms-cm)

Resistivity of Soil

7000

6000

5000

= 4000

3000

2000

1000

Soil Resistivity (ohms-
cm

0.00 5.00 10.00 15.00 20.00 25.00 30.00

Moisture Content

Rev. 10-01




pH and Resistivity Sulfate
Content Chloride Content

CT 532,CT 417,CT 422

Project Name: DEL MAR BLUFFS Date: 4/17/02
Project Number: 040157-007 Tested By: MDR
Boring Number: B-1 Checked By:
Sample Number: 10 Depth (ft.): __ 40.0-45.0
Sample Description: SC-SM, DARK OLIVE SILTY, CLAYEY SAND

Initial Moisture Content Initial Sample Weight 1300
Wet Wt. Soil+Container (g) : Box Constant | 6.87
Dry Wt. Soil+Container (g) Soil pH
Weight of Container (g) Sulfate Content (ppm)
Moisture Content (%) Chloride Content(ppm)
Water Added (mi)
Moisture Content

Spec. Cond.(uhm/cm)
Resistivity (ohms-cm)

Resistivity of Soil

2500
2000 -
1500 |
1000

500

Soil Resistivity (ohms-
cm)

0.00 5.00 10.00 15.00 20.00 25.00 30.00

Moisture Content

Rev. 10-01



™ DIRECT SHEAR TEST RESULT

ASTM D 3080
Project Name: DEL MAR BLUFFS Date: 4/16/02
Project Number: 040151-007 TestedBy: BCC
Boring Number: B-1 Checked By:
Sample Number: 4 Depth (ft.): 16.0
Sail Description: SM, DARK BROWN SILTY SAND
VERTICAL STRESS | PROVING RING | comension | St X, | RECAXED
FACTOR
(psf) DIAL READING (psh) (psh)
1108
2216
4432
5000
4500
4000
3500 : Baibhe
r }f_‘{lll
/1] une;
& IR LA
" 3000 v i
7]
W i
= =
£ 2500 :
3 f
g
s 2000 o
(@]
2
1500
1000
500 +
0
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
' NORMAL STRESS (psf)

Rev. 02-02




Project Name:
Project Number:
Boring Number:
Sample Number:
Soil Description:

DIRECT SHEAR TEST RESULT

4/16/02
. BcC _

ASTM D 3080
DEL MAR BLUFFS Date:
040151-007 Tested By
B-1 Checked By:
7 Depth (ft.):

SC, REDDISH-BROWN CLAYEY SAND

31.0

SHEAR | RELAXED

T TS | READING | B | STRESS | STRESS [commmonm
P - (psf) (psf) FRICTION (deg.

3700

4000

-
T

3500

3000
G

& 2500
/)]
[72]
w
3

o 2000
-
<
Z
=

o) 1500
=2

1000

500

0

0 500 1000 1500 2000 2500 3000 3500 4000
NORMAL STRESS (psf)
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DIRECT SHEAR TEST RESULT

ASTM D 3080
Project Name: DEL MAR BLUFFS Date: 4/16/02
Project Number: 040151-007 Tested By: BCC
Boring Number; B-1 Checked By:
Sample Number: 8 Depth (ft.):  36.0
Soil Description: SC, OLIVE CLAYEY SAND

VERTICAL STRESS| PROVING RING | conversion SSTHREEASRS RSE‘-L}:E(SE;)
(psf) DIAL READING FACTOR

(psf) (psf)

COHESION (psf)
FRICTION (deg.)

4300

COHESION (psf)

FRICTION (deg.)}:

sooo-ﬁ | e Tl

5500 :: o et Gt o2

I i g

?!!E!

{SERASRSNI Leasannss
»
2% insSiaRRt 1000
liﬂim
4 {amERSASSi 1288222

4500 a8
o 4000 i ﬂ FI
fé 1 i
g), 3500 s Sis st 2 g R EiERdnd ;;;%;;;;;;
& ] i
£ 3000 { 1 i
”n e :
- .E ' i H E i 1
g 4 1 i ‘
Z 2500 i i
5 i e
Z 2000 & i : E .
1500 + i:;;::siE;;; 1 =% et ;[ ;;;E;:;ﬁtm;;
1000 i 1
1 : T
ESEEEE IR 1 ] 1
500 E & = +
o S e

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
NORMAL STRESS (psf)
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Project Name:

DIRECT SHEAR TEST RESULT

Project Number:

Boring Number:

Sample Number:

ASTM D 3080
DEL MAR BLUFFS Date: 4/16/02
040151-007 Tested By: _ BCC
B-1 Checked By:
9 Depth (ft.):  41.0

Soil Description:

SC, DARK BLUISH-GRAY CLAYEY SAND

VERTICAL STRESS PROVING RING CONVERSION SHEAR | RELAXED
(psf) DIAL READING FACTOR STRESS | STRESS
P (psf) (psf) FRICTION (deg.
PEAK
| |
4900 357
6000 T T T 5 T :
5500 $ I -iiii%iiii ;;;;_ﬂ;;;;;;H “ {
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Laboratory Testing - Del Mar Bluffs Geotechnical Study
(January 31, 2001)




Peak Direct Shear on Bay Point Samples
by Leighton & Associates 2000
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Ultimate Direct Shear on Bay Point by Leighton & Associates 2000
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Composite of Ultimate Direct Shear on Delmar Formation
by Leighton & Associates 2000
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Composite of Ultimate Direct Shear on Fine-Grained Samples of
Delmar Formation by Leighton & Associates 2000
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Composite of Peak Direct Shear Results Tested on Bay Point Formation
at Field Moisture by MAH 1998
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Composite of Peak Direct Shear Results on Delmar Formation

5000

4000

3000

2000

Shear Stress (psf)

1000

Tested at Field Moisture by MAH 1998

1000 2000 3000 4000

Vertical Stress (psf)

Average Strength Values
Friction Angle, ¢ (degrees) 38

Cohesion, ¢ (psf) 900

5000

81P,5
B-1P, 10'
84P, 20
8-1P, 30
B-1P, 50°
847,10
B-4P, 15
B-4P, 20"
B-47, 35
B4P, 55
B7,10°

87,20

B-7,30

87,3

B7,45

B7,55'

88,12

B-9P, 17
B-9P, 27
B-9F, 32
B-9P, 37"
B-9P, 45
810,10
B-13,15'
B-13,26'
813,30
813,35
813,45
8-13,55
B-14,20
814,30
814,45

B-14, 50'

W e 1 5 & 0N X P> N & : ¥ 0 % X P B 1 + 0N X P O1 1 F &N X P> E o

Average

Design

S— ear (Average)

DIRECT SHEAR SUMMARY Project Name

Project No.

040151-001

HDR/Del Mar

Figure No.

]




Composite of Residual Direct Shear Results on Delmar Formation

Tested at Field Moisture by MAH 1998
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Composite of Peak Direct Shear Results on Bay Point Formation Tested
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Composite of Peak Direct Shear Results on Delmar Formation Tested
by Leighton & Associates 1978
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Peak Direct Shear Results on Remolded Samples Tested

by Leighton & Associates 1978
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PREVIOUS LABORATORY
TESTING BY OTHERS




- | DRAFT Del Mar Bluffs
NCTD Geotechnical Investigation, Volume I

APPENDIX B

Laboratory Testing
Moisture-Density Determinations

The dry unit weight and field moisture content were determined for each of

. the recovered barrel samples. The moisture-density information provides a

gross indication of soil consistency and can assist in delineating local
variations. The information can also be used to correlate soils or weakly
lithified bedrock found on this site with soils on other sites in the general
area. Sample locations and the corresponding test results are illustrated on
the Boring Logs in Appendix A.

Compaction Tests

Representative bulk soil samples were tested to determine their maximum dry
densities and optimum moisture contents per the ASTM D 1557-91 (Method
A) procedure. The test method uses 25 blows of a 10-pound hammer falling
18 inches on each of 5 soil layers in a 1/30 cubic foot cylinder. Soil samples
are tested at varying moisture contents to create a curve illustrating achieved
dry density as a function of moisture content. The table in the following page
presents the test results.

Table B-1
Maximum Density - Optimum Moisture Content Determinations
Soil Classification Location Maximum Dry Optimum Moisture
Density (pef) Content (%)
Sandy Silt (ML) B-1P 120.5 10.0
20-30 ft.
Clayey Sand B-2 130.0 85
(SP-SC) 5-10 ft.
Silty Clay (CL) B - 6P 119.5 13.0
9-12'2 ft. '
Sandy Silt (ML) B-7 118.0 16.0
20-25 ft.
Silty Clay (CL) B-9P 112.5 17.0
12Y2-172 ft
Sand (SP) B-11P 127.0 10.0

X:107815|066)Appendicles / MAHG IDR




- | DRAFT Del Mar Bluffs
NCTD Geotechnical Investigation, Volume I
Soil Classification Location Maximum Dry Optimum Moisture
Density (pcf) - Content (%)

i 0-5 i

Clayey Sand B - 14P 123.5 10.0

- (SP-SC) 5-10 f.

o ’ Strength Tests

Direct shear tests were performed on undisturbed samples collected from
. varying depths within representative Borings. The samples were tested at
field moisture contents, and tested in a direct shear machine of the strain
control type. Test samples are retained within standard one-inch-high brass
rings. Samples were tested at increasing normal loads to determine the

Mohr-Coulomb shear strength parameters presented on Figures B-1 through
B-39.

Consolidation Tests - (ASTM D 2435)

e In this procedure, a series of cumulative vertical loads are applied to a small,
laterally confined soil sample. The apparatus is designed to accept a one-
inch-high brass ring containing an undisturbed or remolded soil sample.
During each load increment, vertical compression (consolidation) of the
sample is measured and recorded at selected time intervals. Porous stones
are placed in contact with both sides of the specimen to permit the ready
addition or release of water. Undisturbed samples were initially at field
moisture content, and were subsequently inundated at a load near the existing
overburden pressure to determine soil behavior under saturated conditions.
The test results are plotted graphically on Figures B-40 through B-42.
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Test Condition: Undisturbed at Field Moisture

Location: B - 14

Depth: 50"

- ’roject Name: North County Transit District - Del Mar
=

Project No.: 3650 - SF

Medall, Aragén, Higley, Geotechnical, Inc.
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Figure: B .29
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Boring: B-2 | Depth (ft.): 10.0 | Dry Density (pcf): 108.6 Moisture (%): 13.0 | Saturation (%): 66
Sample Description: Clayey Sand (SP-SC), fine to medium grained. [Fill]
CONSOLIDATION CURVE
NORTH COUNTY TRANSIT DISTRICT, DEL MAR RAIL LINE
PROJECT NO. 3650-SF DATE: 6/18/98 FIG. B-40




COMPRESSIVE STRESS (psf)
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Boring: B-2 | Depth (ft.):15.0 | Dry Density (pcf):114.6 Moisture (%): 12.9 | Saturation (%) 77
Sample Description: Clayey Sand (SP-8C), fine to medium grained. [Fill]
CONSOLIDATION CURVE
NORTH COUNTY TRANSIT DISTRICT, DEL MAR RAIL LINE
PROJECT NO. 3650-SF DATE:6/18/98 |  FIG. R-a1
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Boring: B-2 | Depth (f.): 25.0 | Dry Density (pef):114.1 Moisture (%): 10.2 | Saturation (%): 60
Sample Description: Clayey Sand (SP-SC), fine to medium grained. [Fill]
, CONSOLIDATION CURVE
NORTH COUNTY TRANSIT DISTRICT, DEL MAR RAIL LINE
| G%technical, né PROJECT NO. 3650-SF DATE: 6/18/98 FIG. B-42




Increased Ground Water Profile Analysis
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Back Calculation Analysis
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Cross Section 1-1°



Del Mar Bluffs Cross Section 1-1'
Slope Stability Analysis

File Name: Section 11 Static 1.slz
Analysis Method: Spencer

Factor of Safety: 1.26

Creep Zone

Unit Weight: 110
Cohesion: 50
Phi: 18

1.26
®
Qbp
Unit Weight: 125
Cohesion: 200
Phi: 36

Pieziometric Contour = 312 psf
(5 ft Head of Water)

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30 Td

Unit Weight: 125
Cohesion: 300
Phi: 36




Del Mar Bluffs Cross Section 1-1'
Slope Stability Analysis

File Name: Section 11 Static 2.slz
Analysis Method: Spencer

Factor of Safety: 1.26
Surcharge = 3,000 psf

Creep Zone

Unit Weight: 110
Cohesion: 50
Phi: 18

-
[e)}

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Pieziometric Contour = 312 psf

(5 ft Head of Water)
Qb
Unit Weight: 125
Cohesion: 0
Phi: 30 Td- i
Unit Weight: 125
Cohesion: 300

Phi: 36




Del Mar Bluffs Cross Section 1-1'
Slope Stability Analysis, No Water
File Name: Section 11 Static 3.slz
Analysis Method: Spencer

Factor of Safety: 1.47

Creep Zone

Unit Weight: 110
Cohesion: 50
Phi: 18

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30 Td

Unit Weight: 125
Cohesion: 300
Phi: 36




Del Mar Bluffs Cross Section 1-1'

Slope Stability Analysis

File Name: Section 11 Pseudo Static 1.slz
Analysis Method: Spencer

Factor of Safety: 1.12
Sesimic Coefficient = 0.15

Creep Zone

Unit Weight: 110

Cohesion: 50
1.12 Phi: 18

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30 Td

' Unit Weight: 125
Cohesion: 300

Phi: 36




Del Mar Bluffs Cross Section 1-1'

Slope Stability Analysis

File Name: Section 11 Pseudo Static 2.slz
Analysis Method: Spencer

Factor of Safety: 0.95
Seismic Coefficient = 0.28

Creep Zone
Unit Weight: 110
Cohesion: 50

0.9 Phi: 18

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30 Td

Unit Weight: 125
Cohesion: 300
Phi: 36




Del Mar Bluffs Cross Section 1-1'
Slope Stability Analysis

File Name: Section 11 Static 1B.slz
Analysis Method: Spencer

Factor of Safety: 1.43

Creep Zone

Unit Weight: 110
Cohesion: 50
Phi: 18

143
®
Qbp
Unit Weight: 125
Cohesion: 200
Phi: 36

Pieziometric Contour = 312 psf
(5 ft Head of Water)

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30 Td
' Unit Weight: 125
Cohesion: 300

Phi: 36




Del Mar Bluffs Cross Section 1-1'
Slope Stability Analysis

File Name: Section 11 Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 1.43
Surcharge = 3,000 psf

Creep Zone

Unit Weight: 110
Cohesion: 50
Phi: 18

1.43
®
Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Pieziometric Contour = 312 psf
(5 ft Head of Water)

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30 Td
' Unit Weight: 125
Cohesion: 300

Phi: 36




Del Mar Bluffs Cross Section 1-1'
Slope Stability Analysis, No Water
File Name: Section 11 Static 3B.slz
Analysis Method: Spencer

Factor of Safety: 1.48

Creep Zone

Unit Weight: 110
Cohesion: 50
Phi: 18

-
oo

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30 Td

Unit Weight: 125
Cohesion: 300
Phi: 36




Del Mar Bluffs Cross Section 1-1'

Slope Stability Analysis

File Name: Section 11 Pseudo Static 1B.slz
Analysis Method: Spencer

Factor of Safety: 1.14
Sesimic Coefficient = 0.15

Creep Zone

Unit Weight: 110

Cohesion: 50
o Phi: 18

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30 Td

Unit Weight: 125
Cohesion: 300

Phi: 36




Del Mar Bluffs Cross Section 1-1'

Slope Stability Analysis

File Name: Section 11 Pseudo Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 0.95

Sesimic Coefficient = 0.28

Creep Zone

Unit Weight: 110

Cohesion: 50
o2 Phi: 18

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30 d

Unit Weight: 125
Cohesion: 300
Phi: 36




Cross Section 2-2°



Del Mar Bluffs Cross Section 2-2'

Slope Stability Analysis

File Name: Section 22 5ft Water Static 2.slz
Analysis Method: Spencer

Factor of Safety: 1.45

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30

Qbp
Unit Weight: 125
Cohesion: 200

Phi: 36

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 2-2'
Slope Stability Analysis, No Water
File Name: Section 22 Static 3.slz
Analysis Method: Spencer

Factor of Safety: 1.5

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 2-2'

Slope Stability Analysis

File Name: Section 22 5ft Water Static 4.slz
Analysis Method: Spencer

Factor of Safety: 1.45

Surcharge = 3,000 psf

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

)
-
=
[6;]

Pieziometric Contour = 312 psf
(5 ft head of Water)

Qb Td

Unit W_elg_ht: 125 Soil Model: Anisotropic Fn.
Co_r.1e3|on. 0 Unit Weight: 125
Phi: 30 Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 2-2'

Slope Stability Analysis

File Name: Section 22 Psuedo Static 2.slz
Analysis Method: Spencer

Factor of Safety: 1.21
Seismic Coeffiecient = 0.15

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 2-2'

Slope Stability Analysis

File Name: Section 22 Psuedo Static 3.slz
Analysis Method: Spencer

Factor of Safety: 1.01
Seismic Coefficient = 0.28

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 2-2'

Slope Stability Analysis

File Name: Section 22 5ft Water Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 1.42

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Pieziometric Contour = 312
(5 ft head of Water)

Qb Td
gnlr: V\/_elg.h(t)i 125 Soil Model: Anisotropic Fn.
Pr?"%solon Unit Weight: 125

It Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 2-2'
Slope Stability Analysis, No Water
File Name: Section 22 Static 3B.slz
Analysis Method: Spencer

Factor of Safety: 1.45

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30

Qbp
Unit Weight: 125
Cohesion: 200

Phi: 36

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 2-2'

Slope Stability Analysis

File Name: Section 22 5ft Water Static 4B.slz
Analysis Method: Spencer

Factor of Safety: 1.42
Surcharge = 3,000 psf

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 2-2'

Slope Stability Analysis

File Name: Section 22 Psuedo Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 1.18
Seismic Coefficient = 0.15

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 2-2'

Slope Stability Analysis

File Name: Section 22 Psuedo Static 4.slz
Analysis Method: Spencer

Factor of Safety: 0.98
Seismic Coefficient = 0.28

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Cross Section 3-3°



Del Mar Bluffs Section 3-3'

Slope Stability Analysis

File Name: Section 33 5ft Water Static 1.slz
Analysis Method: Bishop

Factor of Safety: 1.31

.0::::.:. oo
.::::. ° Af
°tee Unit Weight: 125
Cohesion: 100
Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Pieziometric Pressure Contour = 312 psf
(5 ft head of Water)

Td

Qb Soil Model: Anisotropic Fn.
Unit Weight: 125 Unit Weight: 125
Cohesion: 0 Cohesion: 300

Phi: 30 Phi: 36




Del Mar Bluffs Section 3-3'

Slope Stability Analysis

File Name: Section 33 5ft Water Static 3 703.slz
Analysis Method: Bishop

Factor of Safety: 1.31

'.:::.::. Y
..::.. ° Af
*soess . Unit Weight: 125
corse Cohesion: 100
Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Pieziometric Pressure Contour = 312 psf
(5 ft head of Water)

Td

Qb Soil Model: Anisotropic Fn.
Unit Weight: 125 Unit Weight: 125
Cohesion: 0 Cohesion: 300

Phi: 30 Phi: 36




Del Mar Bluffs Section 3-3'

Slope Stability Analysis, No Water
File Name: Section 33 Static 5.slz
Analysis Method: Bishop

Factor of Safety: 1.51

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Qb Soil Model: Anisotropic Fn.
Unit Weight: 125 Unit Weight: 125
Cohesion: 0 Cohesion: 300

Phi: 30 Phi: 36



Del Mar Bluffs Section 3-3'

Slope Stability Analysis

File Name: Section 33 Psuedo Static 1.slz
Analysis Method: Bishop

Factor of Safety: 1.11

Seismic Coefficient = 0.15

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Section 3-3'

Slope Stability Analysis

File Name: Section 33 Psuedo Static 3.slz
Analysis Method: Bishop

Factor of Safety: 0.9
Seismic Coefficient = 0.28

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Section 3-3'

Slope Stability Analysis

File Name: Section 33 5ft Water Static 2 703.slz
Analysis Method: Spencer

Factor of Safety: 1.55

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

1.55

®
Pieziometric Pressure Contour = 312 psf
(5 ft head of Water)

Td

Qb Soil Model: Anisotropic Fn.
Unit Weight: 125 Unit Weight: 125
Cohesion: 0 Cohesion: 300

Phi: 30 Phi: 36




Del Mar Bluffs Section 3-3'
Slope Stability Analysis, No Water
File Name: Section 33 Static 6.slz
Analysis Method: Spencer

Factor of Safety: 1.63

1.63
®
Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Section 3-3'

Slope Stability Analysis

File Name: Section 33 5ft Water Static 4 703.slz
Analysis Method: Spencer

Factor of Safety: 1.55
Surcharge = 3,000 psf

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

1.55

®
Pieziometric Pressure Contour = 312 psf
(5 ft head of Water)

Td

Qb Soil Model: Anisotropic Fn.
Unit Weight: 125 Unit Weight: 125
Cohesion: 0 Cohesion: 300

Phi: 30 Phi: 36




Del Mar Bluffs Section 3-3'

Slope Stability Analysis

File Name: Section 33 Psuedo Static 2.slz
Analysis Method: Spencer

Factor of Safety: 1.24
Seismic Coefficient = 0.15

1.24
®
Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Section 3-3'

Slope Stability Analysis

File Name: Section 33 Psuedo Static 4.slz
Analysis Method: Spencer

Factor of Safety: 1
Seismic Coefficient = 0.28

1.00
®
Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Cross Section 4-4°



Del Mar Bluffs Section 4-4'

Slope Stability Analysis

File Name: Section 44 5ft Water Static 1.slz
Analysis Method: Spencer

Factor of Safety: 1.56

Pieziometric Pressure Contour = 312 psf
(5 ft head of Water)

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30



Del Mar Bluffs Section 4-4'

Slope Stability Analysis

File Name: Section 44 5ft Water Static 1B.slz
Analysis Method: Spencer

Factor of Safety: 1.64

Pieziometric Pressure Contour = 312 psf
(5 ft head of Water)

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30



Del Mar Bluffs Section 4-4'

Slope Stability Analysis

File Name: Section 44 5ft Water Static 2.slz
Analysis Method: Bishop

Factor of Safety: 1.5

Pieziometric Pressure Contour = 312 psf
(5 ft head of Water)

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30



Del Mar Bluffs Section 4-4'

Slope Stability Analysis

File Name: Section 44 No Water Static 2.slz
Analysis Method: Bishop

Factor of Safety: 1.54

80 Qbp
ok Unit Weight: 125
xisting Cohesion: 200
fil
protile ) Phi: 36

Existing Centerline

of Tracks

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

40— Existing storm
drain headwall

ZL EVATION|(FEET)

ELEVATION (FEET)

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36

SECTION 4-4' (PREVIOUSLY T-T') Qb
View north - M.P. 244.27 (STA 1540+30) 32&?%“3 125

Phi: 30



Del Mar Bluffs Section 4-4'

Slope Stability Analysis

File Name: Section 44 5ft Water Static 3.slz
Analysis Method: Spencer

Factor of Safety: 1.47
Surcharge = 3,000 psf

Pieziometric Pressure Contour = 312 psf
(5 ft head of Water)

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30



Del Mar Bluffs Section 4-4'

Slope Stability Analysis

File Name: Section 44 5ft Water Static 3B.slz
Analysis Method: Spencer

Factor of Safety: 1.6
Surcharge = 3,000 psf

Pieziometric Pressure Contour = 312 psf
(5 ft head of Water)

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30



Del Mar Bluffs Section 4-4'

Slope Stability Analysis

File Name: Section 44 5ft Water Static 4.slz
Analysis Method: Bishop

Factor of Safety: 1.48

Surcharge = 3,000 psf

Pieziometric Pressure Contour = 312 psf
(5 ft head of Water)

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30



Del Mar Bluffs Section 4-4'

Slope Stability Analysis

File Name: Section 44 Pseudo Static 1.slz
Analysis Method: Bishop

Factor of Safety: 1.19
Seismic Coefficient = 0.15

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30



Del Mar Bluffs Section 4-4'

Slope Stability Analysis

File Name: Section 44 Pseudo Static 2.slz
Analysis Method: Bishop

Factor of Safety: 0.96
Seismic Coefficient = 0.28

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30



Del Mar Bluffs Section 4-4'

Slope Stability Analysis

File Name: Section 44 Pseudo Static 3.slz
Analysis Method: Spencer

Factor of Safety: 1.25
Seismic Coefficient = 0.15

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30



Del Mar Bluffs Section 4-4'

Slope Stability Analysis

File Name: Section 44 Pseudo Static 3B.slz
Analysis Method: Spencer

Factor of Safety: 1.21
Seismic Coefficient = 0.15

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30



Del Mar Bluffs Section 4-4'

Slope Stability Analysis

File Name: Section 44 Pseudo Static 4.slz
Analysis Method: Spencer

Factor of Safety: 0.93
Seismic Coefficient = 0.28

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30



Del Mar Bluffs Section 4-4'

Slope Stability Analysis

File Name: Section 44 Pseudo Static 4B.slz
Analysis Method: Spencer

Factor of Safety: 1.1
Seismic Coefficient = 0.28

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30



Cross Section 5-5°



Del Mar Bluffs Cross Section 5-5'

Slope Stability Analysis

File Name: Section 55 5 ft Water Static 2.slz
Analysis Method: Spencer

Factor of Safety: 1.44

Qbp
Unit Weight: 125
Cohesion: 200

144 Af Phi: 36
® Unit Weight: 125

Creep Zone Cohesion: 100

Unit Weight: 110 Phi: 30

Cohesion: 50

Phi: 18

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Td
Pieziometric Contour = 312 psf Soil Model: Anisotropic Fn.
(5 ft head of Water) Unit Weight: 125

Cohesion: 300
Phi: 36



Del Mar Bluffs Cross Section 5-5'

Slope Stability Analysis

File Name: Section 55 5 ft Water Static 4.slz
Analysis Method: Spencer

Factor of Safety: 1.44
Surcharge = 3,000 psf

Pieziometric Contour = 312 psf
(5 ft head of Water)

Qbp
Unit Weight: 125
Cohesion: 200

Af Phi: 36

1.44
o Unit Weight: 125 q
Creep Zone Cohesion:
Unit Weight: 110
Cohesion: 50
Phi: 18

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 5-5'
Slope Stability Analysis, No Water
File Name: Section 55 Static 5.slz
Analysis Method: Spencer

Factor of Safety: 1.5

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

150  Af
®  Unit Weight: 125 q
Creep Zone Cohesion:
Unit Weight: 110 Phi: 30
Cohesion: 50
Phi: 18
Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 5-5'

Slope Stability Analysis

File Name: Section 55 Psuedo Static 2.slz
Analysis Method: Spencer

Factor of Safety: 1.21

Seismic Coefficient =0.15

Qbp
Unit Weight: 125
Cohesion: 200

Phi: 36
1.21 Af
®  Unit Weight: 125 4
Creep Zone Cohesion: 100
Unit Weight: 110 Phi: 30
Cohesion: 50
Phi: 18

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 5-5'

Slope Stability Analysis

File Name: Section 55 Psuedo Static 4.slz
Analysis Method: Spencer

Factor of Safety: 1.01

Seismic Coefficient =0.28

Qbp
Unit Weight: 125
Cohesion: 200

Phi: 36

1.01 Af
®  Unit Weight: 125 q
Creep Zone Cohesion: 100
Unit Weight: 110 Phi: 30
Cohesion: 50
Phi: 18

T

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 5-5'

Slope Stability Analysis

File Name: Section 55 5 ft Water Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 1.74

Qbp
Unit Weight: 125
Cohesion: 200

Phi: 36

174 Af
- Unit Weight: 125 4
Creep Zone Cohesion: 100
Unit Weight: 110 Phi: 30
Cohesion: 50
Phi: 18

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Td
Pieziometric Contour = 312 psf Soil Model: Anisotropic Fn.
(5 ft head of Water) Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 5-5'

Slope Stability Analysis

File Name: Section 55 5 ft Water Static 4B.slz
Analysis Method: Spencer

Factor of Safety: 1.85
Surcharge = 3,000 psf

Pieziometric Contour = 312 psf
(5 ft head of Water)

Qbp

Unit Weight: 125

Cohesion: 200

Phi: 36
1.85 Af

+ Unit Weight: 125 q
Creep Zone Cohesion: 100

Unit Weight: 110 i

Cohesion: 50

Phi: 18

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 5-5'

Slope Stability Analysis

File Name: Section 55 Psuedo Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 1.32

Seismic Coefficient =0.15

Qbp
Unit Weight: 125
Cohesion: 200

. Af Phi: 36

® Unit Weight: 125 1
Creep Zone Cohesion: 100
Unit Weight: 110 Phi: 30

Cohesion: 50
Phi: 18

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 5-5'

Slope Stability Analysis

File Name: Section 55 Psuedo Static 4B.slz
Analysis Method: Spencer

Factor of Safety: 1.06

Seismic Coefficient =0.28

Qbp
Unit Weight: 125
Cohesion: 200

o Af Phi: 36
®  Unit Weight: 125 4
Creep Zone Cohesion: 100
Unit Weight: 110 Phi: 30
Cohesion: 50
Phi: 18
Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Cross Section 6-6’



Del Mar Bluffs Cross Section 6-6'
Slope Stability Analysis
File Name: Section 66 Static 2.slz

Analysis Method: Spencer
Factor of Safety: 1.44

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Pieziometric Contour = 312 psf
(5 ft Head of Water)

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 6-6'
Slope Stability Analysis

File Name: Section 66 Static 1.slz
Analysis Method: Spencer

Factor of Safety: 1.43

Surcharge = 3,000 psf

Pieziometric Contour = 312 psf 825 Weight: 125
(5 ft Head of Water) Cohesion: 200
.m Phi: 36
Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 6-6'

Slope Stability Analysis, No Water
File Name: Section 66 Static 3.slz
Analysis Method: Spencer

Factor of Safety: 1.47

-
N

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 6-6'

Slope Stability Analysis

File Name: Section 66 Pseudo Static 2.slz
Analysis Method: Spencer

Factor of Safety: 1.19
Seismic coefficient=0.15

®
—_
5
[{e]

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 6-6'

Slope Stability Analysis

File Name: Section 66 Pseudo Static 1.slz
Analysis Method: Spencer

Factor of Safety: 0.99

Seismic coefficient=0.28

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Blufits Cross Section 6-6'
Slope Stability Analysis
File Name: Section 66 Static 2B.slz

Analysis Method: Spencer
Factor of Safety: 1.55

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Pieziometric Contour = 312 psf
(5 ft Head of Water)

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 6-6'
Slope Stability Analysis

File Name: Section 66 Static 1B.slz
Analysis Method: Spencer

Factor of Safety: 1.45

Surcharge = 3,000 psf

Pieziometric Contour = 312 psf Qbp

Unit Weight: 125
(5 ft Head of Water) Cohesion: 200
.ﬂ Phi: 36
Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 6-6'

Slope Stability Analysis

File Name: Section 66 Pseudo Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 1.2
Seismic coefficient=0.15

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

®
-
S
o

Qb

Unit Weight: 125

Cohesion: 0 k
Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 6-6'

Slope Stability Analysis

File Name: Section 66 Pseudo Static 1B.slz
Analysis Method: Spencer

Factor of Safety: 1

Seismic coefficient=0.28

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Cross Section 7-7°



Del Mar Bluffs Cross Section 7-7'

Slope Stability Analysis

File Name: Section 77 5 ft Water Static 1B.slz
Analysis Method: Bishop

Factor of Safety: 1.24

Pieziometric Contour Line = 312 psf

(5 ft head of Water)
Af

Unit Weight: 125
Cohesion: 100

eescocece D Nevnnnee
Phi: 30 .::::::o?oTo k pr
N Unit Weight: 125
\ Cohesion: 200
Qb .o.:::o.o.::::o.o 737 Phi: 36
Unit We|ght 125 00000000000005005885
Cohesion: 0
Phi: 30
Wall

Unit Weight: 125
Cohesion: 1000
Phi: 0

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 7-7'

Slope Stability Analysis

File Name: Section 77 5 ft Water Static 2.slz
Analysis Method: Bishop

Factor of Safety: 1.24
Surcharge = 3,000 psf

scccesid Pieziometric Contour Line = 312 psf
T ) (5 ft head of Water)

Af TYYYYTY)

Unit Welght 125 Ny
Cohesion: 100 sesesscsel| 7409
Phi: 30 eocccccccoe ® k pr
sovessesmsseeriserids Unit Weight: 125
eessscosses '@I o Cohesion: 200
Qb .o.::o.:::::o.:o Phi: 36
Unit We|ght 125 eccccocccccee
Cohesion: 0
Phi: 30
Wall

Unit Weight: 125
Cohesion: 1000
Phi: 0

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 7-7'
Slope Stability Analysis, No Water
File Name: Section 77 Static 5B.slz
Analysis Method: Bishop

Factor of Safety: 1.24

oooooo
Af .o.o.o.o.o.o.oo
Unit Weight: 125 ...............:. \\\ 000
COheSion: 100 00000000 '2400
.l o--ooooro Qb
Phi: 30 eccceccccoe \\\Q\\\\\\\ k P
oA Unit Weight: 125
sesesessecsiesssrnate Cohesion: 200
Qb 000000000000 00004. A Phi: 36
Un|t Welght 125 I )
Cohesion: 0
Phi: 30 vy
Wall
Unit Weight: 125
Cohesion: 1000
Phi: 0
Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 7-7'

Slope Stability Analysis

File Name: Section 77 Pseudo Static 1B.slz
Analysis Method: Bishop

Factor of Safety: 0.98
Seismic Coefficient = 0.15

...m eo0ccccce

Af ARSARY
Un't We|ght 125 “”“.K‘ %;&“........
Cohesion: 100 AN

Phi: 30 : Qbp
ooooooooo:s{&% eooe Unit We|ght 125
ooooooooooo[[{)}}oooo Cohesion: 200
Qb * Phi: 36
Unit Weight: 125
Cohesion: 0
Phi: 30
Wall

Unit Weight: 125
Cohesion: 1000
Phi: O

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 7-7'

Slope Stability Analysis

File Name: Section 77 Pseudo Static 2B.slz
Analysis Method: Bishop

Factor of Safety: 0.78
Seismic Coefficient = 0.28

) =

Unit Weight: 125 “eeveveslss
Cohesion: 100 .ﬁﬁ
Phi: 30 oooooooo:; N k pr

e ny SR Unit Welght 125
}ﬁ%}k&t Cohesion: 200
Qb eccoc0c000ce )}}}} Bhi- 36
Unit We|ght 125 o:ooooooooooo xssate
Cohesion: 0 oo
Phi: 30
Wall

Unit Weight: 125
Cohesion: 1000
Phi: 0

Td

Unit Weight: 125
Cohesion: 300
Phi: 36

Soil Model: Anisotropic Fn.



Del Mar Bluffs Cross Section 7-7"

Slope Stability Analysis

File Name: Section 77 5 ft Water Static 3B.slz
Analysis Method: Spencer

Factor of Safety: 1.32

Pieziometric Contour Line = 312 psf

(5 ft head of Water)
Af 1.32

Unit Weight: 125 ®
Cohesion: 100

Phi: 30 Qbp

Unit Weight: 125
Cohesion: 200

Qb Phi: 36

Unit Weight: 125

Cohesion: 0

Phi: 30

Wall

Unit Weight: 125
Cohesion: 1000
Phi: O

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 7-7'

Slope Stability Analysis

File Name: Section 77 5 ft Water Static 3C.slz
Analysis Method: Spencer

Factor of Safety: 1.39

Pieziometric Contour Line = 312 psf

(5 ft head of Water)
Af 1.39

Unit Weight: 125 ®
Cohesion: 100

Phi: 30 Qbp

Unit Weight: 125
Cohesion: 200

Qb Phi: 36

Unit Weight: 125

Cohesion: 0

Phi: 30

Wall

Unit Weight: 125
Cohesion: 1000
Phi: 0

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Af

Del Mar Bluffs Cross Section 7-7'

Slope Stability Analysis

File Name: Section 77 5 ft Water Static 4B.slz
Analysis Method: Spencer

Factor of Safety: 1.35
Surcharge = 3,000 psf

Unit Weight: 125 ®
Cohesion: 100

Phi: 30

Qb

Unit Weight: 125
Cohesion: 0
Phi: 30

Wall

Unit Weight: 125
Cohesion: 1000

Phi: 0

Pieziometric Contour Line = 312 psf
(5 ft head of Water)

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Af

Del Mar Bluffs Cross Section 7-7'

Slope Stability Analysis

File Name: Section 77 5 ft Water Static 4C.slz
Analysis Method: Spencer

Factor of Safety: 1.35
Surcharge = 3,000 psf

Unit Weight: 125 ®
Cohesion: 100

Phi: 30

Qb

Unit Weight: 125
Cohesion: 0
Phi: 30

Wall

Unit Weight: 125
Cohesion: 1000

Phi: 0

Pieziometric Contour Line = 312 psf
(5 ft head of Water)

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 7-7'

Slope Stability Analysis

File Name: Section 77 Pseudo Static 3B.slz
Analysis Method: Spencer

Factor of Safety: 1.03
seismic Coefficient = 0.15

Af
Unit Weight: 125 ®
Cohesion: 100
Phi: 30

—_
w

Qbp

Unit Weight: 125
Cohesion: 200
Qb Phi: 36
Unit Weight: 125
Cohesion: 0

Phi: 30

Wall

Unit Weight: 125
Cohesion: 1000
Phi: 0

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36




Del Mar Bluffs Cross Section 7-7'

Slope Stability Analysis

File Name: Section 77 Pseudo Static 3C.slz
Analysis Method: Spencer

Factor of Safety: 1.03
seismic Coefficient = 0.15

Af
Unit Weight: 125
Cohesion: 100

®
N
=
w

Phi: 30 Qbp
Unit Weight: 125
Cohesion: 200
Qb Phi: 36
Unit Weight: 125
Cohesion: 0
Phi: 30 ||‘|
l|||l|l (XXX XX
Wall '
Unit Weight: 125
Cohesion: 1000
Phi: O
Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36




Del Mar Bluffs Cross Section 7-7'

Slope Stability Analysis

File Name: Section 77 Pseudo Static 4B.slz
Analysis Method: Spencer

Factor of Safety: 0.869
seismic Coefficient = 0.28

Af 0.87
Unit Weight: 125 ¢
Cohesion: 100
Phi: 30 k Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Qb
Unit Weight: 125
Cohesion: 0
Phi: 30

Wall
Unit Weight: 125
Cohesion: 1000
Phi: 0

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 7-7'

Slope Stability Analysis

File Name: Section 77 Pseudo Static 4C.slz
Analysis Method: Spencer

Factor of Safety: 0.9
seismic Coefficient = 0.28

Af 0.9
Unit Weight: 125 ®
Cohesion: 100

Phi: 30 Qbp

Unit Weight: 125
Cohesion: 200

Qb Phi: 36

Unit Weight: 125

Cohesion: 0

Phi: 30

Wall

Unit Weight: 125

Cohesion: 1000

Phi: 0
Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Cross Section 8-8°



Del Mar Bluffs Cross Section 8-8

Slope Stability Analysis

File Name: Section 88 5 ft Water Static 1C.slz
Analysis Method: Bishop

Factor of Safety: 1.34

Pieziometric Contour Line = 312 psf
(5 ft head of Water)

Af 00000000000000
Unlt Welght 125 ':::::::::::.:?\q"]‘.__34
COheSion: 100 000000000000000
Phi: 30 Qbp
Unit Weight: 125
Cohesion: 200
b Phi: 36
Unit Weight: 125
Cohesion: 0
Phi: 30
Wall
Unit Weight: 125
Cohesion: 1000
Phi: O
Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36




Del Mar Bluffs Cross Section 8-8

Slope Stability Analysis

File Name: Section 88 5 ft Water Static 2.slz
Analysis Method: Bishop

Factor of Safety: 1.34

Surcharge = 3,000 psf Pieziometric Contour Line = 312 psf
(5 ft head of Water)

00000000000 & @

I

0000000000000 M ovg0 ;
Af oooooooooooon§]§§4o
Unit Welght 125 .o.:o.:o.o.o.o.o.o.:::q" e
COheSion: 100 .:o.:::::o.:::::o.o .§
Ph| 30 00000000000000000 pr

Unit Weight: 125
Cohesion: 200
Phi: 36

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Wall
Unit Weight: 125
Cohesion: 1000
Phi: 0

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 8-8
Slope Stability Analysis, No Water
File Name: Section 88 Static 3C.slz
Analysis Method: Bishop

Factor of Safety: 1.34

000000000000000

Af 0000000000000 1 34

Unit Weight: 125 N

Cohesion: 100 ................}7.1

Phi: 30 AR AR
o

=3

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Wall
Unit Weight: 125
Cohesion: 1000
Phi: 0

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 8-8

Slope Stability Analysis

File Name: Section 88 Pseudo Static 1C.slz
Analysis Method: Bishop

Factor of Safety: 1.03
Seismic Coefficient = 0.15

.............11 -OSD...

ofseee

Af

Unit Weight: 125

Cohesion: 100

Phi: 30 Qbp
q Unit Weight: 125

Cohesion: 200

Phi: 36

Qb &
Unit Weight: 125 oo
Cohesion: 0
Phi: 30

Wall
Unit Weight: 125
Cohesion: 1000
Phi: 0

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 8-8

Slope Stability Analysis

File Name: Section 88 Pseudo Static 2C.slz
Analysis Method: Bishop

Factor of Safety: 0.84
Seismic Coefficient = 0.28

ek
N nteeste

N
Unlt Welght: 125 ..............ﬁ..%&x&-

Cohesion: 100 AR
Phi: 30 oden

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Qb
Unit Weight: 125
Cohesion: 0
Phi: 30

Wall
Unit Weight: 125
Cohesion: 1000
Phi: 0

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Cross Section 9-9’°



Del Mar Bluffs Cross Section 9-9'

Slope Stability Analysis

File Name: Section 99 Static With Water 2.slz
Analysis Method: Spencer

Factor of Safety: 1.02

Pieziometric Pressure Contour = 312 psf
(5 ft head of Water) Qbp

Phi: 36

Qb Qls

Unit Weight: 125 Unit Weight: 110 cooe

Cohesion: 0 Cohesion: 50 /
Phi: 30 Phi: 18

Bedrock

k Unit Weight: 125
Cohesion: 200

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300



Del Mar Bluffs Cross Section 9-9'

Slope Stability Analysis

File Name: Section 99 Static With Water 3.slz
Analysis Method: Spencer

Factor of Safety: 1.02
Surcharge = 3,000 psf

Pieziometric Pressure Contour = 312 psf

(5 ft head of Water) Qbp
k Unit Weight: 125

Cohesion: 200
Phi: 36

Qb_ _ Qls

Unit W_e|ght: 125 Unit Weight: 110

Cohesion: 0 Cohesion: 50 Td

Phi: 30 Phi: 18

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36

|

\

Bedrock




Del Mar Bluffs Cross Section 9-9'
Slope Stability Analysis, No Water
File Name: Section 99 Static 1.slz
Analysis Method: Spencer

Factor of Safety: 1.08

1.08
®
Qbp
k Unit Weight: 125
Cohesion: 200
Phi: 36
Qb Qls
Unit Weight: 125 Unit Weight: 110 Td
Cohesion: 0 Cohesion: 50 Soil Model: Anisotropic Fn.
Phi: 30 Phi: 18

Unit Weight: 125
Cohesion: 300
Phi: 36

|

1

Bedrock




Del Mar Bluffs Cross Section 9-9'

Slope Stability Analysis

File Name: Section 99 Psuedo Static 2.slz
Analysis Method: Spencer

Factor of Safety: 0.94
Seismic Coefficient = 0.15

0.9
®
Qb Qls
Unit Weight: 125 Unit Weight: 110
Cohesion: 0 Cohesion: 50
Phi: 30 Phi: 18

|

T

Bedrock

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td
Soil Model: Anisotropic Fn.
Unit Weight: 125

" Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 9-9'

Slope Stability Analysis

File Name: Section 99 Psuedo Static 3.slz
Analysis Method: Spencer

Factor of Safety: 0.79
Seismic Coefficient = 0.28

0.8
[
le . Qls
Unit W_elght: 125 Unit Weight: 110
Cohesion: 0 Cohesion: 50

Phi: 30

|

\

Bedrock

Qbp
k Unit Weight: 125
Cohesion: 200

I_/ Phi: 36

¢ Td

_——— Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36




Del Mar Bluffs Cross Section 9-9'

Slope Stability Analysis

File Name: Section 99 Static With Water 2B.slz
Analysis Method: Spencer

Factor of Safety: 1.02

1.02
®

Pieziometric Pressure Contour = 312 psf
(5 ft head of Water)

Qbp
Unit Weight: 125
Cohesion: 200

J/_/ Phi: 36
Qb Qls _
Unit W_eight: 125 Unit Weight: 110 Td_ _ _
Cohesion: 0 Cohesion: 50 Peoles SO|_I Moc_lel: Anisotropic Fn.
Phi: 30 Phi: 18 O Unit Weight: 125

Cohesion: 300

Bedrock

Phi: 36




Del Mar Bluffs Cross Section 9-9'

Slope Stability Analysis

File Name: Section 99 Static With Water 3B.slz
Analysis Method: Spencer

Factor of Safety: 1.02
Surcharge = 3,000 psf

Pieziometric Pressure Contour = 312 psf

(5 ft head of Water) Qbp
k Unit Weight: 125
Cohesion: 200
Phi: 36
Qb Qls
Unit Weight: 125 Unit Weight: 110 Td
CO.heSIOI']: 0 Cohesion: 50 .o..o..o..o..o. \So” Model: Anisotropic Fn.
Phi: 30 Phi: 18 Unit Weight: 125
Cohesion: 300
Phi: 36

Bedrock




Del Mar Bluffs Cross Section 9-9'
Slope Stability Analysis, No Water
File Name: Section 99 Static 1B.slz
Analysis Method: Spencer

Factor of Safety: 1.11

[N
—_
—_

o
Qbi . Qls

Unit W.elght: 125 Unit Weight: 110
Cohesion: 0 Cohesion: 50
Phi: 30 Phi: 18

|

\

Bedrock

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125

Cohesion: 300
Phi: 36



Del Mar Bluffs Cross Section 9-9'

Slope Stability Analysis

File Name: Section 99 Psuedo Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 1.06
Seismic Coefficient = 0.15

1.06
®
Qb Qls
Unit Weight: 125 Unit Weight: 110
Cohesion: 0 Cohesion: 50
Phi: 30 Phi: 18

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td
Soil Model: Anisotropic Fn.
Unit Weight: 125

" Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 9-9'

Slope Stability Analysis

File Name: Section 99 Psuedo Static 3B.slz
Analysis Method: Spencer

Factor of Safety: 0.9
Seismic Coefficient = 0.28

0.9
®
Qb Qls
Unit Weight: 125 Unit Weight: 110
Cohesion: 0 Cohesion: 50
Phi: 30 Phi: 18

Qbp
Unit Weight: 125
Cohesion: 200

Td
Soil Model: Anisotropic Fn.
Unit Weight: 125

J"///f " Cohesion: 300

Phi: 36

Bedrock




Cross Section 10-10°



Del Mar Bluffs Cross Section 10-10'

Slope Stability Analysis

File Name: Section 1010 5 ft Water Static 2.slz
Analysis Method: Spencer

Factor of Safety: 1.25

Creep Zone Qbp
Unit Weight: 110 Unit Weight: 125
Cohesion: 50 Cohesion: 200
Phi: 18 Phi: 36
1.25
o

Pieziometric Contour =
(5 ft head of Water)

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30 . —Td
Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 10-10'

Slope Stability Analysis

File Name: Section 1010 5 ft Water Static 2C.slz
Analysis Method: Spencer

Factor of Safety: 1.25

Surcharge = 3,000 psf Creep Zone Qbp
Unit Weight: 110 Unit Weight: 125
Cohesion: 50 Cohesion: 200
195 Phi: 18 Phi: 36

Pieziometric Contour =
(5 ft head of Water)

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30 . —Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 10-10'
Slope Stability Analysis, No Water
File Name: Section 1010 Static 3.slz
Analysis Method: Spencer

Factor of Safety: 1.34

Creep Zone Qbp
Unit Weight: 110 Unit Weight: 125
Cohesion: 50 Cohesion: 200
Phi: 18 Phi: 36
1.34
®
«
Qb
Unit Weight: 125
Cohesion: 0
Phi: 30 - — Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 10-10'

Slope Stability Analysis

File Name: Section 1010 Psuedo Static 2.slz
Analysis Method: Spencer

Factor of Safety: 0.89

Seismic Coefficient = 0.15 Creep Zone Qbp
Unit Weight: 110  Unit Weight: 125
Cohesion: 50 Cohesion: 200
Phi: 18 Phi: 36
0.9
®
Qb
Unit Weight: 125
Cohesion: 0
Phi: 30 - — Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 10-10'

Slope Stability Analysis

File Name: Section 1010 Psuedo Static 4.slz
Analysis Method: Spencer

Factor of Safety: 0.69

Seismic Coefficient = 0.28 Creep Zone Qbp
Unit Weight: 110  Unit Weight: 125
Cohesion: 50 Cohesion: 200
Phi: 18 Phi: 36
0.7
®

Qb

Unit Weight: 125

Cohesion: 0

Phi: 30

. — T

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 10-10'

Slope Stability Analysis

File Name: Section 1010 5 ft Water Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 1.28

Creep Zone pr _
Unit Weight: 110 Unit Weight: 125
Cohesion: 50 Cohesion: 200
198 Phi: 18 Phi: 36
.'_

Pieziometric Contour =
(5 ft head of Water)

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30 . — U

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 10-10'

Slope Stability Analysis

File Name: Section 1010 5 ft Water Static 4B.slz

Analysis Method: Spencer
Factor of Safety: 1.27
Surcharge = 3,000 psf

Creep Zone pr _
Unit Weight: 110  Unit Weight: 125
Cohesion: 50 Cohesion: 200
197 Phi: 18 Phi: 36
.'—

Pieziometric Contour =
(5 ft head of Water)

Qb

Unit Weight: 125

Cohesion: 0

Ph| 30 D) o.o.n. / Td . .
oo Soil Model: Anisotropic Fn.

Unit Weight: 125

Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 10-10"
Slope Stability Analysis, No Water
File Name: Section 1010 Static 3B.slz
Analysis Method: Spencer

Factor of Safety: 1.35

Creep Zone Qbp
Unit Weight: 110 Unit Weight: 125
Cohesion: 50 Cohesion: 200
135 Phi: 18 Phi: 36
o

Qb

Unit Weight: 125

Cohesion: 0

Phi: 30 - — Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 10-10'

Slope Stability Analysis

File Name: Section 1010 Psuedo Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 0.88

Seismic Coefficient = 0.15 Creep Zone Qbp
Unit Weight: 110  Unit Weight: 125
Cohesion: 50 Cohesion: 200

Phi: 18 Phi: 36

0.9
o
¢
Qb
Unit Weight: 125
Cohesion: 0
Phi: 30 . —Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 10-10'
Slope Stability Analysis

File Name: Section 1010 Psuedo Static 4B.slz

Analysis Method: Spencer
Factor of Safety: 0.7

Seismic Coefficient = 0.28

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Creep Zone pr .
Unit Weight: 110 Unit Weight: 125
Cohesion: 50 Cohesion: 200

Phi: 18 Phi: 36

. —Td
Soil Model: Anisotropic Fn.

Unit Weight: 125
Cohesion: 300
Phi: 36



Cross Section 11-11°



Del Mar Bluffs Cross Section 11-11'
Slope Stability Analysis

File Name: Section 1111 Static 1.slz
Analysis Method: Spencer

Factor of Safety: 1.17

ab g
Unit Weight: 125+
Cohesion: 0

Phi: 30

Pieziometric Contour = 312 psf
(5 ft Head of Water)

Qls

Unit Weight: 110 Qbp

Cohesion: 50 _ -
Phi: 18 Unit Weight: 125

Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
__——— UnitWeight: 125
Cohesion: 300
Phi: 36



Del Mar Bluffs Cross Section 11-11"
Slope Stability Analysis

File Name: Section 1111 Static 2.slz
Analysis Method: Spencer

Factor of Safety: 1.17

Surcharge = 3,000 psf Pieziometric Contour = 312 psf

ab g
Unit Weight: 1254
Cohesion: 0
Phi: 30

5 ft Head of Water
Qls ( )

Unit Weight: 110 Qbp
Cohesion: 50 ; _—
Phi: 18 Unit Weight: 125

Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
__——— UnitWeight: 125
Cohesion: 300
Phi: 36



Del Mar Bluffs Cross Section 11-11'
Slope Stability Analysis, No Water
File Name: Section 1111 Static 3.slz
Analysis Method: Spencer

Factor of Safety: 1.23

Qb g
Unit Weight: 125 2
Cohesion: 0
Phi: 30

Qls

Unit Weight: 110 Qbp

Cohesion: 50 _ o
Phi: 18 Unit Weight: 125

Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
\ Unit Weight: 125
Cohesion: 300
Phi: 36



Del Mar Bluffs Cross Section 11-11'

Slope Stability Analysis

File Name: Section 1111 Pseudo Static 1.slz
Analysis Method: Spencer

Factor of Safety: 0.9
Seismic Coefficient = 0.15

Qls

Unit Weight: 110 Qbp

Cohesion: 50 ; —
Phi: 18 Unit Weight: 125

Td

OO Soil Model: Anisotropic Fn.
Qb > D \ Unit Weight: 125
Unit Weight: 1252 Cohesion: 300
Cohesion: 0 Phi: 36

Phi: 30



Del Mar Bluffs Cross Section 11-11'

Slope Stability Analysis

File Name: Section 1111 Pseudo Static 2.slz
Analysis Method: Spencer

Factor of Safety: 0.77
Seismic Coefficient = 0.28

ab g
Unit Weight: 1255
Cohesion: 0
Phi: 30

Qls
Unit Weight: 125
Cohesion: 100

Phi: 24

Qbp
Unit Weight: 125

Td

Soil Model: Anisotropic Fn.
__———_ UnitWeight: 125
Cohesion: 300
Phi: 36



Del Mar Bluffs Cross Section 11-11'
Slope Stability Analysis

File Name: Section 1111 Static 1B.slz
Analysis Method: Spencer

Factor of Safety: 1.37

ab g
Unit Weight: 125
Cohesion: 0
Phi: 30

Pieziometric Contour = 312 psf
(5 ft Head of Water)

Qls
Unit Weight: 110 Qbp
Co_r_lesmn: 50 Unit Weight: 125
Phi: 18 Cohesion: 200
Phi: 36
Td

Soil Model: Anisotropic Fn.
__——— UnitWeight 125
Cohesion: 300
Phi: 36



Del Mar Bluffs Cross Section 11-11'
Slope Stability Analysis

File Name: Section 1111 Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 1.35

Surcharge = 3,000 psf Pieziometric Contour = 312 psf
(5 ft Head of Water)
Qls
Unit Weight: 110

Qbp

Cohesion: 50 Unit Weight: 125

Phi: 18

Td

4 Soil Model: Anisotropic Fn.
Qb ﬁ e . \ Unit Weight: 125
Unit Weight: 125 3 Cohesion: 300
Cohesion: 0 Phi: 36

Phi: 30



Del Mar Bluffs Cross Section 11-11'
Slope Stability Analysis, No Water
File Name: Section 1111 Static 3B.slz
Analysis Method: Spencer

Factor of Safety: 1.45

Qb g

Unit Weight: 125
Cohesion: 0
Phi: 30

Qls
Unit Weight: 110 Qbp
CO_f_leSIOI‘l: 50 Unit Weight: 125
Phi: 18 Cohesion: 200
Phi: 36
Td
Soil Model: Anisotropic Fn.
__——— UnitWeight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 11-11'

Slope Stability Analysis

File Name: Section 1111 Pseudo Static 1B.slz
Analysis Method: Spencer

Factor of Safety: 1.1

Seismic Coefficient = 0.15

Qb >
Unit Weight: 125
Cohesion: 0

Phi: 30

Qls

Unit Weight: 110 Qbp

Cohesion: 50 | -
Phi: 18 Unit Weight: 125

Td

Soil Model: Anisotropic Fn.
__——— UnitWeight 125
Cohesion: 300
Phi: 36



Del Mar Bluffs Cross Section 11-11'

Slope Stability Analysis

File Name: Section 1111 Pseudo Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 0.94
Seismic Coefficient = 0.28

Qb g
Unit Weight: 125
Cohesion: 0

Phi: 30

Qls

Unit Weight: 125 Qbp

Cohesion: 100 _ -
Phi: 24 Unit Weight: 125

Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
__—— UnitWeight: 125
Cohesion: 300
Phi: 36



Cross Section 12-12°



Del Mar Bluffs Cross Section 12-12'

Slope Stability Analysis

File Name: Section 1212 5 ft Water Static 1 circ check.slz
Analysis Method: Bishop

Factor of Safety: 1.23

Af
Unit Weight: 125
Cohesion: 100

Phi: 30

Pieziometric Contour Line = 312 psf
(5 ft head of Water)

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Qb
Unit Weight: 125
Cohesion: 0

Phi: 3
Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 12-12'
Slope Stability Analysis

File Name: Section 1212 5 ft Water Static 2 circ check.slz
Analysis Method: Bishop ot

Factor of Safety: 1.21
Surcharge = 3,000 psf
Pieziometric Contour Line = 312 psf

Af (5 ft head of Water)

Unit Weight: 125
Cohesion: 100
Phi: 30
Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 12-12'

Slope Stability Analysis, No Water

File Name: Section 1212 Static 3 circ check.slz
Analysis Method: Bishop

Factor of Safety: 1.27

Af

Unit Weight: 125
Cohesion: 100
Phi: 30
Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Qb
Unit Weight: 125
Cohesion: 0

Phi: 3
Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 12-12'

Slope Stability Analysis

File Name: Section 1212 Pseudo Static 1 circ check.slz
Analysis Method: Bishop

Factor of Safety: 0.97
Seismic Coefficient = 0.15

Af .
Unit Weight: 125 <=2,
Cohesion: 100 °
Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200

Phi: 36

Qb
Unit Weight: 125
Cohesion: 0

Phi: 3

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 12-12'

Slope Stability Analysis

File Name: Section 1212 Pseudo Static 2 circ check.slz
Analysis Method: Bishop

Factor of Safety: 0.79
Seismic Coefficient = 0.28

Qbp
Unit Weight: 125
Cohesion: 200

Phi: 36
Qb
Unit Weight: 125
Cohesion: 0
Phi: 3
Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 12-12'

Slope Stability Analysis

File Name: Section 1212 5 ft Water Static 1.slz
Analysis Method: Spencer

Factor of Safety: 1.32

Pieziometric Contour Line = 312 psf
Af (5 ft head of Water)
Unit Weight: 125
Cohesion: 100
Phi: 30

Qbp
Unit Weight: 125
Cohesion: 200

Phi: 36
Qb
Unit Weight: 125
Cohesion: 0
Phi: 30
Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 12-12'

Slope Stability Analysis

File Name: Section 1212 5 ft Water Static 2.slz
Analysis Method: Spencer

Factor of Safety: 1.19
Surcharge = 3,000 psf

Pieziometric Contour Line = 312 psf
Af (5 ft head of Water)
Unit Weight: 125
Cohesion: 100
Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Qb
Unit Weight: 125
Cohesion: 0

Phi: 3

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 12-12'
Slope Stability Analysis, No Water
File Name: Section 1212 Static 3.slz
Analysis Method: Spencer

Factor of Safety: 1.33

Af

Unit Weight: 125
Cohesion: 100

Phi: 30 1.33

Qbp
Unit Weight: 125
Cohesion: 200

Phi: 36
Qb
Unit Weight: 125
Cohesion: 0 cecece
Phi: 3 e
Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 12-12'

Slope Stability Analysis

File Name: Section 1212 Pseudo Static 1.slz
Analysis Method: Spencer

Factor of Safety: 1
Seismic Coefficient = 0.15

Af
Unit Weight: 125
Cohesion: 100
Phi: 30 .M
Qbp
Unit Weight: 125
Cohesion: 200
Phi: 36

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 12-12'

Slope Stability Analysis

File Name: Section 1212 Pseudo Static 2.slz
Analysis Method: Spencer

Factor of Safety: 0.83
Seismic Coefficient = 0.28

Af

Unit Weight: 125
Cohesion: 100

Phi: 30 0.8

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30
Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 12-12'

Slope Stability Analysis

File Name: Section 1212 5 ft Water Static 1B.slz
Analysis Method: Spencer

Factor of Safety: 1.37

Pieziometric Contour Line = 312 psf
Af (5 ft head of Water)
Unit Weight: 125
Cohesion: 100
Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Qb
Unit Weight: 125
Cohesion: 0
Ph|3 nooooo
q 1 o.o.o.o.o Td

X Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300
Phi: 36




Del Mar Bluffs Cross Section 12-12'

Slope Stability Analysis

File Name: Section 1212 5 ft Water Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 1.29

Surcharge = 3,000 psf
Pieziometric Contour Line = 312 psf
Af (5 ft head of Water)
Unit Weight: 125
Cohesion: 100

Phi: 30
Qbp
Unit Weight: 125
Cohesion: 200
Phi: 36

Qb

Unit Weight: 125

Cohesion: 0

Phi: 30
Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 12-12'
Slope Stability Analysis, No Water
File Name: Section 1212 Static 3B.slz
Analysis Method: Spencer

Factor of Safety: 1.42

Af

Unit Weight: 125

Cohesion: 100

Phi: 30 1.42

Qbp
Unit Weight: 125
Cohesion: 200

Phi: 36
Qb
Unit Weight: 125
Cohesion: 0
Phi: 3
Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 12-12'

Slope Stability Analysis

File Name: Section 1212 Pseudo Static 1B.slz
Analysis Method: Spencer

Factor of Safety: 1.1
Seismic Coefficient = 0.15

Af
Unit Weight: 125
Cohesion: 100

Phi: 30 .u
Qbp
Unit Weight: 125
Cohesion: 200
Phi: 36

Qb

Unit Weight: 125

Cohesion: 0

Phi: 30
Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 12-12'

Slope Stability Analysis

File Name: Section 1212 Pseudo Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 0.92
Seismic Coefficient = 0.28

Af
Unit Weight: 125
Cohesion: 100
Phi: 30 .%
Qbp
Unit Weight: 125
Cohesion: 200
Phi: 36

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Cross Section 13-13°



Del Mar Bluffs Cross Section 13-13'
Slope Stability Analysis

File Name: Section 13 13 Static 3.slz
Analysis Method: Bishop

Factor of Safety: 1.37

Af . L Pieziometric Contour = 312 psf
Unit Weight: 125 (5 ft Head of Water)
..... «Sghesion: 100

-,-.-.::' Qbp

Weeooe Unit Weight: 125

'.'.'.'-'-°; Cohosion: 200
\ . Phi: 36

0o ® '...... “\\
Qis 1L
Unit Weight:* 110~ .
Cohesidn:50
Phi: 18

Td

Unit Weight: 125
Cohesion: 300
Phi: 36



Del Mar Bluffs Cross Section 13-13'
Slope Stability Analysis

File Name: Section 13 13 Static 4.slz
Analysis Method: Bishop

Factor of Safety: 1.35

3 Af Pieziometric Contour = 312 psf
Surcharge = 3,000 psf Unit Weight: 125 (5 ft Head of Water)
..+ Cohesion: 100

-+ "Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

*1.35 °

\

°o®
e0°?

', A . W

.o. .o.o L4 ..Q

.o °.°. ...o o6 ‘\ .
' \

a5 .ﬁ""‘

Unit Wergifs 440 °,
Cohesion:?
Phi: 18

) °
l! ....

Td

Unit Weight: 125
Cohesion: 300
Phi: 36



Del Mar Bluffs Cross Section 13-13'

Slope Stability Analysis, No Water

File Name: Section 13 13 Static 3 no water.slz
Analysis Method: Bishop

Factor of Safety: 1.37 At
Unit Weight: 125
..... Cehesion: 100
Benes Phi: 30

EERE Y
;.:on 3 '.'-..-.::'.Z Qbp

A AR Unit Weight: 125
Veeede Cohesion: 200
W \ Vilke Phi: 36
o..' o
..... °\® W @
...oo o\® . \\Xt\\\\
QIS o 4 0'
Unit Weight
Cohesion: 50
Phi: 18
Td

Unit Weight: 125
Cohesion: 300
Phi: 36



Del Mar Bluffs Cross Section 13-13'

Slope Stability Analysis

File Name: Section 13 13 Pseudo Static 1.slz
Analysis Method: Bishop

Factor of Safety: 1.01
Af

Seismic Coefficient = 0.15 Unit Weight: 125

...+ Cohesion: 100
s Phi: 30

Qls =,
Unit Weight:”

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Unit Weight: 125
Cohesion: 300
Phi: 36



Del Mar Bluffs Cross Section 13-13'

Slope Stability Analysis

File Name: Section 13 13 Pseudo Static 3.slz
Analysis Method: Bishop

Factor of Safety: 0.81
Af

Seismic Coefficient = 0.28 Unit Weight: 125
. Cohesion: 100

Qbp
Unit Weight: 125
Cohesion: 200

Phi: 36
Qls A
Unit Weigt};
Cohesion:*5Q. <«
Phi: 18
Td

Unit Weight: 125
Cohesion: 300
Phi: 36



Del Mar Bluffs Cross Section 13-13'
Slope Stability Analysis

File Name: Section 13 13 Static 3B.slz
Analysis Method: Spencer

Factor of Safety: 1.47

Af _ _ Pieziometric Contour = 312 psf
Unit Weight: 125 (5 ft Head of Water)

Cohesion: 100

Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Qs (.47
Unit Weight: 1 w—
Cohesion: 50

Phi: 18

Td

Unit Weight: 125
Cohesion: 300
Phi: 36



Del Mar Bluffs Cross Section 13-13'
Slope Stability Analysis

File Name: Section 13 13 Static 4B.slz
Analysis Method: Spencer

Factor of Safety: 1.48

Af Pieziometric Contour = 312 psf
Surcharge = 3,000 psf Unit Weight: 125 (5 ft Head of Water)
Cohesion: 100

Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

1.48

Qs @
Unit Weight: 110
Cohesion: 50

Td

Unit Weight: 125
Cohesion: 300
Phi: 36



Del Mar Bluffs Cross Section 13-13'
Slope Stability Analysis, No Water
File Name: Section 13 13 Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 1.51
Af

Unit Weight: 125
Cohesion: 100
Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Qls .
Unit Weight: 1 W—
Cohesion: 50

Phi: 18

Td

Unit Weight: 125
Cohesion: 300
Phi: 36



Del Mar Bluffs Cross Section 13-13'

Slope Stability Analysis

File Name: Section 13 13 Pseudo Static 1B.slz
Analysis Method: Spencer

Factor of Safety: 1.18
Af

Seismic Coefficient = 0.15 Unit Weight: 125

Cohesion: 100
Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

1.1
Qls o

Unit Weight: 110
Cohesion: 50
Phi: 18

Td

Unit Weight: 125
Cohesion: 300
Phi: 36



Del Mar Bluffs Cross Section 13-13'

Slope Stability Analysis

File Name: Section 13 13 Pseudo Static 3B.slz
Analysis Method: Spencer

Factor of Safety: 0.96
Af

Seismic Coefficient = 0.28 Unit Weight: 125

Cohesion: 100
Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Qls o
Unit Weight: 110
Cohesion: 50

Phi: 18

Td

Unit Weight: 125
Cohesion: 300
Phi: 36



Del Mar Bluffs Cross Section 13-13'
Slope Stability Analysis

File Name: Section 13 13 Static 3B.slz
Analysis Method: Spencer

Factor of Safety: 1.47

Af _ _ Pieziometric Contour = 312 psf
Unit Weight: 125 (5 ft Head of Water)

Cohesion: 100

Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Qs (.47
Unit Weight: 1 w—
Cohesion: 50

Phi: 18

Td

Unit Weight: 125
Cohesion: 300
Phi: 36



Cross Section 14-14°



Del Mar Bluffs Cross Section 14-14'
Slope Stability Analysis

File Name: Section 14 14 Static 2.slz
Analysis Method: Spencer

Factor of Safety: 1.36

Pieziometric Contour = 312 psf
(5 ft Head of Water)

Creep Zone
Unit Weight: 110 Qbp
.u gﬁir)easnon. o0 Unit Weight: 125
: Cohesion: 200
Phi: 36

Qb

Unit Weight: 125

Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 14-14'
Slope Stability Analysis

File Name: Section 14 14 Static 1.slz
Analysis Method: Spencer

Factor of Safety: 1.35
Surcharge = 3,000 psf

Pieziometric Contour = 312 psf
(5 ft Head of Water)

Creep Zone
Unit Weight: 110 Qbp
o> gﬁi'_‘efm”' 50 Unit Weight: 125
' Cohesion: 200
Phi: 36

Qb

Unit Weight: 125

Cohesion: 0

Phi: 30

Td

Unit Weight: 125
Cohesion: 300
Phi: 36

Soil Model: Anisotropic Fn.



Del Mar Bluffs Cross Section 14-14'

Slope Stability Analysis, No Water

File Name: Section 14 14 Static 3 no water.slz
Analysis Method: Spencer

Factor of Safety: 1.44

Creep Zone
Unit Weight: 110
1.44 Cohesion: 50
® Phi: 1

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 14-14'

Slope Stability Analysis

File Name: Section 14 14 Pseudo Static 2.slz

Analysis Method: Spencer
Factor of Safety: 0.
Seismic Coefficient = 0.28

Qb
Unit Weight: 125
Cohesion: 0

Creep Zone

Unit Weight: 110
Cohesion: 50
Phi: 1

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 14-14'
Slope Stability Analysis
File Name: Section 14 14 Pseudo Static 1B.slz

Analysis Method: Spencer
Factor of Safety: 1.13
Seismic Coefficient = 0.15

Creep Zone
Unit Weight: 110
1.13 Cohesion: 50
® Phi: 1
Qb
Unit Weight: 125
Cohesijon: 0

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 14-14'
Slope Stability Analysis

File Name: Section 14 14 Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 1.41

Pieziometric Contour = 312 psf
(5 ft Head of Water)

Creep Zone
Unit Weight: 110
: Qbp
1.41 :
olt gﬁir_uismn- 50 Unit Weight: 125
: Cohesion: 200

Phi: 36

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 14-14'
Slope Stability Analysis

File Name: Section 14 14 Static 1B.slz
Analysis Method: Spencer

Factor of Safety: 1.35
Surcharge = 3,000 psf

Pieziometric Contour = 312 psf
(5 ft Head of Water)

Creep Zone
Unit Weight: 110 Qbp
o> gﬁﬁs'o“' S0 Unit Weight: 125
) Cohesion: 200
Phi: 36

Qb

Unit Weight: 125

Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 14-14'
Slope Stability Analysis
File Name: Section 14 14 Pseudo Static 1.slz

Analysis Method: Spencer
Factor of Safety: 1.1
Seismic Coefficient = 0.15

Creep Zone
Unit Weight: 110
1.10 Cohesion: 50
® Phi: 1

Qb
Unit Weight: 125

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 14-14'

Slope Stability Analysis

File Name: Section 14 14 Pseudo Static 2B.slz

Analysis Method: Spencer
Factor of Safety: 0.91
Seismic Coefficient = 0.28

Qb
Unit Weight: 125
Cohesion: 0

Creep Zone

Unit Weight: 110
Cohesion: 50
Phi: 1

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Cross Section 15-15°



Del Mar Bluffs Cross Section 15-15'
Slope Stability Analysis

File Name: Section 15 15 Static 1B.slz
Analysis Method: Spencer

Factor of Safety: 2.1

Creep Zone

Unit Weight: 110

Cohesion: 50 Qbp

21 Phi: 18 Pieziometric Contour = 312 psf Unit Weight: 125
o (5 ft Head of Water) Cohesion: 200
Phi: 36

Qb
Unit Weight: 125
Cohesion: 0

Phi: 3

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 15-15'
Slope Stability Analysis

File Name: Section 15 15 Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 1.9

Surcharge = 3,000 psf

Creep Zone Qbp
Unit Weight: 110  Pieziometric Contour = 312 psf Unit Weight: 125
19 Cohesion: 50 (5 ft Head of Water) Cohesion: 200
o Phi: 18 Phi: 36
¢
Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 15-15'

Slope Stability Analysis

File Name: Section 15 15 Pseudo Static 1B.slz
Analysis Method: Spencer

Factor of Safety: 1.3
Seismic Coefficient = 0.15

Creep Zone

Unit Weight: 110 Qbp

Cohesion: 50 Unit Weight: 125

o Phi: 18 Cohesion: 200
Phi: 36

Qb k
Unit Weight: 125
Cohesion: 0

Bbdrdgk

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 15-15'

Slope Stability Analysis

File Name: Section 15 15 Pseudo Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 1

Seismic Coefficient = 0.28

Creep Zone

Unit Weight: 110 Qbp

Cohesion: 50 Unit Weight: 125
o> Phi: 18 Cohesion: 200

Phi: 36

Qb
Unit Weight: 125
Cohesion: 0

Bbdratk

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Cross Section 16-16°



Del Mar Bluffs Section 16-16'

Slope Stability Analysis

File Name: Section 1616 Static 1B.slz
Analysis Method: Spencer

Factor of Safety: 2.07

Pieziometric Contour = 312 psf
(5 ft Head of Water)

2.07
® @
Unit Weight: 125
Cohesion: 0

Qb
Phi: 30 3

Unit Weight: 125
Cohesion: 200
Phi: 36

I J
Gl

Td

Unit Weight: 125
Cohesion: 300
Phi: 36



Del Mar Bluffs Section 16-16'

Slope Stability Analysis

File Name: Section 1616 Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 2.07

Surcharge = 3,000 psf

2.07

® @
Unit Weight: 125
Cohesion: 0
Phi: 30

A

I
[

Pieziometric Contour = 312 psf
(5 ft Head of Water)

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Unit Weight: 125
Cohesion: 300
Phi: 36



Del Mar Bluffs Section 16-16'

Slope Stability Analysis

File Name: Section 1616 Pseudo Static 1B.slz
Analysis Method: Spencer

Factor of Safety: 1.4

Seismic Coefficient = 0.15

®
Unit Weight: 125
Cohesion: 0

Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Unit Weight: 125
Cohesion: 300
Phi: 36



Del Mar Bluffs Section 16-16'

Slope Stability Analysis

File Name: Section 1616 Pseudo Static 2.slz
Analysis Method: Spencer

Factor of Safety: 1.11

Seismic Coefficient = 0.28

®
Unit Weight: 125
Cohesion: 0
Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Unit Weight: 125
Cohesion: 300
Phi: 36



Cross Section 17-17°



Del Mar Bluffs Cross Section 17-17'

Slope Stability Analysis

File Name: Section 1717 5 ft water Static 2.slz
Analysis Method: Spencer

Factor of Safety: 1.33

Pieziometric Contour Line = 312 psf Qbp

(5 ft head of water) Unit Weight: 125
Cohesion: 200
Phi: 36

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 17-17'

Slope Stability Analysis

File Name: Section 1717 5 ft water Static 4.slz
Analysis Method: Spencer

Factor of Safety: 1.29
Surcharge = 3,000 psf

1.29

Pieziometric Contour Line = 312 psf Qbp
(5 ft head of Water) Unit Weight: 125

Cohesion: 200
Phi: 36

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 17-17'

Slope Stability Analysis, No Water

File Name: Section 1717 Static 3 no water.slz
Analysis Method: Spencer

Factor of Safety: 1.33

1.33
®

Qbp
Unit Weight: 125
Cohesion: 200
Phi: 36

Qb

Unit Weight: 125

Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 17-17"

Slope Stability Analysis

File Name: Section 1717 Psuedo Static 2.slz
Analysis Method: Spencer

Factor of Safety: 1.07

Seismic Coefficient - 0.15

1.07
®

Qbp
Unit Weight: 125
Cohesion: 200
Phi: 36

Qb

Unit Weight: 125

Cohesion: 0

Phi: 30

Td
Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 17-17"

Slope Stability Analysis

File Name: Section 1717 Psuedo Static 4.slz
Analysis Method: Spencer

Factor of Safety: 0.92
Seismic Coefficient - 0.28

0.92
®

Qbp
Unit Weight: 125
Cohesion: 200
Phi: 36

Qb

Unit Weight: 125

Cohesion: 0

Phi: 30

Td
Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 17-17'

Slope Stability Analysis

File Name: Section 1717 5 ft water Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 1.39

Pieziometric Contour Line = 312 psf Qbp

(5 ft head of water) Unit Weight: 125
Cohesion: 200
Phi: 36

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 17-17'

Slope Stability Analysis

File Name: Section 1717 5 ft water Static 4B.slz
Analysis Method: Spencer

Factor of Safety: 1.38

Surcharge = 3,000 psf

1.38
®
Pieziometric Contour Line = 312 psf Qbp
(5 ft head of Water) Unit Weight: 125
Cohesion: 200
Phi: 36
Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 17-17'

Slope Stability Analysis, No Water

File Name: Section 1717 Static 3B no water.slz
Analysis Method: Spencer

Factor of Safety: 1.46

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 17-17'

Slope Stability Analysis

File Name: Section 1717 Psuedo Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 1.1
Seismic Coefficient - 0.15

-_—
N
o

o2
Qbp
Unit Weight: 125
Cohesion: 200
Phi: 36

Qb

Unit Weight: 125

Cohesion: 0

Phi: 30

Td
Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 17-17'

Slope Stability Analysis

File Name: Section 1717 Psuedo Static 4B.slz
Analysis Method: Spencer

Factor of Safety: 0.93
Seismic Coefficient - 0.28

o
©
w

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td
Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Cross Section 18-18°



Del Mar Bluffs Cross Section 18-18'

Slope Stability Analysis

File Name: Section 1818 with 5 ft Water Static 2.slz
Analysis Method: Spencer

Factor of Safety: 1.98

Qbp
1.98 Unit Weight: 125
Cohesion: 200
Phi: 36

Pieziomtric Contour LIne = 312 psf
(5 ft head of Water)

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 18-18'

Slope Stability Analysis

File Name: Section 1818 with 5 ft Water Static 2C.slz
Analysis Method: Spencer

Factor of Safety: 1.98
Surcharge = 3,000 psf

Qbp

1.98 Unit Weight: 125
Cohesion: 200
Phi: 36

[e3]

Pieziomtric Contour LIne = 312 psf
(5 ft head of Water)

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 18-18'

Slope Stability Analysis

File Name: Section1818 Psuedo Static 2.slz
Analysis Method: Spencer

Factor of Safety: 1.46
Seismic Coefficient = 0.15

—_
o

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 18-18'

Slope Stability Analysis

File Name: Section 1818 Psuedo Static 4.slz
Analysis Method: Spencer

Factor of Safety: 1.18

Seismic Coefficient = 0.28

-
-
oo

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 18-18'

Slope Stability Analysis

File Name: Section 1818 with 5 ft Water Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 2.37

Qbp

.& Unit Weight: 125
Cohesion: 200
Phi: 36

Pieziomtric Contour LIne = 312 psf
(5 ft head of Water)

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 18-18'

Slope Stability Analysis

File Name: Section 1818 with 5 ft Water Static 4B.slz
Analysis Method: Spencer

Factor of Safety: 2.25
Surcharge = 3,000 psf

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

.|!\;
o
o

Pieziomtric Contour LIne = 312 psf
(5 ft head of Water)

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 18-18"

Slope Stability Analysis

File Name: Section 1818 Psuedo Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 1.49

Seismic Coefficient = 0.15

-
o

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 18-18"

Slope Stability Analysis

File Name: Section 1818 Psuedo Static 4B.slz
Analysis Method: Spencer

Factor of Safety: 1.17

Seismic Coefficient = 0.28

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Cross Section 19-19°



Del Mar Bluffs Cross Section 19-19'

Static Slope Analysis

File Name: Section 1919 Static With Water 3.slz
Analysis Method: Spencer

Factor of Safety: 1.6

-
o

Pieziometric Pressure Contour = 312 psf
(5 ft of Water)

Qb

Unit Weight: 125
Cohesion: 0

Phi: 36



Del Mar Bluffs Cross Section 19-19'

Static Slope Analysis

File Name: Section 1919 Static With Water 4.slz
Analysis Method: Spencer

Factor of Safety: 1.6
Surcharge = 3,000 psf

-
o

Pieziometric Pressure Contour = 312 psf
(5 ft of Water)

Qb

Unit Weight: 125

Cohesion: 0 Bedrock
Phi: 36



Del Mar Bluffs Cross Section 19-19'

Static Slope Analysis

File NameSection 1919 Psuedo Static 3.slz
Analysis MethodSpencer

Factor of Safety: 1.25
Seismic Coefficient = 0.15

Qb

Unit Weight: 125
Cohesion: 0

Phi: 36

Bedrock
Soil Model: Bedrock



Del Mar Bluffs Cross Section 19-19'

Static Slope Analysis

File NameSection 1919 Psuedo Static 4.slz
Analysis MethodSpencer

Factor of Safety: 1.03

Seismic Coefficient = 0.28

Qb

Unit Weight: 125 Bedrock
Cohesion: 0

Phi: 36



Del Mar Bluffs Cross Section 19-19'

Static Slope Analysis

File Name: Section 1919 Static With Water 3B.slz
Analysis Method: Spencer

Factor of Safety: 1.8

Pieziometric Pressure Contour = 312 psf
(5 ft of Water)

Qb

Unit Weight: 125
Cohesion: 0

Phi: 36



Del Mar Bluffs Cross Section 19-19'

Static Slope Analysis

File Name: Section 1919 Static With Water 4B.slz
Analysis Method: Spencer

Factor of Safety: 1.8

N
o

Pieziometric Pressure Contour = 312 psf
(5 ft of Water)

Qb

Unit Weight: 125
Cohesion: 0

Phi: 36



Del Mar Bluffs Cross Section 19-19'

Static Slope Analysis

File NameSection 1919 Psuedo Static 3B.slz
Analysis MethodSpencer

Factor of Safety: 1.35
Seismic Coefficient = 0.15

Qb

Unit Weight: 125
Cohesion: 0

Phi: 36

Bedrock



Del Mar Bluffs Cross Section 19-19'

Static Slope Analysis

File NameSection 1919 Psuedo Static 4B.slz
Analysis MethodSpencer

Factor of Safety: 1.05

Seismic Coefficient = 0.28

Qb

Unit Weight: 125
Cohesion: 0

Phi: 36

Bedrock



Cross Section 20-20’°



Slope Stability Analysis, With Water Table
File Name: Section 2020 Static 1.slz

Del Mar Bluffs Cross Section 20-20'
Analysis Method: Bishop
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Factor of Safety: 1.78

Cohesion: 100

Cohesion: 4000

Unit Weight: 150

Wall

Unit Weight: 125
Cohesion: 0

Qb
Phi: 30




Del Mar Bluffs Cross Section 20-20'
Slope Stability Analysis, With Water Table
File Name: Section 2020 Static 2.slz
Analysis Method: Spencer

Factor of Safety: 1.65

1.65
®
Af k
Unit Weight: 125
Cohesion: 100
Phi: 30
Wall

Qbp
Unit Weight: 125
Cohesion: 200

Unit Weight: 150
Cohesion: 4000

Phi: 0 Phi: 36
Qb
Unit Weight: 125 /Td
Cohesion: 0 Soil Model: Anisotropic Fn.

Phi: 30

Unit Weight: 125
Cohesion: 300
Phi: 36

Bedrock
Soil Model: Bedrock
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Qbp

Wall

Unit Weight: 150

Cohesion: 4000
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Qb

Unit Weight: 125
Cohesion: 0

Phi: 30

Soil Model: Bedrock

Bedrock




Del Mar Bluffs Cross Section 20-20'
Slope Stability Analysis, With Water Table
File Name: Section 2020 Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 1.65

1.65 Surcharge = 3,000 psf
®
A *
Unit Weight: 125
Cohesion: 100
Phi: 30
Wall

Qbp
Unit Weight: 125
Cohesion: 200

Unit Weight: 150
Cohesion: 4000

Phi: 0 Phi: 36
Qb
Unit Weight: 125 /Td
Cohesion: 0

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36

Phi: 30

Bedrock
Soil Model: Bedrock



Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Del Mar Bluffs Cross Section 20-20'

Slope Stability Analysis

File Name: Section 2020 Psuedo Static 1.slz
Analysis Method: Bishop

Factor of Safety: 1.24
Seismic Coefficient = 0.15

Af
Unit Weight: 125
Cohesion: 100

Phi: 30

Qbp

Unit Weight: 125
Cohesion: 200
Phi: 36

Wall

Unit Weight: 150
Cohesion: 4000
Phi: 0

/Td
Soil Model: Anisotropic Fn.

Unit Weight: 125
Cohesion: 300
Phi: 36



Del Mar Bluffs Cross Section 20-20'

Slope Stability Analysis

File Name: Section 2020 Psuedo Static 2.slz
Analysis Method: Spencer

Factor of Safety: 1.21

Seismic Coefficient = 0.15

—
—

®
Af k
Unit Weight: 125
Cohesion: 100
Phi: 30
Wall

Qbp
Unit Weight: 125
Cohesion: 200

Unit Weight: 150
Cohesion: 4000

Phi: 0 Phi: 36
Qb
Unit Weight: 125 ,{ /Td
Cohesion: 0

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36

Phi: 30

Bedrock



Del Mar Bluffs Cross Section 20-20'

Slope Stability Analysis

File Name: Section 2020 Psuedo Static 3.slz
Analysis Method: Bishop

Factor of Safety: 0.96

Seismic Coefficient = 0.28

Unit Weight: 125
Cohesion: 100
Phi: 30

Wall
Unit Weight: 150
Cohesion: 4000

Qbp
Unit Weight: 125
Cohesion: 200

Phi: 0 Phi: 36
Qb
Unit Weight: 125 ﬂ /Td
Cohesion: 0 Soil Model: Anisotropic Fn.
Phi: 30

Unit Weight: 125
Cohesion: 300
Phi: 36

Bedrock



Del Mar Bluffs Cross Section 20-20'

Slope Stability Analysis

File Name: Section 2020 Psuedo Static 4.slz
Analysis Method: Spencer

Factor of Safety: 0.955

Seismic Coefficient = 0.28

0.96
®
Af k
Unit Weight: 125
Cohesion: 100
Phi: 30
Wall

Qbp
Unit Weight: 125
Cohesion: 200

Unit Weight: 150
Cohesion: 4000

Phi: 0 Phi: 36
Qb
Unit Weight: 125 >{ Td
Cohesion: 0 o

Phi: 30 Unit Weight: 125
Cohesion: 300

Phi: 36

Bedrock



Cross Section 21-21°



Del Mar Bluffs Cross Section 21-21"

C: Slope Stability Analysis

File Name: Section 2121 5 ft Water Static 1.slz
Analysis Method: Bishop

Factor of Safety: 1.51

Af

Unit Weight: 125

Cohesion: 100

Phi: 30 1

Pieziometric Pressure Contour = 312 p
(5 ft head of Water)

Qb Td
Unit Weight: 125 Soi.l Model: Anisotropic Fn.
Cohesion: 0 Unit Weight: 125

Cohesion: 300
Phi: 36

Phi: 30



Del Mar Bluffs Cross Section 21-21'

C: Slope Stability Analysis

File Name: Section 2121 5 ft Water Static 2.slz
Analysis Method: Spencer

Factor of Safety: 1.42

Af

Unit Weight: 125

Cohesion: 100

Phi: 30 k

Pieziometric Pressure Contour = 312 psf
(5 ft head of Water)

Qb Td
Unit VV_eIg_htZ 125 Soil Model: Anisotropic Fn.
Cohesion: 0

Unit Weight: 125
Cohesion: 300
Phi: 36

Phi: 30



Del Mar Bluffs Cross Section 21-21"

C: Slope Stability Analysis

File Name: Section 2121 5 ft Water Static 3.slz
Analysis Method: Bishop

Factor of Safety: 1.51

Surcharge = 3,000 psf

Af
Unit Weight: 125
Cohesion: 100

Phi: 30

(5 ft head of Water)

Qb d

Unit Weight: 125 /;oil Model: Anisotropic Fn.
Co_heS|on: 0 Unit Weight: 125

Phi: 30 Cohesion: 300
Phi: 36



Del Mar Bluffs Cross Section 21-21'

C: Slope Stability Analysis

File Name: Section 2121 5 ft Water Static 4.slz
Analysis Method: Spencer

Factor of Safety: 1.41

Surcharge = 3,000 psf

—_
—_

Af

Unit Weight: 125

Cohesion: 100

Phi: 30 k

Pieziometric Pressure Contour = 312 psf
(5 ft head of Water)

Qb Td
Unit V\/_elg_ht: 125 Soil Model: Anisotropic Fn.
Cohesion: 0

Unit Weight: 125
Cohesion: 300
Phi: 36

Phi: 30



Del Mar Bluffs Cross Section 21-21'
C: Slope Stability Analysis, No Water
File Name: Section 2121 Static 2.slz
Analysis Method: Spencer

Factor of Safety: 1.44

E
Af
Unit Weight: 125
Cohesion: 100
Phi: 30 k
o Td
Unit Weight: 125
C?)Ihesiilr?' 0 ~___—— Soil Model: Anisotropic Fn.
Phi:30 Unit Weight: 125

Cohesion: 300
Phi: 36



Del Mar Bluffs Cross Section 21-21'

C: Slope Stability Analysis

File Name: Section 2121 Psuedo Static 1.slz
Analysis Method: Bishop

Factor of Safety: 1.18

Seismic Coefficient = 0.15

Af

Unit Weight: 125

Cohesion: 100

Phi: 30 4

Qb

Unit Weight: 125 Td_ . .

Cohesion: 0 Soil Model: Anisotropic Fn.
Unit Weight: 125

Phi: 30

Cohesion: 300
Phi: 36



Del Mar Bluffs Cross Section 21-21'

C: Slope Stability Analysis

File Name: Section 2121 Psuedo Static 2.slz
Analysis Method: Spencer

Factor of Safety: 1.1

Seismic Coefficient = 0.15

®
Af
Unit Weight: 125
Cohesion: 100
Phi: 30 k
Qb Td
Unit Weight: 125 Soil Model: Anisotropic Fn.
Cohesion: 0 / Unit Weight: 125

Phi: 30 Cohesion: 300

Phi: 36



Af

Unit Weight: 125
Cohesion: 100
Phi: 30

File Name: Section 2121 Psuedo Static 3.slz

Analysis Method: Bishop

Del Mar Bluffs Cross Section 21-21'
Factor of Safety: 0.97

C: Slope Stability Analysis
Seismic Coefficient = 0.28

©

Unit Weight: 125

Cohesion: 0
Phi: 30

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36




Del Mar Bluffs Cross Section 21-21'

C: Slope Stability Analysis

File Name: Section 2121 Psuedo Static 4.slz
Analysis Method: Spencer

Factor of Safety: 0.92

Seismic Coefficient = 0.28

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 21-21'

C: Slope Stability Analysis

File Name: Section 2121 5 ft Water Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 1.43

—
~
w

Af

Unit Weight: 125

Cohesion: 100

Phi: 30 k

Pieziometric Pressure Contour = 312 psf
(5 ft head of Water)

Qb Td

Unit Weight: 125 Soil Model: Anisotropic Fn.
Cohesion: 0 /Unit Weight: 125

Phi: 30

Cohesion: 300
Phi: 36



Del Mar Bluffs Cross Section 21-21'

C: Slope Stability Analysis

File Name: Section 2121 5 ft Water Static 4B.slz
Analysis Method: Spencer

Factor of Safety: 1.43

surcharge = 3,000 psf

®
-
[
w

Af

Unit Weight: 125

Cohesion: 100

Phi: 30 1

Pieziometric Pressure Contour = 312 psf
(5 ft head of Water)

Qb
. . Td
Unit Weight: 125 : . Ani :
e Soil Model: Anisotropic Fn.
Cohesion: 0 / Unit Weight: 125

Phi: 30 Cohesion: 300

Phi: 36




Del Mar Bluffs Cross Section 21-21'
C: Slope Stability Analysis, No Water
File Name: Section 2121 Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 1.56

.@
Af
Unit Weight: 125
Cohesion: 100
Phi: 30 4
Qb Td
Unit Weight: 125 Soil Model: Anisotropic Fn.
Cohesion: 0

Unit Weight: 125
Cohesion: 300
Phi: 36

Phi: 30



Del Mar Bluffs Cross Section 21-21'
C: Slope Stability Analysis

File Name: Section 2121 Psuedo Static 2B.slz

Analysis Method: Spencer
Factor of Safety: 1.1
Seismic Coefficient = 0.15

Qb
Unit Weight: 125
Cohesion: 0

Phi: 30

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 21-21'

C: Slope Stability Analysis

File Name: Section 2121 Psuedo Static 4B.slz
Analysis Method: Spencer

Factor of Safety: 0.91

Seismic Coefficient = 0.28

.w

Af

Unit Weight: 125

Cohesion: 100

Phi: 30 k
Qb
Unit Weight: 125 Td
Cohesion: 0

Soil Model: Anisotropic Fn.
/ Unit Weight: 125
Cohesion: 300
Phi: 36



Cross Section 22-22°



Del Mar Bluffs Cross Section 22-22'
Slope Stability Analysis

File Name: Section 2222 Static 2.slz
Analysis Method: Spencer

Factor of Safety: 1.5

Pieziometric Contour = 124.8 psf

(2 ft Head of Water)

Creep Zone
Unit Weight: 110
Cohesion: 50
Phi: 18

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 22-22'

Slope Stability Analysis

File Name: Section 2222 Static 2 No Water.slz
Analysis Method: Spencer

Factor of Safety: 1.51

—_
—_

Creep Zone

Unit Weight: 110
Cohesion: 50
Phi: 18

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 22-22"
Slope Stability Analysis

File Name: Section 2222 Static 4.slz
Analysis Method: Spencer

Factor of Safety: 1.5

Surcharge = 3,000 psf

Pieziometric Pressure Contour = 124.8 psf
(2 ft head of Water)

Creep Zone

Unit Weight: 110
Cohesion: 50
Phi: 18

Qb Td

Unit Weight: 125 Soil Model: Anisotropic Fn.
Cohesion: 0 Unit Weight: 125

Phi: 30 Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 22-22'

Slope Stability Analysis

File Name: Section 2222 Psuedo Static 1.slz
Analysis Method: Spencer

Factor of Safety: 1.17
Seismic Coefficient = 0.15

—_
-
~

Creep Zone

Unit Weight: 110
Cohesion: 50
Phi: 18

Qb Td

Unit Weight: 125 Soil Model: Anisotropic Fn.
Cohesion: 0 Unit Weight: 125

Phi: 30 Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 22-22'

Slope Stability Analysis

File Name: Section 2222 Psuedo Static 2.slz
Analysis Method: Spencer

Factor of Safety: 0.97
Siesmic Coefficient = 0.28

Creep Zone

Unit Weight: 110
Cohesion: 50
Phi: 18

Td
Qb Soil Model: Anisotropic Fn.
Unit Weight: 125 Unit Weight: 125
Cohesion: 0 Cohesion: 300

Phi: 30 Phi: 36



Del Mar Bluffs Cross Section 22-22
Slope Stability Analysis

File Name: Section 2222 Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 1.45

Surcharge = 3,000 psf

N
(&)}

Pieziometric Pressure Contour = 124.8 psf

(2 ft head of Water)

Creep Zone

Unit Weight: 110
Cohesion: 50
Phi: 18

Qb

Unit Weight: 125
Cohesion: 0

Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 22-22'

Slope Stability Analysis

File Name: Section 2222 Static 2B No Water.slz
Analysis Method: Spencer

Factor of Safety: 1.46

Creep Zone

Unit Weight: 110
Cohesion: 50
Phi: 18

Qb Td

Unit Weight: 125 Soil Model: Anisotropic Fn.
Cohesion: 0 Unit Weight: 125

Phi: 30 Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 22-22'
Slope Stability Analysis

File Name: Section 2222 Static 4B.slz
Analysis Method: Spencer

Factor of Safety: 1.45

Surcharge = 3,000 psf

Pieziometric Pressure Contour = 124.8 psf
(2 ft head of Water)

Creep Zone

Unit Weight: 110
Cohesion: 50
Phi: 18

Qb Td

Unit Weight: 125 Soil Model: Anisotropic Fn.
Cohesion: 0 Unit Weight: 125

Phi: 30 Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 22-22'

Slope Stability Analysis

File Name: Section 2222 Psuedo Static 1B.slz
Analysis Method: Spencer

Factor of Safety: 1.12
Seismic Coefficient = 0.15

®
-
5
N

Creep Zone

Unit Weight: 110
Cohesion: 50
Phi: 18

Qb Td

Unit Weight: 125 Soil Model: Anisotropic Fn.
Cohesion: 0 Unit Weight: 125

Phi: 30 Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 22-22'

Slope Stability Analysis
File Name: Section 2222 Psuedo Static 2B.slz

Analysis Method: Spencer
Factor of Safety: 0.94

Siesmic Coefficient = 0.28

Creep Zone

Unit Weight: 110
Cohesion: 50
Phi: 18

Td

Qb Soil Model: Anisotropic Fn.
Unit Weight: 125 Unit Weight: 125
Cohesion: 0 Cohesion: 300

Phi: 36

Phi: 30



Cross Section 23-23°



Del Mar Bluffs Cross Section 23-23'
Static Slope Stability Analysis

File Name: Section 2323 Static 1.slz
Analysis Method: Bishop

Factor of Safety: 1.49

Af Tt

Unit Weight: 125 Unit Weight: 125
Cohesion: 100 Cohesion: 150
Phi: 30 Phi: 40

Pieziometric Contour = 124.8 psf
( 2ft head of water)

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36




Del Mar Bluffs Cross Section 23-23'
Static Slope Stability Analysis

File Name: Section 2323 Static 2.slz
Analysis Method: Spencer

Factor of Safety: 1.34

1.34
Qb ®
Unit Weight: 125
Cohesion: 0

Phi: 30

Pieziometric Contour = 124.8 psf
( 2ft head of water)

Af Tt

Unit Weight: 125 Unit Weight: 125
Cohesion: 100 Cohesion: 150
Phi: 30 Phi: 40

Td

___———— Soil Model: Anisotropic Fr
Unit Weight: 125
Cohesion: 300
Phi: 36




Del Mar Bluffs Cross Section 23-23'
Static Slope Stability Analysis

File Name: Section 2323 Static 3.slz
Analysis Method: Bishop

Factor of Safety: 1.49
Surcharge = 3.000 psf

Qb

Unit Weight: 125 Af Tt

Cohesion: 0 Unit Weight: 125 Unit Weight: 125

Phi: 30 Cohesion: 100 Cohesion: 150
Phi: 30 Phi: 40

Pieziometric Contour = 124.8 ps
( 2ft head of water)

Bt Soil Model: Anisotropic Fi
Unit Weight: 125
Cohesion: 300
W Phi: 36




Del Mar Bluffs Cross Section 23-23'
Static Slope Stability Analysis

File Name: Section 2323 Static 4C.slz
Analysis Method: Spencer

Factor of Safety: 1.34
Surcharge = 3,000 psf

Qb ¢
Unit Weight: 125
Cohesion: 0

Phi: 30

Pieziometric Contour = 124.8 p

( 2ft head of water)

bt

-

Af Tt

Unit Weight: 125 Unit Weight: 125
Cohesion: 100 Cohesion: 150
Phi: 30 Phi: 40

f

Td

/Soil Model: Anisotropic Fn.

Unit Weight: 125
Cohesion: 300
Phi: 36




Del Mar Bluffs Cross Section 23-23'

Static Slope Stability Analysis, No Water

File Name: Section 2323 Static 2 no water.slz
Analysis Method: Spencer

Factor of Safety: 1.36

1.36
o y Af Tt
Unit Weight: 125 , .
Cohesior?: 0 Unit Weight: 125 Unit W_elght: 125
Phi: 30 Cohesion: 100 Cohesion: 150

Phi: 30 Phi: 40

Td
Soil Model: Anisotropic Fn.
___— Unit Weight: 125
ﬂ lﬁ o Cohesion: 300
Phi: 36




Del Mar Bluffs Cross Section 23-23'
Static Slope Stability Analysis

File Name: Section 2323 Psuedo Static 1.slz
Analysis Method: Bishop

Factor of Safety: 1.15
Seismic Coefficient = 0.15

Unit Weight: 125 Af Tt _ _

Cohesior?: 0 Unit Weight: 125 Unit Welght: 125

Phi: 30 Cohesion: 100 Cohesion: 150
Phi: 30 Phi: 40

Td
_________ & Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300
ﬁ Phi: 36




Del Mar Bluffs Cross Section 23-23'

Static Slope Stability Analysis

File Name: Section 2323 Psuedo Static 2.slz
Analysis Method: Spencer

Factor of Safety: 1.11

Seismic Coefficient = 0.15

Qb

Unit Weight: 125 1.11 Af Tt_ .
Cohesior?: 0 % Unit Weight: 125 Unit V\l_elght: 125
Phi: 30 Cohesion: 100 Cohesion: 150

Phi:

0 Phi: 40

Td

Soil Model: Anisotropic Fn.
—— Unit Weight: 125
Cohesion: 300
Phi: 36



Del Mar Bluffs Cross Section 23-23'

Static Slope Stability Analysis

File Name: Section 2323 Psuedo Static 3.slz
Analysis Method: Bishop

Factor of Safety: 0.93

Seismic Coefficient = 0.28

L)
@ 0%
.... ..... ....
AR
o®

Af Tt
Qb Unit Weight: 125 Unit Weight: 125
Unit Weight: 125 Cohesion: 100 Cohesion: 150
Cohesion: 0 Phi: 30 Phi: 40

Phi: 30

Td

/ Soil Model: Anisotropic Fn.
Unit Weight: 125

Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 23-23'

Static Slope Stability Analysis

File Name: Section 2323 Psuedo Static 4.slz
Analysis Method: Spencer

Factor of Safety: 0.92

Seismic Coefficient = 0.28

Qb
Unit Weight: 125
R u "
' ® Unit Weight: 125 Unit Weight: 125
Cohesion: 100 Cohesion: 150
Phi: 30 Phi: 40

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36




Del Mar Bluffs Cross Section 23-23'
Static Slope Stability Analysis

File Name: Section 2323 Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 1.45

.ﬂ

Qb

Unit Weight: 125 Af LA

Cohesior?: 0 Unit Weight: 125 Unit Weight: 125

Phi: 30 Cohesion: 100 Cohesion: 150

' Phi: 30 Phi: 40

Pieziometric Contour = 124.8 psf k
( 2ft head of water)

Td
0 Soil Model: Anisotropic Fi
L 00000 Unit Weight: 125

W ceoene Cohesion: 300
Phi: 36




Del Mar Bluffs Cross Section 23-23'
Static Slope Stability Analysis

File Name: Section 2323 Static 4B.slz
Analysis Method: Spencer

Factor of Safety: 1.43
Surcharge = 3.000 psf

ﬁ
Qb ®
Unit Weight: 125
Cohesion: 0
Phi: 30

Pieziometric Contour = 124.8 psf
2ft head of water)

Af

Unit Weight: 125
Cohesion: 100

Phi: 30

Unit Weight: 125
Cohesion: 150

Td

Soil Model: Anisotropic Fn.
/ Unit Weight: 125
Cohesion: 300
Phi: 36



Del Mar Bluffs Cross Section 23-23'

Static Slope Stability Analysis, No Water

File Name: Section 2323 Static 2B No Water.slz
Analysis Method: Spencer

Factor of Safety: 1.46

1.46
o y Af Tt
Unit Weight: 125 _ ,
Cohesior?: 0 Unit Weight: 125 Unit Weight: 125
Phi: 30 Cohesion: 100 Cohesion: 150

Phi: 30 Phi: 40

Td
Soil Model: Anisotropic Fn.

/Unit Weight: 125
@ooees Cohesion: 300

Phi: 36




Del Mar Bluffs Cross Section 23-23'

Static Slope Stability Analysis

File Name: Section 2323 Psuedo Static 2B.slz
Analysis Method: Spencer

Factor of Safety: 1.13

Seismic Coefficient = 0.15

o Af Tt

Unit Weight: 125 1.13 _ _

Cohesior?: 0 g Unit Weight: 125 Unit Weight: 125

Phi: 30 Cohesion: 100 Cohesion: 150
Phi: 30 Phi: 40

Soil Model: Anisotropic Fn.
Unit Weight: 125

W Td

Seesss Cohesion: 300
> SifiiF Phi: 36




Qb

Unit Weight: 125
Cohesion: 0

Phi: 30 1.0

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

Del Mar Bluffs Cross Section 23-23'
Static Slope Stability Analysis

File Name: Section 2323 Psuedo Static 4B.slz
Analysis Method: Spencer

Factor of Safety: 0.96
Seismic Coefficient = 0.28

Tt

Unit Weight: 125
Cohesion: 150
Phi: 40

Td

Soil Model: Anisotropic Fn.
/Unit Weight: 125
Cohesion: 300
Phi: 36



Cross Section 24-24°



Del Mar Bluffs Cross Section 24-24'
Slope Stability Analysis

File Name: Section 2424 Static 1.slz
Analysis Method: Bishop

Factor of Safety: 1.58

Af

Unit Weight: 125
Cohesion: 100

Phi: 30

Piezometric Line #: 1

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36

Piezometric Line #: 1



Del Mar Bluffs Cross Section 24-24'
Slope Stability Analysis

File Name: Section 2424 Static 2.slz
Analysis Method: Bishop

Factor of Safety: 1.52
Surcharge = 3,000 psf

Af

Unit Weight: 125
Cohesion: 100

Phi: 30

Piezometric Line #: 1

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36

Piezometric Line #: 1



Del Mar Bluffs Cross Section 24-24'

Slope Stability Analysis

File Name: Section 2424 Pseudo Static 1.slz
Analysis Method: Bishop

Factor of Safety: 1.14

Seismic Coefficient = 0.15

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Del Mar Bluffs Cross Section 24-24'

Slope Stability Analysis

File Name: Section 2424 Pseudo Static 2.slz
Analysis Method: Bishop

Factor of Safety: 0.904

Seismic Coefficient = 0.28

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36



Cross Section 25-25°



Del Mar Bluffs Cross Section 25-25'

Slope Stability Analysis

File Name: Section 2525 Water Static 1.slz
Analysis Method: Bishop

Factor of Safety: 1.74

Af
Unit Weight: 125
Cohesion: 100

k Phi: 30

e

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36

Bedrock



Del Mar Bluffs Cross Section 25-25'

Slope Stability Analysis

File Name: Section 2525 Water Static 2.slz
Analysis Method: Bishop

Factor of Safety: 1.29
Surcharge = 3,000 psf

Af
Unit Weight: 125
Cohesion: 100

k Phi: 30

T

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36

Bedrock



Del Mar Bluffs Cross Section 25-25'

Slope Stability Analysis

File Name: Section 2525 Water Static 3.slz
Analysis Method: Spencer

Factor of Safety: 1.25
Surcharge = 3,000 psf

-
(6}

Af
Unit Weight: 125
Cohesion: 100

k Phi: 30

 —Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36

Bedrock



Del Mar Bluffs Cross Section 25-25'

Slope Stability Analysis

File Name: Section 2525 Water Static 4.slz
Analysis Method: Spencer

Factor of Safety: 1.92

Af
Unit Weight: 125
Cohesion: 100

k Phi: 30

T

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36

Bedrock



Del Mar Bluffs Cross Section 25-25'
Slope Stability Analysis
File Name: Section 2525 Psuedo Static Static 1.slz

Analysis Method: Bishop

Factor of Safety: 1.31
Seismic Coefficient = 0.15

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

T

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36

Bedrock



Del Mar Bluffs Cross Section 25-25'

Slope Stability Analysis

File Name: Section 2552 Psuedo Static Static 2.slz
Analysis Method: Spencer

Factor of Safety: 1.41
Seismic Coefficient = 0.15

1.41

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

T

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36

Bedrock



Del Mar Bluffs Cross Section 25-25'

Slope Stability Analysis

File Name: Section 2525 Psuedo Static Static 3.slz
Analysis Method: Bishop

Factor of Safety: 1.08
Seismic Coefficient = 0.28

Af

Unit Weight: 125
Cohesion: 100
Phi: 30
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Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36

Bedrock



Del Mar Bluffs Cross Section 25-25'

Slope Stability Analysis

File Name: Section 2525 Psuedo Static Static 4.slz
Analysis Method: Spencer

Factor of Safety: 1.15
Seismic Coefficient = 0.28

Af

Unit Weight: 125
Cohesion: 100
Phi: 30

- Td

Soil Model: Anisotropic Fn.
Unit Weight: 125
Cohesion: 300

Phi: 36

i

Bedrock




SEA WALL AND SETBACK

Wood or concrete seawalls at base of bluff to halt landward
erosion. Walls to be embedded into competent bedrock. May
require removal of wail if rail right of way is abandoned.

LMPROVEMENT

will improve or maintain factor of safety for deep seated stability
at toe: will improve surficial stability at lower portion of biuff, may
not contribute to stability of upper portion of bluff uniess wall is of

extreme height
|
|

Existing
surface

e ——
— ———

Geologic
contact

Delmar Formation

Proposed
sea wall

Foundation embedment

F to be determined

FORM OF MITIGATION

X Toe

FIGURE 1: SEA WALL AT BLUFF TOE 040154-001

January 2001

Source: Del Mar Bluffs Geotechnical Study, Part 2: Conceptual Repair Alternatives,
Figure 3. Prepared by Leighton and Associates, Inc. for NCTD. January 2001. Leighton and Associates, Inc.




ROCK REVETMENT

Rock revetment at base of bluff to consist of large (2.8 ton) rock
placed on geotextile fabric. Will reduce wave energy and biluff
erosion. Some maintenance required.

IMPROVEMENT

Will increase surficial stability of toe area by reducing potential

for continued erosion, with large amounts of rip-rap for a minor

improvement in deep seated stability may be realized; will not con-

tribute to increased stability of upper portion of bluff Q
|
1
I

Existing
surface

e
Delmar Formation
Graded
LRRe!
FORM OF MITIGATION
E Toe
X Surficial
[ ] Deep-seated
FIGURE 2: ROCK REVETMENT 040151-001
(RIP-RAP AT BLUFF TOE)

January 2001

Source: Del Mar Bluffs Geotechnical Study, Part 2: Conceptual Repair Alternatives,
Figure 4. Prepared by Leighton and Associates, Inc. for NCTD. January 2001. Leighton and Associates, Inc.




BEACH NOURISHMENT

Additional sand placed on beach to protect toe of slope. Sand
placement will be subject to seasonal migration of sand and
should be considered short term. Will require additional sand as

erosion occurs.

IMPROVEMENT

Will add a buffer to erosion at toe; no measureable increase in
factor of safety.

Existing
surface

-
——
—

——— —
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Geologic
contac
Additional sand placed as D e I mar F orma t ion
part of a beach nourishment
program to protect the toe
of slope
FORM OF MITIGATION
E Toe
D Surficial
D Deep-seated
FIGURE 3: BEACH NOURISHMENT 040151-001

January 2001

Source: Del Mar Bluffs Geotechnical Study, Part 2: Conceptual Repair Alternatives, - -
Figure 5. Prepared by Leighton and Associates, Inc. for NCTD. January 2001. Le‘gmon and Associ ates, Inc.




BEACH NOURISHMENT WITH GEOSYNTHETIC TURBE

Sand placed as toe protection as shown on Figure No. §. Geosynthetic
tube (longard tube) to protect minimize depletion of sand.

IMPROVEMENT

Will reduce potential for erosion at toe: no measurable increase in
factor of safety.

Existing
surface

———

Geologic
contac

Delmar Formation

Sand-filled
geosynthetic tube

Beach nourishment

Anchor tube

FORM OF MITIGATION

X Toe
[ ] surficial

] Deep-seated

FIGURE 4: BEACH NOURISHMENT 040151-001
WITH GEOSYNTHETIC TUBE

January 2001

2: Conceptual Repair Alternatives,

Source: Del Mar Bluffs Geotechnical Study, Part - -
Inc. for NCTD. January 2001. Leighton and Associates, Inc.

Figure 6. Prepared by Leighton and Associates,




SLOPE GRADING

Regrade siope to flatter gradient to remove fractures and to
provide support for oversteepened areas.

LMPROVEMENT

Can be utilized to restore siope free to a stable configuration
(FS>1.5); can also be utilized to reclaim failed/eroded slope
areas:improves factor of safety of entire bluff

Proposed 2:1
profile

Existing profile

Backfill with compacted fill
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FIGURE 5: SLOPE GRADING 240151001
. January 2001

Source: Del Mar Bluffs Geotechnical Study, Part 2: Conceptual Repair Alternatives,

Figure 7. Prepared by Leighton and Associates, Inc. for NCTD. January 2001. Leighton and ASSOCiates, Inc.




SLOPE GRADING WITH GEOGRID

Backfill with geogrid reinforced soil 1:1 (horizontal to vertical)
maximum slope angle.

LMPROVEMENT

Can be utilized to restore slope face to a stable configuration
(FS$>1.5); can aiso be utilized to reclaim failed/eroded siope areas;
improves factor of safety of entire bluff

Proposed 1:1

profile
Existing profile 1
s :
2 ! Bay Point
’ : Formation
I' .- -
' Groundwater flow -
I~ T
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Geogrid reinforcement
(spacing to be
determined)

Y
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FORM OF MITIGATION

FIGURE 6: SLOPE GRADING 040151-001
WITH GEOGRID

January 2001

Source: Del Mar Bluffs Geotechnical Study, Part 2: Conceptual Repair Alternatives, - -
Figure 8. Prepared by Leighton and Associates, Inc. for NCTD. January 2001. Le’ghtOn and ASSOCIates, Inc.




SLOPE GRADING WITH SOIL

CEMENT

Backfill with soil-cement or sand-cement mixture, 1:1 (horizontal
to vertical) maximum siope angle for soil cement mixture. Pipe
and board walis to retain plantable soil on slope face are optional.

LMPROVEMENT

Can be utilized to restore slope face to a stable configuration
(FS>1.5); can also be utilized to reclaim failed/eroded slope
areas: improves factor of safety of entire bluff

Backfill with compacted
sand-cement mixture
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FIGURE 7: SLOPE GRADING

040151-001
WITH SOIL CEMENT
. . January 2001
Source: Del Mar Bluffs Geotechnical Study, Part 2: Conceptual Repair Alternatives,
Figure 9. Prepared by Leighton and Associates, Inc. for NCTD. January 2001. Lelghton and A iat : Inc.




PIPE AND BOARD WALLS

fili on steeper siopes. Also can be used to hold plantable soil that
can be placed over scil cement buttress. Require minimal slope

Utilize for surficial siope repairs and stabilization of shallow back- Q
disturbances l

]

i

LMPROVEMENT

Best utilized for surficial and localized repairs; will improve W\
surficial stability; will not increase deep seated stability

New 2:1 slope line

Previous slope line

Subdrain

Pipe and
board walis
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FIGURE 8: PIPE AND BOARD WALLS 040151-001

January 2001

Source: Del Mar Bluffs Geotechnical Study, Part 2: Conceptual Repair Alternatives, } -
Figure 10. Prepared by Leighton and Associates, Inc. for NCTD. January 2001. Le’ghton and Associates, Inc.




TOP GRADING

PORTION OF BLUFF)

BLUFF
(CENTRAL
improve stability of bluff face by reducing driving forces (weight).
Generates material that can be used for slope repair/possible
beach nourishment. Also reduces short term potential for block
falls, improves views, provides possible source of beach nourish-

ment and maintains positive drainage.
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/ \
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IMPROVEMENT
Improves stability of bluff face by removing weight from bluff top. X Deep-seated
may not improve overall factor of safety for deep seated stability
FlGURE 9: BLUFF TOP GRADING 040151-001
(CENTRAL PORTION
OF BLUFF) January 2001
Pan 2: Conceptual Repair Alternatives, " -
Leighton and Associates, Inc.

Source: Del Mar Bluffs Geotechnical Study,
Inc. for NCTD. January 2001.

Figure 11. Prepared by Leighton and Associates,




SOLDIER PILE WALL

Can be utilized to support rail. where a projection from the tracks
to the toe or local stability calcuiations indicate inadequate lateral
support. Can be modified as needed for increased capacity. Can
be constructed entirely within R.O.W.

i

Can be utilized to raise overall factor of safety.

Soldier pile wall constructed
of steel beams and concrete
or reinforced concrete

Geologic

Ba Po | t contact
. : Formation i
Apgrquate spacing of :
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FIGURE 10: SOLDIER PILE 040151-001
STABILIZATION
) . January 2001
Source: Del Mar Bluffs Geotechnical Study, Part 2: Conceptual Repair Alternatives
Figure 12. Prepared by Leighton and Associates, Inc. for NCTD. January 2001. Lelghton and Ass ociates, Inc.




SOLDIER PILE WALL WITH

LAGGING

Wall can be designed with lagging type wall or modified from sol-

dier piles as erosion progresses.

IMPROVEMENT

Can be utilized to raise overall factor of safety.
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FIGURE 11: SOLDIERPILE
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Source: Del Mar Bluffs Geotechnical Study, Part 2: Conceptual Repair Alternatives,
Figure 13. Prepared by Leighton and Associates, Inc. for NCTD. January 2001.

040151-001

January 2001
Leighton and Associates, Inc.




SOLDIER PILE WITH WALL AND TIEBACKS

Can be designed to support oversteepened areas, or modified
from Figure No. 12 as erosion proceeds. Some bluff disturbance
possible if utilized to stabilize oversteepened areas.
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January 2001

Source: Del Mar Bluffs Geotechnical Study, Part 2: Conceptual Repair Alternatives, - -
Figure 14. Prepared by Leighton and Associates, Inc. for NCTD. lanuary 2001. Le’ghton and Asso CIates, Inc.




EMBEDDED SOLDIER PILE AND
GRADE BEAM WITH TIEBACKS

Can be designed to support oversteepened areas, of modified

from Figure No. 12 as erosion proceeds. Some bluff disturbance Q
|
|

possible if utilized to stabilize oversteepened areas.
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