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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 First/Lorena Station with crossover and the connecting Tail Track Tunnels. The station and 

tunnels 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 station and tunnels. The locations, dimensions, and 

configurations of the proposed station and tunnels- covered in this report were based on plans provided by 

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

1.2 PROJECT DESCRIFflONS 

The proposed First/Lorena Station with crossover consists of a cut -and -cover reinforced concrete structure 

approximately 60 feet in width and 877 feet in length. The station invert ranges from about 60 to 78 feet 

below ground surface (SOS). The station is located within the East First Street right-of-way, from about 

410 feet west to 467 feet east of the center line of Lorena Street. 

The Tail Track Tunnels consist of two single track, 18 -foot inside and 22 -foot outside diameter openings 

in a parallel double line configuration. Starting from the eastern tenninus of the FirstiLorena Station, the 

tunnel alignments extend eastward along East First Street to approximately the First Street/Indiana Street 

intersection where the tunnels curve southeasterly to the southeast terminus of the tunnel alignment. The 

tunnels are about 745 feet long and their invert elevations range from approximately 69 to 85 feet SOS. 

1.3 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 8 rotary wash borings, 

installing 2 monitoring wells; monitoring groundwater levels; conducting 12 pressuremeter tests in a single 

borehole, and two downhole seismic velocity surveys; performing a geotechnical laboratory testing 
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program on selected soil and bedrock samples; conducting an engineering evaluation; and preparing this 

report. 

S 

1.4 GEOLOGIC SEllING 

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 station and tunnels will be in alluvial deposits of Holocene and 

Pleistocene age. The alluvium overlies FernandofPuente Formation bedrock, and consists of mostly coarse 

granular deposits with local cobbles and possibly small boulders and fine-grained interbeds of variable 

thickness. 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 a number of 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, generally 

accepted as the source of the 1987 Whittier Narrows earthquake. The 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 Hifis. 

No known active or inactive faults cross or project toward the project area. A linear topographic scarp 

and possibly displaced drainages suggest the presence of faults ("Coyote Pass escarpment" and unnamed 

faults associated with it) located approximately 2000 feet north of the project area. This escarpment forms 

the southern margin of the City Terrace area in the Repetto Hills. The "Coyote Pass escarpment" is 

considered to be active. 

1.5 SUBSURFACE STRATIGRAPHY 

The planned tunnel and station excavations will be within alluvium. The alluvium is heterogeneous and 

consists of predominantly coarse -grained materials ranging from sands to gravel. Local zones of cobbles 

are present in the station area. Interbedded layers of fme-grained soils of variable thicknesses in the project 

area consist predominantly of lean clays, sandy silt and fat clay with variable amounts of sand and silt. 
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 Bedrock units of the Femando/Puente Formation underlie the alluvium. In the station area bedrock is 

estimated to be at least 28 feet below station invert. The bedrock materials, where encountered in the 

station borings, consist predominantly of soft to very soft and poorly bedded siltstone and claystone. 

1.6 GROUNDWATER LEVELS 

The most recent observed groundwater levels are approximately 80 to 100 feet BGS in the project area. 

The groundwater table dips to the south and southeast at an average gradient of about one percent. 

Assuming the groundwater levels during construction are the same as the most recently measured data, the 

station excavation will be at or above groundwater level, and tunnel excavation will be above groundwater 

level. 

The project area is located in a region with known significant fluctuations in historic groundwater levels. 

Available groundwater -level data from a number of wells in the general region (maintained and recorded 

by the Los Angeles County Department of Public Works) indicates that groundwater levels in the general 

region can significantly fluctuate. At some of the well locations, the observed groundwater level 

fluctuations were as much as 12 feet in one month, 69 feet in one year, and 183 feet in 10 years. Thus, 

significant fluctuations of groundwater levels should be anticipated during the life of the station and tunnel 

facilities. Such potential groundwater fluctuation must be considered in the construction and design. It 

is important that groundwater levels in the project area be monitored prior to and during construction. 

1.7 GROUNDWATER AND SOIL CONTAMINATION 

Available chemical test data (Geolransit Consultants, 1994b) on soil samples from two environmental 

borings in the project area and one water quality sample from a nearby environmental monitoring well 

detect no significant contamination by hydrocarbons, hydrogen sulfide or a number of conunonly 

encountered constituents. However, because of its proximity to the existing Boyle Heights oil field, there 

exists a potential for local soils and perched water -related local inflows to be contaminated with oil field - 

related contaminants (i.e., hydrocarbons, hydrogen sulfide, etc.). These local contaminations if 

encountered, will require treatment and disposal to approved facilities. 

051496.P.PTI lIOSIlO 1-3 



1.8 GASSY CONDITIONS 

Although no sulfurous or hydrocarbon odors were detected in the work space from samples above station 

or tunnel inverts during this investigation, the proximity of the project area to the existing Boyle Heights 

oil field suggests the potential presence of methane and other oil field related gases in the project area. 

1.9 FIRSTILORENA STATION WITH CROSSOVER 

The station excavation will be primarily in heterogeneous alluvium. Based on available information from 

5 station borings, the alluvium above station invert comprises roughly 75 percent granular and 25 percent 

fme-grained alluvial soils. It is anticipated that the cut -and -cover excavation can be achieved by 

conventional excavation methods. However, suitable excavation equipment to handle the local presence 

of cobbly zones and possibly local zones of small boulders, wil be required. Most of the alluvium in the 

station area may run or ravel readily. Thus, timely application of ground support is important. 

If the groundwater levels during station construction are similar to the present groundwater levels, only 

minor dewatering near the bottom of the station excavation will be required during construction. However, 

groundwater levels should be regularly monitored prior to and during construction to veri' this. 

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 with internal bracing and/or tiebacks, and timber, shotcrete 

or pre -cast reinforced concrete lagging 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 

other design and installation considerations are provided in this report. 

Based on the results of this investigation, it is our opinion 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. 
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1.10 TAIL TRACK TUNNELS 

Based on current plans and profiles, and current measured groundwater levels, the Tail Track Tunnels will 

be entirely in alluvium and above groundwater. It is anticipated that soft ground tunneling methods will 

be generally applicable. In the tunnel zone, the alluvium is predominantly granular and susceptible to 

raveling and running conditions during tunneling. Raveling and running conditions will slow the 

excavation progress and result in poor face stability and excessive ground loss problems unless proper face 

stability controls and settlement minimization measures are implemented. 

1.11 SEISMIC DESIGN CRITERIA 

No project -specific seismic hazard analyses were conducted for the Eastside Extension. A seismic hazard 

analysis 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 Converse and 

others for the Metro Rail Project were used. 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 (based on 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 proposed First/Lorena Station with 

crossover and the connecting Tail Track Tunnels. The station and tunnel segment are part of the proposed 

Easiside Extension of the Los Angeles Metro Red Line. The investigation was performed to support the 

engineering efforts being undertaken by Engineering Management Consultant (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 FirstlLorena Station and Tail Track Tunnels in East Los 

Angeles. This first portion of the Eastside Extension is approximately 3.7 miles in length and consists of 

twin tunnels and four cut -and -cover stations, including the First/Lorena Station and Tail Track Tunnels 

addressed in this report. Plate 1 presents the layout plan showing the locations of the station and tunnel 

segment with respect to the Eastside Extension alignment. 

2.2 PROJECT DESCRIPTION 

Locations, dimensions and configurations of the proposed -station with crossover and the connecting Tail 

Track Tunnels in this report were based on available plan and profile drawings provided by EMC at the 

time of this investigation. 

The plan and ground surfice and station/tunnel profiles are shown in a plan and profile drawing presented 

in Section 4.0 (Plate 2). 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 First/Lorena Station with Crossover 

The proposed Firsi/Lorena Station with crossover consists of a cut -and -cover reinforced concrete station 

structure and auxiliary facilities. The station with crossover starts at Station CR 188 +00 (western 

terminus) and ends at Station CR 196 + 77 (eastern terminus). The station with crossover is about 877 feet 

in length with an inside width of about 60 feet. The crossover tracks start at the station's western terminus 

and ends at Station CR 191 +71.71 where the platform structure begins. The platform structure ends at 

Station CR 196 +21.71. The FirstlLorena Station is located within the East First Street right-of-way 

between about 410 feet west and 467 feet east of the center line of Lorena Street. 

The ground surface at the station site varies from approximate elevation 310 feet at the western terminus 

to approximate elevation 291.5 feet in the vicinity of First Street/Lorena Street intersection. The ground 

surface then slopes up to approximate Elevation 304 feet at the eastern terminus. The top -of -rail elevation 

within the station area is approximately 239 feet. The station invert is approximately at Elevation 232 feet. 

Thus, the depth of excavation for station construction varies from approximately 60 to 78 feet. 

2.2.2 Tail Track Tunnels 

The Tail Track Tunnels consist of two single track, 18 -foot inside and 22 -foot outside diameter openings 

in a double line configuration. Starting from the eastern terminus of the FirstlLorena Station (Statioh CR 

196+77), the tunnel alignment runs eastward along East First Street to the vicinity of the First 

Street/Indiana Street intersection where the tunnel alignment curves southeasterly to the southeastern 

terminus of the Tail Track Tunnels at Station CR 204 + 21.71. The east -west trending portion of the tunnel 

segment is within the First Street/Indiana Street right-of-way while the remaining southwesterly trending 

portion is under existing conmercial and residential buildings. 

The existing ground surface varies from approximate Elevation 304 feet at the western end of the tunnel 

segment (approximate Station CR 196+77) to about Elevation 319 at the southeastern corner of the First 

Street/Indiana Street intersection beyond which the ground elevation is at about Elevation 320 feet. The 

planned tunnel inverts are at elevation 235 feet. Therefore, the tunnel inverts are approximately 69 to 85 

feet BGS. 
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2.3 OBJECTIVES AND SCOPE 

The objectives of the geotechnical investigation were to evaluate subsurface soil and groundwater 

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

The scope of this investigation consisted of the following: 

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

groundwater and seismic conditions at the station site and along the alignment. 

Planning and coordination of field work, including: 

- Development of field procedures and manuals 

- Planning of the field investigation program 

- Obtaining necessary permits and licenses 

- ' Coordination with government agencies and utility companies during the course 

of this investigation 

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

Perfonnance of a field exploration program, including: 

- Drilling and sampling seven rotary wash test borings 

- Performing 12 pressuremeter tests in one of the borings along the tunnel alignment 

- Installing two monitoring wells 

- Monitoring groundwater levels at all available monitoring well locations, including 

- the two monitoring wells installed in this investigation and one monitoring well 

installed in the preliminary engineering program 

- Conducting two downhole seismic refraction geophysical surveys to evaluate shear 

wave velocity and dynamic modulus characteristics of the subsurface materials 

Performance of a laboratory testing program on selected representative soil samples to 

assess the index and engineering properties of subsurface materials 
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 Preparation of this report documenting the results of the geotechnical investigation and 

providing recommendations for project design. 

2.4 PREVIOUS INVESTIGATIONS AND AVAILABLE DATA 

A number of project -specific geologic, geotechnical, and environmental investigations were previously 

performed by GeoTransit Consultants in the project area. Results of these previous investigations were 

reviewed to plan and supplement the results of this investigation. 

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

include the following: 

Preliminary geotechnical investigation (GeoTransit Consultants, 1994a) which includes 

drilling and sampling of one geotechnical boring (PE -13) in the station area, and 

installation of a monitoring well in the boring. Log of Boring PE -13 has been incorporated 

in Plate 2 (plan and profile) and is included in Appendix A of this report. 

Stage II Environmental Site Assessment, Eastside Extension, Metro Red Line Project 

(GeoTransit Consultants, 1994b) which includes environmental sampling in two 

environmental borings (EB- 10 and EB- 11) in the project area. 

In addition to the above investigations performed by GeoTransit Consultants, Engineering -Science. Inc. 

(ESI) conducted a subsurface gas investigation to support preliminary design of the Eastside Extension 

(Engineering -Science, Inc., 1994). This gas investigation included installation, monitoring, and gas 

sampling and testing of two gas probes (deep and shallow) in one boring location (MW -6) in the 

FirstlLorena Station area. 
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3.0 FIELD EXPLORATION, FIELD TESTING AND LABORATORY TESTING 

3.1 GENERAL 

This section provides a description of the subsurface exploration, field testing and laboratory testing 

performed for this program. The field exploration and field testing program are part of a larger overall 

geotechnical investigation program being performed for the entire Eastside Extension 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. 

3.2 GEOTECHNICAL BORINGS 

Seven rotary -wash borings were drilled in the project area. Three of the borings (identified by the prefix 

DD-) were drilled within the tail track tunnel segment. Four of the borings (identified by the prefix SD-) 

were drilled within the First/Lorena Station area. Locations and penetration depths of these borings are 

summarized in Table 3-1 and Plate 2. For completeness, the geotechnica] Boring PE -13 completed during 

the preliminary investigations in this area (GeoTransit Consultants, 1994a,) is also included in Table 3-1 

and Plate 2. 

The borings were logged in the field by a geologist or engineer under the direct supervision of a Registered 

Geotechnical Engineer (ROE) or a Certified Engineering Geologist (CEO). The materials were classified 

in general accordance with American Society of Testing and Materials (ASTM) Standards and the Unified 

Soil Classification System. The field logs were refmed after laboratory examination and testing of selected 

soil samples. Boring logs are presented in Appendix A. 

Rotary -wash borings for the geotechnical subsurface exploration program were drilled using either a 

Mayhew 1,000 or a Midway 13 mud -rotary drill rig with 4 -7/8 -inch diameter tricone drill bits producing 

nominal 5- to 6 -inch diameter boreholes. 

Borings were drilled to a depth of about 30 to 60 feet below the station invert and 20 feet or more below 

the tunnel invert. In this report, Borings DD -27 and DD -27S (Table 3-1) are considered as one boring. 
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TABLE 3-1 SUMMARY OF FIELD EXPLORATION PROGRAM 
(FlrstlLorena Station & Tall Track Tunnels) 

&Ii1i I Type of Boring Approximate 
Station 

Along Centerline 
of CR Track 

Approximate 
Offset From 

Centerline of CR (Vt) 

Approximate 
Offset From 

Centerline of CL (It) 

- Location Approximate 
Ground Sutface 

Elevation (It) 

Approximate TunneL? 
Station Invert 

(Depth! Elevation, if) 

r Total Penetration 
Depth (It) 

Monitoring WeH installed 

SD -IS RotaryWash 187+50 5ieft - First Street. 105' E. olCoticord 312 76/238 III Yes 

SD -16 Rotary Wash 190+40 - 26 rIght First Street! 12?" W. of Lorena 298 66/232 Iso No 

50-17 Rotary Wash 193+56 5 left - First Street, 13 E. of Lorena 294 62/232 106 No 

so-ta Rotary Wash 195+80 - 28 rIght First Street/Irene 302 70/232 116 No 

DD -27" Rotary Wash 201 +53 - 2 left First Street, 40 E. of Indiana Street 318 83/235 62.5 No 

DD -275' Rotary Wash 201 +50 - - 2 left First St.! Indiana St. (Y W. of DD -27) 319 64/235 125 Yes 

DD -28 Rotary Wash 205+70 10 left - 5. Alma. 328'S of E. First Street 320 85/235 131 No 

00-62 Rotary Wash 198+90 37 rIght Velasco, 37.45. of First Street 312 77/235 100.5 No 

PE -13 RotaryWasli 192+90 Sieft - FirstSt,eet,63'E.ofS.Lorena 292_- -_60/232 90.5 Yes 

NOTE: 

Borings along tunnel alignment are identified by the prefix OD-; borings at station locations ere identified by the prefix SD-; one boring drilled during the preliminary 
investigation is identified by the prefix PE-. 

DD -27 was terminated prior to reaching the planned penetration depth (125 feet) due to loss of steel ring from pressuremeter probe in the borehole. 00-27 was then replaced by DD -27S end drilled to planned 
penetration depth. 
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Boring DD -27 was terminated at a depth of 62½ feet BGS due to loss of a component (steel ring) of the 

pressure -meter test equipment downhole. Boring DD -27S was drilled adjacent to DD -27 as a replacement 

hole to the scheduled penetration depth of about 125 feet BOS. Soil samples were obtained 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 the station area soil samples were obtained at 

approximately 5 -foot depth intervals and at changes in stratigraphy, whichever occurred first. Along the 

tunnel alignments, a similar sampling schedule was used outside of the tunnel zone while an approximate 

3 -foot sampling interval was employed within the tunnel envelope. The tunnel zone is defined as the depth 

interval between 20 feet above the planned tunnel crown and 20 feet below the planned tunnel invert. 

Pressuremeter tests were performed at various depth intervals in Boring DD-271DD-27S. Nearly 

continuous soil samples were obtained within depth intervals between pressuremeter tests in the borings. 

After performing a pressuremeter test at a depth interval between 56 and 60 feet SOS in Boring DD -27, 

a steel ring (part of the pressuremeter test equipment) was inadvertently dislodged in the borehole. Boring 

DD -27 was abandoned after repeated attempts failed to retrieve the steel ring. A new borehole (DD -27S) 

located about 3 feet west of Boring DD -27 was then drilled to continue the scheduled soil sampling and 

pressuremeter testing to a depth of about 125 feet BGS. With the exception of one pitcher tube sample 

taken at a depth of 37 feet, there was no sampling within the top 60 feet of Boring DD -27S. 

3.3 MONITORING WELL INSTALLATION AND GROUNDWATER LEVEL MONITORING 

Two monitoring wells were installed in Borings SD-iS and DD -27S. Well installation diagrams are 

presented in Appendix A. Groundwater levels of these wells and the existing well (PE- 13) installed during 

the preliminary engineering program (Geolransit Consultants, 1994a) were periodically monitored using 

an electronic water -level indicator. Table 3-2 presents a summary of these readings. 
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TABLE 3-2 SUMMARY OF PROJECT -SPECIFIC GROUNDWATER LEVEL DATA 
(FirstlLorena Station & Tail Track Tunnels) 

MONITORING 

WELL NO. 

APPROXIMATE STATION 

ALONG CENTER LINE 

OF CR TRACK 

APPDXIMATE 

GROUND SURFACE 

1!1ION(fa. 

APPROXIMATE 

DEPTH OF TUNNEL! 

STATiON INVERT (PT) 

MEASURED GROUNDWATER LEVEL 

DATE APPROXIMATE 

DEPTH (PT) 

APPROXIMATE 

EJYION) 
DATE APPROXIMATE 

DEPTH fl'T) 

APPROXIMATE 

ELEVATION (PT) 

DATE - 

________ 

APPROXIMATE 

DEPTH (PT) 

APPROXIMATE 

ELEVATION WI) 

SD -15 187+50 312 76 02/14196 78.8 233.2 8/26/95 80.0 232.0 - - - 

DD -27S 201 +53 319 84 - - - 9/15/95 97.3 221.7 - - 

PE -13 192+90 292 60 02/14/96 Dry - 11/21/95 Dry - 11/17/93 

-- 
Dry - 

NOTE: 

* Because the bottom of well Screen of monitoring well PE -13 is about 65 feet BUS, 'dry" indicates that no groundwater encountered at this depth. 
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3.4 FIELD TESTS 

3.4.1 Pressuremeter Testing 

A series of 12 pressuremeter tests were performed in Boring DD -27127S as stated in the previous section, 

to obtain soil modulus characteristics in the proposed tail track tunnel area. Pressuremeter test intervals 

are noted in logs of Boring DD -27/27S in Appendix A. Table 3-3 shows a summary of the pressuremeter 

tests and the results. 

The pressuremeter tests were conducted by Hughes In Siw Engineering Inc. in accordance with the 

American Society for Testing and Materials (ASTM) Standard Procedure D4719. The pressuremeter tests 

were performed using a 2.92 -inch diameter Cambridge -type pressuremeter. Pressure within the membrane 

was measured using a pressure transducer, and radial displacements were measured using four strain 

sensors located within the probe. These sensors are placed inside the membrane. In each test, the boring 

was advanced to within about 2.25 feet of the test location using a 4 -7/8 -inch diameter bit. An 

approximately 4 feet deep pilot hole was then drilled using a 2 -15/16 -inch diameter tricone bit or a 2 -3/4 - 

inch diameter drag bit. The pressuremeter probe was lowered into the pilot hole and was expanded by 

manually pumping hydraulic oil from a hand operated hydraulic pump. The pressure in the pressuremeter 

was increased in discrete steps to the desired pressure. and held constant for about 60 seconds while the 

corresponding radial displacements were recorded. The volumetric strain at any given pressure was 

computed as twice the radial strain at that pressure. In order to account for the stiffness of the 

pressuremeter membranes, membrane corrections were applied to the measured strains and pressure. 

The tests were terminated when (a) one of the four displacement sensors reached 18 percent strain or (b) 

there was no further increase in strain as oil continued to be pumped into the probe. Further, in each test, 

at least one unload/reload cycle was conducted at the end of a 60 -second loading period. 

Pressure -radial strain curves for all the tests including the unload/reload cycles are presented in Appendix 

A-i. Also included in these figures is the plot of the creep strains which occurred while the pressure was 

held constant for 60 seconds. 

. 
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TABLE 3-3 RESULTS OF PRESSUREMETER TESTS AT BORINGS 00-27 127S 
(Flrst!Lorena Station & Tail Track Tunnels) 

Boring # Depth 

Range 

(ft) 

Geological 
Stratigraphy + 

Measured 

Pressuremeter 
Shear Modulus 

(10' ksf) 

Calculated 
Menard Modulus 

(10 ksf) 

Measured 

Pressuremeter 
Cyclic (unload/reload) 

Shear Modulus 
(10' ksf) 

Calculated 
Cyclic (unload/reload) 

Young's Modulus" 
(10 ksf) 

DD -27 23.0-28.0 Sand/Silty Sand *0* *0* - 

34.5-40.5 Lean Clay " >3.74 >10.47 

43.0-47.0 SiltySand 120 3.11 10.4 27.04 

49.5-53.5 Silty Sand 0.75 1.94 7.92 20.59 

56.0-60.0 Silty Sand 0.83? 2.15? 17.64? 45.86? 

DD -27S 62.5-66.5 Sandy Silt 0.55 1.54 4.72 13.22 

69.0-73.0 SandySilt 0.61 1.71 6.05 16.94 

75.5-79.5 Silty Sand 0.92 2.39 7.01 18.23 

82.0-86.0 SiltySand 0.52 1.36 4.18 10.87 

88.5-92.5 SiltySand 0.32 0.82 4.54 11.80 

95.5-99.5 SiltySand 0.51 1.33 4.54 . 11.80 

108.5-112.5 Sandy Lean Clay 0.69 1.94 4.70 13.16 

NOTES: 

+ Geological Stratigraphy description is defined in Appendix A. Figure A-i. 
* Calculated from pressuremeter tests by using a Poissons ratio of 0.3 for coarse -grained alluvium and 0.4 for tine -grained alluvium. 

** Calculated from cyclic unload/reload pressuremeter shear modulus by using a Poisson's ratio of 0.3 for coarse-gralned alluvium 

and 0.4 for fine-grained alluvium. ' No useful data obtained. 

? Questionable data due to dislodging of steel ring from pressuremeter probe during test. 
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The pressure -radial swain curves have been analyzed to provide information on the pressuremeter modulus 

("Menard" modulus) and corresponding shear modulus, the cyclic (unloadireload) pressuremeter shear 

modulus, the limit pressure (P,) and creep pressure (Pj. Defmitions of these terms are as follows: 

Pressuremeter Shear Modulus Pressuremeter shear modulus is defined as one-half of the slope of the 

linear portion of the pressure -radial strain curve. Pressuremeter shear modulus multiplied by the factor 

2(1 + i') is the pressuremeter modulus E,,, (Menard modulus - akin to Young's modulus), where u is the 

Poisson's ratio. The value of /4 for granular alluvium and fme-grained alluvium were assumed to be 0.3 

and 0.4, respectively. 

Cyclic (UnloadIReload Pressuremeter Shear Modulus Cyclic (unload -reload) pressuremeter shear 

modulus is defmed as one half of the slope of the initial portion of the unload/reload cycle of the pressure - 

radial strain, curves. Unload/reload shear modulus multiplied by a factor 2 (1 + ji) is unload/reload 

pressuremeter modulus E0. Since there is more than one such cycle for each test, an avenge value of E 

is reported in Table 3-3. 

Limit Pressure (P Limit pressure is defined as the pressure at which the probe has expanded to twice its 

original voltime. The value of P, is determined from pressure -radial strain curves in a semi -log plot. 

Creep Pressure (P. Creep pressure is estimated from the pressure -creep strain curve, and is defmed as 

the pressure at which the creep strains increase substantially. 

3.4.2 Downhole Seismic Velocity Survey 

Two downhole seismic velocity surveys were performed in PVC -cased Borings SD -15 and DD -27S. 

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, respectively. Both metal plate and wooden beam were located on . 3-7 051496.RPTI 31081.10 



 

the ground surface at about 10 to 12 feet away from the borehole. The results of the seismic velocity 

surveys are summarized in Table 3-4. 

3.5 LABORATORY TESTING PROGRAM 

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 

classification. Samples of the various rnateriai 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, and corrosion potential. The tests were performed in 

accordance with applicable standard test methods specified by ASTM, the Environmental Protection 

Agency (EPA). and/or the California Department of Transportation (Caltrans). 

The test program and applicable test standards are summarized in Table 3-5. Laboratory test results are 

summarized in Table 3-6 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. 

3.6 FIELD OBSERVATIONS 

Various field observati .ns were noted in this investigation during drilling, sampling and development of 

monitoring wells. These observations include the following: 

Locations and approximate sizes of cobbles 

Headspace organic vapor analyzer (OVA) readings of soil samples and the corresponding 

background readings. 

Sulfurous and/or hydrocarbon odors. 
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TABLE 3-4 RESULTS OF DOWNHOLE SEISMIC VELOCITY 

SURVEYS AT TWO DOffiNG LOCATIONS 
(FirstfLorena Station & Tail Track Tunnels) 

Boring No. Depth Geological Straigraphy Measured Measured Calculated Dynamic Modulus and Poisson's Ratio 
Range Compressional Shear 

(It) Wave Velocity Wave 
(ft/see) Velocity Shear Young's Bulk Poisson's 

(ft/sec) Modulus Modulus Modulus Ratio 
tOSksi IOksf IO3ksf 

SD -U Silty Sand 1750 940 3,6 9.3 'L6 0.30 

17-40 Sandy Lean Clay/Sandy 3050 1560 9.8 26.0 24.5 0.32 
Siltl Silty Sand/Gravel 

40-I 10 Sand/Gravel/Silty Sand 5150 1990 16.0 45.2 85.8 0.41 

Du -275 0-19 Sandy Lean Clay/Silty 
2250 1040 4.4 11.9 14.6 0.36 Sand with Gravel 

19-72 Silty Sand/Sandy Lean 2750 1480 8.8 22.9 18.7 030 
Clay/Sandy Silt 

72-97 Sandy Silt/ Silty Sand with 3600 1920 14.9 38.7 32.5 0.30 Gravel/Silty Sand 

Note: Geological Stratigraphy description is defined in Appendix A. Figure A -I. 
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TABLE 3-S GEOTECHNICAL LABORATORY TEST PROGRAM 

(First/Lorena Station & Tail Track Tunnels) 

TEST 

TYPE 

NUMBER OF 

TESTS 

TEST 

PROCEDURE 

Visual Soil Classification Every Sample ASTM D2487 / D2488 

Moisture Content 95 ASTM D 2216 

Dry Density 94 ASTM D 2937 

Grain Size Distribution 56 ASTM D 422 

Percent Passing #200 Sieve 41 ASTM D 1140 

Atterberg Limits 17 ASTM D 4318 

Specific Gravity 2 ASTM D 854 

Direct Shear (3 Points) 9 ASTM D 3080 

Unconfmed Compression 1 ASTM D 2166 

Triaxial Compression - ASTM D 4767 

One Dimensional Consolidation / 

Collapse Potential 

7 ASTM D 2435 / 

ASTM D 5333 

Triaxial Permeability 2 ASTM D 5084 

Slake Durability Test - ASTM D 4464 

pH 6 EPA Method 9045 

Chloride Content 6 CALTRANS Test 422 

Sulphate Content 6 CALTRANS Test 417-B 

Electrical Resistivity 6 CALTRANS Test 532 

112195.TBL/954347-l5 



TABLE 3-6 SUMMARY OF LABORATORY TEST RESULTS 
(FirstlLorena Station & Tail Track TunneIs 

95-8341-14 

I_ MflMIi II 
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TABLE 3-6 SUMMARY OF LABORATORY TEST RESULTS 
(First/Lorena Station & Tail Track Tunnels 

96.8347-14 

8_vt 
peaS., 

________ 

I 
Ss.i. 
P&miaq 

________ 

SmlçI. 
0.01. 

(I) 

________ 

uScS 
CIsoflcstcn 

ASTM 024171 
ASTMO24II 

_____________ 

0.0109k 
u.a 

________ 

£qutvll.l 
SPT 

VSt.j 

_________ 

Mclttfl 
ConI.l 

ASIM 0221$ 

___________ 

Dry 

D.nfly 
ASTM 02131 

(Pc?) 

___________ 

C'S-Sn 
Oslilbutlon 
ASTM D422 

GR:SA:Fl 

(%) 

Mnr9 
Lime. 

ASIM 04315 

LL.Pt.Pi 

_____________ 

P. 
Pun,g 

8000 SI.vs 
ASTMDII4U 

(%) 

___________ 

Sp.clIc 
G..v*y 

STM 0 154 

__________ 

Uncortit4 
Conpi.ntv. 

Stt.nglh 
AS1MD2I$G 

___________ 

Oknl Shut 
ASTM 03080 

{P.skSlr.ntth) 

Tits Comp..Son 
ASTU D4fl7 

(P..*Sni4h) 

Coonold01Ion CJ,fld.hIo. ASEM 92435 

& Coups. P.4.0*01. ASIM C433 
TiItM P.fiu.Sfly 

ASTM 05014 

sd pli 

IJSEPA 

M.lh.d 5045 

S$N4d 
CoidS 
DOT CA 
r.d411D 

(pplll) 

CItodd. 
Cosfl 
Oct CA 

15422 
(pr) 

P.1114 .a.,., 
ThdiIcU 
RSttg 

QIIucA41SW% 
MaSon Co.Od 
DOT CATS 532 

(IS.cin) 

EITictPvs 

Collnha. 

w., 

EIVSC1P.I 

FddIo.1 

MgI. 
(Splul) 

EI?scllu 
CataSn 
rpm 

&ffuclIv 

P.1db.. 

Mg:. 

dts) 

Cc Cf cv VidId 
mn;. 
n, 

Sw11(.y 
CoI.p..(-) 

(') 

ENeclPis 

:o.ne1 
P.n,.ay 
(at.c 

50-16 1-24 115 CL Os - _________ 
_________ 

5-25 120 SM 64 

D-26 123 CL TI/Ip (31) 17.8 110.6 3000 25 

T-27 124 CL 17.1 t13.5 34.15.19 12.224 

80-17 $ GM 0. (4) 13.l__ 117.0 - _P±_ 
8-2 10 GM 9 52:3513 

0-3 IS CL jj_ jjQ 106.9 

5-4 20 CL 4 9:39:52 

0-5 25 SP-SM (21) 8.7 125.0 9 

6-6 30 SM 65 11:71:16 

0-7 35 SM (58) 12.1 113.3 

8-8 40 ML 59 28.9 0:35:65 7.85 76 57 2329 

0-9 45 SM/ML (17) 16.8 103.1 50 I 600 31 

- 
5-10 50 SMJMI 35 ________ _________ 

0-11 55 SP-SM (67) 10.4 113.1 7 
I ______ _________ ______ ______ 

8-12 60 ML 62 ________ 5:38:57 

-.- - 
0-13 65 SPiGP (76) 11.4 131.1 

8-14 70 SW-SM >100 17:71:12 

0 -IS 75 Sw-SM (43) 19.0 106.2 2.69 

5-16 80 ML >100 0:45:55 

0-17 85 CL (26) 18.8 110.3 44,13.31 2000 25 0.08 0.018 0001 I +031 

5-18 90 CL 82 . 

0-19 95 SM (46) 22.6 1031 34 

5-20 100 CL TflTp 50 

0-21 105 CL (33) 20.3 107.4 43,1825 0.05 0.016 0.0004 10 +055 

S0 -180-t 8 CL Ga (6) 17,5 114,4 . . 

8-2 10 CL 7 

0-3 15 CL (14) 19.1 110.5 47,24,23 , 

5-4 20 SM 21 1:57:42 

- 
0-5 25 SM (43) 15.Q_ 113.3 

- 
S -S 30 SM 73 15 L____ 
0-7 35 SM (34) 9.4 111.4 

_____ ___ ___ ___ _____ _._. ____ - ____ _____ ___ ____ _______ 

5-8 40 SM .100 27:52:21 

0-9 45 GP -GM (52) 9.8 129.5 6 . 
_______ 

S -ID 50 (ML) 65 4:41:55 6.76 138 907 c2941. 

0 -ti 55 SM (63) 10.6 117.5 21 

S-12 60 SM >100 14:63:23 

0-13 62 SM '-(100) 11.3 124.6 

S-14 65 SM 100 26 _____ 

0 -IS 70 SM JSL 22.2 

______ 
100.1 

5-16 15 Mt. 50 0:29:11 

- 
0-17 80 CL (28) 17.9 114,4 31,13.18 51 920 29 -- 
S -IS 82 CL >100 

0-19 85 SPaSM (64) 17.9 1131 

-- 
5-20 90 SM 'tOO 57715 

- 
0-21 94 CL (35) 18.5 112.8 33.18.15 . 

- 0.076 0.012 0.0007 1 +0.52 
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TABLE 3-6 SUMMARY OF LABORATORY TEST RESULTS 
(First/Lorena Station & Tail Track Tunnels) 

95-6341-14 
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TABLE 3-6 SUMMARY OF LABORATORY TEST RESULTS 
(FirstlLorena Station & Tail Track Tunnels) 
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TABLE 3-6 SUMMARY OF LABORATORY TEST RESULTS 954347-14 
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ASTM 0554 

tk'cs,fl,.d 
Confl,*s 
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pni) 

mlii claw,, 
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ElNctIy. 
Fi1dn 
MgI 

(digfli) 
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Cahislan 
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Ms 

(dee.n) 
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- 
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tp 

Sw.U(+y 
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(%) 
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5**ig 
Sins, 

Pnubfly 
(cwfllt) 

00-62 5-21 77 ML Os '100 0:38:62 

0 -fl 8'3 SM itt tOti is 

S-23 83 SM '100 33 

0-24 86 SD-SM '(100) 12.7 115.3 

S-25 89 SD-SM 'tOO 

0-26 92 SP-SM >4100) 

S-27 95 SD-SM '100 

0-28 100 SD-SM '(100) 
B)PREV1OUSPRELIMINARYINVESTIGATION!;Y .:V.. H ... .:.:. ....... ..,:.H.: .'.:., 

: 
... ,.. .... 

PE -13 S -I 5 CL as 6 

_____:.: 

7.80 54 95 1923 

0-2 10 CL (8) 26.6 

5-3 15 CL 5 0:33:67 24,14,10 
r -- _______ _______ ________ ______ ____________ 

0-4 20 SC (9) 15.5 25.14.11 35 

S-5 25 SMML 24 

0-6 30 SM (55) 16.4 114.3 13 

S-7 35 SM 95 3:83:14 I 

0-8 40.2 SM (46) 19.2 94.4 

S-9 46 (SM) 100 0:72:28 
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__, - 

0-12 75 (SP-SM) (98) 21.2 

S-13 80 CL 52 

_________________ 

0-14 85 MLICL 60 21.8 105.1 I 

NOTES: 

I. USC-S Classifications are based on the visual -manual procedure (ASIM 2488) and laboratory test re:.ults (ASTM D24S7). 

2. Some of the material classifications (identified in parentheses) shown in column 4 of this table are no consistent with the general classification of that interval in the boring logs. This generaly occurs in gravelly and cobbly layers 

where due to presence of gravels and cobbles larger than sampler size, laboratory gradations and clissifications only reflect the finer matrix materials in alluvium. 

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/clayey gravel, gravel with sand and sand with 

gravel, are only representative of the finer matrix materials in the alluvium, 

4. Geologic units Al, Qa and TYITp denote artificial fill, alluvium and Fernando/Puente Formation, respeUively. 

5. For California Drive Samples, Equivalent SPT values were obtained by applying the appropriate corrections for different hammer weights, hammer drop and sampler dimensions (see App ndix A. Figure A-2), 

Equivalent SPT values corrected from drive sampler blowcounts are shown in parentheses. 

6. Compression Index (Cc') and Swelling Index (Cs') are based on vertical strain -log stress plots, Rate of Secondary Compression (Cx') is based on vertical strain -log time plot 

7. Swell/Collapse indicates measured strains in sample when saturated from in situ moisture conditions at approximately the in situ overburden pressure. 

8. Explanation of symbols: 

GR:SAFI = Gravel: Sand : Fines (percent passing #200 sieve) 

LL,PL,PI = Liquid Limit Plastic Limit, Plasticity Index 
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During field investigation activities (drilling, sampling, pressuremeter testing and well development), no 

noticeable sulfurous andlor hydrocarbon odors were present. The field activities did not encourner adverse 

drilling conditions such as caving or loss of circulation of drill mud. Within all borings drilled and sampled 

in the project area, only two samples (one from Boring SD -15 at a depth of 95 feet, and one from Boring 

SD -17 at a depth of 105 feet) were noted to have volatile organic vapor (OVA) concentrations of 10 ppm 

or more above the corresponding background readings. Borings SD -15, SD -16, SD -17 and PE -13 in the 

station area encountered drill chatter/slow drilling at a number of depth intervals (refer to boring logs in 

Appendix A). Taking into account the size and type of drill bit employed on this project 4/8 inch diameter 

tricone bit which is capable of drilling through cobbles and boulders, and based on drilling experience with 

the particular drill rigs and drill bits used in this investigation, the occurrence of rig chatter is considered 

to be indicative of the presence of dense cobbly soils with clast sizes on the order of three inches or more. 

Thus, localized cobbly zones may be encountered during station excavation. 
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4.0 GEOLOGIC AND GROUNDWATER 

4.1 REGIONAL SEllING 

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 defmed by right -lateral 

strike -slip faulting and associated folding parallel to their trend, and 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 rQcks 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 consist 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. 

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 
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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 strucwre and ongoing tectonic activity in the 

Repetto and Elysian Hills. Speculation in the wake of the 1987 Whither 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 station is located in a region of high seismic -potential that has experienced ground shaking 

from numerous large earthquakes in historical time. The earthquakes are being generated by periodic slip 

along the northwesterly -trending strike -slip San Andreas and Peninsular Ranges fault systems, 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., 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 defme 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 

Monica Mountains about 7 miles northwest of the station. The Raymond fault passes through the 

051496.RFT/ 11081.10 4-3 



_. . . -' .<'\.L\. : 

UI it K lit N\ 

T Hj 5LL 1? 

'III 

k 

' / N \\ ) 

NMQJA VE DESF 

San 

Sarda Monica 

ito Crtiz Islan...._ 
Island N 
® EPICENTER OF NORTHAIDGE L1j 

EARTHQUAKE 
( Proposed 

EPICENTER OF BIG BEAR xJ Alignment 
EARTHQUAKE 1 

.4 

EPICENTER OF LANDERS 
EARTHQUAKE 

*EPICENTER OF WHInIER \ N 
NARROWS EARTHQUAKE 

EPICENTER OF SAN FERNANDO 
EARTHQUAKE 

\ s.., 

L BASIN AREAS 

FAULTS: 
I. CAMP ROCK 
2. CHINO 13. RAYMOND 
3. CUCAMONGA 14. SAN ANDREAS 
4. HELENDALE 15. SAN CAYETANO 
5. HOLLYWOOD 16. SAN GABRIEL 
6. JOHNSON VALLEY 17. SAN JACINTO 
7. LENWOOD 10. SANTA MONICA 
8. MALIBU COAST ID. SANTA SUSANA 
B. NEWPORT-INGLEW000 20. SIERRA MADRE-SAN FERNANDO 

10. NORTHRIDGE 21. SIMI 
Ii. OAKRIOOE 22. VERDUGO 
12. PAI.OS VERDES HILLS 23. WHflmEA-ELSINORE 0 

Source: 
Jennings, 1992 and Ziony and Verkes. 1985. 

10 

Scale 

is SnGab,ieI .: ',i 

2OIwtIos iOi 
North 

S 

.Zzc.4j2jisVEnSE -s 

San 

3 
Bernardino ,.Muiilain. 

"a A,. . 
... 14 

2, 
I 

\:.t)' 
\. /2:. San Jacinlo 

23 k 5 
çIains 1 

PEN IL A H 

L )L)lIl (:IeIflerIlt? F? A 

N 

S 

Geolectirilcal lnveegedon 
Eastelde Ejitenslon 

Map of Major Faults In a PortIon 
of Southern California 



northern part of the Repetto Hills into the south Pasadena -San Marino area to the east, and is about 5 miles 

north of the station 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 5 miles northeast 

of the station (Treiman, 1991; Bullard and Lettis, 1993). Other active and potentially active faults that are 

within 30 miles of the station 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 station (Plate 1). An east -west -trending linear escarpment in 

alluvium that crosses the Eastside Extension alignment at three locations (approximate Stations CR 35 + 

50, CR 108+00 and CR 154+00) west of the station, probably coincides with the toyote 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 surface faulting associated with a postulated 

buried thrust fault system within this part of the Los Angeles basin (Bullard and Lettis, 1993; Sieh, 1993; 

Dolan and Sieh 1 992a and 1 992b). Our subsurface evaluation of the escarpment and its geologic 

significance for the Eastside Extension tunnel alignment are discussed in a separate report by Geolransit 

Consultants (1996a). 

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 .rnajor earthquake, very strong ground motions 

would affect the alignment. 

An earthquake computer search (Blake, 1992) was performed to locate historical earthquake epicenters with 

respect to the station. A search radius of 150 miles from the approximate mid -point of the alignment of 

the Eastside Extension 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 station. The 

epicenter of the closest moderate -sized historical earthquake was that of the 1987 Whittier 

So51496.Rpr/ 11081.10 45 



El] 

TABLE 4-1. ESTIMATED SEISMIC CHARACTERISTICS OF PRINCIPAL FAULTS 

Fault 

Approximate Distance 

from Statioum 

(miles) 

Magnitude of Maximum 

Credible Eaflhquake° 

Age of Most Recent 

DispIacement° 

Chino 27 7 1)2 Late Quatemary 

Cucamonga 29 7 Holocene 

Hollywood 7 7 1/2 Holocene 

Malibu Coast 24 7 1/2 1-jolocene 

Newport -Inglewood 9 7 Historic (1933) 

Northridge 23 7 112 Late Quatemai-y; Holocene 

Palos Verdes Hills 18 7 Late Quaternazy; Holocene 

Raymond 5 7 1/2 Holocene 

SanAndreas 33 8 Historic(1857) 

San Gabriel 16 7 1/2 Late Quaternary; Holocene 

Santa Monica 12 7 1/2 Late Quatemaiy; HoIocenë4 

San Fernando 18 7 1/2 Historic (1971) 

Sierra Madre 12 7 1/2 Late Quatemaiy; Holocene 

Verdugo 10 6 3/4 Late Quatemaiy; Holocene 

Whittier 5 7 1/2 Late Quaternary; Holocene 

Notes: 

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

(2) Maximum Credible Earthquake Magnitudes from Mualchin and Jones (1992). 

(3) Age of Most Recent Displacement from Jennings (1992) except where noted; multiple ages apply to separate fault 

segments; "Late Quaternary" is the past 700,000 years; Holocene is the past 11,000 years. 

(4) Dolan and Sith (1992a). 
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Narrows earthquake (M 5.9), with an epicenter about 10 miles east-northeast of the proposed FirstILorena 

Station. This earthquake occurred on a previously tthknown northeast -dipping buried thrust fault that has 

since been named the Elysian Park seismic zone (Mualchin and Jones. 1992). 

More recently, the M 6.6 Northridge 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 station. Records of ground accelerations released by the 

California Division of Mines and Geology for a strong ground motion instrument located at City Terrace 

(approximately 2 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. 

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 

051496.RPrI iios;.io 



underlying these deposits. According to the CDWR (1961), the waxer -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 in the project area 

(CDWR, 1961). The Semiperched aquifer consists of older Pleistocene deposits overlying bedrock near 

the Repetto and Elysian Hifis. The Gaspur aquifer largely comprises 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. Local groundwater conditions are discussed in 

Section 4.3.2 below. 

4.2 LOCAL SEllING 

4.2.1 Local Geologic Conditions 

Unconsolidated to weakly consolidated Pleistocene and Holocene alluvial sediments will be encountered 

during construction of the tunnels and station in the project area. In this investigation bedrock of the 

Miocene and Pliocene age Fernando/Puente Formation wgs encountered at Borings SD- 16 and SD- 17 at 

approximate depths of 123 feet and 99 feet BGS (approximately 58 and 36 feet below the planned station 

invert), respectively. Bedrock was also encountered at Boring PE -13 drilled during the preliminary 

engineering program at a depth of about 99 feet BGS (approximately 28 feet below the station invert). 

Plate 2 illustrates the subsurface conditions along the alignment based on the available information. 

4.2.1.1 Surficiaj Deposits 

A variety of surficial alluvial deposits are present in the project area. These deposits are differentiated on 

Plate 1 into three units: Older Alluvium and Older Gravel (map symbols Qoa and Qp, respectively) of 
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Pleistocene age, and overlying Young Alluvium (Oja) of Holocene age. Young Alluviwn occurs primarily 

in the First/Lorena Station area within drainage courses eroded into the Older Alluvium. 

Several fluvial terrace surfaces that range in age from middle Pleistocene to Holocene have been identified 

on the alluvial deposits (Bullard and Lettis, 1993). For the Older Alluvium, these are designated on the 

geologic map (Plate 1) by a numerical subscript on the map symbol (e.g. Qoaj. The configuration of these 

surfaces indicates that the alluvial deposits south of the Repetto Hills area are being actively tectonically 

deformed and uplifted (Bullard and Lettis, 1993). 

The Older Alluvium and Young Alluvium in the project area are extremely heterogeneous and non- 

uniform. No age -dating tests were performed on the alluvium samples to differentiate Young Alluvium 

and Older Alluvium. Thus, the actual thickness and areal extent of Young Alluvium overlying the Older 

Alluvium is unknown. In this investigation, no differentiation of young and old alluvial units was made 

in the borings. They are collectively referred to as "alluvium" and designated as "Qa" in the logs of 

borings in Appendix A of this report. 

Alluvium in the project area consist of both granular and fme-grained units. Granular alluvium primarily 

consists of sands and gravels with varying amounts of silt and/or clay. Scattered cobbly zones were 

encountered in Borings SD -15, SD -16, SD -17 and PE -13 in the station area. Drilling through cobbly zones 

was usually accompanied by strong rig chatter and slow progress. 

Intervals of fme-grained alluvial units generally ranging from less than a foot to 15 feet in thickness, and 

consisting of lean clays, silts and fat clay mixed with variable amounts of fme to coarse sand and some 

gravel, are interspersed with the granular alluvial units in the project area. 

4.2.1.2 Bedrock 

Bedrock strata of the Pliocene Fernando Fonnation crop out both to the north of the alignment in the City 

Terrace area of the southern Repetto Hills, and to the 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 
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and Repetto Hills. The Puente Formation consists of well -bedded siltstone, claystone and very fme 

sandstone (Lamar, 1970). In the area shown in Plate 1, the contact between these formations is covered 

by alluvium over most of its extent. Where exposed, the contact is often difficult to locate accurately 

because the lithologic change between the formations can be gradational (Lamar, 1970). For engineering 

purposes the characteristics of both of the formations can be 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 

as the Fernando/Puente Formation in the text, and on the boring logs by a dual symbol, Tf/Tp. 

Bedrock was encountered at various depths ranging from about 28 to 58 feet below the planned station 

invert in borings SD -16, PE -13, and SD -17 in -the FirstILorena Station area. The bedrock materials 

encountered in the borings consist predominantly of poorly bedded siltstone and claystone. 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" (Figure A-2, Appendix A). Bedrock was not encountered 

in the three borings along the tail track tunnel alignment. Thus, bedrock is not anticipated to occur in the 

station and tunnel excavation in the project area. 

4.2.2 Local Faulting and Folding 

An east -west trending topographic escarpment (the Coyote Pass escarpment) is located approximately 1,600 

feet north of the subject station. The escarpment forms the southern margin of the City Terrace area in 

the Repetto Hifis and is as much as 80 feet high. It can bet 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 and diminishes to an indistinct feature that is less than 20 feet high near its intersection with the 

tunnel alignment northwest of the station. A second topographic escarpment occurs approximately 3,300 

feet south of the station. The southerly escarpment has an east -northwest 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 Repeno Hills of central and eastern Los Angeles to ongoing folding and 

faulting. Seismologic, geodetic, and geomorphic analyses indicate that the escarpments could result from 
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either surface faulting or near-surfice folding of weakly consolidated materials that overlie movements on 

deeply buried (or "blind") thrust faults. Concurrent investigations carried out by GeoTransit Consultants 

(1 996a) to evaluate the Coyote Pass escarpment conclude that the escarpment as well as the southerly 

escarpment are the result of primarily fold deformation associated with faulting at some unknown depth. 

The station is located on the north limb of an east -west trending anticline. The southerly escarpment is 

actually the south flank of this broad fold which has an amplitude of more than one mile. The axis of the 

fold is roughly centered along Third Street, approximately 1,200 feet to the south of proposed FirstlLorena 

Station. 

No documented faults trend toward or cross the proposed station location and there are no Alquist-Priolo 

earthquake fault zones identified by the State in the area. 

4.3 SUBSURFACE STRATIGRAPHY AND GROUNDWATER CONDITIONS 

4.3.1 Subsurface Stratigraphy 

Based on the subsurfice information obtained from this investigation and previous investigations, Plate 2 

presents the plan and generalized subsurface cross-sectional profiles showing the interpreted subsurface 

stratigraphy and proposed station and.tail track tunnel profiles in the project area. 

The subsurface stratigraphy along the proposed tunnel alignments and in the vicinity of the firstlLorena 

Station consists of shallow surficial fills (for pavement aad structure subgrade) overlying alluvium and 

bedrock of the FernandofPuente Formation. The bedrock was encountered 28 to 58 feet below the station 

invert in three borings (SD -16, PE -l3 and SD -17) in the station area and was not encountered in any of 

the borings drilled along the tail track tunnels. 

At the boring locations, the fill underlying existing roadway pavements ranges up to about 7 ½ feet in 

thickness and consists predominantly of base course, and subbase materials including lean clay, clayey silt, 

gravelly clay, clayey gravel with varying amounts of sand, and silty sand. Locally thicker layers of fill 

may exist, especially in the vicinity of underground utilities. 
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 The alluvium below the fill is heterogeneous. Within the depths of exploration the alluvium is 

predominantly granular with interspersed layers of fine-grained soils. The granular alluvium consists of 

loose to very dense gravel (with and without sand and/or silt), poorly to well graded sands (with and 

without gravel and/or silt) and silty sand (with and without gravel) with local zones of cobbles, and 

occasional clayey sand and clayey gravel. Unified Soil Classification System (USCS) classifications of 

granular alluvium encountered include GP. GM, GC, SW, SP, SW-SM, SP-SM, SC-SM, SM, and SC. 

The fine-grained alluvi,um consists predominantly of medium stiff to hard lean clays, silts and fat clay with 

various amounts of sand and silt. USCS classifications of encountered fine-grained alluvium include CL, 

ML and CH. 

The equivalent standard penetration test (SF1) blowcounts in the alluvium range from 3 blows per foot to 

values in excess of 100 blows per foot. Loose granular soils (SN' blowcounts less than 10) and soft (SN' 

blowcounts between 2 and 4) to medium stiff (SN' blowcounts equals 4 to 8) fme-grained soils are 

generally located less than 20 feet BGS within the station area. Elsewhere, the granular allqvium is 

generally medium to very dense, and the fine-grained alluvium is very stiff to hard. 

S 
Based on the information from the five borings drilled in the station area (i.e., Borings SD -15 through SD - 

18 and PE- 13) and the current station profile (Plate 2), the station excavation will encounter about 75 

percent granular alluvium and 25 percent fine-grained alluvium. A significant portion of the encountered 

granular materials above the station invert are anticipated to be susceptible to raveling and running 

conditions. 

Similarly, the soils within the tail track tunnel zone are predominantly granular in nature as shown in Plate 

2. In general, the alluvium in this zone is similar to that encountered in the station area in terms of 

composition and consistency, except no cobbly zones were encountered in any of the tail track tunnel 

borings (DD -27, DD -27S, DD -28 and DD -62). 

4.3.2 Groundwater Levels 

Groundwater levels in the project area were monitored in three monitoring wells consisting of two (SD -15 

and DD -27S) installed during this investigation, and one (PE -13) installed during the preliminary 
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 investigation (Geotransit Consultants, 1994a). The observed groundwater levels are summarized in Table 

3-2. The most recent groundwater level readings are also shown in Plate 2. 

In general, the current groundwater levels are approximately 80 to 100 feet BGS in the project area. The 

currently observed groundwater levels apparently dip toward the south and southeast with a gradient of 

about 1 percent. Based on current station and tunnel profiles and assuming current groundwater levels 

remain unchanged during construction, it is anticipated that the bottom of the station excavation will be 

approximately at the groundwater level while the tunnel excavation will be above groundwater. 

The project area is located in a region with known significant fluctuations in historic groundwater level 

data. Table 4-2 summarizes available groundwater level data from a number of wells in the general area 

that are maintained by the Los Angeles Deparunent of Public Works. Locations of these wells with respect 

to the project area are shown in Plate 1. 

An evaluation of the record shown in Table 4-2. indicates that groundwater levels in the general region can 

significantly fluctuate. As shown in Table 4-2, the observed groundwater levels at some of the well 

locations varied as much as 12 feet in one month (Well No. 2818D), 69 feet in one year (Well No. 2808A), 

and 183 feet in 10 years (Well No. 2818C). These records imply that the groundwater levels in the project 

area are likely to be time -dependent and can significantly fluctuate. Potential fluctuation in groundwater 

levels must be considered in the design and construction of the tunnel and station facilities in the project 

area. 

The presence of occasional less permeable lean clay, fat clay, clayey sand and silt layers interspersed 

within the granular alluviwn indicates the potential existence of local perched groundwater zones within 

the station excavation depths and tunnel zone. 
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TABLE 4-2. GROUNI)WATER LEVEL RECORDS FROM EXISTING WELLS 
MAINTAINED BY LOS ANGELES COUNTY DEPARTMENT OF PUBLIC WORKS 

Pare I of 4 

Water We11 Ground Surface Total Depth Groundwater Geologic Unit Comments 
Elevation (feet) (depth in feet) 

(feet above MSL) 
Depth Elevation Date Fill Alluvium Bedrock 
(feet) (feet above or 

below MSL) 

2765 259.0 - 109.1 +149.9 3-79 - - - Water well 
90.0 + 169.0 10-38 
113.6 +145.4 4-72 

2775 268.0 100 52.6 +215.4 10-75 - 0-76 76-100+ Water well 
40.2 +227.8 11-34 
70.8 +197.8 6-40 

2807 200.0 556 156.2 +43.8 11-90 - 0-556+ - Water well 
126.6 +73.4 3-35 
286.2 -86.2 4-60 

2808A 185.0 744 196.2 -1.2 11-77 - 0-744+ - 
192.8 -8.5 4-71 
220.7 -77.8 12-72 

2808C 197.9 - 241.7 -43.8 4-78 - - - Water welt 
239.8 -41.9 4-70 
284.0 -86.1 10-tO 

2818B 188.6 - 162.0 +26.6 4-92 - - - Water well 
13I.5 +57.1 2-43 
388:0 -199.4 5-59 

2818C 187.2 - 191.0 3.8 10-88 - - - Water well 
155.0 +32.2 1-47 
338.0 -150.8 7-57 
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TABLE 4-2. GROUNDWATER LEVEL RECORDS FROM EXISTING WELLS 
MAINTAINED BY LOS ANGELES COUNTY DEPARTMENT OF PUBLIC WORKS 

Page 2 of 4 

Water We11 Ground Surface Total Depth GroundwaterL Geologic Unit Comments 
Elevation (feet) (depth in feet) 

(feet above MSL) 
Depth Elevation Date Fill Alluvium Bedrock 
(feet) (feet above or 

below MSL) 

2818D 184.5 - 351.0 -166.5 7-78 - - - Water well 
146.0 +38.5 7-44 
363.0 -178.5 6-78 

2827A 227.0 680 196.2 +30.8 1140 - 0-680 680+ Destroyed in 1961 
192.8 +34.2 4-59 
220.9 4-6.3 5-51 

2827F 211.1 - 186.8 +24.3 5-83 - - - Water well 
185.8 +25.3 11-82 
352.0, -140.9 4.66 

2827G 200.4 - 184.0 + 16.4 492 - - - Water well 
209.0 -8.6 2-51 
348.0 -147.6 9-60 

2827J 210.5 - 201.3 +9.2 11-79 - - - Water well 
133.2 +77.3 11-74 

262.8 -52.3 1-62 

2828 192.9 306 182 + 10.9 951 - 0306+ - Destroyed in 1951 
119.9 +73.4 3-35 

228.0 -35.1 3-50 

2828A 193.0 - 189.9 +3.1 9-51 - - - 

120.0 +7.3 1-35 

206.9 -13.9 7-49 
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. . . 
TABLE 4-2. GROUNDWATER LEVEL RECORDS FROM EXISTING WELLS 

MAINTAINED BY LOS ANGELES COUNTY DEPARTMENT OF PUBLIC WORKS 

Page 3 of 4 

Water We1l Ground Surface Total Depth Groundwater4" Geologic Unit Comments 
Elevation (feet) (depth in Feet) 

(feet above MSL) 
Depth Elevation Date Fill Alluvium Bedrock 
(feet) (feet above or 

below MSL) 

2828D 196.0 - 244.0 48.0 2-77 - - - Water well 
202.0 -6.0 2-51 

378.0 -182 9-60 

2828E 195.0 - 236.5 -41.5 11-80 - - - Water well 
210.5 -15.5 4-51 

346.5 -151.5 5-61 

282SF 185.8 - 175.0 +10.8 4-92 - - - Waterwell 
170.0 + 15.8 4-85 

323.0 -137.2 9-57 

28280 193.1 - 170.0 +23.1 4-92 - - - Waterwell 
194.0 -0.9 4-77 

342.0 -148.9 9-60 

2837A 196.0 407 203.0 -7 1-68 - 0-407+ - 

107.0 +89 1-46 

352.5 -156.5 9-60 

2837B 196.5 - 158.0 +38.5 4-92 - - - Water well 
123.2 +73.3 1-35 

368.0 -171.5 7-74 

2838A 174.2 500 131.0 +43.2 4-92 - 0-500+ - Water well 
131.0 +43.2 4-92 
277.0 -129.8 7-78 
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TABLE 4-2. GROUNDWATER LEVEL RECORDS FROM EXISTING WELLS 
MAINTAINED BY LOS ANGELES COUNTY DEPARTMENT OF PUBLIC WORKS 

Page 4 of 4 

Water Wel1 Ground Surface Total Depth Groundwater'0 Geologic Unit Comments 
Elevation (feet) (depth in feet) 

(feet above MSL) 
Depth Elevation Date Fill Alluvium Bedrock 
(feet) (feet above or 

below MSL) 

28388 161.6 - 142.0 +19.6 4-92 - - - Waterwell 
138.4 +23.2 1-50 
263.4 -101.8 9-57 

2847 190.0 534 201.5 -11.5 11-80 - 0-534+ - Water well 
116.0 +74.0 2-42 
360.5 -170.5 5-61 

2847B 203.7 470 145.0 +58.7 492 - 0-470+ - Water well 
145.0 +58.7 4-92 
323.0 -119.3 7-57 

2847C 228.3 - 200.0 +28.3 4-92 - - - Water well 
150.8 +775 4-35 
322.0 -93.7 9-60 

2857C 228.0 - 212.0 + 16.0 11-80 - - - Water well 
212.0 + 16.0 2-70 
336.0 -108.0 8-60 

Note: * Refer to Plate I for well locations with respect to the project area. 
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4.3.3 Soil and Groundwater Contnminaflon 

An assessment of the soil and groundwater contamination for the project area has been presented in the 

Stage H environmental site assessment report for the Eastside Extension prepared by Geolransit 

Consultants (1 994b). The results of the Stage II environmental 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. 

The scope of environmental monitoring in this investigation was limited to field observation of sulfurous 

and/or hydrocarbon odors and screening soil samples with an OVA for the potential presence of volatile 

organic compounds (VOCs). The results of OVA. monitoring are described in Section 3.6. In general, no 

significant hydrocarbon and/or sulfur odors were detected from soil samples above the station and tunnel 

inverts. Significant OVA readings (exceeding 10 ppm above background levels) were noted in two soil 

samples below the station invert at Boring SD- 15 (at 95 feet BGS as compared with the station invert at 

about 78 feet BGS) and Boring SD -17 (at 105 feet BGS as compared with the station invert at 63 feet BGS). 

4.3.3,1 Groundwater Contamination 

No evidence of floating product was detected during development and groundwater level monitoring of 

Monitoring Wells SD- 15 and DD -27S. In the Stage H environmental site assessment program (GeoTransit 

Consultants, 1994b), chemical tests performed on groundwater samples from Monitoring Well EB-12A 

(approximate Station CR169 + 35, i.e., about 1,930 feet from the western terminus of First/Lorena Station) 

detected no hydrocarbon, sulfide or organic lead contamination. 

As described previously, the currently observed groundwater levels are at or below station and tunnel 

inverts. Thus, no dewatering prior to construction is anticipated. However, the potential for localized 

groundwater inflows into the excavation exists. Judging from the above observations, most of these 

groundwater inflows, are likely to have a low potential for contamination. However, the potential for 

hydrocarbon contamination of some of these inflows cannot be completely precluded due to the proximity 

of the project area to the existing Boyle Heights oil field. Such inflows, if encountered, must be tested. 

Proper disposal of contaminated inflowing water, if any, will be required to meet applicable provisions for 
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disposal, including all applicable standards, conditions, and requirements imposed by the City of Los 

Angeles Sanitation District and the California Regional Water Quality Control Board (RWQCB). 

4.3.3.2 Soil Contaminntion 

Results of chemical tests on soil samples from two borings (EB-lO and EB- 11) performed in the Stage II 

environmental site assessment investigation (Geolransit Consultants, 1994b) and available field 

observation data from this investigation indicate that the soils within the station and tunnel zone are 

"clean"; i.e. hydrocarbon, sulfide or organic concentration levels are less than the generally accepted action 

levels published by the California Department of Health Services and RWQCB (refer to Notes 1 and 2 in 

Table C-5 in Appendix C). Thus, no special disposal requirements are anticipated. However, the localized 

significant OVA readings detected from two soil samples below the station invert in Borings SD -15 and 

SD- 17 and the proximity of the project area to the existing Boyle Height oil field indicate that there is a 

possibility that some excavated materials may locally have hydrocarbon contamination. The locally 

contaminated materials, if any, will require treatment or disposal at a facility approved for disposal of 

contaminated waste. 

4.3.3.3 Gassy Conditions 

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

known. The project area is located about 2,500 feet from the closest known boundaries of the Boyle 

Heights oil field. Oil fields are known sources of methane and other oil field gases such as hydrogen 

sulfide. Furthermore, ESI (1994) measured methane concentrations of 3.6 percent and 2.2 percent by 

volume, or 74 percent and 44 percent of lower explosive limit (LEL) for gas samples from shallow and 

deep probes, respectively, at Boring MW -6 (located in the First/Lorena station area). Thus, the possibility 

of encountering gassy conditions in the project area exists. 

4.4 ENGINEERING PROPERTIES OF SUBSURFACE MATERIALS 

The engineering properties of subsurface materials, as obtained from results of field and laboratory tests, 

are summarized in Table 3-6. Blowcount data from drive sampling and standard penetration tests (SPT 

N -Values) are shown in the borehole logs and presented in Table 3-6. 
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Table 4-3 presents a summary of the measured/interpreted ranges of relevant geotechnical parameters for 

the various material types encountered within the project area. For purposes of presentation, the alluvium 

has been broadly categorized into fme-grained and coarse -grained alluvium. The alluvium within the 

project area is predominated coarse grained with varying amounts of gravel and local cobbly zones some 

of the high bloweounts recorded within the coarse grained alluvium are due to the presence of gravels and 

cobbles within the alluvium and do not reflect the relative denseness of the gravelly and cobbly alluvium. 

Also, due to the presence of gravels and cobbles larger than the sampler size, the results of gradation, only 

reflect the gradation of the matrix materials and are therefore finer than the actual gradations of the deposit 

on some of the gravelly and cobbly alluvium. 

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. Based on available geotechnical data and engineering evaluations, the static and 

dynamic engineering properties for the alluvium and Femando/Puente Formation bedrock are summarized 

in Tables 4-3 and 4-4. 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 fmes content (percentage passing #200 sieve) tests 

are summarized in Table 3-6. The bulk of the gradation and fmes content tests were performed on selected 

granular samples within and immediately surrounding the tunnel envelope in tail track tunnel borings, and 

above the station invert in station borings. This was done primarily to evaluate areas of cohesionless sands 

and gravels which may be susceptthle to raveling/running/flowing conditions. As shown on the boring logs 

(Appendix A), frequent zones of gravels and scattered zones of cobbles were also encountered in the 

geotechnical borings. 
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TABLE 4-3 SUMMARY OF ESTIMATED ENGINEERING PROPERTIES 

(FIRST&ORENA STATION & TAIL TRACK TUNNELS) 

ENGINEERING CHARACTERISTICS FINEGRAINED ALLUVIUM COARSE -GRAINED ALLUVIUM Fernando/Puente Formation 

USCS Classification CL.CHML,MH 
CL -ML 

SP,SW,GP,GW.SMSC 
GP-GM,GW-GP 

SP-SM.SW-SMSC-SM 

ML,MH.CLCH 

Range Bestlstimate Range Bestlstimate Range Best.Estimate 
Equivalent SPT Blow Counts 3-"lOO - 4->100 - - 

lnsitu Moisture Content (%) 12-33 20 8-25 14 18-32 25 

Insitu Dry Density (pcI) 87-121 108 90-133 112 92-114 105 

Void Ratio 0.4-095 0.57 0.24-0.84 0.48 0.49-0.85 0.62 

Fines Content(% passing #200 Sieve) (%) 50-96 - 6-47 - 84-98 - 

Specific Gravity - 2.72 2.63-2.69 2.65 2.72-2.73 2.72 

Liquid Limit (%) 24-63 41 - - 26-69 40 

Plasticity Index (%) 8-40 23 - - 1-31 15 

Peak Shear Strength: Cohesion (psi) 

Friction AngIe, (degrees) 

600-2000 600 0-1200 0 700-5900 5000 
25-31 28 - 32-45 35 25-34 25 

Uniaxial Compressive Strength (psi) - - - - 4900-20310 12000 

Poisson's Ratio 0.3-0.45 040 0.3-0.4 0.30 0.4-0.49 0.4 

Static Young's Modulus (10' psI) 
0-20 

20-60 
Below 60 

250-15(X) 
1000-2400 
1600-4600 

600 
1500 
2000 

250-1500 
1000-2400 
1600-4600 

600 
1500 
2000 

- 

- 

1200-3000 

- 

- 

1800 

pH 6.8-7.9 - 7.0-8.5 - - - 

Chloride Content (ppm) 57-907 - 90-110 - - - 

Sulphate Content (ppm) 54-138 - 46-95 - - - 

Electrical Resistivity (ohms -cm) 1531-<2941> - 862-3378 - - - 

Compression Index- Cc 0.065'-0.082 0.07 0034'43.07' 005 0.o5-0092 007 
Swelling Index -Cs' 0008'-0.02 0.01 0004-0.01 0005 0.012-0.022 0.012 

Rate of Secondary Compression-Cx' 0.0006-0.001 Y 0001 0.00035-0.0014 0.0004 0.0004-0.0009 0.0009 

Swelling (+)iCollapse (-), % 016-(+052) - -001 -(-0.17) - 0-(+0.88) - 

NOTES: 
1. Resufts of gradation, insitu moisture content and insitu dry density tests on gravelly and cobbly alluvium are only representative of the finer matrix materials in the alluvium. 
2. Shearstrength parameters (cohesion and friction angle) were obtained by direct shear tests. 

3. Electrical resistivity tests, in general were conducted at in situ moisture content. The value of <> parenthesis corresponds to the minimum electrical resistivity at adjusted moisture condition 
of the sample based on DOT CA Test 532. 

4. Compression Index (Cc) and Swelling Index (Cs') are based on vertical strain -log stress plots. Rate of Secondary Compression (Cx') is based on vertical strain -log time plot. 
Incorporated data from other segments of the Eastside Extension Alignments (GeoTransit Consultants, 1996). 
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TABLE 4-4 ENGINEERING PROPERTIES FOR DYNAMIC ANALYSIS 
(FIrst/Lorena StatIon) 

MATERIAL PROPERTY 
ALLUVIUM Femando/Puente 

Formation Bedrock 
Oto2ofeet 2Oto6Ofeet Below6OFeet 

Range Best Estimate Range Best Estimate Range Best Estimate Range Best Estimate 
Shear Wave Velocity (ft/sec) 500-1200 750 1000-1500 1200 1200-2000 1350 ttoo-isoo tso 

Poissons Ratio - 0.35 - 0.3 - o. - o.g 
Shear Modulus '(10' ksf) 1.0-5.8 2.5 40-9.1 6.0 5816.0 7.0 4-10 6,0 

Youngs Modulus' (10' ksf) 2.7-15.7 6.0 10.5-23.6 15.0 16.7-46.4 20.0 12-30 IB.0 
Damping See Note (2) 

Notes: 
'Values correspond to small strains (shear strain c= 0.001%). 
Apply the reduction factor br other strain values: 

Shear Strain (%) Reduction Factor 
I.OE-02 0.65 
I.OE-0I 0.2 

I .OE+00 0.05 

'Recommended damping value is strain -dependent as follows 
Shear Strain (V.) Damping (V.) 

2.OE-03 5 
1.OE-02 10 
5.OE-02 IS 
2.OE-02 20 
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Results of gradation tests 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. 

4.4.1.2 In Situ Conditions and Index Properties 

Laboratory test data indicate that the dry densities of the alluvium range from 87 to 133 pcf and the in situ 

moisture content ranges from 8 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 nonuniform 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 silts, lean clay and fat clay with liquid limits ranging from 24 to 63 and plasticity indices 

ranging from 8 to 40. 

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 and preliminary investigations. Results of these direct shear tests are 

graphically presented in Figures 4-5, 4-6, and 4-7. 

4.4.1.4 Static and Dynamic Modulus 

The dynamic modulus and Poisson's ratio for the alluvium were estimated based on results of 

pressuremeter tests and 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 1 O- percent or less). Under static loading, 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 4-4. 
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4.4.1.5 Consolidation and Collapse Potential 

Results of four consolidation tests on flne-grained alluvium and two collapse potential and consolidation 

tests on finer coarse -grained alluvium are presented in Table 3-6. The measured collapse potential of the 

two coarse -grain alluvium samples saturated at in -situ overburden pressures are 0.1 percent and 0.17 

percent. Thus, the collapse potential of the finer coarse -grained alluvium in the event of saturation is 

considered small. 

4.4.1.6 Corrosion Potential 

Results of soLuble sulfate content tests (46 to 138 ppm) summarized in Table 4-3 indicate that alluvial 

materials tested are not corrosive to concrete. Results of electhcal resistivity tests (862 to 3,378 ohm -cm) 

indicate that these materials are corrosive to very corrosive to metals. 

4.4.2 Fernando/Puente Formation Bedrock 

The FernandofPuente Formation bedrock was encountered below station invert in two station borings (SD - 

16 and SD -17) drilled in this investigation, and one boring (PE -13) drilled in the preliminary engineering 

program. Since the encountered bedrock is apparently at least 28 to 58 feet below the station invert, the 

most important parameters with respect to station design are its stiffness and consolidation characteristics. 

Thus, emphasis of laboratory testing on bedrock samples was placed on evaluating these characteristics. 

Available engineering data on similar bedrock materials obtained from other portions of the Eastside 

Extension (GeoTransit Consultants, 1996b) were also utilized in developing the engineering properties of 

the Fernando/Puente Formation bedrock shown in Tables 4-3 and 4-4. 

4.4.2.1 In Situ Conditions and Index Properties 

The FernandolPuente Formation bedrock in the project area consists predominantly of very soft to soft 

(based on Bureau of Reclamation, Engineering Geology Manual Classification) claystone, clayey siltstone 

and siltstone. 
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In situ dry density of the bedrock ranges from 92 to 114 pcf, and in situ moisture content ranges from 18 

to 32 percent. The fine grained soils derived from the bedrock are predominantly silts, and lean and fat 

clays with liquid limits ranging from 29w 69, and plasticity indices ranging from ito 31. 

4.4.2.2 Static and Dynamic Modulus Characteristics 

Static and dynamic modulus characteristics of the FernandofPuente Formation bedrock were estimated 

based on data from similar bedrock materials in other portions of the Eastside Extension (Geolransit 

Consultants, 1996b). Results are presented in Tables 4-3 and 4-4. 

4.4.2.3 Compressibffity 

Results of a single consolidation test on a sample of claystone are presented in Table 3-6. Compressibility 

parameters presented in Table 4-3 are based on this test and other tests on similar bedrock materials from 

other portions of the Eastside Extension (GeoTransit Consultants, 1996b). 
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5.0 DESIGN AND CONSTRUCTION 

5.1 GENERAL 

l'his section provides a description of geotechnical evaluations and recommendations, and key geotechnical 

issues for the design and construction of the FirstlLorena Station and the connecting Tail Track Tunnels. 

5.2 SUMMARY OF SUBSURFACE STRATJGRAPEY 

Based on current plans and profiles, the First/Lorena Station and Tail Track Tunnels will be entirely within 

alluvium. The alluviwn is heterogenous and non -uniform. Based on the available subsurface information, 

the alluvium within the station excavation consists predominantly of granular alluvium that is interbedded 

with layers of fme-grained alluvium. Granular alluvium within the station excavation consists 

predominantly of sands and gravels with scattered zones of cobbles, and occasional localized layers of 

clayey sand and clayey gravel. The fine grained alluvium within the station excavation is predominantly 

lean clay, silt and fat clay with various amounts of sand and silt. Available subsurface information also 

indicates that in general, the alluvium within the tunnel envelope is similar to that encountered in the station 

area in composition and consistency, except that no cobbly zones were encountered in the three tunnel 

borings. 

The granular alluvium would be susceptible to raveling, running/flowing conditions within station/tunnel 

excavations. The cobbles encountered are typically very hard unweathered granitic and metamorphic rock 

types. 

5.3 GROUNDWATER LEVEL FLUCTUATIONS 

Groundwater levels are an important input to assess dewatering needs during construction and evaluate 

appropriate hydrostatic pressures for the design of tunnel and station structures. As described in Section 

4.3.2 the project area is located within a region where the groundwater levels appear to fluctuate 

significantly as evidenced by the available well records summarized in Table 4-2. This significant 

groundwater fluctuation indicates that it is difficult to predict the groundwater levels during construction 
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or the maximum groundwater levels that the station structures may experience during their design life. For 

design purposes, the following groundwater levels were assumed: 

U Groundwater levels in the project area during tunnel and station construction will be the 

same as the most recent groundwater levels measured in this investigation. 

The design groundwater level corresponding to the maximum sustained groundwater level 

over he design life of the structure can be represented by the groundwater level at 

Elevation 280 feet, approximately the same elevation as the top of the station box. This 

level is approximately 50 feet above the current water level in the area. 

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 above the design level. The above recommended design groundwater level is considered to 

be a reasonable estimate. There exists a potential 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. apply a load factor of 1.7). 

2. Check the design by using a load factor of one and assume groundwater levels to be at the 

ground surface. 

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 as -measured groundwater level at the time of 

construction. 

S031496.RPTI iiosi.io 5-2 



5.4 SEISMIC DESIGN CONSIDERATIONS 

A project -specific seismic hazard analyses to determine appropriate design earthquake accelerations for the 

Eastside Extension was not part of the scope for this investigation. As per EMC's request, the seismic 

criteria established in a 1983 report entitled "Seismological Investigation & Design Criteria" prepared by 

Converse and others (1983) for the Metro Rail Project, was adopted in our analyses. For geotechnical 

analysis and design purposes, the maximum design earthquake (MDE) with a maximum horizontal ground 

acceleration of O.6g as recommended in the above report was used. The magnitude of the corresponding 

design earthquake was estimated at 7.0. An earthquake corresponding to the Operating Design Earthquake 

(ODE) specified in the 1983 report by Converse and others with a maximum ground acceleration of O.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 FIRSTILORENA STATION WITH CROSSOVER 

5.5.1 General 

The planned cut -and -cover construction of the Station with crossover will involve about 60 to 78 feet of 

excavation from the ground surface to the planned station invert and the construction of the station 

structure. The excavation will be primarily in the alluvium underlying shallow surficial 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 is proposed as a water -tight, rigid reinforced concrete box structure bearing on the 

alluvium. 

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

construction of the planned station facilities include the following: 

U Excavation methods 
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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 

Evaluation of potential for earthquake -induced liquefaction and its potential effects on the 

station structure. 

5.5.2 Excavation Methods 

Station excavation wifi be priinarilyin alluvium which comprises roughly 75 percent granular alluvium and 

25 percent fine-grained alluvium. Based on the Tesults of this investigation and design and construction 

experience in similar subsurface conditions it is anticipated that the cut -and -cover excavation can be 

achieved using conventional excavation methods. However, suitable excavation equipment to handle the 

very dense gravelly and cobbly alluvium will be required. Most of the granular alluvium in the station area 

will run and ravel readily. The fine-grained alluviuth will have a tendency to slake if subject to changes 

in moisture conditions. Thus, timely application of ground support is important to prevent ground loss. 

5.5.3 flewatering and Groundwater Control 

The most recent observed groundwater level data indicate that the groundwater table in the station area is 

about at or slightly below the planned bottom of station excavation. Minor preconstruction dewatering 

should be anticipated provided the groundwater levels during station construction remain at 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 verilS' this groundwater 

level assumption 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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5.5.4 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 ½H: 1V (1½ horizontal to 1 vertical). If heavy 

loath (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. Such safe, stable slopes must 

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

5.5.5 Shored Excavation and Shoring Support 

The planned station excavation wifi 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 tiebaqks, 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 anticipated at 

the station area, soldier piles with tiebacks and/or internal bracing (struts and wales), and timber, shotcrete 

or pre -cast reinforced concrete lagging 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 local presence of gravel and 

cobbles in the alluvium. 

5.5.5.1 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 laboratory test results, 
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anticipated shoring system, and construction procedures, as well as previously stated engineering 

assumptions, lateral earth pressures on the soldier pile and Iagginj walls for the following cases are shown 

in Figures 5-1 through 5-3: 

Braced sheeting above the excavation 

Cantilevered sheeting above the excavation 

Surcharges from a sloped excavation, existing buildings, construction loads, and 

earthquake -induced loads 

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. However, 

the soldier piles must be designed to carry the full lateral loading. 

It is understood that design and construction of an appropriate shoring system to reduce ground loss and 

disturbance of the site and adjacent buildings, and to provide a safe worksite is the responsibility of the 

Contractor. Various design considerations are described in the following sections for use as general 

guidelines. 

5.5.5.2 Soldier Piles and Lagging 

The soldier piles and lagging walls should be designed to adequately resist lateral and vertical loath 

imposed by the excavation, existing structures, construction loading, environmental loading (such as 

earthquake loading), and the shoring system itself. Design considerations, which include 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 a proper determination 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 recomnended that pile load tests be perfonned to verify 

estimated capacities. 

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 minimize ground loss, a pile spacing of 8 feet or less would be 

reasonable. 

Local noise abatement requirements, and the local presence of cobbles 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. Slurry or casing will be required to handle potential caving conditions within 

the granular alluvium. 

Lagging between soldier piles will be required. Timber, shotcrete, or pre -cast reinforced concrete 

members can be used as lagging between soldier piles. The contractor will be responsible for designing, 

installing and maintaining a suitable lagging system subject to review and acceptance by the owner or his 

representative. The Contractor must control the temporary height of exposed soil prior to lagging 

placement to eliminate raveling and ground loss problems. If shotcrete lagging is used, the Contractor 

must have effective drainage provisions in the lagging design to prevent accumulation of groundwater at 

the shotcrete-soil interface. 
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5.5.5.3 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 

of tieback anchors exist, including shaft anchors, belied 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 on a straight shaft anchor, 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 are possible in the granular alluvium, so 

the contractor should use appropriate measures to prevent caving and minimize ground loss. Each tieback 

anchor must 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 must be locked off at 100 percent of the design load, and monitored periodically. 

5.5.5.4 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 must be appropriately designed to 

mitigate ground movement potential. All struts must be preloaded to eliminate slack and minimize ground 

movement. A preload of 25 percent of the design load is recommended. However, it should be noted that 

a preload of 25 percent of the design load may induce undue loading on basements, if any, of adjacent 

buildings. This possibility must be analyzed on a case -by -case basis. 

Procedures to compensate for the effects of temperamre changes on the strut loath should be developed 

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

If a shoring system which combines external tiebacks and internal bracing or struts and wales is selected 

for excavation support, the contractor's design must account for the variation in stiffness and deflection 

characteristics of the support elements which may induce substantially different load distributions. 

5.5.5.6 Ground Movement 

Station excavations will experience 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 FirstfLorena Station the corresponding maximum horizontal wall 

movement for a well designed and constructed shoring system 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 

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. 

5.5.6 Protection of Adjacent Buildings/Structures and Underpinning 

No building structures are directly above the proposed station. Within the zone of influence of the station 

excavation and as close as 15 to 20 feet away, there exists a number of 1 -story residential and commercial 

buildings and a 3 -story shopping plaza (3425 E. First Street). 

Station excavation and construction may cause some ground settlement or angular distortion. It is the 

Contractor's responsibility to carry out the excavation with timely placement of an adequate support system 

to reduce disturbance and avoid structural damage 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. 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. 

5.5.7 Excavation Heave 

The excavation depth of the FirstlLorena Station is approximately to 60 to 78 feet. This would mean a 

maximum stress relief of about 8,000 to 10,000 psf at the bottom of the excavation, resulting in bottom 

heave due to elastic and consolidation rebounds. Based on the subsurface conditions and results of 

consolidation tests on subsurface soils (Appendix B), it is estimated that the heave due to elastic rebound 

will be about 1 to 2 inches, and the consolidation rebound will be about 1 to 2 inches. Elastic rebound will 

take place during the excavation. The bulk of the consolidation rebound is anticipated to take place within 

a 1 to 2 month period following the excavation. Rupture of the excavation bottom due to excessive heave 

is not likely. 

5.5.8 Foundation Support 

5.5.8.1 Main Station Structure 

The overall station will be designed and constructed as a relatively rigid box, and the main station housing 

the rail facilities wifi be supported on wide, thick slabs that will function as relatively rigid mat foundations. 

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

capacity. Available information indicates that the average bearing pressure on the mat foundations from 

the station and backfill would be on the order 5,000 psf, which is less than the overburden pressure 

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 
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for design of mat foundations provided the settlements estimated below are taken into consideration in 

design. 

Itis estimated that elastic settlement due to the station load of 5,000 psf will be on the order of about 1 inch 

to 1½ inch. This settlement would take place during construction. In addition to the immediate elastic 

settlements, I to 1½ inches of consolidation settlement is estimated under the design load of 5,000 psf. 

Analyses indicates that about 90 percent of the consolidation settlement due to the station load will take 

place over a period of about 1 to 2 months following construction. Some differential settlement of the 

structure should be expected due to the nonunifonnity 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 1 inch. 

If the groundwater levels in the station area rise 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 inch, and the corresponding consolidation rebound will be on 

the order of ½ inch. In this case, differential heave over the width of the station is estimated to be about 

½ inch. 

5.5.8.2 Surface and Near Surface Structures 

Near surface structures can be supported on conventional spread footings founded on properly compacted 

fill or on competent granular alluvium in the site area. 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 minimum footing width and replaced with properly compacted fill. 

Overexcavation must extend a minimum distance equal to half the width or 2 feet, whichever is larger, 

beyond the perimeter of the footing. Fill must be compacted to a minimum dry density of 95 percent of 

maximum dry density as determined by the 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. 
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In the absence of specific information on loads, dimensions and locations of structures, Figure 5-6 is 

provided as general guidelines 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 under eccenthc 

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 OA are appropriate for lateral resistance considerations. 

5.5.9 Geotechnical Input for Station Design 

5.5.9.1 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. 

5.5.9.2 Soil Spring Constants for Main StatiomStructures 

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 range of estimated parameters 

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 settlements while the upper bound values should be used for evaluation stresses in the 

structure. 
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. TABLE 5-1. DESIGN VALUES OF GEOTECIINICAL 
PARAMETERS FOR UNDERGROUND STRUCTURES 

(FIRST/LORENA STATION) 

Parameter Design Value 

Geologic Unit Fine -Grained Alluviwn Coarse -Grained Alluvium 

Unit Weight of Soil (pct) 130 

Void Ratio 0.57 0,48 

Cohesion (,psf) 600 0 

Angle of Internal Friction of Soil (degrees) 28 35 

Soil Pressure Coefficient - 

At Rest (Ko) 0.45 

Active (1(a) 0.29 

Groundwater evelt" 50 feet above station invert 

For Support of Mat Foundation: 
Coefficient of subgrade reaction 
K,a) (tons/It3) 70 - 200 

iç (B.1: 
= Footing of Width B, iç° (tons/ft3) 

Seismic Coefficient 

ODE1 Horizontal (1(h) 0.3g 

Vertical (1(v) - 0.2g 

MDE141 Horizontal (Kb) O.6g 

Vertical (1(v) 0.4g 

Notes: (I) Assumed maximum groundwater level during the design life of the station. Current groundwater levels are below 
station invert (Elevation 230 feet). 

(2) K, Coefficient of subgrade reaction for a I' x I' plate. 
(3) b = Coefflcientofsubgrade reaction for a mat foundation of width B and length mB. 1=1.0 for m=1, I = 1.12 

form = 2.1 = 1.6 form = 5,! = 2 form .,l0. 
An upper boundRower bound approath is recommended for the structural response analysis of the station strucwre. 
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. 

(4) Operating Design Earthquake (ODE) and Maximum 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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5.5.9.3 Lateral Earth Pressures on Permanent Structures 

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 5-8. 

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 over -conservatism. 

Potential surcharge effects from adjacent existing 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. 

5.5.10 Liquefaction Potential 

Liquefaction potential of subsurface soils surrounding the station was evaluated using the procedures by 

Seed and Idriss (1982), Seed et al (1984) and recent work done by Fear and McRoberts (1995). The 

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

potential groundwater flucwations. The results of our analyses indicate that liquefaction of the site soils 

is unlikely under the assumed maximum design earthquake. 
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5.5.11 Earthwork 

Based on the subsurface conditions encountered in the investigation, the station excavation can be 

accomplished 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 5.5.5. Other minor excavations, subgrade preparation and backfill placement must 

be done in accordance with the guidelines presented in Appendix C. All work must be in compliance with 

applicable city (Los Angeles). state (California), and federal (Occupational Safety and Health Act) 

requirements. 

In general, the mat foundations must be underlain by a nth'imum 2 -foot thick dense layer of granular 

material with an in situ density of at least 95 percent of the maximum dry density as per ASTM D1557. 

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 thick zone below the foundation in 8 -inch thick lifts. 

In fine-grained alluvium, the subgrade must be overexcavated a minimum of 2 feet below design grade and 

replaced with granular material compacted to required specifications. If the mat is directly placed on the 

native materials, rock fragments larger than 6 inches are not 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 fme-grained alluvium 

is not suitable as backfill material. If there is insufficient material available on site for backfill, imported 

granular material could be used for fill subject to the approval of the geotechnical engineer. 
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5.6 TAIL TRACK TUNNELS 

5.6.1 Subsurface Materials in Tunnel Zone 

Based on current plans and profit and measured groundwater levels (Plate 1), the Tail Track Tunnels will 

be entirely in alluvium and above groundwater. It is anticipated that soft ground/soft rock tunneling 

methods will be generally applicable. 

Tunneling 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 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 sands below 

groundwater. Fast raveling and running/flowing conditions are anticipated over a major portion of the 

tunnel within alluvium. 

It is noted that a significant portion of the Tall Track Tunnels is under existing commercial and residential 

structures. For the Tail Track Tunnels, ground stability and stringent settlement controls are important to 

help reduce construction impact to the public, especially in the portion of tunnel below the existing 

commercial and residential structures. 

5.6.2 Groundwater Control 

The most recent observed groundwater level data indicate that the groundwater table in the Tail Track 

Tunnel area is about at or below the planned tunnel invert. No preconstruction dewatering is anticipated 

provided groundwater levels remain at or below the currently measured levels. The potential for 

significant fluctuation of the groundwater levels in the area dictates the need for continuing groundwater 

level monitoring before and during tunnel construction to verilS' groundwater levels and to re-evaluate the 

dewatering needs, as appropriate. As stated previously, local perched groundwater is possible since fme- 

grained soils are locally present in the tunnel zones. It is anticipated that small local inflows can be handled 

by sumps and pumps. 
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5.6.3 Liquefaction Potential 

Liquefaction potential of the subsurface soils surrounding the tunnels was evaluated in accordance with the 

methodology described in Section 5.5.10. 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 assumed maximum design earthquake is unlikely. 

5.7 SOIL AN!) GROUNDWATER CONTAMINATION SUMMARY 

5.7.1 Groundwater Contamination 

The proposed areas of tunnel and station construction may encounter local perched groundwater conditions. 

Some of these perched water inflows may be contaminated with hydrocarbons due to the proximity of the 

project area to the existing Boyle Heights oil field. No evidence of floating hydrocarbon product was 

detected during development and groundwater level monitoring of Monitoring Wells SD- 15 and DD -27S. 

5.7.2 Soil Contamination 

The majority of the excavated soils is expected to be clean and should not require special handling or 

disposal. Again, due to the proximity to the Boyle Heights oil field, some of the excavated soils from the 

station and tunnel areas may locally contain hydrocarbon contamination and require treatment and disposal 

at approved facilities. 

5.8 GASSY CONDITIONS 

The proximity of the station and tunnel areas to the Boyle Heights oil field indicates that the potential for 

encountering oil field gases (methane, hydrogen sulfide, etc.) during construction exists. 

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. 
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5.9 ABANDONED OIL WELLS 

Due to the proximity of the project area to the Boyle Heights oil field, there is a potential for the presence 

of undocumented cased or wicased abandoned oil wells within the tunnel envelope and station excavation 

limits. 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. 

5.10 CORROSIVE SOILS 

Results of sulfate content tests indicate that the. soils in the project area are not corrosive to concrete. 

Results of available electrical resistivity tests from the preliminary geotechnical investigations (Geolransit 

Consultants, 1994a) and the current investigation (Table 3-6) indicate that most of the subsurface soils are 

corrosive (2000 to 5000 ohm -cm) to very corrosive (less than 2,000 ohm -cm) to metals. 

5.11 FAULT CROSSING 

No known active or inactive faults cross or project toward the project area. 

. 5-26 051496.RPT/ 11081.10 



6.0 REFERENCES 

Blake, T.F.. 1992. EQSEARCH - A Computer Program for the Estimation of Peak Horizontal 
Acceleration from California Historical Earthquake Catalogs. IBM-PC Version 2.0. 

Bonilla, M.G., Mark, R.K., and Lienkaemper, J.J., 1984. Statistical Relations Among Earthquake 
Magnitude, Surface Rupture Length, and Surface Fault Displacement. Bulletin of the 
Seismological Society of America, Vol. 74, No. 6. p. 2379-2411. 

Bullard, T.F., and Lettis, W.R., 1993. Quaternary Fold Deformation Associated with Blind Thrust 
Faulting, Los Angeles Basin, California. Journal of Geophysical Research, Vol. 98, No. B-5, pp. 
8349-8369. 

California Department of Water Resources, Southern District, 1961. Planned Utilization of The 
Groundwater Basins of the Coastal Plain of Los Angeles County. Appendix A - Groundwater 
Geology, Bulletin No. 104. 

Converse Consultants, Inc., Earth Sciences Associates and GeolResource Consultants, 1983. 
Seismological Investigation and Design Criteria. Prepared for Southern California Rapid Transit 
District Metro Rail Project, dated May 1983. 

Dolan, J.F. and Sieh, K., 1992a. Paleoseismology and Geomorphology of the Northern Los Angeles 
Basin: Evidence for Holocene Activity on the Santa Monica Fault and Identification of New Strike- 
Slip Faults through Downtown Los Angeles. in EOS. Transactions of the American Geophysical 
Union, Vol. 73, p. 589. 

Dolan, J.F. and Sieh, K., 1992b. Tectonic Geomorphology of the Northern Los Angeles Basin: Seismic 
Hazards and Kinematics of Young Fault Movement, jj Engineering Geology Field Trips, Orange 
County, Santa Monica Mountains and Malibu. Association of Engineering Geologists, Southern 
California Section, 35th Annual Meeting, p. B-2Qto B-26. 

Engineering -Science, Inc. (ES!). 1994. Subsurface Gas Investigation, Metro Red Line-Eastside Extension, 
Final Report prepared for Engineering management Consultant, dated December 7, 1994. 

FHWA, 1984. Permanent Ground Anchors, U.S. Department of Transportation, Federal Highway 
Administration, FHWA-DP-68- 1R, November 1984. 

Fear, C.E., and McRoberts, E.C., 1995. Reconsideration of Initiation of Liquefaction in Sandy Soils. 
J. Geotech. Engrg., ASCE. 121(3). 249-261. 

GeoTransit Consultants, 1996a. Final Fault Investigation for Engineering Design Program, Eastside 
Extension, Metro Red Line Project, Volumes I and II, Prepared for Engineering management 
Consultant, Dated April 1996. 

0514%.RPT/ 11081.10 6-1 



GeoTransit Consultants, 1996b. Geotechnical Investigation for Union -Little Tokyo Tunnels and Little 
Tokyo Station, Eastside Extension, Metro Red Line, Los Angeles, California. Final Report 
prepared for Engineering Management Consultants, Dated May 1996. 

GeoTransit Consultants, 1994a. Geotechnical Investigation for Preliminary Engineering Program, Eastside 
Extension, Metro Red Line Project, Volumes 1 and 2, Prepared for Engineering Management 
Consultant, Date February 14, 1994. 

GeoTransit Consultants, 1994b. Stage II Environmental Site Assessment, Easiside Extension, Metro Red 
Line Project, Prepared for Engineering Management Consultant, Dated January 1994. 

Greensfelder, R.W., 1974. Maximum Credible Rock Acceleration from Earthquakes in California. 
California Division of Mines and Geology, Map Sheet 23. 

Hart, E.W., 1990. Fault Rupture Hazard Zones in California, Revised 1990, with Addendum. California 
Division of Mines and Geology, SpeciaL Publication 42. 

Jennings, C.W., 1992. Preliminary Fault Map of California. California Division of Mines and Geology. 
Open -File Report 92-3. 

Lamar, D.L., 1970. Geology of the Elysian Park - Repetto Hills area, Los Angeles County. California. 
California Division of Mines and Geology, Special Report 101, 45p. 

Mooney, H., 1984. Handbook of Engineering Geophysics, Vol.1, Bison Instruments, Minneapolis, MN. 

Mualchin, L. and Jones A.L., 1992. Peak Acceleration from Maximum Credible Earthquakes in 
California (Rock and Stiff Soils). California Division of Mines and Geology, Open -File Report 
92-1. 

Seed, H.B., Tokimatsu, K., Harden, L.F., and Chung R.M., 1984. Influence of SPT Procedures in Soil 
Liquefaction Resistance Evaluation. Report No. UCBIEERG-84/ 15, Earthquake Engrg. Research 
Center, University of California, Berkeley, CA. 

Seed, H.B., and Idriss, I.M., 1982. Ground Motion and Soil Liquefaction during Earthquake. 
Monograph No.5, Monograph Series, Earthquake Engrg. Research Center. University of 
California, Berkeley, CA. 

Sieh, K., 1993. Letter to Engineering Management Consultant, Chief Tunnel Engineer. February 19, 
1993. 

Treiman, J.A., 1991. Whittier Fault Zone. California Division of Mines and Geology, Fault Evaluation 
Report, FER-222, rip. 

U.S. Army Corps of Engineers, 1979. Geophysical Exploration, Engineering Manual No. 1110-1-1802, 
Department of the Army, Washington, D.C. 

U.S. Department of Interior, Bureau of Reclamation, undated. Engineering Geology Field Manual. 

051496.RPT/IlO8I.IO 6-2 



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 promulgated after being prepared in accordance with generally accepted 

standards of care and diligence normally practiced by recognized consulting firms perfonning 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 Geolransit Consultants are 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 or its consultants. It may 

not contain sufficient information for the purposes of other uses. 
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S 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. 

Respectfully submitted, 

GeoTransit Consultants 

Timothy Lam, Ph.D., P.E. 
Senior Project Engineer 
R.C.E. 49303 

Suji Somasundaram, Ph.D., P.E. 
Associate 
G.E. 2263 
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1. D. Lu, Ph.D., G.E. 
TDL Engineers, Inc. 
G. E. 2128 

Reviewed and Transmitted for 
EARTH TECH by 
Keith D. Thomsen 
Manager, Irvine Office 
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FIELD EXPLORATION 

The field exploration program, consisting of eight rotary wash borings (SD -15, SD -16. SD -17, SD -18, DD -27. 
DD -27S, DD -28 aix! DD -62), was conducted from August25 to November 15 and November 16, 1995. Prior 
to this investigation, one geotechnical boring (PE -13) was drilled in November 1993. Mud rotary drilling was 
performed by the drffling subcontractor C & L Drilling, Inc. Logging of borings and soil sampling were 
perfonned by geologists or engineers supervised by a Registered Geotechnical Engineer (RGE) or a Certified 
Engineering Geologist (CEO) from GeoTransit Consultants. Two monitoring wells were installed during this 
investigation at selected boring locations to monitor groundwater levels and one monitoring well was installed 
previously. The boring locations were established in the field by a Geolransit Consultant engineer by tape 
measurements from adjacent street curbs and other fixed features. The approximate locations of exploration 
points along the alignment are shown in Plate 2. 

BORINGS AND MONITORING WELL INSTALLATION 

Exploratory borings were drilled using a truck -mounted MAYHEW-1000 mud rotary rig. The mud rotary 
borings for the geotechnical exploration were approximately 5 to 6 inches in diameter and the depths ranged 
from 62.5 feet to 131.0 feet below ground surface (BOS). In general, soil samples were obtained at 5 -foot - 
depth intervals and at significant changes in stratigraphy, by alternately using standard split -spoon samplers 
(Standard Penetration Test Method) and 2 .4 -inch inner diameter California -type drive samplers lined with I - 

inch high brass rings. A cone -type plastic catcher and a sample catcher assembly consisting of a brass ring 
containing 8 metallic teeth and a rubber donut were used with the split -spoon samplers and California drive 
samplers, respectively. 

Standard Penetration Tests (SPT) were performed according to the American Society for Testing Materials 
(ASTM) Standard Procedure Dl586. This method consists of driving the standard split -spoon sampler 18 

inches into the soil with a 140 -pound hammer falling 30 inches. Blow counts were recorded for each 6 -inch 
driving increment. The number of blows required to drive a standard split -spoon sampler for the last 12 of 
18 inches is called the standard penetration resistance. 

The blows were terminated when one of the following occurred: 

A total of 100 blows was reached for penetration of 12 inches or less 
No obvious sampler advance was observed during driving 
Sampler was advanced 18 inches. 

Split spoon samples were examined and carefully removed from the spoon, logged, sealed and transported to 
the laboratory for testing. 

Relatively undisturbed soil samples were obtained with the California -type drive sampler by driving the 
sampler with a 300- or 400 -pound downhole hammer falling 18 inches. Hammer weights and the 
corresponding drop heights used to drive the sampler are indicated in boring logs. Blow counts were recorded 
for each 6 -inch driving increment. The 12 -inch long samples were examined and the middle six rings were 
collected in a plastic tube for transportation to the laboratory for testing. In order to compare the blow counts 
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on a uniform basis, the California sampler downhole hammer blow counts were corrected for sampler 
dimensions, different hammer weights, height of fall, and buoyancy and viscous drag in the bentonite drilling 
mud. The corrected blow counts designated as "Equivalent Sfl Value" are presented in Table 3-6. 

Two monitoring wells were installed during this investigation after the completion of soil sampling at selected 
station locations to monitor groundwater levels. One monitoring wells installed previously. With the rotary - 
wash drilling method, observation of groundwater levels during drilling is generally not possible since the 
borings are filled with drilling fluid. Sometimes, estimates of the groundwater level were made by observing 
the moisture conditions of the samples. 

Water from local fire hydrants was used to flush each boring to remove or thin the drilling fluid prior to 
monitoring well installation. Backfill material consisting of #2/12 Monterey /1/2 -inch size bentonite 
pellets/sluff was placed at the bottom of borings. Following this, the PVC casing assembly was inserted into 
the boring, filter sand was placed to about 1.5 to 10 feet above the top of the screened interval, and 1/2 -inch 
size bentonite pellets were then dropped in to form a 1.5 to 3.5 -foot thick bentonite plug. Cement grout was 
then pumped into the annulus from the top of the bentonite plug to within 12 inches to 18 inches of the ground 
sw-face. A circular, 8 -inch diameter metal traffic box was Stalled at the monitoring well location flush with 
the ground surface. Monitoring well installation diagrams are presented in Figures A-38, A -7B and A-uS. 

The logs of borings accompany this appendix. Stratification lines on the logs represent approximate boundaries 
between predominant soil types. Geologic and engineering descriptions and material classifications used on 
the boring logs are in general accordAnce with the Unified Soil Classification System (USCS) and the 
American Society for Testing and Materials (ASTM D2487 and D2488) Methods. The material was visually 
classified in the field and independently verified in the laboratory using the general guidelines presented in 

ASTM D2488. For samples on which laboratory classification (gradation and/or Atterberg Limits) were 
performed, material classification was done in general accordance with ASTM D2487. Figure A- 1 presents 
the Laboratory and Field Soil Classification Systems used in material classification, as presented on the logs. 
Figure A-2 presents an explanation for the log symbols and terminology. 
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P1 plots 
A'.une -nIH 

% sand % of gravel 
5% gram- ---a-Sandy elastlo S with gravel 

....._s..c15% gravel-............ sastt silt 
zSfl plus No. c 

wamaIS%MM 
_- Gly el C MM 

.15% sand -a -Gravelly elastic silt 

'0.75)-.- OH LLi arWd 

Flew Chart for ClassifyIng Fins-GrainS SoIls (50% or Meis Passes No. 200 SIeve) 

Laboratory Classification 
Criteria 

Cu = Greater than 4 
010 

Betweenland3 
a 

Not meeting all gradation requirements for OW 

Aflerterp limits plot Atterberg limits plot 
below A line or Pt above A line with 
lessthan4 Plbetweeo4and7 

ala borderline cases 
Atterberg limits plot ns usa of dual 
above 'A line and P1 

oreatar than 7 

Cu- .- Greaterthan6 

Cc- Betweentanda 
a D 

Not meeting all gradation requirements for SW 

Atterberg limits PlOt Aflerberg limits plot 
below A' line or P1 above A Eme with 
lessthan4 

I Plbetween4and7 
are borderline cases 

Atterberg limits plot reqtñnng use of dual 
above 'A line with P1 syritols 
greater than 7 

I 

From: ASUI 2487 bAll Sieve Sizes on thia Chart are U.S. Standard 

1 
UHorON 

tCl.4&L':ir ML at OL Ii I I I I I 

10 1620 30 40 50 60 70 60 90 100 ItO 

u L LIquid Limit (LI.) 

Plasticity chart for Laboratory ClassIfication of Fine Gralned Sails 

Piv1 S 
G.oTaSI 
Caiasb 

Laboratory Soil 
Classification System 

(Sheet 1 of 4) 
4e6 4I 



____________________ _-r <15% .cd-0- wN ad - and lCc3 OW 0- l5% sfl-0- W - pt.4 - d 

GRAVa 

anWw l3 
tines a CL or 

sCcs3 

a ML or 

% gravel,(( )5-12% tales 
<CtJ4 and I (orCL-ML) 

% sand \ Cuc4 and/or I >Cc,3 ...-+-flnes = MLor 

OP g15% a_S -0- Peony sd - 
a,% _c .-0-Peony nd 9,a.. -, a_c - .ti s wd as'd 

-day 
.e. days tat (Or y day £ isdi 

£ a_c (or Wry day & ._c) 

>12% fines 
___tEEEEEEEEE 

CL orCH w0 - -0 -say. y - fines = CL -ML fr GC_GMtclS%an.....t. sity ga* - a_c 

CuaO and tsCcsS 0 -WS Qtfld a_C 
1 5%qat.a -0. Wet sd arc 4t1 gIv.4 

<5% fines <Cud and/or I ,Cc, -3_a SPZ <15% gr.w +P00.Iy tid a_c 
215% ga 1-0 Peony g .and -. gmvS 

SD 
/ 

C 1thes = CL or - (Or4 
_p-flnes = or MH --sw=sM4"5 -0- wet d an 

215% gIIWI'0-WM Sd tanG - at ad gm'W 

___ 

<'5% gm.II 0 ws gratso sat tei day (Or y day) 

%sand1C" 1r-5.12%thesC 
(orCLML) 

1fl gr.ad0- Poorly p_co a_c te, at at tad % grav& \ Cud and/or = MLor -0 -Pay yndsn tel day lormyda)t 
a CLot CII tn pso at, -, & a_c (Or Wry day & grnq 

,i imes 

(or CLfl) 
SMz15% say an 

<15% pa*-* Say arc 
fines = ML or 

415% ga.S-*Oay.y sac 
= CL or CH -0- SC-==zz,51 ç S0-Qa.y an wtIl gTh%d 

<15% t.s0-Oayey said a CLML- SC-SM 'CZlS% granr0-Q.y.yan .4thgi, 

Plow Chart for Classifying Coarse -Grained Soils (More Than 50% RetaIned on No. 200 Skye) 

Laboratory Classification 
Crnerla 

Cu. Greaterthan4 
D10 

Cc 
(D$ Sotweenland3 

a 

I Not meeting all gradation requimments for 0W 

Atterberg limits plot I Attetbetg limits plot 
belowwllneorPl I abovCAllnewith 
lessthan4 

I 

Plbetween4andl 
am borderline Se5 

Atterbeag limits Plot I requiring use of dual 
abort W line end P1 

greater than 7 

Cu .9a Gmatarthano 
D10 

Ccc Betweenland3 
D,0 * Des 

Not meeting all gradation requirements tot SW 

Attoibeig limits plot 
bolow A line or P1 

less than 4 

Atte rberg limits plot 
above A tine with P1 

areater than 7 

Attefberg limits plot 
above A line with 
P1 between 4 artd 7 

am borderline SaMs 
requiring use ot dual 

a, 
C 

AlA... 

TMET 
L MLarOL 

n I I' I I I I 

10 1620 X 40 50 60 70 60 90 100 

uL LiquldUmlt(LL) 

Plasticity Chart tot Laboratory ClassIficatIon at FIne Gained Soils 

From: A$TM 2487 bAll Sieve Sizes on this Chart are US. Standard 
4-N 

Laboratory Soil 
Classification System 

(Sheet 2 of 4) 

Ito 



___ Lean Clay ct5% plus No. 200 
% % gravel -*. Lean clay with sand 

i plus . Z:: Zt I 5.25% piLls No. 200 -'czt, 
sand c% gravel -_.. Lay watt gravel CL< I % sand a% S gravel 

15% gmvel Sa lean y wio. gravel 

.15% gr Sandy lean clay 
z30% plus No.200 

'ci ----*. Gravelly lean clay % sand c% gravel _cczz:t 15% sand -.-----__._. Gravelly lean day with sand 

0 sat 
sand 

40% PillS No. 
crczt% sazt ct. gtavei -s. wim giavei M L.CCT .15% gravel-... Sandy silt % sand >% of gravel tt>Is% gravel Sandy sift with gravel No.200 

<15% sand -.-----__. Gravelly Silt 
i30% plus 

% sand c% gravel -.cczzZ t5% sand Gravelly silt with sand 

0 Fat clay <30% plus No. 
15.25% PS NO. 200 

% 5fl s% gravel - -- Fat day with gravel 

.._....._e,.% sand k% gravel -_-s- Fat clay with sand 

C 
% sand % S gravel ci5% Sa tat day 

15% gravel-_. Sandy tat clay with gravel >30% plus No. 200 
<15% sand -__... Gravelly tat clay % sand c1 gravel' ZtI5% sand -. Gravelly tat clay with sand 

0 Sasticsilt 

MH< % sand % S gravel 
t5% g Sa edc Sift iuI 

40% plus No. 200 
l525%plLoOO 

s% gravel - Elastic silt with gravel 

..% sand % gravel- -s- Elastic silt with sand 

_. .15% giavel'-,. Sandy elastic Silt 
>30% plus No. 200 __.o.. <15% sand -.-_-.._.. Gravelly elastic silt % sand c% gravel 

al 5% sand -____., Gravelly elastic silt with sand 

From: ASIM 02488 

Note: Pertentages are based on estimating amounts of fines, sand, and gravel to the nearest 5% 

Flow Chart for Identifying Fine-Gralned Soils (More than 50% Fines) 

Field Soil 
Classification System 

(Sheet 3 of 4) 
A.t 



Grotm Symbol Group Name 

_________________________________________ c15% said -*' WS 9..d.d giads -aWeIl graded G TV ats% sala-*-wM gtasd 9,- 'ti_c 5% fines 

ooriy graded GP ciS% sn-*-Poody 9,Std gtfll I 5% Sn -0. PIy w'td nit sivi .rc 
cm said-*Wd id.d 9is 'ti S 

GRAVEL / io, ft5fi graded 
= ML or MR GWMs% - .- -. Sn Sn 

lines = CL or CR __0.GWsGcC sa,d0.W55 Qffld grsnl e usy 
iS% said 0 W 9'Ssd flvW sin day ssid an %gmveb'\ 

ny graded -'- fines = ML or MR .*-GP-GM'C"15' wid'*Poc.ty 9,_c 9,5* *4th St 
215% wc-0. Peony 91*4.0 9,*V* *411.0 rid said 

fines = CL or CR 'GP.GC'Cr"5% WIn-0.POOnY pSsd nays sin day 
1 5% said *Poody pidid QI1* *11 day aid said 

= ML or MR G215% SnS cIS% isS '- say swI 

cIS% sand-0m.y ws fines = CL or CR *GCzz2IS% .at-Qay.y gisit *411 said 

_______________________ dIfl psit..Ø.-WS pfld said 
a'WetI graded g- -o-wa _c an st, - 

s5% fin ________________________ ci5% gIivaI-#. Peony gildS Sn esC.tpoorIygm SP tz15%gtfl-OPoaty 9,_can C gs.vW 

ciS% 9$ l-*-WsI gIldid said *1115 

SAND 
/ grae fines = CL or CR S Sn -. - fl - fines = ML or MR SW.SM'C215'4 giIYS0.WN grsd sand C San grays -flsa - Sn - day 

15% g,a.s-r Peody sdsd said wid, 5* % sand P 10% fines.CT 
oody graded finest ML or MH SP.SMczt15% ..t-rPooay gildS Said *41i SI! n.s 

ci 5% gsait'PooiIy grsosd Sn win dty lines = CL or CR _c Sn - n grais 

5% fine lines = ML or MR SMt' Sn flit _.4.cIS% psvS-0 Shy Sn 
_________ ,as% g..it-0-Qay.y sand 1 -fines = CL or CR -- sc-zt $t5% g S-rQa,sy Sn*Ti g,.* 

Note: Pernentages are based on estimating amounts of fines, sand, and gravel to the nearest 5% 

Flow Chart for Identifying Coarse-Crained Soils (Less than 50% Finn) 

C.cTnraht GecSdw.ics CdaISIb Ea*1áde 

Field Soil 
Classification System 

(Sheet 4 of 4) 
From: ASTM 02488 A -I 



SAMPLETrIPE 

[] STANDARD SPLIT SPOON SAMPLE 

21,j DIA., 12 DRIVE SAMPLE 

2i' DIA.. 3& PITCHER SAMPLE 

Eli BAG SAMPLE 

SIZE PROPORTIONS 

FINE-GRAINED SOILS COARSE -GRAINED SOILS 
(50% of more passes no.200 sieve) (more than 50% raiSed on no. 200 sieve) 

Coarse-orained ProDofilons 

TRACE <5% 

FIne-oralned Pr000rtlons 

TRACE <5% 

SOME 5T015% WITH 51015% 

WITH 151030% USE MODIFIER 15% 

USE MODIFIER >30% 

I SOIL MOISTURE I 

DRY - ABSENCE OF WATER, DRY TO TOUCH 

MOIST - DAMP BUT NO VISIBLE WATER 

WET - VISIBLE FREE WATER, USUALLY 
SOIL IS BELOW WATER TABLE 

EXPLANATIONS 

SLOW COUNT (PENETRATION RESISTANCE) 

BLOW COUNTS FOR 6' INTERVALS EXCEPT AS NOTED 

BLOW COUNTS FOR THE CALIFORNIA DRIVE SAMPLER ARE OBTAINED WITH 
EITHER A 300-, A 380 -OR A 400- POUND DOWNHOLE HAMMER FALLING 16 
INCHES. EQUIVALENT SPT VALUES ARE OBTAINED BY APPLYING APPROPRIATE 
CORRECTIONS. AS INDICATED ON FIGURE A-2 (SHEETS 2 OF 4 AND 3 OF 4) 

RECOVERY (INCHES RECOVEREOIINCHES TOTAL. SAMPLE) 

MOISTURE CONTENT (%) - LABORATORY DETERMINED MOISTURE CONTENT 

PMT- PRESSURE METER TEST 
PPM - PARTS PER MILLION 
PCF - POUNDS PER CUBIC FOOT 
OVA - ORGANIC VAPOR ANALYZER 
[BACKGROUND)- BACKGROUND OVA READING 
N/A - NOT APPLICABLE 
/ - DENOTES ALTERNATING SOIL TYPES IN A LAYER 

(EXAMPLE: SPISW I.e. ALTERNATING POORLY AND 
WELL GRADED SANDS IN A PREDOMINANTLY 
SANDY LAYER) 

TERMS FOR THE DESCRIPTION OF BEDROCK (SHEET 4 OF 4) 

Easiskie 

Explanation of BorIng Logs 
(Sheet 1 of 4) 

A-2 



EQUIVALENT SPT BLOWCOUNTS FOR CALIFORNIA DRIVE SAMPLES 

FOR CALIFORNIA DRIVE SAMPLES, EQUIVALENT SPT VALUES ARE OBTAINED BY APPLYING THE APPROPRIATE CORRECTIONS 
FOR DIFFERENT HAMMER WEIGHTS, HAMMER DROP, SAMPLER DIMENSIONS, AND BUOYANCY AND VISCOUS DRAG WITHIN THE 
DRILLING MUD. THESE CORRECTIONS ARE INDICATED BELOW: 

I 1'i ;L1RE1!I-N I!1 

EQUATION 1 WHERE: 
= SAMPLER HAMMER RATIO (FT/LB) 

N81 = W x H (2.02 - 1.3752) W = WEIGHT OF DOWNHOLE HAMMER 
Nx (300 LBS. 380 LBS OR 400 LBS) 

4200 (D02 - D12) H = HAMMER DROP (18 -INCHES) 

Do, Di = OUTER (3.25 INCHES) AND INNER (2.41 INCHES) 
DIAMETERS OF THE CALIFORNIA DRIVE SAMPLER 

EQUATION 2 (for Standard Penetration Hammer) 

= 4.185x10-5 

BASED ON EQUATIONS 1 AND 2 AND SHEAR STRENGTH OF SOIL (FOUNDATION ENGINEERING HANDBOOK, WINTERKORN & FANG, 

FIGURE 1-22); AND ASSUMING A 20% REDUCTION FOR THE BUOYANCY AND VISCOUS DRAG WITHIN THE DRILLING MUD. EQUIVALENT 
SPT VALUES ARE OBTAINED AS FOLLOWS: 

FOR 300 LBS DOWNHOLE HAMMER: I N,. = 0.65 N (N 4!iI I N = 0.50 N (N > 48)1 c.oTranslI Geoledinlcal InvestigatIi 

FOR 380 LBS DOWNHOLE HAMMER: 
I 
Np 0.75 N (N 

cots@ll.no Eestside Extension 

I Npy = 0.63 N (N> )I Mehofled line 

FOR 400 LBS DOWNHOLE HAMMER: 
I 
Np = 0.77 N (N )I Npy = 0.66 N (N >)1 

Explanation of Boring Logs 
(Sheet 2 of 4) 

A2 



EQUIVALENT SPT BLOWCOUNTS FOR CALIFORNIA DRIVE SAMPLES (CONTINUED) 

FOR CALIFORNIA DRIVE SAMPLES, EQUIVALENT SPT VALUES ARE OBTAINED BY APPLYING THE APPROPRIATE CORRECTIONS 
FOR DIFFERENT HAMMER WEIGHTS, HAMMER DROP, SAMPLER DIMENSIONS, AND BUOYANCY AND VISCOUS DRAG WITHIN THE 
DRILLING MUD. THESE CORRECTIONS ARE INDICATED BELOW: 

ren; f1 c1;M! I 

EQUATION 1 

Nsp-1. = WxH(2.021.3752) 
Nx 

4200 (D02 - D12) 

WHERE: 

NSPT = EQUIVALENT SPT BLOW COUNTS 

N = DOWNHOLE HAMMER BLOW COUNTS FOR 12 
PENETRATION OF CALIFORNIA DRIVE SAMPLER 

W = WEIGHT OF DOWNHOLE HAMMER (300 LBS. 380 
LBS OR 400 LBS) 

I -I = HAMMER DROP (18 -INCHES) 

Do, DI = OUTER (3.25 INCHES) AND INNER (2.41 INCHES) 
DIAMETERS OF THE CALIFORNIA DRIVE SAMPLER 

ASSUMING A 20% REDUCTION FOR THE BUOYANCY AND VISCOUS DRAG 

WITHIN THE DRILLING MUD, EQUIVALENT SPT VALUES OBTAINED FROM 

EQUATION I ARE AS FOLLOWS: 

FOR 300 LBS DOWNHOLE HAMMER: N = 0.46 N 

FOR 380 LBS DOWNHOLE HAMMER: N91 = 0.58 N 

FOR 400 LBS DOWNHOLE HAMMER: Nsp1 = 0.61 N 

I Invesftgaflon 
Exiension 

Explanation of Boring Logs 
(Sheet 3 of 4) 

Figure A-2 



Terms for the Description of Bedrock 
ROCK STRENGTH WEAThERING 

DESCRIPTOR CRITERIA DESIGNATION ABBREVIATION DESCRIPTION 

Eflrwn.ty Hard Cot.. Itaç'n.rit or sul. nt be watched *ti Fret, WI Root Cows no lonIi. to.. S ti.ngth 
bide or Ihasp pa. om only be thiged with lsaIed or 00W ella a to w..es.ig. 
he hemmer blows. 

Sl4ty WiansId W r S pasty notably rear 
Very Maid Caivid be sauCed at, bills or Vwm plot- Ca. or Iradme sut1.. Fiadisme ITtay 0. l 

Irag'ned buil, with rupsiad has,.,,., blows. end 52,5.10 Iliad ifl a in rna.biy 
aSika than fresh rr 

Hard Caj, be waIdlid with loW. or Wasp p0 widi 
ddfaaly fhea prussor.). Sefl' hwmw blow MOSrSy Weatharad W5 RoOt Pt.dOiTlsiatety oclor10 Fisdoree 
r.qS.d to break -.,-,. , me may have we.S dSIt wdh satEs, .sw.u.ig mustS. 

Modssstety Hard Cast be ..nallwd with loWs or Wasp p0 wit, bØiI or triad rr S rnfl.bly ear thai. Inn In. 
moSrate prSum. Core or fregnml brine at. 
mast. haniTiet blow. Intasy Wadared wi RoOt a knO throughout. Frudums 

Soolored silo Cain, thdc filing. RoOt it 
MoSramly Set Can S grootied 1116 it. (2mm) deep by late Or pasty ti*Zlli but bruasets i.e owasu. 

ihaip p0 wit. ,...2 or heatry gNaw.. Core or Origired toot bait ,,,amJy present 
frap'rsi bladrs we, 101 Slilirer blow or Istry 
tnnsj pmutpt DS....aawd VA 0 or caCao titugha. rental 

mitts sLid' as q2i528 may be w,a*Sed. 
Soft Can be grooved or gouged tasty by bid, or V'Wp wti,gSe acarats, of gism baate,a 

p0 wWi cli b be suatad wilt. anties toil bta rrw.tll In evict's "lay 
Mgm.at Steels we, figlu to mat. manual S PrUint 

R.aflial 55 RB RoOt S oornpIflIy wostheqsd to toe end cAges 
Very SOIl Can be leWay Sia grooved wilt, Mg.,nat. or macste s de.boy.d. 

or,v.d *0, a toils. States wit' light manual 

lilt ale, N. iwy .St Sb S tS - I 
Nlir east. p 1lt 5fl Iliwas ._ S yb 5 

or er.c by. bda Sw p,0. 

DISCONTINUITY ROUGHNESS 

CLASSIFICATION DESCRIPTION 

Smooth Appumit 521.000. end S .saratly smooth to the loud'. 
May S ilidianuidet 

Slightly Rough AspeMiea (uit.sIettn) on th demur. .wIn, art 
visits silo Wi be dSlflaly lEt 

MeOum Rough Asa.ntes m's cleetly votE. and frtotum sisrisce lieS 
ebtSlSS. 

Rough tarp. .ngular twenties om S seen. Some ridges and 
high .ngulmr step. 5*05,1. 

Very Rough Near -vertical steps and ridges tar on the It.d,srt .01.0. 

FRACTURE FILLING 

DESCRIPTION DERNm0N 

CSs. 

VetyThit 

Modesty Thm 

I'm, 

Modernity ThO 

ma 

No 11th Or oosWtg 

0 - I rim, 

I .3 malt 

3-lOt,... 

10- 30 treTt 

a 30 Win 

DISCONTINUITY SPACING 

SPACING FRACTURE BEDDING I FOUAflON 

ISis Stan 1P2 bid' Esteriwly Class Lmsrsat.d 
(c12 

018 to 0.1 Very Close Very mi. 
(12 iT to 30mm) 

0.I1oottoo.3 Cloae IbM 
(30 mm toi an) 

0.3 fool to I foci Modernly Clot. MeOwn 
(1 anto300n) 

ltootto3lest Wide ThO 
(Zantoim) 

More ten 3 foot Vary Wide Very ThO 
(<I m) 

SEPARATION OF FRACTURE WALLS 
(FRACTURE OPENNESS) 

DESCRIPTION SEPARATION OF WALL (mm) 

Tight 0 

Sighty Open it 
ModemtetyOpen 1.0-3.0 

Open 3.0. 10.0 

ModernIty W%S 10.0.30.0 

Wd , 300 

Geoteolmical Investigati 
Eastside Extension 

Note: 

I) Terminology adopted and modiied from Engineestn9 Geology fold Manual. 
U.S. Deçartrnont of the Interior BureauS RSWIIaIi0n. Explanation of Boring Logs 

2) Coior desciipthn from the Geological Society of Amoncas Rock Color Chart (Sheet 4 of 4) 

3) For descriptions of weak sedimentary socks also see key to salI detinitions. 12-95 Flgure A-2 



BORING LOGS 



. M E M 0 R A N D U M 
95-8347 

Date: June 20. 1995 

To: Bomi Ghadiali. EMC 

From: Suji Soniasundaraxn, Geotrausit Consultants 

Subject: flimnier Weight Calibration 
Eastside Extension 

t: w*:.Y.;.:2....-: . :<.y.o;-.%...x.tc . 

Attached please find calibration certificates for the two 140 pound hammers (serial numbers MWS7OI 

and MW8702) submitted to us by C & L Drilling, for the borings within the Union Station to Little 

Tokyo station segment. We understand that Class F - tolerance indicates ± 2.3 grams. 

EARTH ®T E C H 
-. Ø.MEl/ 9-fl474I 
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izss CLARK STREET 
SANTA FE SPRINGS, CA 90070 tSIO) 9460161 

FAX (310) 944-0170 

.Jm. 5, 1995 

600 E. t..1K. Rd 
C & L D'4t1g 

S 22336 L.flabn, C&9t631 
Utbi1- 
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rp -n 

1. If, 
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esie;;lses M59 31OSS264 AR.A U -11E 03 
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LaBt*, CA 9063t 

. 
n, 

&CUAL WEIGHT; 140.0 Lbs. 

Sn'vScs # 22336 
7.0.. )5fF41 - OAafl 
sfl 1a1u2 



Geo Transit 
Consultants 

Project Name: METRO RED LINE- EASTSIDE EXTENSION, DETAILED DESIGN 

Project Number: 95-8347 Boring Number: SD-iS j Sheet 1 of 5 

Boring Location: On 1st St-, 105' E of Concord j Elevation and Datum(feet):312.O 

Health and Safety: Level D Date Started: 8/26/95 Date Finished: 8126/95 

Drilling Equipment: Mayhew 1000 Total 113 0 Depth (feet): ' 

Depth to None Bedrock(feet): 
Drilling Method: Rotary Wash Number of 22 Samp$es 

Depth to 
Water (feet): 79.1 

Boring Diameter: 5 inches Completion Installed Monitoring Well 
Information: 

Hammer Information: Logged By: I Checked By: 
SPT Hammer: 140 -lb and 30 -inch droD 
Downhole Hammer: 400 -lb and 18 -inch drop C. Marshall Payne Gamini Weeratunga -- 

ampIes 

a3 

I 
.-'c 

I 
> 

-;:-20, 
- 

-- 
.0 -- a°' 

0 
0 

Description 
C ._ 

°E wa - E 
4-'-. r' DO.9 

- 
a,-' 
° U°i >ohaR 

Asphalt and Concrete with base - - ______ _____ - - 
!ALLUVIUM CLJML Qa 

LEAN CLAY/SILT; reddish brown moist, - 
stiff, trace fine-grained sand 

- :. SILTY SAND; yellowish, brown moist, 
medium dense, fine-graine'd sand with 

SM 

- -: silt, micaceous, trace pea gravel 1 9 14/18 7.2 )7:OC 
: 12 [51 _io 

increasing silt content, sandy silt (ML) - 

10 --< silty sand, medium dense, 1-2" thick layerc 2 D - 7 12/12 8.4 96 23 )7:1O 
-: :- of fine-grained sand 9 [6.81 

increasing sand content, 3 5 8 8(18 6.0 - D7:15 

8 [5.2] 

SANDY LEAN CLAY; reddish brown, moist,. CL 
- stiff, low to medium plasticity clay - 

with fine-grained sand 

Note: This boring log is based on field classification and visual soil description and is further modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be graduaL 



Geo Transit 
Consultants 

I 

Project Name: METRO RED LINE- EASTSIDE EXTENSION, DETAILED DESIGN 
Project Number: 95-8347 Boring Number: SD -15 Sheet 2 of 5 

Samples____ 

Description 
- 

fl ° -°-' "2 <tc'5E z >a°o 
V SANDY LEAN CLAY; reddish brown, moist, CL Qa 4 b 7 3/12 TO'? 57?Th 

clay 11 16.8) 
kh 

5 5 12 
14 

12/18 5.5 
15.2) 

)7:30 

: 

SANDY SILT; yIlowish brpwn moist, very - 
stiff, silt with fine-grained' sand 

ML 

12 

: SILTY SANft reddish brown, slightly moIst,... SM 
dense, fne- to medium -grained sand - - 

with silt 6 20 3/12 6.6 118 13 )7:35 

- 30 16.6) 

TTE. SILTY SAND with GRAVEL; light gray to SM 
25... gray, slightly moist, very dense, fine- - 

to coarse -grained sand with gravel to - 7 S 45 4/12 5.2 )743 
1" in size, subangular . 

- 
15.21 

1 - /0" 
- & 

- 0:. - . - 

.0.-: 

;o -r SAND/GRAVEL; light gray, moist, very . SP/GP 8 40 2/12 6.8 133 11 )8:OO 

- . . 

- 

dense, fine- to coarse -grained sand and. - 60 16.61 
- .- . - 

0 - 
subangular to subrounded gravel 
estimated gravel/cobble layer 4-ë" 

- thick (drill rig chatter) - 

0. - 

- -c 

trace silt 9 S 65/6" 3/8 5.3 )8:15 

:°:-: - 
- 50/2" [5.23 

-----C 

0- 

TV- SAND with SILT; yellowish brown, moist, SP-SM 
medium dense, fine- to 

:Jj medium -grained sand, some silt 

Note: This boring log is based on field classification and visual soil description and is further modified to include resufts of laboratorj 
class ification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be graduaL 



Geo Tr?nsit 
Consultants 

Project Name: METRO RED LINE- EASTSIDE EXTENSION, DETAILED DESIGN 
Project Number: 95-8347 Boring Number: SD -15 Sheet 3 of 5 

Samples____ 

Description 
c .2 

1! 

-- - - 

_WQ 

.T 

SAND with SILT; yellowish brown, moist, - SR-SM Qa 1! 0 20 8/12 1DI 
- medium dense, fine- to - - 25 (6.41 
-:1 : medium -grained sand, some silt 

:°. SAND with GRAVEL; yellowish brown, SP 
moist, very dense, fine- to - 
medium -grained sand and subangular 
to subrounded gravel, 4-6" thick layers 
with varying gravel content, some silt - 

° 
., 11 75/6" 6/9 5.2 D8:48 

:;. 75/3" 15.21 
0 - - 

.9 
.0 

_0 
0 

0. 

0 

30 100/6" 3.5/6 6.4 12 )9:03 

[6.41 

-: ° fine- to medium -grained sand, some gravel 12 65/6" 8/12 5;3 10 )9:35 
to 3/8" in size, trace silt : - 90/6" 15.21 

0 

0 

0. 

0 

9 
1 

.0 

1 - 

increasing gravel content 1 65 7/12 6.4 110 13 D9:5C 

.° 85 16.21 - - 
-o 

.0 

( 

- 

- 

0 - - 

-0. - 

- 

.0 

75_0 :' well graded fine- to medium -grained sand if 145/6" 6/6 5.6 1O:OC 
with (SW), some gravel up to 3/8" [6.31 . 
size, trace silt 

.0 

o -I 

0 

ir 
0 

Note: This boring log is based on field classification and visual soil description and is further modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be graduaL 



Geo Trensit 
Consultants 

Project Name: METRO RED LINE- EASTSIDE EXTENSION, DETAILED DESIGN 
Project Number: 95-8347 Boring Number: SD -is Sheet 4 of 5 

Samples 
____ .c- 

aW 

>- 

o - Description 
C 

°E 
-- 
w 

___ >1 a 
0 0D .!oc >c ag>...C=t a 

- C,- 

- ° n 
z 0= >moo 

c' SAND with GRAVEL; way/yellowish brown, SP Qa P 55 5/12 
0. 

wet very dense, tine- to - 
sand with to.. 

- 70 [61 
medum-grained gravel up 
1" size, trace silt - 0 

.0 - 

-o - 

.0. 
0 - 

- 

- 0 - 

1 & 15 
23 

18/18 6.2 
(5.51 

10:4C LEAN CLAY; medium brown, moist hard, 
!ow plastic clay, some mottled 

CL 

iron -oxide stain, some silt, trace 28 
fine-grained sand - 

- 

SILTY S4ND reddish brown and light gray, SM 
90- moist, medium dense, fine- grained 

sand with silt lED 18 10/12 6.2 109 20 10:55 
- 25 [6.01 

light gray to yellowish brown dense to very 
dense, 1-2" thick layers of graded 
fine-9rained sand and fine- to 35 10/12 26.4 11:1C 
medium -grained sand : 80 [5.51 

DO- - 2C D 25 11/12 6.0 109 19 12:25 

30 (5.91 FAT CLAY; medium to dark yellowish CH 
brown, moist, hard, high plasticity 
clay, some iron -oxide staining, 
micaceOus - 

21g 17 18/18 5.6 11:45 

21 [5.51 
23 

0 SANDY LEAN CLAY- dark yellowish brown,. CL 
- # moist very stifl, low Dlastic clasts 

?ine-grained with sand, some gravel 

Note: This boring log is based on field classification end visual soil description and is funher modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountared. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be gradual. 



Geo Trañsft 
Consultants 

1 

Project Name: METRO RED LINE- EASTSIDE EXTENSION. DETAILED DESIGN 
Project Number: 95-8347 Boring Number: SD -is Sheet 5 of 5 

Samples ___ - 
.. 4- aw 

>. o 
0 - Description 

C C1Y0 .9 
o. 

-- 
. 

__ 
?j 

__ 
E! > 

coac > 
zjZ 00 Ct Eo z ifl - 

SANDY LEAN CLAY; dark yellowish brown, - CL Qa Z 20 1 2112 T12 P moist, hard low plasticity clay with - - 25 15.61 
- - fine-grauned sand, some gravel - 

End of boring at 113 feet 
Groundwater level was measured at a depth: - 

of 79.1 feet on 10/18/95. 
115- - 

120- - 

25- - 

30- - 

35- 

In--- 

- 

___ ___ 
lJote: This boring log is based on field classification and visual soil description and is further modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time 0! drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be gradual 



E. FIRST St 
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0 
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Me4TO Red Line 

Not to Scale Location of Boring 
SD -IS 
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r 

Traffic Box 

Wa 
PVC Slip Cap 

Cement/Bentonite Grout 

Schedule 40 PVC Flush Threaded Casing 

Bentonite Seal 

Schedule 40 PVC 
Flush -Threaded Screen 

Filter Pack Sand 

Threaded PVC End Cap 

Filter Pack Sand 

Total Depth (D) = 113 Feet 
Total Depth of Casing (Dl) = 110 Feet 
Depth to Top of Well Screen (D2) = 80 Feet 
Depth to Bottom of Top Seal (D3) = 70 Feet 
Depth to Top of Top Seal (D4) = 65 Feet 
Well Casing Diameter = 2 Inches 
Well Screen Slot Size = 0.01 Inch 
Filter Pack Sand Type = #20 Medium Aquarium Sand 
Bentonite Seal Type = 1/2 Inch Pellets 

G.oTnnsIL Geotectinical Investigation 
Cw.suttanb Eastside Exienslon 

Monitoring Well Installation Schematic 
SD -15 



Geo Tr?nsit 
Consultants 

[1 
Project Name: METRO RED LINE- EASTSIDE EXTENSION, DETAILED DESIGN 

Project Number: 95-8347 jBoring Number: SD -16 Sheet....i of 5 

Boring Location: On 1st St., 127 W of Lorena Bevation and Datum(feet):298.O 

Health and Safety: Level D Date Started: 9/8/95 Date Finished: 9/9/95 

Drilling Equipment: Mayhew 1000 Total 130 0 Depth (feet): 
Depth to 
Bedrock(feet): 123 

Drilling Method: Rotary Wash Number of 29 Samples: 
Depth to 
Water (feet):Unknown 

Boring Diameter: $ inches Completion Grouted to surface 
Information: 

Hammer Information: Logged By: Checked By: 
SPT Hammer: 140 -lb and 30 -inch drop 
Downhole Hammer: 400 -lb and 18 -inch drop ________________________ 

Greg Renfrew - Gamini Weeratunga -- 
Samples___ 

- 0w -. co >c o. 
as 

_.. -- C) 
0 - Description 

C° flo S,-. 

.-.- 
L.J 

r 
' 

? E° > 0E - 0,çn; E 

° z 
- 

ASPHALT -- ____ ___ 
ARTIFICIAL FILL GC af 

- 

.. 

GRAVELLY LEAN CLAY with SAND; dark - 
yellowish brown, moist, stiff, low B .7 

0 
plastic day with fine gravel (crushed : 
rock) angular chips, some fine- to 

10) 
- 

medium grained -sand - 
)9:33 

ALLUVIUM -- CL Qa 
- ' SANDY LEAN CLAY dark yellowish brown 

moist, very stifl, low plastic clay with 
fine- to medium -grained sand, 

io 0 
micaceous, rootlet casts, trace gravel 

1 11 10/12 2.7 113 15 )9:40 _14 10] 

EO, 

increased sand content (SC), dense 2 S 13 16/18 0 )9:5C 

26 10! 
24 

to 3" thick layer of grpvel (GP) up to : 3 20 6/12 0 118 14 )9:5 
3/4" in size, some fine- to 37 [0] 

Note: This boring jog is based on field classification and visual soil description and is further modified to include results of laboratory 
classification tests where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The date presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be graduaL 



Geo Transit 
Consultants 

S 

Project Name: METRO RED LINE- EASTSIDE EXTENSION, DETAILED DESIGN 
Project Number: 95-8347 Boring Number: SD -16 Sheet 2 of 5 

Samples____ -- ___ 
Description 

.c .9 _____ > ED 

bIt! u - c,a <s 
z 

p 
TT medium -grained sand SP-SM Qa - - _____ ____ - ___ - 

SAND with SILT; light yellowish brown, - 
moist, dense, tine- to medium -grained - 

- sand, some gravel upto 3/4" size, - 
- subangular, some silt - 

as- 4 S 17 16/18 0 10:06 GRAVEL with SAND; yel(owish brown, GP 
moist, very dense, fine gravel, . 25 101 

: SM - i subangular 56 
- : SILTY SAND; Iigh yellowish brown, moist, 

very dense, fine- to medium- grained - 

- sand with silt, some gravel up to 3/4" - 
insize - 

SAND/GRAVEL; yellowish brown, moist, SP/GP SD 35 9/12 0 120 1410:16 
very dense, fine- to medium gravel up - - 75 [0] 

.' to 1-1/2" in size, fine to - 
medium -grained sand, trace silt 

- 

-o 
-c 

- 

- 

- 

- 0 - 

-0. - 

6 19 16/18 0 10:32 CLAYEY SAND; dark yellowish brown, SC 
moist1 dense1 fine-grained sand with 22 [0) 

- 

low piastic ciay, some silt, micaceous 21 

SILTY SAND; dark yellowish brown, moist, - SM 
- : very dense, fine- to medium -grained - 7 D 30 10/12 0 108 16 10:4C 

so- :1 
sand with silt, trace fine gravel 35 101 

- 
:- -: fine- to coarse -grained sand - 

-- SAND with SILT and GRAVEL; yellowish, SW-SIV 8 5 40 6/12 0 10:49 

- -. brown, moist, dense fine- to coarse- 85 [0] 
- grained sand some fine to coarse 
- 

gravel up to " in size, some silt - 

-a 

__; 
- 

____________________ ___ __ ___ __ __ 
Note: This boring log is based on field classification and visual soil description and is further modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may chenge at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be gradual. 



eo Transit 
Consultants 

LI 

Project Name: METRO RED LINE- EASTSIDE EXTENSION, DETAILED DESIGN 

Project Number: 95-8347 Boring Number: SD -16 Sheet 3 of 5 

Samples___ 

to Description 
kLSI 

FE --C - a _m0' 
Z 2& >°5o 

SAND with SIL.T and GRAVEL; yellowish, SW -SK Qa 65 8111 
- brown, moist, dense fine- to coarse- - 100 [0) 

grained sand sqme. fine to coarse - /5" - 

. 
gravel up to in size, some silt 

-a - 

- ,.. 

1C 100 6/6 0 11:16 
- - /6" [01 

0- 

0- 

3-1/2" diameter cobbles 11 125/6" 2/6 0 110 14 11:3C 
- - [0] 

- 0- - - 

- b.- - 

- p.. - - 

&-:-. increased sand and silt content 1 45 10/11 0 11:44 
- - - 57 [0] 

- /5" 
0- - 

' FAT CLAY; dark yellowish brown, moist, - CR 

- V very stiff, high plasticity clay, some - 1 D 17 102 24 
- fine-grained sand - - - 22 11:58 

1.4D 15 0/12 12:06 
- - _19 

4 graded with coarse -grained sand - 
SILTY SAND- dark yellowish brown, very - SM 

- -. - dense, fine-grained sand with silt, - 1E 43 15/18 0 12:14 

- 

. 

-: micaceous - 68 10] 

Note: This boring log is based on field classification and visual soil description and is further modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be graduaL 



Geo Transit 
Consultants 

C 

Project Name: METRO RED LINE- EASTSIDE EXTENSION, DETAILED DESIGN 
Project Number: 95-8347 jBoring Number: SD -16 Sheet 4 of 5 

Samples____ 
.c-D) -- 

> 
0 - Description 

C o Qov 
.9 

°a 

-- 
h. 

- - - 
a) DO Eo; o -cc 

6 Wf 
£ .E 

SAND with SILT; yellowish brown, wet, - SP-SM Ga 11 40 4/12 0 TOS 
-. dense, micaceous, fine grained -sand, - - 63 [01 - 

- -- some silt - 

1 5 15 16/18 0 12:43 LEAN CLAY; dark yellowish brown, moist, CL 
hard, low to medium plasticity clay, 32 [01 

0 
some fine-grained sand 

- 
32 

1E 14 9/12 0 108 20 
20 (0] 

12:58 

creased sand content to 101.5', SANDY 
CLAY (CL) 

- 
US 15 18/18 0 

19 [01 
28 13:12 

2C: 17 9/12 0 110 19 
CLAYEY SAND; dark yellowish brown, SC 21 10] 13:25 

moist, dense to very dense, fine- to 
medium -grained sand and low - 
plasticity clay 

)5:ta yers of silty sand (SM) 21 S 22 18118 0 13:45 

30 [0] 

:62 
Note: This boring log is based on field classification and visual soil description and is further modified to include results of laboratorj 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be gradual. 



Geo Transit consultants 

U 

SI 

Project Name: METRO RED LINE- EASTSIDE EXTENSION. DETAILED DESIGN 
Project Number 95-8347 Boring Number: SD -16 Sheet 5 of 5 

Samples - 
Descripon 

.c 
I!I 

.9 -- - - 

V han r .*v: 
- C U 

z >coOo 
CLAVEY SAND; see description above - SC Ca Z 18 9/12 -9r in 

- SANDY LEAN CLAY; dark ye!lowish brown, CL : 
moist, harcj, low o medium plasticity 
clay with fine-grained sand, 
interlayered 

2Z 20 11/12 0 118 16 )6:52 - 
- 30 10) 

15- T 2T 32/36 0 )7:58 

101 

SILTY SAND; brown, moist, dense tP very SM 
dense, fine-grained sand with silt 

120_. 
1 2fS 19 15/18 0 )8:23 

- - 32 10) 
- : - 32 

:1 19 9/12 0 )8:40 

- 28 [01 
- 27 16/36 0 

F 25- 10) 
FERNANDOIPUENTE FORMATION CL TfITp >9:13 

CLAYSTONE; yellowish, brown, gray, 
moist, very soft bedrock, poorly 
laminated manganase stain, low to 
medium, plasticity clay, some - 2E 1' 16/36 0 )9:4C 

fine-grained sand, white shell - 101 
fragments up to coarse sand size (no 
reaction with HG!) 

medium -grained sand 

30: End of boring at 130 feet. - - 

35- 

-______________ 

- 

- -____ 
Wote: This boring log is based on field classification and visual soil description and is further modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be graduat 





Geo Transit 
consultants 

[1 
Project Name: METRO RED LINE- EASTSIDE EXTENSION. DETAILED DESIGN 

Project Number: 95-8347 Boring Number: SD-il j Sheet 1 of 4 

Boring Location: On 1st St., 130' E of Lorena Elevation and Datum(feet):294.O 

Health and Safety: Level D Date Started: 8/25/95 Date Finished: 8/25/95 

Drilling Equipment: Mayhew 1000 (feet) 106.0 Begrock(feet): 99.0 

Drilling Method: Rotary Wash geeyf 21 (feet):Unknown 

Boring Diameter: :5 inches CompIeton Grouted to surface 
Information: 

Hammer Information: Logged By: Checked By: 
SPT Hammer: 140 -lb and 30 -inch drop 
Downhole Hammer: 400 -lb and 18 -inch drop C. Mashall Payne Grant Miller -- - 

Samples 
; >1?! 

>, 

- 
wz Q 

4-' 

>. C 
O . 

. Description 
._c 

(1)wo 
. o. 

0-.- D02 0 
.E Ow 

-J -0 Z >oO 
S 0 

___ ASPHALT - - ____ ___ ___ 

.ARTICIAL FILL - CL af 
CLAY with SAND; yellowish red slightly 

moist, stiff, medium plasticity clay 

9 
with sand 

- 1 3 12/12 20 117 13 )9:2C 

ALLUVIUM . GM Qa 3 [5.21 
- SILTY GRAVEL with SAND; reddish brown,. 

- 
moist, loose, gravel to 1/2" in size, 

..; subangular, fine- to medium -grained 
- sand - - 

-0 1 - 

-:0:. - 

10_c 2S 3 3/18 43 '940 
[4.41 

,::c - 5 

0; 

- 

P:: - 

15 mostly gravel (GP) 
SANDY LEAN CLAY/LEAN CLAY; reddish - CL 3 D 2 12/12 5.0 107 19 D9:45 

brown, moist, soft, medium plasticity 2 [4.81 
- clay some fine- to medium -grained 

sand - 

:1 

pieces of wood 

: 

Note: This boring log is based on field classification and visual soil description and is funher modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be gradual. 



Geo Trunsit 
Consultants 

Project Name: METRO RED LINE- EASTSIDE EXTENSION, DETAILED DESIGN 
Project Number: 95-8347 Boring Number: SD-li Sheet 2 of 4 

Samples___ 

Description 
! Han fi 

CD OoR 
z >000 

SAND' LEAN CLAY reddish brown, moist, 
stiff, medium plasticity clay with fine- 

cL Qa 5 2 
2 

4/12 
[4.5] 
- __ 

- 

- 

- 
to medium -grained sand - - 2 :______________ 

SAND with SILT; reddish brown, moist, SP-SM - 
medium dense, fine- to - - 

- 
- mediurn-grained sand, some 1/4" to - 

. 

3/4" size gravel, subangular, some silt 
as:..... 

5 D 14 12/12 5.6 125 9 10:0C 

:.: - 20 15.01 

30: 
6 S 30 10/18 4.8 10:05 T-. SILTY SAND; yellowish brown, moist, very SM 

- 
-. dense, fine- to medium -grained sand - 35 14.41 

- ::- with silt, some gravel - 50 

- : [drill chatter, slow drilling], cobbles cobble - 
layer estimated to be 1 to 2' thick 

35:i:--. : 7 b 35 12/12 5.0 113 13 10:15 
60 14.8] 

SANDY SILT; yellowish and reddish brown, ML 
moist, hard, silt with fine- to - 

- medium -grained sand, micaceous, 
- trace gravel, some iron -oxide stains 

8 S 11 18/18 5.2 2910:25 
- - 21 [4.41 
- - - 38 

incresed sand contentfinerained, SILT'r 9 12 12/12 5:2 103 17 10:35 

Note: This boring log is based on field classification and visual soil description and is further modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at othe, locations and may change at this location with the passage of time. The dare presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be graduaL 



Geo Transit 
Consultants 

Project Name: METRO RED LINE- EASTSIDE EXTENSION, DETAILED DESIGN 
Project Number: 95-8347 Boring Number: SD -17 Sheet 3 of 4 

Samples____ -- >. 

Description 
..,.c .9 - - 

U 
z >c- 

72T SILTY SAND/SANDY SILT; yellowish to SM/Mt Qa ft S 14 8/18 - 
-:. 

. : -- 

reddish brown, moist dense/hard, - 
fune-grained sand with silt, micaceous, - 

17 
18 

[4.4] 
- 
- trace gravel 

SAND with SILT; slight reddish brown, - SP-SM 
moist, dense to very dense, fine- to 

- . medium -grained sand, some coarse - 
sand, some silt . liD 35 12112 4.7 113 10 11:OC 

- 75 14.81 

0 
GRAVEL/SAND - GP/SP 

.0. - 
0 - 

t 
1 

SANDY SILT; yellowish brown moist, hard, 
silt with fine-grained sand, some 

ML 
60- 

- 

- 
medium -grained sand, micaceous, - i S 18 12/18 4.6 11:15 

- J4 trace gravel up to 3/4" in size, - 22 14.41 

- 
subangular - - 30 

-. SAND/GRAVEL; brown, wet, SP/GP yellowish - 
dense; inter!ayered fine- to - 

- medium -grained sand and gravel (6" to 
1' o. thick layers), subangular gravel to - 
3/4" in size -. 

0 

- - 
- 1D - 45 12/12 5.2 131 11 11:3C 
- - 80 14.81 

- . 0 
0 

.0 

o 

C 

0. 
0 

704't' SAND with SILT and GRAVEL; yellowish SW-SIV 1' 30 8/18 4.3 11:4C 
- .. brown, moist, dense to very dense, - 50 14.11 
- : fine- to mediurn-grained sand, some - - 55 

gravel to 3/4" in size, some silt 

I decreased silt content, fine- to - 1 E 25 12/12 5.2 106 19 11:55 
medium -grained sand and gravel 45 [4.5) 
interlayered fine to medium -grained - 
sand and gravel 

-TI. SILTY SAND; gray brown, moist, very . SM 

-:1. 
dense, fine-grained sand with silt 

Note: This boring log is based on field classification and visual soil description and is further modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be graduaL 



Geo Transit 
Consultants 

S 

Project Name: METRO RED LINE- EASTSIDE EXTENSION, DETAILED DESIGN 
Project Number: 95-8347 Boring Number: SD -17 Sheet 4 of 4 - 
a 

- 
>. 

. Description 
0g 

- 

C., 

2E 

a 

Samples____ -- 

r_o z 

___ 

U 
°2 

__ 
- 

ctDvtE >°!i 
SANDY SILT; grayish/yeIlwish brown, - 

moist, hard, fine-grained sand - 
ML Qa 11 30 

60 
13118 ?.4 

(4.1] 
- 

- _65 

1 5 16 12112 5.8 110 19 12:20 

tFAN CLAY; dark reddish brown, slightly 
moist very stiff to hard, some pea 
gravel fragments up to 1/2" in size, - 
some fine-grained sand 

CL 

92' 23 [4.41 

90 -, dark rellowish brown to dark reddish browrf 
mottled) : 

1E & 17 16/18 4.6 
14.11 

12:3( 

lED 30 12/12 4.9 103 23 12:55 

- 

. 

SILTY SAND; yellowish brown, slightly - 
moist, dense, fine-grained sand with 
silt 

SM 

:1:. 45 14.61 

2( S 14 18/18 5.0 13:15 

FERNANDO/PUENTE FORMATION 
CLAYSTONE; mottled light to medium gray: 

and brown, slightly moist, very soft 

CL Tf/Tp =- 
bedrock, medium plasticity clay, 20 [3.91 
appears chaotic, massive, no structure. 
some fragmentation - 

30 

dark greenish gray, unweathered, - 
unoxidized, massive, very soft - 
bedrock, micaceous, no structure - 

213 22 12/12 52.0 107 2013:3C 

-_ 

- - - 28 (4.41 - EWd of boring at 106 feet. 

Note: This boring log is based on field classification and visual soil description and is funher modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations end necessarily imprecise. lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be graduaL 
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Geo Transit 
Consultants 

r 

0 

Project Name: METRO RED LINE- EASTSIDE EXTENSION, DETAILED DESIGN 

Project Number: 95-8347 Boring Number: SD -18 Sheet 1 of 5 

Boring Location: ist/Lorena Street 
j Elevation and Datum(feet):302.O 

Health and Safety: Level D Date Started: 9/6/95 Date Finished: 9/7/95 

Drilling Equipment: Mayhew 1000 Total 1160 Depth (feet): 
Depth to 
Bedrock(feet): None 

Drilling Method: Rotary Wash Number of 27 Samples: 
Depth to 
Water (feet):Unknown 

Boring Diameter: 5 inches Completion Grouted to Surface 
Information: 

Hammer Information: Logged By: Checked By: 
SPI Hammer: 140 -lb and 30 -inch drop 
Downhole Hammer: 400 -lb and 18 -inch drop Greg Renfrew Gamini Weeratunga -- 

Samples___ 

, 
° 

a, 

-..c 
>1 ?2 

o. 
0.0 

> .-,- 
0.0 

0 - o Description 
c 

UflBo Oc 
.2 a. 
°E 
a, 

E 2; 06f - '5- R - C z 

ASPHALT 

- 

af -- ____ ___ ___ 
ALLUVIUM CL Qa 

- SANDY LEAN CLAY; yellowish red, moist - ' 
medium stiff to stiff, low plasticity c(a' 1 g 5.3 
with fine-grained sand, some . [4.41 

0 
medium -grained sand 10:55 

5-0 

1 4 10/12 4.9 114 18 11:05 

4 [4.41 

1' thick gravel layer; yellowish brown T 2 2 8/18 4.7 11:14 

Ii . - 

: 

0 
stiff, trace gravel up to 3/4" in size, 3 b 7 12/12 4.4 111 19 11:2( 

subrounded 11 [4.3] 

Note: This boring log is based on field classification and visual soil description and is funher modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be gradual. 



Geo Transit 
Consultants 

L 

Project Name: METRO RED LINE- EASTSIDE EXTENSION, DETAILED DESIGN 
Project Number: 95-8347 Boring Number: SD -18 j Sheet 2 of 5 

Samples____ 

Description 
uy 

-- 
.s_ - I at > E 

-- a 
!- 

-. 0 
Z 

U 
u 

< E& - SANDYLEANCLAY;sameasabove CL Ga 4 3 14118 7 iTT4 :4 ______________________________ 7 14.5) 
- 14 ::. SILTY SAND; yellowish brown, moist to - 

____ 
SM 

- -- wet, dense, fine- to medium- grained 
- sand with silt, pockets of fine- to 
- -. medium -grained sand with fine gravel, 
- 

subrounded to subangular - 

- 5 25 5/12 4.3 113 15 11:32 
45 [4.3J 

mostly sand, fine- to coarse -grained, some : 
gravel 

30- increased gravel content, very dense, fine- - 6 14 15/18 4.9 11:43 
to medium -grained sand, trace 38 [4.61 

- 

- coarse -grained sand, fine to coarse 35 - 
.- gravel up to 3/4" in size, locally well - 

graded 

35T. 
I 

-: interlayered SAND and SILTY SAND T 75 25 12/12 4.7 111 9 11:50 
LSP/SM), pockets of GRAVEL to SILTY 30 [4.2] 

- 6RAVEL (GP/GM} 

coarse gravel up to 2" in size 8 S 12 12/18 5.1 12:00 

- 63 14.5) 
- -'- - - 65 

IS5 
9 35 5/12 5.0 130 10 12:14 GRAVEL with SILT; yellowish brown, moist, GP -GM 

dense, gravel up to 1-1/2" in size, 50 [4.5] 
some silt and fine-grained sand - - 

0 - 

0 - 

-0 

- a- 

- 

________________________________ _____ ____ - - 
Note: This boring log is based on field classification and visual soil description and is funher modified to include resufts of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions maybe graduaL 



Geo Transit 
Consultants 

Project Name: METRO RED LINE- EASTSIDE EXTENSION. DETAILED DESIGN 
Project Number: 95-8347 Boring Number: SD -18 Sheet 3 of 5 

Samples___ 

Description 
i H - Q Co 

z gu >cO 
SILTY SAND yellowish brown, moist, very - SM Ca 1! 5 21 14/18 - 

- 

I 

. -- 

dense fine-grained sand with silt, - 
trace tine gravel (quartzose), - 

25 
40 

15.01 

- . 
micaceous 

55 :':. - iib 35 8/12 4.6 118 11 12:43 

:1..:: : 68 14.21 

30- - i 39 4/11 5.2 12:52 - 

- 
. : increased gravel cpntent (about 20%), fine- 

90/5" [5.21 

- -: - to coare-grained sand, gravel up to - - 
1-1/2' in size : 1 100/6" 3/6 4.5 125 11 13:07 

- ... - - [4.41 

- :- decreased gravel content, fine- to 
-: - -- medium -grained sand, trace fine 

- gravel, subangular, micaceous, mostly 35 15/18 5.3 13:21 
fine-grained sand with silt : 48 1 5.0] 

1::. . - 52 

10- - 1 b 25 5/12 4.6 100 22 13:36 - 40 (4.61 

-. gradational contact - 

- SANDy SILT; yellowish brown moist, hard, - ML . 

silt with fine-grained sand, trace 
medium sand, micaceous, poorly 
graded - 

I 
- 

1ES 14 18/18 5.7 13:45 - 
- 21 15.01 
- _29 

- 

-s 
SANDY LEAN CLAY; see the descrkption CL 

below 

Note: This boring log is based on field classification and visual soil description and is funher modified to include results of laboratory 
classification tests, where available. This summary app lies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are yen eralizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be gradual. 



Geo Transit 
consultants 

Project Name: METRO RED LINE- EASTSIDE EXTENSION. DETAILED DESIGN 
Project Number: 95-8347 Boring Number: SD-lB Sheet 4 of 5 

Samples____ 

.-'- 
0.0 

>. 

0 - Description 
C 

U)0 Ocw _ 
°E 

-- - - 
-c >. - OG) 0 Ø.5( o .00) >.ç 0.o 

Ca C) 

z >mQo 
SANDY LEAN CLAY; yellowish brown, CL Qa fl 5 18 11/12 TT4 * P moist, hard, fine-grained sand with low: - 25 14.5] 

- plasticity clay - 
- 

- 1E& 37 14/18 10.0 )9:45 - 
- 75 (8.31 -. increased clay content : - 

1 D 40 10/12 7.7 114 18 SAND/SAND with SILT; yellowish brown, 
- 

SP/SM 
moist, very dense, fine- to medium- 65 [7.21 

- grained sand, some silt, poorly graded,: 10:01 

- :.: . micaceous - 

90 increased silt content, SILTY SAND (SM) 
2C S 90 6/6.1 8.7 10:08 

10/.1" 18.1] 

215 25 12/12 7.7 113 19 10:26 SANDY LEAN CLAY; yellowish brown, CL 
slightly moist, hard, low plasticity clay 28 [7.5] 

- 

0 
with fine-grained sand, micaceous, 
mottled with darker stain, 
carbonaceous stain 

increased clay content, mostly clay, some - 2 S 25 18/18 8.2 10:43 

)0 fine-grained sand, trace - 24 17.91 medium -grained sand 33 

2: 17 12/12 7.8 105 24 11:0C 

25 17.61 
SAND/SLTY SAND; yellowish brown, SP/SM 

moist, medium aense, fine-grained 
sand, some silt, micaceous 

Note: This boring log is based on field classification and visual soil description and is further modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at othar locations and may changa at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be graduaL 



Geo Tr?nsit 
Consultants 

1 

Project Name: METRO RED LINE- EASTSIDE EXTENSION. DETAILED DESIGN 

___________ 

Project Number: 95-8347 
J 

Boring Number: SD -18 Sheet 5 of 5 
Samples____ -- __ 

° - Description 
c.9 __ __ - 

0 .E 
R >c 

' C z 
SAND with SILT; see description above SP/SM cia 2 S 18 18118 -- 

- '1LAN CLAY/SILT; light olive brown, moist, - CL/ML 25 [7.81 
hard, low plasticty clay and silt, some - - 26 
fine-grained sand, laminated, trace of - 
yellowish brown stain - 

2 D 14 7/12 7.7 11:35 SANDY SILT/SILTY SAND; olive gray, ML/SM 
- 115: moist very stiff/medium dense, silt 

with line -grained sand, 1" thick high 2( 
18 
16 6/12 

17.6] 
7.8 11:45 

plasticity clay layer 19 [7.6] 
iWof boring at 116 feet. 

_____ 
- 

120- - 

25- - 

30- - 

35- - 

-- 
?Je: This boring log is based on field classification and visual soil description and is further modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be gradual. 





Geo Trnsft 
Consultants 

Project Name: METRO RED LINE- EASTSIDE EXTENSION. DETAILED DESIGN 

Project Number: 95-8347 Boring Number: DD -27S Sheet 1 of 5 

Boring Location: 1st/Indiana (3' E of DD -27) Elevation and Datum(feet):319.0 

Health and Safety: Level D Date Started: 9/15/95 Date Finished: 9/15/95 

Drilling Equipment: Mayhew 1000 bth (feet): 127.0 cfeet): None 

Drilling Method: Rotary Wash 21 WJter (feet): 97.3 
Boring Diameter: 5 inches Completion Installed Monitoring Well 

Information: 
Hammer Information: Logged By: Checked By: 
SPT Hammer: 140 -lb and 30 -inch drop 
Downhole Hammer: 400 -lb and 18 -inch drop ________________________ Greg Renfrew Gamini Weeratunga - - 

Samples 
i- - >c, 

.c Ec - 
0) 
0 

Description 
Ccno 

U a, 
a v U 

-J ° z -fl 

- o 
ASPHALT - 

:4 
CLAVEY GRAVEL with SAND GC at 

SANDY LEAN CLAY/SANDY SILT; strong ML/CL Qa 

:0/ 
brown 

I 

SILTY SAND with GRAVEL; strong brown, 
fine- to medium -grained sand with silt 

SM 

lOH - 
- ..o - 

c. - 

- 0 

0, 

15- 
oH 

a 

- :0 - 0 - 

- oy - 

Note: This boring log is based on field classification and visual soil description and is further modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated repTesent approximate boundaries between subsurface material types and the transitions may be graduaL 



Geo Transit 
Consultants 

Project Name: METRO RED LINE- EASTSIDE EXTENSION. DETAILED DESIGN 
Project Number: 95-8347 Boring Number: DD -27S Sheet 2 of 5 - Samples 

- Description 
'° .-o 

.n j 
) E 

, 

DO.... w 
CD 

E>-o rWO o 

z 
- SAND/SILTY SAND; strong brown, fine- to SP/SM - - _____ ____ - 

- 
medium -grained sand 

a5 1 - 

- 
SANDY LEAN CLAY; strong brown, low CL 

with fine- to medium- 

35-/ - 
- 

1E 18/36 4.3 97 20 10:09 

:9 : 

I 
- 10:21 

:1 - : SILTY SAND; yellowish brown, fine- to SM - 

- II 
medium -grained sand with silt 

- 

Now: This boring log is based on field classification and visual soil description and is further modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
cono'itions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be graduaL 



Gec Transit 
Consultants 

Project Name: METRO RED LINE- EASTSIDE EXTENSION, DETAILED DESIGN 
Project Number: 95-8347 Boring Number: DD -27S j Sheet 3 of 5 

Samples___ 

Description 
1 fl - CD D_mO °2 < __________ Z 2° - 

>mOo 
- 7 1 ILTY SAND; yellowish brown, fine- to SM Qa - - ______ ____ - -Q 

medium -grained sand with silt - 

55- - 

60: SANDY SILT; yellowish brown to light gray, SM/MI. iS 31 16/18 4.8 10:36 

- moist, hard, silt with fine-grained sand, 52 [4.2] 
mucaceous - 40 

- 2(D 25 8/12 4.3 97 2011:07 
- - 31 13.91 
- . - 6P 

layer of clay 

21 26 10/16 0.8 12:24 1[TY SAND; yellowish brown, slightly - SM 
- . .. moist, very dense, fine: to medium- - 59 [.5] 
- . -. grained sand with silt, iron -oxide 41/4" S. staining - _____ 2 D 40 6/12 4.4 110 12 12:38 

SANDY Sl..T; yellowish brown moist, hard,- SM/MI - . 
44 [4.01 

- silt with fine-grained sand . 7 P 

70- - 

22 24 14/18 4.6 14:OC 

- 48 14.31 __________________ 
SILTY SAND with GRAVEL yellowish - SM 15- 2D 

_51 
24 9/12 4.1 116 11 14:14 

brown, moist, dense, line- to coarse- 44 [4.01 - 
grained sand with silt, some fine - 8 p 
gravel, trace coarse gravel up to - 
1-1/2 in size, subangular to - 

: subrounded - 

- 

- 25S 30/54 10/16 .9 
Note: This boring log is based on field classification and visual soil description and is further modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be graduaL 



Geo Transit 
Consultants 

Project Name: METRO RED LINE- EASTSIDE EXTENSIONS DETAILED DESIGN 
Project Number: 95-8347 Boring Number: DD -27S Sheet 4 of 5 

Sampies 

Description 
- 

> E 
- p 

CD z C 

>o_& - SILTY SAND with GRAVEL; see the SM Qa - - 58/4" - 
- -H? 

- 
description above - 

2(D 36 4.6 11612 -:-. increased sand content, silty sand; light 46 14.5] :L olive brown, micaceous : 9 15:45 

- 

- 

- . o._ - 

- -..O - 

5- Et-.- increased gravel content, yellowish brown, - ::. gravel up to 1-1/4" in size, subangular, 
quartzose clasts 2 S 61 9/11 .7 

100/5" 131 
7T. 
1. 

SILTY SAND; strong brown, slightly moist, 
dense to dense, fine- to 

SM 2 25 
36 

6/12 43 
14.2] 

117 10 17:OC 
)8:15 

: : 
veçy 

medium -grained sand with silt, 1 C F 
iron -oxide stain, trace fine gravel, 
subangular to subrounded 

90- k - 

2E & 29 16/18 5.3 10:14 

- 
52 [4.3] .. 88 

3C 34 8/12 4.1 114 11 10:26 - 

light yellowish brown, pockets of fine- to - p 
40 14.01 

- mdium-grained SAND (SP/SM), - 

-: 
micaceous 

- 

:1 :- - 
iron -oxide stained trace fine gravel, 1" - 31 D 20 

25 
8/12 5.0 

[4.6] 
100 25 11:45 

thick layer of SANDY SILT (ML) 
: 32 g 25 18/18 5 11:53 

10 15] - 
29 

- 3 D 20 8/12 4.3 105 22 12:12 

26 [4.4] SANDY SILT; olive brown, moist, hard, silt SM/MI - 

- with fine-grairied sand, micaceous 

D5- - 
SANDY LEAN CLAY; dark yellowish brown 

to grayish brown, mottled, moist, hard, 
CL 

- 
- low to medium plasticity clay with - 

finegrained sand trace coarse-graineth. 15 9/12 105 22 13:12 
- 

san , subrounded to rounded 20 

9 : 1 

Note: This boring log is based on field classification and visual soil description and is further modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. tithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be gradual. 



Geo Transft 
Consultants 

1 

Project Name: METRO RED LINE- EASTSIDE EXTENSION, DETAILED DESIGN 
Project Number: 95-8347 Boring Number: DD -27S Sheet 5 of 5 

Samples___ 
C > 

o - Description 
Q.. 
- - 

) -c >. - 0 
a? 

2a' 
E°63; 0 c > S -C 

(OQ) 

Cr. = C - CD n -- CI- 
z >0 

pa 
0 0 

SANDY LEAN CLAY; dark yellowish brown CL Ca - - _____ ____ ____ - ___ 
- p to grayish brown mottled, moist, hard, - 

-. low to medium plasticity clay with - 

fine-grained sand 
- 

- S 34 10/10 14.0 14:53 
- 100/4" [4.5) SAND/SILTY SAND with GRAVEL; grayish SP/SM 
- brown, moist, dense to very dense, 3 25 9/12 104 22 15:01 

- fine- to coarse-arained sand, some silt,. 30 

115: 
gravel up to 5/Ø'tt in size, rounded to 

: . subrounded, 8" thick layer of clay 
-a - 

decreased gravel content trace pea gravel, - 
subangular, iron -oxide stain, micaceou 

SANDY LEAN CLAY; strong brown, moist, - CL 
hard, low plasticity clay with 
fine-grained sand 3 S 18 18/18 5.0 15:22 

I?0 35 [3.81 
40 

increased clay content, SANDY LEAN CLA'r 15 8/12 6.0 117 16 
25-0 (CL) 31 [4.0) 

I 
15:43 

: 

End of boring at 127 feet. 
Groundwater was measured at a depth of 

97.3 feet. 
Note: Soil descriotion in the top 60 feet in 

- Boring DQ-27S was based on 
- 30- examination of cuttings. Refer to 
- - Boring DD -27 (which is 3 feet east of 

- Borin9 DD -27S) for detailed description: 
- of souis in the top 60 feet. 

35- - 

______________--____ 
Note: This boring log is based on field classification and visual soil description and is further modified to include results of laboratory 
classification tosts, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be gradual. 





Traffic Box 

PVC Slip Cap 

Cement/Bentonite Grout 

Schedule 40 PVC Flush Threaded Casing 

Bentonite Seal 

Schedule 40 PVC 
Flush -Threaded Screen 

Filter Pack Sand 

I 

Threaded PVC End Cap 

4, 

Filter Pack Sand 

Total Depth (D) = 127 Feet 
Total Depth of Casing (Dl) = 125 Feet 
Depth to Top of Well Screen (D2) = 45 Feet 
Depth to Bottom of Top Seal (D3) = 42 Feet 
Depth to Top of Top Seal (D4) = 39 Feet 
Well Casing Diameter = 2 Inches 
Well Screen Slot Size = 0.01 Inch 
Filter Pack Sand Type = #2/12 Monterey 
Bentonite Seal Type = 1/2 Inch Pellets 

-...4 Project No. 95-8347 
GIOTIWII Geotechnical Investigation 

Eastside Extension __________Cauoltant, 
Metro Red Line 

Monitoring Well Installation Schematic 
DD -27S 

12-95 FIgure A -7B 



Geo T@nsit 
1.,onsutants 

Project Name: METRO RED LINE- EASTSIDE EXTENSION, DETAILED DESIGN 

Project Number: 95-8347 Boring Number: DD -27 Sheet 1 of 3 

Boring Location: On 1st St., 40' E of Indiana Elevation and Datum(feet):318.0 

Health and Safety: Level D Date Started: 9/13/95 Date Finished: 9/14/95 

Drilling Equipment: Mayhew 1000 Total 62 5 Depth (feet): 
Depth to 
Bedróck(feet): None 

Drilling Method: Rotary Wash Number of 17 Samples: 
Depth to 
Water (feet):Unknown 

Boring Diameter: 5 inches Completion Grouted to surface 
Information: 

Hammer Information: Logged By: Checked By: 
SPI Hammer: 140 -lb and 30 -inch drop 
Downhole Hammer: 400 -lb and 18-incn drop Greg Renfrew Gamini Weeratunga 

Samples - 
4) 

- 
I 4C 

> 
a > 4__ 

0) 
0 

Description 
C 

0)4_I 

- rO o 
Qo, L -r- .t 

-J Z w= ..cj 

C) 

Asphalt and Concrete - - ______ ____ - - - 
10:05 ARTIFICIAL FILL GC at 

- CLAVEY GRAVEL with SAND; reddish, 
- yellow, moist, dense, fine to coarse 1 .0 

- . gravel up to 1-1/4" in size, subangu tar,: 10.5] ______ 
CL/ML 

_____ 
Qa tine- to coarse -grained sand 

ALLUVIUM - -/: SANDY LEAN CLAY/SANDY SILT; reddish - 

s- 2:- yellow, moist, very stiff low to - 
- ,. medium plasticity silt arid clay with - 

fine- - to coarse-arained sand, trace fine - 

1 
- gravel, subangular to angular - 

- - 
- gradational contact 

- - SM - -: : SILTY SAND; strong brown, moist, medium - 
- - dense to dense fine- to medium- - 
-. : 

- grained sand with silt, some fine to - 10- :- coarse gravel up to 3/4" in size, - 1 13 6/12 109 10 10:3( 
subangular 

: 15 
.9 

1.71 

16: 
E-: 

dense, fine- to coarse-arained sand with - 
- 

2 15 11/18 0 6 10:38 
gravel up tp 1-1/4" in size, trace 16 L51 

1--- coarse -grained sand : 17 

Note: This boring log is based on field classification and visual soil description and is further modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
condit ions may differ at other locations and may change at this location with the passage of time. The date presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be graduaL 



Geo Transit 
Consultants 

S 

Project Name: METRO RED LINE- EASTSIDE EXTENSION. DETAILED DESIGN 
Project Number: 95-8347 Boring Number: DD -27 Sheet 2 of 3 

Samples___ 

Description 
114am jfl1 is 

- CD r_O °2 <tw-5 z 
SAND/SILTY SAND; strong brown, moist, SP/SM Ga 5 b 35 6/12 1.1 - 

dense to very dense, fine- to 36 [.51 - 
- : 

- 
coarse -grained sand, some silt, some - 4 S 14 7/8 114 9 10:47 
gravel up to 1-1/2" in size, subangular - 20 

5 19 6/12 1.2 11:00 

- 
31 (.8] 

I fine- to medium -grained sand, layer of fine 
gravel 

-.:. - 1.0 
increasing gravel content, mostly GRAVEL 6 5 10 6/12 109 19 12:58 

(GP) 14 - 

SANDISILTY SAND; olive brown, moist, - SP/SM 1:-. 75 4 10/18 1.0 
30- dense, fine- to medium -grained sand, - 11 [1.8] 

- trace gravel upto 3/4" in size, 20 1:02 
- :- 

subrounded, micaceous 

:-:i layer of CLAYEY SAND (SC) - 8 D 11 8/12 .4 114 12 " LEAN CLAY/SANDY LEAN CLAY; strong CL 11 1.3] 

- 
browp, moist, very stiff, medium 9 S 19 16/18 .4 1:05 

- 
. 

plasticity clay with fine- to 13 1.3] 
medium -grained sand 14 1:09 

: 2 F 

-S - - 

increased sand content, SANDY LEAN - - 

:r' CLAY 

1( 6 16/18 .5 
- 10 [.5] 2:39 

: hi5 10 10/12 1:0 107 20 2:46 
:1 I.. 

:- 

SILTY SAND- dark yellowish brown moist, - 
dense, fine- to medium -grained sand 

SM 
- 

3 P 

- ::. with silt, layers of sandy clay - 
- 

1 5 8 7/18 .5 4:15 SANDY LEAN CLAY; dark yellowish, moist, CL/SC 
hard, fine- to medium -grained sand - 22 (.2] 
with low plasticity clay, micaceous - 23 

1D 14 7/12 .5 11414 
some silt 19 (.2] 

- 4 4:28 
Note: This boring log is based on field classification and visual soil description and is funher modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be gradual. 



Geo Transit Consultants 

Project Name: METRO RED LINE- EASTSIDE EXTENSION. DETAILED DESIGN 
Project Number: 95-8347 Boring Number: DD -27 Sheet 3 of 3 

Samples___ 

Description 
III 141fl 1 hfl1 11 - Q °! 

_______________________ .1 

SILTY SAND; yellowish, brown, moist, . SM Qa 
__ 

-- dense, fine- to medium -grained sand - 

- 
:: 

. 
with silt, some clay - 

-:-. 
. 1 5 35 12/18 .8 7:15 

- . silt, trace gravel up to 1" in size, - 52 [.21 
- :1: subangular, trace coarse -grained sand 25 

- Ub 15 8/12 4.1 113 12 7:29 

22 [4.01 
s F 

50-? SILTY SAND/SANDY SILT; yellowish SM/MI 1 29 2/18 8:54 

- brown, mo!st, dense/hard, fine-grained - 39 
- .. 

- 

sand and silt - 49 
- 32 0/12 

57 _____________________________ 
End of boring at 62.5 feet. - 

____ ___ -- 
(Boring abondoned due to entrapment of a - 

steel ring. See boring DD -27S for 
depths below 60 feet.) 

55- - 

70- 

15- - 

Note: This boring log is based on field classification and visual soil description and is further modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be graduaL 





Geo TrQnsit 
consultants 

Project Name: METRO RED LINE- EASTSIDE EXTENSION. DETAILED DESIGN 

Project Number: 95-8347 Boring Number: DD -28 j Sheet 1 of 5 

Boring Location: On Alma, 328 S of First Street Elevation and Datum(feet):320.O 

Health and Safety: Level D Date Started: 9112/95 Date Finished: 9/12/95 

Drilling Equipment: Mayhew 1000 Total 131 0 Depth (feet): 
Depth to 
Bedrock(feet): None 

Drilling Method: Rotary Wash Number of 32 Samples: 
Depth to 
Water (feet):Unknown 

Boring Diameter: 5 inches Completion Grouted to Surface 
Information: 

Hammer Information: Logged By: I Checked By: 
SPT Hammer: 140 -lb and 30 -inch droo 
Downhole Hammer: 400 -lb and 18 -inch drop Greg Renfrew I Gamini Weeratunga -- 

amples 

, - _C- -- 
>. 

0 ;;o Os... 

°'E - 
0 Description 0c 

- F 
>c 
0 

0.0 
E 

l_,_. - ro. c,-' 
CD 2 6& Ow >o& 

ASPHALT -- ___ _____ ./FILL : CL af 
- GRAVELLY CLAY with SAND; dark brown, - 
- moist, very loose - B 

0 ALLUVIUM CL/ML Qa 
- SANDY LEAN CLAY/SANDY SILT; strong - # 

brown, moist, hard, low to medium - 6.2 
plasticity clay and silt with fine- to - 15.11 

/1 

medium -grained sand 

- CLAYEY SAND; strong brown, moist, SC 
10- medium dense, fine- to 

medium -grained sand with low T 1 14 6/6 5.5 118 13 )7:24 

plasticity clay, some coarse -grained 16 15.11 

hi_____________ 

sand and fine gravel 

- 7:. SILTY SAND; yellowish brown, moist, SM 
15- dense, fine- to coarse -grained sand 2 5 14/18 5.1 )7:31 

with silt, some fine gravel - 22 15.41 
- : - 26 

CLAYEY SAND; yellowish brown, moist, SC 
fine-grained sand with low plasticy 
clay, trace medium -grained sand 

Note: This boring log is based on field classification and visual soil description and is further modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithelogic contacts 
indicated represent approximate boundaries between subsurface material types and the transit ions may be graduaL 



Geo Tr?nsit 
Consultants 

Project Name: METRO RED LINE- EASTSIDE EXTENSION, DETAILED DESIGN 
Project Number: 95-8347 Boring Number: DD -28 Sheet 2 of 5 

Samples____ 
.c- -- 

> 
' 

0 - Description 
c 
O 

.9 
DZ.. 

.s 

-- - > CO -c > a 
o0 - 

u.9 Eo; oc > 

3 
(nO 

z >co0 
SANDY LEAN CLAYS yellowish brown, 

moist very stifl, low olasticity clay - 
with line -grained sand, trace - 

CL Qa 9 
11 

9/12 
15.21 

T 5'7T5! 

ii 

medium -grained sand - 

6" thick layer of SILT (ML); dark yellowish 4 S 12 14/18 6.9 )7:40 

brown, dark mottled stain 10 15.2) 
15 

SILTY SAND; dark yellowish brown, moist, SM 
medium dense, fine-grained sand with 

- :- silt, dark mottled stain 

- 5 11 8/12 5.4 101 14 )7:52 

16 15.2] 

-: - -- increased sand content ______ 
I 

6 S 14 14/18 6.1 )8:OO SAND/SILTY SANft yellowish brown, SP/SM 
- moist, dense, tine -grained sand, some- 17 15.1] 

silt, quartzose . 21 

SANDY LEAN CLAY; strong brown, moist, - CL 
low plasticity clay with 

fine-grained sand, some medium to - 7 12 8/12 5.3 115 16 )8:O( 
TIhard, 

coarse -grained sand, some silt - - 16 15.01 

- 1' thick layer of SILTY SAND (SM), 
yellowish brown, medium dense, fine 
grained - 8 5 7 13/18 6.4 )8:11 - 16 15.61 

16 

Note: This boring log is based on field c/ossification end visual soil description andisfurthermodified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions maybe gradual. 



Geo Transit 
consuitants 

L 
Project Name: METRO RED LINE- EASTSIDE EXTENSION, DETAILED DESIGN 
Project Number: 95-8347 Boring Number: DD -28 Sheet 3 of 5 

Samples___ 

Description 2f >- a 
-J - C 

/7 
SANDY LEAN CLAY' yeflowish brown, - 

moist, very stif1 fine-grained sand - 
CL fla - 8 

14 
8/12 

(5.11 
-r 

V6 ctVor% 
of 

- 

E. 
micaceous, trace coarse gravel up to - 
2" in size, subrounded to subanpular - ______ - 

- :9 SAND with GRAVEL; yellowish - SM 
brown, moist, very dense, fine- to 15 21 16/18 6.8 )8:25 

medium -grained sand with fine to - 47 (5.61 
55- ::-. coarse gr,ave,l and silt, granitic gravel - - 47 

- . up to 2 in size, subangular - 

- 0,-; - 

- :-o - 

Q.: - 

- ..,0 - 

0. :. 

30. decreased silt and raveI content, SAND ii b 30 8/12 5.1 125 8 )8:46 
with SILT (SP- M) 40 [501 

SANDY LEAN CLAY; dark yellowish brown, - CL 
moist, hard low plasticity clay with - 
fine-grained sand some silt - 

3" LEAN OLAY layer_ 

1 5 11 14718 
25 

7,6 
(5.91 

)8:58 

35... micaceous, thick - 27 - 

iron -oxide stain 

CLAYEY SAND; yellowish brown, moist, - SC 
- /7 medium dense to dense, fine- to 1 D 20 8/12 5.1 107 20 )9:06 

- medium -grained sand with low - 38 [5.01 
- 
- 

plasticity clay, some silt, pockets of - 

poorly graded sand 

70 
- iron -oxide stains, increased clay content : i T 25 9/18 6.0 )9:27 

- 4. - 44 [6.01 

7 - 

SANDY SILT; olive gray moist, hard, silt ML 
with fine-grained,sand, a layer of fine - lED 14 7/12 6.0 87 33 )9:38 

gravel, layer of silty sand - - 25 (5.91 

15- - - 
- 1 16 12/18 7.5 )9:45 

: - 29 15.9] 
- - 33 

- I a layer of SANDY SILT/SILTY SAND - 
- (ML/SML silt and fine-grained sand - 

- 1 15 7/12 5.8 89 29 1O:OC 

21 [5.21 
Note; This boring log is based on field classification and visual soil description and is further modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types end the transitions may be gradual. 



Geo Tr?nsit 
consultants 

S 

Project Name: METRO RED LINE- EASTSIDE EXTENSION, DETAILED DESIGN 
Project Number: 95-8347 Boring Number: DD -28 Sheet 4 of 5 

Samples___ 

Description : 
s° Ijjn MI iu' ii - CD 

Z 2& >°°2o 
- 

-T 

- 

SILTY SAND: yellowish brown, moist, - 

dense, f'ne-grained sand with silt - 

SM Qa 
-- __ __ __ - _Q 

- ::'- 
- 1E & 29 13/18 5.5 10:05 

- - 
- 

53 15.2] 
- I 

55 

SAND; yellowish brown slightly moist, very 
dense, fine- to medium -grained sand, 

SP 

trace silt lcD 34 6/12 5.3 103 8 10:20 

- 46 15.01 

-:1: increased silt content, SANDY SILT (ML); - 

--::-i- dark yellowish brown, silt with 
fine-grained sand, micaceous 2( S 20 13/18 6.2 10:3C 

- 
38 [5.21 .:.. - 38 

90- .1-c - 

- 21 30 5/12 5.7 105 13 10:40 
SILTY SAND: light yellowish brown, moist, 

dense, fne-grained sand with silt 
SM 

: 
1.: - - 15.01 

- 2 S 19 14/18 
36 

6.7 
15.2] 

11:OC 

I 

SANDY SILT; light yellowish brown, moist, 
hard, silt with fine-grained 

ML 
sand 

31 

- 1-. 25 5/12 6.2 108 1911:17 - 40 [5.01 

3" layer of SILT (ML), micaceous, pockets - 2 & 21 15/18 7.6 11:3C 
- of silty sand, fine- to medium -grained - 28 15.81 

sand : 46 

- 2ED 23 8/12 5.2 104 24 11:45 

27 15.1] 

layers of fine- to medium -grained SAND - 2 S 17 13/18 6.8 11:56 
(SP/SM); dense 40 15.21 

39 

Note: This boring log is based on field classification and visual soil description and is funher modified to include results of laboratory 
classification tests, where available. This summery applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types end the transitions may be gradual. 



GeoTrQnsit consultants 

1 

Project Name: METRO RED LINE- EASTSIDE EXTENSION, DETAILED DESIGN 
Project Number: 95-8347 

J 

Boring Number: DD -28 Sheet 5 of 5 
Samples___ 

ii 

>- 

. Description 
C -- ____ ___ ___ 

1j4 

-- 
I bid 11 fin - a °2 < 

Z 2&° >°°o 
SILTY SAND; dark yellowish brown, slightly SM Ca 2 30 6/12 1TTh 

- moist, dense to very dense, - - 43 15.0] 
- fine-grained sand with silt, micaceous - 

115-:... pockets of SAND (SP), fine to medium - 2 S 28 14/16 5.0 12:3C 
grained : 47 [4.01 

_61/4" 

1 

,,, /j SANDY LEAN CLAY; strong brown, moist, - CL 
hard, low plasticity clay with 2E 24 8/12 5.3 121 14 12:50 
fine-grained sand, some medium- and 32 [5.0] 
coarse -grained sand 

25- 3(5 42 9/8.5 6.1 13:07 

:0 : 75 [5.11 

CLAYEY SAND/SILTY SAND; dark brown, Sc/SM 
moist, very dense, interlayered silty /7 sand and clayey sand, fine-grained 

27/ sand with low plasticity clay and silt - 

30T wet 31 D 6/12 108 22 13:28 

[50] 
End of boring at 131 feet. 

35- - 

______________--____ 
Note: This boring log is based on field classification and visual soil description and is funher modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be gradual. 





Geo Transit 
consultants 

Project Name: METRO RED LINE- EASTSIDE EXTENSION, DETAILED DESIGN 

Project Number: 95-8347 Boring Number: DD -62 Sheet 1 of 4 

Boring Location On Velasco St., 37.4' S of 1st S. Elevation and Datum(feet):312.0 

Health and Safety: Level 0 Date Started:11116195 Date Finished:11/16195 

Drilling Equipment: Mayhew 1000 Total 100 5 Depth (feet): 
Depth to 
Bedrock(feefl: None 

Drilling Method: Rotary Wash Number of 28 Samples: 
Depth to 
Water (feet):Unknown 

Boring Diameter: 5 inches Completion Grouted to Surface 
Information: 

Hammer Information: Logged By: Checked By: 
SPT Hammer: 140 -lb and 30 -inch drop 
Downhole Hammer: 400 -lb and 18 -inch drop Greg Renfrew - Gamini Weeratunga - - 

Samples - 
2 

>c 
! 

ac -- - Description 
C CO0 

'-' 
5_ 
°E co.!cv 

O.9 
- 

a, 

o 
- o E 

° z 

___ ASPHALT -- ____ ___ ___ 
L? ALLUVIUM SC Ga 

CLAYEY SAND; yellowish red, moist, - SM/GN 
medium dense trace subangular gravel: 

!. 
k 

upto3/4"insize 
- '0 

SILTY SAND/SILTY GRAVEL yellowish - 
brown, moist, medium dense to - 

-.0: dense, fine- to coarse-arained sand, - 
t'/2" 5-: 

- 
: .: 

and fine gravel about in size, - 
subangular 1 9.7 

- - - (9.21 
- 0. - 

- - - 

G. - 

0 

io:k 2 5 12/12 9.8 D8:43 CLAYEY SAND; dark yellowish brown SC 
moist, loose, fine- to medium -grained : 5 [9.8) 
sand with low plastcity clay, some silt, 
trace fine gravel - 

15Ø4.. thick layer of fine- to coarse -grained 3 S 15 13/18 13.0 )8:51 
sand,dense 19 [9.71 

: 12 

Note: This boring log is based on field classification and visual soil description and is further modified to include results of laboratory 
classification tests. where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be graduaL 



Geo Transit 
Consultants 

S 
Project Name: METRO RED LINE- EASTSIDE EXTENSION. DETAILED DESIGN 
Project Number: 95-8347 Boring Number: DD -62 Sheet 2 of 4 

Samples_______ 

Description 
.c cn0 .9 fl -- , 

- >m -_ 
.c 

- 
-J - Q ° <j W'o1 z >o- 

- fl. SILTY SAND; yellowish brown, moist, - 

medium dense, silt with fine-grained 
SM 

SP -SW 
Qa 5 12 

16 
10/12 R.0 

[9.7] 
- 

- -- 

i 

sand, trace medium- to coarse -grained - 

sand 
- flradationasl contact 
- . SAND with SILT; yellowish brown, moist, 
- medium dense, fine-grained sand, - 

- . 

some silt, trace coarse -grained sand - 

LEAN CLAY; dark yellowish brown, moist, CL 
- very stiff, trace fine- to - 5 S 5 18/18 13.0 )9:06 

-, medium -grained sand ii 12.0] 

:0 
30-i - 65 11 12/1214.0 )9:09 

SANDY LEAN CLAY/SANDY SILT; dark - CL/ML - - 16 13.03 0 yellowish brown, moist, hard, low 
- 

- 

plasticity clay and silt with fine-grained. 
sand, trace medium -grained sand, very 
dark stains 

LEAN CLAY; yellowish brown, moist, very - CL 

- 
stiff, low to medium plasticity clay, - 7 S 7 18/18 14.0 >9:12 

- some silt, trace fine-grained sand, 11 13.0] -, corbonous - 13 

8 5 12 12/12 15.0 >9:18 SILTY CLAVEY SAND; dark yellowish SC-SM 
- / brown, moist, mediym dense to dense, 24 14.0 

fine-grained sand with 19w plasticity 
clay and silt, some medium -grained 

- - sand, black specks (carbonous - 
deposits) 

- - 9S 10 18/18 14.0 )9:2C 
- 22 14.0 _________________________________ 

SILTY CLA't dark yellowish brown, moist, 
hard, silt and clay with fine-grained 

CL -ML - 

- 

- 23 

sand 

1( 12 12/12 14.0 >9:31 
- 18 13.0 

: SILTY SAND; dark olive brown, moist, very SM 
dense, fine-grained sand with silt, - 

- some coarse -grained sand, trace 11 5 25 11/18 15.0 >9:38 
subrounded gravel up to 1" in size 100 14.0 

Note: This boring log is based on field classification and visual soil description and is further modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be graduaL 



Geo Transit 
Consultants 

Project Name: METRO RED LINE- EASTSIDE EXTENSION, DETAILED DESIGN 
Project Number: 95-8347 

J 

Boring Number: DD -62 Sheet 3 of 4 
Samples____ - 

Description 
U I4fffl 

C °, < wE'5 
z 

Z4 SILTY SAND; see description above SM Qa fl 0 25 6/12 - 
-:1. SAND; light yellowish brpwn, mpist very 

dense, tine- 
SP - 40 

- to medium -grained' sand, - 
- -- trace silt - _______ 
- SAND with SlLTandSlLTYGRAVEL,eJlowish 5ri 
- brown, moist, very aense interDeciaed "a 

1 S 65,, 6/7 16.0 10:02 fine- to coarse -grained sand and fine to- 50/1 14.0 coarse gravel up to 1-1/2" in size, - 
- .-- subangular - 

- 

1' 60 9/10 17.0 10:12 

- .. - 100/4" 14.0 

0 

0 

1ES 69 11/12 15.0 10:26 

:::. gravel up to 2 in size and medium -grained - - 82 14.0: 

sand interbeds 
0. 

1E 100 6/6 15.0 10:36 

- 0. - 

14.0: 

1 58 9/9 14.0 10:46 

- 62/3" 14.0) 
b 

0- 

1E 100/5" 4/5 14.0 10:58 

- 
-. 14.0] 

iron -oxide stain 
- 

10- gravel up to 2-1/2" in size (quartz and - - 0' metamorphic clasts) 
SILT; olive brown, moist, hard, micaceous, ML 

some fine-grained sand, some clay - 1£ S 12 18/18 15.0 11:06 

- 38 14.0 
- - 62 

2CD 25 10/12 14.0 11:15 SILTY SAND; olive brown, moist, dense to SM 
75- . 

.. 

- 
very dense, fine-grained sand with silt,... - 30 14.0 
a layer of gravel, subrounded - 

increased silt content, SANDY SILT (ML), 
hard 215 23 11/16 14.0 11:28 

46 14,0] 
- 100/4" 

Note: This boring log is based on field classification and visual soil description and is further modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be graduaL 



Gec Transit Consultants 

Project Name: METRO RED LINE- EASTSIDE EXTENSION. DETAILED DESIGN 
Project Number: 95-8347 Boring Number: DD -62 Sheet 4 of 4 

Samples I 

Description 
f S llffn ft a o csDw3_} 

Z g >°.a I SILTY SAND; yellowish brown, moist, - SM Ga Z 30 10/12 a.0 - 
. dense to very dense, fine-grained sand - 50 14.01 - - 

i-- with silt subrounded, thin layers of - 
- 

- 

- 
I:. sand (S), thin layers of gravel up to - 

- -- - 3/4" in size, subrounded, some - - 

-: iron -oxide stains - 2& 44 9/9 15.0 11:48 

55/3" 14.01 

35: 
. - 

SAND with SILT and GRAVEL; olive brown,. SP-SM 
moist, very dense, fine- to 24 100 5/6 14.0 12:00 , - 

coarse -grained sand, some silt, gravel . 13.0: 
up to 314" in size, interlayered 

- 

2E 100/3" 1/3 15.0 12:14 

gravel up to 1" in size 
14.0 

. 

2( D 100/5" 3/5 14.0 12:27 
- - 

- 14.0 

- 2 S 66 7/8 14.0 12:42 
gravel up to 1" in size - 40/2" 14.0. 

DO: gravel up to 2" in size - 2E D 100/5" 3/5 14.0 12:55 

End of Boring at 100.5 feet 14.0. 

D5- - - 

Note: This boring log is based on field classification and visual soil description and is further modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be gradual. 





Geo Transit 
Consultants 

S 

Project Name: Metro Rail: Eastside Extension - Metro Red Line 

Project Number: 94-1100 Boring Number PE -1 3 Sheet 1 of 4 

Boring Location: First/Lorena 
j Elevation and Datum(feet):292 MSL 

Health and Safety: Level D Date Started:11/17/93 Date Finished:11/17/93 

Drilling Equipment: Mayhew 1000 Total 
Depth (feet): 90. Depth to 88.5 Bedrock(feet): 

Drilling Method: Rotary Wash Number of 15 Samples: 
Depth to 
Water (feet):Unknown 

Boring Diameter: 5 inches Completion Installed Monitoring Well 
Information: 

Hammer Information: Logged By: Checked By: 
SPT Hammer: 140 -lb and 30 -inch droD 
Downhole Hammer: 400 -lb and 18 -inch drop ________________________ 

Greg Renfrew Grant Miller -- - Samples 

.o 
t .; > 

U 
tC aD 

>. 

- -- 0 - Description 
clr & 

a 2 - 0D w E> O, 
.se 

0) - a 
0 

Fia 
Asphaltic concrete to 8", concrete to 12" 

at -- ____ ___ ___ 
and base to 30" 

CL Qa 'ALLUVIUM 
CLAY with SAND; reddish yellow, moist to 

wet, medium stiff, medium plasticity, - 
fine- to medium -grained sand, trace 
coarse -grained, trace subangular gravel 
to 1/4" in size 1 S 2 8/18 8.5 >9:25 

ii 
3 18.0] 

10: 0 SANDY CLAY, yellowish red, low to CL 2 D 6 0/12 8.6 27 >9:35 

medium plasticity, fine- to 7 (8.01 
coarse -grained sand, trace angular to 
subangular gravel to 3/4" in size 

15-0, dark reddish brown, moist 3 S 1 12/18 8.1 
2 18.0] 

±1 _ 

3 

__ _ 
Note: This boring log is based on field classification and visual soil description and is funher modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may diffe, at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be gradual. 



Geo Transit Consultants 

Project Name: Metro Rail: Eastside Extension - Metro Red Line 
Project Number: 94-1100 Boring Number: PE -13 Sheet 2 of 4 

Samples - 
Description :i: 

- 
114fl:i J - CD °2 <g W -5E& z £ 

CLAYEY SAND; reddish yellow, moist, SC Qa Z b 9 0/12 - 
7/ medium dens, fine- to coarse -grained, 10 [8.01 - 

medium plasticity clay, trace gravel to - 

- -/ 2' in size - 

a5: 
5 6 Cl/U 8.0 1O:2C SILTY SAND/SANDY SILT; reddish yellow, - SM/ML 

moist, medium dense/very stiff 7 [8.01 - 
- fine-grained sand, nonplastic silt 17 

30-!:. SILTY SAND (SM); reddish yellow, moist, - SM 
i:: 

very dense, tine- to coarse -grained, 
3/4" 

6 60 2/6 12 
17.41 

114 16 10:4C 

with fine -gravel to in size - 

7 38 8/18 8.2 lo:5 

-: 45 [8.0] - 
?.. 50 

- fine-grained, trace gravel to 1/2" in size, - - 
- -: micaceous - 

rn-: : dense - 
- 8 50 2/6 14 94 19 11:00 

:1::--. : 
17.5] 

Istrong rig chaner from 44' to 46') - 

- GRAVEL with SILT and SAN9/SAND with - GP -GM 
SILT and GRAVEL; reddish yellow to - / 
brownish yellow, moist, very dense, SPSM 
fine- to coarse -grained sand, - 
subanguar gravel to 3/4" in size, - 9 50 4/6 8.0 11:2C 

. nonpiastic silt - [8.0] - 

- 

- 

Note: This boring log is based on field classification and visual soil description and is further modified to include results of laboratory 
classification tests, where evaiable. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be gradual. 



Geo Transit 
Consultants 

'Project Name: Metro Rail: Eastside Extension - Metro Red Line 
Project Number: 94-1100 Boring Number: PE -13 Sheet 3 of 4 

Samples____ 

Description a° H 
- hI >'o C 

2 gu <t >Oo -5E&- 
p 

GRAVEL with SILT and SAND/SAND with GP -GM Qa - - _____ ____ - __ - 
1 SILT and GRAVEL; brownish yellow, - / 
: moist to wet, very dense, fine- to SP-SM - 
. coarse -grained sand, angular gravel to 

- . 1" in size, nonpiastic silt - 
-0 . - 

55 

- 

- 
- 1C 130 2/3 11 119 1311:45 

17.3] 

0 

gravel to 3/4" in size 

O. - - 

- : - 

- 

0 

gravel to 1" in size 
- 11 50/3" 2/3 8.5 

- 18.0] 
0. 

° 

0. - 

12:15 

-0.. - 

-0- - 

0.- 

0. 

interval of SILT (ML) 
-:1' interval of SAND with SILT (SP-SM), fine- - 80/ <1/ 8.1 21 

- .'. ' to medium -grained, trace 4.5 18.0] 

- i- coarse -grained - 
- 

- 

- [strong chatter from 76.5' to 80'l - 

- o. decreased silt content, GRAVEL with - 
-c SAND/SAND with GRAVEL (GW/SW}, - 
- 

. fine- to coarse -grained sand - 

Note: This boring log is based on field classification and visual soil description and is funher modified to include results ef laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual conditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be graduaL 



eo Tr?nsit 
Consultants 

Project Name: Metro Rail: Eastside Extension - Metro Red Line 
Project Number: 94-1100 Boring Number: PE -13 Sheet 4 of 4 

Samples____ ____ ___ C- -- o.w 0 - Description 
V")0 

a-- 
- . Co 

___ 
a >- 

° OC 
=0.2 a' >. as 

-J - CD o 
U z >' 

LAY; strong brown, moist to wet, hard, - CL Qa T S 12 18/18 
- 

medium plasticity - 23 18.0) 
29 

14 60 1/6 11 105 22 13:15 interval of SILTILEAN CLAY, yellowish ML/CL 
brown, moist, low to medium - 17.3) 
plasticity, micaceous 

possible interval of SILTY GRAVEL/SILTY - 

SAND (GM/SM) - 

- 

- 

- 

xx FERNANDO/PUENTE FORMATION - 
SILTSTONE; olive yellow, moist to wet, 

ML TfITp 

90 soft rock nonplastic, fine-grained 
sand highly micaceous, intensely & 50 5/6 9.2 13:40 - _____ ____ 

\ weaihered to decomposed - 18.01 
Boring terminated at 90.5 feet. - - 

Monitoring well was dry on 1/11/94. - 

35- - 

DO- - 

- 

Note: This boring log is based on field classification and visual soil description and is funhe, modified to include results of laboratory 
classification tests, where available. This summary applies only at the location of this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may change at this location with the passage of time. The data presented are a 
simplification of the actual con ditions encountered. Lithologic patterns are generalizations and necessarily imprecise. Lithologic contacts 
indicated represent approximate boundaries between subsurface material types and the transitions may be graduaL 
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Traffic Box 

PVC Slip Cap 

Cernent/Bentonite Grout 
Schedule 40 PVC Flush Threaded Casing 

Bentonite Seal 

Schedule 40 vc 
Flush -Threaded Screen 

Filter Pack Sand 

Threaded PVC End Cap 

Filter Pack Sand 

Bentonite Pellets 

Total Depth (D) = 67.5 Feet 
Total Depth of Casing (Dl) = 65 Feet 
Depth to Bottom of Well Screen (D2) = 65 Feet 
Depth to Top of Well Screen (D3) = 35 Feet 
Depth to Bottom of Top Seal (D4) = 32.5 Feet 
Depth to Top of Top Seal (D5) = 29.5 Feet 
Well Casing Diameter = 2 Inches 
Well Screen Slot Size = 0.01 Inch 
Filter Pack Sand Type = #2112 Monterey 
Bentonite Seal Type = 1/2 Inch Pellets 
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I Ceotransit Geotechnical Investigation 

Consultants Eastside Extension 
Metro Red Une 
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Metro Rail Project Eastside Extension 

1.0 Introduction 

This data report covers the pressuremeter testing undertaken at Hole DD27 for the 
Eastside extension of the Metro Rail Project This pressuremeter study was conducted by Hughes 
Insiw Engineering Inc., under subcontract to TDL Engineers Inc., Los Angeles. The field work 
was directed by Mr. Bill Lu of TDL Engineers Inc. 

From September 27 to September 29, 1995, 13 pressuremeter tests were attempted in 
Hole DD27 on the south-west corner of Indian Avenue and 1st Street in East Los Angeles. These 
pressuremeter tests were undertaken in dense natural silty sand deposits. Some gravel layers 
were present. 

The primary purpose of this study was to determine the material properties such as 
stiffness and strength for the proposed tunnel. The test levels are listed in Table L 

2.0 Pressuremeter 

The pressuremeter is essentially an instrumented packer which is placed in the borehole 
and expanded, under controlled conditions, against the borehole wall. The pressures and radial 
displacements which occur during the expansion are measured electronically inside the packer. 
The data is recorded automatically by a computer every 6 seconds. During the test, the data is 
displayed graphically on a computer screen. The details of this system are illustrated in Figure 1. 

A high-pressure pressuremeter, with a diameter of 2.92 inches, with a pressure range of 
up to 3000 psi, was used for this study. This instrument was placed down a hole which was 
carefully drilled to a diameter as close to that of the pressuretneter as possible. The expansion of 
the pressuremeter was controlled by manually pumping hydraulic oil into the packer section. 

The hole was advanced with a 4.5 inch bit. SPT tests and drive samples were obtained 
between each pressuremeter test. At the pressuremeter test location, a pocket was formed for the 
pressuremeter by drilling a four -foot length of hole using either a 2-3/4 inch diameter drag bit or 
a 2-15/16 inch diameter tricone bit. The drag bit did not prove very successful. However the 
tricone bit worked well, except for Test 12 at 92.5 ft. At this location, the hole was washed out, 
probably due to the presence of gravel. 
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Date File Number Depth Material type Hole formation 

September13 

Ertecl.p 28 ft silty sand 2 -3/4" Drag bitLt 

Ertec2.p 40.5 ft sandyclay. 2 -314" Drag bit3 

Erttc3.p 47 ft silty sand/clayey 
sand 

2-15/16" Tricone 

Ertec4.p 53.5 ft slay/silty sand 

September 14 

Ertecs.p 

_______I_______________ 
60 ft silty sand2 

jErteco.p }66.5 ft Isilty sand I_______________ 

Ertec7.p j73 ft silty sandlsandy silt 

Ertec8.p 79.5 ft silty sand2 

Ertec9.p 86 ft si1ty sand 

September15 

ErteclO.p 92.5 ft fine silty/sand 

Erteci 1.p 99.5 ft sandy silt'silty sand 

Ertecl2.p 107.5 ft sandy silt/silty sand [______________ 
¶Ertecl3.p 112.5 ft clayey sand/silty ciayc 

Notes 

1) Material type as determined from adjacent samples. 
2) The form of the pressuremeter curves indicate a predominantly cohesive 

material. 
3) Oversized hole 
4) Oversized hole, no useful data obtained 

Table I. Test depth, Material type and Hole Formation 
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Figure 1. Details of Pressuremeter System 
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expanded by 
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3.0 Test procedure 

The general procedure was conducted, according to the ASTM standard D4719-87 as 
illustrated by the pressuremeter Test 11 (Figure 2). After the pressuremeter is placed at the test 
location, the packer section is expanded by manually pumping hydraulic oil into it from the 
surface. If there is a gap around the instrument, as shown in Figure 2, the expansion occurs 
rapidly, until the membrane comes in contact with the borehole wall (i.e. at approximately 5% 
radial displacement). The pressuremeter is then expanded in increments of approximately 50 
psi. 

The pressure increment of 50 psi was selected to provide about ten loading increments 
before the strain reached a maximum on any one of the displacement sensors. In heterogeneous 
soils, it is difficult to estimate the magnitude of the appropriate pressure increment required to 
achieve ten loading increments. As a result, the number of pressure increments varied from test 
to test. 

After each pressure increment is reached, the pressure is held constant for 60 seconds. 
The pressure is then increased again a further increment, and held for a further 60 seconds. In 
the test illustrated, there are eight stages at which the pressure is held constant. After the end of 
some of the holding phases, the pressure is reduced and then increased again (as, for example, 
afterthefourth andthesixthincrementinlest ll).Thepressureisreducedto usuallylessthan 
half or one-third of the maximum pressure at the start of the pressure deduction Line U -H. 

The purpose of limiting the size of the pressure deduction cycle is to keep the strains 
within the elastic range. If the pressure reduction cycle is too large, the soil surrounding the 
pressuremeter will fail inwards, and large plastic strains will result, as can be seen on the final 
unloading curve. A measure of the small strain elastic shear modulus (G) can be obtained from 
the slope of the pressure expansion loops, A -B and C -D. 

4.0 Termination of the Test 

The test was terminated when one of the following criteria was satisfied: - 

1) One of the three displacement sensors exceeded 18% strain. 
2) -If there was no increase in the strain, as measured by the displacement sensors, 

as oil continued to be pumped into the pressuremóter. In this situation, the 
membrane is probably expanding into a cavity remote from the displacement 
sensors located in the center quarter of the membrane. Further expansion in this 
situation will only rupture the membrane. (Note: if the membrane is expanded by 
using compressed gas, the above termination criterion is not available.) 
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5.0 Data Presentation 

The pressure and strain sensors inside the pressuremeter are on the inside of the packet 
membrane. Hence, they do not directly measure the pressure or displacement on the borehole 
wail. Corrections have to be made to adjust for the compressibility and stifThess of the packer. 

Two corrections are made: - 

1) The probe is expanded in air to determine the stiffness of the membrane 
2) The probe is expanded inside a thick-walled steel tube to determine the 

compressibility of the membrane 

All of the data presented in Appendix I have been adjusted to account for these effects. 

Also included in these plots are the creep strains, which occur while the pressure is held 
constant. The creep strains over the 60 seconds that the pressure is held constant are presented to 
the left of the pressure expansion curve. The intended purpose of this information is to determine 
the creep limit (Pe, the pressure at which substantial creep movement initiates. For Test 11 

(Figure 2), the creep pressure is in the region of the seventh holding phase at 370 psi. In Test 2 
and Test 13, which were oversized holes (particularly Test 2), creep readings were not taken. 

6.0 Basic Analysis of the Pressuremeter Data 

The pressure expansion curves have been analyzed in the conventional manner to 
determine the Limit Pressure (P3, the "Menard" modulus (EM), and the equivalent undrained 
cohesion (SJ. The slope of the load/unload loops is used to determine the shear modulus (Ge) 
The creep strain curves are used to assess the creep pressure (Pf), the pressure at which 
substantial creep movement initiates. 

6.1 LimIt Pressure ( P) 

The limit pressure is conventionally defined as the pressure at which the probe has 
expanded by twice its original volume. As the pressuremeter is never expanded to this value, the 
limit pressure is determined by extrapolation. 

In cohesive material, the total pressure plotted against the radial strain often tends toward 
a straight line. This line is then used to determine the limit pressure by extrapolation to the radial 
strain corresponding to the strain at twice the volume expansion. Adjustments have to be made 
to the strain origin to allow for the initial diameter of the cavity before expansion. 
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 An example of the determination of the limit pressure for Test 111$ given in Figure 3. 
The origin for Test 11 has been shifted by 5% to allow for the initial diameter of the cavity 
before the expansion. The limit pressure determined in this manner is presented in Table II. 

61 Shear Strength 

If the material is assumed to deform as a linear elastic -plastic material, then the slope of 
the pressure against the log of the strain will tend to a straight line (as shown in Figure 3) and be 
proportional to the shear strength where: 

Shear strengtht (change in pressure) / (natural log of the change in strain) 

The shear strength determined by this method is presented in Table II. In view of the 
assumption concerning the material behavior, this strength can be considered only as an 
indicator of the material behavior. 

6.3 "Menard" Modulus (EM) 

The Pressuremeter modulus, EM, (a form of Young's Modulus) is determined from the 
slope of the liner portion of the pressure -expansion curve (line EF in Figure 2 ). The Menard 
modulus is given by.- 

E(l+I.L)* slope of the pressure I radial expansion strain 
(where ji, the Poisson's ratio, is assumed to have a value of 0.3) 

6.4 Load/Unload Modulus (G_) 

The low strain shear modulus 0, as determined from the slope of the load/unload 
loops, is given by: - 

0 0.5 * slope of the pressure! radial expansion strain 

The equivalent Young's Modulus, E, can be calculated from the shear modulus 
from the following expression: E = 20(1 + p.). However, a value of the Poisson's ratio has to be 
assumed. For mall deformations, a value of 0.3 for the Poisson's ratio is probably a reasonable 
estimate. The load unload shear modulus 0 is presented in Table Ill. 

am 
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Pressure 
(psi) 

Pressuraneter Data Geotransit Consultants 
Eastslde Extension, Metro Rail Project September 151995 
Hole No DD21 Depth 99.51k D:\DATALOSANthERTECI I .P 

I 2 5 7 10 
Log Radial DtsplacaneutlRadlus(%) 

HUGHES 

shill S 

Shear Slr.igth 
Limit i%n....e 



File name Depth 
(feet) 

Limit 
Pressure 

(P1) 

(psi) 

"Cohesion" 
(psi) 

Menard 
Modulus (Er..) 

(psi) 

Creep 
Pressure 

(P,) 
(psi) 

Ertecl.p 28 ft 

Ertec2.p 40.5 ft *0* 0*0 

Ertec3c.p 47 ft 540 70 21,600 320 

Ertec4c.p 53.5 ft 860 200 13,460 340 

Ertec5.p 60 ft 530 30 14,940? 400 

Ertec6.p 66.5 ft 570 110 9,900 370 

Ertec7.p 73 ft 720 140 11,060 370 

Ertec8.p 79.5 ft 1,240 310 16,600 >450 

Ertec9.p 86 ft 690 140 9,420 380 

Ertecl0.pli 92.5 ft 570 120 5,680 300? 

Ertecll.pli 99.5 ft 760 180 9,220 370 

Ertecl2.pli 107.5 ft *0* *0* 000 

Ertecl3.pli 112.5 ft 860 180 12,500 *ss(I) 

Note (1) Creep measurements not taken 

Table II. Standard Pressuremeter Interpretation P, EM and P 

A1-9 



7.0 Alternative Method of Analysis 

The procedure used in this section was developed to handle data from tests in which the 
material has been disturbed during the insertion of the probe. The disturbance comes as a result 
of material collapsing into the hole, stress relief, or the formation of a poor hole caused by some 
obstruction, such as stones and gravel in the hole. In this procedure, the field curve is used as a 
basis for developing an idealized pressuremeter curve for the particular material. The better the 
definition of the field curve, the better the definition of the ideal curve. The mathematical 
process briefly described above is known as an inversion process. 

In this inversion method, the material is assumed to deform according to a mathematical 
model. The model is then used to predict the field curve. The parameters used in the model are 
adjusted to give the most appropriate fit, using an interactive computer program. 

The simplest model for cohesive materials is to assume the soil deforms elastically until 
the shear stresses are such that the soil fails at a constant shear stress. This model is based on the 
procedure proposed by Menard for the analysis of pressuremeter tests in clay. 

This model requires three parameters: 

I) Initial shear modulus (i.e. the secant shear modulus from zero strain to the 
initiation of failure) 

2) Total insitu lateral stress 
3) Shear strength 

An example of this technique as applied to Test 3, in a clay/silty sand material, is given 
in Figure 4. The assumed linear -elastic stress strain curve for the undrained behavior of the 
argillite is the lower graph in the figure (green line). The ideal pressure expansion curve, derived 
from the assumed undrained stress strain curve, is given by the smooth continuous line through 
the field data (blue line). Adjustments have to be made to the strain origin to allow for the initial 
size to the cavity. 

The results of this analysis are presented in Table ifi and in Appendix ifi. The result of 
this alternative analysis is not to indicate that the material under test is actually purely cohesive, 
but that the parameters selected give some match to the field data. 

It is important to emphasize that it is the set of narameters that match the field data. No 
one parameter should be considered in isolation and used with parameters obtained from other 
tests. If some of the parameters are obtained by alternative means, then the remainder of the 
parameters may have to be adjusted to make the model match the field pressuremeter data. 
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Pressure 
(psi) 

600 

450 

300 

150 

0 

Pressuremeter Data Ceotransit Consultants 
Eastalde EstaSea, Metro Rail Ftojecl Septauber 13199$ 

tide No. 0027 Depth 47 ft IDe DADAT4LOSANGERTEC3.P 

Field Dais 

Clay Model Cur 

Undrilned Siren Sirain Curve 

-y 
0 2 4 6 

Radial Dtsplaceznent/Kadius(%) (Shear Strain) 

hUG II ES 

shift 0 

S 

GIBSON'S CLAY MODEL. 

Shear Sfreogth SO p'1 

lnsiiu Sires 60 psi 

Shear Modulus 20000 psI 

Shear Stress (psI) 



File Name Depth Secant 
Modulus 

(psi) 

Cohesion 
(psi) 

Total Lateral 
Stress (psi) 

Cyclic Shear 
Modulus G 

(psi) 

Ertecl.p 28 ft 

Ertec2.p 40.5 ft >26,000 

Ertec3c.p 47 ft 20,000 80 60 72,220 

Ertec4c.p 53.5 ft 8,000 170 40 55,000 

Ertecs.p 60 ft 50,000 70 100 122,500 

Ertec6.p 66.5 ft 8,000 110 50 32,780 

Ertec7.p 73 ft 8,500 145 50 42,000 

Ertec8.p 79.5 ft 8,500 240 60 48,680 

Ertec9.p 86 ft 8,400 140 50 29,050 

Erteclo.pli 92.5 ft 4,000 130 70 31,540 

Erteci 1.pli 99.5 ft 6,000 155 70 31,540 

Ertecl2.pli 107.5 ft - 

Ertecl3.pli 112.5 ft 7,000 180 80 32,670 

Table III. Alternative Analysis of the Data assuming a Cohesive Model 
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 In general, a reasonable match can be found for all of the tests, with the exception of Test 
5, at 60 ft depth. In this test, a crude fit can be found only by moving the origin to the right. This 
would indicate that the pilot hole into which the instrument was placed was undersize, and that 
the instrument was forced into place. The second unusual feature is the very flat pressure 
expansion curve above 450 psi. If the soil is again assumed to be cohesive, and deform at 
constant volume but not at constant shear stress, the model proposed by Arnold (1981) gives a 
better fit to this data. The results of this analysis, presented in Appendix Ill, indicate thai the 
material at this location is perhaps brittle, and the material surrounding the cavity is cracking as 
it expands. 

The tests have also been analyzed on the assumption that the soil behaves as a frictional 
material having no cohesion. This model assumes that the soil deforms at a constant friction 
ratio during failure. Further, during the failure process, the material either contacts or expands, 
depending on the density and stress state of the gramilax material. 

This model requires four parameters: 
1) Initial shear modulus (the secant modulus from zero swain up to the failure 

stress ratio) 
2) Effective lateral stress 
3) Friction angle 
4) Critical state frictional angle 

The results of this model analysis are presented in Table W. As noted above, the result 
of this alternative analysis is not to indicate that the material under test is actually a purely 
frictional material, but that the set of narameters selected give some match to the field data. 

8.0 Tunnelling problem 

If the pressuremeter could be installed in the ground without any disturbance, and then 
made to contact inwards, the pressuremeter would then be able to measure the convergence 
behavior of the soil as the pressures were reduced. In this situation, the pressuremeter would 
model the movements in the soil adjacent to a vertical shaft, as illustrated in Figure 5. 

In the dense materials at the above site, this type of installation would be very difficult. 
However, some indication of the convergence behavior of the soil surrounding a vertical shall 
can be determined by considering the final unloading curve. As the pressure is unloaded at the 
end of the test, from point A onwards, the radial stresses in the soil are initially in excess of the 
circumferential stresses. However, as unloading continues, the radial stresses reduce, and the 
circumferential stresses rise. Part -way down a point is reached (B), at which the stresses are 
equal, and hence there is no shear on the soil. It is this section of the curve, from B to C, that is 
of interest This section of the curve, with the appropriate scaling, can be used to give an 
indication of the behavior of the convergence of the soil from the insitu stress conditions 3,-C.. 
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Figure 5. Convergence of Soil surrounding a Shaft 
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File name Depth Friction 
Angle 

Secant 
Modulus (psi) 

Effective Lateral 
Siren (psi) 

Cyclic Shear 
Modulus (psi) 

Ertec3c.p 47 ft (1) 72,220 

Ertec4c.p 53.5 ft 44 12,600 40 55,000 

Ertec5.p 60ft (1) 122,500 

Ertecó.p 66.5 ft 38 8,000 55 32,780 

Ertec7.p 73 ft 40 9,660 60 42,000 

Ertec8.p 79.5 ft (1) 48,680 

Ertec9.p 86 ft 40 7,500 65 29,050 

ErteclO.p 92.5 ft 40 6,800 45 31,540 

Ertecll.p 99.5 ft 41 7,250 60 31,540 

Ertecl3.p 112.5 ft (1) 32,670 

Notes 1) These test results indicate that the material is behaving in a predominantly 
cohesive m2nner. Therefore it not appropriate to analyze this data with a purely 
frictional model. 

2) The water table is assumed to be at 97 ft. 
3) The critical state friction angle has been assumed to be 32 degrees. 

Table IV. Alternative analysis of the Data assuming a Frictional Model 
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 Alternatively, the material parameters derived from the expansion phase of the 
pressuremeter test can be used to calculate the convergence of the cavity. It should be noted, 
however, that if gravity forces are significant, use of the unloading pressurenieter curve to 
determine the convergence effects could be misleading. 

r 

9.0 References 

The following ten covers recent research on Pressuremeter Testing and Analysis:- 

Mair, Ri., and Wood, D.M. 1987. Pressuremeter Testing Methods and Interpretation. CIIUA 
Ground Engineering Report. Butterworths, London. 

The following reference is not covered in the above: - 

Arnold, M. 1981. An Empirical Evaluation of Pressuremeter Test Data. Canadian Geotechnical 
Journal 18: 455-459. 
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Appendix I. Basic Pressuremeter Data 
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LABORATORY TESTING 

The results of laboratory testing performed in conjunction with this project accompany this appendix. The 
following laboratory tests were performed on representative samples in accordance with the latest applicable 
American Society for Testing Materials (ASTM) and California Deparmient of Transportation (Caltrans) 
standards. Laboratory test results are summarized in Tables 3-6 and 4-3. 

CLASSIFICATION 

Soils were classified visually in accordance with ASTM Test Method D2488-90. Where laboratory test results 
were available classification was in accordance with ASTM Test Method D2487-90. The soil classifications 
are presented in the test data and boring logs. 

MOISTURE AND IN PLACE DENSITY 

The field moisture content and in place dry density determinations were performed on relatively undisturbed 
California Drive samples obtained from test borings. The moisture content was obtained in accordance with 
ASTM Test Method D2216. The in place dry density was computed using the net weight of the entire (ring) 
sample. The results of these tests are presented in the boring logs. 

PARTICLE SIZE ANALYSIS 

Grain size distribution of soil samples were obtained in accordance with ASTM Test Method D422. 
Laboratory test results for the grain size analysis are summarized in Table B -I. Figures B -I through B-56 
present the grain size distribution curves. 

FINES CONTENT ANALYSIS 

Fines content (percent passing #200 sieve) of soil samples was obtained in accordance with ASTM Test 
Method Dl 140. Laboratory test results for the fmes content analysis are summarized in Table B-i. 

AI7ERBERG LIMiTS 

Tests for Atterberg Limits (Liquid Limit and Plasticity Index) were performed according to ASTM Tests 
Method D4318. Laboratory test results for the Atterberg Limits are summarized in Table B-2. These results 
are also presented along with grain size distribution curves. 

SPECIFIC GRAVITY 

Specific gravity tests were performed on fme-grained (passing #4 sieve) soil samples in accordance with 

ASTM Test Method D854. 
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UNCONFINED COMPRESSION TESTS 

- Unconfined compression tests were perfonned on selected relatively undisturbed soil samples in accordance 
with procedures outlined in ASTM Test Method D2168. The soil samples (height/diameter ratio of about 2) 
were subjected to a constant strain rate of 1 percent per minute. Laboratory test results for the unconfmed 
compression tests are summarized in Table 8-3 and graphically presented in Figure 8-57. 

DIRECT SHEAR TESTS 

Direct shear tests were performed on selected relatively undisturbed soil samples which were saturated under 
surcharge equal to the applied normal force during testing. The apparatus used is in conformance with the 
requirements outlined,in ASTM Test Method D3080. The test specimens. 2.4 inches in diameter and 1 inch 
in height, were subjected to shear along a plane mid -height after allowing time for pore pressure dissipation 
prior to application of shearing force. 

The samples were tested under normal loads of 3, 6 and 12 ksf with a different specimen being used for each 
normal load. Drained and undrained direct shear tests were performed on coarse- and fine-grained soil 
samples, respectively. The samples were sheared at constant rates of strain ranging 0.0025 inches per minute. 
Shearing of each specimens was continued until the shear stress became essentially constant or until a 
deformation of approximately 10 percent of the original diameter had been reached. Laboratory test results 
for the direct shear tests are summarized in Table 8-4, and are graphically presented in Figures 8-58 through 
B-66. 

CONSOLIDATION AND COLLAPSE TESTS 

Consolidation tests were performed on selected relatively undisturbed soil samples in accordance with 
procedures outlined in ASTM Test Method D2435. The samples were placed in a consolidometer and loads 
were applied incrementally in geometric progression. The samples (2.4 inches in diameter and 1 inch in 
height) were pennitted to consolidate under each load increment until the slope of the characteristic linear 
secondary compression portion of the thickness versus log of time plot was apparent. 

The percent eonsolidation for each load cycle was recorded as the ratio of the amount of vertical compression 
to the original 1 -inch height. Hydroconsolidation (collapse) and/or expansion characteristics were also 
evaluated by monitoring the change in volume with the addition of water while the specimen was confmed 
under a constant normal stess. The consolidation test results are summarized in Table 8-5 and are graphically 
presented in Figures 8-67 through 8-73. 

TRIAXJAL PERMEABILITY TESTS 

Triaxial permeability tests were performed on selected relatively undisturbed soil samples in accordance with 
procedures outlined in ASTM D5084. The samples were saturated by the application of back pressure and 
tested under an effective confming pressure equivalent to the in situ vertical stress. Water flow between the 
top and bottom of the sample was measured by applying a pressure head difference of 2 psi. Laboratory test 
results for the permeability tests are summarized in Tables 3-5 and 8-6 and are tabular presented in Tables 
8-8 and 8-9, 
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pH, CHLORIDE CONTENT, SULFIDES CONTENT, SULFATE CONTENT AND ELECTRICAL 
RESLSTmTY TESTS 

The concentrations of water soluble sulfate ions of selected soil samples were determined in accordance with 
the Caltrans Method No. 417-B. Soil pH values were determined in accordance with USEPA Method 9045. 
Sulfides content was determined in accordance with USEPA Method 9030. Chloride content was determined 
in accordance with Caltrans Method No 422. Tests to determine the electrical resistivity were conducted in 
general accordance with Caltrans Method No. 532. Electrical resistivity tests were conducted at in situ 
moisture content on all samples. The results of pH. chloride content, soluble sulfate content and electrical 
resistivity evaluations are presented in Table B-7. 
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TABLE B-i. RESULTS OF GRAIN SIZE AND FINES CONTENT TESTS 

Boring 

Number 

Sample 

Number 

Sample 

Depth 

USCS 

Classificalion 

ASTM D2487 / 

ASTM D2488 

Geologic 

Unit 

Grain -Size 

Distribution 

ASTM D422 

GR:SA:FI 

(%) 

Percent 

Passing 

#200 Sieve 

ASTM D1140 

(%) 

SD-iS 
_____________ 

5-1 5 SM 

__________ 

Qa 0:53:47 

D-2 10 SM 45 

S-3 15 SM 0:65:35 

s -S 25 ML 1:46:53 

S-7 35 SM 18:69:13 

5-9 45 (SP-SM) 12 

D-10 50 SP-SM 7 

S-lI 55 (SM) 25:62:13 

S-13 65 (SM) 13 

S -IS 75 (SW-SM) 20:65:12 

D-18 90 SM 37 

S-19 
95 SM 1:76:23 

D-22 110 CL 59 

SD -16 D-1 10 CL Qa 

- 

52 

S-2 15 SC 2:60:38 

D-3 19 (SP-SM) 10 

S-4 25 (SM) 16:68:16 

S-6 35 SC 3:51 :46 

D-7 39.0 SM 19 

S-8 45 SW-SM 18:71:11 

S-10 55 SW-SM 31 :57:12 

D-11 60 
1 

SW-SM 10 

S-12 65 (SM) 1:81:18 

D-13 68.5 CH 82 

5-15 75 SM 1:76:23 

D-16 80 SP-SM 8 

S-17 85 CL 85 

S-19 94 CL 60 

S-21 1051SC 0:57:43 
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TABLE B-i. RESULTS OF GRAIN SIZE AND FINES CONTENT TESTS 

Boring 

Number 

Sample 

Number 

Sample 

Depth 

(ft) 

USCS 

Classthcalion 

ASTM D2487 / 

ASTM D2488 

Geologic 

Unit 

Grain -Size 

Distiibution 

ASIM D422 

GR:SA:Fl 
(°4) 

Percent 

Passing 

#200 Sieve 

ASTM Dl 140 

(°%) 

SD -i7 S-2 10 GM Qa 52:35:13 

S-4 20 CL 9:39:52 

D-5 25 SP-SM 9 

S-6 30 SM 11:71:18 

S-8 40 ML 0:35:65 

D-9 45 SM/ML 50 

D-11 55 SP-SM 7 

S-12 60 ML 5:38:57 

S-14 70 SW-SM 17:71:12 

S-16 60 ML 0:45:55 

D-19 95 SM 34 

SD-lB S-4 20 SM Qa 

- 

1:57:42 

S-6 30 SM 15 

40 r SM 27:52:21 

D-9 45 GP -GM 6 

S-10 50 (ML) 4:41 :55 

D-11 
J 

55 SM 21 

S-12 60 SM 14:63:23 

S-14 65 SM 26 

S-16 75 ML 0:29:71 

D-17 80 (CL) 51 

S-20 90 SM 8:77:15 

DD -27 D-1 10 SM Qa 20 

S-4 21 SM 14:73:13 

S-9 35 CL 1:19:80 

D-11 42 CL 66 

S-12 47 CL 1:47:52 

S-14 53.51SM 9:50:41 

DD -27S S-17 60 ML Qa 0:44:56 I__________________ 
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TABLE B -I. RESULTS OF GRAIN SIZE AND FINES CONTENT TESTS 

Boring 

Number 

Sample 

Number 

Sample 

Depth 

(ft) 

USGS 

Classification 

ASTM 02487 / 
ASTM D2488 

i 

Geologic 

Unit 

Grain -Size 

Disti'ibution 

ASTM D422 

QR:SA:Fl 

(%) 

Percent 

Passing 

#200 Sieve 
ASTM 01140 

(%) 

DD -27S S-19 66.5 SM Qa 1:70:29 I_________________ 
5-21 73 ML 0:35:65 

S-23 80 SM 14 

D-24 81.3 SM 27 

S-25 86 SM 16:62:22 

S-27 92:5 SM 0:79:21 

S-30 100.5 ML 0:49:51 

S-33 112.5 
1 (SC) 5:61:34 

D-36 124 CL 0:35:65 

DD -28 D-3 20 CL Qa 

- 

60 

D-5 30 SM 40 

D-7 40 CL 56 

S -a 44 CL 0:35:65 

D-9 50 CL 96 

S -b 53.5 SM 5:80:15 

D-11 60 (SP-SM) 9 

S-12 63.5 CL 1:36:63 

S-14 70 (CL) 0:49:51 

5-16 76 ML 67 

S-lB 82 SM 0:59:41 

D-19 85 SP 3 

S-20 88 ML 0:49:51 

D-21 90.5 SM 29 

S-22 94 ML 0:27:73 

D-23 97 ML 63 

5-24 100 ML 0:32:68 

D-25 105 ML 54 

S-26 107 ML 0:39:61 

S-28 115 SM 0:76:24 
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TABLE B-i. RESULTS OF GRAIN SIZE AND FINES CONTENT TESTS 

Boring - 

Number 
Sample 

Number 

Sample 

Depth 

(ft) 

USCS 

Classification 

ASIM D2487 I 

ASTM D2488 

Geologic 

Unit 

Grain -Size 

Disthbution 

ASTM D422 
GR:SA:Fl 

(%) 

Percent 

Passing 

#200 Sieve 

ASTM Dl 140 

(%) 

DD -62 S-9 41 SM Qa 4-4-47 

S-il 47 SM 6:68:26 

S-13 53 (SP-SM) 27:62:11 

S-15 59' (SP-SM) 45:47:8 
5-17 65 (SM) 20:61:19 
S-19 71 ML 0:20:80 
S-21 77 ML 0:38:62 
D-22 80 SM 15 

S-23 83 SM 33 

NOTES: 
1. GR:SA:Fl=Gravel: Sand: Fines (percent passing #200 sieve) 
2. USCS Classifications are based on the visual -manual procedure (ASTM 2488) 

and laboratory test results (ASTM D2487). 
a. Some of the material classifications (identified in parentheses) shown in column 4 of this 

table are not consistent with the general classification of that interval in the boring logs. 
This generally occurs in gravelly and cobbly layers where due to presence of gravels 
and cobbles larger than sampler size (2.4 -inch inner diameter), laboratory gradations and 
classifications only reflect the finer matrix materials in alluvium. 
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TABLE B-2. RESULTS OF ATTERBERG LIMITS TEST 

Boring 

Number 
Sample 

Number 

Sample 
Depth 

(ft) 

USGS 

Classification 

ASTM D2487 I 
ASTM 02488 

Geologic 
Unit 

Atterberg 
Umits 

ASTM D431 8 

LL,PL,PI 

SD-iS 0-4 20 CL Qa 48,22,26 

S-li 85 CL 32,19,13 

S-21 105 CII 63,23,40 

SD -16 0-13 68.5 CII Qa 53,21,32 

0-18 89.0 CL 40,15,25 

0-23 113.0 CL 28,14,14 

T-27 124 CL Tf/Tp 34,15,19 

SD-li D -l7 85 CL Qa 44,13,31 

D -2l 105 CL Tf/Tp 43,18,25 

SD -18 D-3 15 CL Qa 47,24,23 

D-17 80 CL 31,13,18 

D-21 94 CL 33,18,15 

DD -27 0-11 42 CL Qa 40,19,21 

00-28 0-15 73 ML Qa 38,30,8 

DD -62 D-2 10 SC Qa 30,20,10 

S-9 41 SC-SM 21,14,7 

0-10 1 CL -ML 25,20,5 

NOTES: 

1. LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index 

2. USCS Classifications are based on the visual -manual procedure 

(ASTM 2488) and laboratory test results (ASIM 02487). 



TABLE B-3. RESULTS OF COMPRESSION TESTS 

Boring Sample Sample USCS Geologic Unconfined 

Number Number Depth Classification Unit Compressive 
ASTMD248T/ Strength 
ASTM D2488 ASTM D2166 

(ft) (ksf) 

SD -16 T-27 124 CL 
I 

Tf/Tp 
I 

12.224 

NOTE: 

USCS ClassifiCations are based on the visual -manual procedure (ASTM 2488) 
and laboratory test results (ASTM 02487). 
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TABLE B-4. RESULTS OF DIRECT SHEAR TESTS 

Boring 

Number 
Sample 
Number 

Sample 
Depth 

(ft) 

USCS 
Classification 

ASTM D2487 / 
ASTM D2488 

Geologic 
Unit 

Direct Shear 
ASIM D3080 

(Peak Strength) 
Effective 
Cohesion 

(PSF) 

Effective 
Friction 

Angle 
(DEGREES) 

SD -15 0-4 20 CL Qa 1400 27 

D-10 50 SP-SM 400 37 

SD -16 D-7 39.0 SM Qa 0 45 

D-26 123.0 CL Tf/Tp 3000 25 

SD -17 D-9 45 SM/ML Qa 600 31 

D-17 85 CL 2000 25 

SD -18 D-17 80 CL Qa 920 29 

DD -275 D-24 81 SM Qa 1200 32 

DD -28 D-19 85 SM Qa 1300 
I 41 

. 
NOTE: 

USCS ClassifiCations are based on the visual -manual procedure 

(ASTM 2488) and laboratory test results (ASTM D2487). 



TABLE B-5. RESULTS OF CONSOLIDATION TESTS AND COLLPASE POTENTIAL 

Boring 

Number 
Sample 
Number 

Sample 
Depth 

(if) 

USCS 

Classification 

ASTM D2487 / 
ASTM D2488 

Geologic 
Unit 

Consolidation Characteristics, ASIM D2435 
& Collapse Potential, ASTM D5333 

Cc' Cs' Cx Vertical 
Stress 
(KSF) 

$well(+)/ 
Collapse(-) 

(%) 

SD -15 0-18 90 J SM Qa 0.063 0.006 0.0011 1 -0.1 

SD -16 D-13 88.5 CH Qa 0.082 0.02 0.0006 8 0.3 

D-18 89 CL 0.075 0.020 0.0006 10 0.26 

SD -17 D-17 85 CL Qa 0.08 0.018 0.001 1 0.31 

D-21 105 CL Tf/Tp 0.05 0.016 0.0004 10 0.88 

SD -18 D-21 94 CL Qa I 
0.076 0.012 10.0007 1 0.52 

I 
DD -62 D-4 20.0 i SP-SM I QaI- - - 2.51 -0.17 

NOTES: 

1. USCS Classifications are based on the visual -manual procedure (ASTM 2488) and 

laboratory test results (ASTM D2487). 

2. Compression Index (Cc') and Swelling Index (Cs') are based on vertical strain -log stress plot 

Rate of Secondary Compression (Cx') is based on vertical strain -log time plot. 

3. Swell/Collapse indicates measured strains in sample when saturated from in situ moisture 

conditions at approximately the in situ overburden pressure. 



TABLE B-6. RESULTS OF TRIAXIAL PERMEABILITY TESTS 

Boring Sample Sample USCS Geolo9ic TflSal Permeability 

Number Number Depth Classification Unit ASTM D5084 

ASTM D2487/ 
ASTM D2488 

Effective Permeability 
Confining (cnvec) 

Stress 

(if) (psi) 

SD -15 0-14 70 SP Ga I 30 4.OE-04 

DD -28 _ID -15 73 ML Qa 60 5.OE-O6 

NOTE: 

USCS Classifications are based on the visual -manual procedure (ASTM 2488) 
and laboratory test results (ASTM D2487). 
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TABLE B-7. RESULTS OF CORROSIVITY TESTS 

Boring Sample Sample USCS Geologic Soil pH Sulfate Chloride ln-situ/cminimum> 

Number Number Depth Classification Unit USEPA Content Content Electrical 

ASTM D2487 I Method 9045 DOT CA DOT CA Resistivity 

ASTM D2488 Test 417-B Test 422 @ Insitu/cAdjusted> 

(ft) (ppm) (ppm) Moisture Content 
DOT CA Test 532 

(ohm -cm) 

SD -15 S-13 65 SM Qa 8.50 95 110 862 

SD -16 D-13 69 CH Qa 7.44 121 I 
107 1531 

SD -17 5-8 40 ML Qa 7.85 I 
76 57 2329 

I 
SD -18 S -b 50 ML Qa 6.76 138 907 <2941> 

DD -27S D-22 74.5 SM Qa 6.97 46 90 <2128> 

DD -28 S-20 88 ML Qa 7.421 1 60 <2778> 
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SOIL DESCRIPTION: Dadc Olive Scown Lean Clay (CL) 
Eastside Extension 

One -Dimensional Consolidation 
Properties of Soils 

(ASTM D 2435) 
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G.oTrIt r Eastside Extension 
SOIL DESCRIPTION: DarK Olive Lean Clay (CL) i4.s- I Metro Redline II 

One -Dimensional Consolidation 
Properties of Soils 

(ASTM D 2435) 
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SOIL DESCRIPTION: Yellowish Brown Lean Clay (CL) 
Eastside Extension 

One -Dimensional Consolidation 
Properties of Soils 

(ASTM D 2435) 
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Laboratory Test Results 

Measurement of Collapse Potential of Soils 
(ASTM D5333) 

PROJECT NAME:Metyo Rail Redlino- Eastside Extension 0. 11.111) EARTh TECH NO.: 96-370-90006 
CLIENT PROJECT NO.: 95-8347-24 CLIENT: EARTH TECH, INC.- Irvine 
SUMMARIZEDDY: sp DATE: February 22,1996 CHECKEDBY:DATE: J -J3 9 

BORING NO.: 00-62 Sample No.: 0-4 
Dry Density (pcf): 101,5 DEPTH(ftj: 20.0 
Soil Description : Yellowish Brown Silty Sand (SM) 
Initial Moisture (%): 19,4 Final Moisture (%) : 23.2 
Initial Length (in.): 1.0000 Final Dry Density (pcf) : 102.0 
Initial Dial Reading: 0.2569 Initial Void Ratio: 0.661 
Diameter(in): 2.425 Specific Gravity: (assumed) 2.70 
Initial Saturation (%) 79.2 Final Saturation (%) : 95.6 

PRESSURE 
(p) 

(ksf) 

FINAL 
READING 

(in) 

APPARENT 
THICKNESS 

(in) 

APPARATUS 
COMPLIANCE 

(%) 

SWELL (+) 
SETREMENT -) 

%OFSAMPLE 

ThICKNESS 

VOID 
RATIO 

CORRECTED 

swat. (+ 
SE'flLEMENT(-) 

(%) 

0.10 0.2567 1.0000 0.00 0.00 0.661 0.00 

0.25 0.2547 0.9980 0.03 -0.20 0.658 -0.23 
0.50 0.2514 0.9947 0.06 -0.53 0.653 -0.59 
1.00 0.2449 0.9882 0.10 -1.18 0.643 -1.28 

2.50 0.2325 0.9758 0.22 -2.42 0.625 -2.64 
H2C 0.2308 0.9741 0.22 -2.59 0.622 -2.81 

Swell / Collapse Potential, percent -0.171 

0.00 

-0.50 

E -1.00 
U 
0) a. -1.50 
6 
- -2.00 
0 0 

-2.50 
C 
I- - C') -3.00 

-3.50 . -4.00 

Compression Curve of the Swell I Collapse Potential 

H 

__I___ 

±TTL __ __ N 
\ Inun toy H \ VL'.. 
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0.01 0.10 1.00 

Applied Vertical Stress, ksf 
10.00 

Figure B -73a 
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BORING NO.: DD -62 Sample No.: D-4 

DEPIH(tt): 20.0 

ca1cuauuq: c2; 
2425 

aarnsø'ntSes&* ', 

WgtOtRnmt tst? 
i.000 

192.05 
45.16 

:4elPtfl aftetc&wó Iict1øth!fl . 

Before Test 
0.9719 

Wifit Sws 111.23 
102.53 

WeIgMofContahsfa* 57.68 

0.100 0.000 
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C 
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Figure BrT3b 



S TABLE B -B SATURATED *RAULIC CONDUCTIVITY S 
(TRIAXIAL CELL) 

TEST PROCEDURE NO. ASTM 0 5084/EPA 9100 
FALLING HEAD METHOD 

Project Name: Enisid. Ext. - IAet,o Rdhnø oIell Pressure: 121.8 psi Initial Sample Height: 2.4783 In 

Project No: 95-8347-14 Bottom Pressure (Pb): 93.8 psI Initial Area of Sample: 4.6696 sq. In. 

Boring No.: SD- 15 Top Pressure (Pt): 91.8 psI Finat Sample lit.' ((): 2.4639 in 

Depth(tl): 70.0 ConsolidatIon Pressure: 30.0 psi Final Sample Area (A)': 4.6147 sq. in. 

Sample No.: SD -IS Burette Area (intluent) (Ai): 0.401 sq. in. Tested by: KIat/PAA Date: 09/08195 

Sample Type: Drive Burette Area (effluent) (Ao): 0.396 sq. in. Input Checked by: X°, Date: 09/11/95 

Sample Description: Y.IIBtwn, 5w,d (SP) with ceav.Wol. Change During Consol.: 0.203 Cu. In. 

'After Consolidation 

Date 

08 -Sep -95 

Time 

09:29 AM 

Incrementa 

Elapsed 

Time (t) 

0 

Temp. 

C______ 
Water Height 

Intluent 

Burette (hi) 

27.5 

Water Height 

Effluent 

Burette (ho) 

2.5 

Uncorrected 

Hydraulic 

Conductivity(k) 

Corrected 

Condurftity 

at 20 C 

Inflow Rate/ 

Outflow Rate 

Remarks -- 

___________ _____ 
initialReading 

08 -Sep -95 09:29AM 0.5 24.0 23.2 6.6 4.8E-04 4.4E-04 1.01 AverageLest4rdgs=4.OE-04 
08 -Sep -95 09:3OAM 0.5 24.0 19.6 10.6 4.3E-04 4.OE-04 0.96 UpperLlmit=5.OE-04 
08 -Sep -95 

08 -Sep -95 

08 -Sep -95 

08 -Sep -95 

09:30 AM 

09:31 AM 

09:31 AM 

09:32AM 

0.5 

0.5 

24.0 

24.0 

16.2 

12.8 

9.5 

14.3 

17.6 

20.9 

23.9 

4.4E-04 4.OE-04 

3.9E-04 

0.93 Lower Limit= 3.OE-04 

4.3E-04 1.04 

0.5 

0.5 

24.0 4.5E-04 4.IE-04 

3.9E-04 

1.01 

24.0 6.5 4.3E-04 1.01 

k=Ai.Ao.L.In(hl/h2)/(A.t.(Ai+A0)) where hI, h2= ((Pb-Pt)/Y+(hi-ho) at tO-(change in hi + change in ho) at tI and 12 V = Water Density 



Project Name: 

Project No: 

BouingNo.: 

Depth(tt): 

Sample No.: 

Sample Type: 

Sample Description: 

TABLE B-9 SATURATED HYuJRAULIC CONDUCTIVITY 
(URLAXIAL CELL) 

TEST PROCEDURE NO. AS1M 05084/EPA 9100 
EAWNO HEAD METhOD 

Easiskie Ext.-MeVo RSIIne (II)Cell Pressure: 132.5 psi 

95-8347-14 Bottom Pressure (Pb): 74.5 psi 

DD -28 Top Pressure (Pt): 72.4 psI 

73.0 Consolidation Pressure: 60.0 psi 

D-15 Burette Area (influent) (Ai): 0.361 sq. in. 

Ddve Burette Area (eMuent) (Ao): 0.374 sq. in. 

Yellow Sown. SiN.(ML) Stiff Vol. Change During Consol.: 0.530 Cu. in. 

Initial Sample Height: 3.0083 in 

Initial Area of Sample: 4.6186 sq. in. 

Final Sample Ht.* (L): 2.9701 in 

Final Sample Area (A)*: 4.4997 sq. in. 

Tested by: TM Date: 10/18/95 

Input Checked by: .t 1' Date: 10/23/95 

* After Cnncnlidatlnn 

Date Time 

(nan) 

Incremental 

Elapsed 

Time (t) 

(mm) 

Temp. 

C 

Water Height 

Influent 

Burette (hi) 

jcrn) 

Water Height 

Effluent 

Burette (ho) 

--(cm) 

Uncorrected 

Hydraulic 

Conductivity(k 

(cnYsec) 

Corrected 

Conductivity 

at 20 C 

JciWsccL 

Inflow Rate/ 

Outflow Rate 

__________ 

Remarks 

20 -Oct -95 
20 -Oct -95 

08:44 AM 

09:01 AM 

0 

17 22.9 

27.5 2.2 

as 4.3E-06 

initial Reading 

26:2 4.6E-06 0.97 Average Last4rdgs= 5.OE-06 

20 -Oct -95 09:I4AM 13 22.9 4.6 5.2E-06 4.9E-06 0.97 Upperunit= 6.2E-06 

20 -Oct -95 
20 -Oct -95 

09:27AM 

09:54 AM 

13 22.9 23.9 5.8 5.7E-06 5.4E-06 0.97 LowerUnit=3.7E-06 
27 23.0 21.9 7.7 4.6E-06 4.3E-06 1.02 

20 -Oct -95 10:07AM 13 23.0 21.0 8.6 4.SE-O6 4.2E-06 0.97 

20 -Oct -95 10:22AM 15 23.1 19.9 9.7 4.8E-06 4.5E-06 0.97 

20 -Oct -95 10:39AM 17 23.1 18.7 10.8 4.5E-06 4.2E-06 1.05 

20 -Oct -95 10:53AM 14 23.1 17.7 11.8 4.8E-06 4.5E-06 0.97 

20 -Oct -95 11:27AM 34 23.2 14.9 14.5 5.6E-06 5.2E-06 1.00 

20 -Oct -95 
20 -Oct -95 

11:43AM 

11:57AM 

16 

14 

23.2 

23.2 

13.5 

12.5 

15.8 

16.8 

6.OE-06 5.6E-06 

4.8E-06 

1.04 

0.97 5.2E-06 

k=Ai.Ao.LIn(hlIh2)/(A.t(Ai+Ao)) where hi, h2= ((Pb-Pt)PY+(hi-ho) at tO-(change In hi + change In ho) at ti and 12 V = Water Density 
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. APPENDIX C 

EARTHWORK GUIDELINES 

Earthwork and site preparation activities will encompass clearing and grubbing, subgrade preparation for 

pavements and structural support, excavation for foundations, utility line relocations, and fill placement. 

The following guidelines are provided for earthwork associated with the First/Lorena station with 

crossover. 

Clearinp and Grubbinv 

Fill material, trash and any vegetation should be removed from the site area to be graded. Subsurface 

conditions at the site may differ from those observed in the borings and, therefore, a qualified geotechnical 

engineer should inspect and approve the prepared graded area prior to the placement of fill. 

Excavations 

Minor excavations at the site will include those for utility lines and near -surface foundations. Major 

excavations will be for the main station housing the rail facilities. Recommendations for major temporary 

excavations are presented in Section 5.5 of this report. Temporary shallow excavations to a depth of 5 feet 

can be expected to remain stable with 1 H: 1V (one horizontal to one vertical) slopes for short periods. 

Temporary excavations deeper than 5 feet should be shored or sloped back at 1-1 /2H: IV. 

Recommendations for sloped excavations deeper than 5 feet are presented in Section 5.5 of this report. 

Due to the granular nature of the alluvium, raveling and running conditions should be anticipated. 

Fill materials may consist of excavated onsite granular soils or approved clean granular soils free of 

expansive materials, debris, organic contaminants or rock fragments larger than 6 inches. 

The following specifications are recommended for fill placement. 

All areas that are to receive compacted fill shall be observed and approved by a 

geotechnical engineer 

Prior to fill placement, exposed soil surfaces shall be scarified to a depth of 6 inches, 

moisture conditioned as necessary and compacted to at least 90 percent of the maximum 

dry density as determined by procedure ASTM D1557 

031496.RPTI 1108110 



 All fill materials shall be placed in horizontal lifts not exceeding 8 inches in loose 

thickness, moisture conditioned to a moisture content 1 to 3 percent above optimum 

moisture content and mechanically compacted to at least 90 percent of the maximum dry 

density as determined by ASTM procedure D1557. Each lift should be compacted before 

the next lift is placed. 

A geotechnical engineer or an experienced soils technician shall observe fill placement and 

compaction and conduct in -place field density tests on the compacted fill to verify the 

adequacy of compaction. 

In deep fill areas or fill areas, and structure foundation subgrade areas, the compaction requirement shall 

be increased to 95 percent of the maximum dry density (ASTM D 1557), as directed by a qualified 

geotechnical engineer. 

Subrade PreDarafion 

Subgrade for shallow footings shall be overexcavated to a minimum depth equal to the footing width and 

replaced with properly compacted fill. Overexcavation shall extend a minimum distance equal to half the 

width or 2 feet, whichever is larger, beyond the perimeter of the footing. Fifi shall be compacted to at least 

95 percent of the maximum dry density as detennined by ASTM Procedure D- 1557. 

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. 

The mat foundation shall be underlain by a minimum 2 -foot -thick dense granular material with an in situ 

density of at least 95 percent of 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 in layers, the 2 -foot zone below the foundations. In fine grained alluvium, 

the exposed subgrade shall be overexcavated at least 2 feet below the design grade and replaced with fill 

compacted to project specifications. If the mat is directly placed on the native materials, rock fragments 

larger than 6 thches should not be allowed in the exposed subgrade. The compacted fill blanket should 

extend a minimum of 5 feet beyond the foundation perimeter. 

05I496.RPT/ 11081.10 



Overexcavations and susbgrade preparation shall be observed by the Geotechnical Engineer. Based on 

exposed field conditions, overexcavation depths may be increased by the Geotechnical Engineer. 

Adequate positive drainage should be provided away from the surface structures to prevent water from 

ponding and to reduce water percolation into subsoils. If there is any granular backfill directly underneath 

the area of surface drainage, the backfill should be covered or capped with at least 18 inches of relatively 

impervious compacted fill. Fine grained alluvium excavated at the site wifi be suitable for this purpose. 

0514%.RP'rI 11081.10 


