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City of Long Beach

Department of Parks, Recreation, and Marine
2760 North Studebaker Road

Long Beach, California 80802

Attention: Sandra J. Gonzalez, Manager

Subject: Geotechnical Study
Proposed Slope Improvements
Bluff Park
E. Ocean Blvd. between Loma Ave. and Lindero Ave.
Long Beach, California

Dear Ms. Gonzalez:

Kleinfelder West, Inc. (Kleinfelder) is pleased to present this report summarizing our
geotechnical study for the proposed slope improvements at Bluff Park in the City of
Long Beach, California. This report summarizes the work performed, data acquired,
and our findings, conclusions, and geotechnical recommendations for design and
construction. The conclusions and recommendations are subject to the limitations
presented in Section 6.

We understand that the City of Long Beach is planning landscape improvements for the
purpose of beautifying the slope, slowing down the erosion process, and improving
surficial stability. In its current condition, the Bluff Park slope is generally very steep
and marginally stable in most areas. Over time, the erosion process has over
steepened the slope, undermined park hardscapes, and contributed to surficial
instability. Artificial fill, slump material, and colluvium that thinly blanket portions of the
slope are vulnerable to downslope movements. The implementation of erosion control
measures will reduce erosion and decrease the potential for surficial instability of the
bluff slope.

Most of the proposed landscape improvements will not incorporate mitigation measures
to improve global stability of the slope or reduce the potential for liquefaction and lateral
spreading along the toe of the slope. However, global stability of the slope will be
improved where the soil-nail facing is installed.
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We appreciate the opportunity to be of service to Planning & Development Bureau
Parks, Recreation & Marine, City of Long Beach. If you have any questions regarding
this report or require additional information, please do not hesitate to contact our office.

Respectfully submitted,
KLEINFELDER WEST, INC.

JJetpucs % okl (0 bt
E., G.E.

Jagqued B. Roy, Michael O. Cook, P.G., C.E.G
Principal Geotechnical Engineer Senior Engineering Geologist

P. Jared Mechetti, P.E. |
Project Manager

Mariusz P. Sieradzki, Ph.D., PE
Principal Engineer /4 /é/ﬂ'l/l)’/a%
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Substirface problems are a principal cause of construction delays, cost ovarruns, claims, and disputes .

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

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

Read the Full Report

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

A Geotechnical Engineering Report Is Based on

A Unigue Set of Project-Specific Factors

Geotechnical engineers consider a number of unique, project-specific factors
when establishing the scope of a study. Typical factors include: the client's
goals, objectives, and risk management preferences; the general nature of the
structure involved, its size, and configuration; the location of the structure
on the site; and other planned or existing site improvements, such as access
roads, parking lots, and underground utilities. Unless the geotechnical engi-
neer who conducted the study specifically indicates otherwise, do not rely on
a geotechnical engineering report that was:

» not prepared for you,

» not prepared for your project,

s not prepared for the specific site explored, or

* completed before important project changes were made.

Typical changes that can erode the reliability of an existing geotechnical
engineering report include those that affect:
» the function of the proposed structure, as when it's changed from a
parking garage to an office building, or from alight industrial plant
to a refrigerated warehouse,

N

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

¢ composition of the design team, or

® project ownership.

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

Subsurface Conditions Can Change

A geotechnical engineering report is based on conditions that existed at the
time the study was performed. Do not rely on a geotechnical engineering
reporf whose adequacy may have been affected by: the passage of time; by
man-made events, such as construction on or adjacent to the site; or by natu-
ral events, such as fioods, earthquakes, or groundwater fluctuations. Afways
contact the geotechnical engineer before applying the report to determine if it
is stilt reliable. A minor amount of additional testing or analysis could prevent
major problems.

Maost Geotechnical Findings Are Professional
Opinions

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

A Report's Recommendations Are Nof Final

Do not overrely on the construction recommendations included in your re-
port. Those recommendations are nof final, because geotechnical engineers
develop them principally from judgment and opinion. Geotechnical engineers
can finalize their recommendations only by observing actual

)




subsurface conditions revealed during construction. The geotechnicat engi-
neer who developed your reporl cannot assume responsibility or liability for
the report’s recommendations i that engineer doss no! perform construction
observation

A Geotechnical Engineering Report Is Subject to
Misinterpretation

Other design team members’ misinterpretation of geotechnical engineer-
ing reports has resulted in costly problems. Lower that risk by having your
geotechnical engineer confer with appropriate members of the design tear
after submitting the report. Also retain your geotechnical engineer to review
pertinent elements of the design team’s plans and specifications. Contractors
can also misinterpret a geotechnical engineering report. Reduce that risk by
having your geotechnical engineer participate in prebid and preconstruction
conferences, and by providing construction observation.

Do Not Redraw the Engineer's Logs

Geotechnical engineers prepare final boring and testing logs based upon
their interpretation of field logs and laboratory data. To prevent errors or
omissions, the logs included in a geotechnical engineering report should
never be redrawn for inclusion in architectural or other design drawings.
Only photographic or electronic reproduction is acceptable, but recognize
that separaling logs from the report can elevate risk.

Give Contractors a Complete Report and
Guidance

Some owners and design professionals mistakenly beligve they can make
contractors liabie for unanticipaied subsurface conditions by limiting whal
they provide for bid preparation. To help prevent coslly problems, give con-
tractars the complete geotechnical engineering report, buf preface it with a
clearly written letter of transmittal. In that letter, advise contractors that the
report was not prepared for purposes of bid development and that the report’s
accuracy is limited; encourage them to confer with the geotechnical engineer
who prepared the report {a modest fee may be required) and/or to conduct ad-
ditional study to obtain the specific types of information they need or prefer.
A prebid conference can also be valuable. Be sure contractors have sufficient
time'o perform additional study. Only then might you be in a position to give
contractors the best information avaifable to you, while requiring them to at
least share some of the financial responsibilities stemming from unantici-
pated conditions.

Read Responsibility Provisiens Glosely

Some clients, design professionals, and contractors do not recognize that
geotechnical engineering is far less exact than other engineering discipfines.
This lack of understanding has created unrealistic expectations that have led

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

Geoenvironmental Concerns Are Not Covered

The equipment, techniques, and personnel used o perform a geoenviron-
mental study differ significantly from those used to perform a geotechnical
study. For that reason. a geotechnical engineering report does not usually re-
{ate any geoenvironmental findings, conclusions, or recommendations; e.g..
about the likelihood of encountering underground storage tanks or regulated
contaminants. Unanticipated environmental problems have led to numerous
project failures. 1f you have not yet obtained your own geoenvironmentat in-
formation, ask your geotechnical consultant for risk management guidance,
Do ot rely on an environmental report prepared for someone else.

Obtain Professional Assistance To Deal with Mold

Diverse strategies can be applied during building design, construction, op-
eration, and maintenance to prevent significant amounts of mold from grow-
ing on indoor surfaces. To be effective, all such strategies should be devised
for the express purpose of mold prevention, integrated into a comprehensive
plan, and executed with diligent oversight by a professional mold prevention
consuttant. Because just a smalt amount of water or moisture can lead to
the devetopment of severe mold infestations, a number of mold prevention
strategies focus on keeping building surfaces dry. While groundwater, wa-
ter infiltration, and similar issues may have been addressed as part of the
geotechnical engineering study whose findings are conveyed in-this report,
the geotechnical engineer in charge of this project is not a mold prevention
consultant; nome of the services performed in connection with
the gestechnical enginesr’s study were designed or conducted
for the purpose of mold prevention. Propsr implementation of
the recommentations conveyed in this report will not of ftself
be sufficient to prevent mold from growing in or on the struc-
ture involved,

Rely on Your ASFE-Member Geotechnical
Engineer For Additional Assistance

Membership in ASFE/The Best People on Earth exposes geotechnical engi-
neers (0 a wide array of risk management techniques thal can be of genuine
benefit for everyone involved with a construction project. Confer with your
ASFE-member geotechnical engineer for more information.
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ASFE
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BB11 Colesville Road/Suite G108, Silver Spring, MD 20910
Telephone:' 301/565-2733  Facsimile: 301/589-2017
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1 INTRODUCTION

This report presents the results of Kleinfelder's geotechnical study for the proposed
slope improvements at Bluff Park in Long Beach, California. Bluff Park is located south
of East Ocean Boulevard roughly between the south projections of Loma Avenue and
Lindero Avenue. A map depicting the location of the site is shown on Plate 1, Site
Location Map. The portion of the slope included for this study is roughly 4,300 feet long
and extends from the beach stairway southeast of the Museum of Arts (Station 0+00) to
the beach stairway roughly in line with Loma Avenue (Station 43+00). The purpose of
this geotechnical study was to evaluate subsurface soil conditions at the site in order to
provide geotechnical recommendations for the design and construction of the proposed
slope improvements.

Our report includes a description of the work performed, a discussion of the geotechnical
conditions observed at the site, and recommendations developed from our engineering
analysis of field and laboratory data. The recommendations contained within this report
are subject to the limitations presented in Section 6. An information sheet prepared by
ASFE (the Geoprofessional Business Association) is also included. We recommend that
all individuals utilizing this report read the limitations along with the attached ASFE
document.

1.1 PROPOSED IMPROVEMENTS

We understand that the City of Long Beach (City) has retained RJM Design Group, Inc.
(landscape architect) to provide recommendations for landscaping the Bluff Park slope
for the purpose of beautifying the slope, siowing down the erosion process, and
improving surficial stability. We understand that landscape improvements will consist of
planting new drought tolerant vegetation and ground cover, and installing a new
irrigation system. The undermined hardscapes will be repaired by installing posts and
boards and backfilling. Geotextile fabrics will be placed on the biuff slope to reduce
erosion, and localized grading will be performed. Soil-nail facings will be constructed to
improve the surficial stability of steep slope segments where erosion protection
measures are not feasible.

107104/IRV10R118 Page 1 of 47 April 30, 2010
Copyright 2010 Kleinfelder



TN
{

: KL&;II/:IFIELPER
ight People Right Safutians.
\-/

1.2 BACKGROUND INFORMATION

A review of historical, stereo-paired aerial photographs from the early 1950’s through
1999 indicates that the topography of the park has stayed roughly the same except for
some bluff retreat. We understand from park maintenance personnel with knowledge
of the park’s history that the area was used by the armed forces during the World War
Il. The water front originally extended to a wall at the toe of siope. It is unknown when
the wall was constructed, its height or how it is supported. We also understand that the
existing beach, now in front of the wall, was built by importing beach sand, possibly
from dredging. The existing improvements on the bluff slopes include approximately
1,120 lineal feet of gabion walls. The gabion walls are approximately 9 to 11 feet in
height and appear to be about 4 feet wide. Gabion design and construction data was
not available for our review.

In early 2003, a preliminary geotechnical study was performed for the proposed
Belmont Shore Bluff Restoration project by Geotechnical Professionals Inc. (GPI) under
subcontract to Tetra Tech, Inc. (GPI, 2003). Their study covered bluff areas in the
public domain from First Place on the west to Loma Avenue on the east. GPI drilled
three borings and advanced three cone penetration tests within the Bluff Park area.
They concluded that the existing bluffs have highly variable slope inclinations generally
steeper than 1.5:1 (horizontal:vertical). Based on the results of their analyses, GPI
concluded that “engineered slopes would either have to be inclined 2:1 or flatter or be
reinforced with geogrids, soil nails or piles, in order to have an adequate factor of safety
against both massive and surficial failures.” At the gabion locations, GPI further
concluded that the factors of safety against massive failure could be improved by
installing two rows of 35-foot-long soil nails below the gabions.

The Bluff Park slope surface was reported to be uneven and eroded with many areas of
shallow slump-type failures. GP! indicated that the slope could be flattened to 2:1 by
either cutting the top of the slope or by extending the toe of slope to the south by filling
at the toe. GPI also concluded that “if the slope remains unimproved, it will continue to
erode and fail, typically in short sections.” Based on our site reconnaissance, the
recommended improvements by GPI were not implemented.
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1.3 SCOPE OF WORK

The scope of our geotechnical study consisted of a literature review, surface geologic
mapping, subsurface explorations, geotechnical laboratory testing, engineering evaluation
and analysis, and preparation of this report. Studies to assess environmental hazards
that may affect the soil and groundwater at the site were beyond our geotechnical
scope of work. A description of our scope of services performed for the project is
presented below.

Task 1 - Literature Review. Kleinfelder reviewed published and unpublished soils and
geologic reports and associated data in our files and as available from selected public
agencies. This included a review of fault and geologic maps prepared by the California
Geological Survey (formerly known as the California Division of Mines and Geology),
United States Geological Survey, and selected Seismic Hazard Zone maps. We also
reviewed the reports prepared by GPI (GPI, 2003) and the readily-available historical
aerial photos available from Continental Photo, Inc. Aerial photos reviewed for this
project are listed in Table 1 below. The remaining documents reviewed as part of our
study are presented in Section 7, References.

Table 1
Historical Aerial Photographs Reviewed

Date Flight No. Frame Nos.
11/17/1952 AXJ-6K 51, 62
11/19/1953 AXJ-6K 98, 99
04/03/1960 311-5 465-2, 465-3
04/03/1960 311-5 45-1, 45-2
01/31/1970 61-7 176, 177, 178
01/27/1987 F 352, 353
02/24/1999 C-134-36 156, 157

107104/IRV10R118 Page 3 of 47 April 30, 2010

Copyright 2010 Kleinfelder




| KLEINFELDER
Sright Peoplz Right Sofutians
N

Task 2 - Geologic Mapping. Kleinfelder mapped surface distribution of the geologic
units along the slope using a 40-scale map provided by RJM Design Group, Inc. (one-
foot contours). The Geologic Map is presented on Plates 2A through 2E.

Task 3 - Field Exploration. The field exploration program consisted of drilling
11 borings. The borings were drilled to depths ranging from about 16.5 to 51.5 feet
below the existing ground surface (bgs) using track-mounted hollow-stem auger drilling
equipment. The borings were intended to supplement the data collected by GPI (GPI,
2003). The approximate locations of the borings drilled by Kleinfelder and GPI are
shown on Plates 2A through 2E, Geologic Map.

Prior to commencement of the fieldwork, various geophysical techniques were used at
each boring location in order to identify potential conflicts with subsurface structures.
Each location was also cleared for buried utilities through Underground Service Alert
(USA). A Kleinfelder engineer supervised the field operations and logged the borings.
Selected bulk and drive samples were retrieved, sealed and transported to our
laboratory for further evaluation. Drive samples were obtained using either a 3-inch
O.D. California-type sampler or a 2-inch O.D. Standard Penetration Test (SPT)
sampler. The number of blows needed to drive the samplers a total of 18 inches (in
three 6-inch increments) was recorded on the field logs. The blows for the lower 12
inches of each sample were added and presented on the boring logs as the blow count
for that sample. Appendix A contains a more detailed description of the field
exploration program, including boring logs.

Task 4 - Laboratory Testing. Drive and bulk samples were transported to our Long
Beach laboratory for geotechnical testing. Laboratory testing was conducted on
selected samples to substantiate field classifications and to provide engineering
parameters for geotechnical analysis. Laboratory testing consisted of in-situ moisture
content and dry unit weight, Plasticity Index, wash sieve (percent passing the #200
sieve) and direct shear. The results of Kleinfelder's laboratory testing performed on
samples collected during the field exploration program are presented either on the
boring logs in Appendix A or in Appendix B.
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Task 5 - Geotechnical Engineering Analyses. Field and laboratory data were
analyzed in conjunction with the proposed improvements to develop geotechnical
recommendations for design and construction. The stability of the bluff slope was
evaluated, along with constructability considerations related to earthwork. Other
potential geologic hazards such as strong ground shaking, fault rupture, the potential for
soil liquefaction and associated settlement, and the potential for lateral spreading were
also evaluated.

Task 6 - Report Preparation. This report was prepared to present our findings,
conclusions and preliminary geotechnical recommendations for design and
construction. The results of our field explorations and laboratory testing are presented
in this report along with geotechnical recommendations for slope planting and irrigation,
soil nailing, installation of post and boards, slope grading, and general earthwork
requirements. The report also contains a site location map, geologic map, geologic
cross-sections, log of borings, and laboratory test data.
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2 SITE CONDITIONS

2.1 SITE DESCRIPTION

Bluff Park is located south of East Ocean Boulevard roughly between the south
projection of Loma Avenue and Lindero Avenue. The portion of the slope included for
this study is roughly 4,300 feet long and extends from the beach stairway southeast of
the Museum of Arts (Station 0+00) to the beach stairway roughly in line with Loma
Avenue (Station 43+00). Both the top of bluff and beach area are used for public
recreation purposes including walking, running, biking, and other activities. A five- to
seven-foot-wide sidewalk with a guardrail extends the entire length of the site along the
top of the bluff (See Photo 1 in Appendix D). At each street intersection with East
Ocean Boulevard, there are generally one or two concrete paved walkways that
connect to the sidewalk along the top of the bluff. Park benches are positioned at
various locations along the sidewalks and walkways. The park also contains various
historic monuments or memorials. Plates 2A through 2E show the outlines of various
park features, ground surface contours, and assigned slope station numbering used to
describe the bluff conditions.

The portion of the bluff between East Ocean Boulevard and the top of slope is
landscaped with turf and scattered large trees. Underground utilities, such as
landscape irrigation, electrical power, sewer, storm drain and water, cross the park at
multiple locations. The width of the landscaped area at the top of the bluff is highly
variable. West of Lindero Avenue projection, the park width is about 55 to 65 feet
between the East Ocean Boulevard curb and the top of bluff sidewalk. Between
Lindero Avenue and Molino Avenue, the park is generally 48- to 55-feet wide, except
from about Station 5+20 to 6+00, where it is reduced to about 43 feet due to an
apparent previous bluff failure. The landscaped width narrows to 23 feet at Station
7+90, where the bluff slope was cut back for construction of a descending beach
access stairway. Between Molino Avenue and Paloma Avenue, the landscaped area is
generally 45 to 50 feet in width. Between Paloma and Coronado Avenues, the
landscaped width gradually increases from 50 to 60 feet going east, except at
Coronado Avenue where it is approximately 43 feet wide due to slope flattening for the
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beach access stairway. East of Coronado Avenue, the bluff park width increases
gradually to about 75 feet near Redondo Avenue. Further east at approximate Station
43+00, the landscaped width increases to a maximum of about 200 feet at the east end
of the park.

The top of the bluff is essentially flat with the surface gradient generally less than one
percent toward the street. There is a gentle gradient from East Ocean Boulevard
toward the bluff slope between Stations 0+50 and 3+00.

Ground elevations at the top of the bluff gradually decrease from west to east from
Elevations 49 to 43 feet above mean sea level (MSL) between Stations 0+00 and
10+00. Between Stations 10+00 and 20+00, the Elevations generally vary from 43 to
46 feet MSL. Between Stations 20+00 and 30+00 the elevations predominantly range
from 46 to 47 feet MSL. The elevations are mostly between 48 and 49 feet MSL from
Stations 30+00 to 41+50. At the toe of the slope, on the beach, the elevations are
generally between 7.0 and 8.5 feet MSL from Stations 0+00 to 10+00; between 7.4 and
9.8 feet MSL from Station 10+00 to 20+00; between 8.0 and 10.0 feet MSL from
Stations 20+00 to 30+00; and between 9.0 and 10.5 feet MSL from Station 30+00 to
43+50. The corresponding slope heights average about 38 feet with a range generally
between 36 and 40 feet.

The main features on the beach includes: a partially buried wall at the toe of the slope
that extends generally between approximately 1 and 2.5 feet above the beach sand,;
beach access stairways that connect to a bike trail via concrete paved walkways; and
storm drain outlets (See Photo 2 in Appendix D). The stairways are located at
approximate Stations 0+00, 8+00, 19+80, 31+50 and 43+00. The storm drain outlets
are located at approximate Stations 9+30, 37+10 and 43+20. There are also power
poles behind the buried wall that extend from approximate Station 22+10 to the east
end of the study area. An electric line is also buried in front of the wall west of
Station 22+10.

The existing improvements on the slope include approximately 1,120 lineal feet of
gabion walls, the stairways, and two concrete ramps. The ggﬁbion walls are located
between Stations 5+00 and 10+20, Stations 11+00 and 13+20, Stations 35+70 and

107104/IRV10R118 Page 7 of 47 April 30, 2010
Copyright 2010 Kleinfelder



L KLEINFELDER
Bright People Right Solutions.
\N—/

37+00, and Stations 40+50 and 42+70. The walls are approximately 9 to 11 feet high
and appear to be about 4 feet wide. No data was available of the design or
construction of the gabion walls. However, based on observations made during site
reconnaissance, the walls are likely founded on benches carved into native material
and built against a steep scarp. Except for localized areas, a small wedge of relatively
loose fill may have been placed behind the walls. The walls, which are slightly tilted
toward the slope, do not appear to have been designed to retain significant soil mass.
The gabion wall at the east end of the site, between Stations 40+50 and 42+70, is
located within the upper one third of the slope. The other walls are located within the
lower one third of the slope except between Station 7+50 and 8+60 where they turn and
rise in elevation adjacent to the beach access stairway.

Two abandoned concrete beach access ramps are located between Stations 27+05
and 35+50. The concrete ramps are about 5 feet wide and rise in elevation
longitudinally along the slope face. The ramps appear to have been cut into the slope
face. Most of the inner portion of the ramps is filled with eroded material from the
adjacent upper slope. Erosion has undermined portions of the outer lower edge of the
ramps. A beach access stairway between the two ramps appears to have replaced the
ramps.

The bluff slope face has an uneven surface and inclination due to previous failures,
accumulations of slump debris, on going erosion, and past grading in localized areas.
The slope has composite gradients ranging from about 4%%:1 (horizontal:vertical) to near
vertical (See Photo 3 in Appendix D). Generally the lower portion of the slope has a
gentle gradient as compared to the middle or upper segments. The lower third of the
slope generally has a gradient between 1%:1 and 3%:1. The middle third of the slope
generally has gradient ranging between %::1 and 1%:1 with an average of about 1%:1.
The upper third of the slope generally has gradients ranging between %::1 and 1V2:1
with an average of about 1.1:1. Portions of the slope have 10 feet of higher segments
with 7%:1 gradient. The gabion faces are near vertical or slightly tilted toward the slope.

Landscaping on the slope is generally sparse except where gabions walls are present
and where grading has occurred. Graded areas have been planted and irrigation
sprinklers installed. Landscape planting consists mostly of ice plants, acacia and other
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low ground cover. Shrubs are present in the previously repaired upper portion of the
slope between Stations 5+20 and 6+10. Isolated small- to medium-size palm trees are
present, scattered on the slope face as shown in Photo 3.

In addition to the erosion on the slope, evidence of subsurface erosion (piping) was
observed at the top of the slope near Station 37+25 (See Photo 4 in Appendix D). The
sidewalk is being undermined at several locations, especially in the eastern portion of
the bluff between Stations 32+00 and 37+00. The top of slope curb adjacent to the
sidewalk has dropped in several areas and in other areas the sidewalk is cantilevered
by up to one foot.

2.2 SURFACE DRAINAGE

Surface water drainage at the top of the bluff appears to be mostly via sheet flow
towards East Ocean Boulevard. There may be also some localized area drains. There
is no brow ditch or berm at the top of the slope or terrace drain on the slope descending
to the beach.

107104/IRV10R118 Page 9 of 47 April 30, 2010
Copyright 2010 Kleinfelder



- KLEINFELDER

8nght People Right Sofutions.

3 GEOLOGY AND SEISMICITY

3.1 REGIONAL GEOLOGY

The site is located near the southern margin of the Los Angeles Basin, in the
Peninsular Ranges physiographic and tectonic province. The province is characterized
by a prevailing northwesterly orientation of geologic features, such as the Whittier,
Newport-Inglewood and Palos Verdes faults. The Los Angeles Basin itself is a
northwest-trending lowland plain approximately 50 miles long and 20 miles wide. The
Basin is bounded by the Santa Monica Mountains to the north; the Puente Hills, Peralta
Hills, and San Joaquin Hills to the east and southeast; and the Pacific Ocean to the
southwest. The lowland surface of the Los Angeles Basin slopes gently southwestward
and westward toward the Pacific Ocean. This sloping plain is interrupted by the
Newport-Inglewood structural zone, which extends from Newport Mesa northwesterly
towards Beverly Hills. This line of low discontinuous hills and mesas are the surface
expression of the Newport-Inglewood fault zone.

The Los Angeles Basin began to form about 7 million years ago, in late Miocene time,
as the San Andreas Fault shifted eastward to its present position. For the next
5 million years, the basin subsided along major faults including the Newport-Inglewood
fault zone and was rapidly filled with sediments eroded from highlands to the north,
northeast, and east. Between about 2 and 5 million years ago, the Newport-Inglewood
fault zone began its present right-lateral movement. In the Pleistocene epoch (the last
1.6 million years), the region was warped gently upward forming the present shoreline
and topography which includes the area of Bluff Park in Long Beach (Yerkes et al.,
1965; Wright, 1991).

3.2 SUBSURFACE CONDITIONS
3.2.1 General

According to a review of available published geologic maps, the area is underlain by
Pleistocene Old Paralic Deposits, which is a deposit formed in a shallow marine border
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sand have dry unit weights ranging between 97 and 125 pcf (average of about
105 pcf ).

3.3 GROUNDWATER CONDITIONS

Groundwater levels are near sea level and appear to be influenced by the tides.
Groundwater was encountered in all the borings drilled. The approximated depths and
elevations of the groundwater levels encountered are presented in Table 2.

Table 2
Groundwater Level Measurements
Approximate Approximate
Groundwater Groundwater Date
Boring No. Station Depth (feet) Elevation (feet) Measured
KB-1 4+40 40 5 11/5/09
KB-2 10+70 40 5 11/4/09
KB-3 20+50 40 6 11/4/09
KB-4 25+25 42 4 11/17/09
KB-5 37+55 43 6 11/17/09
KB-6 37+55 6 4 11/17/09
KB-7 34+10 7 3 11/5/09
KB-8 25+25 5 4 11/5/09
KB-9 20+70 4 7 11/5/09
KB-10 10+70 4 4 11/5/09
KB-11 4+40 3 5 11/5/09

The groundwater elevations generally range between +3 and +7 feet above mean sea
level. The tide elevations in this area generally range between -1 and +6.5 feet.
Fluctuations of the groundwater level, localized zones of perched water, and an
increase in soil moisture should be anticipated during and following the rainy season or
periods of locally intense rainfall.
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3.4 GEOLOGIC HAZARDS
3.4.1 General

Due to the steepness of the topography of the bluff slope and its location within an area
of high seismicity, the principal geologic hazards for the project consist of the potential
for strong groundshaking and landslides induced by earthquakes occurring along one or
more of the regional active faults. Other geologic hazards considered for this site
include earthquake-induced liquefaction, lateral spreading, and tsunamis. A discussion
of each geologic hazard follows.

3.4.2 Faulting

Earthquakes and faulting occurs as the tectonic plates, which comprise the Earth's
crust, move relative to one-another. Faults identified by the State as being active are
not known to be present at the surface within the project limits. Bluff Park is not located
within a State of California-Special Studies Zone, formerly Alquist-Priolo Earthquake
Fault Zone (Bryant and Hart, 2007). The two known closest faults are the Newport-
Inglewood fault zone and the Palos Verdes fault zone located approximately 1.6 miles
and 5.7 miles respectively at the closest points to the site. Because of the distance to
known active faults, it is our opinion that the risk of surface rupture resulting from
faulting can be considered low.

3.4.3 Flooding

Flooding can occur as a result of several factors in developed areas. These factors
include rainfall rates that exceed an area’'s ability to absorb or control the runoff;
impounded water retained behind a flood control structure (upstream-inundation);
failure of a flood control structure (downstream-inundation); seiche; and tsunami.

The top of the bluff may be subject to water ponding during heavy rain due to the
flatness of the grade. Because the site is situated along the ocean shore within an area
of known high seismicity, the site is considered at risk from tsunami (CGS, 2009).
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3.4.4 Landslides

Landslides and other forms of mass wasting, including mud flows, debris flows, and soil
slips occur as soil moves downslope under the influence of gravity. Landslides are
frequently triggered by intense rainfall or seismic shaking. The site has a high potential
for landslides.

3.4.5 Liquefaction

Liquefaction can occur when saturated loose, coarse-grained or silty soils are subjected
to strong shaking resulting from earthquake motions. The coarse-grained or silty soils
typically lose a portion or all of their shear strength, and regain strength sometime after
the shaking stops when pore pressures dissipate. Soil movements (both vertical and
lateral) have been observed under these conditions due to consolidation of the liquefied
soils.

The beach portion of the site is located within a liquefaction potential hazard zone as
identified by the State (CDMG, 1998). Based on the results of our field investigation,
subsurface conditions at the toe of the slope included loose to medium dense sandy
soils below the water table. Therefore, we judge that the risk of liquefaction at the toe
of the slope during a design level earthquake is high. In addition, there is a moderate
risk of lateral spreading of the toe of the slope towards the beach during a liquefaction
event. A discussion regarding the anticipated magnitude of liquefaction-induced
settlement and implications to the project is presented in Section 4.2.3.

3.4.6 Seismicity

The site is located in the highly seismic Southern California region within the influence
of several fault systems that are considered to be active or potentially active. These
active and potentially active faults are capable of producing potentially damaging
seismic shaking at the site. We have performed a computer-aided search of the known
active and potentially active faults within a 62-mile (100-kilometer) radius of the site and
researched available literature to assess the expected maximum magnitude earthquake
to be generated on each fault. Table 3, Significant Faults, summarizes these
parameters for three of the plus thirty known active and potentially active faults within

107104/IRV10R118 Page 15 of 47 April 30, 2010
Copyright 2010 Kleinfelder



{ KLE‘{'QIXFELD'E'R
ight Prople Right Solutions.
\s‘./

the searched radius of the site that, in our opinion, may have the greatest impact upon
the site. Table 3 was generated using, in part, the EQFAULT computer program
(Blake, 2000) as modified using the fault parameters from CGS Open File Report 96-08
revised June 2003. This table does not identify the probability of reactivation or the
onsite effects from earthquakes occurring on these listed faults or any of the other

faults in the region.

Table 3
Significant Faults

Approx. Distance
from Site Maximum Event
Fault Name mi (km) (Moment Mag.)
Newport-Inglewood 1.6 (2.6) 7.1
Palos Verdes 5.7 (9.1) 7.3
San Andreas 50 (81) 8.0
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4 CONCLUSIONS AND RECOMMENDATIONS

4.1 GENERAL

Based on the results of our data review, our field exploration, laboratory testing, and
geotechnical engineering analyses, the potential for slope failures can be reduced by
decreasing the slope inclination, constructing retaining walls, anchoring/nailing the
steep . portions of the slope, and protecting the slope from erosion. The slope
conditions vary and there is no unique method that may be cost effective for all
locations of the approximately 4,300-foot long bluff. Consideration should be given to
improve surface drainage and erosion mitigation, reducing slope inclination or
reinforcing the slopes. The following sections present our analyses and
recommendations to improve the bluff slope conditions.

4.2 SEISMIC DESIGN CONSIDERATIONS
424 General

The site is located in a seismically active region of southern California, and can
therefore be expected to experience moderate to strong seismic shaking. Potential
seismic hazards include ground shaking, liquefaction, seismic settlement, and lateral
spreading. The following sections discuss these potential seismic hazards with respect
to this site.

4.2.2 Liquefaction

To assess the potential for liquefaction of subsurface soils at the site, we used the
simplified liquefaction analysis procedure recommended by NCEER (Youd and Idriss,
1997, 2001). For estimating the resulting ground settlements, we used the method
proposed by Tokimatsu and Seed (1987). This method utilizes the standard
penetration test (SPT) blow count data to estimate the amount of volumetric
compaction or settlement during an earthquake.
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During the current subsurface exploration, groundwater was encountered in the borings
drilled at the toe of slope at depths ranging from about 3 to 7 feet below ground
surface. We used the approximate water depth encountered in the borings at the time
of drilling to evaluate liquefaction potential at the toe of slope.

According to Section 1802 of the 2007 CBC, the PGA for use in the liquefaction
analyses may be obtained by dividing the design response acceleration at short period
(Sps) by 2.5. A PGA of 0.47g with an associated Magnitude 7.1 earthquake was used
as the design-level seismic event for the liquefaction analyses.

Based on the boring data and our engineering analyses, it is our opinion that the loose
to medium dense sandy silt, silty sand, and sand below the groundwater could be
subject to liquefaction in the event of a major earthquake occurring on a nearby fault.
Based on our analyses with the available data, we estimate that the seismically-induced
‘settlement of saturated granular soils due to strong ground shaking during the design-
level seismic event may range from less than ¥ inch to approximately 6 inches or more.
Table 4 summarizes the estimated liquefaction-induced settlements.

Table 4
Estimated Liquefaction-induced Settlement
Assumed Approximate
Boring No/ Approximate Groundwater Depth Liquefaction-
CPT No. Station (ft) Settlement (in)

KB-6 37455 6.5 0.4
KB-7 134+10 6.5 <0.4
KB-8 25+25 5.0 0.4
KB-9* 20+70 4.0 5.6*
KB-10 10+70 4.0 0.9
KB-11 4+40 3.0 1.4

* Boring drilled on the north side of the toe of slope wall (behind the wall)
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4.2.3 Lateral Spreading

Lateral spreading most often occurs on gently sloping ground, but can also occur on
flat-lying terrain adjacent to a free face where an underlying layer liquefies in response
to earthquake ground motions. During liquefaction, the earth material may spread, or
move laterally on continuous liquefied layers of loose, saturated gravel, sand or silt.
This type of failure may occur in floodplains, river channel alluvium and in artificial fill on
slopes as gentle as 0.3 degree (approximately 0.5%), and can produce displacements
ranging from a few inches to tens of feet. Materials may range in composition from clay
and silt to fine-grained sand and may include sandy gravel (CGS, 2008). Based on the
sampling blow count of the borings drilled, lateral spreading in front of the wall due to
liquefaction does not appear to be a major consideration. However, Boring KB-9 drilled
behind the buried wall indicated very low blow counts. Because it is unknown when the
wall was constructed, its height and how it is supported, we were unable to determine if
the buried wall would provide sufficient restraint to prevent lateral spreading during a
seismic event. The dimensions shown on the cross sections are for illustration purpose
only.

4.3 SLOPE STABILITY ANALYSIS
4.3.1 General

Except where previous grading occurred, the slopes within the subject site are generally
underlain by Old Paralic deposits with thin mantles of fill and colluvium in localized
areas. The heights range between about 36 and 40 feet. Several geotechnical cross
sections, Plates 3A through 3S were prepared, and selected cross sections were used
to evaluate the stability of the bluff slope.

4.3.2 Method of Slope Stability Analysis

The stability of selected slopes was analyzed using the computer programs PC Stabl 5
from Purdue University, GStabl 7 from Gregory Geotechnical Software and Slide 5.0
developed by Rocscience. The limit equilibrium analysis programs model a two-
dimensional slope and compute a factor of safety for various failure planes. The
calculated factor of safety is the ratio of the available resistance to sliding divided by the
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driving forces. The higher the factor of safety, the more stable the slope. Typically, a
slope with a static factor of safety greater than 1.5 indicates a relatively stable slope.
Calculated factors of safety near 1.0 to 1.1 indicate that the slope may be on the verge
of failure. Calculated factors of safety below 1.0 indicate that the slope analyzed would
likely be unstable. For earthquake loads, slope stability methods often yield factors of
safety less than 1.0, indicating slope “failure.” However, the amount of downward and
lateral slope movement during the earthquake will depend on the severity of the
earthquake and the static factor of safety of the slope and is beyond the scope of this
report.

The computer programs were used to search for critical failure plane surfaces for static
and pseudo-static conditions, using the Janbu corrected method, simplified Bishop
method, and/or Spencer method. The surface topography of the slopes modeled was
obtained from the Geologic Map, Plates 2A through 2E. The shear strength parameters
used in the analyses included the cohesion and internal friction angle. The
groundwater level or phreatic surface was taken near the depths encountered in the
borings. The methodology for selecting these strength parameters is described in
Appendix C.

4.3.3 Seismic Slope Stability Screening Analysis

A screening evaluation for the seismic slope stability was performed in accordance with
the Section 11.2 of the “Recommended Procedures for Implementation of DMG Special
Publication 117, Guidelines for Analyzing and Mitigating Landslide Hazards in
California” (SCEC, 2002) and the recently updated SP 117A (CGS, 2008).

Input for the screening procedure include the maximum horizontal acceleration at the
site for a soft rock condition (MHA,) corresponding to a seismic hazard level with a
return period of 475 years or 10% of probability of exceedance in 50 years, the mode
earthquake magnitude (M) and distance (r) associated with this maximum horizontal
acceleration, and the allowable slope displacement. Based on the CGS web site, site
acceleration for a return period of 475 years, MHA,, is estimated to be approximately
0.39g. The associated earthquake magnitude is 7.1 and the distance is less than 10
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km. For an allowable slope displacement of about 6 inches, the estimated seismic
coefficient is approximately 0.16g, based on the procedures outlined in SP117A.

Using the above seismic coefficient, the pseudo-static safety factor in most cases is
less than 1.0. Accordingly, the site does not pass the screening analyses and,
therefore, in general is considered unstable under seismic conditions.

4.3.4 Results of Slope Stability Analysis

The slope profiles selected for stability analysis were based on slope height,
topographic features and subsurface conditions. The results of the analyses performed
are summarized in Table 5. Detailed outputs are presented in Appendix C.

Table 5
Summary of Slope Stability Analysis
Calculated Safety Depth of Failure Plane
Factor on Slope (ft)*

Cross Pseudo
Section Station Static Static Top Middle

1 1+34 1.1 0.9 5 9

2 4+38 1.1 0.9 4 3

5 10+68 1.2 1.0 NA 5-9

5 10+68 1.0 <0.9 NA 5-9

(loss of cementation)
16 34+11 1.4 1.1 4-8 9

*For static analysis with the lowest calculated safety factor

Both Cross Sections 1 and 2 have steep upper slope portions and the potential failure

planes pass through the upper portion of the slope. Cross Section 5 includes a ggb
ntial failure planes pass below the waII :

The

factors of about 1
safety factor under static conditions and during the seismic design event. By geometric
comparison, the other sections likely also have low safety factors. Additional analyses
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were performed on Cross Section 5 to evaluate the effect of loss of cementation of the
soil. Based on the analysis, the loss of soil cementation could cause slope instability.

Cross Section 16 has an overall gradient of 1%2:1 and is relatively uniform across the
entire profile. It contains a _concrete ramp that may have helped the stability of the

y providing a surface drémage pafh for water. It is the only profile analyzed with
ted safety factors that approaches code requirements.

4.3.5 Surficial Stability and Surface Erosion

The soil profile in several portions of the slope contains clay layers underlain by silty
sand or sand layers. The sands are generally fine-grained, uniform and are weakly
cemented. The cohesion of the clay and cementation of the sand allow the formation of
relatively steep slope segments. However, water can dissolve the cementation of the
sand and wash the grains downslope. Water from irrigation, rain, or other sources
initiates the process of dissolving the cementation and contributes to erosion. When
the slope face becomes excessively steep, slumps occur as mapped at many locations
along the slope face.

The erosion process over time steepens the slope and contributes to surficial instability.
Artificial fill, landslide deposits, and colluvium that thinly blanket portions of the slope
and do not have significant cementation are vulnerable to downslope movements.
However, implementation of erosion control measures will reduce erosion and decrease
the potential for surficial instability of the bluff slope.

4.4 EROSION CONTROL MEASURES

Surface erosion can be reduced by preventing water access or providing vegetation
that will hold the soil particles in place. A polymer is typically sprayed on bare slopes
before the rainy season to reduce surface erosion until there is sufficient plant growth.
The existing gabions appear to have been successful in reducing surface erosion;
however, because of the low slope stability safety factors calculated, they are not
recommended.
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441 Slope Planting

Portions of the slope may be planted with deep-rooted drought-resistant vegetation to
better control erosion. To reduce the added weight on the slope, shrub heights should
be limited and large trees should be avoided. Because of slope stability conditions and
softening of the cemented material due to planting and irrigation, we recommend shrub
planting only for portions of the slope that are no steeper than 1%%:1. For steeper
portions of slope, we recommend ground cover (only sparse shrubs may be used in
these areas if necessary). Ground cover should be a light-weight vegetation that can
shed water (e.g., reduce water penetration below the surface). Ground cover on steep
slope segments will need to be held in place with a permanent erosion fabric, as
described below. We recommend that the existing ivy ground cover be removed from
the areas to be improved. Plants that are heavy due to water retention (e.g., tree aloe)
should not be used on slopes steeper than 2%:1 (horizontal:vertical). The planting
pattern for all shrubs should be triangular. Table 6 presents the recommended planting
spacing derived from modeling soil disturbance due to planting and irrigation and water
pressure buildup for various slope inclinations.

Table 6
Recommended Shrub Spacing
Slope Inclination
(horizontal:vertical) Minimum Spacing (feet) Erosion Fabric

2%2:1 4 Jute Mesh

2:1 to 2%2:1 6 Jute Mesh

1%2:1 to 2:1 8 Reinforcement Mat
> 121 Ground Cover Only Reinforcement Mat

We understand that the City has a planting setback requirement of 2 feet from
sidewalks. In addition, we recommend a setback for shrubs of at least 4% feet from the
top and bottom of soil-nail facing, from the wall at the toe of the slope, and from other
structures on the slope, except the gabion walls. For the gabion walls, shrubs should
be setback at least 6 feet from the toe and 10 feet at the top of the walls, respectively.
Shrubs and ground cover selected should require very low maintenance because of
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difficulties accessing steeper portions of the slope with trimming equipment. Poorly
maintained vegetation could be detrimental to the slope.

Permanent erosion fabrics should be anchored at the top of the slope and stapled to
the slope face, as recommended by the manufacturer. The manufacturer
recommendations should take into account the specific site and soil conditions. The
landscape architect should show on the drawings the proposed anchoring at the top of
the slope and fabric stapling pattern on the slope. Staples and anchors to restrain the
fabric should be galvanized. Because soil will lose strength as moisture penetrates and
cementation dissolves, standard stapling may not be sufficient. Deeper stapling may
be required in very steep portions of the slope to hold the fabric in place. Permanent
erosion fabrics should not deteriorate significantly with time and should have a tensile
strength of at least 1,000 pounds per linear foot and be strong enough to be held from
the top of the slope when nails creep down the slope due to ground softening. P550
Permanent Turf Reinforcement Mat by North American Green and Pyramat High
Performance Turf Reinforcement Mat (HPTRM) have the tensile strength desired.
Other considerations for erosion fabric selection include, but are not limited to,
thickness, open volume, porosity, light penetration, and anchoring method. A
landscape architect should evaluate various fabrics and determine their suitability
based on the proposed vegetation requirements and the capability of the fabric to
control erosion under the site conditions. A combination of various fabrics may be
used, if necessary.

For the purpose of fabric anchoring at the top of the slope, we recommend installing a
curb at the top of the slope located against the sidewalk (some areas already have a
curb as shown in Photo 1). The curb should be held in place by concrete posts and
should be designed to resist minimum horizontal and vertical loads of 500 pounds per
linear foot. Posts may be omitted and the erosion fabric may be anchored to the edge
of the sidewalks in addition to “spikes,” as recommended by the manufacturer, where
there is insufficient space between the top of the soil-nail facing and sidewalk and only
ground cover is used. Recommendations for the design of posts are presented in
Section 4.5 of this report. Plate 4A, Erosion Control Concept, presents a conceptual
design.
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Grading will be required to contour (round up) very sharp and uneven surfaces prior to
installing the fabric. Fabric needs to fit tightly against the slope face since void space
below the fabric will allow erosion and result in failure. Additional fabric staples or
longer staples may be required in depression areas. Where the slope is 2:1
(horizontal:vertical) or flatter, depressions may be filled provided the soil is properly
compacted. For slopes steeper than 2:1, we do not recommend filling depressions that
are deeper than 4 inches due to the difficulty of obtaining compaction. Slope
contouring through cutting should be performed instead.. Prior to placement of fabric,
representatives from the geotechnical engineer and manufacturer should verify there is
no loose soil on the slope face and that the slope has been contoured to obtain a tight
fit against the soil. Loose material should be removed from steep segments of the
slope, as well as the colluvium that has accumulated over the wall at the toe of the
slope, prior to placement of erosion fabrics. Grading removals will vary from locations
to locations. For cost estimate purposes, we suggest an average removal depth of one
foot (this is in addition to grubbing). At the time of the bid, we recommend that all
bidders make their own assessment of removal depths required and amount of soils
that will need to be exported off site.

Fill placed within planting areas on the slope should be compacted to at least 92
percent relative compaction as determined by ASTM D1557, except for the upper one
foot which may be compacted to at least 85 percent relative compaction. We
understand the one gallon shrubs will require an excavation of about one foot diameter
and one foot deep. Ground disturbance should be not allowed outside the planting
holes. To reduce ground disturbance, erosion fabric should be installed on slopes with
an inclination of 2:1 or steeper prior to shrub planting. Excess soil from the shrub
excavations shouild be removed from the slope area. Erosion fabrics should be
protected from damage during planting and installation of the irrigation system. The
installation of the fabric should be inspected by the manufacturer's representative upon
completion of planting and installation of the irrigation system. Any damaged fabric or
loose or missing nails should be replaced.
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4,42 Slope Irrigation

Proper design of the irrigation system is crucial for the slope performance. We
understand that the partial irrigation system presently at the site has been tumed off in
some locations due to pipe breaks caused by soil instability. Excessive irrigation will
weaken the underlying soils and exacerbate erosion and slope failure. Irrigation should
consist of the minimum amount of water required to maintain plant life and should be
uniform so that soil moisture variation is reduced. lIrrigation piping should be placed at
the ground surface and should be designed and tied in place in anticipation of soil
movement. We understand that the main water line for the new system may be buried;.
However, it should be located within two foot of the wall at the toe of slope. The system
should have automatic shut offs in the event of rain, pipe leak, or sprinkler damage.
Irrigation heads should be staggered. The irrigation system for the upper two-thirds of
the slope should be located at the top of the slope, and placed on the ground surface
where it can be safely accessed for maintenance. The lower portion of the slope may
be irrigated from the bottom where irrigation piping can be accessed for maintenance.
irrigation on the steep portions of the slope should consist of a low flow or light mist
system to prevent water from flowing and causing erosion on the slope, soaking the
flatter and lower portions of the slope, and creating slide prone areas. Our analysis and
recommendations in this report assume the irrigation system will be permanently turned
off once the plants are established (approximately one year), as indicated by the City.

4.4.3 Sidewalk Undermining

The sidewalk at the top of the slope has been undermined in several locations, as
shown in Photo 4. The most prevalently undermined areas are located in the vicinity of
Stations 3+80 to 4+00, 5+10 to 5+20, 10+45 to 10+50, 14+60 to 15+20, 18+30 to
18+50, 22+10 to 22+20, 26+65 to 26+85, 29+20 to 29+35, 30+55 to 30+65, 32+15 to
32425, 34+15 to 34+30, 34+35 to 34+65, 34+75 to 34+95 and 35+25 to 36+10. We
recommend that the existing undermined areas be repaired using posts and boards, or
other equivalent methods, and further undermining be prevented or the sidewalk be
relocated. We recommend that posts in conjunction with timber boards, as described
under Section 4.5, be used to repair these areas. Following staking, the stationing for
the undermined areas to be repaired should be verified jointly by the Geotechnical
Engineer and the Landscape Architect prior to construction.
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An alternative to posts and boards would be to remove the sidewalk, overexcavate and
level the eroded areas, and backfill using soil reinforced with geogrids. The reinforced
soil zones should be used in combination with Verdura wall blocks (or equivalent) as
facing to prevent further soil loss from under the sidewalk. Permanent erosion fabrics
could be installed prior to recasting the sidewalk, eliminating the need for anchaoring
with posts or nails. The City should determine where this alternative can be used since
it requires removal and replacement of the sidewalks, which temporarily affect the use
of the park.

4.4.4 Drainage

The erosion along the edge or under the sidewalk appears to have been caused by
water flowing under or over the sidewalk. We recommend that the area be surveyed to
verify that drainage at all locations is toward the street. Where there is insufficient
gradient to properly drain water to the street, we recommend that the civil engineer or
landscape architect design area drains with oulets to the street or to the storm drain.

4.5 POSTS AND TIMBER BOARDS

Posts and timber boards may be used to repair existing undermined areas and prevent
further undermining of the sidewalks. Posts should be located below the curb
immediately adjacent to the sidewalk and timber boards bolted to the outside of the
posts in order to facilitate backfiling below sidewalks. Boards should be at least three
inches thick, twelve inches wide, and pressure treated to prevent deterioration. For
design purposes, a minimum soil height of two feet behind the boards should be
assumed. In localized areas, the soil height will be greater than two feet and the
resulting increase in lateral loads should be accounted for in the design. The erosion
fabric may be attached to the boards or a beam may be attached to the side of the
posts. If boards are used to anchor the erosion fabric, additional lateral and vertical
loads should be accounted for by the structural engineer for the design of the posts and
the boards. Plate 4B, Post and Board Concept, presents a conceptual design.

Once the post and boards are in place, the undermined sidewalk will need to be
backfilled. The lower portion of the backfill should consist of sand to allow drainageThe
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sand should be compacted per the project specifications. For the upper portion of the
backfill that cannot be compacted below the sidewalk, a sand-cement slurry or lean
concrete or approved equivalent should be used.

For the purpose of anchoring fabric at the top of the slope, we recommend installing a
curb at the top located against the sidewalk (some areas already have a curb, as shown
in Photo 1). The curb should be held in place by concrete posts drilled below the curb.
Posts should have a diameter of at least 14 inches and an embedment depth of at least
15 feet, except for areas with soil-nail facing. Where soil-nail facing is constructed, the
post diameter should be at least 12 inches with an embedment depth of at least 5 feet
below the top of the facing. Where there is insufficient space between the top of the
soil-nail facing and sidewalk for shrub planting and only ground cover is used, the posts
may be omitted and the erosion fabric may be anchored to the edge of the sidewalks in
addition to the nailing recommended by the manufacturer. Horizontal spacing of the
posts may range from about 10 to 15 feet, depending on the curb and post design. The
curb should be designed to resist minimum horizontal and vertical loads of 500 pounds
per linear foot. The contractor should select a construction procedure to the build the
posts without damaging the sidewalk. Based on past experience, we anticipate that
post holes could be constructed without encroaching on the sidewalk using an auger
attached to a rubber-track excavator. Plate 4A, Erosion Control Concept, presents a
conceptual design. A structural engineer should design the posts and determine their
maximum spacing and minimum embedment depth.

Resistance to lateral loads for posts can be derived from passive resistance acting on
the faces of the foundation elements oriented perpendicular to the direction of loading,
provided these foundation elements are poured against undisturbed material or
properly compacted fill. For the posts along the slope face, passive resistance may be
assumed to be equal to the pressure developed by a fluid with a density of 200 pcf (this
value includes the doubling effect for the California Building Code Pole Formula). For
the portion of the post behind and below the top of the soil-nail facing, the equivalent
fluid pressure may be increased to 300 pcf. Allowable passive earth pressure values
should not exceed 2,000 psf. Due to slope creep and landscaping, we recommend that
the first five feet of soil cover be neglected in the passive resistance calculations for the
posts.
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4.6 SOIL-NAIL SYSTEM
46.1 General

Overall slope stability can be improved by buttressing the slope with a geogrid
reinforced fill, flattening the slope by cut and fill grading, constructing retaining walls, or
constructing a soil-nail facing system. Based on discussions with City, we understand
that extensive slope grading would not be considered for this project. Grading is not a
viable option because the California Coastal Commission will not allow placement of
new fill on the beach. We also understand that the City will not consider cutting the top
of the slope back to reduce slope inclination, which will reduce the usable flat space at
the top of Bluff Park. Past slumping of the slope and bluff recession have already
reduced the usable space in Bluff Park. The use of concrete retaining walls has been
considered in the past; however, due to cost and aesthetic reasons, the City prefers not
to use retaining walls. We understand that the City has selected a soil-nail system with
a shotcrete facing to improve slope stability in areas with slope inclinations near 1:1 or
steeper since erosion protection may be extremely difficult or impractical to construct
and maintain.

A soil-nail system consists of reinforcing the existing ground by installing closely spaced
steel bars to passively hold the soil mass together. Soil nails create a coherent gravity
mass, in which stability does not depend only on the facing. A soil-nail system typically
includes drilled holes in which threaded bars are placed and grouted under gravity. The
bars are connected to bearing plates that distribute the force at the nail end to a
shotcrete facing and the ground behind the facing. Vertical geocomposite strip drains
are installed between the shotcrete and the excavation face to prevent water pressure
build up behind the facing. The drainage system also includes weepholes and a toe
drain to convey water away from the shotcrete facing. Permanent facing of a soil-nail
system usually consists of shotcrete, but can also consist of cast-in-place concrete or
prefabricated concrete panels.

The soil-nail facing can be designed to conform to the slope configuration, if necessary.
To improve the aesthetic of the finished surface, the finished shotcrete can be colored
with pigmented sealers, thickened, and sculpted to match the surrounding landscape
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while the concrete is fresh. The facing surface can also be stained for a natural look.
Pockets can be sculpted on the facing for planting purpose or a step facing constructed.
The landscape architect should provide recommendations for the finished facing
configuration.

The design and construction of the soil nail stabilization system should be performed in
accordance with the recommendations presented in Report FHWAO-IF-03-017,
Geotechnical Engineering Circular No.7 (FHWA, 2003). We recommend that a
registered engineer qualified and experienced in the structural design of soil-nail
systems be retained to design the facing or that the design be performed by a design-
build contractor. The contractor should provide proof of adequate experience with soil
nail systems. Prior to bidding the contractor should become familiar with the site and
subsurface conditions.

4.6.2 Areas for Soil-Nail Reinforcement

Because of the slope length and height, we understand that funding is not available at
this time to improve the entire project slope. We understand that some funding will be
allocated for installation of erosion control measures, slope planting, and irrigation.
Therefore, we have prioritized areas that have the most pressing need for remediation
based on our field observations, review of the existing topography, and soil conditions.
The area between Stations 0+40 and 5+00 across from the parking lot and between
Stations 14+50 and 18+50 should be remediated first. As shown on Cross Sections 1,
2, 7, and 8 these slopes are generally steeper than 1:1. Portions of the slope between
Stations 13+80 and 14+50; Stations 18+50 and 19+15 (Sections 4 and 5); Stations
20+65 and 27+00 (Sections 10, 11, 12, 13, and 14); and Stations 37+20 and 40+30
(Sections 17 and 18) should be considered next for improvement. After improvements
are completed in these areas, soil-nail facing to improve the stability of gabion walls
should be considered the next priority. The attached Geologic Map, Plates 2A through
2E, show the stationing and cross section locations. The existing and proposed
configurations of the slope are shown on the cross sections. With few exceptions, it is
proposed to trim most of the areas with slope inclinations of %:1 to 1:1. If necessary,
the areas can be further divided in shorter segments based on field observation. The
slope should be surveyed prior to finalizing the location of the soil-nail facing.
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4.6.3 Soil-Nail Stability

Analyses were performed on three cross sections that exhibit slightly different soil
profiles and relatively steep slope segments. Cross sections 1, 2, and 7 were selected
for analyses. These sections have steep upper slope portions with relatively stiff and
slightly cemented materials and relatively flat lower portions with loose colluvium
deposits at the surface. For the purpose of our analysis, we have assumed that the
surface for Sections 1, 2, and 7 will be trimmed at an inclination of about %4:1 within the
upper portion of the slope and no steeper than an inclination of 2%%:1 near the base of
the slope.

The global stability of selected cross sections with nails was analyzed using the soil
reinforcement computer program SNAILZ developed by the Caltrans Office of Roadway
Geotechnical Engineering and Slide 5 developed by Rocscience. The limit equilibrium
analysis programs model a two-dimensional slope and compute a factor of safety for
various failure planes. SNAILZ considers force equilibrium (not moment equilibrium)
and can analyze only bi-linear wedge above the facing toe and tri-linear failure wedges
below the toe. Because only passive pressure is considered below the facing toe by
the SNAILZ program, Slide 5 was used to check the stability of possible deep toe
failures.

In addition to the slope geometry, the parameters used in the analyses included the soil
friction, cohesion, unit weights, water level, soil-grout bond uitimate strength, bar size,
yield strength of reinforcement, and diameter of grout hole. The soil strength
parameters previously presented in Appendix C were used. However, these
parameters were factored prior to entering in the SNAILZ program, due to the method
of analysis. A No. 9 bar, which consists of steel with a 75 ksi yield strength and a
nominal area of one square inch, was assumed in our analyses. Different spacing,
length, and number of rows of nails were considered. The calculated safety factors
were found to be 1.5 or better for static conditions and 1.1 or better for pseudo-static
conditions for the trial failure planes deemed representative. The outputs of selected
analyses are included in Appendix C of this report. Table 7 presented in the following
section summarizes the preliminary soil nail design parameters.
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4.6.4 Soil-Nail Recommendations

The upper portion of the slope should be trimmed at an inclination of about %:1 to 1:1
depending upon the location to remove deteriorated materials and to obtain a smooth
surface for placement of the shotcrete facing. Because of access constraints on the
slope, we anticipate that the contractor will use an excavator with a smooth bucket
(toothless) or other appropriate equipment to trim the slope. Since little backfilling is
anticipated, most of the excavated soil material may require stockpiling and off-site
disposal. The lower portion of the slope, extending from the existing toe wall to the soil
nail facing, should be trimmed no steeper than an inclination of 22:1 to facilitate
planting and improve surficial stability. The top and toe of the soil-nail facing should be
embedded at least 2 feet into undisturbed Old Paralic Deposits (Qops) to prevent
surface water from getting behind the facing.

Our stability analyses were based on the Soil Nail Design Parameters presented in
Table 7. The size, embedment depth, and spacing of the soil nails can be adjusted as
necessary by the designer. However, we recommend that the soil nails have a
minimum embedment depth of 30 feet. Based on the cross sections, we do not
anticipate the soil nails to extend within 5 feet of the edge of curb.

Table 7: Soil Nail Design Parameters

Item Description Values Adopted

Square Nal Vertical, Sy 5 feet

Nail Spacing Horizontal, Sy 5 feet

Nail Inclination Uniform 20 degrees
Number of Nails Per Section 5
Nail Length Uniform pattern 30 feet
Type Threaded No. 8
Nail Bar
Material Steel Grade 75 ksi
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Drill hoie Minimum Diameter 6 inches
Grout Protected Nail Bar Class | Protection
Minimum Cover 1.5 inches outside sheathing
Corrosion )
. 1 mm thick corrugated sheathing
Protection Minimum Encapsulation
10 mm grout between nail & sheeting
PVC Centralizer 8 feet
Grout Neat Cement Minimum fc = 3,000 psi at 28 days
: For Sandy Soils = 1,800 Ibs/ft
U'tg‘za‘e ?ﬁ”d Minimum Specified
reng For Silty & Clayey Soils =1,350 Ibs/ft

4.6.5 Corrosion Protection

Class | Protection, as defined in Appendix C of the FHWA soil nail design manual,
should be provided for the soil nails. Class | Protection includes the use of
encapsulated nails. Encapsulation is generally accomplished by grouting the nail
tendon inside a corrugated plastic sheath. A neat cement grout containing admixtures
to control water bleed from the grout is usually employed to fill the annular space
between the plastic sheath and the tendon. For this type of protection, the minimum
grout cover between the sheath and the borehole should not be less than 1.5 inches.
The corrosion protection will be terminated to expose the bare tendon at the head of the
nail in order to allow attachment of the bearing plate and nut. This section of the nail
tendon may be susceptible to corrosion due to its exposure to climatic elements. Thus,
it is recommended that the bearing plate assembly be embedded in the permanent
facing with standard depths of grout cover to control steel corrosion. The nail tendon
protection should be extended into the construction shotcrete facing to ensure minimum
depth of shotcrete/nail grout cover of 3 inches.

4.6.6 Facing Drainage

The soil nail facing should be drained to reduce the potential for buildup of hydrostatic
pressures. The drainage behind the facing should consist of geosynthetic drain strips
at least 36 inches wide and should extend the full height of the facing (starting 12
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inches below the top of the facing). The drain strips should be located no further than 6
feet on center. Weepholes should be located within one foot of the base of the facing.
To avoid soaking and weakening the bottom of the facing soils, we recommend that
weepholes not be allowed to drain directly onto the slope below the wall. Weephole
drainage should be colliected in manifoilds and discharged at least 6 feet downslope of
the facing. The manifold outlet pipe (minimum of 3 inch diameter) shouid be located
every fourth weephole or 25 feet, whichever is less. Slotted caps should be placed at
the ends of the manifold outlet pipes to prevent rodent entrance. The top and toe of the
soil-nail facing should be embedded into at least 2 feet into undisturbed Old Paralic
Deposits (Qops) to help reduce the risk of surface water entering behind the wall.

4.6.7 Constructability

Some of the soils (relatively clean sand and soils near or below groundwater) may be
more prone to caving. The stability of the excavation face and tendency for sloughing,
sliding or toppling, and loss of ground occurring during excavation needs to be
considered. The shotcrete facing should be constructed immediately upon completing
the installation of the soil nails so that sloughing and raveling of the excavation does not
occur. Additionally, caving of sandy soils may be encountered when drilling the
boreholes for the soil nails. Due to potential soil caving, the contractor should
anticipate using hollow-stem-auger drilling equipment to install soil nails throughout the
majority of the project alignment. Slow drilling due to cementation should also be
anticipated.

If localized sloughing and raveling of the excavation is encountered, consideration
should be given to reduce the unsupported height at that installation level and applying
a thin coating of shotcrete. Another option is to construct a stabilizing berm against the
area of caving and installing the soil nails to improve surface stability. The berm may
then be removed when the shotcrete is applied.

4.6.8 Testing Procedures

The bond strength of the nails is affected by the method of drilling and cutting removals.
The bond strength should be verified by testing at least two “sacrificial” nails for each
soil type encountered. A minimum of four soil nails should be subject to verification
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tests. Proof testing should be performed on at least 5 percent of the production nails,
as recommended by Circular 7. The verification and proof testing should be performed
in general accordance with procedures outlined in Appendix E of the FHWA soil nail
design manual.

4.7 SLOPE MAINTENANCE

Deterioration of the slope surfaces may be reduced by maintaining the landscaping.
Appropriate vegetation, watering and drainage control, along with adequate
maintenance will reduce the potential for surficial erosion and surficial instability. Any
burrowing rodent/animal activity on the slopes should be controlled. Excessive watering
can result in uncontrolled runoff and erosion of the slope face, as well as excess
infiltration of water into the subgrade soils. A professional landscape architect should
be responsible for the long-term maintenance of the irrigation program.

4.8 SLOPE CREEP AND FILL SLOPE EXTENSION

Slope creep, which is influenced by factors such as slope height, slope geometry,
exposure to weather, irrigation, rainfall and landscaping, should be anticipated. The
most active zone is usually within the outer 4 to 8 feet of the slope face (perpendicular
to the face) but the effect may be noted 10 to 15 feet at the top of the bluff. The exact
amount of movement due to slope creep depends largely upon irrigation practice and
soil properties, but generally lateral and vertical deflections on the order of a few inches
may occur over a few years.

Slope creep is caused by a combination of moisture penetrating the ground, drying of
the soil, and force of gravity. Slope creep can not be totally prevented, but its effects
can be reduced by proper design and construction practices, drainage, and irrigation.
To reduce slope movement due to slope creep, the slope should be maintained.
Excessive drying, soaking or saturation of the subgrade soils should be prevented.
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4.9 EARTHWORK
4.9.1 General

All site preparation and earthwork operations should be performed in accordance with
applicable codes, safety regulations and other local, state or federal specifications. All
references to maximum unit weights are established in accordance with ASTM
Standard Test Method D1557-07.

Earthwork operations during the wet season may require provisions for drying of soil
prior to compaction. If the project necessitates fill placement and compaction in wet
conditions, we can provide alternatives for drying the soil during construction.
Conversely, additional moisture may be required during drier months. If grading occurs
following an extended period of dry weather, we recommend pre-moisture conditioning
drier soils to facilitate compaction. One method of pre-moisture conditioning consists of
spraying soils repeatedly with water until moisture penetration is achieved, starting a
few days before grading. Caution should be used so that the soils are not over-
saturated.

4.9.2 Clearing and Removals

Weeds, grass, trees and shrubs (including major root systems), organic topsoil, riprap,
construction debris, and other deleterious materials within areas to be graded should be
cleared and properly disposed of off-site. Removals of unsuitable topsoil, colluvium,
slide debris, undocumented fill, deteriorated engineered fill, and weathered Paralic
deposits are required to expose suitable material on which to place engineered fill and
support new fill, the soil nail system, or other improvements. The existing colluvium
topping the wall at the toe of the slope should be removed to a depth of approximately 4
to 6 inches below the top of the wall.

4.9.3 Processing Following Removals

Following removal, the exposed surfaces within areas to receive fill should be properly
scarified, moisture conditioned to at least optimum moisture content, and compacted to
at least 90 percent of the maximum dry unit weight as determined by ASTM D-1557.
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Scarification and moisture conditioning of the bottom should be uniform to prevent the
occurrence of grooves of loose soils following recompaction. Areas temporarily vacated
during the grading operation should be similarly scarified, moisture conditioned and
reworked to the satisfaction of the Geotechnical Engineer-of-Record prior to placement
of additional fill to avoid the occurrence of laminations along the fill interface.

Elevated moisture contents were observed in near-surface soils in localized areas.
Moreover, if grading takes place during and following the rainy season, or where soil is
irrigated, wet soils may be more predominant. The contractor should be aware that
localized excavations may be subject to “pumping” and may have unstable bottoms
depending on the location. Some drying of the material may be required to obtain
moisture contents necessary for compaction. The contractor may have to use
reinforcing fabric and %-inch crushed rock to stabilize the removal bottom in localized
areas prior to placement of fill soils.

4.9.4 Engineered Fill

We anticipate that most of the on-site soils may be reusable as engineered fill material
after all vegetation, construction debris and deleterious material are removed.
Engineered fill should have no particles greater than six inches in maximum dimension,
be placed in lifts no greater than eight inches thick (loose measurements), and be
compacted to a minimum of 92 percent of the soil's maximum dry unit weight (ASTM
D1557) except in planting areas where the upper one foot may be compacted to 85
percent relative compaction.

Sandy soils should be moisture conditioned to within 2 percent of the optimum moisture
content. Clayey soils should be moisture conditioned between 2 and 4 percent above
the optimum moisture content. Each lift of soil should be adequately mixed prior to
compaction so that pockets of dissimilar material or moisture content are not readily
apparent. If poor mixing is resulting in inconsistent moisture conditioning and/or
blending, the Geotechnical Engineer-of-Record may require use of one or more discs to
facilitate the mixing process.
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4.9.5 Benching

Fill material placed on natural slopes with an inclination steeper than 5:1
(horizontal:vertical) should be benched into competent natural soil to the satisfaction of
the Geotechnical Engineer or Engineering Geologist Engineer-of-Record. Benches
should be step-like in profile, with each bench not less than four feet in height and
established in competent material. Competent material is defined as being essentially
free of loose soil and heavy fracturing.

4.9.6 Temporary Cut Slopes

Heavy construction loads, such as those resulting from stockpiles and heavy
machinery, should be kept back from the top of the excavation a distance equal to the
depth of the excavation, and all surface water should be diverted away from the
excavation. Where removals are planned adjacent to existing facilities, grading should
not occur within a zone identified by a plane extending down and out at a 1.5:1
inclination from the bottom outside edge of an existing foundation. Properly designed
shoring should be used to protect improvements where grading is proposed and slope
inclination is not feasible. A representative of the Geotechnical Engineer-of-Record
should inspect all excavations during construction to allow any modifications to be
made due to variations in the soil conditions.

All excavations must comply with applicable local, state, and federal safety regulations
including the current OSHA Excavation and Trench Safety Standards. Construction site
safety is the sole responsibility of the Contractor, who shall also be solely responsible
for the means, methods, and sequencing of construction operations. We are providing
this information solely as a service to our client. Under no circumstances should the
information provided be interpreted to mean that Kleinfelder is assuming responsibility
for construction site safety or the contractor's activities; such responsibility is not being
implied and should not be inferred.

The contractor should be aware that slope height, slope inclination, and/or excavation
depths (including utility trench excavations) should in no case exceed those specified in
local, state, and/or federal safety regulations (e.g., OSHA Health and Safety Standards
for Excavations, 29 CFR Part 1926, or successor regulations).
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4.9.7 Permanent Cut Slope Construction

All the loose material should be removed from the permanent cut slopes. In addition,
where space allows, brow ditches or berms should be constructed at the top of the
slope to reduce the potential for surface runoff to flow over the face of the slope. The
brow ditches should drain to a suitable collection device.

4.9.8 Permanent Fill Slope Construction

Fill slopes should be overfilled a minimum of two feet (measured perpendicular to the
slope face), or by a sufficient distance such that when the overbuilt slope is trimmed
back, a minimum of 92 percent relative compaction is achieved at the exposed slope
face, except for planting areas, where a minimum of 85 percent relative compaction is
required within the upper foot. Where space does not allow access to trim the siope, as
an alternative to overfilling, the contractor may elect to build the slope to the finish siope
face provided compaction is extended to the slope face; backrolling with a sheepsfoot is
performed at vertical intervals not exceeding four feet in height; and the final slope is
moisture conditioned, shaped, and recompacted with a vibratory roller and finally grid
rolled.
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5 ADDITIONAL SERVICES

The construction process is an integral design component with respect to the
geotechnical aspects of a project. Because geotechnical engineering is an inexact
science due to the variability of natural processes, and because we sample only a smaill
portion of the soils affecting the performance of the proposed structure, unanticipated
or changed conditions can be disclosed during grading. Proper geotechnical
observation and testing during construction is imperative to allow the Geotechnical
Engineer-of-Record the opportunity to verify assumptions made during the design
process. Therefore, we strongly recommend that Kieinfelder be retained during the
construction of the proposed improvements to observe compliance with the design
concepts and geotechnical recommendations, and to allow design changes in the event
that subsurface conditions or methods of construction differ from those assumed while
completing this study. Kleinfelder cannot remain Geotechnical Engineer-of-Record for
the project if we are not retained to provide these services.

Our services are typically needed at the following stages of construction.

* Site removal operations to confirm that subgrade bottoms soils are suitable for
placement of engineered fill;

¢ Drilling of the pasts and the installation of timber boards;
e Subgrade preparation for curbs;

e Anchoring and nailing of the erosion protection fabric;

¢ Subdrain construction;

¢ Engineered fill placement to check that moisture and density are per the project
specifications; and

e Soil-nail installation.
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We further recommend that Kleinfelder perform a general review of the project plans
and specifications before they are finalized to verify that our geotechnical
recommendations have been properly interpreted and implemented during design. |If
we are not accorded the privilege of performing this review, we can assume no
responsibility for misinterpretation of our recommendations.
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6 LIMITATIONS

This report has been prepared for the exclusive use of the City of Long Beach's
Department of Parks, Recreation & Marine for specific application to the proposed
slope improvements at Bluff Park in the City of Long Beach, California. The findings,
conclusions and recommendations presented in this report were prepared in
accordance with generally accepted geotechnical engineering practice. No other
warranty, express or implied, is made.

The scope of services was limited to the field exploration program described in Section
1.3. It should be recognized that definition and evaluation of subsurface conditions are
difficult. Judgments leading to conclusions and recommendations are generally made
with incompiete knowledge of the subsurface conditions present due to the limitations
of data from field studies. The conclusions of this assessment are based on our field
exploration, laboratory testing programs, and engineering analyses.

Kleinfelder offers various levels of investigative and engineering services to suit the
varying needs of different clients. Although risk can never be eliminated, more detailed
and extensive studies yield more information, which may help understand and manage
the level of risk. Since detailed study and analysis involves greater expense, our clients
participate in determining levels of service, which provide information for their purposes
at acceptable levels of risk. The client and key members of the design team should
discuss the issues covered in this report with Kleinfelder, so that the issues are
understood and applied in a manner consistent with the owner's budget, tolerance of
risk and expectations for future performance and maintenance.

Recommendations contained in this report are based on our field observations and
subsurface explorations, limited laboratory tests, and our present knowledge of the
proposed construction. It is possible that soil or groundwater conditions could vary
between or beyond the points explored. If soil or groundwater conditions are
encountered during construction that differ from those described herein, the client is
responsible for ensuring that Kleinfelder's on-site representative is notified immediately
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so that we may reevaluate the recommendations of this report. If the scope of the
proposed construction, including the locations of the improvements, changes from that
described in this report, the conclusions and recommendations contained in this report
are not considered valid until the changes are reviewed, and the conclusions of this
report are modified or approved in writing, by Kleinfelder.

Our proposed scope of services and fee for the completed subsurface exploration and
geotechnical report did not include environmental assessments or evaluations
regarding the presence or absence of wetlands or hazardous substances in the soil,
surface water, or groundwater at this site. However, Kleinfelder can provide
environmental assessments and evaluations if requested by the City.

Kleinfelder cannot be responsible for interpretation by others of this report or the
conditions encountered in the field. Kleinfelder must be retained to provide construction
observation and testing services so that the geotechnical aspects of construction will be
monitored on a full-time basis by a representative from Kleinfelder during site
preparation, grading, preparation of foundations, placement of engineered fill, and
installation of soil nails. Kleinfelder should be retained to perform periodic observation
during installation of the erosion fabric and excavation of the shrub holes. These
services provide Kleinfelder the opportunity to observe the actual soil and groundwater
conditions encountered during construction and to evaluate the applicability of the
recommendations presented in this report to the site conditions. If Kleinfelder is not
retained to provide these services, we will cease to be the Geotechnical Engineer-of-
Record for this project and will assume no responsibility for any potential claim during or
after construction on this project. If changed site conditions affect the
recommendations presented herein, Kleinfelder must also be retained to perform a
supplemental evaluation and to issue a revision to our original report.

This report, and any future addenda or reports regarding this site, may be made
available to bidders to supply them with only the data contained in the report regarding
subsurface conditions and laboratory test results at the point and time noted. Bidders
should visit the site, study the site conditions, perform surveys, if needed, and make
their own interpretations. The figures and cross sections are only approximate
representations of topographic conditions and may not be relied upon for design or
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quantity estimates. Because of the limited nature of any subsurface study, the
contractor may encounter conditions during construction which differ from those
presented in this report. In such event, the contractor should promptly notify the owner
so that Kleinfelder's Geotechnical Engineer-of-Record can be contacted to confirm
those conditions. We recommend the contractor describe the nature and extent of the
differing conditions in writing and that the construction contract include provisions for
dealing with differing conditions. Contingency funds should be reserved for potential
problems during earthwork and foundation construction.

This report may be used only by the client and only for the purposes stated, within a
reasonable time from its issuance, but in no event later than one year from the date of
the report. Land use, site conditions (both on site and off site) or other factors may
change over time, and additional work may be required with the passage of time. Any
party, other than the client who wishes to use this report shall notify Kleinfelder of such
intended use. Based on the intended use of this report and the nature of the new
project, Kleinfelder may require that additional work be performed and that an updated
report be issued. Non-compliance with any of these requirements by the client or
anyone else will release Kleinfelder from any liability resulting from the use of this report
by any unauthorized party and the client agrees to defend, indemnify, and hold
harmless Kleinfelder from any claims or liability associated with such unauthorized use
or non-compliance.
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APPENDIX A
FIELD EXPLORATION

GENERAL

The field exploration consisted of several site visits, geological mapping and drilling of
borings. Eight borings were drilled on November 4 and 5, 2009 by Cal Pac of
Calimesa, California. An additional three borings were drilled on November 17, 2009.
The borings were drilled to depths ranging between 16%: to 51% feet, using limited-
access hollow-stem auger drilling equipment. Boring locations were estimated by rough
measurement and pacing from fixed references. At the completion of drilling, the
boreholes were backfilled with the excavated soils and tamped. In addition to our
current field exploration program, three borings were previously drilled and three cone
penetration tests were performed within the project site by GPI. The borings and cone
penetration test locations are shown on Plates 2A through 2E.

SAMPLING

A California sampler was used to obtain relatively undisturbed samples of the soil
encountered. This sampler consists of a 3-inch O.D., 2.4-inch 1.D. split barrel shaft that
is pushed or driven a total of 18 inches into the soil at the bottom of the boring. The soil
was retained in seven 1-inch brass rings for laboratory testing. The sampler was driven
using a 140-pound automatic hammer falling 30 inches. The total number of blows
required to drive the sampler for the last 12 inches is termed blow count and is recorded
on the Logs of Borings.

Samples were also obtained using a Standard Penetration Sampler (SPT). This
sampler consists of a 2-inch O.D., 1-inch 1.D. split barrel shaft that is advanced into the
soils at the bottom of the drill hole a total of 18 inches. The sampler was driven using a
140-pound hammer falling 30 inches. The total number of hammer blows required to
drive the sampler the final 12 inches is termed the SPT blow count (N) and is recorded
on the Logs of Borings. The procedures we employed in the field are generally
consistent with those described in ASTM Standard Test Method D1586. Bulk samples
of the soils were retrieved directly from the auger blades.

107104/IRV10R118 A-1 April 30, 2010
Copyright 2010 Kleinfelder
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BORING LOGS

The Logs of Borings are presented as Plates A-2 through A-12. An explanation to the
logs is presented as Plates A-1a and A-1b. The Logs of Borings describe the earth
materials encountered, samples obtained and show the results of laboratory testing.
The logs also show the boring number, drilling date and the name of the drilling
subcontractor. The boundaries between soil types shown on the logs are approximate
because the transitions between different soil layers may be gradual.

107104/IRV10R118 A-2 April 30, 2010
Copyright 2010 Kleinfelder



Date Drilled:
Drilled By:
Drilling Method:

Water Depth:
Date Measured:
Reference Elevation:

B: B

NOTES ON FIELD INVESTIGATION

2. SAMPLE NO. - Sample Number

3. BLOWS/FT - Number of blows required ta odvonce sompler 1 fool (unless a lesser distance is specitied).
Samplers in general were driven into the soil at the bottom of the hole with o standord (140 Ib) hommer dropping o standord 30 inches.
Drive samples collected in bucket ouger borings may be obtained by dropping non-standard weight from varioble heights.
when a SPT sompler is used the blow count conforms lo ASTM D-1586.
SCR/RQD - Somple Core Recavery (SCR) in percent (%) and Rock Quality Designotion (ROD) in percent (). RQD is defined os the
percentage of core in eoch run which the spocing belween natural frgctures is greoter lthan 4 inches. Mechanical breaks of the core
are not considered.

5.  GEOTECHNICAL DESCRIPTION
Soil - Soil clossifications are based on lhe Uniled Soil Clossification System per ASTM D-2987, and designations include consistency, maisture,
color and other modifiers. Field descriptions hove been modified to reflect results of loboratory onolyses where deemed oppropriate.
Rock — Rock classifications generally include a rock type, calor, moisture, mineral conslituents, degree of weathering, alteration, and
the mechonicol properlies of the rock. Fobric, lineolions, bedding spocing, foliotions, ond degree of cementolion ore also presented
where oppropriate.
Description of soil origin or rock farmation is placed in brackels ot the beginning of the description where opplicoble, for example, Residual Soil.

edding Plane J: Joinling

4

X

MAX - Moximum Dry Density SG
GS ~ Grain Size Distribution HA
SE - Sond Equivalent AL
£l - Exponsion Index RV

CHEM - Sulfote ond Chloride Conlent, pH, Resistivity CN

PM — Permeabilily Cu

UU - Unconsolidoted Undrained Trioxiol CD

C: Contoct

1. SAMPLE - Grophicaol representation of sample type as shown below.
Split Spoon ~ Slondard Penetration Test Somple (SPT)
Drive Sample - Colifornia Semple (Col)
Bulk Sample  ~ Obtained by coliecting cuttings in o plastic bag
Tube Sample - Shelby/Pitcher Tube Somple

m

4. GRAPHIC (OG -~ Standard symbols for soil ond rock types, os shown on plate A~1b.

6. DRY DENSITY, MOISTURE CONTENT: As estimated by laborotory or field testing.
7. ADDITIONAL TESTS - {indicates somple tested for properties other thon the above):

Logged By: Datum:
slez| 8 2 | §
c z| 3£ GEOTECHNICAL DESCRIPTION a |7 s
2 vl o Oy 9 AND o o =
ToL|e| 2 : | 5 O~ 28| =Ze
59| E|E| 32 | & CLASSIFICATION o5 |2E| 22
ool || 82 | & s& {28 2
1 6 108 | 10| DS, SE

T 2 12 GS

5

@] @ @ (5) ® | &

Specific Gravity PP - Pocket Penetrometer
Hydrometer Anolysis WA -~ Wosh Analysis

Atterberg Limits DS - Direct Sheor

R-Volue CP - Collopse Patentiol
Consolidotion UC - Unconfined Compression
Consolidgtion Undroined Trioxiol T ~ Torvone

Consolidated Drained Trioxiol

F: Fault S: Sheor

8. ATTITUDES - Orientotion of rock discontinuity observed in bucket ouger boring or rock care, expressed in strike/dip and dip ongle,
respectively, preceeded by o one—lelter symbol denoting noture of discontinuity as shown below.

7\
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EXPLANATION OF LOGS

PLATE

A-1a




UNIFIED SOIL CLASSIFICATION SYSTEM (ASTM D-2487)

PRIMARY DIVISIONS

GROUP SYMBOLS

SECONDARY DIVISIONS

Emﬁ Ggfv@fs oW 39?9?9? WELL GRADED GRAVELS, GRAVEL-SAND MIXTURES, UTTLE OR NO FINES
z w3 Fw (LESS_THAN) PARANS
w g E8z=5 5% FINES P P, ¥, %, ™ POORLY GRADED GRAVELS OR CRAVEL-SAND MIXTURES, LITTLE OR NO FINES
2 wic g 47 iy
Q UNLELU
A ey gg&g“e GRAVEL oM b * ﬂ* SILTY GRAVELS, GRAVEL-SAND-SILT MIXTURES
2 ﬁﬁ z;u%“ rvlvr’orsg cc g CLAYEY GRAVELS, GRAVEL-SAND-CLAY MIXTURES
Z Y I : a -
< W
& g‘-’-‘g ?r"'mi %,53’; sw WELL GRADED SANDS, GRAVELLY SANDS, LITTLE OR ND FINES
¥ w38 i, EE (LESS THAN) sp "| PDORLY GRADED SANDS OR GRAVELLY T NO £
§ éE" 8&8z° 2 5% FNES s L S OR GRAVELLY SANDS, UTTLE OR NO FINES
- . =
o §- 3‘%“652; SANDS SM E H}l: SILTY SANDS, SAND-SILT MIXTURES
Fuxd WITH At L
?“’w FINES sc % CLAYEY SANDS, SAND-CLAY MIXTURES
" - " g«owg"énus. VERY FINE SANDS, ROCK FLOUR, SILTY OR
o LA
[=] )
- B gy ggmw o INORGANIC CLAYS OF LOW TO MEOIUM PLASTICITY, GRAVELLY CLAYS,
4 Spwm .V_'g __J:,-g? SANDY CLAYS, SILTY CLAYS, LEAN CLAYS
wh =
& 33’“ & = oL 1111 11] ORGANIC SLTS AND ORGANIC SILT~CLAYS OF LOW PLASTICITY
Q I
g 23% i INORGANIC SLTS, MICACEDUS OR DIATOMACEOUS FINE SANDS OR
H gwﬁ g o &3 SILTS, ELASTIC S
S =8 mg 3E0Zz cH INDRGANIC CLAYS OF HIGH PLASTICITY, FAT CLAYS
y £38 5o 3 g3 G
& gg 7] = OoH ,’/;//,/,f,//l; ORGANIC CLAYS OF MEQIUM TO HIGH PLASTICITY, ORGANIC SILTS
S HIGHLY ORGANIC SOILS T 22272721 PEAT, MUCK AND OTHER HIGHLY ORGANIC SORLS
SANDSTONES ss EEES
E===5
Zn SITSTONES SH
253
Z5%
E;g CLAYSTONES cs
= =
<
e 2 LIMESTONES Ls
SHALE st

CONSISTENCY CRITERIA BASED ON FIELD TESTS

POCKET **
CONSISTENCY =~ TORVANE PENETROMETER
T Ty - — FINE— ) ¢ NUMBER OF BLOWS
RELATIVE DENS CDARSE GRAIN SOIL INE~GRAIN SOIL ?F 'ag ggUND HAMMER
ALLS INCHES
RELATIVE SPT * RELATIVE CONSISTENCY SPT U aeaR? CONSRESaNE TO DRIVE A 2 INCH 0.0.
I
DENSITY (f blows/1) DENSITY (%) (# blows/f) | s1RencTH (1s1) | STRENGTH (is) e 1D R
(ASTM~-1586 STANDARD
Very Loose <4 0 - 15 Very Soft <2 <0.13 <0.25 PENETRATION TEST)
- - Soft 2 - 4 0.13 - 0.25 0.25 - 0.5
Loose 4 10 15 35 o UNCONFINED
Medium Stiff 4 - 8 0.25 - 05 05 - 1.0 COMPRESSIVE
Medium Dense 10 - 30 35 -~ 85 STRENGTH IN
Stiff ‘8 - 15 05 - 1.0 1.0 - 2.0 ;Dgglggg POCKET
Dense 30 - S0 65 - 85 Very Stift 15 — 30 1.0 - 20 20 - 40 PENETROMETER
Very Dense >50 85 ~ 100 Hard >30 >2.0 >4.0
MOISTURE CONTENT CEMENTATION
DESCRIPTION FIELD TEST DESCRIPTION FIELD TEST
Dry Absence of moisture, dusly, dry {6 the touch Weakly Crumbles or breaks with hondiing or siight finger pressure
Moist Damp but no visible water Mocderately Crumbles ar breaks with considerable finger pressure
wet Visible free woter, usudgily soil is below woter table Strongly Will not crumble or bresk with finger pressure
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EXPLANATION OF LOGS A-1b




Date Drilled: 11/5/09 Water Depth: 40 feet
Drilled By: Cal Pac Drilling Date Measured: 11/05/09
Drilling Method:  Hollow Stem Auger Elevation: 45 feet (approx.)
Logged By: JBR Datum: MSL
REL: SOIL DESCRIPTION
25l < | ® 2| g <
g g2 g |4 AND 2 123 %
So= |8 ¢ | £ CLASSIFICATION sS85 ZE.
s 8% |EIE| & | & +G|88 Z%
oo (Bl m | 6 a&=E0 < =
//-,// TOPSOIL: Clayey Sand (SC): dark brown, moist
N 7/// \FILL: Lean Clay with Sand (CL): brown, moist, very stiff Ya
Ik % OLD PARALIC DEPOSITS (Qops)
7 13.4
= / Lean Clay (CL): mottied brown and gray, moist, hard, sandy silt lenses
/ and layers, cemented thin layers
40 Smma | 36 /
/ DS
/ 107 | 19.2 [WA (92% fines)
3| 44 /
/ 17.7
Tl
'Ti3| Silty Sand (SM): reddish and yellowish brown, moist, dense, pin hole
35 10 4l 57 'f’ 4| porosity, weakly cemented
a2l
b :: 118 | 6.9 [WA (31% fines)
50 45 £ifpl  Sand with Silt (SP-SM): yellowish brown, moist, dense, fine to
‘)3 medium grained, very weakly cemented 47
= ’
30 15— 6 | 46 % Sandy Lean Clay (CL): brown and yellowish brown, moist, hard,
] I[l / interbeds of fine weakly cemented sand
/ 117 | 14.1 [WA (62% fines)
o
- ‘P13  Silty Sand (SM): yellowish brown, moist, dense, fine grained, gray
'T'|4| sandy silt and sandy clay inclusions, weakly cemented thin layers of sand
| Pl to 22 feet
25 20 — SuE
71 so |LI?
- H’ ’:3 3
o] 103 |12.9
— (sl
i}
]
N 85
— B! :]
T
g[20 25 "m’“ 8 6 |b[T
&t 4 Men) ¥
= Tl 102 [13.8
8 P
of -1 117
gl i Tl
) 3| Sand with Silt (SP-SM): light brown to grayish brown, moist, very
st = ‘=] dense, fine grained, very weakly cemented
= : |
£ (/'/"\ PROPOSED SLOPE IMPROVEMENTS PLATE
s | KLEINFELDER Bluff Park
[=) . Bright People. Right Solutions. x :
§ \\\V/ Long Beach, California A2a
-
o[ PROJECTNO. 107104 |, LOG OF BORING KB-1

Drafted By; Reviewed By:

ote: The boundaries between

é?:% shown on the logs are approximate as the transition between different sofl layers may be gradual




of £ g SOIL DESCRIPTION o
g 2 g | AND e T
S0 —;’:z 2 ¢z | & CLASSIFICATION 2128 £,
¥ o s o 8 . . TS 8
T2 B8] & | S (Continued From Previous Page) SRR 28
9] 82 3| Sand with Silt (SP-SM): light brown to grayish brown, moist, very
E: dense, fine grained, very weakly cemented (continued) 107 | 8.4 lwa (lg’i Fines)
] 1]
i 1
] 3
-10 35 0l 86 .
o ]
4 100 | 3.6
i n ]
- |
]
7] (=
-5 %0 £l
M 11 25/50-6 41
5 ] ) 100 | 20.8
7 B
]
- 3
0 45 12| s0 [T
[ ’M 3 105 |21.8
i ) il
i 7] D
i _ il
: ]
-5 50 ‘mm 13 231’50-6'?%? = 97 {26.2
Total depth 51 feet
Hole backfilled and tamped
Groundwater encountered at 40 feet
Hole drilled about 7 feet from the sidewalk paralell to the top of slope
g
.
3
2
2
g
§ "“M/W'\ PROPOSED SLOPE IMPROVEMENTS
3 (/ PLATE
2 . KLEINFELDER Bluff Park
a N Bright People. Right Solutions. L . .
= N ong Beach, California A22b
=
3 PROJECT NO. 107104 LOG OF BORING KB-1

Note: The boundaries between soil types shown on the logs are approximate as the transition between different soil layers may be gradual.




Date Drilled: 11/4/09 Water Depth: 40 feet

Drilled By: Cal Pac Drilling Date Measured: 11/04/09
Drilling Method:  Hollow Stem Auger Elevation: 45 feet (approx.)
Logged By: JBR Datum: MSL
2 3 SOIL DESCRIPTION
glEl & | » 2|z
>~ = A 32 —
s 5% &3 AND ey E
S32 HE £ % CLASSIFICATION Sl2 8 2y
mCd |8ld] B | S S8358 2&
/-//;ﬂ TOPSOIL: Clayey Sand (SC): dark brown, moist
n /// \FILL: Lean Clay with Sand (CL): brown, moist, very stiff Ya
! :SZ ! % OLD PARALIC DEPOSITS (Qops) 154
] . / Lean Clay with Sand (CL): mottled brown, olive brown and gray,
40 s / moist, hard, sandy silt lenses and layers
2| 21
- / LL=32 AL
] / PL=18 15.0 [WA (85% fines)
i 3| 2 / PI=14
i % 221
35 /
| 10 41 35 %
! % 114 {141 DS
i 51 34 %
| % 19.8 [WA (71% fines’
- 30 /
15 —m 6| 33 %
7] % 106 | 22.1 [WA (83% fines)
% 20— o Poorly Graded Sand (SP): light grayish brown, moist, dense
M i 106 | 4.5
- Sand with Silt (SP-SM): brown to grayish brown, moist, dense, fine
- 20 = grained, very weakly cemented
g % "'mm 8| 76 |1
> | - 108 | 6.4
g -
% 5
Al -
p _
ok 15 i
5} po——
5 (//”'\\ PROPOSED SLOPE IMPROVEMENTS PLATE
2 . KLEINFELDER Bluff Park
§ v 8right People. Right Salutions L(]l'lg Beach, California A_3a
g| PROJECT NO. 107104 | LOG OF BORING KB-2

Drafted BWReviewed By: 4, {zﬂy
ote: The boundaries between st typed shown on the logs are approximate as the transition between different soil layers may be gradual.



JE 2| . SOIL DESCRIPTION _
TEHEEE AND A
sz 124 ¢ | £ CLASSIFICATION S_125 £,
v & 5 B 2 = . . Q 2%
noa |33 B | S (Continued From Previous Page) Sg28 328

el & s

—Jh ‘P3| Sand with Silt (SP-SM): brown to grayish brown, moist, dense, fine 100 | 72
B 2| grained, very weakly cemented (continued) ’
=]
- 10
35 10/ 83
7 101 | 4.9
| . Poorly Graded Sand with Silt (SP-SM): brown, wet, very dense, fine
R grained
-5 A
%o mm 11 28/50-5":
7] ' 97 {253 | WA (6% fines)
= ’
45 tl}]] 12 porso-sth-
o 103 | 20.7
.5 EEREN
50 RO
13 14736 |- 107 | 262
_Hm 50-3" | i
Total depth 51.3 feet
Hole backfilled and tamped
Groundwater encountered at 40 feet
Hole drilled about 7 feet from the sidewalk paralell to the top of slope
8
]
g
3
S
£ (/?"*\ PROPOSED SLOPE IMPROVEMENTS PLATE
& KLEINFELDER Bluff Park
(=) . Bright People. Right Solutians. . .
: S Long Beach, California A-3b
—
8| PROJECT NO. 107104 LOG OF BORING KB-2

Note: The boundaries between soil types shown on the logs are approximate as the transition between different soil layers may be gradual



Date Drilled: 11/4/09 Water Depth: 40 feet

Drilled By: Cal Pac Drilling Date Measured: 11/04/09
Drilling Method:  Hollow Stem Auger Elevation: 46 feet (approx.)
Logged By: JBR Datum: MSL
JE| 3 SOIL DESCRIPTION
% = u.: gn AND é\ § —
§ SEI- N g 123
Sss|elel ¢ | £ CLASSIFICATION a_|28 =2,
885 |EIE|l 2 | & rSlEEl 3%
moQ |dla] m | O AEZO <E
‘771 TOPSOIL: Clayey Sand (SC): dark brown, moist
45 LI7| FILL
i . . Silty Sand (SM): reddish brown, moist, medium dense
- 41 77/ OLD PARALIC DEPOSITS (Qops) 53
| h ." 4 Clayey Sand (SC): reddish brown, moist, medium dense to dense
[ ST 2| 46 | 7
40 o 125 | 12.9 |WA (46% fines)
i 3l s [T
: ‘P14l Silty Sand (SM): yellowish to reddish brown, moist, loose, fine grained 76
| Th
10 ¥
10 4| 12 [~ Poorly Graded Sand with Silt (SP-SM): yellowish to reddish brown,
- 35 sz moist, loose, fine grained, very weakly cemented 102 | 4.6 | WA (5% fines)
I 50 20 '; 3 Silty Sand (SM): reddish brown, moist, medium dense, fine grained
I ENE : 13
! o L2
- 5| a7 If Poorly Graded Sand (SP): grayish brown, moist, medium dense, fine
20 ool grained
B 104 | 3.5
i i
] ' Silty Sand (SM): brown and yellowish brown, moist, dense, fine
20— ' grained, weakly cemented
Mﬂ] 71 67 |
25 110 [ 123
= Poorly Graded Sand (SP): yellowish brown, moist, dense, fine
| grained, sandy silt inclusions
& L e | 79
8120 101 | 3.5
fou
8 5 —
2l _
2
< -
: (/’/“\ PROPOSED SLOPE IMPROVEMENTS PLATE
a KLEINFELDER Bluff Park
o . Bright People. Right Solutians. . .
= W Long Beach, California A-da
—
2| PROJECT NO. 107104 ] LOG OF BORING KB-3

Drafted By: Reviewed By
ote: The boundaries between own on the logs are approximate as the transition between different soil layers may be gradual



B B SOIL DESCRIPTION
HE|l = & _ Z 9 -
5 [€1Z] B |3 AND 2 |23 %
Ss= 23| ¢ |2 CLASSIFICATION & |25 £
5 5 |E| 8 =) @‘ N ) =S8 g 3 2
ZER &8 B | O (Continued From Previous Page) g &=38 <=
9 66 |-
- 15 ‘l“ﬂ» “2]  Poorly Graded Sand (SP): yellowish brown, moist, dense, fine 107 | 39
_ ..:-’| grained, sandy silt inclusions (continued)
- .
- . 'T'|4| Silty Sand (SM): yellowish brown, moist, dense, fine grained, layers of
L 35 ‘Pi-| sandy lean clay, weakly cemented
jﬂ]ﬂ 10 15/50-6P 1,
10 LA 112 | 98
i i LI
113 +
A
- 2| Poorly Graded Sand with Silt (SP-SM): light greyish brown, moist,
L | very dense, fine grained, lean clay inclusions
13 =
s M 118/50-5 Z:
; 114 | 14.0
— Poorly Graded Sand (SP): greyish brown, wet, very dense, fine grained
43 _JMM 12 p0/50-6"
K e 107 [17.9
7 pu]
- 2 Sand with Silt (SP-SM): gray, moist, very dense, fine grained
]
50 ﬂm 13 26/50-6' -l 105 {229
L5 — L
Total depth 51 feet
Hole backfilled and tamped
Groundwater encountered at 40 feet
Hole drilled about 5 feet from the sidewalk paralell to the top of slope
3
=1
3
2
S
§ -
E f/:\\ PROPOSED SLOPE IMPROVEMENTS PLATE
A KLEINFELDER Bluff Park
(=) 8right People. Right Sofutions. H 3
= \w Long Beach, California A-4b
=
8| PROJECT NO. 107104 LOG OF BORING KB-3

Note: The boundaries between soil types shown on the logs are approximate as the transition between different soil layers may be gradual.




Date Drilled: 11/17/09 Water Depth: 42 feet
Drilled By: Cal Pac Drilling Date Measured: 11/17/09
Drilling Method:  Hollow Stem Auger Elevation: 46 feet (approx.)
Logged By: JBR Datum: MSL
JE B |, SOIL DESCRIPTION |
g :‘g? £ HE E £ CLASSIFICATION Se % g § 2
Do |&l & o o S &E=sS8 e
-\ TOPSOIL: Silty Sand (SM): brown, moist Va
_ 11
-45 1 Tl FILL, . : .
| D Silty Sand (SM): reddish brown, moist, medium dense g
! . T||| OLD PARALIC DEPOSITS (Qops)
i ]
T|i| Silty Sand and Sandy Silt (SM/ML): brown, moist, medium dense,
5 2 b5/50-6" :; moderately cemented, fine grained
- 40 D 109 | 12.6 [WA (61% fines)
: 3| 2 |1
P 17.6
%
10 / Sandy Lean Clay (CL): brown, moist, hard, weakly cemented
3 4
8 // 114 [19.2
35 EuN WA (68% fines)
5] 24 P ;, Silty Sand (SM): brown to reddish brown, moist, medium dense, fine
‘P14 to medium grained, weakly cemented 127
' 13 .
T
] :; o]
15 {“ﬂ 6| 38 |h[3 103 | 8.1
o}
- 30 Tl WA (20% fines)
- ::j 2
_ Tl
1 j 4
| 7 | . .
20—mm 7 | 33 % Sandy Lean Clay (CL): gray, moist, very stiff
_!w / Z 104|233
- 25 14
- 'Y'1-5| Silty Sand (SM): brown and yellowish brown, moist, dense, fine
| 'Pid|  grammed, weakly cemented
':3 put}
| 7] :; !
ol 25+ b3
H| B4 T 120 | 93
o 1 7 /
§ i - / Sandy Lean Clay (CL): brown, moist, hard
Z _ Z
af 'T13| Silty Sand (SM): brown, moist, dense, fine grained, lean clay
s| —- :i 4| inclusions
: LIt
£ 2N PROPOSED SLOPE IMPROVEMENTS PLATE
. KLEINFELDER Bluff Park
§ w Bright People. Right Solutions LOﬂg Beach, Californi a A.Sa
s| PROJECT NO. 107104 | LOG OF BORING KB-4

Drafted By: Reviewed By:

‘ote: The houndaries between sn# %hown on the logs are approximate as the transition between different soil layers may be gradual,




N : . SOIL DESCRIPTION _

& 3
Lk AND 1.8 s
EE] el -‘é.’ s |2 CLASSIFICATION ‘i ol 2 § = P
mCs G| B | S (Continued From Previous Page) 8858 <&

91 55 |1 Silty Sand (SM): brown, moist, dense, fine grained, lean clay
15 - : inclusions (continued) 105 | 20.7
B .:‘ Poorly Graded Sand (SP): mottled brownish grey, moist, dense, fine
e 1| grained, weakly cemented
35 _H[ 10 1957 |-
_ 50-5" {0
- 10 101 | 4.6
011 barsos)
5 7] 103 | 49
¥ AN
| = / Fat Clay (CH): dark reddish brown, wet, medium stiff to hard, layers
45 / of silty sand
- 112 4/23 92 147.1
. _ ”; 50-5" 4
- Poorly Graded Sand (SP): brownish gray, wet, very dense, fine
_ o0 grained
50 13 B3/50-4" 104 {21.5
Total depth 51 feet
Hole backfilled and tamped
Groundwater encountered at 42 feet
Hole drilled about 9 feet from the sidewalk paralell to the top of slope
-
8
o
3
2
2
5
E /—\ PROPOSED SLOPE IMPROVEMENTS PLATE
8 KLEINFELDER Bluff Park
a Bright People. Right Solutions. : s
= \\._/ Long Beach, California A-5h
l—
§ PROJECT NO. 107104 LOG OF BORING KB4

Note: The boundaries between soil types shown on the logs are approximate as the transition between different soil layers may be gradual.




Date Drilled: 11/17/09 Water Depth: 43 feet
Drilled By: Cal Pac Drilling Date Measured: 11/17/09
Drilling Method:  Hollow Stem Auger Elevation: 49 feet (approx.)
Logged By: JBR Datum: MSL
. ié 5. SOIL DESCRIPTION
55| = =) 2 9 _
§ =z 8 ) AND 2 e g
g3 £ '“é. ';é. 2 | £ CLASSIFICATION 2 L .§ £ g
228158 2|5 58585 I8
u 3\TOPSOILL: Silty Sand (SM): brown, moist Va
I 1 D :, FILL
. D 11 Silty Sand (SM): brown, moist, medium dense, trace gravel P 6.5
1 2 47| OLD PARALIC DEPOSITS (Qops)
7 +|J| Silty Sand (SM): brown to reddish brown, moist, medium dense, fine 8.4
s . 1AL to medium grained, weakly cemented
5 3| 44 :; Silty Sand and Sandy Silt (SM/ML): brown, moist, dense, moderately
5 cemented, fine grained
' 116 | 13.4
.:3 4|  Silty Sand (SM): brown, moist, medium dense, weakly cemented 80
- 40 I i3 ::D
10 5 15 ig ]
. EJui 99 | 6.8 |WA (31% fines)
]
61 41 |11
D] 13.1
-35 7 LB
15—m - | & [L||| Sandy Silt and Silty Sand (ML/SM): olive to yellowish brown, moist,
Ml P dense, weakly cemented, fine grained, concretions DS
] Bha} 110 | 16.5 WA (58% fines)
— k Poorly Graded Sand (SP): grayish brown, moist, dense, fine to medium
B o grained, weakly cemented
-30 a0
20 W}H 8| s3 ::j i;::-
i K 97 | 24
- T
Y -4 ' i Silty Sand (SM): mottled brown and gray, moist, dense, weakly
R 25| T cemented, layers and inclusions of fine sand with silt
<t _M[ 9 68 [T
E D
=t 5 119 | 8.7
é - 7 lp]
a
Z — D
el b
§ 20 N 3
é_‘. - L
E (f\ PROPOSED SLOPE IMPROVEMENTS PLATE
B KLEINFELDER Bluff Park
8right People. Right Soiutions s :
g \\«:y ght People. Right Long Beach, California A-6a
=
2| PROJECT NO. 107104 /, LOG OF BORING KB-5

Drafted By; Reviewed By: /4
ote: The boundaries between s¢il typo{ shown on the logs are approximste as the transition between different soil layers may be gradusl.



R g 5|, SOIL DESCRIPTION .
= 3
s 82| & | _AND E oS 3
Sgs 3E ¢ % CLASSIFICATION 8|88 £,
228 38|l 2 | 6 (Continued From Previous Page) 5223 2¢£
o] 76 114
(hx] —1
5 ~mm T |3 Silty Sand (SM): mottled brown and gray, moist, dense, weakly "
'F14| cemented, layers and inclusions of fine sand with silt (contmued) 100 | 9.4 1WA (20% fines)
1 tha}
Tip
B ‘ i}
15 - 3 Sand with Silt (SP-SM): yellowish gray and brown, moist, dense, fine,
35— 4| very weakly cemented
M‘ 11| 66 4
B 3 97 | 49
_ ]
o
. 1
Lo 7
i}
407 ]}W 12/ 72 3
) B 9 | 9.9
¥ Poorly Graded Sand (SP): yellowish brown, wet, dense, fine to
.S+ medium grained, trace shells
_5 1
435 ]M 13| 66
105 | 18.7
-0 ] RIS
30 ’“M 14 p5/50-61" 'jﬁ-_',"} -- bluish gray, fine grained 98 |27.8 | WA (3% fines)

Total depth 51 feet

Hole backfilled and tamped
Groundwater encountered at 43 feet
Hole drilled about 7 feet from the sidewalk paralell to the top of slope

f’”’/"‘”“”\
KLE/NFELDER

Bnght People. Right Solutions.
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PROPOSED SLOPE IMPROVEMENTS
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LOG OF BORING KB-5§

PLATE
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Note: The boundaries between soll types shown on the logs are approximate as the transition between different soil layers may be gradual.




Date Drilled: 11/17/09 _ Water Depth: 6 feet
Drilled By: Cal Pac Dirilling Date Measured: 11/17/09
Drilling Method:  Hollow Stem Auger Elevation: 9 feet (approx.)
Logged By: JBR Datum: MSL
. g 3. SOIL DESCRIPTION
- S AND £ 1.8 =
S S % 2 Q 5 ©Z g
foc B2 ¢ | £ CLASSIFICATION S_2E £,
5385 [E|E| B | 8 5|3 E 32
oo &&l m | O 8 &sd <~
1 FILL
i B : Poorly Graded Sand (SP): gray at surface, brown below, moist, loose
3 to medium dense, fine to medium grained 4.1
| 5 7
. 5 2| 30 .
|3 ] -- Brownish gray il
: 3] 34 [75) BEACH DEPOSITS
i o 19.0
Poorly Graded Sand (SP): dark bluish gray, wet, medium dense, fine to
-0 medium grained, trace of shells
| 10— 4| 2
I 234
i 5| 23
| 19.3
.5 7
13 6| 4
! H Im o 108 | 18.9
-
10 - '2 OLD PARALIC DEPOSITS (Qops)
| 20=p717| &1 |[P[]] Poorly Graded Sand with Silt (SP-SM): dark bluish gray, wet, very
P dense, fine to medium grained
! L 234
! N )
— i
[ A thl
--15 'f:i
gl 25 I 8| 1134 |7
e:t 50-5" s
! A [} 17.4
o
3 — in]
ar s
é. - N [
Ha 7 T
= (]
=] -
£ (/f"\ PROPOSED SLOPE IMPROVEMENTS PLATE
- . KLEINFELDER Bluff Park
Q \ Bright People. Right Sofutions. 1okt .
= \\::/ Long Beach, California A-Ta
=
g| PROJECT NO. 107104 /, LOG OF BORING KB-6

Drafted By; S Reviewed By:

\
ote: The boundaries between s% Mhown on the logs are approximate as the transition between different soil layers may be gradual,



REI- SOIL DESCRIPTION
BEl = | ® AND 2| & =
§ AR g2 |2Y] &
E 32 |55 % =y CLASSIFICATION a_ |2 g =
2.2 gl 3 = . . Gle a
S8 |dldl 2 | S (Continued From Previous Page) FE28 =@
9 [14/50-6' ;H, 18.9 [WA (10% fines)
Total depth 31 feet
Hole backfilled
Groundwater encountered at 6 feet
.25 Hole drilled about 9 feet from the slope toe wall
g
a
o
8
2
]
g
5 ey
% /—\\ PROPOSED SLOPE IMPROVEMENTS PLATE
2 . KLEINFELDER Bluff Park
g \‘w Bright People. Right Solutions. LGl’Ig Beach, California A 7b
8 -
3| PROJECT NO. 107104 LOG OF BORING KB-6

Note: The boundaries hetween soil types shown on the logs are approximate as the transition between different soil layers may be gradual,




\?LD PARALIC DEPOSITS (Qops
S

andy Silt (ML): brown

Total depth 16.5 feet

Hole backfilled

Groundwater encountered at 7 feet

Hole drilled about 10 feet from the slope toe wall

Date Drilled: 11/5/09 Water Depth: 7 feet
Drilled By: Cal Pac Drilling Date Measured: 11/05/09
Drilling Method:  Hollow Stem Auger Elevation: 10 feet (approx.)
Logged By: JBR Datum: MSL
JEl 3 SOIL DESCRIPTION
g5l = | ¥ AND 2| 8 -
g NI g |g3 B
so= Bl8 ¢ | £ CLASSIFICATION S B8 =2,
% é 8 Bl E ) & t~§ 2 E 54
moa |dld] a | S S &=0 <=
| Poorly Graded Sand (SP): gray at surface, brown below, moist, loose
1 to medium dense, fine to medium grained 3.6 | WA (3% fines)
S ST 2| 2
95 [10.1
4
3| 24
BEACH DEPOSITS 207
Poorly Graded Sand (SP): grayish brown to dark bluish gray, wet,
Lo 10 ol 36 medium dense, fine to medium grained, trace of shells
101 {21.9
5 60 [
- : 19.3
-5 IStE 6l 21 18.4

\

. Bright People. Right Solutions

PROPOSED SLOPE IMPROVEMENTS

KLEINFELDER Bluff Park

Leng Beach, California
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PROJECT NO. 107104 ]

LOG OF BORING KB-7

PLATE

Reviewed By:

Drafted Bme boundaries between s %é'

4 shown on the logs are approximate as the transition between different soil layers may be gradual.




Date Drilled: 11/5/09 Water Depth: 5 feet

Drilled By: Cal Pac Drilling Date Measured: 11/05/09
Drilling Method:  Hollow Stem Auger Elevation: 9 feet (approx.)
Logged By: JBR Datum: MSL
JE 8 | SOIL DESCRIPTION
S AND 28 <
g Szl g |2 g g3
Sg< |86lg| ¢ | £ CLASSIFICATION 828 2 4
e8p |EIEl & | & »5|Es T§
DO wal m | O Q8=0 <=
~ FILL
N Poorly Graded Sand (SP): gray at surface, brown below, moist, loose
] 1 to medium dense, fine to medium grained 2.2
-5 B
4
it 2| 16
N 102 |21.8
3028
‘7 BEACH DEPOSITS 17
-0 N :
B - :| Poorly Graded Sand (SP): brownish gray to dark bluish gray, wet,
10—m 4| 26 | '-:.:-'; medium dense, fine to medium grained, trace of shells
i “m 104 |22.4
] Z s 25 [
s 24.1
B _‘E 6| 29 [ withsiltat 15 feet 17.4 |WA (12% fines)
HT-"GLD PARALIC DEPOSITS (Qops)
\Sandy Silt (ML); brown [
Total depth 16.5 feet
Hole backfilled
Groundwater encountered at 5 feet
Hole drilled about 10 feet from the slope toe wall
5
o
3
2
2
&
£ AN PROPOSED SLOPE IMPROVEMENTS PLATE
2 ( kLENFELDER Bluff Park
=} Bright People. Right Solutions. . :
= W Long Beach, California A9
g] PROJECT NO. 107104 , LOG OF BORING KB-8

Drafted By: Reviewed By:

lote: The boundaries between%xl !yé;#hown on the logs are approximate as the transition between different soil layers may be gradual.



Date Drilled: 11/5/09 Water Depth: 4 feet

Drilled By: Cal Pac Drilling Date Measured: 11/05/09
Drilling Method:  Hollow Stem Auger Elevation: 11 feet (approx.)
Logged By: JBR Datum: MSL
RE: . SOIL DESCRIPTION _
g &2 5| AND g e g
- KN > -1 2 2 5 =
E;E -g- g. g. E -§_ CLASSIFICATION g? E2 = %
BoQ vl @ C AEZ0 < b=
10 L3 FOL
I o]
B Pl Silty Sand (SM): dark yellowish brown, moist, loose, fine grained
i 2
T ,
v X '3 3 10.7 WA (18% fines)
- ! e |
i "I#! Poorly Graded Sand with Silt (SP-SM): yellowish brown, wet, loose,
i 5 51 o [P fine grained
-5 ol
il 24.1
_ i 3| 2 [T} COLLUVIUM
L
I | 21| Silty Sand (SM): reddish brown, wet, loose, fine grained 210
'
T
0—ma| s E73
0 - 3| Poorly Graded Sand with Silt (SP-SM): dark yellowish brown, wet, 243
3| loose, fine grained ‘
Pls| 8 4
E OLD PARALIC DEPOSITS (Qops)
Silt with Sand (ML): brown, medium stiff, very moist, interbedded 283
n E= - \Wwith sand, layers of sandy clay Ya
15— Z Poorly Graded Sand with Silt (SP-SM): brown, wet, loose, fine 256
| s ]m 6| ? 4| grained, trace of shells, lenses of lean clay :
Total depth 16.5 feet
Hole backfilled
Groundwater encountered at 4 feet
Hole drilled about 6 feet behind the wall
8
[=]
5l
2
g
£ !//"\ PROPOSED SLOPE IMPROVEMENTS PLATE
= | KLEINFELDER Bluff Park
[« Bright Peaple. Right Solutions, y 0 .
g W Long Beach, California A-10
=
2| PROJECT NO. 107104 /. LOG OF BORING KB-9

r .
Drafted Byﬁ'ﬂDRewewed By:
ote: The boundaries between $pil shown on the logs are approximate as the transition between different soil layers may be gradusl.



Date Drilled: 11/5/09 Water Depth: 4 feet
Drilled By: Cal Pac Drilling Date Measured: 11/05/09
Drilling Method:  Hollow Stem Auger Elevation: 8 feet (approx.)
Logged By: JBR Datum: MSL
J2 B SOIL DESCRIPTION
S5 = | 8 2| 3 -
s 5% B3 AND E ey I
Scc |BE] 2 | £ CLASSIFICATION 828 2.,
885 BB & | & ®TI2El 2%
RIA Bkl @ O AS=0 < K
o] FILL
B Poorly Graded Sand (SP): gray at surface, grayish brown below,
5 ] 1 2| moist, loose to medium dense, fine grained 8.2
Y %
| ST 2| s il
] 7 B 105 | 18.9
Lo :E 3| 2 |i: BEACH DEPOSITS
i e , 20.6
. .22 Poorly Graded Sand (SP): gray to dark bluish gray, wet, medium
- "= dense, fine to medium grained, trace of shells ‘
|10 41 38 [l Poorly Graded Sand with Silt (SP-SM): dark bluish gray, wet, medium
i\i3| dense, fine to medium grained, trace of shells 109 | 20.8 |WA (11% fines)
Poorly Graded Sand (SP): dark bluish gray, wet, medium dense, fine to 235
[ N .-’} medium grained, trace shells :
_ 15% 6 17 i 19.6
Total depth 16.5 feet
Hole backfilled
Groundwater encountered at 4 feet
Hole drilled about 10 feet from the slope toe wall
(//"\ PROPOSED SLOPE IMPROVEMENTS PLATE
. KLEINFELDER Bluff Park
- 8right People. Right Solutions LOl‘lg Beach, California A 1 l
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|- LOG OF BORING KB-10

Drafted By: Reviewed By:

ote: The boundaries between

sﬁ &zhown on the logs are approximate as the transition between different soil layers may be gradual.
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Date Drilled: 11/5/09 Water Depth: 3 feet
Drilled By: Cal Pac Drilling Date Measured: 11/05/09
Drilling Method:  Hollow Stem Auger Elevation: 8 feet (approx.)
Logged By: JBR Datum: MSL
NEI- SOIL DESCRIPTION
83 £ | 8 AND z | 8 =
g S5 E % g g% 8
S5 |8El ¢ | £ CLASSIFICATION S_|88 £,
s8R |EIEl 2 | & e I B
BlA jvv] @& O QEZ0 < =
3 N Poorly Graded Sand (SP): gray at surface, brown below, moist, loose
s 1 to medium dense, fine grained 38
ST 2| 29 - wet
102 [18.5
n 3z BEACH DEPOSITS
12.3
Poorly Graded Sand (SP): gray to dark bluish gray, wet, medium
0 dense, fine to medium grained, trace of shells
1
4 Cobble or Boulder at 6 feet
P 5| 12
22.6
15 6] 16 20.9
Thin layer of brown sand
Total depth 16.5 feet
Hole backfilled
Groundwater encountered at 3 feet
Hole drilled about 5 feet from the slope toe wall
i
2N PROPOSED SLOPE IMPROVEMENTS PLATE
KLEINFELDER Bluff Park
W Bright Peopie. Right Solutions. Long Bea Ch, Californi a A-Iz
PROJECT NO. 107104 {, LOG OF BORING KB-11
Drafted BWReviewed By: f WF‘Q
Note: The boundaries between sol shown on the logs are approximate as the transition between different soil layers may be gradual.
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APPENDIX B
LABORATORY TESTING

Laboratory tests were performed on selected, representative samples as an aid in
classifying the soils and to evaluate physical properties of the soils that may affect
design and construction procedures. The tests were performed in general conformance
with the current ASTM Standards. A description of the laboratory-testing program is
presented below.

SOIL CLASSIFICATION

After visual classification of the soil samples in the field, the soil samples were
transported to our laboratory. Soils were visually and texturally classified in accordance
with the Unified Soil Classification System (USCS) and/or ASTM D 2488. Several
classifications were substantiated with No. 200 Sieve Wash testing. Soil classifications
are indicated on the logs of borings in Appendix A.

PLASTICITY INDEX

Plasticity Index testing was performed on one sample to evaluate the plasticity
characteristics and to aid in the classification of the soil. The test was performed in
accordance with ASTM Standard Test Method D 4318, Liquid Limit, Plastic Limit, and
Plasticity Index of Soils. The results are presented on the Log of Boring, Plate A-3a.

WASH SIEVE

The percentage of material passing the No. 200 sieve of selected soil samples was
determined by wash sieving in accordance with ASTM Standard Test Method D1140.
The No. 200 sieve test results are presented on the Logs of Boring.

107104/IRV10R118 B-1 April 30, 2010
Copyright 2010 Kleinfelder
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MOISTURE CONTENT AND UNIT WEIGHT

The field moisture content and dry unit weight were determined for relatively
undisturbed soil samples obtained during field exploration. The field moisture content
was obtained by methods described in ASTM Test Method D2216. In place dry unit
weight was computed using the net weight of the entire relatively undisturbed sample.
The field moisture content and in place dry unit weight results are presented on the
boring logs (Plates A-2 through A-12).

DIRECT SHEAR

The shear strength parameters, friction angle and cohesion of four relatively
undisturbed samples were evaluated in general conformance with the procedures
outlined in ASTM D3080. This procedure utilizes an apparatus that allows a cylindrical
soil sampie to be sheared along its mid-height. For each direct shear test, three
saturated specimens were sheared, each at different vertical (normal) stresses. For
each normal stress, a horizontal “shearing stress” was applied at a constant rate of
strain to the sample. Readings of both vertical and horizontal movements were
recorded during shearing of the sample. The peak shear stress obtained during the
test was plotted against the normal stress for each of the samples tested. The tests
performed to determine the shear strength parameters for slope stability analysis were
sheared slowly at rates of 0.001 and 0.0007 inch per minute for the sand and clay,
respectively. The results of the direct shear tests are plotted graphically on Plates B-1
through B-5, Direct Shear Test.

107104/IRV10R118 B-2 April 30, 2010
Copyright 2010 Kleinfelder



SHEAR STRESS - Ksf
N

DIRECT SHEAR BLUFF.GPJ KA RDLND.GDT 12/14:09

PROJECT NO. 107104

DIRECT SHEAR TEST

0 4 6
NORMAL STRESS - Ksf

Boring KB-1

Depth (it) 6

Friction Angle - deg 25

Cohesion (Ksf) 0.38

Moisture Content (%) 19.2

Dry Density (pcf) 107

Description Lean Clay

Classification CL

(f"‘\ PROPOSED SLOPE IMPROVEMENTS PLATE
KLEINFELDER Bluff Park
{ N Bright People. Right Solutions. Long Beach, California B-1




SHEAR STRESS - Ksf
M

/

0 2 4 6
NORMAL STRESS - Ksf
Boring KB-2
Depth (ft) 11
Friction Angle - deg 23
Cohesion (Ksf) 0.58
Moisture Content (%) 14.1
Dry Density (pef) 114
Description Lean Clay with Sand
Classification CL
é//"“‘\ PROPOSED SLOPE IMPROVEMENTS PLATE
. KLEINFELDER Bhuff Park
N Baght People. Right Solutiont. Long Beach, California B2
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8
7
6
- 5
.
2
23]
g4 =
w
o
<
43
= /
3 /
2 A
1 //
0 4 6
NORMAL STRESS - Ksf
Boring KB-3
Depth (ff) 31
Friction Angle - deg 35
Cohesion (Ksf) 0.09
Moisture Centent (%) 39
Dry Density (pcf) 107
Description Poorly Graded Sand
Classification SP
{///"*\ PROPOSED SLOPE IMPROVEMENTS PLATE
KLEINFELDER Bluff Park
l \W/ 8nght People. Right Solutions. Long BcaCh, California B 3
| PROJECT NO. 107104 DIRECT SHEAR TEST




SHEAR STRESS - Ksf
S

4 6

NORMAL STRESS - Ksf
Boring KB-5
Depth (ft) 16
Friction Angle - deg 25
Cohesion (Ksf) 0.80
Moisture Content (%) 16.5
Dry Density (pef) 116
Description Sandy Silt te Siity Sand
Classification ML/SM

\ KLEINFELDER

Bright People. Right Solutions.
v

Bluff Park
Long Beach, California
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APPENDIX C
SLOPE STABILITY ANALYSIS

The following Appendix C summarizes the method employed for slope stability analysis,
the parameters used, and the assumptions made. Selected computer printouts are
attached in this Appendix. The results of the analysis on the existing slope are
summarized in Sections 4.3. The analysis with soil nails are presented in this
Appendix.

METHOD OF ANALYSIS

The selected slope sections were analyzed using the computer programs PC Stabl 5
from Purdue University, GStabl 7 from Gregory Geotechnical Software and Slide 5.0
developed by Rocscience. The limit equilibrium analysis programs model a two-
dimensional slope and compute the factor of safety for various failure planes. The
programs were used to search for critical failure plane surfaces for static and pseudo-
static conditions, using the Janbu corrected method, simplified Bishop method, or
Spencer method.

The slope stability of selected cross sections with nails was analyzed using the soil
reinforcement computer program SNAILZ developed by the Caltrans Office of
Roadway. SNAILZ considers force equilibrium (not moment equilibrium) and can
analyze only bi-linear wedge above the facing toe and tri-linear failure wedges below
the toe. Because only passive pressure is considered below the facing toe by the
SNAILZ program, Slide 5 was used to check the stability of possible deep toe failures.

GEOTECHNICAL/GEOLOGIC CROSS SECTIONS

The cross sections were prepared to represent various slope configurations typical of
the site. The surface topography of the profiles modeled was obtained from the site
plan provided by RJM Design Group, Inc. The existing ground surface, proposed grade
where applicable, and subsurface geologic conditions are shown on the cross sections.
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Adjustments were made where discrepancies between our field observation and the
topographic map were noted.

SHEAR STRENGTH PARAMETERS

Shear strength parameters for the stability analyses were selected based on laboratory
direct shear tests performed on samples obtained from recent subsurface investigations
conducted for this study, the previous laboratory tests performed on samples from the
site by GPI, published correlations between the sampler blow count and the friction
angle, published literature on the geotechnical properties of cemented sand on steep
slopes, and professional engineering judgment based on prior experience with similar
soils.

Selected Strength Parameters
The shear strengths obtained from the direct shear tests can be considered effective or

drained shear strengths. The values used in the stability analyses are summarized in
Table C-1.

Table C-1
Summary of Shear Strength Parameters
Cohesion Angle of Shearing

Deposit Material Type (psf)* Resistance (degrees)
Slope Fill Sand and Silty Sand 50 - 125 29
Beach Fill Sand/Sand with Silt 0 32
Beach Deposit Sand/Sand with Silt 0 34

Colluvium Silt, Sand & Silty Sand 50-125 27 - 28
Paralic Deposit . Clay 300 -350 25
Paralic Deposit Silt 200 - 250 27
Paralic Deposit Silty Sand 100 - 125 35
Paralic Deposit Sand/Sand with Silt 50 - 100 36
Import Fill Sand and Silty Sand 0-50 32
* No cohesion was used for sand below groundwater
107104/IRV10R118 c-2 April 30, 2010
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Paralic Deposits

The sand friction angle (2) generally increases as the material becomes well graded,
with an increase in dry unit weight, and an increase in surface roughness. The friction
angle may be about 2 degrees less when the soil becomes wet. Cementation tends to
increase the cohesion of the sand and not necessarily the friction angle. The
correlations between the friction angle and the sampler blow counts were based on the
work by Schmertmann (1975) and Hatanaka and Uchida (1996). The following
equations were used to evaluate the friction angles based on the blow counts.

6 = tan” [N60/(12.3+20.3 0y, /P2)]>** (Schmertmann, 1975)
6 = [V 15.4(N1)eo] + 20° (Hatanaka and Uchida, 1996)

Corrections based on judgment were made for the cementation, water table location,
and soil uniformity. We also checked the friction angle based on the dry density using
correlations from the U.S. Navy (1971). Furthermore, Collins and Sitar have
investigated the geotechnical properties of weakly and moderately cemented sand from
eroding cliffs located in central California (Collins and Sitar, 2009). Their data indicated
peak friction angle of 39 degrees and cohesion of 125 psf for the weakly cemented
sand. GPI obtained peak friction angles between 30 and 37 degrees with
corresponding cohesion ranging between 66 and 594 pcf. The average cohesion of
these tests was 140 psf. For slope stability analysis, many consultants use ultimate
value (i.e. shear stress at a strain beyond the peak value) as opposed to peak strength.
The ultimate friction angle values may be several degrees lower than the peak values.

Colluvium, Fill and Beach Deposits

We have estimated the shear strength based on prior experience with similar soils, the
blow count during sampling, and the dry unit weight of the soil where applicable.
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GROUNDWATER LEVEL

The approximate groundwater levels encountered in the borings at the time of drilling
were used in the analyses. High groundwater simulations due to prolonged rains were
not performed.
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1.0 INTRODUCTION

This report presents the results of a preliminary geotechnical investigation performed by
Geotechnical Professionals Inc. (GPI) for restoration of public property bluffs between
Downtown Long Beach and Belmont Shore. This project covers only biuffs in the public
domain within approximately a two-mile stretch from First Place on the west to
Loma Avenue on the east. Within the western half of the project ‘site, public property
bluffs are typically limited to the southern edges of public streets. Within the eastern
haif of the project site (east of Chemry Avenue), the bluffs covered by this report,
encompass the southern edge of two public parks flanking the Long Beach Museum of
‘Art (Bixby Park to the west and BIuff Park to the east). The project site location is
presented in Figure 1. The topographic conditions along the bluff are presented in strip
maps (Figures 2.1 through 2.6).

The primary objective of the overall project is to restore the stability of the bluff areas
that exhibit excessive erosion and slumping failures. Secondary objectives include
improving the appearance of function of the bluff areas. The design process will involve
public input and will evolve over a period of several months.’

Consistent with the objectives of the overali bluff restoration program, the main
objectives of this geotechnical investigation were to assess the geotechnical stabiiity of
the existing slope conditions and to evaluate the feasibility of a range of ¢oncepiual
designs aimed at improving the stability to acceptable levels. The conceptual designs
will be finalized based on aesthetic and functional considerations. Therefore, the
recommendations presented in this report will need to be reviewed and possibly
adjusted once the design concepts are finalized.
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2.0 SCOPE OF WORK

The scope of our geotechnical invesﬁgaﬁon was as outlined in our proposal, dated
February 16, 2000 and included field investigation, laboratory testing, geotechnical
analysis, and preparation of this report.

Our field investigation consisted of a geotechnical site reconnaissance, five cone
penetration tests {(CPT's), five hollow-stem auger borings and one hand-auger boring.
The exploration iocations are shown on the Site Plans (Figure 2.1 through 2.6). The
CPT soundings extended to depths ranging from 40 to 62 feet and were used primarily
to evaluate the variation of sol layering and strength across the site. CPT field
procedures and logs are presented in Appendix A. The hollow-stem auger borings
-extended to depths ranging between 41 and 55 feet and were used to obtain soil
samples for laboratory testing and to check groundwater levels. The hand auger boring
was used to investigation fill soil conditions at the eroded slope surface of the
Junipero Avenue ramp. Drilling procedures and logs of borings are presented in
Appendix B. ‘

The laboratory testing program focused primarily on moisture-density and shear
strength, but also included grain size analyses. Laboratory test procedures and results
are presented in Appendix C.

Our geotechnical analyses focused primarily on siope stabilty. A summary.and
computer output for our stability analyses are presented in Appendix D.

1852-1-02R doc (9/03) 2
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3.0 SITE CONDITIONS
3.1 SURFACE CONDITIONS

The project site encompasses approximately two miles of bluffs within the public right-
of-way, between First Place on the west end and south of Loma Avenue at the east
end. West of Cherry Avenue, the public portion of the bluffs is typically limited to the
south ends of streets, separated by private property. . East of Cherry Avenue, the entire
bluff area is within the public right-of-way. The biuff conditions vary significantly from
location to location and are described below. :

3.1.1 FirstPlace

As a result of apparent slope failure(s), the bluff at the time of the field investigation
consisted of a near-vertical scarp, undermining the pavement/sidewalk at the south end
of the street, and a slope with a variable inclination, ranging from 1%:1 to 2:1
(horizontal:vertical). Vegetative cover consisted mostly of wild grasses but also
included two palm trees. The overall biuff height is on the order of 25 feet.

Subsequent to our initial invéstigation, the slope at First Place was re-graded, as part of
the new condominium development on the east side of First Pace.

3.1.2 Second Place

The Second Place slope appears to have been graded to a relatively uniform slope with
an average inclination close to 2:1. Stairs have been constructed in the middle of the
slope. Vegetation consists mostly of ice plant. In general, the slope appears to be in
stable condition. Total slope height is on the order of 26 feet.

3.1.3 Third Place

The slope conditions are very similar to those at Second Place, with the exception that
the overall slope height is on the order of 30 feet.

3.1.4 Fourth Place

The bluff at Fourth Place has a variable slope ranging from 134:1, in the upper/westem
part of the slope, to 1%:1, along the eastern edge (against an existing building). The
slope within the private property to the west is steeper and exhibits slumping failures in
the upper part of the slope. The overall biuff height is on the order of 28 feet.
Vegetative cover consists mostly of ice plant and some shrubs. In general, the slope
within the public right-of-way appears to be grossly stable.

1652-1-02R.doc (5/03) 3
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Proposed Beimont Shore Bluff Restoration, Long Beach, California GP} Project No. 1652.)

3.1.5 Fifth Place

The bluff at this location has been partially improved. The slope has been flatiened to
approximately 2:1 within the western half of the slope, while the upper pari of the
eastern half of the slope has an inclination on the order of 1%2:1 with localized areas
approaching 1:1. The overall slope height is on the order of 30 feet. Stairs have been
constructed in the westem half of the slope. lce plant covers most of the slope, while
heavy growth of Oleander covers the eastern half of the slope.

3.1.6 Sixth Place

The slope at Sixth Place has a variable inclination, ranging from flatter than 2:1 in the
middle to nearly 1:1 in the upper/western parts of the slope. The slope is heavily
vegetated, with farge trees and shrubs covering the west half of the slope. Grasses
and shrubs cover the east half of the slope. A retaining wall with a sloping top retains
the west side of the slope. The overall slope height is on the order of 32 feet. The
slope appears to be grossly stable.

3.1.7 Seventh Place

The bluff at Seventh Place has a gradually variable slope, ranging from' abouf 161

near the top to about 2:1 over the lower half. Based on information provided by a focal

resident, we understand that the slope was re-graded to its existing condition and re-
planted after a shallow landslide. Currently, vegetative cover over the majority of the
slope consists of ice plant. Heavy growth of Bougainvillea covers the western third of
the slope. A heavy retaining wall with a sloping top retains most of the western edge of
the slope. Shallow, terraced modular block walls have been placed by the residents
along the lower eastern parts of the slope. Natural slope drainage appears to be to the
two sides, as well as to the south.

3.1.8 Eighth Place
The bluff at the south end of Eighth Place has an overall height of 32 feet and highly

variable slope conditions. Stairs have been constructed along the southerly projection
of the centerline of the street. The average slope (top to bottom) across the stairs is

about 1%:1, which is consistent with the relatively uniform slope fo the east (between

Eighth Place and Ninth Place). The slope to the west has been terraced with timber
cribbing and has an overall inclination on the order of 1¥21. Vegetation consists of
shrubs and ice plant.

- 3.1.9 Ninth Place

The slope at the south end of Ninth Place has been re-graded fo a 2:1 slope within the
eastern half, transitioning to a 1% slope to the west. Stairs have been construcied
along the southerly projection of the street centerline. The overall slope height is about -
32 feet. Vegetative cover includes ice plant, flowers, shrubs, and palm trees. The
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slope appears to be grossly stable. However, localized erosion and minor slumping
was noted on the east side of the stairs along the alignment of a storm drain, which is
buried in the slope. At this time, the storm drain outlet is located approximately 30 feet
south of the toe of slope.

3.1.10 Tenth Place

The slope at the south end of tenth place has been graded to an inclination of 2:1 and
stairs have been constructed along the middle of the slope. To the east of the stairs,
the slope transitions to a steeper inclination matching the slope of the adjacent private
property (about 1%:1). Vegetation consists of flowers and palm trees on the west side,
and wild grasses and shrubs on the east side. The slope within the public nght—of-way
appears to be grossly stable.

3.1.11 Eleventh Place

Variable slope conditions prevail at the south end of Eleventh Place. The middie of the
slope has been flatiened to an inclination of 2:1 and stairs have béen constructed. The
two sides have steeper slopes. On the west side, due to physical constraints imposed
by the adjacent private property, the overall slope inclination is about 1%:1 with
localized steeper sections. Similarly, the slope on the east side also has an average
inclination of 1%4:1 although there are no physical constraints for a flatter slope. The
slope, which has an overall height on the order of about 32 feet, appears to be grossly
stable. However, siope creep was noted in localized, over-steepened areas of the

‘slope, such as the upper parts, west of the stairs. Additionally, the contouring of the

slope results in drainage being directed to the two sides of the slope. Vegeatative cover
consists mostly of ice plant with one tree on the west side of the slope. A concrete
retaining structure supporting up to about 15 to 20 feet of earth above the slope surface
is located on the east side of the Eleventh Street siope. The filled area supports auto
parking stals.

3.1.12 Twelfth’ Place

The bluff at the south edge of Twelfth Place is very steep, exhibits evidence of surficial
failures/slumps, and has been shored by a variety of means. The overall slope height
is on the order of 30 feet. The slope is terraced (between rows of shoring) with an
overall (top to bottom) inclination of 1:1. A masonry retaining wall is visible along the
toe of the slope. The wall appears to wrap around the eastern edge of the pubilic right-
of-way and supports grade differentials of 5 to 8 feet. Two rows of ‘make-shift” shoring
with timber lagging support the upper parts of the slope. The upper part of the slope in
the western part of the adjacent property is slumped with near vertical scarps. A
driveway (Bluff Way) providing access to the beach is located along the toe of slope.
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3.1.13 Thirteenth Place

The majority of the slope at Thirteenth Place is uniformly sloped about 1%:1. The
eastern parts of the slope are somewhat steeper, due to physical constraints imposed
by the adjacent property. Overail slope height is about 30 feet. The slope appears to
be grossly stable although the siope surface is uneven. Vegetation consists of ice
plant, covering most of the slope, large bougainvillea shrubs in the eastern half of the
slope, and two palm trees.

3.1.14 Fourteenth Place

At the south end of Fourteenth Place stairs have been constructed in the mid section of
the slope, which has an overall height of about 30 feet. Along the stairs, the slope has
an average inclination of about 2%:1. However, at the two edges, the slope is steeper
(up to about 1¥2:1 on the west side). The slope surface is sparsely vegetated with ice
plant. The slope appears to be grossly stable.

3.1.15 Fifteenth Place

"The slope at the south end of Fifteenth Place has an overall height of about 35 feet

The upper 20 feet of the siope has an average inclination of 1%4:1. There is a timber
retaining structure in the middle of the slope. The slope becomes progressively flatter
below the retaining structure, gradually transitioning to the relatively flat beach beyond
the toe. Vegetative cover consists mostly of ice plant. The slope does not exhibit any
apparent signs of instability.

3.1.16 Bixby Park (16" Place to Junipero Avenue)

The slope along the south edge of Bixby Park has an average inclination of about 272:1
and an overall height of about 44 feet. A tunnel crosses the slope near the west end.
Vegetative cover consists of light growth of wild grasses and, locally, ice plant. In
general, the slope is stable and exhibits only localized areas of erosion, apparently due
to concentrated surface water flow. The most significant erosion was noted in the
westem parts of the slope near the tunnel.

- 3.1.17 Junipero Avenue Ramp

The slope on the south and southwesterdy side of the ramp embankment has an
average inclination of 2:1 and overall height ranging up to 35 feet (at the west end).
The slope appears to be grossly stable. However, extensive erosion gullies have
formed over the slope surface, apparently as a result of concentrated flow of water.
The depth of these gullies is typically on the order of two feet. The soils exposed at the
surface of the slope appear to be compacted. Vegetation on the slope surface is

sparse, consisting of light growth of wild grasses and a few paim trees.
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Subsequent to our initial field investigation (May 2000), parts of the Junipero Avenue
ramp were regraded and replanted as part of a plant demonstration project.

3.1.18 Bluff Park - Museum to East of Lindero Avenue

This segment of bluff spans approximately 500 feet from the east edge of the
Long Beach Museum of Arts to the west end of the gabion-stabilized slope, east of
Lindero Avenue. This section of biuff, which has an overall height of about 40 feet is
essentially unimproved, with variable slope inclination, slumped areas, and sparse
vegetation. A buried wall is located at the toe of slope. The average slope inclination is
on the order of 1%:1, with near-vertical portions near the middle of the siope and
generally much flatter portion near the botton of the slope. The variable slope
conditions can be attributed to subtle variations in soil layering, with the steeper
portions corresponding to cohesive soll layers and flatter portions té sandy layers. The
steep areas have very uneven profile, exhibiting deep erosion and stumping.

3.1.19 Gabion-Stabilized Area West of Temple Avenue

This 900-foot long segment of bluff-extending up to Temple Avenue, has been
stabilized using gabions (blocks retained by wire mesh). The gabions are located in the
middle section of the slope and have a near vertical exposed face. The smooth-graded
slopes above and below the gabions have average inclinations of about 2:1. A buried.
wall is located at the toe of slope. The slope has an averall height in the range of 36 to.
38 feet and an average inclination of 134:1. Near the middle of this bluff segment, the
slope has been flattened to 2:1 and stairs have been constructed. Vegetation above
the gabions consists of shrubs. Vegetation in the siope segment below the gabions is
sparse. No evidence of gross slope instability was noted in this segment of biuff.

3.1.20 Bluff Park - East of Temple Avenue

This “-mile segment of bluff is mostly unimproved with a few localized exceptions. In
general, the condition of the biuff is very similar to the segment east of the museum,
with uneven slope surface, sparse vegetation, erosion gullies and slumped areas, and
generally steeper slope inclinations in the mid-portions of the slope. The average
height of slope is about 37 feet. :

Remnants of two ramps are located east and west of the stairs at Coronado Avenue.
The ramps are approximately 400 feet long and do not extend to the toe of slope.
Severe erosion has undermined paris of the ramps, as well as parts of the sidewalk at
the top of slope.
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Two relatively short sections of gabions are located near the east end of the bluff, east
and west of Redondo Avenue. These sections are approximately 160 feet and 200 feet

" long, and have slope geometries similar to those described previously (Section 3.1.19).

Stairs have been constructed across the slope at Orizaba Avenue, Coronado Avenug,
and Loma Avenue. At each of these locations, the slope has been flattened relative to
the adjacent slope areas, either by moving the top of slope to the north
(Coronado Avenue) or moving the toe to the south (Orizaba and Loma Avernues). The
average slope inclination across the stairs is on the order of 2:1.

3.2 SUBSURFACE SOILS CONDITIONS

. The natural soils across the entire bluff area consist predominantly of dense, fine-.
. grained sands and silty sands, interbedded with very stiff to hard clays and silts. In

general, the soil profile becomes progressively sandier and denser with depth. The
distribution of clay and silt layers varied from location to location. However, in general,
these layers were found more frequently in the upper half of slope areas. The natural
soils are marine terrace deposits and have engineering properties comparable to those
of well-compacted fill and approaching those of friable/weathered sedimentary bedrock.

Embankment fills, consisting of reworked native soils were encountered in the ramp at
Junipero Avenue. These fills appeared to be compacted. Locally, scattered fills are
also present across other parts of the biuff. These fills have typically been placed as
part of slope repairs and include both engineered fills (mostly near stairs built in the last
decade) and random, undocumented fills.

The moisture content of soils encountered in our borings was variable. Most of the
sandy soits had low moisture contents white siits and clays had much higher moisture.
The soils exposed at the face of the bluffs can be expected to have lower moisture
content due to evaporation.

3.3 GROUNDWATER CONDITIONS

Groundwater was encountered in the lower parts of our borings at elevations ranging
between +4 and +9 feet (MLLW datum). The groundwater levels can be expected o be
impacted by both slope imigation and tidal fluctuations.

34 SEISMIC HAZARDS

The main seismic hazard affecting the site area is the potential for strong ground
motion, resulting from earthquakes in the Los Angeles Basin. The closest twe known
active earthquake faults are the Newport-Inglewood Fault, located approximately
1% mile northeasterly of the project site, and the Palos Verdes Fault, located
approximately 5% miles southwesterly of the site. We performed probabilistic seismic
hazard evaluations, using the computer program FRISKSP with the California Division
of Mines and Geology Fault data base. Our analysis, which combines the effects of
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earthquakes on faults located within a 60-mile radius from the site indicates that peak

- ground acceleration of 0.55g has a 10 percent probability of bezng exceeded during a

project design life of 50 vears.

There are no known active faults crossing the sxte area. Therefore, the potentlal for
ground rupture due to faulting is negligible.

The sandy soils encountered below the groundwater level are dense to very dense.
Therefore, soil liquefaction is unlikely to occur at the bluffs, even under very strang
earthguake shaking.

The main hazard related to earthquakes is the potential for slope instability, which is
addressed later in this report. -
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4.0 CONCLUSIONS AND RECOMMENDATIONS
41 OVERVIEW

The results of our geotechnical investigation indicate that while the soil conditions
exhibit only subtle variations across the project site, the bluff conditions are highly
variable. The primary factors affecting the condition of the bluffs are the steepness of
the slopes, drainage conditions, and slope vegetation. Each of these factors are
discussed below. Location-specific discussions and recommendations follow this
overview.

4.1.1 Slope Inclination

Current standard of practice for engineered slopes is to have a minimum factor of safety
of 1.5 against both surficial and deep slope failures under static (gravity) loads and a
minimum factor of safety of 1.1 when slopes are evaluated using a pseudo-static lateral
force coefficient of 0.15g (to simulate earthquake loading). These standards have been
developed empirically, based on actual performance of slopes.

our slope stability analyses for bluffs with uniform slope inclinations and a total height
of 41 feet indicate the following results: '

' : FACTOR OF SAFETY
UNIFORM SLOPE INCLINATION ;
; S
(horizontal:vertical) Static PSG&S&giahc
21 154 1.09
et ‘ 1.20 0.91

From the above resuits, it can be seen that 2;1 slopes would have adequate factor of
safety by current standards while steeper slopes would not.

The existing bluffs have highly variable slope inclinations, but generally are steeper
than 1%4:1. Exceptions include the bluff on the south side of Bixby Park (2%2:1), the
embankment slopes for the Junipero Avenue ramp (2:1), and the localized areas
adjacent to relatively recenfly-constructed stairs (2:1). Parts of the bluff have very steep
inclinations (1:1 or steeper) and in several areas steeper parts have already failed, in
the form of shallow landslides. Slope erosion is also accelerated in areas where the
slope is steeper than 2:1.

Based on the results of our analyses, engineered slopes would either have to be

inclined 2:1 or flatter or be reinforced with geogrids, soil nails or piles, in order to have
an adequate factor of safety against both massive and surficial failures.
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4.1.2 Drainage

- The predominant soil type at the project site is a fine silty sand, which is highly

susceptible to erosion when subjected to concentrated flow of surface water. Surface
water from the top of siope should not be channeled to drain over the slope, unless
erosion resistant surfaces are built on the slope. Typically, concrete V-channels are
constructed to intercept and discharge slope drainage in engineered slopes. If such
channels are objectionable from an aesthetic point of view, it is imperative that all
surface water from above the slope be intercepted before it reaches the slope and more
aggressive protective measures (see Section 4.1.3) be taken, to minimize the
erodability of the slope materials.

tn several areas of the bluff, including the embankment slopes of the Junipero Avenue
ramp, there is evidence that at least part of the erosion was caused by maifunctioning
irrigation systems. For example, severe gullying was noted in the vicinity of sprinkier
heads. It is imperative that irrigation systems be monitored systematically and
adjustments made if any evidence of erosion is noted in the vicinity of sprinkier heads,
valves, efc.

Finally, in.some areas of Bluff Park, evidence of subsurface erosion was noted near the
top of the bluff. The erosion appears to extend under the sidewalk and could have
been caused either by malfunctioning irrigation systems or ponding of water on
depressed areas of the lawn. Such areas should be re-graded to drain surface water
away from the slope. Subsurface drains consisting of dramage pipe in rock filled
frenches could also be used to intercept ponded water.

4.1.3 Vegetation

No slope surface, no matter how well drained, would be immune to erosion unless it is
also covered with vegetation. We recommend the use of deep-rooting, drought-
resistant vegetation. Roots extending to depths on the order of 3 to 5 feet can provide
significant slope reinforcement against suificial slope instabiiity. In contrast, shallow-
rooted plants requiring heavy irrigation couid induce surficial instability. :

42 LOCATION-SPECIFIC RECOMMENDATIONS

The existing slope conditions as well as physical constraints related to both biuff~top
conditions and adjacent properties, vary significantly across the project site. Therefore,
preliminary geotechnical recommendations are provided for the various localized site
conditions. Where appropriate, recommendations forsite areas with simitar conditions
have been grouped to avoid repetifion. Once design concepts are finalized (based on
other, non-geotechnical considerations), we should review and, possibly, update our
recommendations.
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421 First Place

As noted previously, the upper, relatively steep parts of the biuff at this location have
failed, leaving a near-vertical scarp, which undermined the sidewalk at the southern end
of the street. Based on the physical constraints imposed by the adjacent private
properties, it would not be practically feasible to regrade the slope to a 2;1 inclination,
as would be needed to provide an adequate factor of safety. The recommended
mitigation concept for this area is to provide a geogrid reinforced modular biock wall for
he upper parts of the slope, and regrade the remaining parts of the slope to a 2:1

- inclination (close to the existing condition).

The design concept is depicted in Figure 3. The details of the design will need to be
finalized by a design-build contractor. However, our preliminary evaluations indicate
that the geogrids will need to be approximately 15 feetlong and will require a temporary
back cut extending (at the top) to about 25 feet north of the face of the wall. Thus, the
impact of the proposed consfruction on existing street improvements will need to be
evaluated. If there are significant utility conflicts that make this concept prohibitive, a
drilied pile wall (as recommended for Twelfth Place) can be substituted for the modular
block wall.

If stairs are to be constructed at this location, we recommend that the upper 10 feet of
the staircase be oriented in the east-west direction along the face of the wall and then
continue in the north-south direction along the 2:1 slope.

Subsequent to the issuance of our preliminary recommendations, presented above, the
slope surface was regraded in conjunction with the condominium development on the
east side of First Street. The project involved demolition of previously existing
structures (which imposed physical constraints) and, thus, facilitated construction of a
new slope. This work was done under geotechnical observation and testirig by others.

4.2.2 Second and Third Place

The bluff slopes at these two locations appear to be grossly stable and do not appearto
require geotechnical mitigation. _

4.2.3 Fourth Place"

This slope appears to be grossly stable desp;te the fact that the upper parts of the slope
are relatively steep and would not have an adequate calculated factor of safety (i.e.,

less than 1.5). The adjacent property to the west has apparent slope failures, with near
vertical scarps near the top of the slope. The potential of similar shallow failures
extending into the public right-of-way cannot be precluded. However, any mitigation
measures will need to be coordinated with slope conditions to the west. If the slope of

. the adjacent property were to be improved by filling the slumped areas, the stability of

the slope at the south end of Fourth Place could also be improved by filiing the slope
areas, as needed, to provide a uniform 2:1 slope. Such a slope could also be
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constructed by placing a retaining structure, such as geogrid-reinforced modutar block
wall, along the west edge of the Fourth Place slope. Other design alternatives include
concepts recommended for First Place or Twelfth Place.

4.2.4 Fifth Place

The bluff at this location has been partially improved by constructing stairs over a
regraded portion of the slope. However, due to apparent space constraints, the eastemn
parts of the slope are steeper and drain to the southeast. Heavy growth of Oleander
covers the steeper parts of the slope and probably provides some reinforcement. The
slope appears to be grossly stable at this time, even through the steeper east half of the
slope would not have adequate factor of safety against slumping in the- southeasterly
direction. Due to space constraints imposed by the private property to the east,
improving the stability of this slope would require construction of a retaining structure
along the east edge of the slope and filing to flatten the slope. Other slope
reinforcement alternatives include drilled piles or -soil nailing. Detailed geotechnical
recommendations will be presented in a site-specific supplement report.

4.2.5 Sixth Place

This slope appears to be grossly stable, despite the fact that the northwestern parts of
the slope have steep inclinations. The roots of large trees and shrubs provide
significant reinforcement for the mid portions of the siope. The stability of the upper
portions of the slope could be improved by constructing relatively shalflow modular block
walls with geogrid-reinforced backfill. However, based or the current, apparently
grossly stable, condition of the slope, this part of the biuff could be placed on a lower
priority for improvement.

4.2.6 Seventh Place

The slope at this location has experienced shallow landslides with a resultmg over-
steepened upper portion. The stability of the slope could be improved in the same
manner as First Place, with the additional option of constructing a sloping modular block
wall in the upper parts of the slope. The existing private property poses significant
physical constraints (such as locations of windows) that would need to be considered in
the detailed design of the finished slope. Furthermore, as part of the regrading of the
slope, we recommend that the existing terraced modular walls, constructed in the
southeastern parts of the slope, be removed and replaced with a compacted fill.
Detailed geotechnical recommendations will be presented in a site-specific
supplemental report.

4.2.7 Eighth Place
We recommend that the exrsﬂng ‘make shift” terraced timber walls be replaced with
geogrid-reinforced modular block walls. The details of the design will need to be .

determined by the design-build contractor, based on aesthetlc/landscapmg cnterla
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determined by the design-build contractor, based on aesthetic/landscaping criteria
provided by the ‘landscape architect. However, the geogrids will need to be long
enough (probably longer than 10 feet), in order to adequately reinforce the overall
slope.

4.2.8 Ninth Place

The slope has been recently graded to a 2:1 inclination and appears to be stable.
However, localized gullying has been observed along the alignment of a sloped storm

- drain, which we understand underlies the slope surface. We suspect that the observed

subsidence and erosion could be due to settiement of the storm drain backfill. We
recommend that the backfill be investigated further and if found to be loose, as we
suspect, be replaced with compacted fill.

4.2.9 Tenth Place .

The western half of the slope, including the location of the stairs has an adequate factor
of safety against failure: The slope under the adjacent property to the east does not '
have an adequate factor of safety against slope failure, and. the eastern half of the
Tenth Place slope provides a gradual transition between the flatter slope to the west
and the over-steepened slope to the east. If the slope on the adjacent property were to
fail (due to excessive steepness), it would also impact the slope within the eastern parts

" of the public right-of-way. However, any improvements within the eastern half of the

slope would need to be coordinated with improvements i the adjacent private property.
At this point, the slope within the public right-of-way does not exhibit obvious signs of
instabifity, and improvement of this slope, beyond planting deep-rooted vegetation,
does not appear to be a high priority. The stability of this slope couid be improved by

~ constructing a driled pile wall along the eastern property line, and then, excavating the

upper parts of the slope to a uniform inclination of 2: 1.
4.2.10 Eleventh Place

Along the center, this slope has been flattened to 2:1 and stairs have been constructed.
The stability of the eastern parts of the slope (which is steeper) could be improved by
raising the grades along the eastem parts of the slope and at the toe of the adjacent
retaining structure. Due to physical constraints imposed by the adjacent private
property, improvement of slope conditions along the western edge of the public nght-of-
way could be prohibitively expensive at this time. The potential for massive,
deep-seated slope failures at this location is remote. However, there is a significant
potential for surficial slope creep and shallow slope failures in the over-steepened
portions of the slope. These conditions could be parfially improved by planting deep-
rooted, drought resistant vegetation. Full mitigation, to improve the factor of safety

against surficial failures to over 1.5 (under gravity loads) will involve more elaborate
measures similar to those shown for Twelfth Place. '
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4.2.11 Twelfth Place

This slope has apparently been repaired on several occasions using a combination of
steel piles with timber lagging and a stone retaining wall. The resuiting composite slope
does not have an adequate factor of safety against either deep-seated massive failure
(under the retaining wall) or surficial failure. In fact, the westem parts of the slope have
slumped and eroded. We understand that the grades at the toe of the slope, may be
raised to improve access to the beach from Eleventh Place, which should help the
overall stability and facilitate the concepts recommended herein. We recommend two
alternative concepts, depicted in Figure 4, for adequately improving the stability of this
slope. ' I

The first concept involves construction of a drilled pile wall to support the upper
10 feet(t) of the slope and a 2:1 slope below the wall. Our preliminary evaluations
indicate that the piles will need to be approximately 35 feet long, have a diameter of
30 inches and be spaced at 6-foot intervals. Computer analyses of lateral deflections,
bending moments, and shear failure for the embedded portion of the piles (below the
surface of the 2:1 slope) are presented graphically in Figure 5. A shotcrete wall face
should be constructed to cover the space between the piles. The shotcrete section
would need to be structurally tied to the piles. The structural design of the wall should
be performed by a structural engineer, based on the geotechnical parameters
presented in this report. The wall should be drained by using a combination of pre- '
fabricated drainage composites, such a Miradrain, behind the shotcrete wall and weep
holes through the wall. The main advantages of this concept are that it involves no
excavation in the street and can be easily adjusted to match the geometry of the
support conditions on the adjacent property to the west.

The second concept involves construction of a geogrid-reinforced modular bleck wall, in
the upper part of the slope with a 2:1 descending slope below. This concept will require
excavations into the street area, in order to accommodate placement of geogrid
reinforcement. The design of such a wall should be performed by a turn-key design-
build contractor. However, our preliminary evaluations indicate that the geogrids will
need to extend about 15 feet behind the face of the wall. Allowing for a 1:1 back cut,
excavations approximately 20 feet beyond the top of the wall into the street will be
required. .

Detailed geotechnical recommendatioris for the final design concept will be presented
in a site-specific supplemental report.

4.2.12 Thirteenth, Fourteenth and Fifteenth Place

The existing slopes at these locations appear o be grossly stable even though parts of
the slopes are over-steepened and do not have an adequate calculated factor of safety
of 1.5. in general, due to physical constraints imposed by adjacent properties,
flattening of the slopes fo 2:1 cannot be done economically. Partial improvement in
surficial stability could be achieved by planting deep-rooted drought-resistant vegetation
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at this time. The siopes shouid be monitored for any signs of slope creep and
additional improvement considered, if signs of instabiltty are detected.

4.2.13 Bixby Park and Junipero Avenue Ramp

The slopes .at this location are adequately fiat to have a minimum factor of safety of 1.5
under static conditioris and 1.1 under pseudo-static/seismic conditions. However, the
western parts of the Bixby Park slope and most of the Junipero Avenue ramp slope
have severe erosion gullies. The concentrated siope erosion is apparently due to
inadequate drainage from up slope areas and malfunctioning of irrigation systems. We
recommend a combination of four measures for improving the condition of these slopes,
as discussed below.

a. The erodéd areas should be filled with compacted fill after removing any loose
soil, muck, debris, and vegetation from the gullies. Due to poor access to
construction equipment, this work will need to be done mostly with manual labor.

b. The slope should be planted with deep-rooting drought-resistant vegetation.
Existing ground cover is sparse and consists mostly of wild grades and low
shrubs.

c. The drainage conditions above the slope should be evaluated by a civil engineer
and surface drainage be improved to prevent concentrated flow over the slope.

- d. The imrigation system should be monitored to prevént directing any concentrated

source of water (such as from a broken sprinkler head) onto the slope.

After our preliminary geotechnical investigation, a portion of the'Junipero Avenue Ramp
slope was improved as part of a planting demonstration project.

4.2.14 Bluff Park - Gabion Stabilized Slope Areas

None of the Gabion-stabilized portions of the bluffs show evidence of instability (surficial
or deep seated). The computed factors of safety against massive slope failure under
the Gabions range from 1.02 to 1.33 under static conditions and from 0.79 to 1.00
under pseudo static loading conditions. Considering that these parts of the bluff do not
show signs of instability, we recommend that improvement of these bluffs be placed on
a lower priority than other sections. On the other hand, the factors of safety against
massive slope failure could be improved to adequate values by reinforcing the bluff by
soil nailing placed below the base of the Gabions. Soil nails consist of steel rods,
encased in grout, placed in drilled near-horizontal holes. The design of soil nailing is
performed by turn-key design-build contractors. However, based on similar past
projects, for preliminary planning purposes, we anticipate the need for two rows of soil
nails placed at approximate spacings of 5 feet. The length of the nails would be on the
order of 35 feet. The nails would be inclined approximately 15 degrees from horizontal
to facilitate placement of the grout.
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4.2.15 Bluff Park. - Unimproved Slope Areas

The majority of the bluff, along Bluff Park, is in its natural unimproved condition. The
slope surface is uneven, eroded, with many areas of shallow siump-type failures. If
these slopes remain unimproved, they will continue to erode and fail, typically in short
sections. The factor of safety against both surficial and deep failures can be improved
to adequate values by flattening these slopes to an inclination of 2:1 (horizontal to
vertical). This can be accompiished either by cutting into the top of the slope by moving
the toe of the slope to the south and placing imported fill.

Along portions of the bluff, where 2:1 slopes cannot be accommodate due to space
constraints or not desired, two types of geogrid reinforced embankments can be used.
Orne such area is the “Gliders Slope” where, we understand, the mid section of the
slope would need to be 1:1 or steeper. In Figure 6, we present iwo alternative concepts
for such areas. For mid-slope inclinations steeper than 34:1, segmentai block walls with
geogrid-reinforced backfill could be used. For mid-slope inclinations of 1:1 or flatter,
geogrid reinforced embankments could be used. Some types of segmental block walls
have pockets for plants. The design of geogrid reinforced walls and embankments will
need to be performed by a design-bulld contractor. However, the conceptual designs
shown in Figure 6 were evaluated for gross stability and could be used for preliminary
planning purposes. o '

4.3 EARTHWORK
4.3.1 Overview

The scope of earthwork activities anticipated for this project will vary significantly from
location to location. In some areas earthwork will be limited to minor slope repairs such
as filling shallow erosion gullies. In other areas where the gross stability of the slope
will need to be improved, much more exiensive earthwork wili be required.
Recommendations presented below cover the range of earthwork activities that are
anticipated. In general, these activities include clearing and grubbing, excavation,

- subgrade preparation, as well as placement and compaction of fill.

4.3.2 Clearing and Grubbing

Prior to grading, all areas to be filled should be stripped of all vegetation, debris, and
loose soils. Gullies should be widened, as needed, to fit compaction equipment.
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4.3.3 Excavations

Minor excavations, to depths on the order of 4 feet or less will need to be made to
remove loose soils and debris in guliies and for various irrigation and drainage
trenches. Such excavations could be made with near vertical sides. In eroded areas to
be filled, the sloping bottom of the excavation should be benched/stepped in order to
facilitate placement.and compaction of fill. Such steps should be at least 2 feet wide.

More significant excavations will be required in. areas where the overall stability of the
bluff siopes will need to be improved by placing compacted fill buttresses or geogrid-
reinforced embankments. The sides of temporary excavations deeper than 4 feet will
need to be sloped or shored. In general, ternporary cuts into the undisturbed native
formation materials can be expected to be grossly stable with inclinations on the order
of 1:1. However, temporary cut stability will need to be confirmed based on soil
conditions exposed in cuts during grading. For examiple, in some areas where relatively
clean sands are exposed in the lower parts of the bluffs, the lower parts of the cut may
need to be flattened to 1%2:1 in order to prevent excessive sloughing and raveling. On
the other hand, in areas where clayey soils are exposed in the cut (usually the upper
parts of Bluff Park slopes), steeper cuts may be stable over parts of the slope.

All excavations and shoring systems should meet the minimum requirements given in
the State of California Occupational Safety and Health Standards.

Excavations .into the on-site materials can be expected to be feasible using
conventional excavation equipment such as backhoes, excavators, loaders and
scrapers.

4.3.4 Subgrade Preparatioh

Subgrade soils in areas to receive fill should be scarified, moisture-conditioned, and
compacted to densities equal to at least 90 percent of maximum density (ASTM
D1557). :

in areas to be paved, the finish subgrade soils should be scarified to a depth of
6 inches, moisture-conditioned, and compacted to at least 95 percent of maximum dry
density in accordance with ASTM D 1557.

4.3.5 Material for Fill

Material available frorn on-site excavations may be used for fill, subject to limitations
discussed in this report. The majority of materials available from on-site excavations
will break down to silty and gravelly sands, which will be suitable for use as non-
expansive fill. However, clayey soil layers are also present at the site, particularly in the
upper portions of the bluffs along Bluff Park. Clayey soils should not be used directly in
geogrid reinforced embankment fills or in wall backfills. The clayey soils could be used
in such fills, if they are thoroughly blended with sands to form a uniform mixture that has
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less than 50 percent fines and low expansion potenfial. In general, each unit volume of
clayey soil would need to be blended with two volumes of sandy soil to form a

satisfactory mixture.

_Imported fill materiai should be predominately granular. have relatively low expansion

potential (El <40) and contain no more than 50 percent fines (portion passing No. 200
sieve). The Geotechnical Engineer should be notified at least 72 hours in advance, of
the location of any soils proposed for import. Each proposeéd import source should be
sampled, tested, and accepted for use prior to delivery of the soils to the site. Soils
imported prior to acceptance by the Geotechnical Engineer may be rejected if not
suitable for use as compacted fill.

Crushed, inert demolition debris, such as crushed concrete may be used in deeper
parts of fills (at least 8 feet below the slope surface) with the following processmg
requirements:

v If the inert debris is crushed to a well graded mixture with maximum
particle size of 1% inches, the crushed material may be used directly in
the fill without further blending.

. Inert debris up to a maximum size of 6 inches may aiso be used in fills
provided it is thoroughly blended with moisture-conditioned on-site soil to
form a well graded mixture. In general, at least three volumes of soil will.
need to be blended with each volume of debris.

All materials used for fill should be free of organics and pieces larger than 8 inches.

4.3.6 Placement and Compaction of Fills

All fills should be placed in horizontal lifts, moisture-conditioned, and mechanically

. compacted to dry densities equal to the following percentages of their respective

maximum densities (ASTM D1557):

Upper 8 inches of pavement subgrade: 95 percent
Slope fill deeper than 3 feet of slope surface; 93 percent
Slope fill in outer 3 feet of slope surface: 90 percent
All other backfills: 90 percent

Compaction should be verified by in-place density tests performed to within 6 mches of
the finish slope surface.

The optimum lift thickness will depend on the compaction equipment used and can best

be determined in the field. The following uncompacted lift thickness can be used as
preliminary guidelines.
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Proposed Belmont Shore Blu‘f Resloralion, tong Beach, California GPI Project No. 16521
Plate compactors {(wackers) 4-6 inches
Small vibratory or sheepsfoot rollers {5-tonz) 6-8 inches
Loaders and heavy vibratory roliers 8-12 inches -

The maximum lift thickness should never be greater than 12 inches.

In general, small equipment such as plate compactors, walk behind vibratory, or small
sheepsfoot rollers will need to be used to achieve the required cornpaction in the outer
3 feet of the slope surface. Alternatively, the slope may be overfilled and trimmed back

to well compacted soil. '

In general, the on-site soils should be placed and compacted at moisture contents at or
slightly above optimum. The moisture content of the on-site soils is variable, ranging
from well below optimum to well above optimum. Moisture conditioning (both wetting
and drying) will be needed in order to facilitate compaction.

During backfilling of excavations, the fill should be properly benched into the
construction slopes as it is placed in lifts.

4.3.6 Shrinkage and Subsidence

Shrinkage is the loss of soil volure caused by compaction of fills to a higher density |
than before grading. Bulking is the gain of soil volume caused by compaction of fills to

a lower density than before grading. Subsidence is the setflement of in-place subgrade

soils caused by loads generated by large earthmoving equipment. Subsidence in the

underlying materials should be nominal (less than 0.1 foot). These values are

estimates only. Actual shrinkage and subsidence will depend on the types of

earthmoving equipment used and should be determined during grading.

4.3.7 Fill Settlement and Slope Creep

The deeper portions of fills will compress under the surcharge imposed by the overlying
materials. The potential for long-term, post-construction settiement can be minimized
by placing and compacting the fills at a moisture content wet of optimum, as
recommended herein. Post-construction settlement at the surface of fills, placed and
compacted as recommended in this report, are expected to be on the order of ane inch
orless.

4.3.8 Observation and Testing

A representative of GPI should observe all excavations, subgrade preparation, and fill
placement activities. Sufficient in-place field density tests should be performed during
fili placement to evaluate the overall compaction of the soils. Soils that de not meet
minimum cornpaction requirements should be reworked and tested prior to placement
of any additional fil.
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4.4 SHALLOW FOUNDATIONS

The proposed improvements will not include buildings or major structures. The
recommendations presented below are for minor structures, such as small retaining
walls (less than S tall) or equipment pads supported 6n undisturbed native, ground or
engineered/compacted fill.

Maximum allowable static bearing pressure: - 2,400 psf
Maximum allowable bearing pressure (wind or seismic): : 3,200 psf
Minimum footing width: 18 inches
Minimum foofing depth: , 18 inches
Lateral passive resistance - flat ground: 300 psfift
Lateral passive resistance - 2:1 descending slope: 150 psfift
Minimum horizontal distance from slope face to footing edge: 3 feet
Friction coefficient for base of footing: . 0.4

45 DRILLED PILES

Drilled piles are primarily considered as a means of reinforcing overly steep slope areas
at 12" Place, and possibly 5" Place and 7" Place. The design of these piles wiil be
govermned by lateral load considerations. The preliminary concepts evaluated for this
report were based on the lateral load analyses  summarized in Figure 5. More detailed
recommendations for design and construction of drilled piles will be preserted in site-
specific supplemental reports, once the preliminary concepts are finalized.

4.6 LATERAL EARTH PRESSURES

Lateral earth pressures for the design of retaining structures will depend on local soil
conditions as well as the final slope geomefry. Detailed recommendations will be
provided on a site-specific basis in supplemental reporis. The following lateral earth
pressure parameters were considered for the preliminary concepts presented in this
report.

Active soil pressures can be used for retaining systems that can be allowed to yield
sufficiently (on the order of ane inch or more at the top) to mobilize the shear strength
of the soil. Active earth pressures used for our preliminary evaluations are represented
by a triangular pressure distribution, equivalent o the hydrostatic pressure of a fluid
having the following unit weights:

Horizontal ground above wall: 36 pcf
2:1 Sloping ground above wali: 54 pcf

1652-1-02R doc (9/03) 21



Tetre Tech, inc. ’ initially Issued May 2C, 2000 (Revised September 3, 2003}
Proposed Belmont Shore Bluff Restoration, Long Beach, California GPI Project No. 1652.1

5.0 LIMITATIONS

The report, exploration logs, and other materials resulting from GPl's efforts were
prepared exclusively for use by Tetra Tech, Inc. and their consultants in designing the
proposed development. The report is not intended to be suitable for reuse on
extensions or modifications of the project or for use on any project other than the
currently proposed development as it may not contain sufficient or appropriate
information for such uses. If this report or portions of this report are provided fo
contractors or included in specifications, it should be understood that they are provided
for information only. -

Soil deposits may vary in type, strength, and many other important properties between
points of exploration due to non-uniformity of the geologic formations or to man-made
cut and fill operations. While we cannot evaluate the consistency of the properties of
materials in areas not explored, the conclusions drawn in this report are based on the
assumption that the data obtained in the fieild and laboratory are reasonably.
representative of field conditions and are conducive to interpolation and extrapolation.

Furthermore, our recommendations were developed with the assumption that a proper
level of field observation and construction review will be provided during grading,
excavation, and foundation construction by GPI. If field conditions during construction
~ appear to be different than is indicated in this report, we should be notified immediately
so that we may assess the impact of such conditions on our recommendations. f
construction phase setrvices are performed by others they must accept full responsibility
_for all geotechnical aspects of the project including this report.

Our investigation and evaluations were performed using generally accepted
engineering approaches and principles available at this time and the degree of care and
skill ordinarily exercised under similar circumstances by reputable Geotechnical
Engineers practicing in this area. No other representation, either expressed or implied,
is included or intended in our report. : o

Respectfully submitted,
Geotechnical Professionals Inc.

Byron Konstantinidis, G.E.
Principal

BK:sph | ; SEP - 3 2003
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Tetra Tech, Inc. tnitizlly Issued May 20, 2000 {Revised Sepiember 3, 2003)
Proposed Belmont Shore BIuff Restoration, Long Beach, Califomia GPI Project No. 1652.1

APPENDIX A
CONE PENETRATION TESTS

Five Cone Peneftration Tests (CPT's) were performed at the site during the
investigation. The locations of the CPT's are shown on the Site Plans, Figures 2.1
through 2.6. These soundings were advanced to depths of 40 to 62 feet below existing

grades.

The CPT consists of pushing a cone-tipped probe into the soil deposit while
simultaneously recording the cone tip resistance and side friction resistance of the soil
to penetration (see Figure A-1). The CPT's described in this report were conducted in
- general accordance with ASTM specifications (ASTM D3441) using an electric cone
penetrometer.

The CPT equipment consists of a cone assembly mounted at the end of a series of
hollow sounding rods. A set of hydraulic rams is used to push the cone and rods into -
the soil while.a continuous record of cone and -friction resistance versus depth is
obtained in both analog and digital form at the ground surface. A specially designed
all-wheel drive truck is used to transport and house the test equipment and to provide a
23-ton reaction to the thrust of the hydraulic rams.

Data obtained during a CPT consists of continuous stratigraphic information with close
vertical resolution. Stratigraphic interpretation is based on relationships between cone
tip resistance and friction resistance. The calculated friction ratio (CPT friction sleeve
resistance divided by cone tip resistance) is used as an indicator of soil type. Granular
soils typically have low friction ratios and high cone resistance, while cohesive or
ofganic soils have high friction ratios and low cone resistance. These stratigraphic
material categories form the basis for all subsequent calculabons which utilize the CPT
- data.

Computer plots of the reduced CPT data acquired for this investigation are presented in
Figures A-2 through A-8 of this appendix. The field testing and digitizing of the data
was performed by Fugro Geoscience, !nc., under subcontract to Geotechnical
Professionals Inc. (GP!). The interpreted soil descriptions were prepared by GPi.

The ground surface elevations shown on the CPT logs were estimated from

topographic plans by Tetra Tech, Inc. We understand that the elevations shown on
these plans are relative to the Mean Lower Low Water (MLLW) datum.
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Teira Tech, Inc. Inifially Issued May 20, 2000 (Revised September 2, 2003)
Proposed Belmont Shore Biuff Restoration, Lang Beach, California GPt Project No. 1652.1

APPENDIXB
EXPLORATORY BORINGS

The subsurface conditions at the site were investigated by drilling and sampling five
hollow-stem auger borings. The boring locations are shown on the Site Plan, Figure 2.
The borings were advanced to depths ranging from 4 to 55 feet.

The borings were drilled using a truck-mounted hollow-stem auger equipment,
Relatively undisturbed samples were obtained using a brass-ring lined sampler, with an
inside diameter of 2.42 inches, driven into the soil by a 140-pound hammer dropping
30 inches. The number of blows needed to drive into the soil sampler was recorded as
the penetration resistance. Due to the use of a free-fall hammer (rather than a hammer
attached to rope), the blow-counts recorded with the drve (D) sampler are
approximately equal to the Standard Penetration Test blow-count {Ng).

The field explorations were performed under the continuous technical supervision of
GPT¥'s senior technician, who visually inspected the site, maintained detailed logs of the
borings, classified the soils encountered, and obtained relatively undisturbed samples
for examination and laboratory testing. The soils encountered in the borings were
classified in the field and through further examination in the laboratory in accordance
with the Unified Soils Classification System. Detlailed logs of the bonngs are presented
in Figures B-1 fo B-5 in this appendix.

Upon completion, the boreholes were backfilled with the excavated soil cutlings. In
paved areas, the tops of the boreholes were sealed with asphalt.cold patch..

The ground surface elevations shown on the boring logs were obtained from

topographic plans provided by Tetra Tech, Inc. We understand that the elevations
shown on these plans are relative to the Mean Lower Low Water (MLLW) datum.

1652--02X_dac {9/03) " B-1
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g g~ EE Q E z A DESCRIPTION OF SUBSURFACE MATERIALS =i
t"-l g llg g I 5% = %g This summary applies only at the location of this boring and at the time of drilling. %g
g z Zqol = Subsurface condiiions may differ at other locations and may change at this o
o Ul location with the passage of time. The data presented is a simpiification of actual
~1 0 conditions encountered.
TT-T-]\d Inch AC over 2 inches AB ]
B . -| SILTY SAND {SM) brown and dark brown, moist
, _: . @ 2 to 9 feet, yellow-red, moist, dense 40
7.8 117 |49 | D N
110 | 113 | 36 | D 54' || @ 5 feet, increased fines, trace cla
I y
SeAE ‘ 35
0 1:[:l'{ SILTY SAND (SM)!SANDY SILT (ML) olive-brown,
141 | 119 [ 71 | D 1 R ;| moist, very dense/hard, partially cemented '
T 30
. 4 5_: : | SILT WITH SAND (ML) brown and olive-brown, wet,
202 | 99 (70D 1| [{ hard
e SILTY SAND (SM) brown, moist, very dense 25
_ == ] SAND WITH SILT (SP/SW-SM) fight brown, slightly
35 g4 3D 20"'f 1]+ moist, dense
| aEs 20
Ik F SANDY SILT (ML) brown, wet, hard
: 0 |57|D TR '
28.1 9 2510 |
1L . 1
‘[-.|"{ SILTY SAND (sM) grey, very moist to wet, medium 15
206 | 108 |35 [D1 - % \dense to dense, with clay . /
7 SANDY CLAY (CL) grey with yellow-red, very moist,
30—/} wet, hard, with sand lenses
7
111 |{ SANDY SILT (ML) olive, wet, hard, with frequent sand 10
245 | 101 {30 | D 110} [ tenses
|| SILTY SAND (SM} brown and yellow-red, very moist,
196 | 108 | 41 | D 35'] ‘.| | dense, with shells and shell fragments
2okl SAND WITH SILT (SP!SW-SM} light brown, wet, very . 5
T -| dense .

SAMPLE TYPES DATE DRILLED: 3-30-00 ‘ ]
G (] = TR
Standard Split Spoon EQUIPMENT USED: = =
[D] Drive Sample 8" Hollow Stem Auger -

Bulk Sample GROUNDWATER LEVEL (ft): LOG OF BORING NO. B-1
Tube Sample Water at 33 feet FIGURE B-1




L.

J—

—

. Z el w
w E (e} & 5 o =
x 2. |5 % 9 & E = DESCRIPTION OF SUBSURFACE MATERIALS g c
& 06 IKFEg| W - - : <
g < on |5 g 2 g u E This summary applies only at the location of this boring and at the time of driling.| & P
g z Zi9 3 : Subsurface conditions may differ at other locations and may change at this =7
5 Pea & location with the passage of ga%n'il;hr; c;all’tgopreisenaed is a simplificaticn of actuaf | - W
s T — untered. .
219 | 100 fioo/e] D TEER
' Refusal at 41 feet
0
SPLE TYPES DATE DRILLED: 3-30-00 P PROJECT NO.: 1652 1
C} Rock Core - i
! —— -
[S] standard Split Spoon EQUIPMENT USED: - = BLUFF RESTORATION
(D] orive Sample 8" Hollow Stem Auger
Bulk Sample GROUNDWATER LEVEL: LOG OF BORING NO. B-1
Tube Sample Water at 33 feet v FIGURE B-1
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g 5 .;3%5 £z DESCRIPTION OF SUBSURFACE MATERIALS S
= A W w w
2% | B8 |E52 g | ¥ [Thssummary appiics only at the locafion of s boring and at the tme of driling. o
g > Zz80| = =~ Subsurface conditions may differ at other locations and may changs atthis | =
E e ol & location with the passage of time. The data presented is a simplification of actual | -
~ 0 conditiens encountered.
——n6 inches AC ’ i,
7 B SILTY SAND (SM) dark brown, moist, dense
94 | 119 | 32| D 11-|"{ @21to 11 feet, red-brown
. 45
5.—.
g3 (114 |40 D i
122 | 115 {31 [D | [|*|-| @8fest, trace clay 40
10~ | .
132 | 103 |17 | D -1 11 SILT WITH SAND (ML) brown and olive-brown, moist,
B -1 | very stiff
- 35
15—+ I \
282 | 90 | 66| D 1| || @ 15 to 20 feet, hard
. 30
102 | a9 |57 TD 1 29 [T 1SILTY SAND.(SM) brown, moist, very dense
65 | 97 |[52[D JENE , 05
1" @ 23 to 29 feet, brown and light brown, with decreased
25-1. | fines i
B . 20
-| SAND (5P} light brown, dry, very dense
2.0 98 pOM1l D ’
T/ INTERBEDDED SAND (SP/SW)/SILT (ML) light brown 15
105 | 117 |60 | D 3571-{ f to brown, moist, very dense/hard, with shell fragments,
111 |4 trace fine gravel
"] 'sILTY SAND (SM) yellow brown, moist, very dense,
92 | 102 | 8 | D 71+ | with shell fragments
1l 3 10
SAMPLE TYPES DATE DRILLED: 3000 ]
CD) | e
[S] standard Spht Spoon EQUIPMENT USED: Vel = =
[B} Drive Sample 8" Hollow Sterm Auger
Bulk Sample GROUNDWATER LEVEL (ft): LOG OF BORING NO. B-2
Tube Sample Waler at 45 fest. FIGURE B2
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% % ~ gg S F |z e DESCRIPTION OF SUBSURFACE MATERIALS O
S s Egl W - ; =
Z7Ea oL L % = % & |This summary applies only at the location of fis boring and at the time of drliing.| 7 e
g z =D = ~ |, Subsurface conditions may differ at other locations 2nd may change at this =4
5 We = = lecation with the passage of tlm%._g'he data presenéed is a simplification of actuai{ ™
~ co .
40 nditiens encountere
- ) . 5
254" '
224 | 102 | 70 | D -|.1 @ 45 to 50 feet, wet
- 0
25.8 99 95 | D 50 N
' Total Depth 50 feat
i
SAP;EC'I}:YgOI?eS DATE DRILLED: 3-30-00 — I PROJECT NO.~ 1852.4
: o
[S] Standard Spiit Spoon EQUIPMENT USED: == BLUFF RESTORATION
[D) prive Sample 8" Hollow Stem Auger
B B ol GROUNDWATER LEVEL: LOG OF BORING NO. B-2
Tube Sample Weterat45feet FIGURE B-2
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B 3 %%5 i = DESCRIPTION OF SUBSURFACE MATERIALS O~
& = w
E B> a 8, I E‘é 'é %E_’ This summary applies only at the location of this boring and at the fime of drilling. %@
g z zHo = =~ Subsurface conditions may differ at other focations and may change at this o
o e g 5 location with the passage of 33?%%}?5 deaggc %retsenéed is a simplification of actual
G S— nterec.
RIEES SILTY SAND (SM)/SANDY SILT (ML) dark brown to
12| | black, moist, loose to medium dense/sfiff 50
7¥/%/ SILTY CLAY (CL) dark brown and black, very moist,
] '5%% hard Eh ) v
182 | 113 |23 | D _?%/
B )
W77
.
-5
244 | 04 |16 [D. _ééé @56 to 10 1/2 feet, brown 4
ol |
.
y
247
777
10— 4
228 | 107 |46 [ D o g .
—é%é @ 10 1/2 to 12 feet, brown with yellow-red, with sand 40
129 | 109 |40 | D ||| SILTY SAND (SM) brown with yellow-red, moist, dense
B 1.
15—
158 | 110 | 36 | D 17| SILTY SAND (SM)/SANDY SILT (ML) brawn, very 35
a0 moist, dense/hard
20 : SILTY SAND {SM) brown and light brown, slightly 30
32 | 102 | 57D : .|| moist, very dense, low fines content
298 92 L o5—1-] || SILT WITH SAND {ML) brown and yellow-red, wet,
A1 1 very stiff 25
4 1 SILTY SAND (SM) brown and yellow-brown, moist,
Ay very dense
301 |
i 20
133 | 100 | 71 | D _
35— |-
7.9 % |80} D ;-] SAND (SP/SW) light brown, moist, very dense . 15
SAMPLE TYPES DATE DRILLED: 3-30-00 = ROJECT NO- 18521
Rack Core ) m——~'~=;-.——~:! BLUFE RESTORATION
[S] Standard Spiit Spoon EQUIPMENT USED: — = =
Dl v Sarpie CUNDATER LEvE LOG OF BORING NO. B-3
Bulk Sample GRv?’UNDVgg?eR tLEVEL (R): U,
(F] Tube Sample ater at 43 feel FIGURE B-3
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% g = g% o & e DESCRIPTION OF SUBSURFACE MATERIALS g =
[y o W w <
5L a 1&1’, Le 2 a % & [This summary applies only at the location of this horing and at the time of driliing.| &
[ x ZRo = ~ |, Subsurface conditions may differ at other locations and may change at this o
B mwes < Tocation with the passage of fime. The data presented is a simplification of actual|
o % 3
~1 conditions encountered. .
40 P
19.9 105 B3/11) b .| | SILTY SAND {SM) brown and yelow-red, wet, very 10
-| dense, with occasional silt lenses. -
1| SAND WITH SILT (SP/SW-5M) light brown, wet, very
pg/11Y D | dense 5
80/9" D 0
58/101 D . '
Total Depth 55 feet
SAMPLE TYPES DATE DRILLED: 3-30-00 .
=TI
Standard Spiit Spoon EQUIPMENT USED: Yl = = .
[O] Drive Sample 8" Hollow Stem Auger
Tube Sample Waterat 43 feet . , FIGURE B3
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id g - g?_t o F|ze DESCRIPTION OF SUBSURFACE MATERIALS 2 £
Iy = w
E?J '|"3" iﬁl 5 ’;15 2 % % ¥ |This summary applies only at the location of this boring and at the time of drilling. :>: g
Q x zZho| = = Subsurface conditions may ditfer at other locations and may change at this o
= 5 |oegl & location with the passage of time. The data presented is a simplification of actual
- Ot conditions encountered.
1]} SILTY SAND (SMYSANDY SILT {ML) dark brown,
[[:f | moist, medium dense/stiff )
' - 77] SILTY CLAY (CL) dark brown, moist, hard
y e ~ 4
162 | 104 [ 30 | D 7%
. 5-%%2 @ 5 to 8 feet, olive-brown, very moist, frace roots
192 | 99 |48 [D . ‘
T
. .
-7 | SILTY SAND (SM)/SANDY SILT {ML) brown, moist,
1| medium dense to densef/stiff to very stiff
121 | 110. | 33 | D 10 /7; SILTY CLAY (CL) brown, moist, hard, with silt nodules
W o
7
4 7 35
| 7
187 108 | 53 | D ' || SILTY SAND {SM)/SANDY SILT {ML) brown, very
15"- ~.[+7{ moist, dense/hard
+T. 1| SILTY SAND (SM) brown, moist, dense 30
{:l-| SAND WITH SILT (SP-SM) light brown, dry, ve
25 | 9% |64|D "I dense { Y e
25
37 96 81| D 20
3.2 97 831D
: 15
166 | 100 | 59 | D . TSILTY SAND (SM) light brown and brown, very moist
, 85| | to wet, very dense
. 10
SAMPLE TYPES DATE DRILLED: 3-31-00 . PROJECT NO.: 1852.1
Rock Core : Qg! BLUFF RESTORATION
Standard Split Speon EQg}aﬂa‘stLt]eer?\:uger L — J = !
D! Drive Samp} @ ‘
% Bk Sormple. GROUNDWATER LEVEL (R): LOG OF BORING NO. B-4
Tube Sample Waterat 40 fQEt, . - FIGURE B4



Zypesl w
5 z
g % = g%é E e DESCRIPTION OF SUBSURFACE MATERIALS g c
% w w i
s | & i 5'&0—_ g T | oY [This summary applies only at the location of this boring and at the time of drilling. | & L,
o > z20 = | 2= Subsurface conditions may differ at other locations and may change at this - o
= z Weql £ location with the passage of time. The data presented is a simplification of actual
~] 40 conditions encounterad.
26.5 97 58 | D
1 | SAND WITH SILT (SP/SW-SM) light brown, wet, very 5
| dense, with shell fragments :
24.4 a9 69 | D
0
23.8 101 y8/M1 D 50 -
Total Depth 50 feet
SA'hCﬁPLE TYPES DATE DRILLED: 3-31-00 P l PROJECT NO.: 1652.}
Rock Core . m— | BLUFF RESTORATION
Standard Split Spoon EQUIPMENT USED: S = =
[D] Drive Sample 8" Hollow Stem Auger l N O B
Bulk Sample GROUNDWATER LEVEL: LOG OF BORING NO. B4
Tube Sample Water at40 fest . , FIGURE B-4




W £ By & ‘ ' z
E g E 29| |z £ DESCRIPTION OF SUBSURFACE MATERIALS ee
3 w H
Ei\ﬂ & 5_8, In _)‘;’:g o % i IThis summary applies only at the location of this boring and =t the time of drilling. Eﬂ
. g z z@09 = =~ | Subsurface conditions may differ at other locations and may change at this 2
fa Weg & location with the passage of time, The data presented is a simplification of actual
] 0 condupons encountered.
111 | SILTY SAND (SM) red-brown, maist, medium dense 50
135 | 119 | 22 | D J% CLAYEY SAND (SC)/SANDY CLAY (CL) red-brown,
B 5 //; moist, medium densefstiff :
K SILTY SAND (SM} red-brown, moist, medium dense to 45
125 | 108 | 26 | D 1| | dense '
10
2 89 | 33| D
Q " 40
: 15 SILT (ML) brown, very moist, hard
229 | 94 (63| D i a5
311"l SAND WITH SILT (SP/SW-SM) light brown and yellow
-1 brown, slightty moist to moist, dense
56 99 48 | D : ) 30
JT- ' TSICTY SAND (SM) light brown and yeliow brown, very
164 1 89 | 31D 26— |".| | moist, dense
S 25
::[1] SAND WITH SILT (SP/SW-SM) light brown and yeliow
56 g8 | 75| D | brown, slightly moist to moist, very dense
20
4.5 100 [ 85| D
15
50 101 | 53 | D
SAMPLE TYPES DATE DRILLED: 53100 ,-
Bl oo cor o= = ] I RGN
Standard Split Spoon EQUIPMENT USED: = E bl
[D] Drive Sample 8% Hollow Stem Auger
Bulk Sample GROUNDWATER LEVEL (fl): LOG OF BORING NO. B-5
Tube Sample Water ai 47 feet FIGURE B-5
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W ﬁ % “Q" g‘ 'ﬁ".‘ =z

= % . 5 z S ol e DESCRIPTION OF SUBSURFACE MATERIALS g E
=& x —ol W it . <
oL | BE |Z@2 2 | Gl [This summary apples only at fhe Iocabion of this boring and at Ihe Tme of Giling.| Db
(o]} > =80 = = Subsurface conditions may differ at other locations and may change at this I

= ?:,‘ Wy 5l gg location with the passage of fime. The data presented is a simplification of actual

= condilions encountered.
40 :
10
10.7 94 8 | D 5
+{ @ 47 to 50 feet, grey, wet
288 | 93 |87 D], 0 |-
Total Depth 50 feet
SAMPLE TYPES DATE DRILLED: 3-31-00 I PROJECT NO.: 1652.1
Rock Core BLUFF RESTORATION

[S] Standard Split Spoon
[D] brive Sample
Buik Sample
Tube Sample

EQUIPMENT USED:
B” Hollow Stem Auger

GROUNDWATER LEVEL:
Water at 47 feet

|

BORING NO. B-5

FIGURE B85
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TFetra Tech, Inc. : initially lssued May 20, 2000 (Revised September 3, 2003}

Praposed Belmon! Shore Bluff Restoration, Long Beal:h. California GPI Praject No. 1652.1
APPENDIX C
LABORATORY TESTS
INTRODUCTION

Representative undisturbed soil samples and bulk samples were carefully packaged in
the field and sealed to prevent moisture loss. The samples were then transported to
our Cypress office for examination and testing assignhments. Laboratory tests were
performed on selected representative samples as an aid in classifying the soils and to
evaluate the physical properties of the soils affecting foundation design and
construction procedures. Detailed descriptions of the laboratory tests are presented
below under the appropriate test headings.  Test results are presented in the figures
thatfollow.

MOISTURE CONTENT AND DRY DENSITY

~ Moisture content and dry density were determined from a number of the ring samples: - - -

The samples were first trimmed to obtain volume and wet weight and then were dried in
accordance with ASTM 2216-71. After drying, the weight of each sample was’
measured, and moisture content and dry density were calculated. Moisture content and
dry density values are presented on the boring logs, in Appendix B.

PASSING NO. 200 SIEVE

Two soil samples were dried, weighed and soaked in water until individual soil particles
were separated and then washed on the No. 200 sieve. That portion of the material
retained on the No. 200 sieve was oven-dried and weighed io determine the
percentage of the material passing the No. 200 sieve. The results are tabulated: below:

BORING DEPTH : % FINER THAN
NO. () SOIL DESCRIPTION NO. 200
B-3 21 ’ Siity Sand (SM) 16
B-5 15 Sitt (ML) 91
DIRECT SHEAR

Direct shear tests were performed on selected undisturbed samples in accordance with
ASTM D 3080. The samples were placed in the shear machine, and pre-selected
normal [oads were applied. Each sample was submerged, allowed.to consolidate, and
then was sheared to failure. The procedure was repeated on additional test specimens
from the same soil layer under increased normal loads. Shear stress and sample
deformation were monitored throughout the test. The resuits of the direct shear tests
are presented in Figures C-1 fo C-5.

1652-1-02X_doc (9/03) ) C-1
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Tetra Tech, Inc. Iniially Issued May 20, 2000 (Revise¢ Seplember 3, 2003}
Proposed Belmont Shore Bluff Restoration, L ong Beach, California GPI Project Nc. 1652.1

. GRAIN SIZE DISTRIBUTION

Two representative samples of sand were dried, weighed, soaked in water unti
individual soil particles were separated, and then washed on the No. 200 sieve. The
portion of the material retained on the No. 200 sieve was oven-dried and then run
through a standard set of sieves in accordance with ASTM D 422, The grain size
distribution data are shown in Figure C-6.

1652-1-02X (9/03) . T G2
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o
o
: / n
I
2000 / —
1000 ' /
u:/
e T000 2000 3000 %000 5000 5000
NORMAL PRESSURE, pst
PEAK STRENGTH RESIDUAL STRENGTH
Friction Angle= 31 degrees Friction Angle = 30 degrees
Cohesion= 456 psf Cohesion= 168 psf
- Note:
Sample Location Ciassification DO,pcf| MC,%
& B1 28.0 SANDY CLAY (CL) _ Peak | 106 | 21
m| B 28.0 SANDY CLAY (CL) Residual { 106 21
PROJECT: BLUFFRESTORATION ] PROJECT NO.: 1652
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DIRECT SHEAR TEST RESULTS

* AIGURE C1
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6000

5000

~4000

30Q0

SHEAR STRENGTH, pst

2000

1000 ‘ /

(=]

S0t

1000

PEAK STRENGTH
Friction Angle= 36 degrees
Cohesion= 66 pst

3000
NORMAL PRESSURE, pst

70

6000

RESIDUAL STRENGTH
Friction Angle= 33 degrees

Cohesion= 84 psf

Note:
Sample Location Classification DD, pcf] MC,%
e B2 38.0 SILTY SAND (SM) Peak | 102 9
@ B2 38.0 SILTY SAND (SM} Residual | 102 9
PROJECT: BLUFF RESTORATION PRQOJECT NO.: 1652_.I
l__“ ...: | > ] ! DIRECT SHEAR TEST RESULTS
= = : - T FIGUREC2 =/
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PEAK STRENGTH : " RESIDUAL STRENGTH
Friction Angle = 30 degrees Friction Angle= 34 degrees
Cohesion= 594 psf Cohesion= 42 psf
Note:
Sample Location Classification . DD,pef] MC.%
@ B3 31.0 ~ SILTY SAND (8M) Peak 100 13
mf B-3 31.0 SILTY SAND (SM) Residual | 100 13

PROJECT: BLUFF RESTORATION PROJECT NO.: 1852.1
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NUMBERS

!

f i_S. STANDARD STEVE-INCHEZS | U.S. STANDARD SIEVE HYDROMETER ‘ﬁ
E 3 3 1.5 374 3/8 4 10 20 40 10C 200 -
100 T WTTFTIETE T F IMIEULY TR
Q0 \
80 %
|
70 ]
- Ll
g 1R
1-:'{160 }
D=
‘1m
fise ‘
=
v
c \
1§40 -
[&]
: |
: 1
30 \ (
’ ’t\ *\
\
10
\
.
0 T D : 5. 001 5001
GRATIN STZE IN MILLTMETERS
COBBLES GRAVEL SAND - SILT OR CLAY
- coarse | fine coarsel medium I fine
Sample Location Classification MC%| LL | PL | Pl | Cc { Cu
® B-2 30.0 SAND (SP) 2 1.090 | 2.1
M B4 20.0 SAND WITH SILT (SP-SM) 2 133 | 23
Sample Location D100 D60 D30 D10 | %Gravel| %Sand | %Silt | %Clay
8 B2 30.0 0.85 0.37 0.270 0.1788 0.0 99.0 1.0
X B4 20.0 0.85 0.21 0.160 0.0909 0.0 95.0 5.0
PROJECT: BLUFF RESTORATION PROJECT NO. 1652l
: GRAIN SIZE DISTRIBUTION
=i
_ = = ’
;\ FIGURE C-6 }
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Teba Tech, Inc. Inilially Issued May 20, 2000 (Revised Saptember 3,2003)
Proposed Belmont Shore Bluff Restoration, Long Beach, California GPi Project No. 1652.1

APPENDIX D

SLOPE STABILITY ANALYSIS
We performed stability. analyses for various slope 'c_onﬁgurations. We eValuated the
gross stability of the slope configurations using Bishop's Method of analyses and the
computer program STABL5M, and STABL6H, developed by Purdue University. The
analyses were performed for the following cases:
. First Place
. - Twelfth Place
. Highest Slope

. Gabion Slopes

e Gliders Slope

In some cases, we evaluated both existing and proposed slope configurations at the
same location. Several analyses also include a geogrid reinforced slope or a keystone
wall

The soil strengths used for our analyses were determined by performing direct shear
testing on undisturbed samples. Based on the results of the tests, we determined that
the soils, along the bluff, exhibit fairly consistent residual shear strength characteristics.
The following densities and residual strengths were used in our analyses:

FRICTION

MATERIAL TYPE DENSITY COHESION ANGLE
_ ) . (psf) -
Soil ' 120 : 100 30
Gahion . 130 500 42

1810-1-02X.doc (9/03) D-1



Tetra Tech, Inc.

Proposed Belmont Shore Biuff Restoration, Long Beach, Califomia

initially issued May 20, 2000 (Revised September 3, 2003}

GP! Project No. 1652.t

Recommendations for various slope configurations are included within the text of this
report. The results of our analyses are summarized below. Details of the analyses,
including plots of the critical failure surfaces/slope configurations, are presented in this

appendix.
MINIMUM COMPUTED
‘ FACTOR OF SAFETY
CASE NAME/LOCATION PSEUDO- M
STATIC STATIC COMMENTS
B1GEOS./1# PLACE 153 113 Geogrid/keystone wall
and BIGEOP.PLT i ’ configuration
B1BKCUTS.PLT/1% PLACE 1.44 NA Temporary back cut
B-221PLT & B-221PLP.PLT/12" PLACE 1.54 1.19 Drilled pile opfion with 2:1
. slope in front
~ 1.5:1 slope in area of
B3-155.PLT &B3-15-PLT 1.20 091 highest slope
B3-21S.PLT & B3-21P.PLT 154 1og | &1 siope i aenoffighes
: ' Gabion section near
C3EXISTS.PLT & C3EXISTP.PLT 1.02 0.79 CPT C-3
GABIONS.PLT & GABIONP.PLT 1.33 1.00 Gabion section
C5-11SPLT 0.2 NA Gliders slope, 1:1 section
. _ Gliders slope %1 section
CBHALF1S.PLT & C5HALF1P.PLT 1.51 1.1 with geogrid
Giiders, 1:1 section with
C511GEOSPLT & C511GEOP.PLT 1.47 107 geogrid
1810-1-02X {5/03) D-2




ozZi

poualy doysjg payipolyl ey, Ag palenajen Ajajes Jo si0j0eq
() siXy-X £6°'L =ujwsy HYIVLS

0e

ool 08 09 : ov 0
[ _ T T _ T 0
i
= —0¢
L. wz,lllllllllﬁl §oy LO&- A..—...:
s LHm s e gl SIXY-A
gL |
B 23 I |
parL v 199
vg'L 3
vaL
Q'L o
vaL P
0 0 og 00L 5Z) ¥4 L ¢mnr :
'ON o Gsd)  cwemy  (Gap)  Gsd)  fod)  (pd) oy || VS'L @
30BLDG JURJSUO] ainsseld  GBUy  1dadiajuj ‘MM MUN M UUN  BdAL 5L v
‘z8ld  oansseld 6104 UoPdlid - Uojsayog pajesmus  |ajo} llos Sd #
i ] - - : } ! 08
ano,wm 0002/92/5 D :Ag 114°S03D1g:D *|eonuy Isopy ua)
JLLYLS INOLSAII/AIYD0FD ‘112 ‘30V1d°LSL ‘L-d
PN

e ——

r— e

ey



pouys|y doysig peuIPoN 8yl Ag palejnoje) A3848§ JO siojoed
{33) sixy-X gL'l =ullsd HOIaYLS

ot 001 08 09 (0} 74 (474 0
T . T ¥ ] T 0
L
5 oz
(H)
- ot
SIXY-A
Lo
L AN
pieou 08
yLL 3
AN
PLL @
blL oo
0 0 0t 00L GCL Gel L bLlL oo
“oN psd)  wesig  (Sep)  {sd) () 10d) "oN L4
poBMNG JUBISUOD BInsSald  elBuy  ydediejul MM MMM CIM NN adA | gL'L v
*zald ainesald 8404 UOp3] UOJESYQ) PEIBANIES  1BIOL flog sS4 #
{ 1 . } } - o8

wdp0:q 0002/92/8 INO A8 L1d'dOIDLE:D "IeoBIO IO UOL
. D1LYLS0ANISd ANOLSAD/AHDOID ‘112 ‘30V1d' LSt “L-d

e —— —r— LY ——— PR s R— —_—— PR - — e, ————y
K B



ozl

porepy doysig papipoly ayL Ag pajenojeg Aysjeg j0 slooeyd
(H) sxy-X "L =uwusy 18/N519V.1S0d

ool o8 09 oy - o¢ 0
T . T T 7 1 . 0
3
B -102
—sk 5
n {3}
. o
- SIXY-A
ﬁl 'L I
Ll o y
oL w00
A A
ot'L
gp'L o
gp'L ¢
: ' 124 B
Y 0 0e 0oL gzl SZL L L u
‘ON (48d) ‘Welad {Bep) (1sd} tod) (sod) ‘ON .
23RLINSG JuURISUOD BInssBld  eBuy  ideduayu] IM MUy WM Mun edAl - 'L v
*Zald  OINSsbld  8u0d UDPO|Y  UO|seyOon payermes (@) oS S #
) J 1 ) : ) .
: _ . = 08

lezg:g 000z/£Z/S INO ‘AQ 11d'SLNONELE:D "[eoBUD 1soIy us]
OILV1S "ANO1ISAIN/AIMDO3D "LNONOVE "dINIL ‘FOV1d 1SL 'L-8 B

——— £ ——— F——— ———— T —— e —— EIEN . e = — e T



powsiy- doysig pafipoy syl Ag pelejnajey Aysjeg JQ siojoey
. (1) sxy-X t§°L =ulwsd IS/ING TV LSDd
0oL 08 - 09 oY 0z 0

ozl
1 T T T 1 0
- ()
SIXy-A
A:r
9g'L f
5 9L 1 |
og') 09
g5°L @
1= 08
ag'l 2
g5'L p
T
o yed)  wewg  (8ep)  Ged)  god  pedi o ER
B0BUNS JURSUOD Binssalg  g)fuy  jdaaieju] Coiun yun edA) a'L =
‘za|ld  6inssaldc  eiod uopoly Uuojsalyod pajymames [0 1tes s4 #
] | - m —1 4 08

ety ——arn —— — JES— — e ——

wdgliz 0002/LL/S WO A8 L1d"1IdL2-28:D '|eapid ISO| ual
OILVY.LS9Tid HLIM 3d0OTS L:Z ‘HDIH .0€ ‘2-8



poisiy doysig payipoy eyl Ag peéjejnojen Alejes 30 siojoey
(1) sIXY-X 61°L=upus4 IS/ING189Y LSOd

oci ] 08 09 : ot .oz 0
T T ] T T 0
1 !
i
j”—.ﬂ S
. -0z
|_ (44}
B 7 ot .
. SIXY-A
\\\ N
ot L £
ik -5
P3 @w )
p ol
‘ 1
oc'L I
2 oz'L 1 |
ozl « 09
oe'L @
oZ'L i
6L'L »
_ : 6L'L v
. 0 0 0 $5¥2 g8l geL (4 6L°L o
v 0 0 0€g 0oL &L gl ! BL'L 1
*oN lisd)  ‘weieq  (Bap) (sdy  (jadj {12d) ‘N )
e0BLNG  JUBISUDY) BRSSPI elbuy  jdedsadup M HUN M UUG  edAL 6L°L ®
‘zeld  @inssalg alog Uopoud uojsayey pejwinjag (010} ites sS4 #
] ! } — - ==log

WegLig 000Z/2L/S IND *Ag Lid'dldL2-28:0 "[2oniD IS0 uay
J11V1S0UN3SdI1d HLIM 3d01S L:Z ‘'HOIH..0€ ‘28



ozL

‘powiepy dousig pelipoly Yy Ag peleojed Alejes 0 si03oey]
(3) SIXY-X 0Z'L =Unusd {S/ING18V.LSOd

001 08 09 ov | 0z 0
[ ] 1 - T T T oL-
o
: 5 oL

o€ ()
B -
‘A8l
AN A |
(AAN I |
& zzer w |98
[AAI
gcL i
Le’L o
Lz'L e
0 om. , 0ol 821 gz} 3 LA
on US4 cwemy  (Bep)  fsd)  god)  Godi  <oN ac'l a
80BJNG JUBIEUOD BINSSEl] aiBuy desislul ‘MM UuUn CIM HUN adA ) oz’'L v
‘26)d  8ainssaid  8lod uopajly Uojsayoy PEIRINIBS .Ea._.,. lies Sd #
L. _ == “ . —loL

weLg:g 0002/60/G INO.:AG L1d'SSL-€8:D '[EORUD ISOIN UL
‘OILVLS ‘1:G°L ‘'HOIH .LY '€-8

i ae E R, ———, - — e—— — J U - —_— [ Yoo ~—— e St



ozl

powely doysig payipojy ay) Ag payenaje) Ajejes j0 siojomy
(1) sixy-X 16'0=uwsd [S/INGTAVLSHd
‘ool 08 ' 09 ()74 oe

[ | T I I

(15 d

¢6°0
Z6°0
26°0
L6'0
L6'0
L6°0
L6'0

0 0 0€ 0ot [4) qzi L
"ON {isd}  -weiay (Bap) {ied) - {jad) {yad} ‘ON
edepng  Juesuo) eidnssald  ejfiuy  jdeduedd] WM MU M Mun . edAL
‘zald  eJnssasd  alod ucyapy uolseloy payramns . je)o) flos
] it } 1 §

L6'0

L6°0

L6'0
Sd

A DT O e BE a

[

=

weyeig 0002/60/S IND iAg L1d°dSL-£8:0 “[ednlD Isoiy ua )
JlLYLS0an3sd ‘L:G° L ‘HOIH LY ‘€-9

0

oL~ -
-0

oL

(4
~oe
"ABY

Hos

oL



pouayy doilsig paytpoi ayL Ag paienojed Alajes 40 s1030ed
() SIXY-X G| =ulusd 1$/NG 18V LS0d

ovL ozl 00§ o8 09 ot oz , 0
T T T T T T oe-
- -0
L
a -10¢
{3)
. ‘A3
B -0V
ok

gg'L |

: . 6G°L |

L. G6°L u
ag’'L 1 {09

ag°'L

Gg°L

ga'L p

0 0 08 ool 8zt ;74 L vaL o

g .

on g cwemg  qgsp (s o) fiedy oy || PR S

soBjINg JuBlsUOD BANSsSald  ejfuy  1desezul M WU CTA MU odA} G'L ®

‘z0]d  eansseld  alod | Uopojg uojseyo) peieime§  [BI0) s sd #.
-l i - . - e 3 { 08

wegg:. 0002/60/G INO AS L11d'SLZ-£4:D "[EORUD SO UaL
OLLYLS ‘L 'HOIH LY ‘€8




powaly doysig peipoly eyy Ag parenajen Aeses o sioroey
(1) sIxy-X 60'L =S IS/ING19VLSOd

ori 0z L ool 08 09 oy 0z 0
, T 7 T T ; T oe-
L -0
L
- -106¢2
T ()
'A9|3
- - 0¥
—ck
oL'L ¢
oL'L
oL'L v
= oLl 7 09
oLL
oL'L 3
oL'L »
0 0 Ot 00l G2 gzl L OLL
"o ()5d)  -wemy  (Gep)  (jsd} s ‘N 6oL a
aswpng jueisuoy emnsseld  ejfuy  jdenielul A UN IM MUn edAL 60'L s
._ . “2a)g : ainssaly 0104 uopapy uojseyod) vwi.—:«wm lesa) oS Sd4 #
: A : - 08

wegG:L -0002/60/S O Ag L1d'dLZ-£:D 1eanld Isopy us)
J1LY1S0aN3sd ‘L2 ‘HOIH (LY ‘€4

——— - - . .
—_— —— —— — —— — — ” — —— Y



Lo e e e e e .. . o e

* poylely doysig peyipoy auL Ag paiejnofe) Alajes JQ si010e4
(1) siXy-X ¢0'L=unusd IS/INS18V.LSOd

oLl 001 06 o8 oL 09 0s oy oe oz oL 0
T T T T T T T T T T Y
B & oL
- oz
B -log
{H)
"AB|q
= ~07.
o 1
Ll f
LicL 1 108
60°L.
60'L 3
80°L !
. 80'L »
- vo'L e 09
0 0 v 008 oelL oEL z £0°L
0 0 0g 0oL SZT1L azl L €0'L a
‘ON ijsd)  'weled  (Bap) (1sd)  ad) (yod} *ON .
poepng juejsuoy anssesg  e(Buy  ydedseil M NUN ChA MU edAL 20'L ¢
: “ze)d  einssesd  Bi0d  UOESY UoISEymD- peleinisg  [3iol jos sd #
i A { | - £ f | oL

we/ei0l 000Z/60/G IND AG . L1d"SLSIXIED:D "|BAND ISOIN USL
DILV1S ‘DNILSIX3 ‘SNOIGYD ‘HOIH .LE ‘€D




oll

poyiajp doysig paipolyl 8y Ag peleinojen Ajsies 30 &Eomm
(1) SIXY-X 6.0 =UIWSH |S/ING1EYLSOd

00t 06 08 174 69 s 4 0g (474 ot 0
] T T T T T T I , T o
B ot oL
. . . {0z
B ~10E
()
‘A8}9
L 1 (0)4
s l
- 6L'0 !
60 1 709
6L°Q u
6L'0 1@
64'0 .1
6L°0 »
- . 6L'C ¢ 109
0 0 [44 0§ 0L ogt z 640 2
0 1} 0€ oot - 2L Szl l 6L°0 4
“oN {§sd} ‘Welag {Bap) (Jsd) (sod} (Jad) ‘oN .
‘adBUNg  Juesno] ednsseld  eibuy  jdeddedf I AU WM UM edAL 6L°Q v©
. ‘zold  einseeld  eiog UoRa uojsaye) palEInIES  |wIoL lles sd #
L o L ; ! — ! 4 : 0L

We9EI0L 000Z/60/S WO A€ 17d'dLSIXIEDD “[20RID ISO[ UaL
JILYLSO0AN3ASd ‘ONILSIX3 ‘SNOIGVD "HOIH .LE ‘€D




0oL

08

pourapy doysig paypoly eyl Ag peenojed Aejes }O s1030e4
(3) sixy-X £€'L =ulWs4 IS/NS1EY1S0d
08 - oL . . 09 09 ov 08 0z

oL

| S T T T T T

ﬁ)

0 0 [4:4 008 QEL o€l [

0 0 0E ool sgh gzL . L

*ON {1sd)  wsieg  (fep) {isd} = (1od) (12d} ‘oN
papjing juestoy eansserd  ejfiuy wdesialu) M HUA A HUA adAl

“za)g  banBEald  B10g  UORALY UOSeYo) pejeiieg M0l 108
k] i 1 [ 1 -

5€°L
SE°L
ge'L
5e°L
vE°L
vE'L
ve'l

PEL

ve'L
ee’lL
Sd

T an 0t o B~

(1)
SIXY-A

08

08

1 1

oL

wdgo:y 000Z/8L/S WD Ag 11d'SNOIGVDIO [BORMD SO U3l
AILVYLS ‘ONILSIX3 ‘SNOIgVD ‘HOIH .9€

————— .-



poytein doysig pagipolyl ayL Ag paienojen Alejes O sioloey
(1) SIXY-X 00°L =ulwsy |S/NG1EYLSd

ool 06 08 oL 09 0s "o 0ot (674 oL 0
T T | — ] T 1 T T — 0
|
, P
= af
:. " ) . LO® —. { I Qm
Lot
LO'L o
"LO'L 2
ﬁ Lot ¢
00°'L ® Uipg
K 00'L ¢
o 0 b 005 o€l 0%t r4 00't °
‘ON {1sd}  ‘wened  {Bep) {$sd) {300) {)od) oN .
aDRyING JUBISUOY PINsSelg  RBuy  jdeaselu| M IUN M UUN  edAl 00'L v
*2ald 8JNsLdLd 2504 _._Omauw._u_ =°mhw£00 ﬁm«u.:.—«mw _nﬂo._v itos mm %
] t . I 1 I 1 | oL

wdggty 0002/22/G. IND A LTd dNOIEYD:D ‘[edBid 1sol UL
DILV.LS0AN3Sd ‘ONLLSIX3 ‘SNOIAVYD ‘HOIH .9€

(34
SIXY~A



pothayy doysig paypoly auyy Ag pelenojen Alejes jO S1030e4
() sixy-X 26’0 =wmuwsy |S/IN91EV LSOd

06 08 0L (0]¢] 04 ot 0] 0z oL 0
7 T ] ) T T i T 9
. o—b
o m—.
— a2z
- e
— S
£6'0
EG'0 1
- EG'D u
£6'0 19
£6°0 !
- geo o 7|99
Z6'0 »
0 0 0g 0oL gzt 14 F z60 °
‘ON  gsd)  cwemg  (Bep)  gsd)  fody  qod) oy || €60 @
BOB{ING 1MEIBUOD o.nssald ejfuy  ddedisiu} M WUN AN NUA odAf 6’0 ¢
*26id sinssalg 104 uopoyd uasayog palemles  jelaf Hos sS4 #
I l L ! : b } G9

WEEGLL 0002/60/S IND ‘A L1d'SLL-GO:D "[EORHD sl Us)
Ad0O71S SH3AIND "JILVLS “LiL 'HOIH .4°6€ 9D

(34
‘Adfg



pouelnl doysig pepipoll eyl Ag pajeinojen Alajes §0 si03aed
(4) SIXY-X LG'L=uwSd HO1EVLS

oLy 0oL 06 08 0L 09 08 ot De ) (474 o_n 0
I T S T T T T T T ] 0
u {8]8
- (474
(1
. OOy + - S 70
- .\..« \.\lll Illllllll!l’illlll'llll'hl £y Om
. l
,m 4 \l—lI.lll.lll!l'l!l!l'l]l'lltlllv—ﬁ' - §2%
: .r,.ll.llll.lllltllllllllllllllllll.@-l [}}]
- ot
f/ :
/ gg'L f
s VY. R
¢ u.\% _“c €a°'L o
P M £g'L 1@
© €91 |
£€G°L ¢
- zG'lL » 709
. BT TR ]! L eat
0 0 0E 00L g .
‘aN (3sd} ‘waseg  {Bap) (sd) {od} {sod) 'ON Nm._.. m
goBpNg GSUOD anssalg  IBuy  idadsep IM MU MU edAg LG°L
‘zojd  0InsEBid DAY uopolg uofsayod pejelnies  [eje) os sS4 #
i ! 1 ! _ ! _ o “ oL

wdge:s 0002/92/5 IND A8 11d'SLATYHGD:D "[PABUD Isopy usl

Ad01S SHAAITD ‘JILY.LS ‘A!HD0ID HLIM “L:Z/L ‘HBIH \§°6€ "S-D

()
SIXY-A



poulsiy doysig payipoly 8y Ag pale[noje) Azajes JO siojoey

() sSIXY-X LL'L=uwsd HO1GYLS
oLl 00l 06 - 08 oL 09 08 - ob (V) 0z 01 )
= T T T T _ T T _ _ 0

B ~0Z
B / n&.lllllllllllIllllllllllltlllllkﬂ oY ) —1{0E
Av_._..llllll-.vll.'-..i:ll..-:-.'-l-ll.;l-ll.l!l.lln-lﬁnl H Aw%v
{ -
mm.lllllll'l"'lll'lllllllllllll-ﬂl 1) w.x< >
B ~0t ;

: . . eLL
( / o et
2 a : , . gLl
rY o .W, ; . . eLL
: ELL
Lt
B ‘ ZL'L
zLL
0 Y ot 00k gzt . G2t L rAR)

‘ON {1sd) . ‘weleq  (Bap) (s5d} {12d) {d) "oN .
BIBLING jUEISUOY aunssald ejfuy  1dadsBul M HUA IMANA AdAL LL°L
“Zalg auﬂnmﬁ._n— alod uojdng  dojseyo) pejsinieg I Hos

[ { 1 }

i | ] . | -} ; = t 3 0L

wdLyig 0002/92/S IND A8 L1d'SLATVHGED:D '[Bon) 1s0 uay
3d071S SH3AITD 'JILY1S0aN3asd ‘Aldd03d HLIM “L:Z/L ‘HBIH .9'6€ 'G-D

09

t‘:uau'nu\—m.:_—,
1
=t

[42]
'8

e —— e [P ——— —_— — — —— —_——

Cam e . . [



vo:wms_ doysig payipojy a8yl Ag _uﬁ_ﬂso_mo Ayajeg 10 ESomm
(1) SIXY-X Lb'L=UnuSd HOTAVLS |

oLl oot 06 (o] . oL - 09 0g ov (1] . (174 oL 0

T T T I , T T T _ ] 0

- 0c

B ot

{14)
SIXY-A

-~ ot
0G'L f

& b o5’ 1 |08
; 6t'L 4
Yo ly 6v'L 1@

! 6¥'L 3 ||

6b'L |

. ay'L e 09

6 0 oe 0 szt 5zL 1 A
g : L . .

*ON l48d) ‘weldy {Bep) %n& (rod) (40d) ‘oN h.v. Lo
suaelng jUMSUOY Bansseld  ofBuy  Jdedsejup 3pA MU tmun  adAL FA A L
z8jd  @Inssald 6104  UOPOWJ  LOjsAyen paleanies  |miol s g4 #

! : | | i ! | i : 4 t —0L

wdgg:y 0002/9Z/G INO A8 L1d"SOIDLLGD:D "[eolIID ISO UsL
34075 SH3AID ‘OLLVLS ‘Qi49039 HLIM LiL ‘HOIH ,§°6€ SO

— —— e— —_— ———— ——— - —amn [ —



pouialy doysig payipoly 2yt Ag palemoje) Ajejeg 0 si03ory
(4) SIXy-X £0°} =ulusd HYTEVIS
08

oLl 0oL 06 o8 0L

09

ov

0€

I t { 1

~

]

60'L
60'L
60°L
601
80°L
80°'L
80°L

“oN

" e20ld

0
{3sd)

0Inssald
i

1]

-weieg

@2BMNG JUEISU0D einsseid

a10d
i

OE oot
(Bap) {35d)

azi
ljad)

aiBuy  ideossslul IM HUN
uopdly  UOIRDYOD peleIMmIBS  jejal
{ { 1

szl
{)od)
A HUD

I
obz
adA ),
esg

80°L
80°L
Lo'L

w
T

a2 T Ot BE o

(34
SIXY-A

0§

09

oo §

T

p—

wd/Giy 000Z/92/S WD A9 11d'd03IDLLGD:D "{2OBHD SO uay
340718 SYAAITH ‘OILVY.LSOGNASd ‘AldH03D HLlIMm LiL ‘HDIH .9°6€ '6-D

oL



