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1.0 EXECUTIVE SUMMARY

1.1 GENERAL

This report presents the results of a geotechnical investigation conducted by GeoTransit Consultants for
the planned Little Tokyo/Arts District Station (referred to as the "Little Tokyo Station™ hereafter in this
report), and the tunnels between the Union Station and the Little Tokyo Station. The tunnels and station
are part of the proposed Eastside Extension of the Los Angeles Metro Red Line. The primary purposes
of this investigation were to evaluate geologic and geotechnical conditions, and to obtain geotechnical data
for planning and design of the tunnels and station. In this report, the locations, dimensions and
configuration of the proposed station and tunnels were based on available plans and profiles supplied by

the Engineering Management Consultant (EMC) at the time of this investigation.

1.2 PROJECT DESCRIPTION

The tunnels consist of two single track, 18-foot inside and 21-foot outside diameter openings in a double
line configuration. The tunnels, also referred to as the "Union-Little Tokyo Tunnels" in this report, extend
from Union Station along two south branches. One branch (CR track) trends approximately south to Santa
Fe Avenue, whereas the other branch (CL track) initially curves southeast then southwest until it nearly
merges with the CR track in the vicinity of First Street/South Santa Fe Avenue intersection. The two
parallel tunnel tracks then proceed south along South Santa Fe Avenue to the northern terminus of the Little

Tokyo Station.

The proposed Little Tokyo Station consists of a cut-and-cover reinforced concrete structure approximately
60 feet in width and 572 feet in length. The station invert is about 68 to 70 feet below ground surface
(BGS). The station is located partly within the existing Los Angeles County Metropolitan Transit Authority
(MTA) maintenance yard and partly within the South Santa Fe Avenue right-of-way extending from about
100 feet to 672 feet south of the south curb of Third Street.

092795 RPT/ 95-8347.04 1-1



13 SCOPE

The scope of this investigation consisted of reviewing available literature; conducting a site reconnaissance
and preparing a geologic map; performing field explorations including drilling 17 rotary wash borings,
three Becker hammer borings and one 30-inch bucket auger boring; installing 10 piezometers/monitoring
wells; monitoring groundwater levels; sampling groundwater from monitoring wells; conducting an aquifer
pumping test and two downhole seismic velocity surveys; performing a geotechnical laboratory testing
program on selected soil and bedrock samples and a chemical testing program on selected groundwater and

soil samples; conducting an engineering evaluation; and preparing this report.

1.4 GEOLOGIC SETTING

The Eastside Extension alignment is located along the southern flank of the Repetto Hills area of the Los
Angeles Basin. In the project area, the tunnels will be driven through alluvial deposits of Holocene and
Pleistocene age, and Tertiary-aged bedrock units of the Fernando and Puente Formations. Alluvium
consists of mostly coarse granular deposits with local cobbles and boulders and occasional fine-grained
interbeds. Bedrock consists of siltstone, claystone and occasional sandstone with local hard, well-cemented

Zones.

The alignment is located in an area having a high seismic potential and has experienced ground shaking
from numerous large earthquakes in historical time. The documented active faults closest to the alignment
are the east-west trending Hollywood and Raymond faults about 5 miles northwest and 4 miles northeast
of the alignment, respectively. The area is underlain by the Elysian Park seismic zone, the postulated
source of the 1987 Whittier Narrows earthquake. This seismic zone is postulated to be a concealed, deep

thrust fault that in part expresses itself at the surface as the Elysian Hills and Repetto Hills.

A linear topographic escarpment that forms the southern margin of the City Terrace area in the Repetto
Hills can be traced intermittently from near the channel of the Los Angeles River to the Monterey Park
Hills (Plate 1). Field investigations being performed concurrently to evaluate the escarpment and its
impact on the alignment show that alluvial sediments are deformed along its trace. Those investigations

also suggest that the Coyote Pass escarpment projects from the heights of East Los Angeles, west across
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the Los Angeles River floodplain, and intersects the subject tunnels in the vicinity of the First Street bridge.

In that area, a shallow bedrock high buried beneath the alluvial deposits occurs.

The results and details of a project-specific fault investigations performed to delineate and characterize the
escarpment and to assess its seismic capability are presented in a separate report. Those results indicate
that the Coyote Pass escarpment is the result of active deformation, and that its potential for movement

should be considered in the design and construction of the proposed tunnels at the projected fault crossing.
1.5 SUBSURFACE STRATIGRAPHY

The planned tunnel and station excavations will be within alluvium and the underlying bedrock units of the
Fernando Formation and Puente Formation. The alluvium is heterogeneous and consists of predominantly
coarse-grained materials ranging from sands to gravels with local zones of cobbles and boulders (up to 4
feet in size). Occasional interbeds of fine-grained soils consisting predominantly of sandy clay and clayey

silt and lean clay are also present.

Bedrock units of the Fernando and Puente formations underlie the alluvium. Within the planned tunnel
excavation depth, the bedrock materials, where encountered, are expected to consist predominantly of very
low strength (as defined by the Engineering Geology Field Manual, U.S. Department of the Interior,
Bureau of Reclamation) siltstone, claystone and occasionally sandstone with local layers of hard, well-
cemented calcareous interbeds up to 5 feet thick, and hard concretionary nodules ranging from

approximately 2 to 18 inches in size.
1.6 GROUNDWATER LEVEL

The most recently observed groundwater levels are approximately 30 to 45 feet BGS along the portion of
the tunnel alignment from Union Station to the vicinity of Banning Street. South of Banning Street the
groundwater level dips to the south at an average gradient of about 5 percent to about 79 feet BGS at the
northern terminus of the Little Tokyo Station. In the Little Tokyo Station area, the groundwater table is

relatively flat with groundwater levels between about 78 and 80 feet BGS.
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A significant difference exists between the groundwater level data from this investigation and the data
obtained from a 1983 investigation in the project area by others. In the Little Tokyo Station area, and
within the southern end of the tunnel segment south of the Banning Street area, the 1983 data suggests
groundwater tables up to 55 feet higher than current levels. These groundwater level differences appear
to be consistent with the recorded differences in groundwater levels in a number of water wells in the
general area, that are monitored by the Los Angeles County Department of Public Works. Thus, a
significant fluctuation of groundwater levels can be anticipated during the design life of the station and
tunnel facilities.  Such potential groundwater fluctuation should be considered in the design and
construction. It is important that groundwater levels in the project area be monitored prior to and during

construction.

1.7 GROUNDWATER AND SOIL CONTAMINATION

Groundwater within the planned CR and CL tunnel envelopes between Union Station and approximate
Station CR 36+ 50 (in the vicinity of Boring DD-10) was found to be contaminated with hydrocarbons,
hydrogen sulfide (H,S), and a number of constituents (sulfate, sulfide, chloride, etc.) with concentration
levels higher than published threshold concentrations (listed in Table D-5 through D-8 in Appendix D).
The subsurface materials, especially the fine-grained Fernando/Puente Formation bedrock below the

groundwater table, are locally contaminated with hydrocarbons and H,S in the same area.

In the remaining tunnel and station areas, subsurface soils and potential perched groundwater may locally
be contaminated with hydrocarbons due to the proximity of the project area to the existing Union station

oil field and other sources, such as nearby oil pipelines and petroleum storage tanks.

1.8 GASSY CONDITIONS

The proximity of the project area to the existing Union Station oil field suggests the likely presence of
methane and other oil field related gases in the-project area. Available field observations from this and
other investigations in the project area, well development data, and available test data on gas samples
indicate that H,S and Methane are likely to be released from or through groundwater, and that there exists

a high potential for accumulation of toxic and explosive gases (especially H,S and methane) in the project
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area, especially in the area between Union Station and approximate Station CR 36+ 50 (in the vicinity of

Boring DD-10), where groundwater exists within the planned CR and CL tunnel envelopes.

1.9  UNION-LITTLE TOKYO TUNNELS

The Union-Little Tokyo Tunnels will be in predominantly granular alluvium and the Fernando/Puente
Formation bedrock which consists predominantly of very soft (low strength) siltstone, claystone and
occasionally sandstone with local hard, well-cemented calcareous beds or nodules. Groundwater was
encountered within portions of the planned CR and CL tunnel envelopes between Union Station and
approximately Station CR 36+ 50 (in the vicinity of Boring DD-10). The Fernando/Puente Formation
bedrock is anticipated to occur periodically in the CR and CL tunnel envelopes between the vicinity of

Ducommun Street and the vicinity of the First Street/South Santa Fe Avenue Intersection.

There are several conditions that impact the tunnel design and construction, face stability, excavation
techniques, advance rates, and potential ground loss. These conditions include the local presence of
cobbles and boulders; mixed-face conditions (between alluvium and bedrock units); shallow groundwater
conditions in alluvium within or above the tunnel envelope; raveling and running/flowing conditions in
granular alluvium; local presence of hard, well-cemented, calcareous interbeds up to 5 feet thick and hard
concretionary nodules up to 18 inches in size within the bedrock units; presence of contaminated
groundwater and contaminated alluvium/bedrock materials; and the presence of H,S, methane, and other

potentially toxic/explosive gases.

Construction or pre-construction dewatering along the tunnel alignment will result in accumulation of
contaminated groundwater. This water will require treatment to reduce contaminant (mainly H,S and

hydrocarbons) concentrations to within limits acceptable for disposal to local storm drains.
The gassy conditions in the tunnel area dictates the need for proper ventilation and monitoring of methane,

H,S and other toxic/explosive gases by the Contractor during tunnel construction to provide a safe working

environment in conformance with U.S. and California OSHA requirements.
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1.10 LITTLE TOKYO STATION

Station excavation will be primarily in alluvium which is heterogeneous and predominantly granular in
nature. it is anticipated that the cut-and-cover station excavation can be achieved by conventional
excavation methods. However, suitable excavation equipment to handle the potential local presence of
large boulders up to 4 feet in size would likely be required. Most of the alluvium in the station area will

run or ravel readily. Thus, timely application of ground support is important to prevent ground loss.

Although requiring monitoring and verification before and during station construction, no preconstruction
dewatering is anticipated assuming the groundwater levels during station construction are the same as or

similar to the present groundwater levels (about 10 feet below planned station invert).

The planned station excavation will require vertical cuts and shoring due to proximity of the station to
existing buildings and limited construction space within the public right-of-way. Based on local practice
in similar subsurface conditions, soldier piles and lagging with internal bracing and/or tiebacks are the most
likely shoring systems. Design and construction of appropriate excavation support systems to ensure little
or no ground loss and to provide a safe work site is the responsibility of the Contractor. Recommended
lateral earth pressures for design as well as various design and installation considerations are provided in

this report.

Based on the results of the investigation, it is anticipated that the site soils can adequately support the
planned main station structure with acceptable total and differential settlements. Various geotechnical
design parameters are provided for station design. Where appropriate, ranges of design parameters are

provided to account for variability of the subsurface materials.

1.11 SEISMIC DESIGN CRITERIA

No project-specific seismic hazard analyses have been conducted for the Eastside Extension. A seismic
hazard study was not part of the scope of this investigation. For geotechnical analyses and design
purposes, the results of a 1983 study titled “Seismological Investigation and Design Criteria” prepared by
CCI/ESA/GRC for the Metro Rail Project were used in accordance with instructions given by EMC.

There have been significant changes in our understanding of the seismicity of the area, the state of the art
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in seismic hazard analyses, and local code requirements since 1983. Geotechnical recommendations

. presented herein should be reviewed and revised as appropriate, should seismic criteria be revised in the

future.

1.12 LIQUEFACTION POTENTIAL

Liquefaction potential of subsurface soils in the tunnel segment and station area was evaluated. The results
indicate that the potential for liquefaction of the soils in the project area under the maximum design

earthquake (as defined in the 1983 "Seismological Investigation and Design Criteria" report for the Metro

Rail Project) is very low and is not a consideration for design.
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2.0 INTRODUCTION

2.1 GENERAL

This report presents the results of a geotechnical investigation for the Little Tokyo/Art District Station
(referred to as the "Little Tokyo Station" in this report) and the tunnels between the Union Station and the
Little Tokyo Station. The station and tunnels are part of the proposed Eastside Extension of the Los
Angeles Metro Red Line. The investigation was performed to support the engineering efforts being
undertaken by Engineering Management Consultants (EMC) for the Los Angeles County Metropolitan
Transit Authority (MTA).

This geotechnical investigation is part of an overall geotechnical investigation for the design of the first
portion of the proposed Metro Red Line Eastside Extension which begins at the southeastern terminus of
the Union Station in Los Angeles, and ends at the proposed First/Lorena Station and Tail Track Tunnels
in East Los Angeles. This portion of the Eastside Extension is approximately 3.7 miles long and consists
of twin tunnels and four cut-and-cover stations, including the tunnels and the Little Tokyo Station addressed
in this report. Plate 1 presents the layout plan showing the locations of the tunnel segment and Little Tokyo

Station with respect to the Eastside Extension alignment.

2.2 PROJECT DESCRIPTION

Locations, dimensions, and configuration of the proposed station and tunnels presented in this report were

based on available plan and profile drawings supplied by EMC at the time of this investigation.

The plan and ground surface and tunnel/station profiles along the tunnel alignment and the Little Tokyo
Station are shown in two plans and profiles presented in Section 4.0 (Plates 4 and 5). The following
section describes the dimensions and configurations of the tunnel alignment and station. All elevations used

in this report are with respect to the City of Los Angeles datum.
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2.2.1 Union - Little Tokyo Tunnels

The tunnel segment consists of two single track, 18-foot inside and 20-foot outside diameter openings in
a double line configuration. In this report the tunnel segment between the Union Station and the Little
Tokyo Station is also referred to as the “Union - Little Tokyo Tunnels”. Starting from the southeastern
terminus of the Union Station (Station CR 13+00 and Station CL 13+00) the Union - Little Tokyo Tunnels
run along two branches. One branch (CR track) trends approximately south to South Santa Fe Avenue,
and the other branch (CL track) initially curves southeast, then southwest and then nearly merges with the
CR track in the vicinity of the intersection of South Santa Fe Avenue and First Street. The tunnel
alignment then proceeds south along South Santa Fe Avenue to the northern terminus of the Little Tokyo
Station (approximate Station CR 40 + 84).

The existing ground surface along the CR and CL Tracks dips gently towards the south and varies from
approximate Elevation 278 feet at the northern end (approximate Station CR 13 + 30) to approximate
Elevation 267 feet at the southern end (approximate Station CR 40 + 84). Current plans indicate that the
tunnel invert of the CR and CL tracks varies from about 43 feet to 78 feet below ground surface (BGS).

Tunnel gradients are variable and range from O to 3 percent.

2.2.2 Little Tokyo Station

The Little Tokyo Station consists of a cut-and-cover reinforced concrete station structure and auxiliary
facilities. The station starts at Station CR 40 + 84 (northern terminus) and ends at Station CR 46 + 56
(southern terminus). The station is about 572 feet in length with an inside width of about 60 feet. The
Little Tokyo Station is located partly within the existing MTA Maintenance Yard and partly within the
South Santa Fe Avenue right-of-way from about 100 feet to 682 feet south of the south curb of Third

Street.

The ground surface at the station site varies from approximate elevation 267 feet at the northern terminus
to approximate Elevation 265 feet at the southern terminus. The top-of-rail elevation within the station area
is approximately 205 feet. The station invert is at approximate Elevation 197 feet. Thus, the depth of

excavation for station construction varies from approximately 68 to 70 feet.
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2.3 OBJECTIVE AND SCOPE

The objective of the geotechnical investigation was to evaluate subsurface soil and groundwater conditions

and to obtain geotechnical data for planning and design of the planned tunnels and station.

The scope of this investigation consisted of the following:

092795 _RPT/ 95-8347-04

Review of available literature and reports regarding the geologic, geotechnical,

groundwater and seismic conditions in the project area.

Planning and coordination of field work, including:

Development of field procedures and manuals

Planning of the field investigation program

Procurement of necessary permits and licenses

Coordination with government agencies and utility companies prior to, during, and
after the field work

Development and implementation of a project-specific Health and Safety Plan

Performance of a field exploration program, including:

Drilling and sampling of 17 rotary wash test borings

Drilling and sampling of one 30-inch diameter bucket auger boring to evaluate size
and distribution of coarse alluvium

Drilling of three Becker hammer borings to evaluate the consistency of coarse
alluvium

Installing 10 monitoring wells

Monitoring groundwater levels at all available monitoring well locations, including
those previously installed

Obtaining groundwater samples from selected monitoring wells for chemical

testing
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- Conducting two downhole seismic geophysical surveys to determine shear wave

velocity and dynamic modulus characteristics of the subsurface materials

L Performance of a pump test to evaluate the hydraulic conductivity characteristics of coarse

alluvium and to estimate water inflows and dewatering needs.

u Performance of a laboratory testing program on selected representative soil and water
samples to assess the index and engineering properties of subsurface materials, and to

evaluate their chemical characteristics.

| Preparation of this report documenting the results of the geotechnical investigation and

providing recommendations for the design.

24 PREVIOUS INVESTIGATIONS AND AVAILABLE DATA

A number of project-specific and non project-specific geologic, geotechnical and environmental
investigations were previously performed in the project area. Results of these previous investigations
conducted by GeoTransit consultants and others were compiled and reviewed to help plan this investigation

and to supplement the results of this investigation.

Existing non project-related geotechnical and environmental data are summarized in Tables 2-1 and 2-2,

respectively. Locations of borings/wells referred to in these tables are shown in Plates 1 and 2.

Previous project-specific investigations for the Eastside Extension performed by GeoTransit Consultants

include the following:
L Preliminary geotechnical investigation (GeoTransit Consultants, 1994a) which includes

drilling and sampling of six geotechnical borings (PE-18 and PE-27 through PE-31) and

installation of four monitoring wells in four of the boring locations in the project area.
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TABLE 2-1.

EXISTING SUBSURFACE INFORMATION BASED ON AVAILABLE

NON PROJECT-SPECIFIC INVESTIGATIONS IN THE PROJECT AREA

(Page | of 6)

Boring/ Source Ground Total Groundwater'” Geologic Unit Comments
Water Well Surface Depth (depth in feet)
Elevation (feet)
(feet above Depth Elcvation Date Fill Alluvium Bedrock
MSL) (feet) (feet above or
below MSL)
CC:CEG-3 Canverse and others, 1981 281 150.6 38 +243 12-15-83 0-5.5 5.5-88.8 88.8- Piczometer installed
150.6+
CC:CEG-4 Converse und others, 1981 279 150.0 29 +250 12-15-83 0-14 14-101.5 101.5- Hydrocarbon odor; eaving at 317,
150+ cobbly, and piczometer installed
CC:3-1 Converse and others, 1984 279 21.2 - 0-12 12-21.24 Lost circulation at 18" and 20.5°
CC:3-1A Converse and others, 1984 279 49.5 25 +254 9-2-83 0-6 6-49.5+ Lost circulation at 21",
piczometer installed
T
CC:3-2 Converse and others, 1984 276 495 0-10.5 10.5+49.5+ - Lost circulation at 20', and 29';
possible groundwater at 37
€C:3-3 Converse and others, 1984 269 51 - 0-4 451+ Possible groundwater at 34'
CC:34 Converse and others, 1984 269 46.5 0-3 3-46.5+ - Caving from 10" to 46.5’
CC:3-5 Converse and others, 1984 268 40.5 0-3 3-40.5+
CC:3-6 Converse and others, 1984 268 40 8 0-4 4-40.8 4
CC:3-7 Converse und others, 1984 266 30.5 25 +24] 12-15-83 03 3-30.5+ Piczometer installed
CC:3.8 Converse and others, 1984 263 30.7 - 0-2 2-30.7+
CC:3-9 Converse and others, 1984 266 3O 22 +244 12-15-83 0-2 2-30+
CC:3-10 Converse and others, 1984 266 295 0-2 2-29.5+
CC:3-11 Converse and others, 1984 264 40.5 - - 0-2 2-40.5+ Possible groundwater at 39’
CCi3:-12 Converse and others, 1984 265 50.0 0-3 3-50+ Possible groundwater at 35
CC:3-13 Converse and others, 1984 265 39.2 - 03 3-39.2+ Possible groundwater at 34’
CC:3-14 Converse and others, 1984 266 45.1 - 0-3 3-45.1+ Possible groundwater at 34
CC:3-15 Conversce and others, 1984 264 30.5 23 +241 12-15-83 0-3 3-30.5+ Cobbles at 19'; piezometer
installed
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TABLE 2-1. EXISTING SUBSURFACE INFORMATION BASED ON AVAILABLE

NON PROJECT-SPECIFIC INVESTIGATIONS IN THE PROJECT AREA
(Page 2 of 6)

Boring/ Source Ground Total Groundwater'" Geologic Unit Comments
Water Well Surface Depth (depth in feet)
Elevation (feet)
(feet ahove Depth Elevation Date Fill Alluvium Bedrock
MSL) (feet) (feet above or
below MSL)
CC:3-16 Converse and others, 1984 262 20 1-3 3-20+
CC:3-17 Converse and others, 1984 262 20 - 0-4 4-20+ -
CC:3-13 Converse and others, 1984 3657 35.0 - 0-5.8 5.8-35+ Caving and belling from 9' to
17"; sand with gravel and cobbles
from 10" to 26’
Ce:i3-39 Converse and others, 1984 ! - 122.5 - 0-15.4 15.4-95.5 95.5- Piezometer installed;
122.5+ hydrocarbon odor; oily from 19
to 24.5" and 87.0" 10 95.5°; oily
sandstone inclusions from 95.5 to
122.5; cobbles from 34.5' 1o
35.5"; cobbles and boulders at
38'; gravel and cobbles at 43"
€335 Converse and others, 1984 123 - 0-9.5 9.591.5 91.5-123+ Piczometer installed; boulders at
17°;34.5', 425" 10 44.5", 77" 10
78", 85.5" 10 86.5"; hydrocarbon
odor, oily
CC:B-10 Converse and others, 1984 9 107.0 0-9 9-95 95-107+ Hydrocarbon odor at 15°, 20',
50" and 75'. H,S odor at 60°;
caving at 24" and 70’
CC:B-11 Conversc and others, 1984 271 107 0-29 29-98 98-107 + Hydrocarbon odor at 55°, tar
sands at 68' and 81", H,S odor at
70
53-2673:B-1 Caltrans, 1985 276.3 76 254 +250.9 7-14-80 0-6 6-76+ Cobbles to 107 at 36'
53-2673:B-14 | Caltrans, 1985 271.5 50 0-3 3-50+ Boulders estimated to 15"
53-2673:B-17 | Caltrans. 1985 277.2 102.2 - 0-2 2-87 87-102.2+ Scattered cobbles
53-2673:B-18 | Caltrans, 1985 278.3 51.8 23.0 +255.3 7-14-80 0-3 3-51.8+ Free hydrocarbons; large cobbles
reported
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TABLE 2-1. EXISTING SUBSURFACE INFORMATION BASED ON AVAILABLE
NON PROJECT-SPECIFIC INVESTIGATIONS IN THE PROJECT AREA

(Page 3 of 6)
Boring/ Source Ground Total Groundwater'" Geologic Unit Comments
Water Well Surface Depth (depth in feet)
Elcvation (feet)
(feet above Depth Elevation Date Fill Alluvium Bedrock
MSL) (fcet) (feet above or
below MSL)
53-2673:B-20 | Caltrans, 1985 278.6 20.6 - - 0-10 10-20.6 + Free hydrocarbons; cobbles
reported
53-2673:B-21 | Caltrans, 1985 278.3 8.3 0-12 12-38.3+ - Free hydrocarbons; cobbles
reported
53-2673:B-22 | Caltrans, 1985 277.4 30 - - 0-30+ -
53 2673:B-23 Cultrans, 1985 246.0 ] 11.8 +234.2 2-23-53 0-61+ Free hydrocarbons; refusal on
cohbles
53-2673:B-24 | Caltrans, 1985 246.0 53 12.0 +234.0 2-23-53 0-9 9-53+ Free hydrocarbons: H,S odor;
refusal on cobbles
53 2673:B-25 | Caltrans, 1985 279.5 40 - 03 340+
53-2673:B-27 | Caltrans, 1985 274.0 30 - 0-30+ - Cobbles o 10"
53.2673:B-28 | Caltrans, 1985 274.0 28 : 0-28+ - Boulders to 15"; caved from 13’
0 26'
B-301 Earth Technology, 1987a 275.8 60 32 +243.8 6-1-87 0-60+ Monitoring well installed; cobbly
from 18" to 20" and at 40
B-302 Earth Technology, 19874 276.6 41 28 +248.6 6-5-87 041+ Cobbles at 15°, 19', 32" and 38’
OVA > 1,000 ppm at 85'
B-302A Earth Technology, 1987a 276.6 113 - - 0-97 97-113+
B-303 Earth Technology, 1987a 275.1 40 27 +248.1 6-15-87 0-40+ Cobbles at 8.5" and 19°
B-303A Earth Technology, 1987a 275.1 93 - 0-84 84-93 + Cobbles at 44' to 47" and 60';
OVA > 1,000 ppm at 86.5°
B304 Earth Teclnology, 1987a 276.4 35 27 +249.4 6-17-87 0-12(hH 12(H-35+ Cobbles at 17" and 24';

monitoring well installed;
hydrocarbon and H,S odor
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TABLE 2-1. EXISTING SUBSURFACE INFORMATION BASED ON AVAILABLE
NON PROJECT-SPECIFIC INVESTIGATIONS IN THE PROJECT AREA

(Page 4 ol'6)

Boring/ Source Ground Total Groundwater'" Geologic Unit Comments
Water Well Surface Depth (depth in feet)
Elevation (feet)
(feet above Depth Elevation Date Fill Alluvium Bedrock
MSL) (fcet) (feet above or
below MSL)
B-304A Earth Technology, 19874 276.4 60 0-12(7) 12(7)-60 + -
B-305 Earth Technology, 19874 276.2 110.5 0-17 17-102.5 102.5- Cobbles at 40" and 45°
110.5+
B-303A Earth Technology . 1987a 276.2 36 27.8 +248.4 1-22-87 0-17 17-36+ Cobbles at 15 and 23'
B-3006 Eurth Technology. 1987 278.0 98.7 6.5 +251.5 7-14-87 0-89 89-98.7+ Cobbles at 20*; H,S odor at 55°.
i heaving sand at 75°; high OVA
readings below 75'

B-201 Earth Technology, 1987h 277.4 46.5 29 +248.4 1/8/87 0-7 7-46.5+

B-202 Earth Technology, 1987b 2713 50 29 +248.3 1/8/87 0-2.75 2.75-50+

B-203 Earth Technology. 1987b 276.5 60 30 +246.5 1/14/87 0-8 8-60+

B-204 Earth Teehnology, 1987h 275.5 60 30 +245.4 1/12/87 0-5 5-60+ 160 ppm on OVA

B-205 Earth Technology, 1987 274.7 60 30 +244.7 1/13/87 0-5.5 5.5-60+ -

B-206 Earth Technology, 1987b 276.8 4 0-4
B-206A Earth Technology, 1987h 276.5 40 29.5 +247 1/9/87 0-40+

B-207 Earth Technology, 1987b 276.9 60 30 +246.9 1/12/87 0-10 10-60+

B 208 Earth Technology, 19870 270.6 60 25 1245.6 1/113/87 0-60+ Creosote odor; cobbles at 20°
B-209 Earth Technology, 1987b 273.6 50 30 +243.6 1/21/87 0-5 5-50+ H,S odor

B-112 Earth Technology, 1987¢ 227 45.5 30 +197 1125/87 005 0.5-45.5+ Petroleum odor

B-113 Earth Technology, 1987¢ 226 40.5 30 +196 11/25/87 005 0.5-40.5+ -

B-114 Earth Technology, 1987¢ 278 55.5 30 +248 11/26/87 0-7.5 7.5-55.5+ - Cobbles at 14"

B-115 Earth Technology, 1987¢ 278 60.5 30 +248 12/1/87 0-0.5 0.5-60.5+ Cobbles from 32' to 51'
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TABLE 2-1. EXISTING SUBSURFACE INFORMATION BASED ON AVAILABLE
NON PROJECT-SPECIFIC INVESTIGATIONS IN THE PROJECT AREA

(Page 5 of 6)

Baring/ Source Ground Total Groundwater" Geologic Unit Comments
Water Well Surface Depth (depth in feet)
Elevation (feet)
(leet above Depth Elevation Date Fill Alluvium Bedrock
MSL) (feet) (feet above or
below MSL)

B-116 Earth Technology, 1987¢ 278 30.5 30 +248 12/2/87 0-3.5 3.5-30.5+

B-117 Earth Technology, 1987¢ 278 60.5 30 +248 12/2/87 0-3.5 3.5-60.5+ Cabbles at 19"

B-1 Earth Technology, 1986 44 - - 0-4 4-44+ Cobblcs at 16'

B-2 Eurth Technology, 1986 35 - 35 0-4 4-35+ Piezometer; cobbles at 13'

B-4 Earth Technology, 1986 1 57 - 0-4.5 4,557+ -

B-5 Earth Technology, 1986 5 0-5 Rebar and bricks

B 5E Earth Technology, 1986 45 0-4 4-45+ -

B-6 Earth Technology, 1986 55 - 0-4 4-55+ Petroleum (?)

B-0A Earth Technology, 1986 355 0-4.5 4.5-35.5+

RB-7 Earth Technology, 1986 - 45 05 5-45+ Petroleum (?7)

B-8A Earth Technology, 1986 15 0-4.5 4.5-15+4 Hit underground tank (?)
B-8D Euarth Technology, 1986 60 0-4.5 4.5-60+ Tar

B-9A Earth Technology, 1986 - 50 035 3.5-50+ Petroleum found in H,0
B-10 Earth Technology, 1986 A5 0-2 2-55 1 - Petroleum found in H,0; heaving

sand at 47
B-11 Earth Technology, 1986 60 23.6 11/14/86 0-3 3-60+ - Piezomeler installed; OVA goes
off scale
2765 Los Angeles County 259.0 109.1 +149.9 3-79 - Water well
Department of Public Works 90.0 +169.0 10-38
113.6 +145.4 472

2765D Los Angeles County . -

Department of Public Works
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TABLE 2-1. EXISTING SUBSURFACE INFORMATION BASED ON AVAILABLE
NON PROJECT-SPECIFIC INVESTIGATIONS IN THE PROJECT AREA

(Page 6 of 6)
Boring/ Source Ground Total Groundwater'” Geologic Unit Comments
Water Well Surface Depth (depth in feet)
Elevation (leet)
(leet above Depth Elevation Date Fill Alluvium Bedrock
MSL) (feet) (feet above or
helow MSL)
2766 Los Angeles County 300 - 0-169 169-300+
Department of Public Works
2766A Los Angeles County 300 0-185 185-300+
Department of Public Works
2776A Los Angeles: County 235 - -
Department of Public Works
Note: 1. Most recent, historic high and historic low groundwater imeasurements are indicated for Los Angeles County Department of Public Warks monitored water wells
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TABLE 2-2. SUMMARY OF AVAILABLE SOIL, GROUNDWATER AND GAS CONTAMINATION DATA
FROM NON PROJECT-SPECIFIC INVESTIGATIONS IN THE PROJECT AREA

Sources

Location/Area of Investigation

Primary Findings

Converse Consultants (1984)

MOS-1 Contract A-100 arca including portion
between Union Station and the vicinity of the
proposed Little Tokyo Station

® Mixture of H,S and hydrocarbon gases (including methane) relcased from groundwater in a
monitoring well during a pump test near west of Union Station.

® Boring CEG-2 (about 2,000 fect cast of Union Station) encountered oil stain in soil samples from
Puente Formation, between 38 and 100 feet below ground surface (BGS), and first detected sulfur
odor at a depth of about 37 fect. A gas sample from this boring contained 100 ppmv methane
and 500 ppmv ethane.

® Oil stains and sulfur odor were also encountered in soil samples from other borings near Union
Station.

Woodward-Clyde Consultant (1986)

Busway

® Soil contamination with volatile and semi-volatile organic compounds to a depth of 30 feet.

Earth Technology (1986;
1987a,b,¢,d)

I

A-130 corridor east of Union Station, including
Denny's Restaurant (between Vignes Street off-
ramp from U.S. 101 Freeway and Ramirez Street)

Sulfur and hydrocarbon odors and oily, tar-like substances in borings and oil stains in soil

samples between 15 and 85 feet BGS.

® Soil and groundwater samples from the vicinity of Denny's Restaurant were contaminated with
petroleum hydrocarbons, VOCs and SVOCs

® High OVA readings (> 1,000 ppm above background level) were observed in three borings (one
near Union Station and two on Center Street between U.S. 101 Freeway and E. Commercial
Street) between 6 feet and 87 feet BGS i

® Chemical test results indicate that a number of soil and groundwater samples contained total

petroleum hydrocarbons (TPH) and VOCs with concentrations above the corresponding threshold

levels (action levels).

Levine-Fricke (1993)
RWQCB (1993)

Gateway Center al southwest corner of Macy
Street and Vignes Street near Union Station

® H,S and following constitucnts in excess of water quality objectives (set by RWQCB for
discharge) in groundwater samples collected prior to dewatering: benzene (120 ug/L),
ethylbenzene (1,090 ug/L), 1,1-dichloroethane (30 wug/L), tetrachloroethylene (76 ug/L), toluene
(52 pgl/L), richlorocthylene (96 ug/L), xylenes (138 wg/L), total dissolved solids (1,550 mg/L),
chlorides (162 mg/L), sulfates (474 mg/L) and sulfides (12 mg/L).

® Ongoing treatment system for groundwater from dewatering (average 450,000 gpd) using
hydrogen peroxide to oxidize H,S filtration of sulfur and/or suspended solids and active carbon to
remove VOC.

® Capacity of the treatment plant is 1.2 million gallons per day.

Law/Crandall (1993)

Metro Pasadena Line

® Two borings adjacent to Union Station recorded OVA readings > 50 ppm in soil samples.
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Fault Investigation for “Preliminary Engineering Program”, Eastside Extension, Metro
Red Line Project” (GeoTransit Consultants, 1994c) which includes drilling and sampling
of two geotechnical borings (DD-8 and DD-11) in the project area.

Stage II Environmental Site Assessment, Eastside Extension, Metro Red Line Project
(GeoTransit Consultants, 1994b) with environmental sampling in nine environmental
borings (EB-18, EB-20 through EB-25, EB-27 and EB-28) and installation of one nested
well (EB-22).

Locations, penetrations and detailed logs of the above geotechnical borings are included in Appendix A.

Locations of these previous project-specific geotechnical borings with respect to the station and tunnel

alignment are presented in Section 3.0. Based on the results of the preliminary geotechnical investigation,

the following were identified as key issues to be addressed in the final geotechnical investigation for the

project area:

092795.RPT/ 95-8347-04

A detailed geotechnical investigation program with closely spaced borings would be
necessary to fill in the data gaps and to provide sufficient site and structure-specific data
for the tunnel and station design. Since a considerable length of the tunnel and the
majority of station excavation will be in coarse alluvium containing gravel, cobbles and
boulders, the explorations for the final design level should include large diameter bucket-
auger borings to better estimate the extent and size distribution of cobbles and boulders.
Also, use of Becker hammer drilling would be necessary to estimate the consistency (blow

counts) of gravelly soils for an evaluation of their liquefaction potential.

A “bedrock high” exists in the area of the north-south portion of the alignment between
Union Station and the proposed Little Tokyo Station. This bedrock high may represent
the location of a fault or “groundwater barrier” that could explain the large differences in
groundwater levels observed between the borings in this area. The location lies along the
general trend of the Coyote Pass fault, and if a groundwater barrier is present, the fault
could be considered active. A detailed hydrogeologic investigation consisting of series of

monitoring wells will be required in this area.
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o In the project alignment the groundwater levels are above portions of the tunnel invert.
The high groundwater levels and the presence of coarse granular materials will require
preconstruction dewatering for tunnel construction. Performance of a pumping test and
water quality characterization would be necessary to provide the required information to

potential contractors bidding on construction.
These issues were considered in developing the scope of this investigation described in Section 2.3. The

results of the Stage Il environmental site assessment (GeoTransit Consultants, 1994b) are incorporated in

this report to characterize subsurface soil, groundwater and gas contamination in the project area.
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3.0 FIELD EXPLORATION, FIELD TESTING AND LABORATORY TESTING

31 GENERAL

This section provides a description of the subsurface explorarion, field testing and laboratory testing
performed for this program. The field exploration and ficld testing program are part of a larger overall
geotechnical investigation program being performed for the cntire Eastside Exiension alignment.
Applicable results from the overall geotechnical investigation program and previous investigations in the
project area (Section 2.4) were also used in developing findings and conclusions presented in this report.

32 GEOTECHNICAL BORINGS

Sevcnmnwashborings one bucket auger boring, and three Becker hammer borings were drilled in the

pro;euuu Fifleenormebomgs(ldemﬂedbydnpreﬂxDD-)weradtﬁledwmﬂndwmnnelugmem

:Six of the borings (ndmdﬁedbythepreﬁxSDﬁwerederuhmlchnIeTokyoswionm

‘Locadomandpenenauondepth:ofdmebormgsmsummnﬂudmhblc}l and Plate 3. For

completeness, geotechnical borings completed during our preliminary investigations in this area
@ (GooTransi Consutans, 19943, 1994b) have aiso been included in Table 3-1.

The borings were logged in the field by a geologist or engineer under the direct supervision of a Registered
Geotechnical Engincer (RGE) or a Certified Engineering Geologist (CEG). The materials were classified
in general accordance with American Society of Testing and materials (ASTM) Standards and the Unified
Soil Classification Systems. The field logs were refined and reclassified, if appropriate, after further
laboratory examination and testing of selected soil samples. Boring logs are presented in Appendix A,

32.1 Rotary Wash Borings

Rotary wash borings for the geotechnical subsurface exploration program were drilled using Mayhew 1,000
and Midway 13 mud rotary drill rigs with 4-7/8-inch diameter tricone drill bits producing nominal 5- to
6-inch diameter boreholes. Boring DD-3C was drilled to a diameter of 10 inches 10 accommodate the 6
inch well casing for the aquifer pump test. Borings were generally drilled to apm J

= -
———

3-1
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TABLE 3-1 SUMMARY OF FIELD EXPLORATION PROGRAM

RBoring #* | Type of Boring | Approximate Apptoximaic Approximate Location Appr&ii]n;:e S Approximale Tunncl Total P i Piczomete
Station Offset From Offset From Ground Surface Inverv/(Station Bottom} Depth (ft) Installation
Centeline of CR (M) | Centerline of CL (1) Elevation (ft) Depth/ Elevation (ft) (Gmmd:mu depth in 'felcgg .
Rotary-Wash | CL 21+70 I 0 Commercial 2713.5 62.5/ 211 88 Yes (31.12)
) | Becker Hammer CL 25+50 0 Du ¢ 27125 73.5/ 199 62 Yes (31.64)
Rotary Wash | CL25+#51 | .  BlLefi Du C m | 74n98 100 No
Roary-Wash | CL 28468 10 Right Jackson 270 Apgit 99 eV 7 Yes (35.56)
_ DD3C_ | Roary-Wash | CL 28+43 - 18 Left Jackson m [ TRunes 73.5 Yes (35.68) |
DDID @) | Roary Wash | CL 28+80 : | soLen Jackson | m 71199 36.5 No
b4 Rotary-Wash | CL 35+60 | 0 Banning/Center 270 69201 98 Yes (42 .48)
DD4-1 | RoaryWash | CL31+95 i 20 Right  Cemter m 75/197 98 No |
DD-5 (3) Bucket Auger CL 43470 - 0 __Red Line Yard 267 65/202 325 No_
joaey.. (m‘)f(‘u Becker Hammer | CR 25460 | 0 . Jacksen | 72 i 19 723 No
ey DI, Rotary-Wash | CR 32405 _ Sleit Santa Fe/Banning 269 71198 93.0 _ Yes(41.30)
B DD [Hollows &Roury W | CR 33+25 0 - Santa Fe 268 69199 %2 No
DY | Rory Wash | CR34475 o | swarerim | 266 oot | 90 | Yes(seeh
Db 10 Rotary Wash CR 36435 1 Right . Sama e 260 63/202 925  Yes(14.92)
DAL | Mollow Sem | CR38+00 | 0 | samere | 28 ce2es L e L Ne
Db-12 Rotary-Wash | CR 39450 0 %, B _ Santa Fe e 03/204 86.0 Yes (dry)
DD 65 | Rotary-Wash | CL19+10 | s 10 Right ~ Center 275 57/218 75 No |
SD-I | Rotary-Wash | CL 40+60 o0 Red Line Yard 267 65202 955 No
SD-2 (5) | Becker Hammer | CR 42+45 - Santa Fe 266 (63/203) 8 No
0316 | Roaywash | cLasees | . | o Red Line Yard 265 e | s No
SD3A | Roary Wash | CL 43+55 - : 0 Red Line Yard 265 (63/202) 126.0 No |
SD4 Rotary Wash | CR 45455 o | 5 _ Red Line Yard 265 ) (63/202) 95.5 No
SD-5 | Rotary Wash CL 46+80 _ 7 Left Little Tokyo Station 264 (63/201) 1005 | Yes (78.30)
PE18 | RoaryWash | CR42+49 | 50 Right - Third/Sante Fe 265 &m0y 86 Yes(78.24)
PE 27 Rotary Wash | CR 3149 40 Right Banning/Sania Fe m 721198 815 No |
PE-23 Rotary Wash | CR 28+90 130 Right o | Vignes/Temple 270 751195 80.9 No
PE2) | Rotary Wash | CR 22450 | 20 Right . Vignes/Temple | 271 Cevo | s Yes(32.00)
PE30 | Rotary Wash | CR 19+26 _6ORight | Vignes/Commercial 275 56219 . 80.8 Yes(32.86)
_PE3N | RowryWash | CL28450 1 - 25 Left | Jackson cul-de-sac 270 73/195 83 Yes(32.00)

NOTES: (1) 1DD-2 termmated prior (o reaching planned penctration depth (80°) due 1o encountering free hydrocarbon product in the groundwater
(2) DID-3D terminated prior to reaching planned penetration depth (90°) due to caving conditions/loss of circulation of drill mud.
(3) DD-5 terminated prior 1o reaching planned penetration depth (75°) due 1o encountering caving conditions in bucket auger boring
(4) DD-6 terminated prior 1o reaching planned penetration depth (80°) due 10 plugging of Becker hammer casing in the Fernando/Puente Formation bedrock.
(5) SD-2 termunated prior to reaching planned penetration depth (85') due to encountering free hydrocarbon product between 26 feet and 345 feet BGS.
(6) SD-3 ternunated prior to reaching planned penetration depth {125 feet) due to excessive loss of fluid.

*  Borings along tunnel alignment are identified by the prefix DD-;borings at station locations arc identified by the prefix SD-;
borings drilled during the preliminary investigation are identified by the prefix PE-, DD-8 and DD-11." =
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feet or more below the tunnel inverts, and about 3 60 fi the station inverts as determined
S D

from the plan and profile drawings for the Eastside Extension alignment provided by EMC in August,
1995. Two rotary borings (DD-3D and SD-3) terminated prior to reaching the planned depths due to
severe caving/loss of mud circulation conditions. Soil samples of the encountered alluvial soils were
obtained at approximately 5-foot depth intervals or at changes in stratigraphy, whichever occurred first,
by alternately using a split-spoon sampler (Standard Penetration Test Method) and a California drive

sampler lined with 2.4-inch diameter by 1-inch-high brass rings.

In Borings DD-4, DD-7, and DD-9, relatively thick layers of Fernando/Puente Formation bedrock were
encountered. Within these borings, semi-continuous, relatively undisturbed samples of the
Puente/Fernando Formation were obtained using a Pitcher-barrel sampler and a drive sampler. The Split
spoon sampler was also occasionally used to assess the penetration resistance of the Fernando/Puente

Formation bedrock.
3.2.2 Bucket Auger Boring

A 30-inch diameter bucket auger boring (DD-5 in Table 3-1) was drilled to estimate the extent and size
distribution of cobbles and boulders in the project area. Bulk samples were obtained at approximate 5-foot
depth intervals and at stratum changes. The boring was terminated and backfilled after a depth of 32.5 feet
below the ground surface was reached (W a;_ﬂ,agm@ pggg{ration depth of 85 feet) due to
persisting caving conditions. Within the penetration depth of the boring, cobbles up to 12 inches in size

were encountered. No boulders were encountered within the penetration depth of this boring.

3.2.3 Becker Hammer Borings

Three Becker hammer borings (DD-2, _I_)B;@ and SD-2) were drilled using a Link Belt 180 Becker drill rig
with an AR-1000 diesel hammer to evaluate the penetration resistance of the coarse grained gravelly and
cobbly alluvial soils in the project area for equivalent N-Value and liquefaction potential assessment
purposes. Penetration resistances (Becker blow counts) and bounce chamber pressures were measured,
corrected and correlated to standard penetration test (SPT) blow counts in accordance with the procedures
recommended by Harder and Seed (1986). Also, in conformance with the procedures recommended by

Harder and Seed, all borings were advanced using a 6.6-inch outer diameter (O.D). closed end drill bit.
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Drilling was advanced by switching to a 6.6-inch O.D. open bit when very hard drilling conditions (450

to about 600 blows per foot or more) by the closed bit were encountered.

Borings DD-2 and SD-2 were terminated at 62 feet and 34.5 feet respectively due to encountering
hydrocarbon contamination. After encountering hard driving conditions at 56 feet BGS, Boring DD-6 was
advanced further using a 6.6-inch O.D. open-bit and subsequently terminated at 69 feet BGS due to

plugging of the open bit which prevented further advance.

Becker blowcounts at the three boring locations were correlated to equivalent corrected SPT biowcounts.

The results are shown in Figures 3-1a and 3-1b.
3.2.4 Monitoring Well Installation and Groundwater Level Monitoring

Ten monitoring wells were installed in Borings DD-1, DD-2, DD-3, DD-3C, DD-4, DD-7, DD-9, DD-10,
DD-12 and SD-5. Well installation diagrams are presented in Appendix A. Groundwater levels of these
piezometers and other existing piezometers (PE-18, PE-29, PE-30, and PE-31) installed during the
preliminary engineering program (GeoTransit Consultants, 1994a) were periodically monitored using an

electronic water-level indicator. Table 3-2 presents a summary of these readings.
3.3 FIELD TESTS
3.3.1 Aquifer Pump Testing

An aquifer pump test was performed at Boring/Pump Well DD-3C and monitored at two nearby
observation wells (DD-3 and PE-31 located approximately 39 and 13 feet, respectively from DD-3C). The
pump test was conducted at the east end of Jackson Street (about 295 feet east of the center line of Center
Street). The aquifer pump test was performed to evaluate the hydraulic characteristics of the coarse
alluvium. The aquifer pump test included a step drawdown test at pump rates of 10, 25, 50, 74, and 77
gallons per minute (gpm), a constant discharge rate test at a flow rate of 60 gpm for about 22 hours, and

water level recovery monitoring for about 25 hours. At the test location, the groundwater level at the start
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TABLE 3-2 SUMMARY OF PROJECT-SPECIFIC GROUNDWATER LEVEL DATA

BORING # | APPROXIMATE STATION APPROXIMATE STATION APPOXIMATE APPROXIMATE e GROUNDWATER LEVEL DATA R |
ALONG CENTER LINE ALONG CENTER LINE GROUND SURFACE | DEPTH OF TUNNEL/ DATE | APPROXIMATE | APPROXIMATE DATE APPROXIMATE APPROXIMATE DATE APPROXIMATE | APPROXIMATE | DATE | APPROXIMATE APPROXIMATE

. OFCRTRACK | OFCLTRACK | ELEVATION(FT) | STATION INYERT (FT) DEPTH (D) | ELEVATION (FT) _DEPTHGT) | ELEVATION®D | | DEPTH(FD lELEVATION(FD) DEPTH(FD | ELEVATION (FT) |
DD-1 21470 2735 | 625 /o« |92295 3112 24488 [7-27-95 33.02 242.98 S| S N S - )

/;,J'() DD-2 | 25450 272.5 735 .° 9-22-95| 31.64 240.36 7-27-95]  32.80 239.20 R

3 OC: ppy | - 28+ 68 270 71 92295 135.56 234.44  [7-27-95]  36.45 233.55 1

) 7 DD-3C - _28+43 270 mn . 9-22-95| 35.68 23432 |7-27-95 36.40 233.60 N

( /pT).lg ) - L 35+60 270 69 9-22-95| 42.48 226.52  [12795 4261 226.39
\‘nn.ﬁ 32405 e 269 1) 792295 ca130 ) | 2870 [7:27.95 4146 228.54 o
FT = e

DD9 | 34475 - 266 65  { |922.95 54.68 211.32  |7-27-95|  54.83 211.17 — i
DD-10 36435 266 64 — ) |9-22.95 74.92 193.08  |7-27-95| 75.50 192.50 B
DD-12 39+50 ; 267 63 9-22-95 DRY UNKNOWN | 7-27-95] DRY UNKNOWN =

- (@,AM_ 46+80 264 63 - 9-22:95 78.30 185.70  |7-27-95 78.55 18545 |
PE-18 42+90 265 62 9-22-95 7824 | 186.76 7-27-95]  78.60 186.40 1-11-94]  79.2 185.8 12/9 78.7 186.3
PE?_’_‘\\ 22450 - 271 61 "+ 92295 32.06 243.94 7-27-95 33.13 242.87 1-11-94) 349 235.1 12/9 33.8 213{)‘;2”*ﬁ
ggsi),_ﬁ%@jz@m_ - 275 56 9-22-95 32.86 242.14  |7-27-95| 34.43 250.57 1-11-94|  36.5 2385 [129] 36.0 239.0
PE-31 | - 28+50 270 75 192295 36.02 23398  |7-27-95| 36.66 233.34 1-11-94] 383 | 2317 |129| 37.5 232.5 |
EB-221 22460 | - 276 68 11-22-941 3430 235.10 -

,/' o G e r
L Loptos SyA wb
‘“r’ Al 70 ’ / A _\‘()7,./[/‘ : UU ki é /‘vl a3 /( t{(' e /f///(‘ﬂ/a /d 66 /é - \\\ e
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of the test was about 36 feet BGS. As shown in the logs of Borings DD-3C, DD-3 and PE-31 (Appendix
A), the top of the Fernando/Puente Formation bedrock in the vicinity of the pump well is about 73 feet
BGS. Thus, the aquifer thickness is about 37-feet. This aquifer consists of about 17' feet of gravel with
sand, and sand with silt and gravel overlying about 19%4 feet of less permeable silty sand (sand with more
than 12% fines) and sand with silt (sand with 5% to 12% fines).

/ Details and results of the aquifer pump testing are presented in a separate report titled “Results of Aquifer

— '>f Pump Testing at Jackson Street, Eastside Extension, Metro Red Line, Los Angeles, California,” by

GeoTransit Consultants (1995). In summary, the results of the aquifer pump testing indicate the following:

L The aquifer is unconfined to semi-confined with an estimated transmissivity of about 9,000

to 10,000 gallons per day per foot (gpd/ft) and a storage coefficient of about 0.005 to 0.01.

L] Considering an aquifer thickness of 37 feet, the estimated transmissivity corresponds to an

average (averaged over 37 feet) hydraulic conductivity (coefficient of permeability) of
about 1.2 x 10 cm/sec.

# Most of the water derived from pump well DD-3C likely came from the more permeable
17.5-foot thick layer of gravel with sand and sand with silt and gravel. Assuming that all
of the water from Pump Well DD-3C was drawn from this more permeable layer, the
average (averaged over 17.5 feet) hydraulic conductivity of this layer was calculated to be
about 2.5 x 10 cm/sec.

3.3.2 Downbhole Seismic Velocity Survey

Two downhole seismic velocity surveys were performed in PVC-cased Borings DD-4 (located on the tunnel
alignment) and SD-5 (just south of Little Tokyo Station). Procedures used for seismic velocity
measurements were in general accordance with those described by U.S. Army Corps of Engineers (1979)
and Mooney (1984). In general, downhole compressional (P) and shear (S) wave velocities were measured
at approximately 5-foot intervals, using three-mutually perpendicular geophones (one vertical and two
horizontal) mounted in a 1.75 inch steel cylinder in the borehole. P and S wave sources were generated

by hitting a vertical hammer against a metal plate and a horizontal hammer on a wooden beam,
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respectively. Both metal plate and wooden beam were located on the ground surface about 10 to 12 feet

away from the borehole. The results of the seismic velocity surveys are summarized in Table 3-3.

34 LABORATORY TESTING PROGRAM

3.4.1 Geotechnical Laboratory Testing

All drive, split spoon, Pitcher barrel, and bulk samples obtained during the subsurface exploration were
brought to EARTH TECH's soil mechanics laboratory where they were visually examined to verify field
classifications. Samples of the various material types encountered were selected for laboratory testing.
The laboratory test program was designed to classify the predominant soil types encountered in the borings
and to evaluate the in situ moisture and density, gradation, shear strength, uniaxial compressive strength,
permeability and consolidation characteristics, slake durability, and corrosion potential. The tests were
performed in accordance with applicable standard test methods specified by the American Society for
Testing Materials (ASTM), the Environmental Protection Agency (EPA), or the California Department of

Transportation (Caltrans).

The test program and applicable test standards are summarized in Table 3-4. Laboratory test results are
summarized in Table 3-5 and included in Appendix B. In situ density and moisture content are also shown
on the boring logs included in Appendix A. A discussion of the engineering properties of subsurface

materials is presented in Section 4.4.

3.4.2 Analytical (Chemical) Testing

3.4.2.1 Groundwater

An analytical (chemical) test program was performed on the following five samples of groundwater:

L Three groundwater samples from Pump Well DD-3C, including one obtained after the well
was developed, one at about the mid-point of the aquifer pump test and one after

completion of the aquifer pump testing.
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TABLE 3-3 RESULTS OF DOWNHOLE SEISMIC VELOCITY
SURVEYS AT TWO BORING LOCATIONS

Boring No. Depth Mcasured Mcasured Calculated Dynamic Modulus and Poisson’s Ratio
Range Compressional Shear Wave
(f) W“W_ Velocity Yclucily Shear Young's Bulk Modulus Poisson’s
(raec) (dks) Modulus Modulus 10%ksf Ratio
10°ksf 10°%ksf
DD-4 0-10 1500 730 2’15 58 6.2 0.35
10-30 1700 570 1.31 3.77 9.93 0.44
30-60 4600 1950 15.4 428 65.1 0.39
60-95 4600 1480 8.86 25.5 73.8 0.44
SD-5 0-10 990 490 0.97 2.6 2.67 0.34
10 - 40 2350 930 35 9.84 17.7 0.41
40 - 80 3150 1250 6.32 17.8 31.7 0.4]
80 - 95 5800 1250 6.32 18.6 127.0 0.48
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TABLE 3-4 GEOTECHNICAL LABORATORY TEST PROGRAM

TEST NUMBER OF TEST
TYPE TESTS PROCEDURE
Visual Soil Classification Every Sample ASTM D2487 / D2488
Moisture Content 158 ASTM D 2216
Dry Density 134 ASTM D 2937
Grain Size Distribution 75 ASTM D 422
Percent Passing #200 Sieve 37 ASTM D 1140
Atterberg Limits 21 ASTM D 4318
Specific Gravity 3 ASTM D 854
Direct Shear (3 Points) 10 ASTM D 3080
Unconfined Compression 12 ASTM D 2166
Triaxial Compression 9 ASTM D 4767
One Dimensional Consolidation ! ASTM D 2435
. Triaxial Permeabiliry 3 ASTM D 5084
Slake Durability Test 2 ASTM D 4464
pH 14 EPA Method 9045
Chloride Content 17 CALTRANS Test 422
and EPA 300
Sulphate Content 17 CALTRANS Test 417-B
and EPA 300
Electrical Resistivity 14 CALTRANS Test 532
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TABLE 3-5 SUMMARY OF LABORATORY TEST RESULTS

0583473
Bomng Sample | Sampie uscs Gedlogic Equvslent Mostre Dry Gran-Sze Anterberg Percen: Specdc | Unconfined Dwect Sheer Tneosl Carprasson Caonschdetion Charsctensnes Tnacsl Pamrostary Sad pH Sutme Crwonde Electncal Smxe
Nurber Nurmber f Decth | Chessfiesnen Una ST Carver Densty | Destbuon Lmes Paseng Gravty | CoTpressve | ASTM D080 ASTM D080 ASTM D235 ASTMORRE u:::u Dc;:: gg:; Dornc.t\-;gr - m:
J ASTM D2487 « Vaive ASTM D2216 | ASTM D2937 | ASTMD422 | ASTMD4318 | #200 Sseve | ASTMDBS Strength Tem 417.2 Test 42 © reauizsturme) ASTMD 4464
ASTM D2438 GRSAFI LLPLPI | ASTM D140 | ASTM D2466 { Pesk Strength) (Pesk Strengh)
‘ ® %) {pe) %) %) | (ks Eftectve | Efiecwe | ESecve | Efiecve Cs Cx Vetcsl | Swel(+y | Efiectve (EPAC, :  (EPA300) Masturs Corsare )
Cohesan Fnenon Conemon | Frcson Sress  (CoMcss-) | Canfng x20) (wor {pom) (chm-cm)
Angie Anglo (sf) (%) Sres termigec)
SF) GREES) | __PsT) OEGREES) =,
DO-1 sS4 |5 SM Af 8 ’ |
D1 | 10 SP-SM Qya @2 117 | 1074 ! ‘
$2 | 15 | sPsM |21 '
D-2 20 CL/SM [_@o 325 91.9 ! ,
s3 25 | sPsM >100 ’ ' :
D3 30 | SPSM- >{100) 125 1240 | 30837
sS4 | 35 SP-SM 45 14.1 9 263 !
D4 | 40 SW-SM + (56) 10.0 1248 | 20847 ' 740 52 B 2188
S5 |45 SP-SM 84 10 ' : ‘
D5 | 52 | (SPSM9) | 1) 131 1233 | 42:52:6 . i ‘ l
S6 | 55 | (SPSM) [ o 9 i l J ‘
D6 | 60 | (SPSM+) | @3 105 | 1284 | 44:50% ‘ : ‘“ | ‘ . !
s7__ | 6 ML | 42 | 32257 4 ‘
D7 | 70 SM (40) 249 989 | 06238 800 35 ' I |
S8 | 72 SM >100 33 .
D8 | 75 | SPSM- [ @3 208 1054 | 080:10 :
S8 | 80 SwW | >100 ! | ! |
DOA | 85 ML TiMp | ) 323 BB6 ! ! ! I
DD-2S D-1 5 GP Qoa (4) 5
S-2 10 sP 6 |
D3 15 (SP) 7) 59 119.8 ;
D4 | 20 sp >100 :
D-5 | 25 sP | (100) 122 1203 !
S6 | 30 SW-SM | o8 28:82:12 |
D8 | 38 GP (100) !
S-10 405 (SM) 100 29:52:18 ’
D-12 435 SP-SM (92) :
S-14 | 48 SW-SM | >100 12:76:12
D15 | 49 sp ) 178 1123 :
D18 | 55 (SP) | >(100) | 154 117.5 ' '
S20 | 58 SM I >100 5:77:18 ' . |
D21 | 61 cL { >(100) | 258 99.5 372017 | | g5 L - Lh-
S23 | 64 cL | >100 I : |
D-24 | 87 SM i >{(100) 251 101.0 I ! '
s | 72 SW-SM [ >100 27:64:9 | | 1
D27 | 752 MH TiTp >(100) 29.5 914 50,35,15 ‘
D-30 81 MH >(100) 28.9 91.0 ! :
P32 84 MH 593128 | 8781 !
D33 87 MH | >100) | 309 902 ' ‘ :
__sa7 955 | WH _>100 ! J
DD-3 D-1 | 5 ML | A o) ‘ ‘
D2 | 10 | SWiGP | Qya (18) 97 115.0 i '
D3| 15 Gp @3) ] ! :
D4 20 | SW-SM L @1) 6.1 1285 ‘ !
S6 25 GP-GM | 49 '
D6 30 sP I_(64) 144 104.1 { | ’
D7 | 35 | SW-SM- | (90) 71 1305 | 29638 ! : t '
DIA__| 40 [ | >(100) ‘ ’ 1
D78 | 45 GP | (62) : ! ‘
D8 | 50 | spsMm | (8) 140 1200 | 68242 ‘ ! '
D9 | 55 | sPsm ) 6 ‘ ' i
D10 | 60 ML+ | (26) 23 1054 | 02179 | 30255 600 36 ! ‘
D11 i 65 | SWSM. >(100) | 140 | 8857 | ’ T - - =L
DD-3C S.1 |5 SPSM | Qya | 20 | . ! ‘
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TABLE 3-5 SUMMARY OF LABORATORY TEST RESULTS

G5 8347.3
Bomg Ssmoie Saoie USCs Gedoge | Eauwmer | Mostre Dry GranSae | Aneperg | Pecer Soecic | Uncarfne? Dwrect Sheer Treom Campresson Corsoaseton Characteneacs Vrwzst Prammastuty SolpH e Ehiorioe iy Dk
Nurber Nurmper Deoth | Clessdrcaton une ST | Comer | Densty | Dmmomon |  Lems Pasing | Gawy | Comoremwe |  ASTM D00 ASTM D0 ASTM D2435 ASTM 05084 “:’:‘:‘5 m gg;; normm D":
A‘SST::I%Z;:;' (7 | ASTM D2216 | ASTM 02837 ?ﬂ;f:?? ASJ:{?;:W ‘:2:‘.;:0 ASTMCBS‘;AS?:;“ (Pe . Pesciimgtl '1“7_9‘ ' Towst 422 © rasuissume) S'\IDW
m =) to<h) =) ) e EMecwe | Efiectve | Eecwe | EMleawe | Ge cs = Vewcs | Swe(-y | Efectvs (PR | (EpAm) MosuwCoter, J Py
izl Gl (remmeig §i-mon Sress  [Cotmel.) | Corfrws | (K20) o) (oo (chmem)
I Rogit Aogle (e ™) Srez. | (emsec) |
PSF) GREES) | o= GREES) le<,
DDac s.2 7 SP.SM Qya 14 | '
D-2 10 (SP) (15) 12.5 125.0 | .
53 15 sP 46 | ,
D4 20 GP @5) 8.1 1233 ‘ % '
S4 25 SMGM 88 ‘
D6 30 SP-SM a2) 133 104.6
S.7 s SMIGM >100 !
D8 40 GP- >(100) 128 72214 | -
S6 45 P >100 1 ! ! .
S-10 50 | (SWSM4) >100 34:56:10 ; l ; ' ' ‘ ‘
D11 54 SM @) | 204 | 1078 18 ! l ‘ ‘ 8200w :
$-12 60 ML |60 ! 0:21:79 i ' | , :
D13 65 sM (54 | 226 | 1040 “ ‘ f So__° 1908 ' |
S-14 69 | SW-SM- >100 | 11:809 : | ! L : ;
D15 75 ML Te | @& | 233 | 1000 ! ' { ’ g | 12€:08 f '
DD-3D 51 5 sM Qya 33 i ‘ '
D-2 10 sP (14)
s2 15 SPIGM 54
D4 20 GP 39)_ 10.0 1248 ! ! '
S5 25 GP 53 | s
D6 30 GP (20) 11.2 97.7 | I :
S.7 35 | GW-GM- 96 57:35:8 | ' :
DD4 S 6 ML Af 9 | | :
D2 10 sM o | @ 108 | 1223 | |
s-3 15 SWGM 99 | ‘
D4 20 GP-GM @7 12.8 1204 } :
S-5 25 GP-GM 45 | |
D-6 30 (SW-SM) >100) | 96 130.6 46:46:8 | :
S-7 35 SP-SM >100 | 11 I : - | I
D8 40 | GPGM- @) | 90 1273 | 68:226:6 i I ‘
S9 45 GP-GM | 100 251 7 : | :
D-10 50 | (SW-SM+) @3 | 132 121.7 | 17:73:10 | i !
S11 52.5 SM >100 | 121 i 55 218 8 2143
D-12A 55 SM >(100) | 105 31:48:21 | :
D-13 57 ML TUTp @2 | :
D-13A 62 ML (26) | /
S14 63 ML 73 \ !
D-15 66.5 ML (39) |
T-16 67.5 ML 274 854 | 14.009
D17 71 ML 28 | i :
D-19 745 ML 25 | ' ! -
T1.20 755 ML | 252 100.0 473413 v 00920 | 00220 B5E04| 1 | +082 i2s
T-21 78.5 ML | 187 107.7 37316 | 9434 0.063 | 0.012 - | 1w | o 6.45 86 169 1256
124 87.5 cL | 267 958 41.22.19 | 13147 | sgo0 25 ! : ' |
DD4-1 D2 10| sP Qya |_(45 | 82 1255 , l | ‘ ' : ; : % !
s3 15 SP-SM [ >100 | | ‘ ‘ ‘ j ‘ : '
D4 20 SP-SM [ @9 | 160 111.4 | ‘
S5 25 SW-SM 79 | 13:79:8 i | l L :
D6 30 SP-SM 43 | 157 1154 | ' " ; ' | :
S.7 35 | (cP-GM) 69 | | 51418 | I = " ‘
D8 40 P >(100) : ’ | : ! li '
s-9 43 GP >100 | ’ ; : . '
D-10 46 | (SPSM) B4 | 123 1166 | 37:5786 [ | | ' ; ' 1 , ‘
S11 49| (SPSi >100 | | 40528 : ‘ | ' ' | j
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TABLE 3-5 SUMMARY OF LABORATORY TEST RESULTS

0583473
Borg Sampe Serpic Uscs Guicye | Comvmen | Memre Oy GanSze | Anebeg | Pwce | Soecfc | Uncoined | Owedt Shew Traoal Carpresscn Conscadetecn Cheractenetcs Vel Pecnascany Saigh Sulue g Ehcten o~
Nuber Numper Depth | Classhicancn Una SPT | Comter™ | Densty | Dwmntaton | Lemts Pasung Gravty | Caroresswe | ASTM D3R ASTM 080 ASTM 02435 ASTM D5084 u-fa‘:m ch;:‘l gg;:: Don - T
ASTM 02487 + Vaue | ASTMDZ246 | ASTMD2937 | ASTMDAZ2 |ASTMDA21S | 9200 Seeve | ASTMDESS |  Strange tatditg | P S, | TN
ASTM D248 GRSAFI WPLPI | ASTMD1140 ASTM D2¢6S ( Posk Strencr (Pesk Strengh) ]
m %) (pen) =) =) ) Eftectve ENecrve Efisctve | Efiectve Cc Cs Cx | vewa Swed(+) | Effectra (EPA 300) (EPA 300) Masture Cantent { (%)
pammainl ol (B-<mumoolt (¥l | Sress |Comcse() | Codewg | 020) (pom) (som) (enmem)
A Angle (ks %) Stress (crmizec)
P |mecess | s Imecrees)| (es)
DD-4-1 D-12 52 SPSM | Qya | (34) | 188 107.0 7 ' t
S-13 55 cLmL TUTp 37 |
P-14 58 cum 25.1 978 ' (340) (180)
D-15 61 cuML 5 -
P-16 64 M —— 79 3936,13 3085 ' ’ 163 8 890 1601
D17 68 CLML @26 | 237 1023 :
P18 70 cLML : | (150)
D-19 733 LML | 62 | ;7 1014 :
P-20 76 ML ! 462818 3.045 T
s-21 79 cuML 53 ’ :
p-22 82 CLML . 1 : 1 (800) 219) |
D25 | 845 | om 27 241 | 1008 : ‘ , -
P-24 88 cuML : ’ -
D25 91 cLML @5) | 256 98.3 ! : 1
P26 ) oL ! | : ,
D-27 97 oML @8 ' 246 | 1000 I : :
DD-5 2 10 SP-SM - Qya 16:79:5 I
3 15 | SW-SM- 28868 ‘
s 25 SW.SM- 19 17785 £ H 7.18 107 72 103,550
6 30 | SW-SM- f 19738 ! :
D07 S-1 5 ML Al 5 | ' '
D2 10 | sPsM | ays ©) 215 | 1004 ' '
s3 15 SW 33 |
D4 20 | (SWSM) @6) 13.3 108.9 'l
S5 25 sp 72|
D6 30| (SPsm) 69) | 107 | 1204 ’ 'g
S-7 35 (SP-SM) 75 | | : &
D8 40 | (SPSM+) 100) | 142 19:74:7 *
s9 45 | GPGM >(31 : 60 : : . 280 188 1085 2887
D-10 50 GM >(100) | 108 1264 | 48:37:15 ! ' l
S-11 55 ML TWp | 49 | | ' '
T-14 63 ML 23.9 1026 12.930 ‘ ;
117 72 ML 253 101.2 10336 ! !
T18 75 CcH 249 | 964 552827 | 0.066 | 0.019 L MR
T-19 785 ML | 282 933 47,3017 ! ‘ '
T-20 81 CH | 281 978 55.24.31 18.09% 4600 25 } .
D09 S-1 5 SP-SM Qya 14 ! '
D2 10| Sw-sMm 22 74 1237 ]
S3 15 GP-GM 30 1 ' : :
D4 20 GP-GM @7 142 | 1084 ‘ ' ‘ i
s5 25| GPGM >100 : ' :
D6 30 sP @8) 122 | 1150 ' ! | i
S7 35 SPSM- >100 | 35:53:12 ! : ‘ ' ’
D7 40 GW-GM >100 ' ’ : '
D8 45 (SC4) 61) 173 | 1074 | 14:63:23 | 311813 ' ' ! : . | 3 i
D9 a8 M) ©2) | 184 i ' : ‘ ‘ ‘ : ' .
S-10 50 GM/SM |__>100 ! - !
D-11 55 (SP-SM) ©2) | 114 119.8 7 l ' j 1 ‘ 161 186 ! 8 42
512 59 | GMSM a1 | : : : : :
D13 61 ML T0Tp @5 | 290 84.4 f : i :
S-14 62 ML a1 | i “
T-15 64 ML | 254 1012 9444 I ' !
D16 66.5 ML @6) | 245 | 1005 | 38.27.41 800 34 ‘ ! 5 ! :
517 67.5 ML 43 | l 272 ' ‘ l
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TABLE 3-5 SUMMARY OF LABORATORY TEST RESULTS

9583473
Bomg Sarpie Sampie uscs o - ] Dry Gran-Sze Allerberg Percerr Specfic Unconiined Dwuct Sheer Trsosl Compression Consoastion Charsctensiics Tnexrsl Permaabity Sau -r Suliste Chionde Emctrea Sisxe
i E s Bt | Cretahinss b sk e ok s P Grevty [ Contasiive ASTM D3080 ASTM D080 ASTM 02435 ASTM D5084 USE=# Cantent Contert Roweovty ~ Durstaity
ASTM D2487 - Vaue | ASTMD2216 | ASTM 02907 | ASTMD422 | ASTMD4318 | 200 Seve | ASTMD 854 |  Strength Mpon B I [ODRGR: Jf] DR () JDOUGATESTIE |, | ince
ASTM D248 GRSAFI | LLPLPI |ASTMO1140 ASTM 2166 { Bosk Srengen) (Peak Srang Tea M7l | Testan Qvatulsmonsl | ASTMD H54
™ (%) (peh) (%) %) (ksf) EMecive | Eflecove Eflecive | Effecve Cc Cs Cx Vecal | Swek+) | Effecwe (EPA 300; (EPA 300) Mostse Covert | %)
Cotwexn Freoon Consmen | Friction Swess  ICotapse(-) | Confng 020 (ppm) (ppm) {enmeem)
oge Ange sy | (®) Stss (crmisec)
pw) | mecees | men) oeoes) ! )
DDS | T8 72 | cH | TwTp 284 97.0 512328 13.16 ! 4000 26 ! .
RS e | wm | 262 | 070 20316 ' :
DD10 | 54 5 SM Al 11 | 1 '
D-2 75 sp Qya ©) ! | '
" D3 10 SM ) 256 925 ' ! ’
| s4 15 sP 84 ’ '
| b5 20 _sp 4) 107 | 1253 ‘ :
| ss 25 | sPsm 45 f { :
1 D-7 20 | sc © 14.1 107.2 f ;
! S8 30 | (SP-SM-) 100 43:47:10 ! ‘ ; :
DS | 35 | SW.SM- 9) 89 1292 | 39:547
S-10 40| sPsm 86 8 i
Dt 45 GW - (48) 76 1146 | 73:243 ! :
| s42 50 Gw 116 | ‘ :
' D13 52 GW © i | :
! s.44 60 SM >100 14 ! .
D15 65 sc 2) 132 114.6 50,18.32 ! : l
S-16 70 SM >100 15.0 7:78:45 | ! 8.11 208 82 4810 !
D-17 75 SP-SM ) 98 1219 9 450 | 43 : : :
. S48 80 SM >100 6:81:13 i : ! !
| D9 85 SM >100) | 105 14 | ! '|
| D20 925 | SP-SM- (92) 154 1031 | 34:54:12 l ' | ‘
DD-12 S-1 5 | M Af 5 | ! '
D2 75 | SM Qya 2 1 ‘ i
" b3 10 sP &) 193 1015 ' ‘ ‘
| s4 15 sp 52 ’ F :
‘ 05 20 SW (11) 14 1 113.7 | : :
s6 25 SW 92 [ 1 :
D-7 30 GP . (16) 36 88:10:2 { | 1 ‘ ' L
D3 35 sp >(100) ' | ? : ' :
D9 37| GpP >(100) i ! ! ‘ :
| D10 40 M) ) 5.0 1342 | 2655747 ‘ ‘ '
L s 45 SM >100 13 \ ‘ | : ‘ :
| D12 49 | GP-GM- ©2) 64 50:44:6 I | | i ‘ !
D-13 53 SM (40) 21 1 ! ! ’
D14 56 sM (59) 175 | 1140 46 i * ‘ ‘
S15 60 SM >100 25:57:18 \ ! ' '
S-16 62 SP-SM >100 172 | ! 735 164 . 85 810 !
D-17 65 | SPSM-. (34) 16.4 1081 | 0828 450 | 41 ! ' ‘
S-18 69 SP-SM >100 12 | ‘ '
D19 70 sP >(100) 78 128.1 ’ ‘ ' f
S-20 75 SM >100 13:89:18 ! : ' .
D-21 B0 | (SP-SM) 92 124 | 1241 | 18:7042 ! | ‘ ' '
D22 | 85 sp >(100) | ' ‘ ’ J
DD-65 D-1 10 sP Qya as) 101 | 1040 | | | i ! ! '
s2 15 sP 88 I ' [ Pt
| D3 18 sp 1) 114 117.3 | | ! ! |
| sa4 21 SW-SM 63 14:74:12 ! ! l :
: D5 24 | ©p >(100) H ! ‘; :
Y 27 cP >100 1 * i Il !
" b7 30| (SW-SM) >(100) 40:519 i E ; 1 :
S8 335 GP >100 ! : . :
| D10 37 (GP-GM) >(100) 9.1 130.4 50437 ! i | i | ! ' ! !
| s42 | 405 | (SW-SM) 100 12:78:10 5 | ! ! ' |
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TABLE 3-5 SUMMARY OF LABORATORY TEST RESULTS

0583473
Bomyg Ssroe Ssroie | uscs - Dry | GranSaze Amarpecg [r— Somctc | Unconined Dwect Shas” ‘Inecet Corrpreasmson Conecatson Charsciensncs 1 reorsl Permestiry | Soipt | Sufime Craonde Eecincy Gamxe
Mumoe NuTDe Dectn | Castssieston us | SET Conter Denssy | Dumntumon Lres Passry; Grwey |Compresswe| ASTM D30 ASTM D30E0 ASTMO2435 ASTM DS084 USEPA Cormere Comen | Resmtvey | Dursney
ASTM D2487 - ‘ veue | ASTMDZ216 | ASTMDZS07 | ASTM D422 | ASTMOM318 | #200 Sueve | ASTMOBSI |  Swrength Mehod 045 | DOT CA oorca | pDotcatestsn | roc
ASTM D24e8 GRSAFI | WAP |ASTMONM&® ASTMD2186 { Posk Srwc Pesk: Swancth) | Temtai2E Ted? | @ reeAssrxe; ASTMD 8464
m ™) (pef) =) ) (xsf) | Edecawe | Efecove Efecive | Efiecave Ce Cs Cx Vervcal Swei+) | Efecave | (EPA 300) (EPA 300) Mosnre Carsert ™
Cowexn | Facter Consscn | Fesston Sress  (Cotepse-) | Coteng 0<20) l topm) (o) (chmem) "
Beze frgee. s ™~ | S (emisac)
Py | meeRe=s | me  DEGREES) [ {
DD65 | D13 43 | sp Qya | >100) 11.0 1164 | | ! | |
| s15 46 | sMm I _>100 186:13 ! ' '
D-16 495 SP | >{100) 18.0 1111 '
s18 52| sWsM [ >100 177142 ‘ !
| D19 56 sP | (85) 201 1103 : I
| s 59 GP [ 3100 | i | .
T 62 GP I >(100) ‘ ! |
D23 63 SP_ [(100) 126 1251 ' é
S25 | 66 | sPSM) i >100 | 43507 ! ' ’
D.25 | 715 GP >(100) | [ | i | | | I
SD-1 S-2 | 5 SM | At 7 | | | i i | | | | i ' | |
D-3 | 10 SM Qya | (5 | 123 1140 | i | ! i | | | ! |
LS4 | 15 | SwsMm. | 68 | | 17:749 | | | f i | < l | i | !
i D5 | 20 | @pP I (15) 13.7 171 | | | | i | | | ‘ i i | i
I S6 | 25 | SW.SM-s | 53 21718 | I l 1 1 | [ ’ i [
[ D7 3 | @GP | o 23 | | [ i ! w
S8 35 | SPSM I >100 B | | i |
| Do 40 GP. | >(100) 45 71254 | ' ! :
S10 | 45 sP I 100 | | |
D-11 | 50 GP | (@9) | i b
} D-12 52 ML [ @3 18.0 1059 | 04753 | | |
S-13 55 SM | 114 | |
| D14 60 SM  >(100) 198 1007 31 1000 35 ! !
S15 65 SP.SM >100 174 | | 810 ! 131 98 4545
D-16 70 SP-SM - >(100) 129 1121 | 43:498 [ | \ i :
S17 75 GP | »100 | | | | |
D-18 76 GP I >(100) | | | ! | |
| D-19 80 GP | >{100) 8.0 1263 ! | ! | | | |
| s20 85 SP.SM >100 ] \ ; . ' | : | |
. D2t | %0 | sPsM | __@s) 156 | 1133 | i s | ; I l ] r ! ]
S22 | 95 | spsm | >100 i i ‘ ' ! | | i -
SD3 D-1 5 SP - Qya | (5 19.1 064 | 0964 | | | | ! l ' i ! |
i s2 10 sP | 51 i | | | i 4 i [ |
D3 15 SP-SM RO 88 1367 | 0 54 | | i ! : | ! |
S4 20 | sPsm 76 1 10 | | ' \ | |
| DS 25 | spsum “2) 73 1238 i i | | | |
| s6 30 | sPsMm | 100 | | | | | | l |
| D7 s | @p - 55 | I Y T J | 1 5 I
SD3A | D-1 35 | GP Qya | (36) 47 | ! | § | i ! ! | | | i ]
| S-2 40 | GP-GM+ | 76 | 62326 ! [ | | | | | | | { | |
|__D3 415 | GPGM ) 8.8 1304 I i ! | I | | | | | | | |
[ D4 45 |- P ) | I \ | | | | [ t i i |
[ ss 50 SM i 2100 | 1 ; 0 1 ! | | | | | :
D6 56| SM | (49) 111 1147 | | : | | | ’ | T | ; \ i
‘ S.7 | 80 | wm | 100 [ | | i [ i ' ! | ' i i
| S8 | 61 | sm I 100 ] g | | ‘ | i ! i | ! |
! D9 | 65 | SPSM- | (64) 1B8.8 1005 | 0:80:10 i | | 800 35 | | [0.0340 | 0.0050 !3.5€-04 1 £0.04 i i i | i
S-10 |70 SP 100 | i | | | | | | | ; I [ ! | |
D-11 | 75 | swsMm @3 127 | 116.0 | 39:55:6 | ‘ T | | | ! g | ! |
| s12 1 8 | gP i >100 | ‘ i I I | | I I | | ¥ ) \
| D13 | 82 | sp | (64) 96 | 1101 | i | | | | | i | ! i i | !
D14 | B5 | SPSMe | (54) 274 | 971 | 08911 | ‘ | | | ] ‘ | 1 ! I i
S-15 I 90 | ML i 93 | I : il ] | | | | i I | |
D46t 915 | wm | | @6 | 222 | 1053 76 | | 10.0650 | 0.010 19004 | 1 | +0.18 ‘ : |
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TABLE 3-5 SUMMARY OF LABORATORY TEST RESULTS

5-B347-3
Bong Sempie | Sempe Geoogt | Eouwsien Mosture Dry GranSge | Aneoerg Percert Soscfx | Unconire: [T Trumast Cargresson Cammontutcn Crarscinmacs S ot :-““e :I ;:m.
Murrer Hurmber Do Ue | SPT | Comer~ | Dewry | Dumowon | wmz | Paang | Gy |Covowawe|  ASTM DX ASTM 09 e Wi c porcs
| Vae |ASTMDZ216 |ASTMD293T | ASTMD4Z2 | ASTM D418 | $200 Seve | ASTMDES |  Swength 045 DDT-—A_ Do‘rc: DOT CA TEST 572 o
| GREAFI | WAP |ASTMODt140 ASTMDNES 1 Pank Saranegh’ Pask Srencth) Test 4172 Tewt &2 @ nunemme, | ASTMD st
i!l) ‘ - i i s ) = Te T [ Vel Bwak(+) (EPA S, | (EPA 300 Mosture Canan (%)
g c Fommen Bress  [CoMpsel-) o (mom) (onmecm)
s s [ ™)
wst | mEGREES) | mst)  IDEGREES)
SD-3A D17 | o5 Qya (55) 18.0 1119 28127 34 ! ! I
S-18 100 *100 | 3
D-19 102 >{100) 13.0 1146 I |
D-20 105 | >100) | 174 1188 ' '
521 11¢ >100 i ! '
D-22 115 @2 13.4 1106 8 [ | '
$23 120 >100 | ‘ ‘
D-24 121 >(100) | | !
D-25 125 | (62) 206 107.9 * 37 ' ! ) '
SD-4 5.1 | 5 A 7 | : | | |
D2 [ 10 Qyz (5) 131 1146 s 14 : ! ‘ :
s3 | 15 47 i : .
D4 2 L__(18) 151 1127 i 18643 | ‘ 0 __ 1 45 | ‘
S5 25 100 ] i | ! |
D6 30 24) 47 | | I | | !
57 33 2400 5887 i i l l
S8 36 . >{100) 12 | | ' “
D9 40 i >{100) 8.8 42508 | ! | ! :
S-10 45 >100 | 8 | | | | I
D-11 50 [ @2 125 124.4 | ' ' !
§-12 55 i 100 [ | !
D-13 60 ) 183 108.6 45 | : '
S-14 65 © »400 154 ] | | 7.85 1681 196 5556
D-15 70 >{100) 16,6 113.0 8848 | | 0042 | 0074 |50E-04 1 004 |
S-16 75 o7 I 41 | ' '
D17 78 " >(100) | 156 1138 | ' : !
D-18 80 I (87) 183 930 | 17623 | ! ' |
S-19 85 >100 ! | ‘ ' ! I
D-20 90 L @5 18.8 1124 | 27207 | ‘ | : '
_S.21 | g5 >100 i : : l :
SD5 S 5 A B | | |
D1 10 Qya | (10) 13.0 104.8 i ! : '
S-2 15 Losg | I \ !
| D2 | 20 | (40) 104 1188 | 15796 | | ! :
S3 25 | 88 l ! ‘ '
D3 30 | 52) 12.9 1202 | [ | I
S4 35 | 77 | | 14 | '
S4A 40 I 113 | | | | |
D4 415 | 1) 122 1332 | 22:88:10 | | | ‘ : l
S5 45 I »100 | | ] | | ! |
D5 50 ) 98 1315 | 79:48:3 | | ! } | t .‘
56 55 L 77 ! | ‘ ’ | : #
D6 60 | 8 267 100.2 1352114 | 77 | " * ]
S.7 |65 i 85 182 i i | | | 505 131 88 2801
D.7 70 | (99) 155 1078 ! i : 0 | 45 '
S8 75 I 70 | & | | J -
D8 80 | (82) 14.0 1132 | 484127 | ! . ' I I
S-9 85 >100 i ] i | | ] |
D-g 90 L__(62) 16.2 1148 | 30228 62 | | ! 005 | @ 256041 2 02 ' 5 i
D-10 92 >(100) ! : ' : F l ;
D-11 95 I >{(100) | l | | [ l‘ E
D12 | 100 (61 193 107.6 ! ‘ : I l :
[B} Previous Preliminary Investiaation it :
o T e - : | ¥4 | T3 102 | 1538/(2857;
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TABLE 3-5 SUMMARY OF LABORATORY TEST RESULTS

Borg Samoe | Sampe USCS | Gemoge | Equwment Mosture Dry GranSze | Adeberg Peroars Soecic | Uncarieed Drect Shee | Trmost Compressson Conamamon Charscienancs | Tnere Permescsry Sad ph Sulme | Crance Emectncal 5-.74
Nuroer Nurmper Detn | Classficaion une 1 Cartenr™ Denaty Destrigasion Limes Passng Gravty | Compresswe | ASTM D30E0 ASTM D080 ASTM 02435 ASTM D5084 USEPA Coner | Cate Fammi oy Ourmtery
ASTM D2487 - Veue |ASTMDZ216 | ASTMD2907 | ASTM D422 | ASTMD434B | #200 Sweve | ASTMDBS4 | Swrengh l “ Mehod 8045 | DOTC< | DOTCA DOT CA TEST 532 noex
ASTM D2488 GRSAFI LPLPI | ASTMD1140 ASTM D2186 ( Peak Strenceh) (Pask Srengh) T MTE | TemdZ22 © nstutssrse] . ASTM D 4464
m [+ 3) (g %) %) s Ce Cs Cx Verncal Swel(+y | Efeowe (EPA X, (EPA 300) Masture Cavert (%)
: fmtr | Cowmson | Fresn Sress  [Cotses(-) i Cartew; 0<20) (o) om tomemy |
Ange e s ™) Sres: | (cmvesc)
fPSF) @_QEE‘:' PSH GREE (3l l
PE-18 D2 10 | GWSW | Qya 22) 82 128.9 | . ' ' l '
53 15| (SP-SM) 24 1927 | ! ‘ ' ‘ ‘
D4 | 20 GW en 11.0 1213 l ' ! 1 |
S5 25 GWISW 58 n ‘ * |
D6 30 GW | 5 | 67 1234 | ' '
S.7 a5 (SW-SM) >100 20:728 ' " I
D8 0 | ow p100) | 119 | 1293 ’ : I
S8 45 GW >100 59474 | ! |
D-10 50 GW >100) 74 | | | [ { |
S-11 | 55 SM >100 20 | | i | | i
D12 | 60 M| (43) 170 | 1103 | 07525 | 28.226 2712_| i | | 1007 | oot 00014 | 4 2.01 ! :
S-13 | 65 sM_ | >100 27721 | i | | ! : ! 782 115 97 4000
D-14 | 70  ISW-SMGW.GM >100) 126 1238 | ! ] | | i i i i |
$-15 | 785 SM >100 084:16 | } [ | I i | |
D46 | 85 ML 3 20.1 107.0 | | | | | ! ' i
PE-27 D-1 | 5 | sPsMm Qya (4) 95 98.5 12 | | 3
s2 | 10 (SP-SM) 2 3382:5 | | ! |
D3 15 GPIGW ) 24 | | |
S4 20 GPIGW 40 l | | '
D5 25 GPIGW 34) 59 1214 : ‘ * ! i
$6 30| sPsm 56 23718 ! ’ ! |
D-7 35 | GPGw (46) 85 1227 | | | ]
S8 ol GP >100 80473 7 ; )
D9 46 SWIGW >100) | 107 | : i ;
S-10 50 ML TUTp 32 | l I . '
D-11 55 ML | B3 258 0397 | 36207 | 31 1150 ! ! | ! i
S-12 60 ML 29 47,3017 [ | i ! 7.52 183 119 7692
D-13 85 ML 6) 246 29.28.1 | B.84Y I f ] ! I
S-14 |70 ML 51 | ] | | | i | I
Dis | 75 | M 30) 246 1 472720 | 10.699 | | 1 : A 5
PE-26 Di__ i 5 | SMSC | GQya 2 20 | 1006 | . ] . ‘ | ! ! } :
S-2 10| (SPsM) 46 3060:10 | i i | ! ! !
D3 15 | SP ) 9.2 1285 | 48513 I | i : 3
S5 25 | spsm >100 2:86:12 12 | | ! ! i
D6 0 | sp (58) 14.5 1164 | | ‘ i ! * i
87 365 | GWIGP >100 | | - i |
D9 45 CUCH | TTp | w0 317 918 502029 29 700 | | | | '
$-10 50 ML >100 20236 | | t | ' i [
D-11 55 ML (35) 255 100.1 382812 7.843 | ‘ i ! ! |
B-12 62 CL >100 ] | | i
D-13 65 cL |_(80) 220 1028 422220 4853 | | : ! i |
S-14 70 CcL 100 492326 ! : : 7.7 00 - T77 1333
D-15 75 cL o | 739 1012 0:298 | 422517 31 1250 | | | : |
S.16 80 | CL »>100 | i , 1 i | | | |
PE-29 D-1 | 5 | s Qua | _(n | 177 | 1084 | | i | | ! ! |
S-2 10 ' sm 14 | [ \ [ | ' ‘ ! . ! |
D-3 15 | GPIGW (16) 50 | | | | I | | ! | i
- 2 | M 62 27721 | , T ; | ! 1
D5 255 | GPIGW | >100) ! | i | i | ! i ’
S5 32 | SPSM >400 2069:11 [ | { | | | |
D7 35 P | a3) 7.0 128.0 | ? l l ‘ [ ! ! | | !
S8 41 GP | >100 9541 | ] ] | | i | ! | !
DS | 45 | GPGM | G4) 9.0 1236 ! ! [ ! | i | ! ' * {
s10 | 50 1 op | >100 | | , i ! | , } i : ‘ | i
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TABLE 3-5 SUMMARY OF LABORATORY TEST RESULTS

¥ ~ ” Tnmosl Cororesson Conachdetion Chersctenshcs Tl Permesteicy SaipH | Sullme Chionde
BB Nr-d b FAEY A -3 == maco e ceas I |l o | e
ASTM D2487 + Vaue | ASTMDZ216 | ASTM D207 | ASTMD422 |ASTMD431B | %200 Sve | ASTMO 854 |  Swrangth ‘ (Pesk Srangn) Test 417.8 Test 422 o
ASTM 02488 GRSAFI | LLALPI |ASTMD1140 ASTM D166 | E-“:.M m T = = = e T e T (EPA 300) (EPA 300) 7
m ™) (peh) (%) ™) =) Gumuce: | Suaar 1 Mt | et Sress  [Coteces(:) | Corfewg 0<20) (pom) (pomy
Ange ange (xsn) %) Srwes | (cvesc)
s | mecrees) | k) ImEGREES) S —— —
PE29 | D41 | 55 GPGM | Qya | (>100) 88 | 982 | | | | :
| s12 61 (SW-SM) >100 ! | 21:88:11 ! 237 1845 203
| D13 85  |sw.swonou (68) 116 | 1247 :
S-14 70 cH | Tup 58 532231 | | -
|__Dis 75 CH @0) | 542232 | 17208
S-16 80 CH 59 { ‘ —
PE-30 S2 | 10 | (SPSM) | Oys 72 2717 | | | '
D3 15 |snowenou| “n | l
S4 25 GP-GM 100 : : —
DS | 30 sP_| an | ‘ -
; D9 | s0 (SPSM) | (67) 16.3 089:11 | ' | I LY 183 s P
! 810 | 55 GW-GM | >100 | | | | | : ' —
i S-14 | 75 CHMH | Ti#Tp | 58 | , | 69.33.36 | | | | i
! S5 | 80 CHMH | | >100 | | | | ! ’ ' ' :
PE 31 D-1 5 Sp Qya ) 148 90.3 | | | |
S-2 10 GPISP 20 | ' -
D3 15 GPISP 21) 10.7 121.7 | ‘ -
S4 20 GPISP 26 '
DS 25 GP (40) 253 85:13:2 s
S8 30 GPISP 66 -
D-7 35 GPrSP 73) 88
S8 40 GPISP >100
D8 45 GP/SP (>100) 134 118.0 o
S$10 | 50 (SP-SM) 69 | 41518
D11 | =5 SM (48) 172 1113 | 07821 —
S-12 60 MLICL >100 | |
D-13 85 ML @23) 27.3 99.7 0:44:58 | 3 850 | i
S-14 75 MUCL | THTp 50 | i i ' : ' i
S.15 80 muct | 59 ' ' ‘ s
NOTES: ) . .
1. USCS Classifications are based on the visual-manual procedure (ASTM 2488) and laboratory test resuits (ASTM D2487). USCS Classlﬁcatlons baseq on the .laboratory test result; (ASTM 2487) are ;dentlﬁed by th
2. Some of the material classifications (identified in parantheses) shown in column 3 of this tabie are not consistent with the generai clas:ﬁcatlon of t_hat l_ntervall in the boring logs. This generally occurs in gravelly and
where due to presence of gravels and cobbles larger than sampler size, laboratory gradations and classifications only re.ﬂect the'ﬁner mat_nx m;tenais in alluvnurp.-- . .
3. For the same reasons presented above, results of gradation, fines content, in situ moisture content and in situ dry density tests in layers identified as gravels, silty/ciayey gravel, gravel with sand and sand with
gravel, may not be truly representative. , . : ;
4. For Califomia Drive Sampies, Equivalent SPT values were obtained by applying the appropnate corrections for different hammer weights, hammer drop and sampler dimensions,
Equivalent SPT values corrected from drive sampler biowcounts are shown in parantheses.
5. Equivalent SPT values in alluvium may not be representative of material density/consistency due to the presence of gravels, cobbles and boulders.
6. Cc and Cs are based on vertical strain-log stress plots, Cx is based on vertical strain-log time plot
7. Explanation of symbols:

GR:SA:FI = Gravel: Sand : Fines (percent passing #200 sieve )
LL,PL.PI = Liquid Limit, Plastic Limit, Plasticity Index






Table 3-6: Summary of Laboratory Results for Groundwater Samples

Sample Identification and Collection Date
717195 | 715095 | 7/16/95 8/31/95 | 9/7/95 MCL
DD-3C Test Production Well DD-1 DD-2
DD-3C DD-3C-1 o B b ibey frmmin il VRN
Constituent Sample: ar| Sample: Afer Sample: Afer Surging Surging Coiilasiat
Method of | the End of Well | Pumping Well for 700 | Pumping Well for 1300| pevel P and | Develog and Lavel
Analysis Development Minutes at 60 gpm Minutes at 60 gpm Purging Purging
o meit sEl el mef mg/l
Organic Lead DHS LUST <0.05 <0.05 <0.05 <0.05 <0.05 NA
T;;' " "‘""‘:;“ 8015M 0.6 49 5.6 13 03 NA
Oil & Grease 413.2 <l <l <l 4.5 <1 NA
Bicarbonate Alkalinity 310.1 NA 648 485 NA NA NA
Calcium 3005/6010 259 239 214 NA 248 NA
Chloride 300 185 259 271 461 261 250 (secondary)
Iron 3005/6010 0.166 <0.05 0.062 NA 0.142 0.3 (secondary)
Magnesium 3005/6010 838 78 69.8 NA 84.2 NA
Manganese 3005/6010 23 1.76 1.56 NA 238 0.05 (secondary)
Potassium 3005/6010 1.52 6.48 6.53 NA 8.33 NA
Sodium 3005/6010 181 244 252 NA 187 NA
Total Sulfide 376.1 <0.2 45.66 53.8 80 18 NA
Suifate 300 544 385 340 71.8 394 250 (secondary)
Title 22 Metals ug/L ug/l. ug/L L ug/l. ugl
Arsenic 3005/6010 <100 <100 <100 <60 <100 50
Barium 3005/6010 100 148 148 881 76.9 1000
Cadmium 3005/6010 <5 <5 <5 <5 <5 10
Chromium 3005/6010 <10 <10 <10 <10 <10 50
Copper 3005/6010 <10 <10 <10 <10 <10 1,000 (secondary)
Lead 3005/6010 <100 <100 <100 <100 <100 5,000 (secondary)
Nickel 3005/6010 <20 <20 <20 <20 <20 100 (EPA)
Silver 3005/6010 <10 <10 <10 <10 <10 50
Zinc 3005/6010 <10 <10 <10 <10 <10 15 (EPA)
Organic Compounds ug/L ug/L ug/L ug/L ug/L ug/L
Benzene 602 97 290 310 500 250 1
Benzene 624 140 300 420 320 200 1
Toluene 602 <l 31 40 90 <5 1,000
Toluene 624 <! 30 53 150 1.8 1,000
Ethylbenzene 602 4.1 350 290 160 <5 680
Ethyibenzene 624 2.8 310 460 400 2:3 680
Total Xylenes 602 4.5 230 280 400 300 1,750
Total Xylenes 624 <l 270 380 240 <1 1,750
1,1-Dichoroethane 624 1.8 <5 <5 2.5 23 5
2-Methylnaphthalene 625 <10 71 90 699 <10 NA
Acenaphthene 625 <10 <10 <10 20 <10 NA
Acenaphthylene 625 <l0 <10 <10 140 <10 NA
Anthracene 625 <l0 <10 <10 11 <10 NA
Carbazole 625 <10 —<l0 <10 110 <10 NA
cis-1,2-Dichloroethene 624 17 27 40 36 22 6
Dibenzofuran 625 <10 <10 <10 15 <10 NA
Fluorene 625 <10 <10 <10 84 <10 NA
Naphthalene 625 15 3,100 2,400 2,930 <10 NA
Phenanthrene 625 <10 <10 <10 75 <10 NA
trans-1,2-Dichloroethene 624 3 <5 <5 3.2 4.6 10
Trichloroethene 624 <1 <5 <5 1.6 <1 5
Vinyl Chloride 624 <1 23 <10 55 41 0.5

DHS LUFT: California Department of Health Services Leaking Underground Storage Tank Program (Flame-atomic absorption spectrophotometer)
NA: Not Available or Not Analyzed
Secondary: State of California Secondary Drinking Water Quality Critenia - Not a Legal Standard
Bold number wndicates MCL is exceeded for that constituent.




B One groundwater sample each from Monitoring Wells DD-1 and DD-2.

The test program, relevant test standards and the results of the analytical testing of groundwater are

summarized in Table 3-6 and presented in Appendix C.

3.4.2.2 Soils

An analytical (chemical) test program was performed on selected soil samples with high OVA readings
from Borings DD-2S, DD-4-1, and DD-65. The test program and test results are summarized in Table 3-7.
Detailed results are presented in Appendix C.

35 FIELD OBSERVATIONS

Table 3-8 summarizes various field observations noted in this investigation during drilling sampling and

development of monitoring wells for groundwater quality samples. These observations include the

following:

2 Locations and approximate sizes of cobbles and boulders

] Occurrence of caving and/or loss of circulation of drill mud

n Depth intervals of potential hydrocarbon contamination

u Depth intervals of sulfurous and/or hydrocarbon odor

u Measured hydrogen sulfide during well development and groundwater quality sampling

L] Locations and concentrations of volatile organic vapor (OVA) of soil samples with

concentrations at least 10 ppm higher than the corresponding background readings.

092795 RPT/ 95-8347-04 321



Table 3-7. Summary of Chemical Laboratory Test Results for Soil Samples

Sampie Identification and Collection Date Regulatory Goals
12/6/95 | 12/6/95 | 12/6/95 | 11/11/95 | 11/11/95 | 11/11/95 | 12/8/95 | 12/8/95 | 12/8/95
A Lusaty, US EPA
Coititact DD-2S,| DD-28, | DD-2S,| DD-4-1/| DD-4-1/ | DD-4-1/ | DD-65, | DD-65, | DD-65, ”SJ.;_'""' Preliminary
um o
Method of | E-22 E-25 E-36 P-14 P-18 P-22 E-17 E-20 E-24 Acceptable ;’:1‘:;&"
oals
Analysis Levels (MALs)
mg/kg mg/kg mg/kg my/kg mg/kg mg/kg mg/kg mg/ky mg/kg mg/kg mg/kg
Organic Lead DHS LUFT - - - <0.05 <0.05 <0.05 - - NA
1,000/100/10*
Total Petroleum (Gasoline)
A
e i BO15M 221 1.97 <05 <2.44 <248 <249 46 35 38 10,000/1,000/100° N
(Dnesel)
Oil & Grease 4132 - - - <12.2 <i24 <124 - - - NA
Chloride 300 - - - 180 150 210 - - - NA
Total Sulfide 9030 - - - 30.49 13.37 1343 - - B NA
Sulfide 376.1 - - - 940 690 800 - - - NA
Title 22 Metals mg/kg mgkg mg/kg mg/kg mg/kg mg/kg mgkg | mgkg | make m/kg me/kg
Antimony 3005/6010 - - - <7.32 <7.43 <746 <6 - - 6801
Arsenic 3005/6010 - - - <123 132 <124 <10 o o 32r
Barium 3005/6010 - - - 207 189 187 52.3 - - 100,0001
Beryllium 3005/6010 - - . <0.61 <0.62 <0.62 <0.5 . - 11
Cadmium 3005/6010 - - - <061 <0.62 <0.62 <0.5 - - 8501
Chromium 3005/6010 - - - 326 349 347 411 - - 1,6001(Cr VT)
Cobalt 3005/6010 - - . 983 89 9.03 3.22 - - NA
Copper 3005/6010 - - - 29 30.5 339 17 - - 63.0001
Lead 3005/6010 - - - <122 <124 <124 <10 - - 1.2001
Mercury 7471 - - - <0.12 .12 <0.12 . <01 - 5101
Molybdenum 3005/6010 - - - <6.1 <6.19 <6.22 <5 - - 8.500i
Nickel 3005/6010 - - - 25.7 26.5 264 308 - - 34,000
Selenium 3005/6010 - - - <244 <248 <249 <20 - - 8.5001
Silver 3005/6010 - - . <l.22 <1.24 <1.24 <1 - - 85001
Thallium 3005/6010 - - - <061 <61.9 <62.2 <50 - - 1501 (compds)
Vanadium 3005/6010 - - - 438 43 449 13 - - 12.000:
Zinc 3005/6010 - - - 756 72.8 757 414 - - 100,000t
Organic Compounds ug/ky ugkg ugkg ugkg ug’kg ug/kg uwkg ug/ke ugkg ug/kg ug/’kg
Benzene * 8240 410 160 =l <1.22 <1.22 <1.22 ? 10.3/NA 4,400
Toluene * 8240 80 28 <] <L.22 <1.22 <122 <] $0/0 3I/NA 2,700,000
Ethylbenzene * 4240 3,800 800 <] <1.22 <1.22 <1.22 23 SO/1/NA 3,100,000t
Total Xylenes * 8240 32,000 660 <l <1.22 <122 <|.22 29 SO/I/NA 980,000i
Acenaphthylene 8270 <330 - <402 <408 <410 180 - - NA
Benzidine 8270 <800 - - <976 <990 <995 14,000 . -
Fluorene 8270 <330 - - <402 <408 <410 550 - - NA
3-Methyl- 8270 <330 . : <402 <408 <410 510 - - NA
naphthalene
bis (2-Ethylhexy) | ., <330 ’ ; <402 <408 <410 <330 ; NA
phthalate
di-n-Butyl- 8270 <130 . & <402 <408 <410 <330 = N
phthalate
Naphthalene 8270 3,300 - - <402 <408 <40 2,000 - -
Phenanthrene 8270 <330 - <402 <408 <410 620 = = NA

mygkg: mulligrams per kilogram

ug kg micrograms per kilogram

DHS LUFT  Califorma Depaniment of Health Services Leaking Underground Storage Tank Program (Flame-atomic absorption spectrophotometer )

1 industnial area PRG

r residential area PRG

Cr V1 Hexavalent Chromium

* Total Petroleum Hvdrocarbon or BTEX Content Ranges for MAL Assessment Based Largely on Depth to Groundwater

MAL Assessment Critena for Groundwater > 100 feet / 51 10 100 feet / 25 to 50 feet below ground surface




TABLE 3-8 SUMMARY OF VARIOUS FIELD OBSERVATIONS DURING DRILLING SAMPLING
AND DEVELOPMENT OF MONITORING WELLS

Boring/ Approximale | Approximate | Groundwater | Boulder Cobbles Depth Depth of Depthof | OVA Reading REMARKS
Well No Station Depth to Tunnel Depth Size/Depth| Size/Depth of Caving or Detected Detected | Depth/OVA(1)
Along Invert/Station | measured on Loss of Sulfur Odor | Hydrocarbon
CR/CL Track Bottom 9722195 Circulation Odor
() () (ft) (ft) (fUppm)
DD-1 | CL 21+70 62.5 311 6"-8"/33.5'-34' 35 20 5/78 [Monltoring well Instalied -
B - */36.5-39 1. 4 40 251120 - - o e
) e R | 7428 o 52 55/85 o )
BU4T 0 - B 55 65/940 o B
| smgo B 65 2440 |
4"164 0 I R | 70 75/400 o B 5 & _mp . .
| S _ Il B 84.5-88 80/120 - - ) N
' 85/18
DD-2 | CL 25+50 73.5 316 N N | 305 _______|Bonng terminated prior to reaching planned penetration depth of 62 feet
- SR S e I - _ |duelo encountering free hydrocarbon products in the ground water
between 39 feet and 61 feel
DD-2S | CL 25+51 74 | 3 - | 30 5515 No monitoririg well installed ) -
B o - ‘N7 S 35 - 58/18 -
I ‘123 51 ~ 61/460 e -
B B4 58 61/480 o -y .
/34 60.5 67/320 3
6"/34'-37" 65.5 72178 N
,, W 5 | 640 ) 68.5 o 7se0 | s N
Bl | cmeaz I 80170 | - = .
N N a | 80 | 87/340 | R = on " .
96 95.5/>1000
DD-3 | CL 28+68 m._ | 356 _smal/36" | 418 - 50 | | 55142  |Moniloring well i _
,,,,, ey ] 3RE B 1 I 60/480 - ]
B 9"/36' . 60 65/130 N - I
| 47-8"142-43 S -
__ | 4EleE § L pm . wiw e R } mn 5
Lo o ST | &M e 8 s e o n o .
72"
DD-3C | CL 28+43 71 357 */114 5' Monitoring well Installed

12/28/95, page 1/5




TABLE 3-8 SUMMARY OF VARIOUS FIELD OBSERVATIONS DURING DRILLING SAMPLING
AND DEVELOPMENT OF MONITORING WELLS

Boring/ Approximale | Approximate | Groundwater | Boulder Cobbles Depth Depth of Depth of | OVA Reading REMARKS
Well No Station Depth to Tunnel Deplh Size/Depth| Size/Depth of Caving or Delected Delected Depth/OVA(1)
Along Inver/Slation | measured on Loss of Sulfur Odor | Hydrocarbon
CR/CL Track Bottom 9/22/95 Circulation Odor
(ft) (ft) (f) (ft) ({uppm)
bD3¢ SR 72— - _ %85 | 38 601920 — i
| 8"ses o . 69 40 65/130 e o
M | 488 p— I 64169 —
_ | 810 S i [ 75320 | _— I ) o _
SN IS B _ po—— _ ; B B
4"/49
DD-3D | CL 28+80 A 11/2'128' ‘145 caving al 12° I Terminated at 36.5 feet prior to reaching planned penetration depth
| ne-1g _cavingat1y R § ____ [0t 90 due to caving conditions and loss of circulation of drill mud.
*123'-25 cavingal 365 R 1 OB .
- I T | moar ] . vl
*/33'-35'
0D-4 | Cl 35460 69 425 1388 | 8 R E— 1 6/160 [Monitoning well installed . O
| sves | I & 20/54 R T - - -
3730 - — ] 15 81.5120 N -
47/35' . o 845140 nan - e
6"/44 5' L — . - 87.5/180 | o ) - ]
L - WS L A e S R _s0s51e0 |
DD-4-1 | CL 31495 - SR I B b it 72 32 25136 Monitoring well Ir —
. ] ) Ny B - 345 30178 B -
S - | Ry P 42 35/330 — .
‘ i 128 e I T do64 | o e
i ] = WEYS e . . e | — ]
p— = _ 613233 - - 49 46/62 | —n _—
6"/34'-34.5 —— | 52 491140 | ) ae s
g . (I 0 (SO ) NP : _ %6 52>1000 | — F R
. i = e ‘142 e S 55>1000 | S -—
L | - - sept000 | o
| . S Y S S R - | - — -~ _ |
} 64/>1000
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TABLE 3-8 SUMMARY OF VARIOUS FIELD OBSERVATIONS DURING DRILLING SAMPLING
AND DEVELOPMENT OF MONITORING WELLS

Bonng/ |Approximate | Approximate | Groundwater | Boulder Cobbles Depth Depth of Depthof |OVA Reading REMARKS
WellNo.| Station | Depthto Tunnel Depth Size/Depth|  Size/Depth of Caving or Detecled Detected | Depth/OVA(1)
Along InveryStation | measured on Loss of Sulfur Odor | Hydrocarbon
CR/CL Track Bottom 9/22195 Circulation Odor
(f) (i) (ft) (ft) (fYppm)
DD-4-1 - [ R  68/>1000 - B - )
e - B | 70~1000 - i
I N . - 30620 | S B
et | . I 76/>1000 ) - ]
SR | | PRSP 79/>1000 S S . S
N S ] B L o 82/>1000 | N
84.5/740
DD-5 | CL 43+70 | 65 . | 6745 |  cavingbeiow 30 ) ~ |Bucket Auger - -
| | **M125 B ) N Boring terminated at 32 5 feet before reaching planned penetiation depth of 75 feet
o ) | *M288% B No monitoring well installed No GW observed during drilling -
12/29.5'
DD-6 | CR25+60 73 - 3.5760° R Not measured  [Becker Hammer Dniling. No soil sampling from 0-58feet. .
3.5"/62
DD-7 | CR 32405 n 13 | ane 435 , 20/50 | Monitoring wel nstalied -
LALE) = o AU e
4"-6"/39 . ' ' 4566 | 8
4"/54'
DD-9 | CR34+75 65 54.7 | enr - | 5110 |Monitoring well I -
i o R i . | omes | ]
Y S - 6151 o 55/16
i S T - , 50118 B -
F - . . TS (— - 1 _oee |
| ) I i | 68 - il
' 63.5/88
66 6/84
I - " I 67.5/80 ]
o B | | N - | - 69/72 e -
N 721100 -
I B | 7574
78/180

12/28/95, page 3/5




TABLE 3-8 SUMMARY OF VARIOUS FIELD OBSERVATIONS DURING DRILLING SAMPLING
AND DEVELOPMENT OF MONITORING WELLS

Boring/ Approximate | Approximate | Groundwater | Boulder Cobbles Depth Depth of Depthof | OVA Reading REMARKS
WellNo.| Station |Depthto Tunnel Depth Size/Deplh|  Size/Depth of Caving or Detected Detected | Depth/OVA(1)
| Along InverVStation | measured on Loss of Sulfur Odor | Hydrocarbon
CR/CL Track Bottom 9/22/95 Circulation Odor
(f1) (ft) () (ft) (fUppm)
DD 9 ) ] Jbo 81/40 | - - o -
N ) . ~ 84/180 -
87/27
DD-10 | CR36+35 64 74.9 173 | *hr Loss of circulation at 47° | 40 7.5/96  |Monitoring well installed o |
| &R0 N 44 40 | ) S
- */34°-35' N 7 ] %52 45/460 R N
137 , 70118
) e — NI FSSS— S - - R "
| ‘14850 | 92516 | I -
1 | 15595 ] . oo
B - . ) S - -
| | "182'-84°
N N — S e S
DD-12 | CR39+50 63 | Dry o B *36" o Monilaring well installed B )
N . s | e-8Y42 o 3
/52
DD65 | CL19+10 | 57 oy | 36' | a7 | 2719 [No monitoring well e
L - s ] 54 405/22 - ) B
] 228 | st | | 43me ) ]
| ene - 60 B 49 5/43 e, At
B S 3 ) B 67 S 52124 _
e ) TR oo low OB ser2 | . S e
5"-6"36"371" 63/39
| 35139 D R 71.5/18 ) - ]
N — USS-56 | ”_ o nnile y N -
B - S PRy e e ; —
77/68-71.5' — e s s e -
*75'
SD1 | CL40+460 | 65 - | 8"-10"/33' . No monitoring well installed S——
| o RS | L Groundh encountered at 91 feet dunng drilling ]
*/141'-42"

12/28/95, page 4/5
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TABLE 3-8 SUMMARY OF VARIOUS FIELD OBSERVATIONS DURING DRILLING SAMPLING
AND DEVELOPMENT OF MONITORING WELLS

Boring/ Approximate | Approximale | Groundwaler | Boulder Cobbles Depth Depth of Depthof | OVA Reading REMARKS
WellNa.| Station | Depthto Tunnel Depth Size/Depth| Size/Depth of Caving or Detected Detected | Depth/OVA(1)
Along Invert/Station | measured on Loss of Sulfur Odor | Hydrocarbon
CR/CL Track Bottom 9/22/195 Circulation Qdor
() (f) () (f) (fppm)
S01 - *144'-45 — N )
| s R i .
. . e e RIE) o o )
76
SD-2 | CL 42+45 - 63 - e - i - Boring terminaled al 34 5 feel prior 1o reaching planned penelration deplh at 85'
due to encountenng free hydrocarbon product between 26 feet and 34 5 leet
SD3 | CL43496 | 63 - - */356.5'  |Loss of circulation at 34' and 35 S—— Boring lerminaled at 35 5 ' due to excessive mud loss.
SD-3A | CL43+55 63 - | e84 - ) SR . No monitoring well i o - i B
10"/35 — Groundwaler encountered at 88 feet during drilling
2Ry —— o e I
8"-10"/52'-54'
SD-4 | CR 45+55 63 | W T L ) i _36/60  |Nomonitoring well installed o
4145 | , I 1L N . . -
*/52'-53.5'
SD5 | CL 46+80 63 783 | | 85 | A | 208 |montorng wetinstated I
31 — s 30/18
) */35' B
S | ems | el e it R AR sl
- - 6"/41.5' - *_-T - o -
7"/50'
NOTES:

(1) OVA Concentration >= 10 ppm lhan the corresponding background readings.
* Drill rig chatter probably encountered gravels/cobbles.
** Trace cobbles.

12/28/195, page 5/5




4.0 GEOLOGIC AND GROUNDWATER CONDITIONS

4.1 REGIONAL SETTING

4.1.1 Regional Geology

The proposed Metro Rail Eastside Extension alignment is on the northern edge of the Los Angeles coastal
plain and the underlying structural basin, at the junction between the Transverse Ranges and Peninsular
Ranges geomorphic provinces in Southern California (Figure 4-1). The Elysian and Repetto Hills in
central and eastern Los Angeles are a northwest extension of the Peninsular Ranges trending northwest
from Baja, California. The east-west oriented San Gabriel, Verdugo and Santa Monica Mountains to the
north of the hills are in the western part of the Transverse Ranges, which extend across Southern California
from the Colorado Desert to Point Arguello. The Peninsular Ranges are largely defined by right-lateral
strike-slip faulting and associated folding parallel to their trend. The western Transverse Ranges are
uplifted by northward-dipping thrust faults along their southern margin. The hilly terrain of the Eastside
Extension area appears to result from folding and faulting in a zone of convergence between these major

sets of structures.

Bedrock units of the mountainous areas consist of a wide variety of Precambrian to Mesozoic igneous and
metamorphic basement rocks, and a partial cover of Mesozoic to early Tertiary sedimentary and volcanic
strata. Tertiary marine sediments and lesser volcanic rocks that were deposited in the developing Los
Angeles basin during Miocene and Pliocene time compose much of the folded and faulted, northwest-
trending hills of the present coastal plain. The oldest strata exposed in the southern and western Repetto
Hills near the proposed alignment are those of the Puente Formation, which consists primarily of siltstone,
claystone and sandstone. Puente Formation strata are conformably overlain by deposits of the Pliocene-age
Fernando Formation, which generally grade upward from siltstone near the base to conglomerate near the
top. This unit apparently records the final episode of marine deposition in the Los Angeles Basin, before

the coastal plain was elevated above sea level. -

092795 .RPT/ 95-8347-04 4-1
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Deformation of Miocene and Pliocene marine deposits in the Repetto Hills has been accompanied during
Pleistocene time by deposition of alluvium from the Transverse Ranges to the north. Cycles of alluvial
deposition, continued deformation, and partial erosion have left a fringe of uplifted and dissected alluvial

fans and terraces on the flanks of the hills.

There is current debate among geologists about the geologic structure and ongoing tectonic activity in the
Repetto and Elysian Hills. Speculation in the wake of the 1987 Whittier Narrows earthquake suggests that
a northeast- to north-dipping extension of faulting beneath the northwest trend of the Whittier fault has
produced thrust-fault offsets of well-consolidated bedrock at depth that are expressed in the weaker near-

surface materials by folding, faulting or a combination of the two comprising the Repetto and Elysian Hills.

4.1.2 Regional Faulting and Seismicity

4.1.2.1 Regional Faulting

The proposed alignment is located in a high seismic-potential area that has experienced ground shaking
from numerous large earthquakes in historical time. The earthquakes are being generated by periodic slip
across the northwesterly-trending strike-slip San Andreas and Peninsular Ranges fault system, and on the

generally east-west trending thrust faults of the Transverse Ranges.

Figure 4-2 shows the known major active and potentially active faults in the greater Los Angeles area.
According to the California Division of Mines and Geology (CDMG), the term "active" applies to any fault
that has moved within Holocene time (i.e., the past 11,000 years). Such activity is recognized by
displacement of Holocene-age sediments or by direct association with seismic activity. The term
"potentially active" applies to a fault that has been active during Pleistocene time (i.e., the past 2 to 3
million years preceding the Holocene). Such faults may have remained active during Holocene time, but
direct geologic evidence for continued activity is not available. The CDMG does not specifically define
an inactive fault, although they do indicate that-a fault may be presumed to be inactive based on "direct

geologic evidence" of inactivity during the past 11,000 years or longer (Hart, 1990).

The documented active faults closest to the alignment are the east-west trending Hollywood-Santa Monica

and Raymond faults. The Hollywood-Santa Monica fault is located at the southern base of the Santa

092795.RPT/ 95-8347-04 4-3



i - N ke T
( ) \ Q )

135 %
VRN L] R / o
S N — 19 16 San Gabriel

IBANSVERSE

—al i ~ Mountains g -
iy T~ _ San
ma'dy_./_)/'" ! Bernardino
s WG ) . : Mountain:
G o > //’ TR o e \U amns
\ | o LT A
®od Sdita Moruca Mounldn S “\f? ANGES>—
s X _ e OV, -
\ ol ,m a » : Al A 3 . X o - 1 F\AV“,-
3 »l‘l Clll? hrl‘.ﬁpd\ oy J . / V. ‘ b S ’\w’\_\ ’ \
I+ hand \\ ‘. 2 z \ ::‘ ~ 6/ = -J\‘\
@ EPICENTER OF NORTHRIDGE '/, l
EARTHQUAKE Proposed J
EPICENTER OF BIG BEAR Alignment

EARTHQUAKE
EPICENTER OF LANDERS
EARTHQUAKE
NARROWS EARTHQUAKE

EPICENTER OF SAN FERNANDO
EARTHQUAKE

=i
L
S EPICENTER OF WHITTIER
4

I BASIN AREAS

FAULTS:

1. CAMP ROCK

2. CHINO 13. RAYMOND

3. CUCAMONGA 14. SAN ANDREAS

4. HELENDALE 15. SAN CAYETANO

5. HOLLYWOOD 16. SAN GABRIEL Project No.: 95-8347
6. JOHNSON VALLEY 17. SAN JACINTO ] Geotechnical Investigation

7. LENWOOD 18. SANTA MONICA X3 BLL | Consultants Eastside Extension

8. MALIBU COAST 19. SANTA SUSANA 2E Metro Red Line

8. NEWPORT-INGLEWOOD 20. SIERRA MADRE-SAN FERNANDO
10. NORTHRIDGE 21. SIMI
11. OAKRIDGE 22. VERDUGO i i i
12. PALOS VERDES HILLS ~ 23. WHITTIER-ELSINORE 0 10 20 Miles Map of Ma]OI' Faults l-l'l a Portion
Source: | pr— Noith of Southern California

Jennings, 1992 and Ziony and Yerkes, 1985 Scale 10-95 Figure 4-2




Monica Mountains about 5 miles northwest of the alignment. The Raymond fault passes through the
northern part of the Repetto Hills into the south Pasadena-San Marino area to the east, and is about 5 miles
north of the alignment at its closest point. A fault that is postulated to be the extension of the Whittier fault
to the northeast of the Montebello and Monterey Park Hills area is located approximately 8 miles northeast
of the alignment (Treiman, 1991; Bullard and Lettis, 1993). Other active and potentially active faults that
are within 30 miles of the alignment are listed in Table 4-1 together with the San Andreas fault, which has

been included in the table for comparative purposes.

In addition to the fault traces that are shown in Figure 4-2, topographic features having tectonic origins
have been identified in the vicinity of the alignment (Plate 1). An east-west-trending linear escarpment in
alluvium that crosses the alignment at three locations (approximate Stations CR 35+50, CR 108+00 and
CR 154 +00) east of the project area, probably coincides with the "Coyote Pass fault" as mapped by the
California Department of Water Resources (1961). Several investigators have recently interpreted the
escarpment to be a tectonic feature related to a postulated buried thrust fault system within this part of the
Los Angeles basin (Bullard and Lettis, 1993; Sieh, 1993; Dolan and Sieh, 1992a and 1992b; Davis and
others, 1989). Our subsurface evaluation of the escarpment and its geologic significance for the tunnel

alignment are discussed in a separate report (GeoTransit Consultants, 1996).

4.1.2.2 Regional Seismicity

Moderate to large earthquakes can be expected to occur in the site region during the life of the project.

In the event that a nearby fault were to slip and produce a major earthquake, very strong ground motions

could affect the alignment.

An earthquake computer search (Blake, 1992) was performed to locate historical earthquake epicenters with
respect to the alignment. A search radius of 150 miles from the approximate mid-point of the alignment
was selected in order to include the larger magnitude earthquakes that have occurred in Southern
California. Catalogued earthquakes since the year 1800 with magnitudes ranging from 4 to 7.9 are shown
in Figures 4-3 and 4-4. The largest historical event was the 1857 Fort Tejon earthquake (estimated M 7.9)

on the San Andreas fault, about 125 miles northwest of the proposed alignment. The epicenter of the
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TABLE 4-1. ESTIMATED SEISMIC CHARACTERISTICS OF PRINCIPAL FAULTS

Approximate Distance

Magnitude of Maximum

Age of Most Recent

Fault from Station® Credible Earthquake® Displacement®
(miles)

Chino 27 7112 Late Quaternary
Cucamonga 29 7 Holocene
Hollywood 7 7142 Holocene
Malibu Coast 24 7172 Holocene
Newport-Inglewood 9 7 Historic (1933)
Northndge 23 7172 Late Quaternary: Holocene
Palos Verdes Hills 18 7 Late Quaternary; Holocene
Raymond 5 712 Holocene
San Andreas 33 8 Historic (1857)
San Gabnel 16 7112 Late Quaternary, Holocene
Santa Monica 12 7172 Late Quaternary; Holocene
San Fernando 18 712 Histone (1971)
Sierra Madre 12 7172 Late Quaternary; Holocene
Verdugo 10 63/4 Late Quaternary: Holocene
Whittier 5 712 Late Quaternary: Holocene

(4)

Distance measurements are based on fault traces shown in Jenmings (1992) and Treiman (1991).

Maximum Credible Earthquake Magmitudes from Mualchin and Jones (1992).

Age of Most Recent Displacement from Jenmungs (1992) except where noted, multiple ages applyv to separate fault

segments, "Late Quarternary” is the past 700,000 vears; Holocene 1s the past 11,000 vears.

Dolan and Sieh (1992a)
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closest moderate-sized historical earthquake was that of the 1987 Whittier Narrows earthquake (M 5.9),

with an epicenter about 10.5 miles east-northeast of the subject alignment.

This earthquake occurred on a previously unknown northeast-dipping buried thrust fault that has since been
named the Elysian Park seismic zone (Mualchin and Jones, 1992). More recently, a M 6.6 earthquake
occurred on January 17, 1994 on a previously unknown buried thrust fault dipping south beneath the
alluvium of the San Fernando Valley. The epicenter of this earthquake was about 24 miles northwest of
the alignment. Records of ground accelerations released by the California Division of Mines and Geology
for a strong ground motion instrument located in the vicinity of City Terrace (approximately 3 miles
northeast of the project area) indicates maximum free field accelerations of 0.32g horizontal and 0.13g
vertical for the January 17, 1994 earthquake.

4.1.3 Regional Hydrogeology

The hydrogeology of the greater Los Angeles area includes two general types of groundwater regimes:
bedrock uplands and alluvial lowland basins. The bedrock uplands surrounding most of the basins are
generally considered to be non-water bearing, while adjacent alluvial basins have supplied groundwater

that has been extensively used for domestic, commercial and agricultural purposes.

The California Department of Water Resources (CDWR, 1961) divides the Los Angeles coastal plain into
the Santa Monica, Hollywood, Central, and West Coast groundwater basins. The Central Basin of the
coastal plain is further subdivided into the Los Angeles Forebay, Montebello Forebay, Whittier, and
Central Basin Pressure Areas. The subject segment of the Eastside Extension alignment lies entirely within
the Los Angeles Forebay Area.

The Los Angeles Forebay Area extends southward from the narrows of the Los Angeles River and has
been characterized by the CDWR as an area of unrestricted infiltration of surface water. Because of the
presence of low permeability sediments in the shallow bedrock of the Repetto and Elysian Hills, however,
the actual area of effective surface water infiltration to underlying aquifers is largely restricted to the

younger and older alluvial deposits in the vicinity of the narrows.
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Groundwater in the Los Angeles Forebay Area occurs in young alluvium and in older permeable
Pleistocene sediments. Some limited groundwater also may be present in Pliocene and Miocene bedrock
underlying these deposits. According to the CDWR (1961), the water-bearing sediments extend to depths
on the order of 1,600 feet below the ground surface, particularly in the southern portions of the Forebay

Area.

Aquifers underlying the Forebay Area in the vicinity of the subject segment of the alignment include the
Semiperched, Gaspur, Exposition, Gage, and Gardena aquifers at increasing depths in the Holocene and
Pleistocene sediments (CDWR, 1961). Because bedrock occurs at relatively shallow depths along the
subject segment, only the upper Semiperched and Gaspur aquifers appear to be present (CDWR, 1961).
The semiperched aquifer consists of the older Pleistocene deposits overlying bedrock near the Repetto and
Elysian Hills; the Gaspur aquifer is largely comprised of the coarse-grained Holocene deposits overlying
bedrock in the Los Angeles River Narrows. The aquifers are generally separated from each other by
aquicludes, but the aquiclude materials may be locally absent in the northern part of the Forebay Area,

allowing hydraulic continuity between aquifers.

4.2  LOCAL SETTING

4.2.1 Local Geologic Conditions

Unconsolidated to weakly consolidated Holocene alluvial sediments, and consolidated bedrock of the
Miocene and Pliocene age Puente and Fernando formations will be encountered during construction of the
tunnels and station in the project area. Plates 4 and 5 illustrate the subsurface conditions along the

alignment based on the results of available information.

4.2.1.1 Surficial Deposits

The subject tunnels and station will be mostly-in alluvium deposited by the Los Angeles River. Both
granular and fine-grained intervals occur in the alluvial units. Within the Los Angeles River Narrows,
granular young alluvial deposits are most common. The sediments there consist largely of sand and gravel
with interbedded lenses of gravel, cobbles and boulders. The largest observed clasts range up to 4 feet in

size (Converse and others, 1981) with intervals of coarse gravel to large cobbles frequently present. The
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clasts are primarily composed of granitic and metamorphic rock types and are unweathered and durable.
Locally, the alluvium in the Narrows area is characterized by a zone of boulders and cobbles [Converse
Consultants, Inc., Earth Sciences Associates, and Geo/Resource Consultants (CCI/ESA/CRC), 1984]. This
condition was found in Borings DD-3, DD-3D, DD4, DD-10, PE-28, PE-29, and PE-30, where clasts up

to 3 feet in size were encountered.

4.2.1.2 Bedrock

Bedrock strata of the Pliocene Fernando Formation crop out northwest of the Los Angeles River Narrows
along the south base of the Elysian Hills. The Fernando Formation typically consists of massive to
indistinctly bedded siltstone or mudstone and well bedded sandstone (Lamar, 1970). The older Miocene
Puente Formation is exposed to the north of the Fernando Formation exposures and underlies much of the
Elysian and Repetto Hills. The Puente Formation consists of well-bedded siltstone, claystone and very fine
sandstone (Lamar, 1970). In the area shown in Plate 1, the contact between these formations is covered
by alluvium over most of its length. Where exposed, the contact is often difficult to locate accurately
because the lithologic change between the formations can be gradational (Lamar, 1970). Also, engineering
properties of both formations are considered similar. We have therefore not attempted to differentiate the
Fernando Formation from the Puente Formation during subsurface investigations; i.e. when referring to
bedrock information obtained from borings, bedrock is designated the Fernando/Puente Formation in the

text, and on the boring logs by a dual symbol, Tf/Tp.

Bedrock was encountered at various depths in the project area. Within the borings, the bedrock material
consists of very poorly bedded to distinctly bedded siltstone and claystone with cemented beds and

concretions locally present. The bedrock is typically dark olive gray and generally appears to be fresh or

unweathered.

Where observed in the borings, bedding planes have variable inclinations, ranging from less than 20
degrees (Boring PE-29) to 45 degrees (Boring PE-28). Existing geologic maps (Lamar, 1970; Dibblee,
1989) and other subsurface geologic data (LeRoy Crandall, 1979) indicate that near the alignment, bedding
planes are inclined moderately to steeply in a southerly direction and are locally overturned. Numerous

folds with axes that trend east-west to west-northwest are present in the Repetto Hills area.
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Overall, the bedrock materials range from very soft to soft according to criteria provided by the Bureau
of Reclamation in their "Engineering Geology Field Manual". A 4.5-foot thick zone consisting of hard,
cemented, calcareous siltstone beds (each up to '4-inch thick) was encountered in Boring PE-28, and a
thinner cemented sandstone zone was encountered in Boring DD-7. Drilling through this interval resulted
in continuous rig chatter and slow progress. Although Borings PE-28 and DD-7 were the only borings
in which cemented materials were encountered during the investigations, the available literature indicates
that cemented beds, lenses and nodules, locally up to 12 feet thick, are present (Lamar, 1970; Converse,
Davis and Associates, 1975; LeRoy Crandall and Associates, 1979; Converse and others, 1981 and 1984).

4.2.2 Local Faulting and Folding

An east-west trending topographic escarpment (the Coyote Pass escarpment) forms the southern margin
of the City Terrace area in the Repetto Hills and is as much as 80 feet high. It can be traced as an
intermittent feature from near the channel of the Los Angeles River in the west to the southern base of the
Monterey Park Hills near Atlantic Boulevard in the east (Plate 1). The escarpment is highest along the
southern edge of the heights of City Terrace in East Los Angeles and diminishes to an indistinct feature
that is less than 20 feet high near its intersection with the tunnel alignment east of the proposed Little Tokyo
Station and approaching tunnels. A second topographic escarpment occurs approximately 1 mile south of
the Coyote Pass escarpment. The southerly escarpment has an east-northeast to northeast trend, and its

surface expression is relatively subdued when compared to the Coyote Pass escarpment.

Geologic studies following the 1987 Whittier Narrows earthquake (M 5.9) attribute these and similar
escarpments in the Elysian and Repetto Hills of central and eastern Los Angeles to ongoing folding and
faulting. Seismologic, geodetic, and geomorphic analyses indicate that the escarpments could result from
either surface faulting or near-surface folding of weakly consolidated materials that overlie movements on
deeply buried (or "blind") thrust faults (Davis and others, 1989). Concurrent investigations carried out by
GeoTransit Consultants to evaluate the Coyote Pass escarpment conclude that the escarpment as well as
the southerly escarpment are primarily the result of fold deformations associated with faulting at some
unknown depth. These investigations also suggest that the Coyote Pass escarpment projects from the
heights of East Los Angeles, west across the Los Angeles River floodplain, and possibly into downtown

Los Angeles. The projected trace of the escarpment intersects the subject tunnels in the vicinity of the First

Street bridge.
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No published active faults trend toward or cross the project site and there are no Alquist-Priolo earthquake

fault zones identified by the State in the area.

4.2.3 Coyote Pass Escarpment, Bedrock High and Groundwater Barrier

Preliminary geotechnical explorations revealed an apparent bedrock high and possible groundwater barrier
aligned with the projection of the Coyote Pass escarpment from the heights of East Los Angeles across the
Los Angeles River area.

Six of the geotechnical borings on South Santa Fe Avenue (Plate 1) were used to help understand the
subsurface configuration of the bedrock surface across the escarpment’s projection. The spacing between
these borings was limited to an approximate average of 150 feet to evaluate if the apparent bedrock high

is abrupt or gently sloped, and if the groundwater gradient was just as abrupt or steeply sloping.

Borings DD-7 through DD-12 were drilled to depths of approximately 14 and 30 feet below the planned
tunnel invert (Plate 4). They encountered granular alluvial deposits overlying dark gray siltstone and
claystone of the Pliocene Fernando and Puente formations. The location of the deposits in the former
floodplain of the Los Angeles River suggest that they are mostly Holocene in age (about 10,000 years or
younger), with only the base of possible late Pleistocene age. Similar conditions were encountered by an
alignment of borings recently drilled along Mission Road across the escarpment projection directly east of
the Los Angeles River channel (GeoTransit Consultants, 1996). The Los Angeles River Channel was
scoured to its greatest depth during the latest glacial period, which ended about 15,000 to 18,000 years

ago.

Subsurface data from these borings and all previous explorations were incorporated in the profile presented
in Plate 4. It is apparent from the profile that the bedrock high is located in the vicinity of Borings DD-7,
DD-8, PE-27 and PE-28. In the vicinity of Boring PE-28, the bedrock surface is at an elevation of about
225 feet, or 45 feet BGS. From that area, the bedrock surface gradually drops to an elevation of 220 feet,
or 50 feet BGS at Boring DD-8, and to an elevation of 207 feet, or 60 feet BGS at Boring DD-9. South
of Boring DD-9, the bedrock surface drops with some abruptness to an elevation below 175 feet and
greater than 92.5 feet (maximum depth of boring) BGS at Boring DD-10. This represents a change in the

bedrock surface elevation of more than 32 feet over a length of about 160 feet along the alignment. At
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Boring DD-10, only alluvium was encountered to the explored depth of 92.5 feet. The bedrock surface
was not encountered by the geotechnical borings drilled south of Boring DD-10. It should be noted that
the horizontal projection of the Coyote Pass escarpment lies between Borings DD-9 and DD-10 (Plate 4)

in the vicinity of the First Street bridge crossing of Santa Fe Avenue.

Observations made during drilling and subsequent measurements of groundwater levels in piezometers
suggest that the bedrock high is causing groundwater to pond in the floodplain north of the bedrock high.
The groundwater surface has an elevation of about 240 feet, or about 40 feet above the bedrock surface,
north of the bedrock high. To the south, the elevation of the groundwater surface ranges from
approximately 187 feet to 193 feet. Between these two areas, the groundwater level varies in elevation
from approximately 229 feet at Boring DD-7 to approximately 211 feet at Boring DD-9. These elevations
are within 10 to 15 feet of the bedrock surface. Based on these observations, the change in groundwater

level across the bedrock high is not abrupt but, in general, conforms with the slope of the bedrock surface.

4.3 SUBSURFACE STRATIGRAPHY AND GROUNDWATER CONDITIONS

4.3.1 Subsurface Stratigraphy

Based on the subsurface information obtained from this investigation and previous investigations in the
project area, Plates 4 and 5 present the following two plans and generalized subsurface cross-sectional

profiles showing the subsurface stratigraphy and tunnel and station profiles in the project area.

= Along the CR track from the Union Station to the vicinity of the southern terminus (Station

CR 46 + 56) of the Little Tokyo Station.

o Along the CL track from the Union Station to the vicinity of East First Street (approximate

Station CL 40+ 00) where the south heading CL and CR tracks become parallel.
The subsurface stratigraphy along the proposed tunnel alignments and in the vicinity of the Station consists
of shallow surficial fills (for pavement and structure subgrade) overlying alluvium and Fernando/Puente
Formation bedrock. The bedrock was encountered in borings along portions of the Union-Little Tokyo

Tunnels and was not encountered in any of the borings drilled in the vicinity of the Little Tokyo station.
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At the boring locations, the fill underlying existing roadway pavements varies up to about 5 feet in
thickness and consists predominantly of base course, and subbase materials including gravel, sand and silty
sand. Locally thicker layers of fill to 15 feet or more may exist, especially in the Busway and US101
Freeway area near the Union Station, and in the vicinity of underground utilities (gas, water, electricity,

telephone, oil pipelines, etc.).

The alluvium below the fill is heterogeneous. Within the depths of exploration the alluvium is
predominantly granular and consists of loose to very dense gravel (with and without sand and/or silt), sands
(with and without gravel and/or silt) and silty sand (with and without gravel), and firm to hard sandy silt
with cobbles and boulders. Unified Soil Classification System (USCS) classifications of granular alluvium
encountered along this portion of the alignment include GP, GW, GW-GM, GP-GM, GM, SW, SP, SW-
SM, SP-SM, SC-SM, SM and SC. The predominantly coarse grained alluvium is occasionally interlayered
with fine-grained alluvium consisting of silt, lean clay and silty clay with sand, especially near the southern
portion of the Little Tokyo Station (i.e., in the vicinity of Borings SD-4 and SD-5). The equivalent
standard penetration test (SPT) blowcounts in the alluvium range from 3 per foot to values in excess of 100
per foot. Loose alluvium with SPT blowcounts of less than 10 per foot are generally located less than 10
to 20 feet BGS. The SPT blowcounts for gravel and sand/silt with gravel are generally high (in excess of
100). These high SPT blowcounts are indicative of the presence of gravel and/or cobbles and may not
reflect the density/consistency of these soils. Based on interpretation of Becker Hammer blowcounts in
SD-2, DD-2 and DD-6, the cobbly and gravelly soils have equivalent SPT blowcounts ranging from 30 to
100 with predominant equivalent SPT values more than 50. Thus the consistency of the gravelly cobbly

alluvium ranges from dense to predominantly very dense.

As summarized in Table 3-8, cobbles (3 to 12 inches in size) were encountered in most of the borings
drilled during the current investigation as evidenced by the samples from the bucket auger boring (DD-5)
and a combination of factors including rock fragments in cuttings, zero or low sample recovery and drill
rig chatter. Cobbles were also encountered in the preliminary investigation program (Borings PE-18 and
PE-28 through PE-31, GeoTransit Consultants, 1994a). Within the project area the presence of boulders
estimated to range in size, from 12 inches to up to 3 feet was indicated in Borings DD-3, DD-3D, DD-4
and DD-10 drilled in this investigation, and PE-28 and PE-29 drilled in the preliminary investigation. The
cobbles and boulders are primarily composed of very hard to extremely hard granitic and metamorphic

rock types that are weathered and durable. The possibility of encountering larger boulders up to 4 feet or
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more exists due to the proximity of the project site to the Los Angeles River channel where 4-foot diameter
boulders were observed at the surface prior to lining the Los Angeles River at the Macy Street (Cesar
Chavez Avenue) crossing as reported by Converse Consultants, Inc./Earth Sciences Associates/Geo
Resource Consultants (CCI/ESA/GRC, 1981).

A significant portion of the granular layers within the tunnel zone and above the station invert are
susceptible to raveling and running/flowing conditions during tunneling and station excavation. A number
of incidents of caving and loss of circulation were observed in Borings DD-3D, DD-5, DD-6, and SD-3
of this investigation (Table 3-8) and in various borings drilled in previous non-project specific

investigations summarized in Table 2-1.

The bedrock of the Puente/Fernando Formation in the project area consists predominantly of weak, slightly
weathered to fresh, thinly laminated to massive siltstone and claystone interbedded with occasional hard,
well-cemented calcareous nodules and beds, and conglomeratic sandstone layers. As described in Section
4.2.1.2, hard, cemented siltstone beds (each up to ‘4 inch thick) were encountered in zones up to 5 feet
and 1 foot thick in Boring PE-28 drilled in the preliminary investigation program and Boring DD-7 drilled
for this investigation, respectively. Based on available as-built geologic logging for the nearby City
Terrace trunk sewer tunnel in the Puente/Fernando Formation, these occasional well-cemented zones were
less than two percent of the strata that were tunneled and ranged in size from 20-inch nodules to lenses and
beds up to 12 feet thick.

Except for the local presence of well cemented zones, the Puente/Fernando Formation bedrock is expected
to behave in a manner similar to that of hard and dense soil. The unconfined compressive strengths of this
bedrock obtained from laboratory tests on Pitcher barrel samples (Table 3-5) range from about 9440 psf
(65.5 psi) to about 20,300 psf (141 psi). Due to material variability and potential sample disturbance,

actual in situ maximum strength of the Puente/Fernando Formation bedrock is anticipated to be higher.
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4.3.2 Groundwater Levels

Groundwater levels in the project area were monitored in 14 piezometers/monitoring wells including 10
installed during this investigation and four (PE-18 and PE-29 through PE-31) installed during the
preliminary investigation (GeoTransit Consultants, 1994a). The observed groundwater levels are
summarized in Table 3-2. The most recent groundwater level readings are also shown in Plates 4 and 5.
Other available groundwater level data and time of readings reported in other investigations (GeoTransit
Consultants 1994b; CCI/ESA/GRC, 1981 and 1984, and Earth Technology, 1987) are also shown in these

plates.

In general, the current groundwater levels are approximately 30 to 40 feet BGS from the Union Station
area to the vicinity of DD-4 and DD-7 near Banning Street where a shallow buried bedrock ridge (bedrock
high) was encountered. South of Banning Street the groundwater table dips south with an average gradient
of about 5 percent to about 80 feet BGS at the northern terminus of the Little Tokyo Station. At the Little
Tokyo Station the groundwater levels are relatively flat and are about 78 to 80 feet BGS.

Significant differences exist in groundwater levels between the data recorded during this and previous
project-specific investigations (GeoTransit Consultant, 1994a and 1994c), and those recorded in 1983 by
CCI/ESA/GRC(1984), especially in the Little Tokyo Station area. The measured groundwater levels in
1983 were higher than those measured in the current investigation and the 1994 preliminary investigation

(GeoTransit Consultants, 1994a) by the following amounts:

u About 55 feet higher in the Little Tokyo Station area
L About 20 feet to 55 feet higher between Banning Street and Little Tokyo Station
L About 0 to 20 feet higher between the Union Station and Banning Street.

We have searched the water well records in the general area. There exist records of three water wells
(2765, 2775 and 2809 shown in Table 2-1 and Plate 1) in the vicinity of the project area that are maintained
by the Los Angeles County Department of Public Works. As shown in Table 2-1, the water levels in these

wells show the following fluctuations:
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Water Level Depth Fluctuation in

Well No. (Date) Water Level Depth (Feet)
e ——————————————
2765 90 ft. (10/38) 26.6 ft
113.6 ft (4/72)
2775 40.2 ft (11/34) 30.6 ft
70.8 (6/40)
2809 126.6 ft (3/35) 159 ft
286.2 (4/60)

The above records and the observed groundwater level fluctuations in the project area indicate that the
groundwater levels in the project area are time-dependent and can significantly fluctuate. Potential
fluctuation in groundwater levels should be considered in the design and construction of the tunnel and

station facilities in the project area.

The presence of occasional less permeable clayey sand, silt, silty clay and lean clay interbeds within the
coarse alluvium indicate potential existence of local perched groundwater zones in the project area. This
is further evidenced by the floating hydrocarbon products encountered between about 26 and 34.5 feet BGS
in Boring SD-2 and between about 39 and 62 feet BGS in Boring DD-2.

4.3.3 Soil and Groundwater Contamination

An assessment of the soil and groundwater contamination for the project area has been presented in the
Stage II site assessment report for the Eastside Extension prepared by GeoTransit Consultants (1994). The
results of the Stage II site assessment together with the data obtained from the current investigation and
available data from other previous investigations were utilized in evaluating the potential for soil and

groundwater contamination.

4.3.3.1 Data from the Environmental Stage II Site Assessment Investigation

Appendix D presents summaries of data obtained during the Environmental Stage II site assessment
investigation for the project area. These summaries are presented in tabulated formats to describe the field
exploration program, significant observations, and analytical test program and results on selected soil,

groundwater and gas samples.
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4.3.3.2 Data from Current Investigation

The scope of environmental monitoring and testing performed in this investigation included screening soil
samples with the OVA for the potential presence of volatile organic compounds (VOCs), monitoring
selected groundwater samples for hydrogen sulfide (H,S) using a multiple gas indicator, and chemical
testing of selected soil and groundwater samples. The results of chemical testing and H,S monitoring are
presented in Tables 3-6, 3-7, and 3-8. Headspace OV A readings and field observations of hydrocarbon
and sulfur odors are presented in the boring logs (Appendix A). Significant OV A readings (exceeding 10
ppm above background levels) as well as locations where odors were noticed are also summarized in Table

3-8.
4.3.3.3 Groundwater Contamination

Groundwater samples collected from monitoring wells DD-1, DD-2, and DD-3C from this investigation
(Table 3-6) and PE-29, PE-30, and PE-31 from our previous investigation (Appendix E) are contaminated
with hydrocarbons above California Department of Health Services (CDHS), Maximum Contaminant
Levels (MCLs) for drinking water and other published threshold concentrations. As can be concluded from
Table 3-6, the hydrocarbon contaminants in groundwater that require treatment prior to disposal include,
but are not limited to total petroleum hydrocarbons (TPH), volatile organic compounds (VOCs including
cis-1,2-dichloroethene, trans-1,2-dichloroethene, benzene, toluene, ethylbenzene, vinyl chloride etc.), and

a number of semi-volatile organic components (acenaphthene, naphthalene, etc).

Groundwater samples also contain several constituents of concern including hydrogen sulfide, sulfide,
sulfate and chloride. Total sulfide was found to exceed 50 mg/l in groundwater samples collected from
DD-1, DD-3C, PE-29 and PE-30. Sulfate and/or chloride contents exceed the secondary MCL of 250 mg/I
in groundwater samples from DD-1, DD-2, DD-3C, PE-29 and PE-31.

The detected total sulfides in groundwater sammples are indicative of the presence of dissolved H,S in
groundwater. Sulfur odor was noticed during the development of monitoring wells PE-29, PE-30, PE-31,
EB-22, DD-1, DD-2 and DD-3. Prior to well development, the airspace above groundwater registered H,S
concentrations of 46, 2.9, 11.5 and 64 ppm at Wells PE-29, PE-30, PE-31 and DD-1. respectively. During

well development/groundwater sampling, maximum H,S concentrations of 150, 1.012 and 193 ppm were
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measured in the well casing near well heads at Wells EB-22/, DD-1 and DD-2, respectively. These

measurements provide further evidence of the release of H,S from groundwater in the area.

As shown in Table 3-6, groundwater contamination appears to be transient in nature and varies from
location to location as evidenced by the contamination levels of most constituents in groundwater samples
from Pump Well DD-3C at the end of well development (Sample DD-3C) being generally much less than
the groundwater samples from the same well obtained approximately midway and at the end of the aquifer
pump testing (Samples DD-3C-1 and DD-3C-2 in Table 3-6). This indicates that more contaminated
groundwater from the vicinity of the pump well was drawn into the pump well during aquifer pump testing.
Thus, it can be anticipated that groundwater contamination in the project area will change with time and

location.

No evidence of hydrocarbons or H,S contamination was found in groundwater samples from
Boring/Monitoring Well PE-18 in the Little Tokyo Station area. Thus, groundwater contamination in the
project area is likely limited to portions of the tunnel alignment from the Union Station to somewhere north
of the Little Tokyo Station.

Based on current groundwater levels and the planned tunnel profiles, the portion of the Union-Little Tokyo
Tunnels between the Union Station and the vicinity of Boring DD-10 will be below groundwater.
Groundwater from dewatering will require treatment before disposal. The treatment method that was
successfully used for the disposal of pumped water from the aquifer pump test performed in this

investigation included the following basic steps:

& Addition of chemicals to raise the pH to 9.5
L Addition of hydrogen peroxide to oxidize the sulfide in water to sulfate
] Addition of chemicals to lower the pH to 4 to dissolve scale
L Filtering the water through granular activated carbon to remove the hydrocarbon
compounds,
u Addition of chemicals to raise the pH to above 6.1.
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4.3.3.4

Soil Contamination

The chemical test results of soil samples from nine borings performed in the Stage II site assessment

investigations (GeoTransit Consultants, 1994b) are shown in Appendix D. This data together with

available field observation data from this investigation and other site-specific investigations (Geotransit

Consultants, 1994a and 1994c) were utilized in assessing soil contamination in the project area.

Based on available data, the following evidence of soil contamination within the project are noted:
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Flame Ionization Detector (FID) and Photo lonization Detector (PID) readings of more
than 100 ppm above background level were obtained mostly in the headspace of soil

samples near or below groundwater.

Except for localized TPH contamination above groundwater, most of the detected
hydrocarbon contamination was in soil samples near or below the groundwater level. Soil
contamination that exceed threshold level are summarized in Appendix D. The detected
concentrations of contaminants are, in general, below the threshold levels except in fine
grained materials (fine-grained alluvium and Fernando/Puente Formation bedrock
materials). One possible explanation for this observation is that the predominantly coarse-
grained alluvial soils within the project area have not retained significant amounts of
contaminants from the groundwater. However, due to their high surface adsorption
capacity, portions of the bedrock (especially siltstone and claystone) and locally present
fine-grained alluvium in the project area have absorbed and contain TPH, VOCs, and
SVOCs above the threshold levels.

The above field observations and laboratory test results all seem to indicate that most soil
contamination in the project area is probably related to the groundwater contamination

described in the previous section.
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n Most of the localized soil contamination is likely related to (1) crude oil contamination (as
evidenced by the oil and tar like substance described in Table 2-2 related to the Union
Station Oil field and (2) leakage from existing or abandoned oil pipelines in the project
area as evidenced by the detection of free product between 26 and 32 feet BGS in Boring
SD-2.

Moisture contained in subsurface soils, especially below or near the groundwater table, will be a likely
source for H,S gas as evidenced by sulfur odors and detected concentrations of total sulfides in the soil
samples. In addition to being potentially present above the groundwater table, H,S may also be present
within the previously saturated zones that become unsaturated upon dewatering. Release of H,S from soils

could occur during construction operations associated with tunneling/excavation and muck handling.

4.3.3.5 Gassy Conditions

A Portion of the project area is located within known boundaries of the Union Station oil field. The

potential accumulation of methane and other gases within oil fields in Los Angeles Basin is well known.

The potential for gassy conditions within the project area was investigated by sampling and testing of gas
samples from Monitoring Wells PE-29, PE-30 and PE-31. and Nested Wells EB-22/1 and EB-22/2
(screened below and above the groundwater table, respectively); and field observations during drilling, well

development and groundwater sampling, and gas sampling. Laboratory test results on gas samples are

summarized in Appendix D.

Based on the field observations and laboratory test results, the following conclusions can be made:

1. High methane concentrations were detected in gas samples collected from the tops of the well
casings of Monitoring Wells PE-29 (55,000 to 110,000 ppmv), PE-30 (26,000 to 360.000 ppmv)
and EB-22/1 (20,000 to 720,000 ppmv) while insignificant amounts of methane were present in
gas samples collected from the tops of the well casings of Monitoring Wells PE-31 (57 ppmv) and

EB-22/2 (8.2 ppmv). These results and available field observation data (Appendix D) appear to

indicate the following:
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n Methane is lighter than air and hence will rise to the top of the casing in monitoring wells.
High concentrations of methane were detected in gas samples collected from the tops of

the closed monitoring well casings.

w Varying amounts of methane are likely to be present in the area between Union Station and
north of Little Tokyo Station. Methane could potentially exceed its LEL (55,000 ppmv),

in small confined spaces.

=] The difference in methane concentration levels between EB-22/1 (screened below the
groundwater table) and EB-22/2 (screened above the groundwater table) indicate that
methane is released from or through groundwater. This is also evidenced by the field
observations that hydrocarbon odors and high FID and PID readings are mostly

encountered in soil samples below the groundwater table.

Laboratory tests on gas samples collected from Well EB-22/1 indicated H,S concentrations of
10,600 to 19,000 ppmv while H,S was not detected in gas samples from Well EB-22/2. These
observations suggest that H,S is also released from or through groundwater. As described in
Section 4.3.3.4, the observed high H,S concentrations during development of Monitoring Wells

EB-22/1, DD-1 and DD-2 provide further evidence to support this finding.

All sulfurous odors were detected in soil samples (headspace readings) near or below groundwater
levels in Wells PE-29 through PE-31. This indicates that H,S released from groundwater may be
either immediately dissipated through the coarse granular alluvium in the area or stays in the
vadose zone because H,S is heavier than air and methane. On the other hand, all the gases present
in a closed space, such as the well casing of EB-22/1, will come to equilibrium concentrations due
to the diffusion process, given sufficient amount of time. It is postulated that the maximum
detected concentrations of methane (720.000 ppmv) and H,S (19,000 ppmv) in the gas sample
collected on February 1, 1994, in Well EB-22/1, is probably near the equilibrium concentrations

for the volume of casing above the water in that well (approximately 0.75 cu. ft.).

The results of a limited isotopic analysis (GeoTransit Consultants. 1994b) indicate that methane

in the project area may be biogenic. Isotope ratios show that the methane is generated by bacteria
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through the reduction of CO, with hydrogen gases. H,S may be diffused up from a deeper aquifer

or from some deep horizon where it has been trapped from some previous generation event.

5. The above findings indicate a high potential for accumulation of high concentrations of methane
and H,S during tunnel construction between the Union Station and north of Little Tokyo Station,
especially between the Union Station and the vicinity of Boring DD-10 where groundwater exists
within the proposed tunnel envelope. However, the rate and amount of accumulation of these
gases in a tunnel (larger volume) will be significantly less than the rate and amount of accumulation

\observed in the well casings (smaller volume). Proper ventilation and monitoring of methane and
' H,S will be necessary to conform to the U.S. Occupational Safety and Health Administration

(OSHA) requirements and to provide a safe working environment.

6. Accumulation of other VOCs such as benzene and vinyl chloride at concentrations near the
allowable industrial exposure limits is also possible in tunnels, as evidenced by the compounds
detected (benzene, 2.8 ppmv; vinyl chloride, 2.3 ppmv) in the gas sample from Nested Well EB-
22/1. OSHA Short Term Exposure Limit (STEL, a 15-minute time weighted average exposure

limit) for benzene is 5 ppmv. The OSHA ceiling exposure limit for vinyl chloride is 5 ppmv.
4.4  ENGINEERING PROPERTIES OF SUBSURFACE MATERIALS

The engineering properties of subsurface materials, as evaluated from results of field and laboratory tests,
are summarized in Table 3-5. Blowcount data from drive sampling and standard penetration tests ((SPT

N-Values) are shown in the borehole logs and presented in Table 3-5.

Table 4-2 presents a summary of the measured/interpreted ranges of relevant geotechnical parameters for
the various materials types encountered within the project area. For purposes of presentation, the alluvium
has been broadly categorized into fine-grained and coarse-grained alluvium. The alluvium within the
project area is predominantly coarse-grained. The high blowcounts recorded within the course grained
alluvium are due typically to the presence of gravels and cobbles within the alluvium and do not reflect the
relative denseness of the alluvial matrix. Also, due to the presence of gravels and cobbles larger than the
sampler size, the results of gradation, in situ moisture content and in situ dry density tests on the granular

alluvium may not be truly representative of the total deposit. However, as described in Section 4.3.1, the
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gravelly/cobbly alluvium is generally dense to very dense in the project area based on an interpretation of
the results of three Becker hammer borings (DD-2, DD-6 and SD-2).

No engineering properties are presented for the locally present surficial fill which is considered to have
little or no effect on the station design. Station and tunnel excavation and construction will be primarily
within the alluvium and bedrock. Based on available geotechnical data and engineering evaluation, the
static and dynamic engineering properties for the alluvium and Fernando/Puente Formation bedrock are
summarized in Tables 4-2 and 4-3. The engineering properties are presented and used in the engineering

analysis presented in Section 5-0.

The following section provides a description of relevant engineering properties of the subsurface materials

in the project area.

4.4.1 Alluvium

4.4.1.1 Grain Size Distribution

The alluvium in the tunnel envelope and station excavation area is heterogeneous and is predominantly
coarse-grained. Results of grain size distribution and fines content (percentage passing #200 sieve) tests
are summarized in Table 3-5. The bulk of the gradation and fines content tests were performed on selected
granular samples in the vicinity of the tunnel envelope and above the Station invert elevation in station
borings. This was done primarily to evaluate areas of cohesionless sands and gravels which may be
susceptible to raveling/running/flowing conditions. It should be noted that in layers classified as gravel,
clayey gravel, silty gravel, gravel with sand and sand with gravel, because of small diameter boreholes and
limited sample size, some of the laboratory gradation curves presented may not be truly representative of

the entire deposit and may only reflect gradations of the finer matrix materials.
Results of gradation tests and field observations show the presence of significant zones of granular alluvium

with low fines content (poorly to well graded sands and gravels) within tunnel and station excavations.

Such zones exist within a major portion of the tunnel and station area.
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USCS Classification

Equivalent SPT Blow Counts
Insitu Maisture Content (%)
VoidRato
Insitu Dry Density (pcf)
Specific Gravity
Liquid Limit (%)
~ Plasticity Index (%)
Peak Shear Slrength: Cohesion (psf)
Friction Angle, (degrees)

Poissons Ratio
Young's Modulus (10* psf)
0-10'
10-40°
Below 40'
...
Chloride Content (ppm)
Sulphate Content (ppm)
Electrical Resistivity (ohms-cm)
Compression Index-Cc
Swelling Index-Cs
Rate of Secondary Compression-Cx
_ Swelling (+)/Collapse (-), %
Stake Durablity Indox (%) ...

NOTES

1. Equivalent SPT Blow Counts in alluvium may not be representative of material density/consistency due to the presence of gravels,cobbles and boulders
2. Results of gradation, insitu moisture content and insitu dry density tests on granular alluvium may not be representative due to the presence of gravels, cobbles and boulders.

ENGINEERING CHARACTERISTICS

Uniaxial Compressive Strength (psf)

TABLE 4.2. SUMMARY OF ESTIMATED ENGINEERING PROPERTIES

~ FINE-GRAINED ALLUVIUM

CL,.CHML,MH

COARSE-GRAINED ALL

SP,SW,GP,GW,SM,;SC

~ Femando/Puente Formation

3. Shear strength parameters (cohesion and friction angle) were obtained by direct shear tests and triaxial compression tests.
4. Electrical resistivity tests, in general were conducted at in situ moisture content. The value of paranthesis () correspond lo saturated condition of the samples.

5. Ccand Cs are based on vertical strain-log stress plots. Cx is based on vertical strain-log time plot.
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TABLE 4.3. ENGINEERING PROPERTIES FOR DYNAMIC ANALYSIS

ALLUVIUM Fernando/Puante

e B T Formation Bedrock
MATERIAL PROPERTY

- 0 to 10 feet R 10 to 40 feet . ~_ Below 40 Feet ) B ]

- - Range Best Estimate B Range ~ Best Estimate Range Best Estimate Range Best Estimate

Shear Wave Velocity (f'sec) | ~ 450800 | 550 ~600-1100 7% | 1100-2000 | 1300 | 1100-1500 1250
PoissonsRatio | - 03 = 203 - 04 = 049
Shear Modulus * (10°ksf) | 0.8-2.6 1.2 B 1.5-5 B 22 5t015 7 5-9 6 N
Youngs Modulus ' (10° ksf) - 2168 3 4-135 6 14-42 ) 20 15-27 - 18
Damping v = R - - o See Note (2)

Notes:
*Values correspond to small strains (shear strain <= 0.001%).
Apply the reduction factor for other strain values:

Shear Strain (%) Reduction Factor
1.0E-02 0.65
1.0E-01 0.2
1.0E+00 0.05
*Recommended damping value is strain-dependent as follows:
Shear Strain (%) Damping (%)
2.0E-03 5
1.0E-02 10
5.0E-02 15

2.0E-02 20




4.4.1.2 In Situ Conditions and Index Properties

Laboratory test data indicate that the dry density of the alluvium ranges from 90 to 131 pcf, and the in situ
moisture content ranges from 2 to 33 percent. The relatively wide ranges of density and moisture content
values and the large number of soil types encountered in the alluvium are indicative of the nonuniforn and

heterogeneous nature of the alluvium in the project area.

Atterberg limit tests on the limited fine-grained alluvium encountered indicate that these materials are
predominantly lean clays, silty clays and silts, with relatively low plasticity (liquid limits ranging from 27

to 35 and plasticity indices ranging from 5 to 14).

4.4.1.3 Shear Strengths

Shear strength parameters for the alluvium were derived based on the results of direct shear tests on
selected samples from the current investigation and results presented in the preliminary investigation
(GeoTransit Consultants, 1994a). Results of these direct shear tests are graphically presented in Figures
4-5 and 4-6.

4.4.1.4 Static and Dynamic Modulus

The dynamic modulus and Poisson’s ratio for the alluvium were estimated based on results of two
downhole geophysical surveys, available literature on similar materials, available correlations with SPT
data and engineering judgement. Modulus of soil is strain-dependent. The modulus value determined from
seismic velocity surveys correspond to small strain ranges appropriate for dynamic loading situations (shear
strain about 10~ percent or less). Under static loadings shear strains are expected to be considerably larger

and the corresponding moduli should be reduced in accordance with the recommended reduction factors

shown in Table 4-3.

4.4.1.5 Compressibility

Results of three consolidation tests on relatively undisturbed samples of relatively fine grained alluvium

from the 65- to 92- foot depth range within the proposed station area are presented in Table 3-5.
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4.4.1.6 Corrosion Potential

Results of soluble sulfate content tests (52 to 1645 ppm) summarized in Table 4-2 indicate that alluvial
materials are mildly to moderately corrosive to concrete. Results of electrical resistivity tests (625 to 5556

ohm-cm) indicates that these martials are moderately corrosive to very corrosive to metals.

4.4.2 Fernando/Puente Formation Bedrock

4.4.2.1 Index Properties

The Fernando/Puente Formation bedrock in the project area consists predominantly of very soft to soft
(based on Bureau of Reclamation, Engineering Geolon Manual Classification) claystone. clayey siltstone
and siltstone. Various engineering properties from field and laboratory tests on selected bedrock samples

are summarized in Table 4-2.

In situ dry density of the bedrock ranges from 89 to 108 pcf, and in situ moisture content ranges from 19
to 32 percent. The fine grained soils derived from the bedrock are predominantly silts, and lean (medium
to low plasticity) and fat (high plasticity) clays with liquid limits ranging from 29 to 69 and plasticity

indices ranging from 1 to 31.

4.4.2.2 Shear Strength Characteristics

Shear strength characteristics of bedrock materials are based on the results of uniaxial compression tests,
direct shear tests, and consolidated undrained triaxial compression tests with pore pressure measurements
on selected bedrock samples (Tables 3-5 and 4-2). The range of uniaxial compressive strength of the
bedrock is provided in Table 4-2. Results of direct shear tests and triaxial compression tests are presented

in Figures 4-7 and 4-8, respectively.
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4.4.2.3 Static and Dynamic Modulus Characteristics

Dynamic modulus characteristics of the Fernando/Puente Formation bedrock were estimated based on
interpretation of the results of the downhole seismic velocity surveys and engineering judgement. Results
are presented in Table 4-3. Static modulus characteristics of the Fernando/Puente Formation bedrock were

estimated by applying a strain dependent reduction factor on the dynamic modulus.

4.4.2.4 Slake Durability

Two slake durability tests were performed on selected Fernando/Puente Formation bedrock samples from
Borings DD-4 and DD-7. The slake durability index (second cycles) were found to be 1.1 and 17.5
percent, indicating high susceptibility to slaking. Thus, the Fernando/Puente Formation bedrock has a high

potential to slake and ravel if subject to moisture changes due to prolonged exposure.
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5.0 DESIGN AND CONSTRUCTION

5.1 GENERAL

This section provides a description of geotechnical evaluations and recommendations and key geotechnical

issues for the design and construction of the Union-Little Tokyo Tunnels and the Little Tokyo Station.

5.2 SUMMARY OF SUBSURFACE STRATIGRAPHY

Based on current plans and profiles, the Union-Little Tokyo Tunnels will be within alluvium and the
Fernando/Puente Formation bedrock, while the Little Tokyo Station will be located predominantly in the
alluvium. The alluvium is heterogeneous and non-uniform and consists predominantly of gravels, gravelly
sands, sands and silts with local cobbles and boulders and occasional and localized layers of clayey sand,
lean clay and clayey silt. Boulders up to 4 feet in size have been encountered in this area. The granular
alluvium over a large portion of the project area consists of sands and gravels with low fines content. The
boulders and cobbles encountered are typically very hard to extremely hard unweathered granitic and
metamorphic rock types. Within the tunnel depths, the bedrock materials, when encountered, are expected
to consist predominantly of very low-strength siltstone, claystone and sandstone, except for local zones of
hard, well-cemented calcareous interbeds with an estimated maximum thickness on the order of about 5
feet. Except for such local hard and well-cemented interbeds and nodules, the Fernando/Puente Formation

bedrock, for tunneling purposes, is expected to behave in a similar manner as hard and dense soils.

5.3 GROUNDWATER LEVEL FLUCTUATIONS

Groundwater levels are an important input for assessing dewatering needs during construction, and to
determine appropriate hydrostatic pressure on the design of tunnel and station structures. As described in
Section 4.3.2. the groundwater levels in the project area appear to fluctuate significantly as evidenced by
the most recent measured groundwater levels being up to 55 feet lower than those indicated in a 1983
investigation by CCI/ESA/GRC (1984). This significant groundwater fluctuation indicates that it is difficult -
to predict the groundwater levels during construction or the maximum groundwater levels that the station

structures may experience during their design life. For design and construction purposes, the following

groundwater levels were assumed:
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gl Groundwater levels in the project area before and during tunnel and station construction
will be the same as the most recent measured groundwater levels obtained from this

investigation.

L The design groundwater level corresponding to the maximum sustained groundwater level
over the design life of the structure can be represented by the groundwater level data

measured in the 1983 investigation.

It is recommended that groundwater levels be monitored prior to and during the construction. The
geotechnical evaluation and recommendations, especially those related to groundwater dewatering, should

be examined and, if needed, modified to reflect the measured groundwater level at that time.

We understand that EMC applies a load factor of 1.7 on groundwater pressures in tunnel and station design
in accordance with the current ACI code requirements, to account for potential future groundwater
fluctuations. The maximum design groundwater level recommended above is based on actual groundwater
levels measured in 1983, and represents a reasonable estimate. The potential exists for groundwater levels
to periodically rise higher than the recommended design value. To account for this possibility and at the

same time avoid over conservatism in design, the following are recommended:

1. Use the design groundwater level recommended above in conjunction with the current ACI

code requirements (i.e. applying a load factor of 1.7).

2. Check the design by using a much lower load factor (say 1.0) and assuming groundwater

levels to be at the ground surface.

54 SEISMIC DESIGN CONSIDERATIONS

No project-specific seismic hazard evaluations were performed as part of this investigation. As per EMC'’s
request, the seismic criteria established in a 1983 report titled “Seismological Investigation & Design
Criteria” prepared by CCI/ESA/GRC (1983) for the Metro Rail Project, was adopted in our analyses. For
geotechnical analyses and design purposes, the maximum design earthquake (MDE) with a maximum

horizontal ground acceleration of 0.60g as recommended in the above report, was used. The magnitude
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of the corresponding design earthquake was estimated at 7.0. An earthquake corresponding to the
Operating Design Earthquake (ODE) specified in the 1983 CCI/ESA/GRC report with a ground
acceleration of 0.3g was assumed for estimating the earthquake loading imposed on shored excavations

during construction.

There have been significant changes in our understanding of the seismicity of the area, the state of the art
in seismic hazard analyses, and local code requirements since 1983. If the seismic design criteria are
revised in the light of these changes, the seismic related geotechnical parameters and recommendations

presented in this report should be reviewed and modified as appropriate.
5.5 TUNNEL
5.5.1 Excavation Considerations

Based on current plans and profiles. the Union-Little Tokyo Tunnels will be in alluvium except within the
following approximate sections where tunnels will be partly (mixed face conditions) or entirely within the

Fernando/Puente Formation: 2 9 Fip 0

o From the vicinity of Station Cﬁ éZ +50 {vicinity of Boring PE-29) to the vicinity of Station
CR 35 +350 (vicinity of Boring DD-9) along the CR track __

e T e e e .

L From the vicinity of Station CL 25+50 (vicinity of Boring DD-25) to the vicinity of
Station CL 38+50 (vicinity of Boring DD-9) along the CL track.

Tunnel excavation considerations that would impact tunnel design and construction, tunnel face stability,

tunnel excavation techniques, advance rates, and the potential for ground loss include the following:

B Mixed face conditions (between alluvium and bedrock) should be anticipated in the

intervals identified above.

= Boulders up to 4 feet in size should be anticipated in alluvium within the entire project

area.
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[ The soft bedrock is locally interbedded with hard well-cemented calcareous interbeds up
to 5 feet in thickness and hard concretionary nodules up to 18 inches in size as evidenced
in Boring PE-28 and DD-7.
fentms

ot

| Tunneling partly or fully in alluvium along the alignment will encounter raveling and
running conditions because of the predominantly granular nature of the alluvium. Slow
raveling conditions can be anticipated under dewatered conditions or above groundwater
in silty sand and clayey sand. Fast raveling conditions and running/flowing conditions can
be anticipated in cobbles, gravels, gravelly sand, and poorly graded sands above or below
groundwater, or well-graded sand below groundwater. Fast raveling and running/flowing

conditions are anticipated over a major portion of the tunnel within alluvium.
5.5.2 Groundwater Control

Based on the most recent measured groundwater levels from this investigation, sections of the planned CR
and CL tunnel envelopes between the Union Station and the vicinity of Station CR 36+50 (in the vicinity
of Boring DD-10) will likely be fully or partially below groundwater.

Dewatering will be necessary to enhance stability, and reduce the potential for ground settlement and for
inflows of watéf during tunnel excavation. It is ahticipated that the groundwater level in the above portions
of the tunnel segment will be reduced and maintained at least 5 feet below the planned tunnel invert. The
Contractor will be responsible for designing, installing and operating a construction dewatering system
subject to review and acceptance by the owner. Based on local practice, a possible d‘ewatering system may
consist of a series of deep wells placed along the affected tunnel segments. The results of a pump test
conducted in the vicinity of Station CL 28+ 50 are presented in a separate report (GeoTransit Consultants,
1995).

The groundwater in the affected area is contaminated with hydrocarbons, H,S and a number of other
constituents (Section 4.0). The pumped water will require treatment before disposal. One viable treatment

method/process has been described in Section 4.0.
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Even in areas with construction dewatering provisions or where the groundwater table is below the tunnel
zone, local flowing ground conditions will occur where perched groundwater is encountered. Local
perched groundwater is possible since fine-grained soils are locally present in the alluvium in the project
area. This is further evidenced by the perched free hydrocarbon product encountered in Borings SD-2 and
DD-2.

5.5.3 Liquefaction Potential

Most of the alluvium along the project alignment is granular in nature and contains variable amounts of
gravel and cobbles. In order to evaluate the consistency and liquefaction susceptibility of these gravelly
and cobbly layers, Becker Hammer Borings were performed at three locations along the alignment. The
Becker hammer blowcount data obtained at Borings DD-2, DD-6, and SD-2 were then correlated to SPT
blowcounts (Figure 3-1) based on procedures established by Harder and Seed (1986).

The liquefaction potential evaluation was conducted using the simplified procedures developed by Seed and
Idriss (1982) and Seed et al (1984). Recent work by Fear and McRoberts (1995) was also considered in
our evaluations. The results of our study indicate that liquefaction potential along the underwater portion
of the tunnel alignment is very low and the tunnel alignment is not expected to experience any serious

impacts due to earthquake-induced liquefaction of the surrounding subsurface materials.

5.6 LITTLE TOKYO/ARTS DISTRICT STATION

5.6.1 General

The planned cut-and-cover construction of the Little Tokyo Station will involve about 70 feet of excavation
from the ground surface to the planned station invert (at about elevation 197 feet). The excavation will be
primarily in the alluvium underlying surficial shallow fills. A detailed description of the alluvium has been
presented in Section 4.3 and a summary provided in Section 5.2. The station structure will essentially be

a water-tight, rigid reinforced concrete box structure bearing on the alluvium.

The primary considerations that require geotechnical engineering evaluation for design and construction

of the planned station facilities include the following:
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] Excavation methods

n Construction dewatering and related issues
] Excavation-related temporary shoring systems
. Foundation design and recommendations for soil, water and earthquake loading on the

permanent station structures
n Evaluation of potential for earthquake-induced liquefaction and its effects on the station

structure.

5.6.2 [Excavation Method

Station excavation will be primarily in alluvium which is granular in nature. Based on the results of this
investigation and design and construction experience under similar subsurface conditions, it is anticipated
that the cut-and-cover excavation can be achieved using conventional excavations methods. However,
suitable excavation equipment to handle the very dense gravelly and cobbly alluvium and potential local
large boulders would be required. Most of the granular alluvium in the station area will run and ravel

readily. Thus, timely application of ground support is important to prevent ground loss.

5.6.3 Dewatering and Groundwater Control

The most recent observed groundwater level data indicate that the groundwater table in the station area is
about 10 feet below the planned bottom of station excavation. No preconstruction dewatering is anticipated
provided the groundwater levels during station construction remain at or below current levels. The
potential for significant fluctuation of the groundwater levels in the area dictates the need for continuing
groundwater level monitoring before and during station construction to verify groundwater levels and to

re-evaluate the dewatering needs, as appropriate.
Localized groundwater inflows can be anticipated due to the local presence of perched groundwater

conditions. If these inflows are large enough; the accumulated inflow may need to be collected and

pumped out of the excavation using ditches and sumps.
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5.6.4 Sloped Excavation

Compared to shored excavations, sloped excavations will require more construction space and increase the
volume of excavated materials. Sloped excavations can be used for the station’s structural components that
require shallower excavations, or can be used to reduce the height of shoring if sufficient easements can

be obtained.

Temporary slopes in alluvium should be no steeper than 1'4H:1V (1% horizontal to 1 vertical). If heavy
loads (stored materials, cranes, etc.) are anticipated at the top of the slopes, the slopes must be modified
accordingly by taking into consideration the impact of these loads. The construction and proper
maintenance of safe, stable slopes are the responsibility of the contractor. Safe, stable slopes should be

based on actual construction conditions and subsurface conditions encountered during excavation.

5.6.5 Shored Excavation and Shoring Support

The planned station excavation will require shoring due to the proximity of the station to existing buildings
and roads, and limited construction space along the alignment. Various shoring systems may be
appropriate. These include various temporary walls such as sheet pile, soldier pile and lagging, precast,
and slurry walls supported by tiebacks, anchors and/or internal bracing struts. The most appropriate
shoring system must consider subsurface conditions, excavation geometry, the dewatering scheme (if
applicable), construction procedures, characteristics of nearby buildings. and local experience. Based on
local practice in the Los Angeles area in subsurface geotechnical conditions similar to those encountered
atthe at Eastside Extension, soldier piles and timber lagging walls with tiebacks and/or internal bracing
(struts and wales) are the most likely shoring systems. The use of slurry wall construction for support of
excavations in lieu of soldier piles and lagging would be relatively expensive and may not be practical.

Driving of sheet piles may not be feasible due to the presence of gravel, cobbles and boulders.

5.6.5.1 Lateral Pressure -

Lateral earth pressure on the shoring system depends on the type of shoring system, construction

procedures, and subsurface and groundwater conditions. Based on the available results. anticipated shoring
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system, and construction procedures, as well as previously stated engineering assumptions, lateral earth

. pressures on the temporary shoring walls for the following cases are shown in Figures 5-1 through 5-4:
[ Braced sheeting above the excavation
L] Cantilevered sheeting above and below the excavation
u Surcharges from a sloped excavation, existing buildings, construction loads, and
earthquake-induced loads
u Active and passive earth pressures on soldier piles below the excavation.

The lateral loading diagrams presented in Figures 5-1 through 5-3 are for use in the design of soldier pile

details, tiebacks, or an internal bracing system.

Lateral earth pressures on lagging depend on a number of factors, including subsurface conditions and
engineering properties, spacing between soldier piles, and dimensions and configuration of the excavation.
For sizing purposes, the lateral earth pressure on lagging can be taken as 50 percent of that recommended

for the temporary shoring walls (Figures 5-1 through 5-3), to account for soil arching effects.

It is understood that design and construction of an appropriate shoring system to minimize ground loss and
disturbance of the site and adjacent buildings, and to provide a safe worksite is the sole responsibility of
the Contractor. Various design considerations are described in the following sections for use as general

guidelines.
5.6.5.2 Soldier Piles and Lagging

The soldier piles and lagging walls should be designed adequately resist lateral and vertical loads imposed
by the excavation, existing structures, construction loading, environmental loading (such as earthquake
loading), and the shoring system itself. Design considerations, including pile sizing, embedment depth,
spacing, installation, and lagging provisions, should be in compliance with appropriate building codes and

city requirements.
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Pile sizing includes proper determinations of pile size (diameter or cross section) and type (stiffness) so that
stresses in the piles are within allowable limits. All anticipated lateral and vertical loads as well as
calculated loads from tiebacks or internal bracing should be applied in calculating the pile stresses. The
calculated stresses in the pile can be reduced by 20 percent to account for arching effects due to pile

flexibility.

The soldier piles should be sufficiently embedded below the excavation depth to safely resist anticipated
lateral and vertical loads. The passive resistance should exceed the imposed lateral loads (active resistance
minus the resistance from tiebacks or internal bracing) with a reasonable safety factor. The effective
excavation width that each pile can support should be taken as 1-1/2 times the soldier pile diameter or half
of the pile spacing, whichever is less. It should be noted that piles may undergo some movement before
mobilizing the anticipated capacities. It is recommended that at least one or two pile load tests be

performed to verify estimated capacities and movement under design load will be acceptable.

Optimal pile spacing depends on a number of factors, including subsurface conditions and engineering
properties of subsurface materials, pile sizing, construction procedures and cost. Considering the need for
lagging to alleviate soil raveling and reduce ground loss, a pile spacing of 8 feet or less would be

reasonable.

Local noise abatement requirements, and the presence of cobbles and boulders in alluvium generally
preclude the use of conventional impact driving to install soldier piles. Thus, the soldier piles, if used,
would likely be installed in predrilled holes. Rock coring of large size boulders may be required. Slurry

and/or casing will be required to handle potential caving conditions within the granular alluvium.

Lagging between soldier piles will be required. It is understood that the Contractor will be responsible for
controlling the temporary height of exposed soil prior to lagging placement to eliminate raveling and

ground loss problems.

5.6.5.3 Tieback Anchors

Installing tiebacks in the site area will require permission from the owners of adjacent buildings and

avoidance of below-grade obstructions such as basements or foundations of adjacent buildings. Many types
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of tieback anchors exist, including shaft anchors, belled anchors, anchor blocks, and high-pressure grout
anchors. In general, the allowable capacity of the tieback anchor should be determined in the field based
on load tests. The following recommendations should be considered in the design and installation of

tieback anchors.

Effective friction of a tieback anchor can develop only beyond a no-load zone. Our recommendations for
the no-load zones, considering depth of excavation and potential wedge failure planes, are shown in Figure
5-4. The anchors may be installed at inclinations ranging between 20 degrees and 50 degrees below the
horizontal. Potential caving conditions in the granular alluvium are possible, so the contractor should use
appropriate measures to prevent caving and minimize ground loss. Each tieback anchor should be load
tested to 150 percent of the design load in accordance with standard acceptance criteria (FHWA-DP-68-IR,
November 1984) or local site-specific experience of the contractor. The load in the tiebacks should be
locked off at 100 percent of the design load. The loads in a selected number of tiebacks should be
periodically monitored and reloaded to 100 percent of the design load if the load decreases to less than 75

percent of the design load.

5.6.5.4 Internal Bracing

If braced shoring systems are employed, the strut loads should be determined using the full load diagrams
shown in Figures 5-1 through 5-3. The vertical spacing between struts should be appropriately designed
to reduce ground movements. All struts should be preloaded to eliminate slack and reduce ground
movement. A preload of 25 percent of the design load is recommended. However, it should be noted that
preload of 25 percent of design load may induce undue loading on basements, if any, of adjacent buildings.

This possibility should be analyzed on a case-by-case basis.

Procedures to compensate for the effects of temperature changes on the strut loads should be developed

and implemented so that proper strut load levels can be monitored and maintained during construction.
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5.6.5.5 Combined Shoring System

If a shoring system which combines external tiebacks and internal bracing or struts and wales is selected
for support of excavations, the support design by the contractor must account for the variation in stiffness
and deflection characteristics of the support elements which may induce substantially different load

distributions.

5.6.5.6 Ground Movement

Station excavations will incur ground movements in terms of wall movement and ground heave. The
magnitude of wall movement depends on many factors, including the design and construction of shoring
systems, construction schedule, specifications, and subsurface conditions. In general, for a well-designed
and constructed shoring system, the maximum horizontal wall deflection may be about 0.1 percent to 0.2
percent of the excavation depth. For the Little Tokyo Station the corresponding maximum horizontal wall
movement may be about 1 inch to 2 inches. For a shoring system with tiebacks, this maximum horizontal
deflection will likely occur near the surface, and will decrease with depth. For a well-designed and
constructed internally braced system with struts and wales, the maximum horizontal deflection will
probably occur near the bottom of the excavation and decrease to about 0.2 inch to 0.5 inch near the
surface. It is estimated that, for a well-designed and constructed shoring system a maximum vertical
settlement of about 0.5 inch to 1 inch will probably occur behind the wall to about 25 feet to 50 feet from

the wall and will decrease as the distance from the maximum settlement location increases.

5.6.6 Protection of Adjacent Buildings/Structures and Underpinning

No building structures are directly above the station. Within 60 feet of the proposed station excavation,
there exist two 3-story buildings (201 and 215 S. Santa Fe Avenue), an abandoned one-story warehouse
and a one-story Metro Rail maintenance building in the MTA yard.

Station excavation and construction may cause some ground settlement or angular distortion. The
Contractor is responsible for carrying out the excavation with timely placement of an adequate support

system to mitigate potential disturbance to the adjacent buildings.
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In general, the need for underpinning these adjacent buildings will depend on whether their foundations
are adequate and whether the buildings can satisfactorily resist anticipated settlement due to excavation-
related deformation. Thus, further structural and foundation evaluations by qualified structural engineers

will be necessary for these buildings.

Figure 5-5 presents rough guidelines to estimate whether adjacent buildings require underpinning. The
final need for underpinning should be evaluated by a qualified structural engineer on a case-by case basis.
These adjacent buildings (whether underpinned or not) should be monitored for settlement and lateral
movement on a regular basis during station construction. If the monitored settlements indicate the potential
for excessive settlements beyond the maximum allowable limits preset by the engineers, excavation work

should be suspended temporarily and immediate remedial measures taken.

5.6.7 Excavation Heave

The excavation depth of the Little Tokyo Station is approximately 70 feet. This would mean a maximum
stress relief of about 9,000 psf at the bottom of the excavation resulting in bottom heave due to elastic and
consolidation rebounds. Based on the subsurface conditions and properties of the subsurface soils, it is
estimated that the heave due to elastic rebound will be about 1-1/2 to 2 inches and the consolidation
rebound will be about 1/2 inch to 3/4 inch. Elastic rebound will take place during the excavation. The
bulk of the consolidation rebound is anticipated to occur within approximately one month following the

excavation. Rupture of the excavation bottom due to excessive heave is not likely.

5.6.8 Foundation Support

5.6.8.1 Main Station Structure

The overall station will be designed and constructed as a relatively rigid box and the main station housing
the rail facilities will be supported on wide, thick-slabs that will function as relatively rigid mat foundations.

The design of mat foundations are generally governed by settlement considerations rather than by bearing

capacity. Available information indicates that the average bearing pressure on the mat foundations from
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the station and backfill would be on the order of 5,000 psf, which is less than the overburden removed by
the excavation. Therefore, this anticipated station load can be adequately supported on the alluvium
underlying the station mat foundation. An allowable bearing capacity of 5,000 psf may be used for design

of mat foundations provided the settlements estimated below are considered in the design.

It is estimated that elastic settlement due to the station load of 5,000 psf will be on the order of about 3/4
inch to 1-1/4 inch. This settlement would take place during construction. In addition to the immediate
elastic settlements, 1/4 to 1/2 inch of consolidation settlement is estimated under the design load of 5,000
psf. Analyses indicates that about 90% of the consolidation settlement due to the station load will take
place over a period of about 1 month following construction. Some differential settlement of the structure
should be expected due to the nonuniformity of the soils at the site. It is estimated that the differential

settlement over the width of the station will be on the order of 3/4 inch.

If the groundwater levels in the station area rise from current levels to the assumed design levels (i.e.,
about 50 feet above the station invert), the station mat foundation will experience a vertical stress relief of
about 3,100 psf, resulting in heave due to elastic and consolidation rebounds. It is estimated that the
corresponding elastic rebound will be on the order of about 1/2 to 3/4 inch, and the corresponding
consolidation rebound will be on the order of 1/4 inch. In this case, differential heave over the width of

the station is estimated to be about 1/2 inch.

5.6.8.2 Surface and Near Surface Structures

Near surface structures can be supported on conventional spread footings founded on properly compacted
fill. All spread footings should be a minimum of 2 feet wide and at least 2 feet below the lowest adjacent
grade. Subgrade for shallow footings should be overexcavated to a depth equal to the footing width and
replaced with properly compacted fill. Overexcavation should extend a minimum distance equal to half
the width or 2 feet, whichever is larger, beyond the perimeter of the footing. Fill should be compacted
to at least 95 percent of the maximum dry density as determined by ASTM Procedure D-1557. Allowable
bearing capacities and estimated total settlement in terms of footing width and bearing pressures for shallow
spread footings are graphically presented in Figure 5-6. Some differential settlement between adjacent
footings should be anticipated. This differential settlement between adjacent footings is estimated to be

one-half of the average total settlements or the differences in total settlement, whichever is larger.

092795.RPT/ 95-8347.04 5-18




12
10 - \eé\‘
A
"
Q
&y
S
C;"’Q
«©
2
8 — %0
Ao
ey
— o-x\
g S
9 &
g <
7 ot
o )
£ 6
3
m
o
=}
©
3 £
< h=l
=
4] E
5 §=1"
e
E
E 8 =3/
=
. s
o=1/2"
6=1/4"
0 T T T T
0 2 4 6 8 10 12
Footing Width, B (feet)
Explanation: Project No.. 95-8347

& = Immediate Settlement for a Square Footing

Geotechnical Investigation
Eastside Extension
Metro Red Line

D = Footing Embedment Below Adjacent Grade

Note: Factor of safety of 3 is included.

10-95

Allowable Bearing Capacity for
Spread Footing in Compacted
Granular Fill (Compacted to 95% of

Maximum Dry Density) = .




In the absence of specific information on loads, dimensions and locations of structures, Figure 5-6 is
provided as a general guideline for foundation support needs.  Structure-specific foundation

recommendations should be provided when such information becomes available.

Figure 5-6 can be used for vertical, concentric loading. Bearing capacity will be reduced due to eccentric
and/or inclined (combined vertical and horizontal loads) loading conditions. It is recommended that a site-

specific and loading specific study be performed for such cases once design loading conditions are known.

Lateral resistance of the footing can be assumed to be provided by passive earth pressure on the side of the
footing and friction resistance between the footing and soil. An allowable passive pressure of 250 psf per

foot, and an allowable frictional coefficient of 0.4 are appropriate for lateral resistance considerations.

5.6.9 Geotechnical Input for Station Design

5.6.9.1 Geotechnical Parameters

Table 5-1 summarizes recommended geotechnical design parameters for station design based on available
data. These design parameters include lateral earth pressure coefficients, unit weight of soil, shear

strength, long term maximum groundwater level, modulus of subgrade reaction for shallow foundations,

and seismic coefficients.

5.56.9.2 Soil Spring Constants for Main Station Structures

Estimated ranges and best estimates of static and dynamic soil spring constants for design of the main
station structure are presented in Figure 5-7. It is recommended that the full estimated ranges be
considered in the structural design to account for the potential variability of the subsurface materials in the
station area. An upper bound/lower bound approach is recommended for the structural response analysis
of the station box structure. The lower bound values of soil spring constants should be used for evaluation

of settlement and deformations, while the upper bound values should be used for evaluation of stresses in

the structures.
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TABLE 5-1. GEOTECHNICAL DESIGN PARAMETERS FOR
UNDERGROUND STRUCTURES (LITTLE TOKYO STATION)

Design Value

Parameter

Geologic Unit Coarse-Grained Alluvium
Unit Weight of Soil (pef) 130
Void Ratio - 0.42
Cohesion (psf) 0
Angle of Internal Friction of Soil (degrees) 35
Soil Pressure Coefficient

At Rest (Ko) 0.45

Active (Ka) 0.27

Groundwater Depth'” 25 feet below ground surface

For Support of Shallow Foundation:
Coefficient of subgrade reaction
K, (tons/ft)

0to 10 feet 50t0 75

10 to 40 feet 75 to 150

Footing of Width B, K,* (tons/ft’) _ K B+l i
& -7 (35

Seismic Coefficient

ODE®™  Horizontal (Kh) 0.3g
Vertical (Kv) 0.2g
MDE"  Horizontal (Kh) 0.6g
Vertical (Kv) 0.4g

Notes: (1) Assumed maximum groundwater level during the design life of the station. Current groundwater levels are below

station invert (Elevation 197 feet).

(2) K, = Coefficient of subgrade reaction fora 1’ x 1’ plate.

(3) Kb = Coefficient of subgrade reaction fer shallow foundation of width B and length mB.
I=l1form=1,1=112form=2,1=16form=35,1=2form >10.

An upper bound/lower bound approach is recommended for the structural response analysis of the station structure.
The lower bound values of modulus of subgrade reaction should be used for evaluation of settlements while the
upper bound values should be used for evaluating stresses in the structure.

Operating Design Earthquake (ODE) and Maxmium Design Earthquake (MDE) are based on Seismic Investigation
and Design Criteria for Metro Rail Project prepared by Converse Consultants, Earth Sciences Associates and
Geo/Resource Consultants (1983).
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5.6.9.3

Loads on Station Walls and Slabs

We understand that the station will be designed and constructed as a relatively rigid, water-tight box. The

recommended lateral earth pressures including hydrostatic pressure and earthquake loading are shown in

Figure 5-8. The following are noted:

Assumptions for groundwater levels during the design life of the station and maximum
design earthquake (MDE) described in Sections 5.3 and 5.4 were utilized in developing
Figure 5-9.

The Mononobe-Okabe procedure was utilized for developing earthquake-induced lateral
earth pressures. This procedure assumes that the wall yields or rigidly moves sufficiently
for active conditions to develop during earthquake loading. In developing the earthquake-
induced earth pressure recommendations, the potential effects of vertical ground

acceleration were ignored to avoid being too conservative.

Potential surcharge effects from adjacent buildings which are not underpinned should be
considered in the wall pressure diagrams. Lateral surcharge loads on walls can be
calculated in accordance with the recommendation shown in Figure 5-3c. Vertical loads
from anticipated traffic and other live loads should be determined and added to the roof

loading.

5.6.10 Liquefaction Potential

Liquefaction potential of the subsurface soils in the station area was evaluated as described in Section 5.5.3.

The assumed highest groundwater levels described in Section 5.3 were utilized in the analysis to account

for the effects of potential groundwater fluctuations on the liquefaction potential of subsurface materials.

The results indicate that liquefaction of the site soils under the maximum design earthquake is unlikely.
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5.6.11 Earthwork

Based on the subsurface conditions encountered in the investigation, the station excavation can be
accomplished relatively rapidly by conventional and readily available excavation technology. Earthwork
and site preparation activities are expected to consist of an excavation for subterranean structures, subgrade
preparation for the station floor, foundation preparation for near-surface structures, excavation for utility
trenches, subgrade preparation for pavements, and backfill placement for subterranean walls, footings and
utility trenches. Major excavations will need to be provided with temporary shoring according to the
recommendations presented in Section 5.6.5. Other minor excavations, subgrade preparation and backfill
placement should be done in accordance with the guidelines presented in Appendix E. All work should
be in compliance with applicable city (Los Angeles), state (California), and federal (Occupational Safety

and Health Act) requirements.

In general, the mat foundation should be underlain by a minimum 2-foot-thick dense granular material with
an in situ density of at least 95 percent of the maximum dry density as per ASTM D-1557. In granular
alluvium, this may be achieved by proof rolling the excavated subgrade with a heavy vibratory roller, or
by overexcavating and compacting the 2-foot zone below the foundation in layers. In fine grained alluvium
the subgrade should be overexcavated a minimum of 2 feet below design grade and replaced with granular
material compacted to specification. If the mat is placed directly on the native materials, rock fragments
larger than 6 inches should not be allowed in the exposed subgrade. The compacted fill blanket should

extend a minimum of 5 feet beyond the foundation perimeter.

Materials excavated from non-contaminated granular alluvium (sand, silty sand, gravelly sand, sandy
gravel, and gravel) could be stockpiled to be reused as backfill material. Excavated fine-grained alluvium
is not suitable as backfill material. If there is insufficient material available for backfill, imported granular

material could be used for fill subject to the approval of a geotechnical engineer.
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5.7 SUMMARY OF SOIL AND GROUNDWATER CONTAMINATION
5.7.1 Groundwater Contamination

As described in Section 4.3.3.3, groundwater within the tunnel envelope approximately between Union
Station and the vicinity of Boring DD-10 ié}ikely contaminated with hydrocarbons, hydrogen sulfide (H,S)
and other constituents (sulfate, sulfide, chloride, etc) with concentration levels exceeding published
threshold concentrations. Thus, groundwater from dewatering for the Union-Little Tokyo Tunnels will

require treatment prior to disposal.

The remaining areas of tunnel and station construction may encounter local perched groundwater
conditions. Some of these perched water inflows may be contaminated with hydrocarbons as evidenced
by the encountering of free product in Boring SD-2, probably as a result of leakage from nearby oil

pipelines in the project area, and may also require treatment prior to disposal.
5.7.2 Soil Contamination

As described in Section 4.3.3.4 tunnel and station construction will likely encounter the following soil

contaminants:

B Soil, especially the fine-grained Fernando/Puente Formation bedrock, near and below
groundwater table may be contaminated with hydrocarbons and hydrogen sulfide. These
soil contaminants are probably related to groundwater contamination and are especially
likely to occur within the tunnel envelope between the Union Station and the vicinity of
Boring DD-10.

a Localized soil contamination with hydrocarbons is possible in the remaining tunnel portion
and within the Little Tokyo Station area. The sources of localized soil contamination may
include leakage from the existing oil pipelines and the existing Union Station oil field.
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5.8 GASSY CONDITIONS

As summarized in Section 4.3.3.5, there is a high potential for accumulation of toxic and explosive gases,
especially methane and hydrogen sulfide, in the project area. Available data indicates that methane and
hydrogen sulfide are released from or through the groundwater. Thus, as in the case of groundwater
contamination, there is a higher potential for high concentrations of methane and hydrogen sulfide between
Union Station and the vicirx.it}'lvof Bori;g DD-10 than elsewhere in the project area. Because of the
permeable nature of the predominantly coarse alluvium in the project area, which enables the dissipation
of the groundwater-released gases, the rate and amount of accumulation will be significantly less than what

was observed in the well casings of various monitoring wells (Section 4.3.3.5).

Proper ventilation and monitoring of methane, hydrogen sulfide and other toxic/explosive gases will be
necessary to satisfy the U.S. and California Occupational Safety and Health Administration (OSHA)

requirements and to provide a safe working environment.

In addition to being potentially present above the groundwater table within the area of concern, hydrogen
sulfide may also be present within the previously saturated zones that became unsaturated upon dewatering.
The release of hydrogen sulfide from soil would occur during the mixing process associated with tunnel
excavation and muck handling. This possibility should be considered in the design, construction and

operation of the facilities within the affected area.
59 ABANDONED OIL WELLS

Due to the proximity of the project area to the Union Station oil field, there exists a potential for the
presence of undocumented cased or uncased abandoned oil wells within the tunnel envelope and station
excavation limits, especially along the portion of the alignment located within these known oil fields. In
addition to requiring considerable time to move the casings, such abandoned wells, if encountered, may
contain large quantities of water or even oil under pressure. The abandoned wells may also contain

residual accumulations of hydrogen sulfide, methane or other toxic/explosive gases.
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5.10 CORROSIVE SOILS

Results of sulfate content tests (Table 4-2) indicate that the soils in the project area are mildly to moderately
corrosive to concrete. Type II cement should be used for concrete in contact with mildly to moderately
corrosive soil. Results of available electrical resistivity tests from the preliminary geotechnical
investigations (Table 4-2) and the current investigation indicate that most of the subsurface soils are

moderately (2000 to 5000 ohm-cm range) to extremely corrosive (less than 2,000 ohm-cm) to metals.
5.11 FAULT CROSSING

As described in Section 4.2.3, the location of the “bedrock high” is approximately aligned with the
projection of the escarpment of the Coyote Pass fault. This implies that this fault may potentially cross the
tunnel segment in the vicinity of the “bedrock high”. The results of project-specific fault investigations

performed by GeoTransit Consultants to delineate and characterize this fault and to assess its seismic

e

capability are presented in a fault-investigation report (GéaTransxt Consultants, 1996). The results indicate

that the "Coyote Pass Escarpment” is active. The recommended magnitudes of fault movement for tunnel

|
SUES —_—

design at the fault crossing are provided in the fault investigation report.
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7.0 LIMITATIONS

The conclusions and professional opinions presented in this report were developed by GeoTransit
Consultants for Engineering Management Consultant (EMC). GeoTransit Consultants makes no warranty,
either expressed or implied, as to its findings, opinions, recommendations, specifications, or professional
advice except that these were developed after being prepared in accordance with generally accepted
standards of care and diligence normally practiced by recognized consulting firms performing services of

a similar nature.

Subsurface conditions are, by their nature, uncertain and may vary from those tested in the laboratory,
documented in historical documents or encountered at the locations where visual inspections, borings,
soundings, test pits, surveys, or other explorations were made by GeoTransit Consultants. The data,
interpretations, and recommendations of GeoTransit Consultants ar based solely on such information or
from information obtained by others in the area covered by this report, and or observations from borings

in the area covered by this report.

The data and conclusions contained herein should be considered to relate only to the specific project and
location discussed herein. GeoTransit Consultants is not responsible for any conclusions that may be made
from these data by others unless we have been given an opportunity to review such conclusions and concur
in writing. This report has not been prepared for use by parties other than EMC. It may not contain
sufficient information for the purposes of other uses. If any changes are made in the project as outlined
in this report, the conclusions contained in this report shall not be considered valid unless the changes are
reviewed and the conclusions of this report are modified and approved in writing by Geotransit

Consultants.
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