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ES.0 Executive Summary 

This report presents the results of the review of existing data for the Link Union Station project (project) 
in Los Angeles, California. The purpose of the study was to review existing data at the site and provide 
preliminary geotechnical recommendations for the design and construction of the proposed project. The 
executive summary briefly summarizes results of the review and should be used only in conjunction with 
the findings and conclusions presented in the attached report. 

A summary of findings and conclusions is presented below.  

• The subsurface soils generally consisted of fill ranging from a few feet generally, to up to 30 feet 
in the station platform area. This fill is generally considered uncertified and may require special 
design considerations. Beneath the fill is a layer of alluvial soil consisting of sands, gravels, and 
cobbles over bedrock.  

• The soils within the project site have a moderate to severe corrosion potential to buried metal 
structures, and the potential for sulfate attack on concrete is considered low. 

• Groundwater is relatively shallow, at depths ranging from about 14 to 48 feet. 

• No active or potentially active faults are known to cross the site, and the site is not located within 
a currently delineated State of California Alquist-Priolo Earthquake Fault Zone. Accordingly, the 
risk of surface rupture due to faulting is considered low. However, the project area may be 
subjected to strong ground shaking during its lifetime. The closest mapped fault is the Elysian 
Park (Upper) Fault located approximately 0.8 mile from the site. 

• The California Geological Survey (CGS 1999) has identified the site within an area designated as 
potentially liquefiable. Potential for liquefaction may exist at the site and will be addressed after 
future field investigations. 

• The probability of other geologic hazards, such as tsunami, seiches, deep seated landslides, or 
ground subsidence affecting the site, is considered low. 

• The proposed project structures are likely to be lightly loaded structures or uninhabited structures 
that may be able to be founded on spread footings. However, heavy loads of major structures will 
likely require deep foundations including driven or drilled piles. Special consideration must be 
given to nearby structures, subsurface conditions, and loading in determining foundation types. 

• Wet method or casing may be required for drilling, with relatively clean cohesionless soils and 
groundwater expected at relatively shallow depths. Encountering cobbles and possibly boulders 
should be expected, as well as possibly contaminated soils and groundwater.  

It is HDR’s professional opinion that the proposed project is feasible from a geotechnical standpoint, 
provided the recommendations presented in this geotechnical report are incorporated into the project 
design and construction.   
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1.0 Introduction 

The Los Angeles County Metropolitan Transportation Authority (Metro) is proposing the Link Union 
Station Project (project) to transform Los Angeles Union Station (LAUS) from a “stub-end tracks station” 
into a “run-through tracks station” with a new passenger concourse that would improve the efficiency of 
the station and accommodate future growth and transportation demands in the region.  

1.1 Project Location and Study Area 
LAUS is located at 800 Alameda Street in the City of Los Angeles, California. LAUS is bounded by US-101 
to the south, Alameda Street to the west, Cesar Chavez Avenue to the north, and Vignes Street to the 
east. Figure 1-1 depicts the regional location and general vicinity of LAUS.  

Figure 1-2 depicts the project study area, which encompasses the extent of environmental study 
associated with potential direct, indirect, and cumulative impacts from implementation of the project. 
The project study area includes three main segments (Segment 1: Throat Segment, Segment 2: 
Concourse Segment, and Segment 3: Run-Through Segment). The existing conditions within each 
segment are summarized north to south below.  

• Segment 1: Throat Segment – This segment, known as the LAUS throat, includes the area north 
of the platforms, from Main Street at the north to Cesar Chavez Avenue at the south. In the 
throat segment, all arriving and departing trains traverse five lead tracks into and out of the rail 
yard, except for one location near the Vignes Street Bridge where the tracks reduce to four lead 
tracks. Currently, special track work consisting of multiple turnouts and double-slip switches are 
used in the throat to direct trains into and out of the appropriate assigned terminal platform 
tracks. 

• Segment 2: Concourse Segment – This segment is between Cesar Chavez Avenue and 
US-101 and includes LAUS, the rail yard, the Garden Tracks (stub-end tracks where private train 
cars are currently stored, just north of the platforms and adjacent to the existing Gold Line aerial 
guideway), the East Portal building, the baggage handling building with aboveground parking 
areas and access roads, the ticketing/waiting halls, and the pedestrian passageway with 
connecting ramps and stairways below the rail yard. 

• Segment 3: Run-Through Segment – This segment is south of LAUS and extends east/west from 
Alameda Street to the west bank of the Los Angeles River and north/south from Keller Yard to 
Control Point Olympic. This segment includes US-101, the Commercial Street/Ducommun Street 
corridor, Metro Red and Purple Lines Maintenance Yard (Division 20 Rail Yard), BNSF West Bank 
Yard, Keller Yard, the main line tracks on the west bank of the Los Angeles River, from Keller Yard 
to Control Point Olympic, and the “Amtrak Lead Track” connecting the main line tracks with 
Amtrak’s Los Angeles Maintenance Facility. Businesses within the run-through segment are 
primarily industrial and manufacturing related. 
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The project study area has a dense street network ranging from major highways to local city streets. The 
roadways within the project study area include the El Monte Busway, US 101, Bolero Lane, Leroy Street, 
Bloom Street, Cesar Chavez Avenue, Commercial Street, Ducommun Street, Jackson Street, East Temple 
Street, Banning Street, First Street, Alameda Street, Garey Street, Vignes Street, Main Street, Aliso Street, 
Avila Street, Bauchet Street, and Center Street. Proposed Project Overview 

The proposed project components are summarized north to south below. 

• Throat and Elevated Rail Yard – The proposed project includes subgrade and structural 
improvements in Segment 1 of the project study area (throat segment) to increase the elevation 
of the tracks leading to the rail yard. The proposed project includes the addition of one new lead 
track in the throat segment for a total of six lead tracks to facilitate enhanced operations for 
regional/intercity rail service providers (Metrolink/Amtrak) and accommodate the planned 
High-Speed Rail (HSR) system within a shared track alignment. Regional/intercity and HSR trains 
would share the two western lead tracks in the throat segment. The rail yard would be elevated 
approximately 15 feet. New passenger platforms with individualized canopies would be 
constructed on the elevated rail yard, with an underlying assumption that the platform 
infrastructure and associated vertical circulation elements (stairs, escalators, and elevators) 
would be modified at a later date to accommodate the planned HSR system. The existing railroad 
bridges in the throat segment at Vignes Street and Cesar Chavez Avenue would also be 
reconstructed. North of Control Point Chavez, the proposed project also includes safety 
improvements at the Main Street public at-grade crossing on the west bank of the Los Angeles 
River (medians, restriping, signals, and pedestrian and vehicular gate systems) to facilitate future 
implementation of a quiet zone by the City of Los Angeles.  

• Above-Grade Passenger Concourse – The proposed project includes an above-grade passenger 
concourse with new expanded passageway in Segment 2 of the project study area (concourse 
segment). The above-grade passenger concourse with new expanded passageway would include 
space dedicated for passenger circulation, waiting areas, ancillary support functions 
(back-of-house uses, baggage handling, etc.), transit-serving retail, office/commercial uses, and 
open spaces and terraces. The new passenger concourse would create an opportunity for an 
outdoor, community-oriented space and enhance Americans with Disabilities Act accessibility at 
LAUS. The elevated portion of the above-grade passenger concourse would be located above the 
rail yard, approximately 90 feet above the existing grade with new plazas east and west of the 
elevated rail yard (East and West Plazas). The new expanded passageway would be located below 
the rail yard to provide additional passenger travel-path convenience and options. Amtrak 
ticketing and baggage check-in services would occur at two locations at the east and west ends of 
LAUS, and new carousels would be constructed within the new expanded passageway. The 
above-grade passenger concourse includes a canopy over the West Plaza up to 70 feet in height, 
with individual canopies that would extend up to 25 feet over each platform. New vertical 
circulation elements would also be constructed throughout the concourse to enhance passenger 
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movements throughout LAUS while meeting Americans with Disabilities Act and National Fire 
Protection Association platform egress code requirements.  

• Run-Through Tracks – The proposed project includes up to 10 new run-through tracks (including 
a new loop track) south of LAUS in Segment 3 of the project study area (run-through segment). 
The run-through tracks would facilitate connections for regional/intercity rail trains and HSR 
trains from LAUS to the main line tracks on the west bank of the Los Angeles River. A “common” 
viaduct/deck over US-101 and embankment south of US-101, from Vignes Street to Center Street, 
would be constructed wide enough to support regional/intercity rail run-through service, and 
future run-through service for the planned HSR system.  

The proposed project would also require modifications to US 101 and local streets (including potential 
street closures and geometric modifications); railroad signal, positive train control, and communications 
related improvements; modifications to the Gold Line light rail platforms and tracks; modifications to the 
main line tracks on the west bank of the Los Angeles River; modifications to Keller Yard and BNSF West 
Bank Yard (First Street Yard); modifications to the Amtrak lead track; new access roadways to the railroad 
right-of-way (ROW); additional ROW; new utilities; utility relocations, replacements, and abandonments; 
and new drainage facilities/water quality improvements.  

1.2 Build Alternative Overview 
The primary differences between the proposed project and the build alternative are related to the lead 
tracks north of LAUS and the new passenger concourse. Compared to the proposed project, the build 
alternative includes the following: 

• Dedicated Lead Tracks North of LAUS – The build alternative includes reconstruction of the 
throat, with two new lead tracks that would be located outside of the existing railroad ROW, 
facilitating a dedicated track alignment, with a total of seven lead tracks. Reconfiguration of 
Bolero Lane and Leroy Street would also be required. 

• At-Grade Passenger Concourse – The build alternative includes an at-grade passenger concourse 
below the rail yard.  

All other infrastructure elements are similar to the proposed project. The components of the build 
alternative are described north to south below.  

• Throat and Elevated Rail Yard – The build alternative accommodates future HSR trains on 
dedicated lead tracks in the throat segment. The build alternative includes the addition of two 
new lead tracks for a total of seven lead tracks in the throat segment (with future HSR trains and 
some express/intercity services using the two western dedicated lead tracks and most 
regional/intercity trains using the five eastern lead tracks). The rail yard would be elevated 
approximately 15 feet. New passenger platforms with a grand canopy covering the elevated rail 
yard would be constructed, with an underlying assumption that the platform infrastructure and 
associated vertical circulation elements (stairs, escalators, and elevators) would be modified at a 
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later date to accommodate the planned HSR system. The existing railroad bridges in the throat 
segment at Vignes Street and Cesar Chavez Avenue would also be reconstructed under the build 
alternative. North of Control Point Chavez, the build alternative also includes safety infrastructure 
improvements at the Main Street public at-grade crossing on the west bank of the Los Angeles 
River (medians, restriping, signals, and pedestrian and vehicular a four-quadrant gate systems) to 
facilitate future implementation of a quiet zone by the City of Los Angeles. 

• At-Grade Passenger Concourse – The build alternative includes a new at-grade passenger 
concourse that would include space dedicated for passenger circulation, waiting areas, ancillary 
support functions (back of house uses, baggage handling, etc.), transit serving retail, 
office/commercial uses, and open spaces and terraces. The at-grade passenger concourse would 
also create an opportunity for an outdoor, community oriented space and enhanced Americans 
with Disabilities Act accessibility. The at-grade passenger concourse would be constructed below 
the elevated rail yard. Amtrak ticketing and baggage check-in services would occur at a centralized 
location where new carousels would be constructed at the concourse level. The at-grade 
passenger concourse also includes new plazas east and west of the elevated rail yard (East and 
West Plazas), and a grand canopy that would extend up to 70 feet above the elevated rail yard 
and West Plaza. New vertical circulation elements would also be constructed throughout the 
concourse to enhance passenger movements throughout LAUS while meeting Americans with 
Disabilities Act and National Fire Protection Association platform egress code requirements. 

• Run Through Tracks – The build alternative includes up to 10 new run through tracks (including a 
new loop track) in the run-through segment. All infrastructure south of LAUS is the same as 
described above for the proposed project.  

The build alternative would also require modifications to US 101 and local streets (including potential 
street closures and geometric modifications); railroad signal, positive train control, and 
communications related improvements; modifications to the Gold Line light rail platforms and 
tracks; modifications to the main line tracks on the west bank of the Los Angeles River; modifications 
to Keller Yard and BNSF West Bank Yard (First Street Yard); modifications to the Amtrak lead track; 
new access roadways to the railroad ROW; additional ROW; new utilities; utility relocations, 
replacements, and abandonments; and new drainage facilities/water quality improvements. 
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Figure 1-1. Project Location and Regional Vicinity 
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Figure 1-2. Project Study Area 
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2.0 Purpose 

The purpose of this report is to: 

• Document existing geologic, geotechnical, and seismic conditions, including subsurface soils, 
groundwater, seismicity, corrosion potential, subsidence, and environmental concerns relevant to 
the proposed project. 

• Facilitate the understanding of the existing geologic and geotechnical information at the project 
site that would be used for the preliminary design of the proposed improvements and during the 
planning of future geotechnical exploratory investigations. During the planning of future 
geotechnical investigations, the existing available data and findings presented in this report will 
be taken into consideration to allocate resources where geotechnical information is missing 
and/or augment subsurface geotechnical information in other areas within the project limits.  

• Identify constructability conditions relevant to proposed improvements considered in the Link 
Union Station Project. The early identification of these conditions will provide the opportunity to 
consider alternatives during the planning, design, and construction phases. 

• Provide preliminary recommendations for foundation selection, summarize key 
constructability-related subsurface conditions affecting the proposed project, and provide 
recommendations for future geotechnical investigations. 
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3.0 Methodology 

The methodology used in this report included the following tasks: 

• Literature Review – Public agencies were contacted to obtain relevant geotechnical and geology 
reports for the proposed project site. Documents reviewed were obtained from the City of Los 
Angeles Department of Public Works, City of Los Angeles Department of Building and Safety, 
California Department of Transportation (Caltrans), and Metro. The reviewed documents include 
published geologic maps; planning documents and hazard maps; as-built log of test borings 
(LOTB); and previous geotechnical and environmental reports for LAUS, Metro Red Line Tunnel, 
East Side Underpass Light Rail Transit (Gold Line Eastside Extension), and nearby developments. 
This review provided the basis for the evaluation of site conditions and geologic and geotechnical 
conditions present at the project site. 

• Site Conditions – The existing site conditions present at the proposed site were described. A site 
reconnaissance was performed to visually identify existing facilities, evaluate the accessibility to 
the site for future explorations, confirm desk study findings, and identify potential issues that 
could affect the proposed improvements. 

• Geologic and Geotechnical Conditions – Relevant geologic and geotechnical data were compiled in 
this report, along with the findings for the proposed project. Topics covered included faulting and 
seismicity, seismic hazards, subsurface soil conditions, groundwater, and environmental-related 
issues.  

• Geotechnical Considerations – Discussion and conclusions were provided regarding foundation 
selection, constructability conditions, and summary of finite element analysis results for the 
proposed improvements.  

• Recommendations – Recommendations for additional geotechnical investigations were provided 
to better characterize the subsurface conditions at the site and to confirm the preliminary 
findings of this report. 

• Next Steps – Discussion was provided for subsequent actions to follow this report.  

• References – A list of references used in the preparation of this report was provided. 
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4.0 Literature Review 

Various documents were reviewed pertaining to the project site and surrounding area. Documents 
reviewed include published geologic maps; planning documents and hazard maps; LOTBs; and previous 
geotechnical and environmental reports for LAUS, Metro Red Line Tunnel, East Side Underpass Light Rail 
Transit (Gold Line Eastside Extension), and nearby developments (Exhibit 4-1 in Appendix A). A list of 
maps, reports, and documents reviewed is presented below. 

Published geologic and hazard maps include the following: 

• State of California - Special Studies Zones – Los Angeles Quadrangle, Official Map. (California 
Division of Mines and Geology [CDMG] 1977) 

• State of California Seismic Hazard Zones – Los Angeles 7.5 Minute Quadrangle (California 
Geological Survey [CGS] 1999) 

• Los Angeles County Tsunami Inundation Maps (CGS 2009)  

• Geologic Compilation of Quaternary Surficial Deposits in Southern California, Los Angeles 30'x 
60' Quadrangle (CGS 2012) 

• Quaternary Fault and Fold Database for the United States (United States Geological Survey 
[USGS] and CGS 2006) 

Geotechnical information reviewed includes geotechnical reports for LAUS, as well as nearby 
developments, and as-built plan sheets (Appendix B) presenting LOTBs for nearby Caltrans structures. 
Pertinent LOTBs are provided in Appendix C, alphabetically by reference name. The complete list of 
documents reviewed is presented in Section 10.0. The following is a list of the most relevant geotechnical 
reports and documents considered in this report:  

• Final Environmental Impact Report/Environmental Impact Statement, Los Angeles Union Station 
Run-Through Tracks Project (Caltrans 2005) 

• Final Geotechnical Summary Report, SR-710 Tunnel Technical Study, Los Angeles County, 
California (CH2M Hill 2010) 

• Geotechnical Investigation Report Volume I, Southern California Rapid Transit District [SCRTD], 
Metro Rail Project, (Converse Consultants, Inc. [CC] et al. 1981) 

• Geotechnical Report: Metro Rail Project-Design Unit A135, LOTBs SCRTD, (CC et al. 1983) 

• Union Station Area Aquifer Pump Tests Metro Rail Project (CC et al. 1986) 

• Temporary Tunnel Excavation Support by Chemical Grouting. Grouting Soil Improvement and 
Geosynthetics Proceedings, GT Div. ASCE (Gularte et al. 1992) 
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• Geotechnical Engineering and Groundwater Study, Proposed Two Level Subterranean Parking 
Garage and Four Story Office (J. Byer Group, Inc. 1998) 

• Report of Phase I Environmental Site Assessment, Alameda District Plan (Law/Crandall, Inc. 
1994) 

• Metro Rail Project, Main Yard and Shops Yard Leads  (SCRTD 1988) 

• The Phase I Subsurface Investigation at the Metro Rail A-130 Corridor (The Earth Technology 
Corporation 1987a) 

• The Phase III Subsurface Investigation at the Metro Rail A-130 Corridor (The Earth Technology 
Corporation 1987b) 

• The Phase IV Subsurface Investigation at the Metro Rail A-130 Corridor (The Earth Technology 
Corporation 1987c) 

• Geotechnical Investigation, Proposed West Campus Infrastructure Project, Los Angeles, 
California, LOTBs (URS Corporation [URS] 2003) 

• Phase I Environmental Site Assessment and Limited Phase II Testing Selected Portions of the Los 
Angeles Union Station Property (URS 2011) 

Technical memoranda addressing specific design considerations, including preliminary seismic design 
parameters for proposed improvements, the lowering of the intersection grade at Commercial Street and 
Center Street, and potential impacts on the Metro Red Line Tunnel due to the proposed aerial structures, 
were also reviewed. The documents reviewed include the following: 

• Preliminary Draft Report for Seismic Design Parameters, Southern California Regional 
Interconnector Project (SCRIP) (Earth Mechanics, Inc. [EMI] 2015) 

• Draft Technical Memorandum Static and Seismic Performance of Red Line Tunnel, SCRIP (EMI 
2016a) 

• Draft Technical Memorandum Impact of Lateral Pile Loading on Red Line Tunnel, SCRIP Project–
Geotechnical Fatal Flaw Study (EMI 2016b) 

Pertinent findings and information contained within these maps, memoranda, and reports are discussed 
within the body of this study.  
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5.0 Site Conditions 

5.1 Existing Facilities 
LAUS is located in the northeastern portion of Downtown Los Angeles, on the property bounded by 
Alameda Street, Cesar Chavez Avenue, Vignes Street, and US-101 (Exhibit 5-1 in Appendix A). In general, 
surface conditions across the project site are considered improved, consisting of commercial/industrial 
and residential developments. 

A field reconnaissance was conducted August 15, 2014, of the project footprint area and April 20, 2016, 
within the LAUS area to evaluate existing facilities and activities. The proposed project lies within a mixed 
industrial-commercial use area. Most of LAUS, including train platforms, rail tracks, and some nearby 
facilities, are owned by Metro. Other owners include the City and County of Los Angeles and private 
corporations. Specific site locations that were explored during these field visits included the Historic 
Station Building (HSB), Amtrak Office and Baggage Building (AOBB), LAUS train platforms, Gateway 
Station Building, Metro Red Line, Cesar Chavez Avenue Undercrossing (Bridge Number [No.] 53C-131), 
and the facilities in the vicinity of Commercial and Center Streets. The site overlies two major tunnels: 
one constructed for pedestrian access and the other for the Metro Red Line. A detailed description of the 
Metro Red Line Tunnel is provided in Section 5.1.1. The pedestrian tunnel is about 28 feet wide and 
traverses one floor level below the surface tracks and platforms connecting the AOBB and Gateway 
Station Building with the boarding platforms (Caltrans 2005). 

The HSB is located east of Alameda Street and adjacent to the Metropolitan Water District Building. The 
HSB incorporates a series of retail businesses, waiting area for passengers, and ticket booths within its 
central portion. Driveways, an enclosed garden, and a subterranean parking garage are located within the 
HSB area. The eastern portion of the HSB constitutes the AOBB, used by Amtrak for luggage handling 
and storage area. Important features to consider for future geotechnical exploration activities include the 
underground tunnel for the Metro Red Line subway located north of the HSB and the connecting 
pedestrian tunnel that runs underneath the LAUS train platforms to the AOBB area.  

The LAUS train platforms, located on the central portion of LAUS, consist of 6 reinforced concrete 
platforms with access to 12 rail lines serving Metrolink and Amtrak trains. There is an additional platform 
located adjacent to the AOBB parking lot area that is in use by the Metro Gold Line. All the 
Amtrak/Metrolink platforms are accessed through the underground pedestrian tunnel via stairs and 
access ramps located on both sides of the pedestrian tunnel. The Gold Line platform is accessed via 
stairs or by an elevator located adjacent to the underground pedestrian tunnel. The surficial materials 
encountered on the rail tracks consist predominantly of ballast rock, and the areas surrounding the 
platforms are either concrete or paved surfaces.  

The Gateway Station Building is located on the eastern portion of LAUS, adjacent to the train platforms 
and north of US-101. This building serves as the eastern entrance for the Metro subway lines, Metro 
buses, and Amtrak/Metrolink. During the field visit conducted August 14, 2014, there were construction 
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activities occurring on the southern end of the parking lot and on Vignes Street. These improvements 
were in their final stage, and completion is anticipated in the near future. 

Commercial Street, located south of LAUS and parallel to US-101, was explored to identify potential 
issues with the proposed aerial structures on August 14, 2014. During this site visit, personnel performed 
a reconnaissance of the street starting at Hewitt Street on the west end and terminating at the east end of 
Commercial Street near the Metro’s ROW and railroad tracks. In addition, the intersection of Commercial 
Street and Central Street was visually explored to evaluate the potential lowering of the intersection grade. 
Observed land uses within the area consist of existing commercial and industrial establishments. The 
pavement condition ranges from poor to fair in most of the observed areas. Access to the Metro’s ROW 
parallel to the Los Angeles River was not available on foot at the time of this visit, but future geotechnical 
exploration of these premises is considered accessible with the required entry permits.  

Other facilities near the project footprint area include commercial buildings, parking lots, residential 
buildings, a Metro bus station, mechanic shops, major freeways and local streets, the Metro Gold Line 
Bridge, and underground utilities. Existing utility research in this area indicates existing storm drain, 
steam, air, petroleum products, fiber optic, sewer, electric, water, natural gas, and various other lines 
within LAUS and the surrounding area. 

A summary of existing facilities and foundation information is provided in Table 5-1. 
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Table 5-1. As-Built Information – Existing Structures 

Structure 

Approximate 
Foundation 

Elevation (feet 
MSL) 

Foundation 
Type 

Number 
of Piles 

Average Tip 
Elevation 

(feet MSL) 

Approximate 
Pile Length 

(feet) 

Pile 
Construction 

Technique 

Los Angeles River Bridge and Overhead at Aliso Street (Bridge No. 53-0405) – Initial Construction (Approximately 1954) 

Abutment/Pier 1A, 
2A, 1B-17B, 19D, and 
20D 

270 16-inch diameter 
CIDH 

Hundreds 255 15 Drilled in place 

West and East Arch 
Abutments, Piers 24D 
and 25D, Abutment 1 
–  
Pier 25 

236 at Arch 
abuts, 267 at 

Piers 

Spread Footing — — — — 

Pier 26 –  
Abutment 28 

255 7-gauge fluted 
16-inch diameter 

CISS 

Hundreds 230 20 - 38 Driven 

Los Angeles Street Overcrossings (Bridge No. 53-0629) – Initial Construction  
(Approximately 1949) 

All 259 Spread footing — — — — 

Alameda Street Overcrossing (Bridge No. 53-0782) – Initial Construction  
(Approximately 1952) 

All 240 Spread footing — — — — 

Eastside Underpass [Gold Line] (Bridge No. 53-2975)– Initial Construction  
(Approximately 2004) 

Abutment 1 288 4-foot diameter 
CIDH 

6 210 78 Drilled in place 

Bent 2 and  
Bents 6-9 

262 8-foot diameter 
CIDH 

1 each 190 72 

Bents 3-5 267 10-foot diameter 
CIDH 

1 each 194 73 

Abutment 10 269 3-foot diameter 
CIDH 

5 215 54 

Source: Caltrans n.d., 1949, 1954, and 2004  

Notes:  
No.=number; MSL=mean sea level, CIDH=cast-in-drilled-hole, CISS=cast-in-steel-shell 
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5.1.1 Metro Red Line Tunnel 

The Metro Red Line Tunnel is a twin cast-in-place concrete tunnel that runs in a northwest-to-southeast 
direction through LAUS. Each tunnel is nearly 20 feet in diameter with a nominal 12-inch thick concrete 
lining and located approximately 28 feet apart center-to-center. Within LAUS, this structure runs beneath 
the station’s platforms and pedestrian tunnel. Southeast of LAUS, the Metro Red Line Tunnel begins at 
grade level, described as the east portal, and runs beneath the intersection of Commercial Street and 
Center Street, some private lots, and US-101. The construction of the tunnel segment located within 
LAUS was performed using the cut-and-cover method, and the excavations were supported by the 
implementation of tiebacks (pre-stressed soil anchors). After construction of the tunnel concrete box 
structure at LAUS, the tiebacks were abandoned in place (SCRTD 1988). The tunnel segment located 
southeast of LAUS was bored using a conventional tunnel boring machine. Horizontal and vertical 
grouting techniques were implemented for soil stabilization for the segments that run beneath the 
intersection of Commercial Street and Center Street and beneath US-101. The chemical grouting was 
applied around the Metro Red Line Tunnel, forming a binocular-shaped underground structure (EMI 
2016a). The Metro Red Line Tunnel invert elevation ranges from about 265 feet mean sea level (MSL) 
near the east portal entrance and slopes down as the it advances northwest with an average invert 
elevation of about 237 feet MSL beneath US-101 and LAUS. Photographs taken during the construction 
of the Metro Red Line Tunnel are presented on Exhibits 5-2 and 5-3 in Appendix A. 

During the construction of the tunnel segment between the intersection of Commercial Street and Center 
Street and US-101, a fire incident was reported July 13, 1990. Based on the reviewed documents, the fire 
was initiated by a spark from the cutting torch used during the installation of high density polyethylene 
membrane. During this fire, approximately 730 feet of tunnel lagging used for support was destroyed 
causing the collapse of this tunnel segment that, at the time of the fire, was ungrouted (Gularte et al. 
1992). 
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6.0 Geologic and Geotechnical Conditions 

6.1 Geologic Setting 
The project site is located within the Los Angeles Basin near the boundary of the Transverse Ranges 
Province and the northern Peninsular Ranges Geomorphic Province. The mountain ranges include the 
Santa Monica and San Gabriel Mountains located northwest of the project site and the Palos Verdes Hills 
toward the southwest. The Transverse Ranges are characterized by an east to west trending complex 
group of mountain ranges and valleys. The Transverse Ranges are comprised predominantly of 
sedimentary rocks, Mesozoic granitic rocks, and ancient Precambrian rocks of all types. The northern 
Peninsular Ranges are characterized by a series of northwest to southwest trending mountains and faults. 
These mountain ranges are composed of metamorphosed sedimentary and volcanic rocks of Jurassic age 
that have been intruded by mid-Cretaceous plutonic rocks of the Southern California batholith and 
rimmed by Cenozoic sedimentary rocks (Gastil and Krummenacher 1981; Schoellhamer et al. 1981).  

The project footprint area is located west of the Los Angeles River on a gently sloping alluvial surface. 
Topography within the proposed project footprint area slopes downward from north to south with ground 
elevations ranging from about 274 to 295 feet above MSL. Based on the review of the Geologic 
Compilation of Quaternary Surficial Deposits in Southern California (CGS 2012), the site is underlain by 
varying amounts of artificial fill and of Holocene-age and Pleistocene alluvium deposits consisting of silty 
sands, sands and silts with varying amounts of gravel and cobbles (Exhibit 6-1 in Appendix A). Beneath 
the alluvium layers, Miocene Puente marine sedimentary formations are present within the project 
footprint area (Bilodeau et al. 2007).  

6.2 Faulting and Seismicity 
The review of available literature indicates there are no known active or potentially active faults that have 
been mapped at the site, and the site is not located within an Alquist-Priolo Earthquake Fault Zone 
(Exhibit 6-2 in Appendix A). The principal seismic hazard that could affect the site is ground shaking 
resulting from an earthquake occurring along one of several major active or potentially active faults in 
Southern California. Based on the review of the Caltrans Acceleration Response Spectrum Online 
(Caltrans 2016), the USGS and CGS (USGS and CGS 2006) Quaternary Fault and Fold Database, and the 
Alquist-Priolo Special Studies Zone Map for Los Angeles Quadrangle (CDMG 1977), the closest active 
faults that could affect the site, approximate distances, fault lengths, and magnitudes are presented in 
Table 6-1.  
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Table 6-1. Nearby Faults 

Fault Name 
Distance from Site 

(Mile)2 
Moment  

Magnitude3 

Elysian Park (Upper)1 0.8 6.6 

Hollywood 4.3 6.6 

Puente Hills (Los Angeles)1 4.5 6.9 

Raymond 4.6 6.7 

Santa Monica  4.6 7.0 

Verdugo 6.8 6.8 

Newport Inglewood  8.4 7.2 

Sierra Madre  11.0 7.2 

Elsinore 11.6 6.9 

Malibu Coast 16.7 6.6 

Palos Verdes 17.7 7.2 

San Gabriel  18.2 7.3 

THUMS – Huntington Beach 19.6 6.6 

Northridge Hills 19.3 6.4 

Note: 
1 Blind thrust fault: Mapped by Caltrans Acceleration Response Spectrum Online but not mapped by USGS and CGS (Caltrans 2016; USGS 

and CGS 2006) 
2 Distance from site is approximate and measured from LAUS (USGS and CGS 2006) 
3 Caltrans 2016 

6.3 Seismic Design Criteria 
To mitigate the effects of ground shaking produced by regional seismic events, seismic design should be 
performed in accordance with the applicable building codes. Seismic design criteria and 
recommendations relevant to the proposed improvements are included in a preliminary technical 
memorandum prepared by EMI (EMI 2015). 
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6.4 Seismic Hazards 

6.4.1 Fault Rupture 

Based on available literature and reports, no active faults are known to traverse the project site, and the 
site is not located within a currently designated Alquist-Priolo Earthquake Fault Zone. The nearest special 
study zone as mapped by CDMG is approximately 5.5 miles from the site (CDMG 1977) (Exhibit 6-3 in 
Appendix A). 

6.4.2 Seismic Ground Shaking 

The proposed project is located within an active seismic region and is expected to experience ground 
shaking from an earthquake occurring along several major active or potentially active faults in Southern 
California (Section 6.2 for details). Consequently, the implementation of the proposed improvements 
may increase the number of people exposed to effects associated with seismically-induced ground 
shaking. The seismic ground shaking hazard is considered moderate to high. 

6.4.3 Liquefaction and Seismically-Induced Settlement 

Liquefaction is the loss of soil strength or stiffness due to a buildup of pore-water pressure during ground 
shaking. Liquefaction is associated primarily with loose (low-density), saturated, fine- to medium-grained, 
cohesionless soils. Effects of liquefaction can include sand boils, excessive displacements, bearing 
capacity failures, and lateral spreading. Seismically-induced settlement consists of dry dynamic settlement 
(above groundwater) and liquefaction-induced settlement (below groundwater). This settlement occurs 
primarily within loose to moderately dense sandy soil due to reduction in volume during and shortly after 
an earthquake event. 

Based on the review of the Seismic Hazard Zones map for the Los Angeles 7.5-Minute Quadrangle (CGS 
1999), the site is located within an area designated as potentially liquefiable (Exhibit 6-3 in Appendix A).  

A review of existing borings from nearby projects and borings performed by others at LAUS and 
surrounding areas, the groundwater level ranges between depths of approximately 14 to 48 feet below 
ground surface (bgs) (corresponding groundwater elevations range from about 222 to 256 feet MSL). 
Historical groundwater depths as shallow as 13.5 feet below ground were reported (Law/Crandall, Inc. 
1997; J. Byer Group 1998), but more recent measurements indicated a steady groundwater level decline 
(Section 6.6 for discussion). The soils encountered below groundwater are generally alluvial deposits 
consisting of medium dense to very dense sandy silts, silty sands, and sands with gravel that are not 
considered susceptible to liquefaction. However, there is evidence of thin interbedded loose materials 
within the upper 30 feet of the project footprint area. These layers will need to be evaluated during future 
subsurface exploration to confirm their liquefaction potential for the site. In general and from a 
preliminary standpoint, based on the available geotechnical data, the potential for liquefaction and 
seismically-induced settlement to occur at the proposed project location is considered low. 
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6.4.4 Lateral Spreading 

Lateral spreading is a type of landslide motion generally characterized by progressive cracking and ground 
motion near a slope face. Lateral spreading is generally associated with liquefiable soils, which allow the 
slope face and surrounding area to flow during or shortly after earthquake ground motions. Conditions 
favorable for lateral spreading are frequently found along streams and waterfronts or in loosely placed, 
saturated, sandy fill (Rauch 1997). The Los Angeles River is located southeast of LAUS; it is a channelized 
concrete channel. Based on the proposed improvements, as well as the known soil conditions, the 
potential for lateral spreading at the site is considered low. The project footprint area, located near the 
Los Angeles River where limited geotechnical information is available, needs further investigation to 
evaluate the lateral spreading potential.  

6.4.5 Seiches and Tsunamis  

Seiches are large waves generated in enclosed bodies of water in response to ground shaking. Tsunamis 
are waves generated in large bodies of water by fault displacement or major ground movement. Based on 
the absence of enclosed bodies of water near the site and the CGS Tsunami Inundation Map (CGS 2009), 
seiche and tsunami risks at the site are considered negligible. 

6.5 Subsurface Earth Materials 
The review of existing geotechnical data, geologic maps, reports, and other pertinent information 
indicates the project footprint area is underlain by varying amounts of artificial fill and young alluvium 
deposits ranging from loose to medium dense materials, such as silty sands/sandy silts, silt, and sands 
with varying amounts of gravel and cobbles. The artificial fill varies in composition but is generally known 
to contain construction debris, as well as imported natural earth materials. The compaction of this layer 
is uncertain and, therefore, this layer of fill is categorized as “uncertified fill.” Generally, in Los Angeles 
County, uncertified fill may not be used to support loads from structures, and the removal and 
recompaction of this layer should be anticipated for construction. In the review of existing data, the 
artificial fill layer varies from about 5 to 15 feet in thickness but may extend to depths as great as about 30 
feet bgs in some locations. Within the concourse area, the artificial fill ranges from about 20 to 30 feet 
bgs. The young alluvium encountered within the project footprint area consists primarily of 
coarse-grained deposits ranging in consistency from loose to very dense silty sands, clayey sands, and 
sands with varying amounts of gravel and cobbles. Interbedded fine-grained deposits consisting of soft to 
stiff sandy silts, silt, and clay were also observed within the young alluvium in the LAUS area (CC et al. 
1983). The thickness of the young alluvium within the project area ranges from about 40 to 70 feet. For 
the concourse area, the thickness of the young alluvium deposits ranges from about 65 to 75 feet.  

Beneath the fill and younger alluvium, older alluvium deposits, sometimes referred as to the San Pedro 
Formation, overlay bedrock of the Puente Formation. Older alluvium materials consist of dense to very 
dense silty sands, sands, interbedded clays, and gravels with varying thickness from 10 to about 70 feet. 
The Puente Formation (bedrock) consists predominantly of interbedded siltstone and sandstone with 
thinly bedded claystone. The degree of weathering of the bedrock decreases with increasing depth. The 
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upper several feet of the bedrock is weakly cemented and susceptible to softening or slaking in the 
presence of water; however, deeper beds are strongly cemented. Bedrock at the project site is generally 
encountered at depths ranging from about 18 to 100 feet bgs or with corresponding elevations ranging 
from 190 to 254 feet MSL. Bedrock was encountered at relatively shallow depths ranging from about 18 
to 30 feet bgs or corresponding elevations ranging from 245 to 257 feet MSL in the southwestern portion 
of LAUS as described in the geotechnical exploratory borings (URS 2003). Near the platforms/tracks and 
the concourse passenger areas, bedrock was generally encountered at approximately elevation 200 feet 
MSL, which is about 95 feet below existing grade (CC et al. 1983). On the southeast side of LAUS, in the 
vicinity of US-101 and the intersection of Commercial Street and Central Street, bedrock was generally 
encountered at depths ranging from 90 to 100 feet bgs. However, the borings performed for the Gold 
Line Eastside Extension Project located near the intersection of Alameda Street and Commercial Street 
encountered bedrock at depths ranging from 49 to 75 feet bgs or corresponding elevations ranging from 
226 to 218 feet MSL. Other data reviewed included borings located on Cesar Chavez Avenue, Keller 
Street, and Lyon Street, which did not encounter bedrock within their exploration depths (up to about 50 
feet bgs).  

In general, the Puente Formation is of low to moderate strength with locally hard, cemented, and 
interbedded concretions. Limited unconfined compressive strength tests performed for the Metro Red 
Line Tunnel indicates unconfined compressive strengths ranging from about 10 to 175 pounds per 
square inch, with an average value of about 80 pounds per square inch (CC et al. 1983). Based on a 
review of similar projects performed for an area near LAUS by others, the unconfined compressive 
strength of the Puente Formation varies from about 50 to 750 pounds per square inch. The strength of 
cemented layers and concretions vary from 4,000 to 15,400 pounds per square inch (CH2M Hill 2010). 
Cross sections utilizing selected boring logs obtained from the previous reports were prepared for LAUS 
and Commercial Street (Exhibits 6-4 and 6-5 in Appendix A). 

6.6 Groundwater 
Based on the review of previous reports and available data, the groundwater levels within the project 
footprint area range between approximately 14 and 48 feet bgs (corresponding groundwater table 
elevations range from about 222 to 256 feet MSL). Historical groundwater depths as shallow as 13.5 feet 
below ground were reported (Law/Crandall, Inc. 1997; J. Byer Group, Inc. 1998), but more recent 
measurements indicated a steady groundwater level decline. The groundwater quality at the project is not 
specifically known, but the groundwater may contain inorganic constituents, as well as organic 
contaminants from solvent and petroleum hydrocarbon pollution associated with industrial activities in 
the area (Caltrans 2005). Underground facilities, as well as temporary excavations during construction, 
should anticipate encountering groundwater if greater than about 10 to 15 feet bgs. See Section 6.12, 
Environmental Concerns regarding potential groundwater contamination. 
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6.7 Collapsible and Expansive Soils 
Collapsible soils are soils that undergo settlement upon wetting, even without the application of 
additional loads. Typical collapsible soils are low in plasticity and have relatively low moisture contents 
and densities. These soils are distributed throughout the southwestern United States, specifically in areas 
of young alluvial fans, debris flow sediments, and loess (wind-blown sediment) deposits. Expansive soils 
are generally plastic clays that can undergo a substantial increase in volume with increase in moisture 
content and a substantial decrease in volume with a decrease in moisture content. Expansive soils can 
cause uplift pressures that can lead to structural damage. Based on the review of available geotechnical 
reports (Section 4.0), collapsible soils and expansive soils have not been identified at the proposed 
project site. Therefore, the soils at the site have low collapse and expansion potential.  

6.8 Corrosion Potential 
Existing available data indicates soils located within LAUS exhibited sulfate concentrations ranging from 
152 to 475 parts per million (ppm) and chloride concentrations ranging from 3,000 ppm to 4,600 ppm 
(CC et al. 1981). Caltrans specifications define a corrosive soil as a material in which any of the following 
conditions exist: a chloride content greater than 500 ppm; soluble sulfate content greater than 2,000 
ppm; or a pH of 5.5 or less. Based on these guidelines established by Caltrans and existing data from 
previous reports, the soils within the project site have a moderate to severe corrosion potential to buried 
metal structures, and the potential for sulfate attack on concrete is considered low. However, future 
studies should further assess corrosion potential. 

A geotechnical report prepared for the Metro Red Line Tunnel (CC et al. 1986) described severe corrosion 
to groundwater monitoring instrumentation and pump equipment exposed to the groundwater in the 
LAUS area. During this investigation, soils within LAUS were treated with hydrogen peroxide to reduce 
hydrogen sulfide content in the groundwater. The hydrogen peroxide treatment was successful in the 
reduction of hydrogen sulfide in the groundwater within LAUS (CC et al. 1986). The subsurface soils 
within the project site will be evaluated in the future, planned investigations for the potential for corrosion 
to concrete and ferrous metals to confirm previous findings.  

6.9 Subsidence and Settlement 
Ground subsidence is a process characterized by downward displacement of surficial materials caused by 
natural phenomena, such as removal of underground fluids, natural consolidation, or dissolution of 
underground minerals, or by man-made phenomena, such as underground mining or tunneling. The 
project site is located north of the Union Station Oil Field. The LAUS Run-Through Tracks Project 
Environmental Impact Report/Environmental Impact Statement  (Caltrans 2005) indicates the potential 
for subsidence due to the extraction of oil in the surrounding area near LAUS is considered low. It is 
anticipated that the proposed improvements would impose higher loads on the existing soils than 
presently exist; therefore, settlement, both long-term and immediate, is anticipated to occur in low 
density, loose deposits of silts, clays and sands for those improvements proposed to rely upon the upper 
zones for support using shallow foundations. The review of existing soil boring logs indicates thin, 
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interbedded loose deposits within the upper 30 feet of the artificial fill should be anticipated. Significant 
settlement was generally not a controlling issue in the reports reviewed. Proper compaction and/or the 
removal of fill soils should be considered for proposed improvements. Another alternative to consider is 
use of deep foundations which extend through the artificial fill soils and bear in firm strata.  

6.10 Flooding 
The Flood Insurance Rate Map 06037C1636F (Federal Emergency Management Agency 2015) depicted 
that the project footprint area is located within Zone “X” (unshaded), an area designated to be outside 
the 500‐year floodplain and protected by levee from 100‐year floodplain. The potential for flooding for the 
proposed project is considered low. 

6.11 Mineral Resources 
The project footprint area is underlain by man-made fill and alluvium materials, such as sand and gravel, 
which could be considered mineral resources and used as construction aggregates. However, the mining 
of such materials within an urbanized environment is not practical. Therefore, no significant impact on 
mineral resources would be attributed to the construction of the proposed project.  

6.12 Environmental Concerns 
Several environmental reports were reviewed regarding subsurface conditions. Due to the long history 
and varied uses of this area of Los Angeles, the site is expected to have variable potential for 
contamination. The J. Byer Group reported encountering methane and hydrogen sulfide in their test wells 
near LAUS (J. Byer Group, Inc. 1998). In one sample at Test Well No. CMW2, located west of the HSB, 
combustible gas readings were high enough to reach the lower explosive limit. Similar combustible gas 
conditions were encountered at the site when performing pump tests as reported by others (CC et al. 
1986). CC also reported previous problems had been encountered at the site when performing a pump 
test. CC encountered entrained gases in the water (possibly methane), which may have been released by 
the underlying Puente Formation. Groundwater contaminated with gas or other volatile organic 
compounds may be encountered during groundwater pumping on site. Other detailed recommendations 
for dewatering can be found in the J. Byer Group report (J. Byer Group, Inc. 1998). The area west of First 
Street Bridge is mapped as a Union Station Oil Field; consequently, bedrock could contain hydrocarbon 
odor and stains.  

A boring performed near the Los Angeles River (Boring CEG-2) indicates the presence of natural oil, 
which was encountered at a depth of about 37 feet bgs (CC et al. 1981). 

Soil and groundwater contamination at LAUS was found primarily in the eastern, northern, and southern 
portions of the property. The contaminants found in soil samples at LAUS included carbon disulfide, 
petroleum hydrocarbons, benzene, toluene, xylenes and potentially methylene choline in the upper 30 feet 
bgs. Twenty-eight volatile organic compounds were reported in groundwater samples, which include 
acetone, dicloroethane, dichloroethylene, tetrachloroethylene, toluene, methylene chloride, carbon 
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disulfide, and various others (Law/Crandall, Inc. 1994). Further studies (URS 2011) suggest the highest 
concentrations of volatile organic compounds exist on the off-site portion of the Gateway Area, near the 
intersection of Vignes Street and Cesar Chavez Avenue, whereas the yard tracks are contaminated with 
petroleum hydrocarbons, lead, and semi-volatile organic compound from historic rail operations. Similar 
types of contaminants are expected to be found near LAUS, including the southern parts of the First 
Street Viaduct Bridge, Keller Street, Ramirez Street, Commercial Street, Center Street, and various other 
streets. 

Soil and groundwater environmental investigations for the construction of the Metro Red Line Tunnel 
segment between the intersection of Commercial Street and Center Street and US-101 revealed low levels 
to nondetectable levels of soil and groundwater contaminants (The Earth Technology Corporation 1987a, 
1987b, and 1987c). 

Numerous on- and off-site contamination sources are known to exist or have existed at the site. Some of 
these sources and their contaminants are described in previous environmental documents 
(Law/Crandall, Inc. 1994; URS 2011). In general, the site is impacted by volatile organic compounds from 
various sources, and nearby rail operation areas are impacted by petroleum hydrocarbons, lead, and 
semi-volatile organic compound. URS determined that these areas impacted by rail operations are 
generally limited to the upper 10 feet of materials below existing site grade. 

6.13 Methane Gas  
Based on the review of the Methane and Methane Buffer Zone Map (City of Los Angeles 2004), portions 
of the project are located within an area designated as Methane Zone. The areas within the project limits 
affected by this designation are located south of US-101. Therefore, there is the potential for methane and 
other volatile gases to exist within the project footprint area. 
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7.0 Geotechnical Considerations 

7.1 Foundation Type 
Based on the review of previous reports, anticipated loading characteristics of the proposed 
improvements and the soil stratigraphy within the project site, a combination of shallow foundations and 
deep (pile) foundations will likely be suitable to support proposed improvements. Reviewed reports 
indicate allowable bearing pressures for spread footings of between 3,000 and 4,000 pounds per square 
foot. Where conventional spread foundations are considered, proper treatment (removal and 
recompaction) of the uncertified artificial fill is required. Similarly, if loading capacity is required for pile 
foundations (especially for lateral loading), the uncertified fill should be removed and recompacted to 
meet or exceed the minimum compaction criteria for the proposed improvements, or these foundations 
are designed to not rely on these uncertified fill soils for lateral resistance.  

The foundation type selection should account for the presence of adverse conditions, such as a shallow 
groundwater table, presence of dense to very dense granular materials and cobbles, caving of loose 
granular soils, the highly urbanized area surrounding the project site, potential soil corrosion, and 
potential for encountering contaminated soils. Heavy column and wall loads will be best supported by a 
deep foundation system. Feasible deep foundation types include steel piles driven to refusal into bedrock, 
and cast-in-drilled-hole (CIDH) piles. Foundation types, such as CIDH piles and driven steel piles, will 
provide suitable support for the proposed structures with the proper design and construction methods. 
During the construction of pile foundations, difficult driving and/or drilling can be expected due to the 
presence of dense to very dense deposits, cobbles and bedrock at shallow depths within the project 
footprint area. CIDH piles were the prevailing recommended foundation type among the more recent 
documents reviewed. Where axial load demands are high, utilizing methods such as base grouting of 
CIDH piles should be considered to increase compressive capacity. 

However, the relatively shallow depth to the Puente Formation bedrock may make driven piles a feasible 
alternative. Consideration should be given to underground utilities; nearby structures; and existing 
tunnels, which may be sensitive to ground vibrations, corrosion of pile steel, and noise impacts if driven 
piles are to be considered.  

7.2 Constructability Considerations 
Some known constructability-related subsurface conditions exist at the project site. The intent of the 
planned future exploration is to better delineate these and other conditions near proposed 
improvements. Anticipated subsurface conditions at the project footprint area that might affect the 
proposed improvements are summarized below: 

• Shallow groundwater table ranging from 14 to 20 feet bgs is anticipated at LAUS. 

• Environmental concerns exist, given the presence of contaminated soils and groundwater at 
LAUS.  
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• Corrosion potential of soils at LAUS is considered high. 

• The impact of proposed improvements to the existing Metro Red Line Tunnel within LAUS and 
off-site areas must be considered (near the intersection of Commercial Street and Center Street).  

• Difficult driving or drilling conditions for piles could be encountered at the site due to gravel and 
cobble layers and bedrock. 

• Abandoned tiebacks (pre-stressed soil anchors) installed during the construction of the Metro 
Red Line Tunnel within LAUS could pose obstructions to deep foundations and other proposed 
improvements. 

7.3 Finite Element Analysis Results 
A finite element analysis was performed by EMI to evaluate the impact on the existing Metro Red Line 
Tunnel due to the potential street grade modification at the intersection of Commercial and Center 
Streets, which includes the lowering of the roadway by approximately 7 feet below existing grade. Based 
on the preliminary results provided in the technical memorandum by EMI (EMI 2016a), the lowering of 
Commercial Street and Center Street would not affect the structural integrity of the existing Metro Red 
Line Tunnel. In addition, EMI did not identify any fatal flaws when evaluating the tunnel performance 
under static and seismic conditions due to the proposed lowered grade (EMI 2016a). 

Another analysis was performed (EMI 2016b) to evaluate the impact of lateral pile loading on the Metro 
Red Line Tunnel near the intersection of Commercial Street and Center Street due to the proposed aerial 
bridge structure. The two-dimensional finite element analysis considered a 10-foot diameter CIDH pile 
located at approximately 20 feet apart from the Metro Red Line Tunnel. Since lateral pile demands were 
not available, EMI provided a range of possible pile response using incremental lateral displacements for 
both fixed and free pile head conditions. Based on the analysis, the pile top shear force required to 
displace the pile 1 inch is approximately 1,700 kips and 3,500 kips for the free-head and fixed-head 
conditions, respectively (EMI 2016b). These results are considered preliminary, and further analysis will 
be required when more detailed design information becomes available. 
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8.0 Recommendations  

Future geotechnical exploration is recommended to better characterize the subsurface conditions and 
anticipate issues that would affect the proposed improvements. In general, additional explorations should 
be performed at the existing platform area within LAUS, along the proposed overhead aerial structure and 
on the approach tracks that would provide entrance/exit to LAUS. Special consideration should be given 
to the existing Metro Red Line Tunnel to identify any potential impacts that the proposed improvements 
might have on this underground structure. The subsurface soils and groundwater contain moderate to 
high levels of contamination, and the presence of combustible gases, including methane, may affect the 
drilling and sampling at the project site (Section 6.12).  

Based on the existing project site conditions and the expected shallow depth to groundwater, rotary-wash 
borings are recommended. Coring of bedrock, if encountered, should be considered to obtain bedrock 
design information. Subsurface materials contain varying amounts of gravel and range from medium 
dense to very dense, but these soils can be drilled and sampled to the required depths using conventional 
drilling technology. Where borings would be used for foundation parameters and/or subterranean 
structures, they should extend to a minimum depth of 100 feet or into bedrock, whichever is shallower. 
The spacing of exploratory borings will depend of the type of structure and proposed improvements. In 
general, a minimum of one exploratory boring per bridge support is recommended. Standard penetration 
test blow counts (N-values) should be obtained from these borings. Geotechnical laboratory testing of 
recovered soil samples should be performed, as necessary, to obtain engineering design parameters of 
the subsurface materials. 

Cone penetrometer tests (CPT) equipped with one or more geophone sensors and pushed to refusal 
should be considered in addition to the conventional borings, in particular at the platform areas and the 
proposed overhead aerial structure. Per foot of exploration, CPTs are more cost-effective than soil 
borings, and they also provide more precise subsurface data useful for soil characterization, liquefaction 
analysis, seismic analysis, and pile capacity design. The state of the practice for CPTs has improved over 
the years and some CPTs can now be pushed through more dense or coarse grained alluvium than in the 
past but may still encounter relatively shallow refusal in very dense soil layers or bedrock. CPTs could be 
mobilized first and exploratory borings using either hollow stem and/or mud rotary methods could then 
be drilled to augment data where the CPTs could not reach sufficient depths. Seismic design parameters 
(shear wave velocity) can be obtained by using seismic CPTs, seismic refraction, and/or downhole P-S 
suspension logging. Due to the presence of dense granular materials, seismic CPTs might encounter 
shallow refusal, consequently limiting its capabilities to gather useful data for seismic analysis. Downhole 
P-S suspension logging is the preferable method for obtaining seismic design data at the proposed site 
due to the accurate measurement of the shear wave velocity value and site specific conditions. The 
downhole P-S suspension logging can be performed in any exploratory boring planned for the project. 
Noninvasive methods, such as seismic refraction, can also be considered to obtain seismic design data 
for the proposed improvements. 
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9.0 Next Steps  

The findings presented in this report were based solely on the review of published geologic maps and 
geologic sources, planning documents, and previous geotechnical reports for LAUS and nearby 
developments. The findings presented in this report are considered preliminary and will need to be 
re-evaluated during the project’s final design phase. Additional geotechnical investigations should be 
performed to provide site-specific design information for the proposed improvements and incorporate 
any modifications to the project alternatives. The next steps to be considered for the project will consist of 
the following: 

• Delineate potential areas requiring further investigation by taking into consideration the findings 
presented in this report and the location of the proposed improvements 

• Plan and prepare a detailed geotechnical field work plan for proposed geotechnical investigation, 
which will be prepared by incorporating the preliminary findings of this report and the 
recommendations, as described in Section 8.0  

• Conduct additional geotechnical exploratory investigations to obtain additional subsurface soil 
information to be used to confirm preliminary findings and in the refinement of 
recommendations, which will reduce the risk of encountering unexpected subsurface conditions 
during the project’s design phase  

• Provide mitigation alternatives for the identified constructability-related subsurface conditions 
affecting the project, as described in Section 7.2  

• During final design, a final geotechnical report shall be prepared incorporating new findings; 
refined project alternatives; and updated design recommendations, which will include soil 
bearing capacity, earth pressures, seismic design parameters, foundation selection, and 
mitigation of adverse conditions recommendations 
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As-Built Plans 
Los Angeles River Bridge & OH at Aliso Street, Bridge 

No. 53-0405
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As-Built Plans 
Alameda Street Underpass, Bridge No. 53-0782 
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As-Built Plans 
Los Angeles Street Overcrossing, Bridge No. 53-0629 
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As-Built Plans 
Eastside LRT Project Bridge over HWY 101, 

Bridge No. 53-2975
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Existing Geotechnical Boring Logs 

  



Link Union Station July 2016 
Draft Preliminary Geotechnical Report 

 

 

  

 

(THIS PAGE INTENTIONALLY LEFT BLANK) 



Link Union Station July 2016 
Draft Preliminary Geotechnical Report 

 

 

  

Existing Geotechnical Boring Logs 
ARCADIS, 2014 
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SOIL DESCRIPTION
Soil descriptions on the exploration logs are based on visual observations and laboratory testing on selected samples.
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G:\Projects\LogPlot\Logs\LO490000\LO492301\0000\ldfx and dat temp...\boring_well HSA 2007 analytical USCS WL_25 ft per p

NA

8/26/14 ft bgs
NA

NA
btoc

NA
ft amsl

ft amsl
NA

POORLY GRADED GRAVEL (66, 32, 2, 0), dark yellowish brown (10YR 4/4), dry, fine- to coarse-grained, fine gravel.

Same as above.

WELL GRADED SAND (5, 95, 0, 0), very dark gray (10YR 3/1), wet, fine- to coarse-grained, subangular, trace fine to
medium gravel.
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Site Location: Borehole Depth:

Well/Boring ID:Client:
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ID Stratigraphic Description

S
am

pl
e 

Ty
pe

R
ec

ov
er

y 
(fe

et
)

B
lo

w
 C

ou
nt

s

U
S

C
S

 C
od

e

La
b 

Te
st

s

G
eo

lo
gi

c 
C

ol
um

n

D
E

P
TH

P
ID

 (p
pm

)

Remarks:
Date

Water Level Data

Project:
10/23/2014Date:Data File: Page: 3 of 3

Depth Elev.

Template:

= First Encountered Water

Created/Edited by:

= Static Water

(5, 95, 0, 0) = %(gravel, sand, silt, clay)

40

45

50

55

50 ft

B-02Los Angeles Metropolitan Transportation Authority

MTA Metro
410 Center Street
Los Angeles, California

amsl = above mean sea level; bgs = below ground surface; Dia. = diameter;
ft/' = feet, NA = not applicable/available; ppm = parts per million

LO492301.0000
Geoff BishopB-02.dat

G:\Projects\LogPlot\Logs\LO490000\LO492301\0000\ldfx and dat temp...\boring_well HSA 2007 analytical USCS WL_25 ft per p

NA

8/26/14 ft bgs
NA

NA
btoc

NA
ft amsl

ft amsl
NA

Same as above.

WELL GRADED SAND (30, 70, 0, 0), very dark gray (10YR 3/1), wet, fine- to coarse-grained, subrounded, trace
medium gravel and crushed rock.

POORLY GRADED SAND (0, 98, 2, 0), very dark gray (10YR 3/1), wet, fine- to medium-grained, subrounded, trace silt.

Bottom of boring at 50 ft bgs.
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1.2

B-02-39
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B-02-49
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0.0
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2.0
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2.0

MCS
2.0



Date Start/Finish:

Descriptions By:

Casing Elevation:

Borehole Depth:

Well/Boring ID:

Client:

Surface Elevation:
Borehole Diameter:

Location:

Sampling Method:
Rig Type:
Drilling Method:
Driller's Name:

Drilling Company:
Easting:
Northing:

Stratigraphic Description
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Remarks:
Date

Water Level Data

Project:
10/23/2014Date:Data File: Page: 1 of 1

Depth Elev.

Template:

= First Encountered Water

Created/Edited by:

= Static Water

(5, 95, 0, 0) = %(gravel, sand, silt, clay)

0

5

10

15

NA

5 ft

B-03

NA
Brent Anderson

Los Angeles Metropolitan Transportation
Authority

8/20/14

CA Modified Split Spoon
CME 75

Hollow Stem Auger

Jet Drilling

Gary Buss

NA
NA

8"
MTA Metro
410 Center Street
Los Angeles, California

amsl = above mean sea level; bgs = below ground surface; Dia. = diameter;
ft/' = feet, NA = not applicable/available; ppm = parts per million

LO492301.0000
Geoff BishopB-02.dat

G:\Projects\LogPlot\Logs\LO490000\LO492301\0000\ldfx and dat temp...\boring_well HSA 2007 analytical USCS WL_25 ft per p

NA

NA ft bgs
NA

NA
btoc

NA
ft amsl

ft amsl
NA

POORLY GRADED SAND (0, 85, 15, 0), dry, fine grained, rounded.

POORLY GRADED SAND (0, 100, 0, 0), slightly moist, fine to medium grained, subangular.

Boring terminated @ 5 ft bgs due to unknown obstruction.

0.0

0.0

SP

SP



Date Start/Finish:

Descriptions By:

Casing Elevation:

Borehole Depth:

Well/Boring ID:

Client:

Surface Elevation:
Borehole Diameter:

Location:

Sampling Method:
Rig Type:
Drilling Method:
Driller's Name:

Drilling Company:
Easting:
Northing:

Stratigraphic Description
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Remarks:
Date

Water Level Data

Project:
10/23/2014Date:Data File: Page: 1 of 2

Depth Elev.

Template:

= First Encountered Water

Created/Edited by:

= Static Water

(5, 95, 0, 0) = %(gravel, sand, silt, clay)

0
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NA

20 ft

B-04

NA
Brent Anderson

Los Angeles Metropolitan Transportation
Authority

8/22/14

CA Modified Split Spoon
CME 75

Hollow Stem Auger

Jet Drilling

Gary Buss

NA
NA

8"
MTA Metro
410 Center Street
Los Angeles, California

amsl = above mean sea level; bgs = below ground surface; Dia. = diameter;
ft/' = feet, NA = not applicable/available; ppm = parts per million

LO492301.0000
Geoff BishopB-02.dat

G:\Projects\LogPlot\Logs\LO490000\LO492301\0000\ldfx and dat temp...\boring_well HSA 2007 analytical USCS WL_25 ft per p

NA

NA ft bgs
NA

NA
btoc

NA
ft amsl

ft amsl
NA

Decomposed brick mixed with fill, sand and trace fine gravel, metal debris.

Unknown fill objects impeading auger rods, concrete structure.

Approximately 1' of concrete.



Site Location: Borehole Depth:

Well/Boring ID:Client:
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ID Stratigraphic Description
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Remarks:
Date

Water Level Data

Project:
10/23/2014Date:Data File: Page: 2 of 2

Depth Elev.

Template:

= First Encountered Water

Created/Edited by:

= Static Water

(5, 95, 0, 0) = %(gravel, sand, silt, clay)

20

25

30

35

20 ft

B-04Los Angeles Metropolitan Transportation Authority

MTA Metro
410 Center Street
Los Angeles, California

amsl = above mean sea level; bgs = below ground surface; Dia. = diameter;
ft/' = feet, NA = not applicable/available; ppm = parts per million

LO492301.0000
Geoff BishopB-02.dat

G:\Projects\LogPlot\Logs\LO490000\LO492301\0000\ldfx and dat temp...\boring_well HSA 2007 analytical USCS WL_25 ft per p

NA

NA ft bgs
NA

NA
btoc

NA
ft amsl

ft amsl
NA

Boring terminated @ ~20' bgs due to broken auger.



Date Start/Finish:

Descriptions By:

Casing Elevation:

Borehole Depth:

Well/Boring ID:

Client:

Surface Elevation:
Borehole Diameter:

Location:

Sampling Method:
Rig Type:
Drilling Method:
Driller's Name:

Drilling Company:
Easting:
Northing:

Stratigraphic Description
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Remarks:
Date

Water Level Data

Project:
10/23/2014Date:Data File: Page: 1 of 3

Depth Elev.

Template:

= First Encountered Water

Created/Edited by:

= Static Water

(5, 95, 0, 0) = %(gravel, sand, silt, clay)

0
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15

NA

49 ft

B-05

NA
Brent Anderson (8/22)

Los Angeles Metropolitan Transportation
Authority

James Gonzales (8/25)

8/22/14 - 8/25/14

CA Modified Split Spoon
CME 75

Mud Rotary

Jet Drilling

Gary Buss

NA
NA

8"
MTA Metro
410 Center Street
Los Angeles, California

amsl = above mean sea level; bgs = below ground surface; Dia. = diameter;
ft/' = feet, NA = not applicable/available; ppm = parts per million

Drilled to 17.5 ft bgs on 8/22/14.

LO492301.0000
Geoff BishopB-05.dat

G:\Projects\LogPlot\Logs\LO490000\LO492301\0000\ldfx and dat temp...\boring_well HSA 2007 analytical USCS WL_25 ft per p

NA

8/25/14 ft bgs
NA

NA
btoc

NA
ft amsl

ft amsl
NA

POORLY GRADED SAND Fill (5, 95, 0, 0), brown (10YR 4/3), dry, medium dense, fine-grained, subrounded.

Concrete slab.

WELL GRADED SAND (25, 75, 0, 0), very dark gray (7.5YR 3/1), fine- to coarse-grained, subangular, organic matter
present.

WELL GRADED SAND (2, 89, 9, 0), very dark brown (10YR 2/2), medium- to coarse-grained, subrounded to
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Site Location: Borehole Depth:

Well/Boring ID:Client:
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ID Stratigraphic Description
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Remarks:
Date

Water Level Data

Project:
10/23/2014Date:Data File: Page: 2 of 3

Depth Elev.

Template:

= First Encountered Water

Created/Edited by:

= Static Water

(5, 95, 0, 0) = %(gravel, sand, silt, clay)

20

25

30

35

49 ft

B-05Los Angeles Metropolitan Transportation Authority

MTA Metro
410 Center Street
Los Angeles, California

amsl = above mean sea level; bgs = below ground surface; Dia. = diameter;
ft/' = feet, NA = not applicable/available; ppm = parts per million

Drilled to 17.5 ft bgs on 8/22/14.

LO492301.0000
Geoff BishopB-05.dat

G:\Projects\LogPlot\Logs\LO490000\LO492301\0000\ldfx and dat temp...\boring_well HSA 2007 analytical USCS WL_25 ft per p

NA

8/25/14 ft bgs
NA

NA
btoc

NA
ft amsl

ft amsl
NA

subangular, trace fine subangular gravel, trace silt.

WELL GRADED SAND (0, 90, 8, 2), very dark brown (10YR 2/2), medium- to coarse-grained, subrounded to
subangular, trace fine subangular gravel, trace silt.

WELL GRADED SAND (20, 80, 0, 0), very dark grayish brown (10YR 3/2), medium- to coarse-grained, subrounded, fine
to medium gravel.

Same as above.

38

23

22

31

50

50-5"

50
50-3"

1.5

1.5

0.4

0.75

B-05-19

B-05-24

B-05-28

B-05-33

GS

GS

0.0

0.0

0.0

0.0

SW

SW

SW

SW

MCS
2.0

MCS
2.0

MCS
2.0

MCS
2.0



Site Location: Borehole Depth:

Well/Boring ID:Client:
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ID Stratigraphic Description
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Remarks:
Date

Water Level Data

Project:
10/23/2014Date:Data File: Page: 3 of 3

Depth Elev.

Template:

= First Encountered Water

Created/Edited by:

= Static Water

(5, 95, 0, 0) = %(gravel, sand, silt, clay)

40

45

50

55

49 ft

B-05Los Angeles Metropolitan Transportation Authority

MTA Metro
410 Center Street
Los Angeles, California

amsl = above mean sea level; bgs = below ground surface; Dia. = diameter;
ft/' = feet, NA = not applicable/available; ppm = parts per million

Drilled to 17.5 ft bgs on 8/22/14.

LO492301.0000
Geoff BishopB-05.dat

G:\Projects\LogPlot\Logs\LO490000\LO492301\0000\ldfx and dat temp...\boring_well HSA 2007 analytical USCS WL_25 ft per p

NA

8/25/14 ft bgs
NA

NA
btoc

NA
ft amsl

ft amsl
NA

WELL GRADED SAND (35, 65, 0, 0), very dark gray (10YR 3/1), medium- to coarse-grained, subrounded, fine to
medium gravel, rounded.

WELL GRADED SAND (20, 79, 1, 0), very dark gray (10YR 3/1), subrounded, fine to coarse gravel, subangular, trace
silt.

Same as above.

Bottom of boring at 49 ft bgs.
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Date Start/Finish:

Descriptions By:

Casing Elevation:

Borehole Depth:

Well/Boring ID:

Client:

Surface Elevation:
Borehole Diameter:

Location:

Sampling Method:
Rig Type:
Drilling Method:
Driller's Name:

Drilling Company:
Easting:
Northing:

Stratigraphic Description
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Remarks:
Date

Water Level Data

Project:
10/23/2014Date:Data File: Page: 1 of 3

Depth Elev.

Template:

= First Encountered Water

Created/Edited by:

= Static Water

(5, 95, 0, 0) = %(gravel, sand, silt, clay)

0
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NA

49 ft

B-06

NA
Ali Zafarani

Los Angeles Metropolitan Transportation
Authority

8/25/14

CA Modified Split Spoon
CME 75

Mud Rotary

Jet Drilling

Gary Buss

NA
NA

8.25"
MTA Metro
410 Center Street
Los Angeles, California

amsl = above mean sea level; bgs = below ground surface; Dia. = diameter;
ft/' = feet, NA = not applicable/available; ppm = parts per million

LO492301.0000
Geoff BishopB-06.dat

G:\Projects\LogPlot\Logs\LO490000\LO492301\0000\ldfx and dat temp...\boring_well HSA 2007 analytical USCS WL_25 ft per p

NA

8/25/14 ft bgs
NA

NA
btoc

NA
ft amsl

ft amsl
NA

4" Asphalt at surface.

Aggregate Base Fill.

6" Concrete slab.

WELL GRADED SAND (5, 95, 0, 0), brown (7.5YR 4/3), moist, fine- to coarse-grained, subrounded, fine to medium
gravel, trace silt.

WELL GRADED SAND (5, 95, 0, 0), very dark gray (10YR 3/1), moist, medium- to coarse-grained, subangular, trace fine
gravel, trace pulverized cobbles.

WELL GRADED SAND (24, 72, 4, 0), very dark grayish brown (10YR 3/2), dry, fine- to coarse-grained, subrounded, fine
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Site Location: Borehole Depth:

Well/Boring ID:Client:
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ID Stratigraphic Description

S
am

pl
e 

Ty
pe

R
ec

ov
er

y 
(fe

et
)

B
lo

w
 C

ou
nt

s

U
S

C
S

 C
od

e

La
b 

Te
st

s

G
eo

lo
gi

c 
C

ol
um

n

D
E

P
TH

P
ID

 (p
pm

)

Remarks:
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Water Level Data

Project:
10/23/2014Date:Data File: Page: 2 of 3

Depth Elev.

Template:

= First Encountered Water

Created/Edited by:

= Static Water

(5, 95, 0, 0) = %(gravel, sand, silt, clay)
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49 ft

B-06Los Angeles Metropolitan Transportation Authority

MTA Metro
410 Center Street
Los Angeles, California

amsl = above mean sea level; bgs = below ground surface; Dia. = diameter;
ft/' = feet, NA = not applicable/available; ppm = parts per million

LO492301.0000
Geoff BishopB-06.dat

G:\Projects\LogPlot\Logs\LO490000\LO492301\0000\ldfx and dat temp...\boring_well HSA 2007 analytical USCS WL_25 ft per p

NA

8/25/14 ft bgs
NA

NA
btoc

NA
ft amsl

ft amsl
NA

gravel.

Same as above.

WELL GRADED SAND (2, 92, 6, 0), very dark gray (10YR 3/1), moist, fine- to coarse-grained, subangular, trace gravel.

Same as above.
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Site Location: Borehole Depth:

Well/Boring ID:Client:
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ID Stratigraphic Description
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Remarks:
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Water Level Data

Project:
10/23/2014Date:Data File: Page: 3 of 3

Depth Elev.

Template:

= First Encountered Water

Created/Edited by:

= Static Water

(5, 95, 0, 0) = %(gravel, sand, silt, clay)

40

45

50

55

49 ft

B-06Los Angeles Metropolitan Transportation Authority

MTA Metro
410 Center Street
Los Angeles, California

amsl = above mean sea level; bgs = below ground surface; Dia. = diameter;
ft/' = feet, NA = not applicable/available; ppm = parts per million

LO492301.0000
Geoff BishopB-06.dat

G:\Projects\LogPlot\Logs\LO490000\LO492301\0000\ldfx and dat temp...\boring_well HSA 2007 analytical USCS WL_25 ft per p

NA

8/25/14 ft bgs
NA

NA
btoc

NA
ft amsl

ft amsl
NA

No Recovery.

WELL GRADED SAND (5, 95, 0, 0), black (10YR 2/1), wet, fine- to coarse-grained, subrounded, trace fine gravel.

WELL GRADED SAND (5, 95, 0, 0), black (10YR 2/1), wet, fine- to coarse-grained, subrounded, trace medium gravel.

Bottom of boring at 49 ft bgs.
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Date Start/Finish:

Descriptions By:

Casing Elevation:

Borehole Depth:

Well/Boring ID:

Client:

Surface Elevation:
Borehole Diameter:

Location:

Sampling Method:
Rig Type:
Drilling Method:
Driller's Name:

Drilling Company:
Easting:
Northing:

Stratigraphic Description
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Water Level Data

Project:
10/28/2014Date:Data File: Page: 1 of 3

Depth Elev.

Template:

= First Encountered Water

Created/Edited by:

= Static Water

(5, 95, 0, 0) = %(gravel, sand, silt, clay)
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NA

50 ft bgs

B-07

NA
Brent Anderson

Los Angeles Metropolitan Transportation
Authority

8/21/14

CA Modified Split Spoon
CME 75

Hollow Stem Auger

Jet Drilling

Gary Buss

NA
NA

8"
MTA Metro
410 Center Street
Los Angeles, California

amsl = above mean sea level; bgs = below ground surface; Dia. = diameter;
ft/' = feet, NA = not applicable/available; ppm = parts per million

LO492301.0000
Geoff BishopB-07.dat

G:\Projects\LogPlot\Logs\LO490000\LO492301\0000\ldfx and dat temp...\boring_well HSA 2007 analytical USCS WL_25 ft per p

NA

8/21/14 ft bgs
28

NA
btoc

NA
ft amsl

ft amsl
NA

SAND Fill and asphalt debris.

WELL GRADED SAND (5, 95, 0, 0), dark reddish brown (5YR 3/2), dry, fine- to very coarse-grained, subangular.

WELL GRADED SAND (12, 79, 9, 0), dark reddish brown (5YR 3/2), dry, fine- to very coarse-grained, subangular, poor
recovery.

WELL GRADED SAND (29, 66, 5, 0), brown (10YR 5/3), dry, fine- to coarse-grained, angular.
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Water Level Data

Project:
10/28/2014Date:Data File: Page: 2 of 3

Depth Elev.

Template:

= First Encountered Water

Created/Edited by:

= Static Water

(5, 95, 0, 0) = %(gravel, sand, silt, clay)

20

25

30

35

50 ft bgs

B-07Los Angeles Metropolitan Transportation Authority

MTA Metro
410 Center Street
Los Angeles, California

amsl = above mean sea level; bgs = below ground surface; Dia. = diameter;
ft/' = feet, NA = not applicable/available; ppm = parts per million

LO492301.0000
Geoff BishopB-07.dat

G:\Projects\LogPlot\Logs\LO490000\LO492301\0000\ldfx and dat temp...\boring_well HSA 2007 analytical USCS WL_25 ft per p

NA

8/21/14 ft bgs
28

NA
btoc

NA
ft amsl

ft amsl
NA

WELL GRADED SAND (7, 88, 5, 0), dark reddish brown (5YR 3/2), dry, fine- to coarse-grained, subrounded.

WELL GRADED SAND (20, 80, 0, 0), dark reddish brown (5YR 3/3), dry, fine- to very coarse-grained, angular, some fine
to coarse gravel, trace crushed rock, mica.

POORLY GRADED GRAVEL (53, 41, 6, 0), very dark gray (10YR 3/1), wet, medium- to coarse-grained, subrounded,
fine to medium gravel.

Same as above, saturated.
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Well/Boring ID:Client:
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Water Level Data

Project:
10/28/2014Date:Data File: Page: 3 of 3

Depth Elev.

Template:

= First Encountered Water

Created/Edited by:

= Static Water

(5, 95, 0, 0) = %(gravel, sand, silt, clay)

40

45

50

55

50 ft bgs

B-07Los Angeles Metropolitan Transportation Authority

MTA Metro
410 Center Street
Los Angeles, California

amsl = above mean sea level; bgs = below ground surface; Dia. = diameter;
ft/' = feet, NA = not applicable/available; ppm = parts per million

LO492301.0000
Geoff BishopB-07.dat

G:\Projects\LogPlot\Logs\LO490000\LO492301\0000\ldfx and dat temp...\boring_well HSA 2007 analytical USCS WL_25 ft per p

NA

8/21/14 ft bgs
28

NA
btoc

NA
ft amsl

ft amsl
NA

WELL GRADED SAND WITH GRAVEL (40, 60, 0, 0), very dark gray (10YR 3/1), wet, fine- to coarse-grained,
subangular, fine to coarse gravel.

POORLY GRADED SAND (0, 100, 0, 0), dark gray (10YR 4/1), wet, fine-grained, subangular.

WELL GRADED SAND (5, 95, 0, 0), dark gray (10YR 4/1), wet, fine- to medium-grained, subangular.

Bottom of boring at 50 ft bgs.
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Date Start/Finish:

Descriptions By:

Casing Elevation:

Borehole Depth:

Well/Boring ID:

Client:

Surface Elevation:
Borehole Diameter:

Location:

Sampling Method:
Rig Type:
Drilling Method:
Driller's Name:

Drilling Company:
Easting:
Northing:

Stratigraphic Description
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Water Level Data

Project:
10/23/2014Date:Data File: Page: 1 of 3

Depth Elev.

Template:

= First Encountered Water

Created/Edited by:

= Static Water

(5, 95, 0, 0) = %(gravel, sand, silt, clay)

0

5

10

15

NA

44 ft bgs

B-08

NA
Brent Anderson

Los Angeles Metropolitan Transportation
Authority

8/21/14

CA Modified Split Spoon
CME 75

Hollow Stem Auger

Jet Drilling

Gary Buss

NA
NA

8"
MTA Metro
410 Center Street
Los Angeles, California

amsl = above mean sea level; bgs = below ground surface; Dia. = diameter;
ft/' = feet, NA = not applicable/available; ppm = parts per million

LO492301.0000
Geoff BishopB-08.dat

G:\Projects\LogPlot\Logs\LO490000\LO492301\0000\ldfx and dat temp...\boring_well HSA 2007 analytical USCS WL_25 ft per p

NA

8/21/14 ft bgs
30

NA
btoc

NA
ft amsl

ft amsl
NA

POORLY GRADED SAND Fill (5, 95, 0, 0), brown (10YR 4/3), dry, fine-grained, subrounded.

WELL GRADED SAND (30, 66, 4, 0), reddish gray (5YR 5/2), dry, fine- to coarse-grained, rounded, little fine gravel.

Same as above, micaceous.
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ID Stratigraphic Description
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Water Level Data

Project:
10/23/2014Date:Data File: Page: 2 of 3

Depth Elev.

Template:

= First Encountered Water

Created/Edited by:

= Static Water

(5, 95, 0, 0) = %(gravel, sand, silt, clay)

20
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35

44 ft bgs

B-08Los Angeles Metropolitan Transportation Authority

MTA Metro
410 Center Street
Los Angeles, California

amsl = above mean sea level; bgs = below ground surface; Dia. = diameter;
ft/' = feet, NA = not applicable/available; ppm = parts per million

LO492301.0000
Geoff BishopB-08.dat

G:\Projects\LogPlot\Logs\LO490000\LO492301\0000\ldfx and dat temp...\boring_well HSA 2007 analytical USCS WL_25 ft per p

NA

8/21/14 ft bgs
30

NA
btoc

NA
ft amsl

ft amsl
NA

WELL GRADED SAND (43, 52, 5, 0, reddish brown (5YR 4/3), dry, medium- to coarse-grained, fine subrounded gravel.

Crushed micaceous rock.

WELL GRADED SAND (10, 90, 0, 0), very dark grayish brown (10YR 3/2), moist, fine- to coarse-grained, subrounded.

WELL GRADED SAND (30, 70, 0, 0), very dark gray (10YR 3/1), wet, medium- to coarse-grained, subrounded.
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Water Level Data

Project:
10/23/2014Date:Data File: Page: 3 of 3

Depth Elev.

Template:

= First Encountered Water

Created/Edited by:

= Static Water

(5, 95, 0, 0) = %(gravel, sand, silt, clay)
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55

44 ft bgs

B-08Los Angeles Metropolitan Transportation Authority

MTA Metro
410 Center Street
Los Angeles, California

amsl = above mean sea level; bgs = below ground surface; Dia. = diameter;
ft/' = feet, NA = not applicable/available; ppm = parts per million

LO492301.0000
Geoff BishopB-08.dat

G:\Projects\LogPlot\Logs\LO490000\LO492301\0000\ldfx and dat temp...\boring_well HSA 2007 analytical USCS WL_25 ft per p

NA

8/21/14 ft bgs
30

NA
btoc

NA
ft amsl

ft amsl
NA

POORLY GRADED SAND (15, 85, 0, 0), very dark gray (10YR 3/1), wet, medium- to coarse-grained, subrounded.

Bottom of boring at 44 ft bgs due to refusal.
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Date Start/Finish:

Descriptions By:

Casing Elevation:

Borehole Depth:

Well/Boring ID:

Client:

Surface Elevation:
Borehole Diameter:

Location:

Sampling Method:
Rig Type:
Drilling Method:
Driller's Name:

Drilling Company:
Easting:
Northing:

Stratigraphic Description
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Water Level Data

Project:
10/23/2014Date:Data File: Page: 1 of 3

Depth Elev.

Template:

= First Encountered Water

Created/Edited by:

= Static Water

(5, 95, 0, 0) = %(gravel, sand, silt, clay)
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45 ft bgs

B-09

NA
Brent Anderson

Los Angeles Metropolitan Transportation
Authority

8/14/14 - 8/20/14

CA Modified Split Spoon
CME 75

Hollow Stem Auger

Jet Drilling

Gary Buss

NA
NA

8"
MTA Metro
410 Center Street
Los Angeles, California

amsl = above mean sea level; bgs = below ground surface; Dia. = diameter;
ft/' = feet, NA = not applicable/available; ppm = parts per million

LO492301.0000
Geoff BishopB-09.dat

G:\Projects\LogPlot\Logs\LO490000\LO492301\0000\ldfx and dat temp...\boring_well HSA 2007 analytical USCS WL_25 ft per p

NA

8/20/14 ft bgs
35

NA
btoc

NA
ft amsl

ft amsl
NA

POORLY GRADED SAND Fill (0, 90, 10, 0), dark yellowish brown (10YR 3/4), dry, fine- to medium-grained,
subrounded.

POORLY GRADED SAND (6, 93, 1, 0), dark yellowish brown (10YR 3/4), dry, fine- to medium-grained, subangular to
angular.

Same as above, increased silt (0, 90, 10, 0).

WELL GRADED SAND (17, 79, 4, 0), brown (10YR 5/3), dry, fine- to coarse-grained, subangular, trace fine gravel.
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Site Location: Borehole Depth:

Well/Boring ID:Client:

S
am

pl
e 

ID Stratigraphic Description
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Remarks:
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Water Level Data

Project:
10/23/2014Date:Data File: Page: 2 of 3

Depth Elev.

Template:

= First Encountered Water

Created/Edited by:

= Static Water

(5, 95, 0, 0) = %(gravel, sand, silt, clay)

20

25
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45 ft bgs

B-09Los Angeles Metropolitan Transportation Authority

MTA Metro
410 Center Street
Los Angeles, California

amsl = above mean sea level; bgs = below ground surface; Dia. = diameter;
ft/' = feet, NA = not applicable/available; ppm = parts per million

LO492301.0000
Geoff BishopB-09.dat

G:\Projects\LogPlot\Logs\LO490000\LO492301\0000\ldfx and dat temp...\boring_well HSA 2007 analytical USCS WL_25 ft per p

NA

8/20/14 ft bgs
35

NA
btoc

NA
ft amsl

ft amsl
NA

Same as above.

WELL GRADED SAND (4, 92, 4, 0), brown (10YR 5/3), dry, fine- to coarse-grained, subangular.

POORLY GRADED SAND (5, 95, 0, 0), yellowish brown (10YR 5/6), moist, medium- to coarse-grained, subrounded.

POORLY GRADED SAND (20, 73, 7, 0), yellowish brown (10YR 5/6), wet, medium- to coarse-grained, subrounded.
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Site Location: Borehole Depth:

Well/Boring ID:Client:
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ID Stratigraphic Description

S
am

pl
e 

Ty
pe

R
ec

ov
er

y 
(fe

et
)

B
lo

w
 C

ou
nt

s

U
S

C
S

 C
od

e

La
b 

Te
st

s

G
eo

lo
gi

c 
C

ol
um

n

D
E

P
TH

P
ID

 (p
pm

)

Remarks:
Date

Water Level Data

Project:
10/23/2014Date:Data File: Page: 3 of 3

Depth Elev.

Template:

= First Encountered Water

Created/Edited by:

= Static Water

(5, 95, 0, 0) = %(gravel, sand, silt, clay)

40

45
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55

45 ft bgs

B-09Los Angeles Metropolitan Transportation Authority

MTA Metro
410 Center Street
Los Angeles, California

amsl = above mean sea level; bgs = below ground surface; Dia. = diameter;
ft/' = feet, NA = not applicable/available; ppm = parts per million

LO492301.0000
Geoff BishopB-09.dat

G:\Projects\LogPlot\Logs\LO490000\LO492301\0000\ldfx and dat temp...\boring_well HSA 2007 analytical USCS WL_25 ft per p

NA

8/20/14 ft bgs
35

NA
btoc

NA
ft amsl

ft amsl
NA

WELL GRADED SAND (10, 90, 0, 0), very dark gray (10YR 3/1), wet, fine- to coarse-grained, subrounded, trace fine
and coarse gravel.

Same as above, increased gravel (25, 75, 0, 0).

Bottom of boring at 45 ft bgs due to sheared rod.
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Date Start/Finish:

Descriptions By:

Casing Elevation:

Borehole Depth:

Well/Boring ID:

Client:

Surface Elevation:
Borehole Diameter:

Location:

Sampling Method:
Rig Type:
Drilling Method:
Driller's Name:

Drilling Company:
Easting:
Northing:

Stratigraphic Description
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Water Level Data

Project:
10/23/2014Date:Data File: Page: 1 of 3

Depth Elev.

Template:

= First Encountered Water

Created/Edited by:

= Static Water

(5, 95, 0, 0) = %(gravel, sand, silt, clay)
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NA

50 ft bgs

B-10

NA
Brent Anderson

Los Angeles Metropolitan Transportation
Authority

8/29/14

CA Modified Split Spoon
CME 75

Hollow Stem Auger

Jet Drilling

Gary Buss

NA
NA

8"
MTA Metro
410 Center Street
Los Angeles, California

amsl = above mean sea level; bgs = below ground surface; Dia. = diameter;
ft/' = feet, NA = not applicable/available; ppm = parts per million

LO492301.0000
Geoff BishopB-10.dat

G:\Projects\LogPlot\Logs\LO490000\LO492301\0000\ldfx and dat temp...\boring_well HSA 2007 analytical USCS WL_25 ft per p

NA

8/29/14 ft bgs
31

NA
btoc

NA
ft amsl

ft amsl
NA

POORLY GRADED SAND WITH GRAVEL (50, 50, 0, 0), dark yellowish brown (10YR 4/4), dry, medium-grained sand,
fine to coarse gravel.

POORLY GRADED GRAVEL (54, 39, 7, 0), pale brown (10YR 6/3), dry, fine- to medium-grained, subrounded.

Same as above, increasing grain size.
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Site Location: Borehole Depth:

Well/Boring ID:Client:
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ID Stratigraphic Description
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Remarks:
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Water Level Data

Project:
10/23/2014Date:Data File: Page: 2 of 3

Depth Elev.

Template:

= First Encountered Water

Created/Edited by:

= Static Water

(5, 95, 0, 0) = %(gravel, sand, silt, clay)

20

25
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35

50 ft bgs

B-10Los Angeles Metropolitan Transportation Authority

MTA Metro
410 Center Street
Los Angeles, California

amsl = above mean sea level; bgs = below ground surface; Dia. = diameter;
ft/' = feet, NA = not applicable/available; ppm = parts per million

LO492301.0000
Geoff BishopB-10.dat

G:\Projects\LogPlot\Logs\LO490000\LO492301\0000\ldfx and dat temp...\boring_well HSA 2007 analytical USCS WL_25 ft per p

NA

8/29/14 ft bgs
31

NA
btoc

NA
ft amsl

ft amsl
NA

POORLY GRADED GRAVEL (58, 38, 4, 0), light brownish gray (2.5Y 6/2), dry, medium- to very coarse-grained,
subrounded.

WELL GRADED SAND (15, 85, 0, 0), light yellowish brown (2.5Y 6/3), slightly moist, fine- to very coarse-grained,
subangular.

POORLY GRADED SAND (20, 73, 7, 0), dark gray (7.5YR 4/1), wet, medium-grained, subrounded.

POORLY GRADED SAND (32, 60, 8, 0), dark gray (7.5YR 4/1), wet, medium-grained, subrounded. 30% fine to coarse
gravel.
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Site Location: Borehole Depth:

Well/Boring ID:Client:
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ID Stratigraphic Description
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Remarks:
Date

Water Level Data

Project:
10/23/2014Date:Data File: Page: 3 of 3

Depth Elev.

Template:

= First Encountered Water

Created/Edited by:

= Static Water

(5, 95, 0, 0) = %(gravel, sand, silt, clay)

40

45

50

55

50 ft bgs

B-10Los Angeles Metropolitan Transportation Authority

MTA Metro
410 Center Street
Los Angeles, California

amsl = above mean sea level; bgs = below ground surface; Dia. = diameter;
ft/' = feet, NA = not applicable/available; ppm = parts per million

LO492301.0000
Geoff BishopB-10.dat

G:\Projects\LogPlot\Logs\LO490000\LO492301\0000\ldfx and dat temp...\boring_well HSA 2007 analytical USCS WL_25 ft per p

NA

8/29/14 ft bgs
31

NA
btoc

NA
ft amsl

ft amsl
NA

POORLY GRADED SAND (0, 100, 0, 0), dark gray (7.5YR 4/1), wet, medium-grained, subrounded.

Same as above, 5% medium gravel.

Same as above, slight increase in grain size.

Bottom of boring at 50 ft bgs.
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Existing Geotechnical Boring Logs 
Caltrans, 1954
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Existing Geotechnical Boring Logs 
Caltrans, 2004
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