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SECTION 1.0:
EXECUTIVE SUMMARY

1.1 INTRODUCTION

This report presents the results of the geotechnical investiga-
tion performed for the Flower Street Subway segment of the
proposed Long Beach-Los Angeles Rail Transit Project.

The findings and conclusions developed during this geotechnical
investigation are presented in this report. The first part of
this report contains the text which includes data analyses,
interpretative information, conclusions, and recommendations for
design. The Appendices that follow the text include information
that supports the conclusions and recommendations presented in
the main text.

The Flower Street Subway Segment begins at approximate Sta-
tion 4+55, just south of 6th Street, and extends southerly along
Flower Street to just north of 12th Street where the subway will
emerge to the surface through a transition U-section at Sta-
tion 42+30. The subway will have a length of about 3,775 feet.

The proposed subway will extend about 30 to 50 feet below the
existing Flower Street grade. Because of the relatively shallow
depth, it.is expected that cut and cover methods of construction
will be used.

One passenger station is planned for this segment. The station
will be located beneath the intersection of Flower and 7th
Streets. A direct passenger connection 1is planned at this
station with the proposed Southern California Rapid Transit
District Metro Rail Project which will run underneath the planned
light rail project. The passenger station will necessitate a
relocation of the Flower Street sanitary sewer between Wilshire
Boulevard and 8th Street.

1.2 DESCRIPTION OF EXPLORATION AND TESTING PROGRAM

Field explorations consisted of subsurface drilling, sampling and
testing, piezometer installation, ground water monitoring, and
geophysical testing. The laboratory testing program was con-
ducted as the samples were obtained and brought to the labora-
tory.



A total of 12 borings were drilled for this project to depths of
60 to 80 feet, for a total of 751 lineal feet of drilling. The
drilling was performed with rotary wash-type and bucket auger-
type drilling equipment. In addition, numerous borings from
geotechnical investigations performed for adjacent projects for
others have been utilized to complement the geotechnical profile
along the subway alignment.

Laboratory tests performed include moisture content and density
tests, direct shear tests, consolidation tests, and compaction
tests.

1.3 PROJECT GEOLOGY

The proposed subway will pass primarily through Holocene age
alluvial soils which are present throughout most of the downtown
Los Angeles area. North of 7th Street, the subway will extend
into the Pliocene age Fernando Formation, which underlies the
alluvium.

The proposed subway is not within a State of California or City
of Los Angeles fault study zone. The closest major active or
potentially active faults to the subway are the Santa Monica-
Hollywood, Raymond, and Newport-Inglewood Faults some 4-1/2,
5-1/2, and 7 miles from the subway, respectively. The San
Andreas Fault is some 34 miles from the subway at its closest
point.

The probability of 1liquefaction occurring along the subway
segment during a major earthquake is judged to be very low.

1.4 SUBSURFACE CONDITIONS

The soils encountered in the borings consist of existing f£fill

materials and Holocene alluvial deposits. Holocene age alluvial
soils were encountered along the entire 1length of the subway
segment. The soils in the borings consist of sand, silty sand,

silt, and clay. Varying amounts of gravel and cobbles are
present in the sands and silty sands. The uppermost soils are
moderately firm to firm but become more firm with increased
depth.

Underlying the Holocene alluvial soils is the Pliocene Fernando
Formation. The Fernando Formation includes both the Pico and
Repetto Formations. This formation consists of siltstone. The



surface of the Fernando Formation dips to the south and was not
encountered in the borings south of 7th Street. The Fernando
Formation siltstone has a consistency of hard to very hard.

1.5 DESIGN CONSIDERATIONS

Design recommendations are presented for foundation support,
excavation, shoring, underpinning, dewatering, and backfilling
associated with the proposed subway and a related sanitary sewer
relocation. The recommendations are based on the results of the
field explorations and laboratory tests, the engineering analyses
based thereon, and on the geologic and ground motion studies.

The soil and rock materials at the planned foundation level of
the subway are good and will offer uniform support of the subway
structures.






SECTION 2.0:
INTRODUCTION

2.1 PROJECT LOCATION

This report presents the results of the geotechnical investiga-
tion performed along the Flower Street Subway Segment of the
proposed Long Beach-Los Angeles Rail Transit Project.

The Long Beach-Los Angeles Rail Transit Project is a conventional
light rail system that will extend along a transportation corri-
dor from downtown Long Beach to downtown Los Angeles. The
proposed alignment, which is shown on Figure 2-1, System Map,
will pass through the cities of Compton and Carson and through
the unincorporated areas of Florence-Graham, Willowbrook, and
Dominguez Hills in Los Angeles County. The total route will be
approximately 22 miles in length, with about 15-1/2 miles of it
following the existing Southern Pacific Transportation Company
(SPTC) right-of-way (Wilmington and East Long Beach Branches).
Much of the project route will essentially be the same as the
last line operated by the Pacific Electric Railway's "Red Cars",
which ceased operation in 1961. The overall project will be part
at grade, part above grade (aerial), and part subway. The
location of the Flower Street Subway Segment relative to the
downtown Los Angeles alignment is shown on Figure 2-2, Downtown
Los Angeles Alignment.

The Flower Street Subway Segment will be under Flower Street in
downtown Los Angeles. The northern terminus of the subway
segment (and the Long Beach-Los Angeles Rail Transit Project)
will be at approximate Station 4+55, which is just south of 6th
Street. The subway proceeds southward along Flower Street for a
distance of approximately 3,775 feet. There will be a portal
structure approximately 100 feet south of 11lth Street and the
tracks will emerge at street level Jjust north of 12th Street.
The alignment and profile are presented on the project drawings,
Figures 2-3 through 2-6, Flower Street Subway Segment, Boring
Location Plan and Geologic Profile.

2.2 PROJECT DESCRIPTION

The proposed Flower Street Subway Segment will consist of double
tracks extending from south of 6th Street to the portal which is
north of 12th Street. The planned lower slab of the subway
structure will be established at depths of about 30 to 50 feet
below the existing Flower Street grade.



Because of the relatively shallow depth of the subway, mining and
tunneling techniques will not be too practical. It is antici-
pated that cut and cover construction methods will be utilized.
Excavation for the subway will require installation of a soldier
pile shoring system. During construction, decking will be
installed at the road surface to allow for flow of traffic to
continue.

There will be a passenger station along this segment beneath the
intersection of 7th and Flower Streets. A direct passenger
connection with the proposed Metro Rail Project Station 1is
planned at this station. The Metro Rail tracks will run under-
neath and perpendicular to the LRT Alignment at this location.

2.3 PURPOSE OF INVESTIGATION

The purpose of this geotechnical investigation was to evaluate
the geotechnical conditions along the proposed alignment with
regard to their possible effects on the design and construction
of the planned rail transit project.

2.4 SCOPE OF WORK
The scope of work for this investigation included the following:

Drilling and sampling

Piezometer installations

Downhole seismic surveys
Laboratory testing

Geologic and seismic studies
Engineering analyses

Seismic engineering studies
Conclusions and recommendations
Preparation of geotechnical report.

0O0OO0O0O0OO0OO0OO0OOO

2.5 LIMITATIONS OF INVESTIGATION

Our professional services have been performed using that degree
of care and skill ordinarily exercised, under similar circum-
stances, by reputable geotechnical engineers and geologists
practicing in this or similar localities. No other warranty,
expressed or implied, is made as to the professional advice
included in this report. This report has been prepared for the
Southern California Rail Consultants and their design consultants
to be used solely in the design of the proposed facilities. The



report has not been prepared for use by other parties, and may
not contain sufficient information for purposes of other parties
or other uses.

2.6 INSPECTION OF BORING SAMPLES

Soil samples recovered from the borings are stored at the labora-
tory of LeRoy Crandall and Associates, 711 North Alvarado Street,
Los Angeles, California 90026.

2.7 PREVIOUS INVESTIGATIONS

Prior geotechnical investigations performed by our firm for other
proposed rail transit projects of which portions extended along
alignments similar to that of this project, are covered in the
following reports:

o Report of Preliminary Geotechnical Investigation, Proposed
Long Beach-Los Angeles Rapid Transit Corridor, for the
Southern California Rapid Transit District, dated June 20,
1976.

o Report of Preliminary Foundation Investigation, Proposed
Rapid Transit System: Wilshire, San Gabriel Valley, San
Fernando Valley, and Long Beach Corridors by the Southern
California Rapid Transit District, dated April 26, 1966.
(Performed investigation for Joint Venture of Kaiser Engi-
neers and Daniel, Mann, Johnson and Mendenhall.)

Reports covering our prior work for this project are identified
as follows:

lo) Task 1l: Library Search, dated March 6, 1985.

o) Task 2: Library Search, dated March 8, 1985.

o Task 3: Initial Boring Program, dated March 19, 1985.
o Task 4: Preliminary Budget Estimate and Time Schedule,

dated April 18, 1985.

o Task 5: Parameters for Seismic Analysis, Los Angeles River
Bridge, dated August 1, 1985.

o Task 6: Geotechnical Report, MC5 SPTC Railroad Relocation,
dated November 27, 1985.



Task 7:

VTask 9:

Task 10:

Task 11:

Geotechnical Report, LACTC-SPTC Mid Corridor,
dated September 23, 1985.

Geotechnical Report, Main Yard and Shops,
Aerial Structure, and Los Angeles River Bridge,
dated November 20, 1985.

Geotechnical Report, Long Beach Alignment (in
progress) .

Geotechnical Report, Washington Boulevard Align-
ment (in progress).

Preliminary Environmental Risk Assessment and Site Safety
Plan prepared by MED-TOX Associates, Inc., dated September 8,

1985.
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SECTION 3.0:
FIELD EXPLORATION AND LABORATORY TESTING

3.1 FIELD EXPLORATION PROGRAM

The field exploration program was performed in accordance with
the scope of work described in our proposal dated June 10, 1985,
and which was specified by the SCRC memorandum dated June 5,
1985, the attachments and topographic sheets included therewith.

A detailed description of the drilling exploration program,
boring logs, piezometer installations, ground water level moni-
toring, and downhole seismic surveys is presented in Appendices A
through C at the end of this report.

3.1.1 Borings

A total of 12 borings were drilled at the locations shown on
Figures 2-3 through 2-6, Boring Location Plan. The locations and
depths of borings were initially recommended by SCRC and were
modified as necessary to avoid underground utilities.

The logs of the borings are presented in Appendix A. Borings
were drilled to depths of 60 to 80 feet, for a total of 751
lineal feet of drilling. The drilling was performed between
August 14 and Augqust 24, 1985. A summary of the boring locations
and depths is presented in Table 3-1.

Undisturbed samples were obtained with the Crandall sampler at
depth intervals of about five feet and at major changes ‘in soil
stratigraphy. Pitcher samples were taken in three borings.
Detailed description of the field exploration procedures are
presented in Appendix A.

3.1.2 Drilling Contractors and Equipment

The drilling was performed with rotary wash-type and bucket
auger-type drilling egquipment. The rotary wash borings were
drilled by Pitcher Drilling Company who utilized a Failing 750
drilling rig operated by a two-man crew. The auger borings were
drilled by the C&L Drilling Company, who utilized a bucket-type
rig operated by a two-man crew.



Table 3-1
Summary of Borings

Boring Boring

Boring Location Depth Drilling

Number (Station) (Ft.) Type Remarks

30 - 60 Rotary Wash Between 5th St.
and 6th St.

31 1+60 60 Bucket Between 5th St.
and 6th St.

32 6+15 61 Bucket Between 6th St.
and Wilshire Blvd.

33 9+40 60 Bucket Between Wilshire
Blvd. and 7th St.

34 13+08 80 Rotary Wash Between 7th St.
and 8th St.

35 18+70 60 Bucket Between 8th St.
and 9th St.

36 21+70 60 Bucket Between 8th St.
and 9th St.

37 25+60 60 Rotary Wash Between 9th St.
and Olympic Blvd.

38 30+55 60 Bucket Between Olympic
Blvd. and 11th St.

39 34+15 70 Rotary Wash Between Olympic
Blvd. and 11lth St.

40 37+70 60 Bucket Between 11lth St.
and 12th St.

41 41+00 60 Bucket Between 1llth St.

and 12th St.



3.1.3 Soil Classification

The soils were classified using the Unified Soil Classification
System. The field soil classifications were verified by visual
inspection 1in the laboratory by staff engineers and further
verified (as necessary) by laboratory tests.

3.2 PIEZOMETER INSTALLATION

After the completion of drilling Borings 30 and 37, a 2-inch-
diameter PVC pipe was installed in each boring for future moni-
toring of the ground water level. Detailed descriptions of the
piezometer installations and observed water levels are presented
in Appendix A. '

3.3 DOWNHOLE SEISMIC SURVEYS

Downhole seismic surveys were performed at two locations
(Borings 30 and 37) to determine the propagation velocities of
the compression waves (P waves) and shear waves (S waves). The
test procedures and results are presented in Appendix B.

3.4 LABORATORY TESTING PROGRAM

Laboratory tests were performed on selected undisturbed samples
and bulk samples. The tests included moisture-density determina-
tions, direct shear tests, consolidation tests. The test pro-
cedures and results are presented in Appendix C.
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SECTION 4.0:
GEOLOGY

4.1 GENERAL

The proposed Flower Street Subway is located on an alluviated
lowland, sometimes referred to as the Coastal Plain (Mendenhall,
1905), within the northwestern part of the Los Angeles basin.
The northwestern Los Angeles basin is bounded on the north by the
Elysian and Repetto Hills. Geologically, this portion of the
basin is situated on the southerly flank of the Elysian Park
anticline (Soper and Grant, 1932), the principal structural
feature in the area.

The area is underlain by Miocene and Pliocene age sedimentary
rocks, exposed within the Elysian and Repetto Hills, which are
partly overlain and obscured by non-marine terrace materials and
Holocene alluvium within the downtown Los Angeles area. Under-
lying the Miocene and Pliocene section are pre-Upper Cretaceous
basement rocks consisting predominantly of the Santa Monica Slate
of Jurassic age (Lamar, 1970).

The relationship of the proposed subway alignment to regional
geologic features is shown on Figure 4-1, Regional Geology. The
areal geology within the downtown Los Angeles area is depicted on
Figure 4-2, Local Geology. The subway is shown in relation to
major fault 2zones and earthquake epicenters on Figure 4-3,
Regional Seismicity.

4.2 GEOLOGIC MATERIALS

The uppermost natural soils along the subway alignment are
typical of Holocene alluvial deposits that extend throughout most
of the downtown Los Angeles area. The Holocene alluvium, within
the area of the proposed subway, is wunderlain by sedimentary
units deposited during the Pliocene and Miocene epochs of the
Tertiary period. These Tertiary age rocks extend to depths of
approximately 10,800 feet in the area and are underlain by rocks
of the basement complex (Jurassic age Santa Monica Slate).

A thin cover of artificial fill materials, overlying the allu-
vium, is present beneath the asphalt paving along some of the
subway alignment.



A geologic section along the subway alignment is shown on
Figures 2-3 through 2-6; a key to the geologic symbols is shown
on Figure 2-7.

4.2.1 Artificial Fill

Fill materials were encountered in five of the exploratory
borings excavated for this investigation. As observed, the fill
typically consist of dark brown to dark grey clayey sand/sandy
clay to sandy silt and clayey silt. Varying amounts of gravel
and cobbles are scattered throughout the fill.

The maximum depth of £fill encountered in our explorations was 5
feet in Boring 36.

4.2.2 Holocene Alluvium

Holocene alluvial deposits are present along the entire length of
the alignment. As noted in the exploratory borings, the alluvium
is composed of sand, silty sand, silt, and clay. Varying amounts
of gravel and cobbles were encountered in the sands and silty
sands; few boulders were also encountered. The relative density
and consistency of the uppermost natural alluvial soils varied
from compact to firm. The deeper alluvial soils were found to be
dense to stiff. The base of the alluvium was encountered at
depths as shallow as 20-1/2 feet in borings drilled north of 7th
Street. South of 7th Street, the base of the alluvium was not
penetrated in the remaining borings.

4.2.3 Pliocene Series

4.2.3.1 Fernando Formation

The Fernando Formation underlies the alluvial materials in the
area and was encountered in Borings 30 through 33. This forma-
tion is composed of massive marine siltstone units. The Fernando
Formation siltstones were hard to very hard. The siltstone
varies in color from light brown and brown-grey in the oxidized
zone to dark grey in the unoxidized section. Layers of shell
fragments occur sporadically within the Fernando Formation.

The Fernando Formation conformably overlies the Puente Formation
at depth. Lamar (1970) estimates that the Fernando Formation
attains thickness of approximately 700 feet in the downtown Los
Angeles area.



4.2.4 Miocene Series

4.2.4.1 Puente Formation

The Puente Formation of the late Miocene epoch underlies the
Fernando Formation and is exposed in the hills north of the
intersection of Flower Street and Third Street (see Figure 4-2).
The Puente Formation 1is composed of interbedded sandstone,
siltstone, and shale. Data from the Union Station 0il Field,
located approximately one mile east of the alignment, indicates a
maximum thickness of approximately 9,000 feet for the Puente
Formation.

4.2.4.2 Topanga Formation

*

The middle Miocene age Topanga Formation is believed to underlie
the Puente Formation beneath the alignment, based upon oil well
data in the area. This formation is composed of interbedded
marine siltstone, sandstone, and shale and is in unconformable
contact with the overlying Puente Formation (Lamar, 1970). It
attains an estimated thickness of approximately 1,000 feet in the
area.

4.2.5 Basement Rocks

4.2.5.1 Santa Monica Slate

The basement rock underlying the Pliocene and Miocene formations
beneath the proposed Flower Station Subway is composed predomi-
nantly of metamorphosed slate, phyllite, and schist of the
Jurassic age Santa Monica Slate.

4.3 GROUND WATER

The proposed subway alignment 1is located within the Central
Hydrologic Subarea of Los Angeles. The Holocene alluvial
deposits beneath the site are generally considered capable of
bearing water. The Tertiary Formations are generally considered
non-water bearing, although seepage may occur in minor amounts
from fractures in the bedrock.

Historic high ground water elevations measured in 1904 near the
southerly end of the project indicate that the ground water
surface was about Elevation 170 feet, or about 60 feet below
ground surface. No early data are available for wells located in
the vicinity of the northern portion of the line.



The 1976 ground water contours prepared for the Coastal Plain by
the Los Angeles County Flood Control District indicate that the
ground water surface slopes to the south-southeast beneath the
proposed alignment with ground water elevations typically 40 feet
below mean sea level, or approximately 300 feet below ground
surface. Light water seepage encountered in previous borings
drilled in areas adjacent to the proposed subway and in the
downtown Los Angeles area varied from 5 feet to 72 feet below
ground surface. In particular, Boring 30, near 5th Street,
encountered a water level at 29-1/2 feet on September 6, 1985.
The water level in this boring, as well as seepage described for
previous borings in the area, generally reflect perched water
conditions in the underlying alluvium and water occurring along
fractures in the bedrock.

4.4 GEOLOGIC HAZARDS
4.4.1 General

The geologic hazards along the Subway Segment are essentially
limited to those caused by earthquakes. The major cause of
damage from earthquakes is the result of shaking from earthquake
waves. Damage due to actual displacement or fault movement
beneath a structure is much less frequent.

4.4.2 Faults

The numerous faults in Southern California include active,
potentially active, and inactive faults. The criteria for these
major groups, as established by the Association of Engineering
Geologists (1973), are presented in Table 4-1. Table 4-2 pre-
sents a listing of active faults in Southern California with the
anticipated magnitude of a maximum credible earthquake of each
fault. Table 4-3 provides a similar 1listing for potentially
active faults.

4.4.2.1 San Andreas Fault

The active San Andreas Fault Zone is California's most prominent
structural feature, trending in a generally northwest direction
for almost the entire length of the state. In Southern Cali-
fornia the San Andreas Fault Zone extends from the Mexican border
to the Transverse Mountain Ranges west of Tejon Pass for a length
of approximately 200+ miles. Along this segment of the fault
zone there is no single traceable fault line; rather, the fault
is composed of several branches.



TABLE 4-1

CRITERIA FOR CLASSIFICATION OF FAULTS WITH
REGARD TO SEISMIC ACTIVITY

(From Association of Engineering Geologists,
Geology and Earthquake Hazards, 1973)

A. Active Faults: (See Table 4-2)

These faults are those which have shown historical
activity. This category includes such faults as the
San Andreas, San Jacinto, and Newport-Inglewood.

B. Potentially Active Faults: (See Table 4-3)

These faults are those, based on available data, along
which no known historical ground surface ruptures or
earthquakes have occurred. These faults, however, show
strong indications of geologically recent activity.
Potentially active faults can be placed in two subgroups
that are based on the boldness or sharpness of their
topographic features and the estimates related to
recency of activity. These subgroups are:

1. Subgroup One - High Potential

a. Offsets affecting the Holocene deposits (age
less than 10 - 11,000 years).

b. A ground water barrier or anomaly occurring
along the fault within the Holocene deposits.

c. Earthquake epicenters (generally from small
earthquakes occurring close to the fault).

d. Strong geomorphic expression of fault origin
features (e.g. faceted spurs, offset ridges or
stream valleys or similar features, especially
where Holocene topography appears to have been
modified).

2. Subgroup Two - Low Potential

This subgroup is the same as l1l-a, b, or 4 above,
with the exception that the indications of fault
movement can be only determined in Pleistocene.
deposits (less than 1,000,000 years ago).

C. Inactive Faults:

These faults are without recognized Holocene or Pleis-
tocene offset or activity.



TABLE 4-2
MAJOR NAMED FAULTS CONSIDERED TO BE ACTIVE (a)

IN SOUTHERN CALIFORNIA

Date of Maximum Known Fault
Latest Major Credible Length (e)
Fault Activity Earthquake (Mile<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>