
TI. - 

at. t 

Ceo téöhnióal inveàtigation for: 

Preliminary Engineering Program 
Eastside*téä ibn 

Métto Red Line rojeàt 
VolUme lot II 

. - - -__-- I. 

:w;$:.z. 

C 

:ifi:____nU - __ 

nit 

[tn 

Geotransit Consultahts 
100W. BroadaySufté 5000 

Long Beach, California 90802-4443 



g 

2 - 
Geotechnical Investigation for: 

Preliminary Engineering Program 
Eastside Extension 

w Metro Red Line Project 00 Volumelofll 

.. ÀY 



Geotechnical Investigation for: 

Prefiminary Engneeving Program 
Eastside Extension 

Metro Red Une Project 
Volume I of II 

. 
t 

-.4 . 
___ 

- 'J -. -1- -:- -',c'.--f 
.,dt._½t*4 

r.-- - -1 -- r-tr . 

- - 

.> .5rStg%ttt ,a -MZ,- 

- - - -------- - - 

0 "flfl: 
wUst;P; : _-ti 

- 

fl 

- - 

I 
GeoTraneft Conoultaflit J 

100W Broadway, Suite 5OOOj*I 
Long Beach, California 90 02 



PRELIMINARY GEOTECHNICAL INVESTIGATION . EASTSIDE EXTENSION 
METRO RED LINE 

TABLE OF CONTENTS 

1.0 EXECUTIVE SUMMARY .................................... 1-1 
1.1 GENERAL ........................................ i-i 

1.2 PROPOSED ALIGNMENT .............................. 1-1 
1.3 SCOPE ........................................... 1-1 
1.4 GEOLOGIC SEITING ................................. 1-2 
1.5 GROUNDWATER LEVEL .............................. 1-3 

1.6 SUBSURFACE STRATIGRAPHY .......................... 1-3 

1.7 GASSY CONDITIONS ................................. 14 
1.8 ANTICIPATED GROUND BEHAVIOR AND SUPPORT ............ 1-5 

1.9 LIQUEFACTION POTENTIAL ........................... 1-5 

1.10 SOIL AND GROUNDWATER CONTAMINATION .............. 1-6 

1.11 CORROSION POTENTIAL ............................. 1-6 

1.12 RECOMMENDATIONS ............................... 1-7 

2.0 INTRODUCTION ........................................ 2-1 

2.1 GENERAL ........................................ 2-1 

2.2 PROJECT DESCRIPTION ............................... 2-1 

2.3 OBJECTIVES AND SCOPE .............................. 2-4 

2.3.1 Objectives ................................... 2-4 

2.3,2 Scope ...................................... 2-5 

2.4 PREVIOUS INVESTIGATIONS AND AVAILABLE DATA .......... 2-6 
3.0 FIELD EXPLORATION AND LABORATORY TESTING ............... 3-1 

3.1 FIELD EXPLORATION ................................ 3-1 

3.1.1 Borings ..................................... 3-1 

3.1.2 Cone Penetration Testing (CPT) ...................... 3-2 

3.1.3 Piezometer Installation ............................ 3-2 

3.1.4 Groundwater Level Monitoring and Sampling .............. 3-5 

3.2 LABORATORY TESTING PROGRAM ....................... 3-5 

3.2.1 Geotechnical Laboratory Testing ...................... 3-7 

3.2.2 Analytical (Chemical) Testing of Groundwater ............. 3-7 

3.3 FIELD OBSERVATION AND MONITORING OF H1S ............ 3-28 

4.0 GEOLOGIC AND GROUNDWATER CONDITIONS .................. 4-1 
4.1 REGIONAL GEOLOGIC SEllING ......................... 4-1 

021494RPTI 94-IIcO.04 



.,.. 

TABLE OF CONTENTS 

4.2 REGIONAL FAULTING AND SEISMICITY ................... 4-3 

4.2.1 Faulting ..................................... 4-3 

4.2.2 Seismicity ................................... 4-7 

4.3 REGIONAL HYDROGEOLOGY ........................... 4-7 
4.4 LOCAL GEOLOGIC CONDITIONS ........................ 4-12 

4.4.1 Local Topographic Conditions ...................... 4-12 

4.4.2 Surficial Deposits .............................. 4-13 

4.4.3 Bedrock .................................... 4-14 

4.4.4 Local Faulting ................................ 4-16 

4.5 LOCAL GROUNDWATER CONDITIONS ..................... 4-22 

5.0 SUBSURFACE CONDITIONS ................................ 5-1 

5.1 SUBSURFACE STRATIGRAPHY AND GROUNDWATER 
CONDITIONS .................................... 5-1 

5.1.1 General ..................................... 5-1 

5.1.2 Western Segment ............................... 5-2 

5.1.3 Eastern Segment ............................... 5-4 

5.2 ENGINEERING PROPERTIES OF SUBSURFACE MATERIALS ...... 5-6 

5.2.1 Grain Size Distribution ........................... 5-8 

5.2.2 Classification of Fine-Grained Soils .................... 5-9 

5.2.3 Shear Strength ................................. 5-9 

5.2.4 Corrosivity .................................. 5-10 

5.2.5 Compressibility ............................... 5-11 

5.3 LIQUEFACTION POTENTIAL .......................... 5-11 

5.4 SOIL AND GROUNDWATER CONTAMINATION .............. 5-14 

5.4.1 Data from the Current Investigation ................... 5-14 

5.4.2 Other Available Data ............................ 5-17 

6.0 DESIGN AND CONSTRUCTION .............................. 6-1 

6.1 GENERAL ........................................ 6-1 

6.2 SUMMARY OF RELEVANT SUBSURFACE STRATIGRAPHY ....... 6-1 

6.3 TUNNEL ......................................... 6-2 
6.3.1 Excavation and Support ........................... 6-2 
6.3.2 Groundwater Control ............................. 6-4 
6.3.3 Liquefaction Potential ............................ 6-5 

6.4 CUT-AND-COVER STATIONS ........................... 6-6 

6.4.1 Excavation Methods ............................. 6-6 

6.4.2 Shoring Support ................................ 6-6 

6.4.3 Dewatering and Groundwater Control ................... 6-7 

6.4.4 Bottom Stability and Foundation Support ................ 6-10 

. o21494.Rr,94-lI®-04 ii 



TABLE OF CONTENTS 

6.4.5 Liquefaction Potential ........................... 6-10 
6.4.6 Structure/Street Protection ........................ 6-11 

6.5 SOIL/GROUNDWATER CONTAMINATION .................. 6-11 
6.6 GASSY CONDITIONS ................................ 6-12 
6.7 POSSIBLE FAULT CROSSINGS ......................... 6-13 
6.8 OTHER CONCERNS ................................. 6-13 

7.0 CONCLUSIONS AND RECOMMENDATIONS ..................... 7-1 
7.1 CONCLUSIONS ..................................... 7-1 
7.2 RECOMMENDATIONS ................................ 7-4 

8.0 REFERENCES .......................................... 8-1 

LIST OF FIGURES 

Figure No. Title 

2-1 
4-1 

Location Map and Exploration Plan ............................ 
Map of Regional Physiography in a Portion of Southern California ......... 2-2 

4-2 
4-2 Map of Major Faults in a Portion of Southern California ................ 4-4 
4-3 Magnitude 4.0 - 4.9 Earthquakes in Southern California, 1800-1993 ......... 4-8 
4-4 Magnitude 5 and Greater Earthquakes in Southern California, 1800-1993 ...... 4-9 
4-5 Map of Groundwater Basins in the Los Angeles Area ................. 4-11 
6-1 Preliminary Lateral Earth Pressure Distribution on Cantilevered Sheeting ...... 6-8 
6-2 Preliminary Lateral Earth Pressure Disthbution on Braced Sheeting ......... 6-9 

Table No. 

LIST OF TABLES 

Title 

2-1 Existing Subsurface Information ............................... 
3-la Field Exploration Program - Borings and Piezometers ................. 
3-lb Field Exploration Program - Cone Penetration Testing (CPT) ............. 
3-2 Summary of Groundwater Level Readings ........................ 
3-3 Geotechnical Laboratory Test Program .......................... 
3-4 Summary of Laboratory Test Results ............................ 
o21494.RvrI 94-I Icx.O4 iii 

Eg 

2-7 
3-3 
3-4 
3-6 
3-8 
3-9 



Table No. 

LIST OF TABLES 

Title 

3-5 Chemical Laboratory Test Program ............................ 
3-6 Summary of Analytical Tests on Groundwater Samples ................ 
4-1 Estimated Seismic Characteristics of Principal Faults .................. 
5-1 Summary of Estimated Engineering Properties ...................... 
5-2 Alluvial Layers With a Potential for Liquefaction or Strength Loss ......... 
5-3 Summary of Significant OVA Readings and Field Observations of Odors ..... 
5-4 Summary of Available Soil, Groundwater and Gas Contamination Data 

From Other Investigations Near Union Station Area ................. 

Table No. 

LIST OF PLATES 

Title 

3-25 
3-26 
4-6 
5-7 

5-13 
5-16 

5-18 

1A Geology and Exploration Location Map .................... (map pocket) 
lB Alignment Detail Between Union Station and Fourth Street 

Showing Boring Location ............................. (map pocket) 
2A Subsurface Profile of the Eastside Extension .................. (map pocket) 
2B Subsurface Profile Along the Centerline of the CL Track From Union Station 

to Little Tokyo Station ............................... (map pocket) 
3 Cross Section A-A' Across the "Coyote Pass Fault" Escarpment ..... (map pocket) 

LIST OF APPENDICES 

APPENDIX A FIELD EXPLORATION 
APPENDIX B GEOTECHNICAL LABORATORY TEST RESULTS 
APPENDIX C CHEMICAL LABORATORY TEST RESULTS 

021494.Rvr/ 94-1100.04 IV 

VOLUME II 
VOLUME II 
VOLUME II 



. 

- - - 
t 

.' 

\ t"' 

* 

. 

C 

2 
a 

-s 

0 



1.0 EXECUTWE SUMMARY 

1.1 GENERAL 

This report presents the results of a preliminary geotechnical investigation conducted by 

GeoTransit Consultants for the proposed Eastside Extension of the Los Angeles Metro Red Line. 

The primary purposes of this investigation were to gain a preliminary understanding of the 

geologic and geotechnical conditions and associated engineering parameters, and to identify 

potential constraints that may affect the planned design and construction of tunnel and station 

facilities along the alignment. 

1.2 PROPOSED ALIGNMENT 

The proposed alignment is about 6.6 miles long. It begins at Union Station in Los Angeles and 

ends at the intersection of Whittier Boulevard and Oakford Drive in East Los Angeles. The 

Eastside Extension will consist of twin 18-foot inside and 20-foot outside diameter tunnels and 

seven cut-and-cover stations. 

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 

and sampling 31 geotechnical borings and six fault investigation borings, and performing seven 

CPT (cone penetration testing) soundings; installing 16 piezometers and convening seven 

selected piezometers to monitoring wells; monitoring groundwater levels; sampling groundwater 

from monitoring wells; performing limited geotechnical testing on selected soil and bedrock 

samples and limited chemical testing on selected groundwater samples; conducting an 

engineering evaluation; and preparing this report. 
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1.4 GEOLOGIC SETTING 

The alignment is located along the southern flank of the Repetto Hills area of the Los Angeles 

Basin. In this area, the tunnels will be driven through alluvial deposits of Holocene and 

Pleistocene ages. and Tertiary-aged bedrock units of the Fernando and Puente Formations. 

Holocene alluvium is present in the Los Angeles River Narrows floodplain area overlying 

bedrock, and consists of mostly coarse granular deposits with local cobbles and boulders. Both 

granular and fine-grained deposits represent the Pleistocene-aged Old Alluvium which underlies 

the majority of the alignment east of the Los Angeles River Narrows area. Bedrock materials 

will be intermittently encountered within the tunnel envelope along the western half of the 

alignment. The bedrock consists of siltstone. claystone and occasional sandstone with local hard, 

well-cemented zones. 

The alignment is located in an area having a high seismic potential and has experienced ground 

shaking from numerous large earthquakes in historical time. The documented active faults 

closest to the alignment are the east-west trending Hollywood and Raymond faults about 5 miles 

northwest and 4 miles northeast of the alignment, respectively. The area is underlain by the 

Elysian Park seismic zone, the postulated source of the 1987 Whittier Narrows earthquake. The 

seismic zone is postulated to be a concealed, deep thrust fault that in pan expresses itself at the 

surface as the Elysian Hills and Repetto Hills. 

A linear topographic scarp and possibly displaced drainages suggest the presence of faults 

("Coyote Pass fault and unnamed faults associated with it) that cross the alignment at least at 

two locations. An anomalous bedrock high beneath the alluvial deposits in the Los Angeles 

River Narrows is aligned with the projection of the scarp and may indicate that the Coyote Pass 

fault crosses the alignment at a third location. Field investigations performed for other purposes 

show that the Quaternary alluvial deposits in the vicinity of the alignment are being tectonically 

deformed above the Elysian Park seismic zone. Additional investigations will be necessary to 

delineate and characterize this fault and to assess its seismic capability. If the "Coyote Pass 

fault" is active, its potential for movement may become one of the most important concerns in 
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the design and construction of the proposed tunnel and stations along the proposed alignment. 

Another linear escarpment. which may be fault related, is located about 1.3 miles to the south 

of the Coyote Pass escarpment. This escarpment intersects the alignment at one location and 

trends directly south of and parallel to Whittier Boulevard to the west. Similarly, investigations 

will be necessan' to evaluate this feature and its impact on the alignment. 

1.5 GROUNDWATER LEVEL 

Based on current plans and profiles and data from this preliminary investigation, groundwater 

levels are likely to be at or below the planned tunnel and station inverts east of Boring PE-14. 

Data from the current investigation also indicate that groundwater levels will be within or above 

the tunnel envelope west of Boring PE-17. except for the portion approximately betw'en Borings 

PE- 18 (Third Street/Santa Fe Avenue intersection) 'and PE-25 (MTA Railroad Yard on Santa Fe 

Avenue). In this area, a significant discrepancy exists between the data from the current 

investigation and the data obtained from a 1983 investigation by others. The 1983 data suggest 

a groundwater level up to 55 feet higher than the current levels measured in the vicinity of 

Boring FE-lB. Additional investigation will be necessary to evaluate the apparent complex 

nature of the hydrogeological conditions in the general area that may explain the reported 

discrepancy. 

1.6 SUBSURFACE STRATIGRAPHY 

The planned tunnel and station excavations will be within Young and Old Alluvium, and the 

bedrock units of the Fernando and Puente formations. Young Alluvium within the western 

portion of the alignment between Union Station and the vicinity of Station 93+00 (referenced 

as the "western segment" in this report) is heterogeneous and consists of predominantly coarse- 

grained materials ranging from sand to gravels with local zones of cobbles and boulders (to 4 

feet in size). Occasional layers of fine-grained soils consisting predominantly of sandy clay and 

clayey silt are also present in the western segment. 
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The alluvium in the remaining portion of the alignment (referred to as the "eastern segment" in 

this report) is Old Alluvium with Young Alluvium occurring locally along the alignment within 

intermittent drainage courses. Alluvium is very heterogeneous and consists of fine-grained 

materials (clay, sandy clay, silty clay and silt), and sand and gravel with occasional cobbles and 

boulders. 

Bedrock units of the Fernando and Puente formations underlying the Young and Old Alluvium 

will be locally encountered within the tunnel envelope west of Boring PE-17. Within the 

planned tunnel and station excavations, the bedrock materials, when encountered, will consist 

predominantly of very low strength siltstone, claystone and occasionally sandstone with local 

layers of hard, well-cemented calcareous interbeds to 4.5 feet thick, and hard concretionary 

nodules from approximately 2 to 18 inches in size. Except for the hard interbeds and nodules, 

Fernando Formation and Puente Formation strata are expected to behave similarly to the hard 

and dense soils. 

1.7 GASSY CONDITIONS 

Available data from this investigation and several previous investigations performed in the 

vicinity of the Union Station area suggest the presence of hydrogen sulfide (H2S) in groundwater 

and soils, and in intergranular spaces within the unsaturated zone between Union Station and the 

vicinity between Borings PE-18 and PE-29. At this location, there is a "bedrock high" that may 

be acting as a geologic barrier to H25 and groundwater contamination. 

The alignment traverses two known oil fields (Union Station and Boyle Heights oil fields). The 

proximity to oil fields and the permeable (granular) nature of the alluvium along the alignment 

suggest the likely presence of methane and other oil field related gases along the alignment, 

especially along the portions traversing the oil fields as evidenced by high OVA (organic vapor 

analyzer) readings of soil samples from Borings PE-15, (within the Boyle Heights Oil Field) and 

Borings PE-28 through PE-31 (within the Union Station Oil Field). 

. o21494Rrr194.II®.04 1-4 



1.8 ANTICIPATED GROUND BEHAVIOR AND SUPPORT 

Based on the results of this investigation and design and construction experience under similar 

subsurface conditions, it is anticipated that the subsurface conditions along most of the Eastside 

Extension are favorable for conventional soft ground/soft rock tunnel construction techniques 

using mechanical excavation methods within a shield, similar to those used in past and on-going 

Metro Red line construction. However, there are several conditions that may slow the 

excavation progress or create poor face stability and excessive ground settlement problems. 

These conditions include the local presence of cobbles and boulders to 48 and 18 inches in size 

along the western and eastern segments, respectively; mixed-face conditions (between alluvium 

and bedrock units); shallow groundwater conditions in alluvium within or above the tunnel 

envelope; raveling and running/flowing conditions in alluvium of predominantly granular nature; 

local presence of two to five feet thick, hard, well-cemented calcareous interbeds; and the 

potential presence of hard concretionary nodules, beds and lenses (to two feet thick) within the 

bedrock units; and the potential presence of H2S and methane gases. To enhance face stability 

and help mitigate potential ground settlements, preconstruction dewatering to lower the 

groundwater below tunnel inverts, in conjunction with special provisions, such as equipping the 

shield with moveable hoods (poling plates) and breasting doors, the use of earthpressure balance 

machines or pre-construction stabilization of granular materials, will be necessary. 

It is also anticipated that excavation of the proposed cut-and-cover stations can be accomplished 

using readily available mechanical excavation equipment and conventional shoring provisions. 

Preconstruction dewatering is anticipated to be required at the First/Boyle Station and possibly 

the Little Tokyo Station. 

1.9 LIQUEFACTION POTENTIAL 

Standard penetration test (SPT) blow counts are widely utilized in geotechnical engineering 

practice for assessing the liquefaction potential of granular materials that do not contain 

significant gravel or larger size materials. Very high SPT blow counts were observed in the 
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granular alluvium which contains varying amounts of gravel, cobbles and boulders along the 

alignment. These high SPT blow counts are most likely due to the presence of gravel, cobbles 

and boulders and do not represent the consistency of the overall granular soil matrices. Thus, 

these high SPT blow counts are not considered good liquefaction potential indicators of the 

granular alluvium along the alignment. A limited liquefaction potential evaluation performed 

on alluvial layers free of gravels and cobbles indicated the presence of potentially liquefiable 

layers of sand, 3 to 11 feet thick, within and below the tunnel zone. Additional studies using 

Becker Hammer blow count data are recommended to evaluate the liquefaction potential of the 

gravelly and cobbly layers particularly within the segment between Union Station and the vicinity 

of Boring PE-29, and the segment within the limits of the First/Boyle Station. 

1.10 SOIL AND GROUNDWATER CONTAMINATION 

The results of limited chemical testing on selected groundwater samples from this investigation 

and data from other investigations in the vicinity of Union Station suggest potential soil and 

groundwater contamination with hydrocarbons and H2S between Union Station and the vicinity 

of Borings PE-18 and PE-29, where a barrier to H2S and groundwater contamination appears 

to exist. Data from this investigation also indicate potential soil and local perched groundwater 

contamination with hydrocarbons and/or other metals or chemical compounds in the immediate 

vicinity of the known oil fields, LUST (Leaking Underground Storage Tank list by Regional 

Water Quality Control Board) sites and other sites having present or past activities that possibly 

resulted in adverse environmental conditions. The potential for soil and groundwater 

contamination for the alignment has been evaluated and is discussed in a separate Stage II 

Environmental Assessment Report. 

1.11 CORROSION POTENTIAL 

Subsurface soils are moderately to extremely corrosive to metals. Very corrosive soil samples 

were encountered within the fine- and coarse-grained alluvium at shallow depths and within the 

tunnel zone and bedrock. For the most part, soils are mildly to moderately corrosive to 
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concrete. Type II cement should be adequate for most of the alignment. However, occasional 

corrosive zones that may require Type V cement exist along the alignment. 

1.12 RECOMMENDATIONS 

The results of this investigation have provided a needed database for a preliminary understanding 

of the geologic and geoteclmical conditions, and a preliminary characterization of geotechnical 

engineering parameters and potential ground behavior along the Eastside Extension. This 

investigation has also identified a number of concerns and data gaps. Further investigations will 

be necessary to refme the results of this investigation and to address the identified concerns and 

data gaps so that sufficient site- and structure-specific data are obtained for final design and 

construction purposes. 

In addition to a detailed environmental assessment currently underway to characterize soil and 

groundwater contamination and gassy conditions along the alignment, we recommend that the 

following programs be considered: 

. 
U A detailed geotechnical investigation program with closely-spaced borings. Most 

of the borings should be drilled using large diameter bucket auger and/or Becker 

drill rigs so that the extent and size distribution of cobbles and boulders can be 

characterized, and the consistency of gravelly soils in alluvium can be evaluated, 

especially for liquefaction potential assessment purposes. 

U A detailed fault study program including geologic mapping, borings, trenches, 

geophysical surveys and age-dating to further evaluate the presence and 

configuration, and to characterize the seismic capability of the "Coyote Pass 

fault" and an inferred fault located approximately one mile to the south. 
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A geophysical program to further evaluate the altuviumibedrock contact and to 

obtain seismic velocity data for alluvium in areas of shallow groundwater to 

support the liquefaction potential assessment. 

U A detailed hydrogeological investigation consisting of a series of single and multi- 

staged monitoring welts in the area between Boring PE-29 and the vicinity of 

Boring PE-18, where a barrier to H2S and groundwater contamination appears to 

exist, and where there is a discrepancy between the groundwater level data from 

the current investigation and a 1983 investigation conducted by others. 

Performance of pump tests and water quality characterization in the areas that 

require pre-construction dewatering for tunnel and station construction. 

I 
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2.0 INTRODUCTION 

2.1 GENERAL 

This report by GeoTransit Consultants presents the results of a preliminary geotechnical 

investigation for the proposed Eastside Extension of the Los Angeles Metro Red Line. The 

investigation was performed to support the preliminary engineering effort being undertaken by 

Engineering Management Consultant (EMC) for the Los Angeles County Metropolitan Transit 

Authority (MTA). The work was performed under contract to EMC in accordance with our 

proposal dated September 7. 1993 and our proposal for supplementary investigation dated 

December 6, 1993. 

The primary purposes of this investigation were to gain a preliminary understanding of the 

geologic and geotechnical conditions and engineering parameters, and to identify potential 

geotechnical constraints along the alignment. In addition to providing geotechnical data for the 

preliminary design of the alignment, the results will be used for the development of a more 

detailed geotechnical investigation program to better define the subsurface conditions and 

geotechnical parameters along the alignment in support of the final design to be undertaken by 

EMC. 

2.2 PROJECT DESCRIPTION 

Figure 2-1 shows the location of the approximately 6.6-mile long Eastside Extension and 

vicinity. The western terminus is at the south end of Union Station in Los Angeles at about 

Station 13+20. The eastern terminus is the Whittier Boulevard/Oakford Drive Intersection 

(Station 363 + 92.39), about 800 feet east of the Whittier/Atlantic Station in the vicinity of the 

Whittier Boulevard/Atlantic Boulevard intersection in East Los Angeles. 
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From Union Station the alignment runs along two southerly branches, with one branch (CR 

Track) running approximately southerly to South Santa Fe Avenue. and the other (CL Track) 

curving southeast and then southwest until merging with the CR track at the intersection of South 

Santa Fe Avenue and First Street. The alignment then proceeds southerly along South Santa Fe 

Avenue past the Little Tokyo Station. curves southeasterly and crosses the Los Angeles River 

north of the Fourth Street Bridge. The alignment continues in a northeasterly direction to the 

First/Boyle Station; southeasterly parallel to, and about 200 feet southwest of, Brooklyn Avenue 

and along First Street; southerly along Indiana Street and easterly along Whittier Boulevard to 

the eastern terminus (Plates 1A and 1B). 

The Eastside Extension will consist of twin tunnels and seven stations (Little Tokyo, First/Boyle, 

Brooklyn/Soto, First/Lorena. Whittier/Rowan, Whittier/Arizona. and Whittier/Atlantic). The 

tunnels will consist of two single-track 18-foot finished diameter (about 20 feet outside diameter) 

openings in a double-line configuration. Based on the tunnel profile provided by EMC, the 

current planned depths of tunnel inverts range from about 42 feet to about 117 feet below 

existing grade. The tunnels are expected to be constructed using soft-ground tunneling methods. 

Tunnel support will consist of either a one-pass bolt and gasket liner, or a permanent concrete 

liner preceded by initial support during excavation. The stations are proposed to range from 

about 600 feet to 1,000 feet in length, 50 feet to 60 feet in width and are to be constructed by 

cut-and-cover methods. The current planned station inverts range from about 42 feet to about 

118 feet below existing grade. 

For ease of presentation and discussion purposes the proposed alignment was broken into two 

segments: 

Western tunnel segment covering the Los Angeles River Narrows from Station 

13+20 (western terminus) to approximately Station 93+00. 

Eastern tunnel segment from approximately Station 93+00 to Station 363 +92.39 

(eastern terminus). 
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The approximate limits of these segments are shown in Figure 2-1. The station numbers are 

based on the most recent plan and profile drawings for the Eastside Extension Alignment 

(Alternatives 6A and 9B) provided by EMC in December 1993. 

2.3 OBJECTIVES AND SCOPE 

2.3.1 Objectives 

This geotechnical investigation was limited in scope and was performed for preliminary 

engineering purposes only. The objectives of this investigation were as follows: 

I To provide preliminary evaluations of key geologic and geotechnical issues and 

engineering parameters that may affect design and construction of the proposed 

tunnels and stations. 

U To gain an initial general understanding of the groundwater and seismic 

conditions along the proposed alignment. 

I To obtain limited information on potential subsurface contamination levels by 

monitoring soil samples with the organic vapor analyzer (OVA), and by limited 

chemical analyses of selected groundwater samples. 

U To identify potential areas that require further evaluation and make preliminary 

recommendations for more detailed geotechnical investigation programs needed 

for future design. 
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2.3.2 Scope 

The scope of this investigation consisted of the following: 

1. Review of available literature and reports regarding the geologic. geotechnical. 

groundwater and seismic conditions along the alignment. 

2. Planning and coordination of field work, including: 

Development of field procedures and manuals 

Planning of the field investigation program 

Procurement of necessary permits and licenses 

Coordination with government agencies and utility companies prior to, 

during, and after the field work 

Development and implementation of a project-specific Health and Safety 

Plan. 

3. Perfonnance of a field exploration program, including: 

U Drilling and sampling of 31 test borings (PE-i through PE-31) 

Drilling 6 borings (FL-i through FL-6) for a preliminary evaluation of a 
suspected fault trace (Coyote Pass fault) 

Performing 7 cone penetrometer tests (CPT-i through CPT-6 and CPT- 
6A) 

Obtaining OVA readings on soil samples and background environments 

Installing 16 piezometers at selected boring locations and converting seven 
selected piezometers into monitoring wells. 

Obtaining groundwater samples from the monitoring wells. 

Monitoring groundwater levels at all piezometer and monitoring well 
locations and taking water samples from 7 selected monitoring wells for 
chemical testing 

ozI494.RFrI94-IIO4 2-5 



4. Performance of a laboratory testing program on selected representative soil and 

water samples to assess the index and engineering properties of soils, and to 

evaluate general chemical characteristics of the encountered groundwater. 

5. Preparation of this report documenting the preliminary findings, conclusions, and 

recommendations. 

2.4 PREVIOUS INVESTIGATIONS AND AVAILABLE DATA 

Results of previous geologic, geotechnical and environmental investigations performed in the 

vicinity of the proposed alignment were reviewed in order to obtain an early understanding of 

the subsurface conditions along the alignment. The approximate locations of previous work 

(borings) reviewed are indicated in Plates 1A and lB. and summarized in Table 2-1. 

The distribution of geologic units and geologic structural data for the study area were obtained 

from the geologic map of the Elysian and Repetto Hills area prepared by Lamar (1970), and the 

geologic map of the Los Angeles Quadrangle compiled by Dibblee (1989). Differentiation of 

the alluvial deposits into separate units was based on the work of Bullard and Lettis (1993) from 

their study of Quarternary fold deformation in the East Los Angeles area. Research by Dr. 

James Dolan and Dr. Kerry Sieh (personal communication, 1993 and 1994; Sieh 1993; Dolan 

and Sieh, 1992a, b, c) have identified topographic features which they infer to be fault related. 

Geologic information from these sources was compiled onto a 1 inch equals 1,000 feet scale 

topographic base map (Plate 1A - Geology and Exploration Location Map). The map illustrates 

the distribution of general geologic units and structural features such as folds, faults and bedding 

planes. 

Previous geotechnical investigations have been conducted by various consultants for the Metro 

Rail project. Converse Consultants, in association with Earth Sciences Associates and 

Geo/Resource Consultants (1981), conducted geotechnical investigations along the original 18- 

mile Metro Rail project route to provide comprehensive information on subsurface soil, bedrock 
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TABLE 2-I. EXISTING SUBSURFACE INFORMATION 

. 
'age I iii 13 

Boringl Source Ground Total Groundwaterth Geologic Unit Comments 
Water Well Surface Depth (depth in feet) 

ifievation (feet) 
Depth Elevation Date Fill Alluvium Bedrock (feet above 

MSL) (feet) (feet above or 
below MSL} 

CD-Dll-I Converse. Davis and 411.2 93 . - . 0-I I-tO 10-93+ 
Associates, 1972 

CD-Dll-2 Converse, Davis and 435.8 112.4 30 +405.8 11-1-72 0-I I-B 8-112.4 + 
Assnciaies. 1972 

CD-BII-4 Converse. Davis and 325.6 20 - - - 0-I 1-20+ 
Associates. 1972 

CD-WI-S Converse, Davis and 355.3 48 - - 0-I 1-24 24-48+ 
Associates. 1972 

CD-BlI-6 Converse, Davis and 384.4 73 - - - 0-! 1-22 22-73+ 
Associates, 1972 

CD-Bhl-7 Converse. Davis and 379.4 48 45.3 +334.! 10-25-72 0-I 1-48± 
Associates, 1972 

CD-B}-j-8 Converse, Davis and 386 48 - - - 0-Il 11-13 13-48 

Associates, 1972 

CC:CEG-3 Converse and others, 198! 281 150.6 38 ±243 12-15-83 0-5,5 5.5-88.8 88.8- Cobbles and boulders al 42'; 
150.6 -4 piezotneter installed 

CC;CEG-4 Converse and others, 1981 279 150.0 29 +250 12-15-83 0-14 14-101.5 101.5- llydticathi,n odor, caving at II'; 
ISO + cobbly and houldety from fl In 

I 01 .5' pi ezotnete r i nsta I cii 

CC:3-1 Converse and others, 1984 279 21.2 . - - 0-12 12-21.2+ - I,osi circulanon at 18' and 20.5' 

CC:3-IA Converse and others. 1984 279 49.5 25 +254 9-2-83 0-6 6-49.5+ l,ost circulali,,n al 21'. 
plezonieter insialled 

CC:3-2 Converse and others, 1984 276 49.5 0-10.5 10,5+49.5+ - lAst circulation at 20'. and 29'; 
possible groundwater al 17' 

CC:3-3 Converse and others, 1984 269 51 ' - - 0-4 4-5! + Possible groundwater al 34' 

CC:3-4 Converse and others. 1984 269 46.5 - - 0-3 3-46.5+ Caving from ID' to 46.5' 

N) ot1794.T0L194'IIW-04 
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TABLE 2-1. EXISTING SUBSURFACE INFORMATION 

S 

llgc 2 ii I 

Boringf 
Water Well 

Source Ground 
Surface 

Elevation 
(Feet above 

MSL) 

Total 
Depth 
(feel) 

Groundwater"' Geologic Unit 
(depth in feel) 

Conirnents 

Depth 
(feet) 

Elevation 
(feet above or 
below MSL) 

Date Fill Alluvium Bedrock 

CC:3-5 Converse and others, 1984 268 40,5 - - 0-3 3-40.5+ - 

CC:3-6 Converse and others, 1984 268 40.8 - 0-4 4-40.8+ - 

CC:3-7 Converse and others, 1984 266 30.5 25 +241 12-15-83 0-3 3-30.5+ - l'ieztuneier insialled 

CC:3-8 Converse and others, 1984 263 30,7 - - 0-2 2-30.7+ - 

CC:3-9 Converse and others, 1984 266 30 22 +244 12-15-83 0-2 2-30+ 

CC:3-l0 Converse and others, 1984 266 29.5 - - 0-2 2-29.5+ - 

CC:3-t I Converse and others, 1984 264 40.5 - 0-2 2-40.5+ Possible groundwater at 39 

CC:3-l2 Converse and others, 1984 265 50.0 - 0-3 3-50+ Possible groundwater al 35' 

CC:3-13 Converse and others, 1984 265 39.2 - - 0-3 3-39.2+ l'ossible groundwater al 34' 

CC:3-14 Converse and others, 1984 266 45.1 - - 0-3 3-45.1 + l'ossihle groundwater at 34' 

CC:3-15 Converse and others, 1984 264 30.5 23 +241 12-15-83 0-3 3-30.5+ - Cohhles ii 19: pieziuncte' 
installed 

CC:3-16 Converse and others, 1984 262 20 - - I-) 3-20+ - 

CC:3-17 Cotiverse and others, 1984 262 20 - 0-4 4-20+ - 

CC:3-18 Converse and others, 1984 262 30 - 0-5 5-30+ 

CC:3-19 Converse and others, 1984 261 29.5 0-2 2-29.5+ 

CC:3-20 Converse and others, 1984 261 30 0-2 2-30+ 

CC:3-21 Converse and others, 1984 260 30 - - - 0-4 4-30+ - 

CC:3'22 Converse and others, 1984 260 30 ' - 0-3 3-30+ - Caving at I?' 

CC:3'23 Converse and others, 1984 260 3! - - - 0-3 3-31 + - 

Dl 1794.181) 94-1100-04 
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TABLE 2-I. EXISTING SUBSURFACE INFORMATION 

Si 

I'age 3 01 II 

Boring/ Source Ground Total Groundwater'° Geologic Unit Ctimznenls 

Water Well Surface Depth (depth in feet) 

lilevation (feel) 
Depth Elevation Date Fill Alluvium Bedrock (feet above 

MSL) (feet) (feet above or 
below MSL) 

CC:3-24 Converse and others, 1984 259 29.7 24 +235 12-15-83 0-9 9-29.7+ - Cobbles throughout; piczontctcr 
installed 

CC:3'25 Converse and others, 1984 261 10 - - 0-3 3-10+ 

CC:3-26 Converse and others, 1984 261 10 - - 0-2 2-10+ 

CC:3-27 Converse and others,- 1984 259 10 - 0-2 2-10+ - 

CC:3-28 Converse and others, 1984 257 10 . - 0-2 2-10+ - 

CC:3-29 Converse and others. 1984 256 10 - 0-2 2-10+ 

CC:3-30 Converse and others, 1984 254 10 - - 0-2.5 2.5-10+ hydrocarbon odor at 4' 

CC:3-31 Converse and others. 1984 260.4 33 - 0-8 8-33+ Cobbles and houldcrs at IS, 18 

and 26' 

CC:3-32 Converse and others. 1984 261.5 20 - ' - 0-0.7 0.7-20+ Caving from?' to 8' atid at 

10.5', Ii and 16; boulders 
(16") al IF and 14 to IS' 

CC:3-33 Converse and others. 1984 365.7 35.0 - . 0-5.8 5.8-35+ Cing and helling &otn 9' to 

17'; sand with gravel atl ctittstcs 

(ruin 10' to 26' 

CC:3-34 Converse and others. 1984 (22.5 - ' - 0-15.4 15.4-95.5 95.5- insialled; 
122.5+ hydrocarbon odor; oily horn 9 

to 24.5' and 87.0 ho 95.5'; oily 

sandstone inclusions Iroor 95.5 to 

I 22.5; cobbles ln,r 34.5 ii, 
35.5'; cobbles and houldet s ii 

18'; gravel and cobbles a, 4) 

I 
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TABLE 2-I. EXISTING SUBSURFACE INFORMATION 

I';Igc 4 'si 13 

Boring/ Source Ground Total Groundwater4" Geologic Unit Comments 

Water Well Surface Depth (depth in feet) 
Elevation (feet) 

(feet above Depth Elevation Date Fill Alluvium Bedrock 

MSL) (feet) (feet above or 
below MSL) 

CC:3-35 Converse and others, 1984 123 - 0-9.5 9.5-91.5 91.5-123+ Piezr'inetcr installed; boulders al 

17'; 34.5', 42.5 to 44,5', 71' to 

78', 855' ii. 86,5'; hydnicarlion 
odor, oily 

CC:B-l0 Converse and others. 1984 279 107.0 - 0-9 9-95 95-107+ Ilydrocathon odor at 15'. 20', 
SO' and 75'. u.S odor :0 61)'; 

caving it 24' and 70' 

CC:8- II Converse and others. 1984 271 107 - 0-29 29-98 98-107 + Hydrocarbon odor at 55'. lar 
sands at 68' and 81', 11.5 odor iii 
70' 

53-1305:8-I Caltrans, 1959 300.1 - - 0-60+ - 

53-101 :8-I Caltrans, 1963 309.7 52 - - - 0-52+ - 

53-101:11-4 Caltrans, 1963 305.2 52 . - 0-52+ - 

53-1314:11-3 Caltrans, 1957 358.8 60 22 +336.8 9-56 0-60+ - Groundwater possibly perched. 
See 53-1314:134 

53-1314:11-4 Caltrans. 1957 355-1 50 0-50+ Dry at cicvat'tnn 330.6 

53-I 150:8-I Caltrans, 1964 192.9 45 - 0-45+ - 

53-2673:8-I Caltrans, 1985 276.3 76 25.4 +250.9 7-14-80 0-6 6-76+ ' Cobbles ii 10' at 36, 

53-2673:8-2 Caltrans, 1985 275.5 35.7 - - 0-6 6-35.7+ - Cobbles to 8': caving below 25': 
tandtill 

53-2673:8-3 Caltrans, 1985 292.1 65 - - 0-25 25-65+ - Cobbles 8' to t2'; caving: 
landfill 

53-2673:8-4 Caltrans. 1985 279.3 72 22.4 +256.9 7-14-80 0-28 28-35 35-72+ Organic odor in bedrock 

53-2673:8-5 Caltrans, 1985 277.9 70 - - - 0-7 7-58 58-70+ Organic odor at 38' 
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. . 

TABLE 2-I. EXISTING SUBSURFACE INFORMATION 

. 

Page 5 of I 

Boring/ Source Ground Total (3roundwater' Geologic Unit Comments 
Water WdI Surface Depth (depth in feel) 

Elevation (feet) 
Depth Elevation Date Pill Alluvium Bedrock (feet above 

MSL) (feet) (feet above or 
below MSL) 

53-2673:8-6 Caltrans, 1985 281.6 65 - - - 0-14 14-47 4765+ Bedding inclined trout 6W ii, 
nearly yen cal 

53-2673:8-7 Caltrans. 1985 292.5 44.5 - - - 0-27 27-445+ Cobbles to IIY; caving; tandtill 

53-2673:0-14 Caltrans, 1985 277.5 50 - 0-3 3-50+ Boulders estimated to IS' 

53-2673:0-li Cattrans, 1985 277.2 102.2 - 0-2 2-87 87-102.2+ Scattered cobbles 

53-2673:0-IS Caltrans. 1985 278.3 51.8 23.0 +255.3 7-14-80 0-3 3-51.8+ Free hydrocarbons; Large cobbles 
repul led 

53-2673:8-19 Caltrans, 1985 278.9 38.9 32.4 +246.5 9-29-54 0-20 20-38.9+ Cobbles reported; size unknu,wn 

53-2673:0-20 Caltrans, 1985 278.6 20.6 - . - 0-10 10-20.6+ Free liydrocarhttns-, cobbles 
repiiuicd 

53-2673:8-21 Caltrans, 1985 278.3 38.3 - . - 0-12 12-38.3+ - Free hydrocarbons; cobbles 

reported 

53-2673:0-22 Caltrans. 1985 277.4 30 - - - - 0-30+ 

53-2673:8-23 Caltrans. 1985 246.0 61 11.8 +234.2 2-23-53 - 0-61 + Free hydrocarbons; refusal on 
cobbles 

53-2673:0-24 Caltrans, 1985 246.0 53 12.0 +234.0 2-23-53 0-9 9-53+ . Fr hydrocarbons: ItS odor; 
refusal 'in cobbles 

53-2673:8-25 Caltrans, 1985 279.5 40 - . - 0-3 3-40+ 

53-2673:8-27 Caltrans, 1985 274.0 30 . . - - 0-30+ Cobbles to 10" 

53-2673:0-28 Caltrans, 1985 274.0 28 - . - 0-28+ Boulders to IS'; caved (bit, Ii' 
to 26' 

8-301 Earth Technology, 1987a 275.8 60 32 +243.8 6-1-87 - 0-60+ . Monitoring well installed; cot,hly 
from 18' to 20' and at 40' 

t'3 
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TABLE 2-1. EXISTING SUBSURFACE INFORMATION 

l'lge 64,1 1.1 

Boring/ Source Ground Total Groundwater'0 Geologic Unit Comments 
Waler Well Surface Depth (depth in feel) 

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

MSL) (feet) (feet above or 
below MSI.) 

8-302 Earth Technology. 1987a 276.6 41 28 +248.6 6-5-87 0.41+ - Cobbles at IS', IV', 32 arid 38' 
(IVA > I 111$) tlllttl ai 85 

B-302A Earth Technology, 1987a 276.6 113 - - - 0-97 97-113 + 

B-303 Earth Technology, t981a 27S.t 40 27 +248.1 6-15-87 0-40+ - Cobbles al 8.5' atid 19 

B-303A Earth Technology, 1987a 275.1 93 - - 0-84 84-93-4- Cobhles au 44' to 47' "id oh'; 
OVA >1,0(X) PR"' au 86.5 

8-304 Earth Technology, 1987a 276.4 35 27 +249.4 6-17-87 O-l2) 12f1)-35+ - ('t,hhles at 17' and 24; 
nmnitori,,g well installed; 
Itydrocarho,, and I 115 iwl,,, 

licay jog sands 0 or" 17.5 to 3.5 

B-304A Earth Technology, 1987a 276.4 60 - - 0-t2(7) (2ç?)-60+ - 

8-305 Earth Technology. 1987a 276.2 110.5 - 0-17 17-102.5 102.5- Cobbles at 40' and 45' 
110.5+ 

8-305A Earth Technology. l987a 276.2 36 27.8 +248.4 7-22-87 0-17 17-36+ - Cobbles at IS and 23' 

8-306 Earth Technology, 1987a 278.0 98.7 26.5 +253.5 7-14-87 0-89 89-98.7* Cobbles at 20'; ItS cwhur at 55'; 
Ireavi,,g sai,d at 75'; high OVA 
readings below 75' 

8-201 Earth Technology, 1987b 277.4 46.5 29 +248.4 3/8/87 0-7 7-46.5+ 

8-202 Earth Technology, 1987h 277.3 50 29 +248.3 1/8/87 0-2.75 2.75-50+ - 

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

8-204 Earth Technology, 1987b 275.5 60 30 +245.4 1/12/87 05 5-60+ 160 ppm on OVA 

8-205 Earth Technology. 1987b 274.7 60 30 +244.7 1/13/87 0-5.5 5.5-60+ 

8-206 Earth Technology. 198Th 276.8 4 - - 0-4 - 

I') 
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TABLE 2-I. EXISTING SUBSURFACE INFORMATION 

l'qc 7 itt IA 

Boringt 
Water Well 

Source (3,ound 
Surface 

Elevation 
(feet above 

MSL) 

Total 
Depth 
((ceO 

Groundwater Geologic Unit 
(depth in feet) 

Comments 

Depth 
(feet) 

Elevation 
(feet above or 
below MSLj 

Dale Fill Alluvium Bedrock 

B-206A Earth Technology. 1987b 276.5 40 29.5 +247 1/9/87 0-40+ - 

8-207 Earth Technology, 1987b 276.9 60 30 +246.9 1/12/87 0-10 10-60+ Ileavitig s-and 45-641' 

B-208 Earth Technology, 1987b 270.6 60 25 +245.6 1/13187 0-60+ Creosote odor; cmihhles at 20' 

8-209 Earth Technology. 1987b 273.6 50 30 +243.6 1/21/87 0-5 5-50+ - ll,S odor 

8-112 Earth Technology, 1987c 227 45.5 30 + 197 1/25/87 0-0.5 0.5-45.5+ l'emrolcutii odor 

fl-I 13 Earth Technology, 1987c 226 40.5 30 + 196 11/25/87 0-0.5 0.5-40.5+ - 

8-114 Earth Technology, 1987c 278 55.5 30 +248 11/26/87 0-7.5 7.5-55.5+ Cohhles at 14' 

8-I IS Earth Technology. 1987c 278 60.5 30 +248 12/1/87 0-0.5 0.5-60.5+ - ('olihics trout 32' to SI' 

B-I 16 Earth TechnoIogy 1987c 278 30.5 30 +248 12/2/87 0-3.5 35-30.5+ 

8-117 Earth Technology. 1987c 278 60.5 30 +248 12/2/87 0-3.5 3.5-60,5+ Cohhles at 19' 

8-I Earth Technology, 1986 . 44 - - - 0-4 4-44+ - Cohhles at 16' 

8-2 Earth Technology. 1986 - 35 - 25.7 0-4 4-35+ Piezimijieter; cohhles a! Ii' 
8-4 Earth Technology. 1986 - 57 - - 0-4.5 4.5-57+ 

8-5 Ea,ih Technology, 1986 5 - - 0-5 - - Rehar and bricks 

8-SE Earth Technology, 1986 - 45 0-4 4-45+ - 

8-6 Earth Technology. 1986 5 - 0-4 455+ - I'etroleuin If) 

B-6A Earth Technology. 1986 - 35.5 - 0-4.5 4.5-35,5+ - 

B-i Earth Technology, 1986 . 45 - - 05 5-45+ - l'etrutcutn (1) 

B-BA Earth Technology. 1986 - IS . - - 0-4.5 4.5-15+ . lilt underground lank (7) 

1'.) 
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TABLE 2-1. EXISTING SUBSURFACE INFORMATION 

. 

Page HoE 13 

Boring/ Source Ground Total Groundwaterd Geologic Unit Comments 

Water Well Surface Depth (depth in feet) 
Elevation (feet 

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

below MSL) 

B-8D Earth Technology, 1986 60 - - 0-4.5 4.5-60+ Far 

B-9A Earth Technology, 1986 - 50 - - 0-3.5 3,5-50+ - Petrolcutit lound in lf0 

B-b Eanh Technology. 1986 - 55 - - 0-2 2-55+ Petroleum lijund in llt); licavitug 

sand at 47 

B-Il Earth Technology, 1986 - 60 23.6 - 11/14/86 0-3 3-60+ - Piezutneter inslalled; OVA goes 

til scale 

2765 Los Angeles County 259.0 - 109.1 + 149.9 3-79 - - Water well 
Department of Public Works 90.0 + 169.0 10-38 

113.6 +145.4 4-72 

27651) Los Angeles County 
Department of Public Works 

2766 Los Angeles County - 300 0-169 169-300+ 
Department of Public Wurks 

2766A Los Angeles County - 300 - - - 0-185 185-300+ 
Department of Public Works 

2775 Los Angeles County 268.0 100 52.6 +215.4 10-75 0-76 76-10(1+ Water well 
Department of Public Works 40.2 +227.8 11-34 

70.8 + 197.8 6-40 

2776A Los Angeles County 225 - - 

Department of Public Works 

2807 Los Angeles County 200.0 556 156-2 +43.8 11-90 - 0-556+ Water well 

Department of Public Works 126.6 +73.4 335 
286.2 -86.2 4-60 

-p. 0Il794.TBt.J94-Il-O4 
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TABLE 2-1. EXISTING SUBSURFACE INFORMATION 

. 

I'ge 9 ol I) 

Boring! Source Ground Total GroundwatS'1 Geologic Unit Comments 
Water Well Surftce Depth (depth in feet) 

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

MSL) (feet) (feet above or 
below MSL) 

2808A Los Angeles County 185.0 744 196.2 -1.2 11-77 0-744+ 
Department of Public Works 192.8 -8.5 4-71 

220.7 -77.8 12-72 

2808C Los Angeles County 197.9 - 241.7 -43.8 4-78 - Water well 
Department of Public Works 239.8 -41.9 4-70 

284.0 -86.1 10-60 

28188 Los Angeles County 188.6 - 162.0 +26.6 4-92 - Water well 
Department of Public Works 131.5 +57.1 2-43 

388.0 -199.4 5-59 

2818C Los Angeles County 187.2 - 191.0 -3.8 10-88 - - - Water well 
Department of Public Works 155.0 +32.2 1-47 

338.0 -150.8 7-57 

2818D Los Angeles County 184.5 - 351.0 -166.5 7-78 - - Water welt 
Department of Public Works 146.0 +38.5 7-44 

363.0 -178.5 6-78 

2827A Los Angeles County 227.0 680 196.2 +30.8 11-60 0-680 680+ Destroyed in 1961 

Department of Public Works 192.8 +34.2 4-59 
220.9 +6.3 5-51 

2827D Los Angeles County - 296 - - 0296+ - Uestruyed in 1945 

Department of Public Works 

2827F Los Angeles County 2t LI - 386.8 +24.3 5-83 - Water well 
Department of Public Works 185.8 +25.3 I 1-82 

352.0 -140.9 4-66 

2827G Los Angeles County 200.4 - 184.0 +16,4 4-92 - - Water well 
Department of Public Works 209.0 -8,6 2-SI 

348.0 -147.6 9-60 

N.) 
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TABLE 2-1. EXISTING SUBSURFACE INFORMATION 
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Boring/ Source Ground Total Groundwater" Geologic Unit Comments 
Water Welt Surface Depth (depth in feet) 

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

MSL) (feet) (feet above or 
below MSL) 

2827J Los Angeles County 210.5 - 201.3 +9.2 11-79 - - Water well 
Department of Public Works 133.2 +77.3 11-74 

262.8 -52.3 1-62 

2828 Los Angeles County 192.9 306 182 + 10.9 9-51 - 0-306+ Destroyed ii, 1957 
Depanment tif Public Works 119.9 +73.4 3-35 

228.0 -35.1 3-50 

2828A Los Angeles County 193.0 - 189.9 +3.1 9-51 - - - 

Department of Public Works 120.0 +7,3 1-35 
206,9 -13.9 7-49 

2828D Los Angeles County 196.0 - 244.0 -48.0 2-77 - Water well 
Department of Pubtic Works 202.0 -6.0 2-51 

378,0 -182 9-60 

2828E Los Angeles County 195.0 - 236.5 -41.5 11-80 - - Water wett 
Department of Public Works 210.5 -15.5 4-5! 

346.5 -151.5 5-61 

28281 I.os Angeles County 185.8 - 175.0 +10.8 4-92 - - Water well 
Department of l'uhlic Works t70.0 + 15.8 4-85 

323.0 -137.2 9-57 

2828G Los Angeles Couny 193.1 - 110,0 +23.1 4-92 - Water welt 
Department of Public Works t94.0 -0.9 4-77 

342.0 -148.9 9-60 

2837A Los Angeles County 196.0 407 203.0 -7 1-68 - 0-407+ - 

Department of Public Works 107.0 +89 1-46 
352.5 -156.5 9-60 

28378 Los Angeles County 196.5 - 158.0 +383 4-92 - - Water well 
Department of Public Works 123.2 +73.3 1-35 

368.0 -171.5 7-74 

OIl794.T8L/94-ll-04 0) 



. . 

TABLE 2-1. EXISTING SUBSURFACE INFORMATION 

t 
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Boring/ Source Ground Total Gmundwatez'1 Geologic Unit Comments 
Water Well Surface Depth (depth in feel) 

Elevation (feet) 
Depth Elevation Dale Pill Alluvium Bedrock (Feet above 

MSL) (feet) (feet above or 
below MSL) 

2838A Los Angeles County 174.2 500 131.0 +43.2 4-92 - 0-500+ Water well 
Department of Public Works 131.0 +43.2 4-92 

277.0 -129.8 7-78 

28388 Los Angeles County 161.6 142.0 + 19.6 4-92 - - Water well 
Department of Public Works 138.4 +23.2 150 

263.4 -101.8 9-57 

2847 los Angeles County 190.0 534 201.5 -11.5 11-80 - 0-534 + - Watet well 
Department of Public Works 116.0 +74.0 2-42 

360.5 -170.5 5-61 

2847B Los Angeles County 2037 470 145.0 +58.7 4-92 - 0-470+ Water well 
Department of Public Works 145.0 +58.7 4-92 

323.0 -119.3 7-57 

2847C Los Angeles County 228.3 200.0 +283 4-92 - Waler well 
Department of Public Works 150.8 +77.5 4-35 

322.0 -93.7 9-60 

2857C Los Angeles County 228.0 212.0 +16.0 It-SO - Water well 
Department of Public Works 212.0 + 16.0 2-70 

336.0 -108.0 8-60 

MW-I Thrifty Oil Company, 1993 Not reported 41.5 - - - 0-I 1-415+ - Petroleum odor from IS-ill 

MW-2 Ttwitiy Oil Company. 1993 Not reported 51.5 - - - 0-1.5 15-515-4 - Petroleum odor throughout 

MW-3 Thrifty Oil Company. 1993 Not reported 46.5 - - - 0-0.3 0.3-41.5+ . Petroleum odor throughout 

MW-4 Thrifty Oil Company. 1993 Not reported 515 - - 0-1.5 1.5-51.5+ - Petroleum odor throughout 

8-5 Thrifty Oit Company. 1993 Not reported 20.5 . - - - 0-20.5+ - 

8-6 Thrifty Oil Company. 1993 Not reported 20 - - - 0-20+ - 

8-7 Thrifty Oil Company. 1993 Not reported 20 - - - - 0-20+ 

01l794.IBL/94-1t00-04 -S 
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TABLE 2-1. EXISTING SUBSURFACE INFORMATION 

l'tge 12 ol 

Boring! 
Water Well 

Source Ground 
Surface 

Elevation 
(feet above 

MSL) 

Total 
Depth 
(feet) 

Groundwater"' Geologic tJnit 
(depth in feet) 

Comments 

Depth 
(feet) 

Elevation 
(feet above or 
below MSL) 

Date Fill Alluvium Bedrock 

B-S Thrifty Oil Company. 1993 Not reported 20 - - - 0-20+ - 

8-9 Thrifty Oit Company, 1993 r4os reported 20 - - 0-20+ 

B-to Thrifty Oil Conipany. 1993 Not reported 20 - - - 0-20+ 

B-ti Thrifty Oil Cutup-any, 1993 Not reported 40 - - 0-40+ Petroleum odor lo 25' 

B-fl Thrifty Oil Company, 1993 Not reported 40 - - 0-40+ 

BC-I Brown and CaIdwell 
Consultants, 1993 

192 40 - - - 0-12 12-40+ Petroleupti odor to 20' 

BC-S Brown and CiIdwetl 
Consultants. 1993 

192 65 - - - 0-ID 10-65+ Ilard to drill Iit,:n 45 Iii 65' 

BC-9 Brown and CaIdwell 
Consultants, 1993 

192 60 - - 0(7)-60+ - (:,nduct,r casing 0-20 

E-2 EMCON. 1993 approx. 290 95.5 - - 0-95.5+ 

811-3 EMCON. 1993 approx. 290 tO - - 0-3 3-10+ 

8-3 EMCON, 1993 approK. 290 91 - - 0-91 + 

8-4 EMCON. 199] approk. 290 86 - - 0-86+ - 

8-6 EMCON, 1993 approx. 290 90.5 - 0-90.5+ - 

8-7 EMCOt-1, t993 approx. 290 90 - - - 0-90+ - 

DEl-I EMCON. 1993 approx. 290 45 - 0-9 9-45+ 

flu-S EMCOM. 1993 approx. 290 20 - - - - 0-20+ 

8-9 EMCON, 1993 appro. 290 95.5 - - - 0-95.5- 

a 
011794. IBId 94-I 100-04 
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TABLE 2-I. EXISTING SUBSURFACE INFORMATION 

. 

Page 13 ol 13 

Boring/ 
Water Well 

Source Ground 
Surface 

Elevation 
(feel above 

MSL) 

Total 
Depth 
(feel) 

Groundwater'" Geologic Unit 
(depth in feet) 

Comniculs 

Depth 
(feet) 

Elevation 
(feet above or 
below MSL) 

Dale Fill Alluvium Bedrock 

13-13 EMCON, 1993 approx. 290 76 - - - 0-76+ 

E-14 EMCON. 1993 approx. 290 70 - 0-15 15-70+ 

3-I CTL, 1992 280 50.5 45 +235 4-10-92 0-IS 15-50.5+ Pelroleupn odor to 45' 

B-2 CTL, 1992 280 46.5 45 +235 4-10-92 0-IS 15-46.5+ Petroleum odor to 25 

B-) CTL, 1992 280 46.5 45 +235 4-10-92 0-15 15-46.5+ Petroletin, odin to 35 

Note: I. Most recent, historic high and historic low groundwater measurements are indicated for Los Angeles County Department of Public Works immitored waler wells. 

To s 
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and groundwater conditions. Several of the borings completed for that investigation were located 

in the vicinity of the Los Angeles River near Union Station. The Converse Consultants team 

(1984) also conducted geotechnical investigations for Design Unit A 100. for which a total of 33 

borings were drilled and 5 monitoring wells were installed. In a gernechnical investigation for 

the Metro Pasadena Line. a number of borings were drilled by Law/Crandall. Inc. (1993) near 

the Union Station area 

Earth Technology (1986, and 1987c and 1987d) carried out a series of environmental 

investigations for the original A-130 corridor to evaluate the nature of contamination in that area. 

Subsequent investigations by Earth Technology (1987a and 1987b) focused on assessing the 

environmental and geotechnical conditions of the realigned A-130 corridor. 

Subsurface data from other environmental studies for which geologic and groundwater data are 

available were also incorporated into the data base presented in Table 2-1 (Brown and Caldwell 

Consultants, 1993; Emcon Southwest, 1993; Levin-Fricke, 1993; Thrifty Oil Company, 1993; 

CTL Environmental Services, 1992 and Woodward Clyde Consultants, 1986). 

. 
The hydrogeologic conditions of the area are discussed in a report by the California Division of 

Water Resources (1961). That report provides a description of the geology of the water-bearing 

sediments within the Los Angeles Basin and includes historical data on the groundwater 

conditions. More recent groundwater information was obtained from the Flood Control District 

of the Los Angeles County Department of Public Works, the local agency responsible for 

maintaining records of groundwater levels and logs for wells in the county. 

Logs of test borings from investigations performed by the California Department of 

Transportation (Caltrans, 1985a, 1985b, 1964, 1963, 1957a, 1957b and 1953) for seven selected 

freeway bridge structures near the alignment were obtained and reviewed. 

Subsurface geologic and geotechnical data obtained from preconstruction and postconstruction 

investigations for the City Terrace trunk sewer tunnel were reviewed. The sewer tunnel trends 

021494.RPT/94-ll®-04 2-20 



generally southward for about 4.600 feet as a 6.5-foot diameter unmet driven through old 

alluvium and Fernando Formation and Puente Formation bedrock beneath the heights of City 

. 

Terrace (Plate 1A). A report by Converse. Davis and Associates (1972) includes exploratory 

subsurface data from eight bucket auger borings and two NX core holes along the alignment. 

After completion of the tunnel by a mechanical boring machine, as-built logging of the tunnel 

was conducted by both Converse. Davis and Associates (1975) and LeRoy Crandall and 

Associates (1979) in response to a claim of changed conditions by the tunneling contractor, who 

asserted that hard cemented zones in the Fernando Formation had not been properly evaluated 

in the initial geotechnical exploration. As-built geologic logging found that less than two percent 

of the strata that were tunneled, contained hard well cemented, calcareous and/or siliceous 

nodules. lenses and discontinuous beds in otherwise uncemented sandstone. siltstone and fine 

silty sandstone of low to moderate hardness. Irregular well-cemented zones ranging in size front 

2-inch nodules to lenses and beds up to 12 feet in length were noted in the course of logging. 

O2I494.RPT/94-l1-04 2-21 



0 
0) 
C 
.9 

. 

. 



. 
3.0 FIELD EXPLORATION AND LABORATORY TESTING 

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

performed in this program. 

3.1 HELD EXPLORATION 

Field exploration consisted of drilling and sampling 31 borings along the alignment and six fault 

investigation borings off the alignment on the order of 1,000 feet east of CPT-5; performing 

seven cone penetrometer test soundings (CPT); installing standpipe piezometers in 16 borings, 

monitoring groundwater levels; developing seven selected piezometers into monitoring wells, and 

sampling groundwater from these monitoring wells. The approximate locations of the borings, 

piezometers, monitoring wells, and CPTs are shown in Plates 1A and lB. Detailed location 

maps of borings and CPTs accompany the logs presented in Appendix A. . 3.1.1 Borings 

Exploratory borings for the geotechnical subsurface exploration program were drilled using 

Mayhew 1,000 mud rotary drill rigs with 4-7/8-inch diameter tricone drill bits producing 

nominal 5- to 6-inch diameter boreholes. Borings were generally drilled to depths of about 20 

feet or more below the tunnel inverts, and about 30 feet below the station inverts as determined 

from the plan and profile drawings for the Eastside Extension alignment (Alternatives 6A and 

98) provided by EMC in September 1993. However, the plan and profile were subsequently 

revised by EMC in December 1993, after completion of the drilling program. Tunnel invert and 

station bottom elevations have been towered within certain sections of the alignment. Due to 

the revision, the penetration depths of 1 1 borings did not reach the targeted depths of 20 and 30 

feet below the tunnel invert and station bottom elevations, respectively. Soil amples were 

obtained at 5-foot depth intervals or at changes in stratigraphy, whichever occurred first, by 
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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. 

Six exploratory borings for the evaluation of a suspected fault trace (Coyote Pass fault) were 

drilled using CME-75 and CME-85 hollow-stem auger drill rigs with 6-inch and 8-inch diameter 

drill bits, respectively. These borings were drilled to depths ranging from 27 to 96.5 feet below 

ground surface (BGS). Soil samples were obtained continuously from these borings using an 

unlined California drive sampler. 

The borings were logged by a geologist or soils engineer under the direct supervision of a 

Certified Engineering Geologist (CEG). The materials were classified in accordance with the 

Unified Soil Classification System (USCS). Locations and depths of the borings are shown in 

Table 3-la. Boring logs are presented in Appendix A. 

3.1.2 Cone Penetration Testing (CPT) 

CPT soundings were performed at seven locations to depths ranging from 8 feet to 49 feet BGS 

using a 1.4-inch diameter cone assembly mounted at the end of a series of sounding rods. The 

CPTs provide a continuous log of cone tip resistance and shaft resistance which is then used to 

interpret subsurface soil types and material properties based on established correlations. The 

CPT soundings were planned to depths of about 20 feet below the proposed tunnel inverts. At 

all the locations, however, the CPT probe encountered refusal prior to reaching the planned 

depths. The locations and penetration depths of the CPT soundings are presented in Table 3-lb. 

The CPT logs are presented in Appendix A. 

3.1.3 Piezometer Installation 

Sixteen, 2-inch diameter piezometers were installed in Borings PE- 1. PE-3. PE-7, PE-8, PE- 11, 

PE-13, PE-16, PE-17, PE-18, PE-19, PE-21, PE-23, PE-25, PE-29, PE-30 and PE-31, to 

monitor groundwater levels. Seven of these piezometers (PE-8, PE-16, PE-18, PE-23, PE-29, 
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TABLE 3la. FIELD EXPLORATION PROGRAM - BORINGS AND PtEZOMETERS 

. 

BaTNG. FccxtIAlt 
STATIONM3' 

LA10N PtOt NPW)XA&ME 0RC 
SIJIACt ELEVAIC*I flE1) 

ax, TIJ4PEL NW RI! 
STATCNBO1TW rEFill fEET) 

TOTAl. Pt CR&T 1041 

CtFTH fEET 

P(ZC*E TEA 

INSTAUATKYI 

FE-i 352+80 Ifllsi/Aan1L SIbn 1W 70 Si 

PE2 335+25 Wt.ttl.r4Ffl Tunnel 1W 84 70.0 

FE -3 320+25 Wt1ttS,$dc Donnell Stbn ¶98 63 l Pcoqnelu 

Pt-A 313*90 wbns,ajnc.n 198 03 55.7 

FE-S 200+65 WhItisrEastein 

________-_Tunnel 

Tunnel 2% 55 034 

PE-6 200*45 WhttUsr$l*nnk Tunnel 2(0 83 03 

FE-? 203*20 WbItls,$onnSBesct. Tunnel 212 58 705 Psonieten 

Pt-B 283+55 WhIt1e,t.stnsn S*Ibni 2W 63 006 

FE-B 254*00 WbltIsnfl3tn,sn Tunnel 2W 55 035 

FE-tO 241.30 IndSn&Ht,d Tunnel 255 78 033 

233,40 

219+74 

'98+40 

'03*20 

In(MnWtsntnsnlco Tunnel 200 100 

115 

70 

552 

984 

035 

Pejon$ei 

Thezomnlen 

FE-fl 
FE-13 

IndtiWFouiTh Tunnel 315 

200 Fkst&orn Stlon 
FE-il Ffrstfr.tno Tunnel 320 83 101.5 

FE-IS 172*00 Ffrst/,kaISn Tunnel 5? CI 

Pt-IS 158+94 MkhlgsnvSaxelogs Tunnel ala 55 111,5 Picoun,el.n 

FE-i? !±t99___ Brooldynthtaths.. Steno., 345 03 91,5 PInronla 

FE- IS 42*98 Thflssnte F. Steno., 255 70 55 Rlnronnelen 

Pt-IS 120+96 StLOuI5JN*JSIMy Tunnel 310 48 72.5 Paomelen 

FE -20 114*70 N. Stetstleu. a,ey Tunnel 350 l 76 

PE-2t no.3*40 Fnteo1i. Stetlon 313 08 110.4 PICQIIIS 

FE-fl 91+04 PsaWThSd Tunnel -- 45 

FE -ZJ 03+12 ThkdOwsx. Tunnel 87 73 

FE-24 70*64 Founth.*ISsion Tunnel 283 83 553 

FE . 52*35 MTA blr(0d Yesd at Seals Fe Tunnel 283 03 86 Pinrotnata 

FE-0 52+14 MTAlnntdYwdatS.flF. Tunnel 252 03 554 

FE-fl 32+00 C.,t.Oannlng Tunnel 283 74 81.5 

FE -25 29f00 CenienFIript. Tunnel 270 75 839 

FE-25 +54 Csnlerl3ucornmun Tunnel_____ 270 3 52 -- 
FE-S 14*24 C.,tconnistii Tunnel 275 56 03.0 Ptonnat.. 

pt_at. '-28+50 C.t,AMck.on Tunnel 210 75 83 PIneonnIn 

FL-I Evagr.nnItSew Jersey Coyola Pass Fault Invnetaibn 326 83 __ 
FL-2 tv.gr.anvtlss Jersey Covt Pet. Fault Inve.tlgal.bn 

FL-3 £vergr tIe.. Jensey Coyola Pets Fault InvssIçSIon 331.5 

P1-4 Ev9reertt4..nJec.ey Ccy PnstatitlniWgtn 318 52 

p5 Evergr.enRlss.Ssey oyoNs P555 Fault lnve.tn 314 

FL-a Evsg,enmtl.w Jersey Co Pa. Feult lnvsb, 34fl 

NOTES: 
1 Staóonirng and Tunnel Invest Depths Dad on Easteld. E,dernslon Tunnel Line Section Dranuings Provided by EMC In December ¶993 

Borings were planned to deptta of .bo.d 201st below proposad luaU Unveil and abos 30 feet below proposed bottom slab elevatlot. lOT undetgrowsd taIlor.. 
However. ponlons ol the tunnel pta. wan. fled situ completion at the held pmgrw. Ass rem4, some of the borings do not extend to the target deplU. 
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TABLE 3-lb. FIELD EXPLORATION PROGRAM CONE PENETRATION TESTING (CPT) 

CPT 0 APPROXIMATE 

STATIONING' 

LOCATION PURPOSE APPROXIMATE GROUND 

SURFACE ELEVATION (FEET) 

APPROXIMATE TUNNEL 

INVERT DEPTh (FEEOI 

CPT-1 345 + 80 Whittier/Clela Tunnel 190.0 67 

63 

60 

CPT-2 

CPT-3 

320 + 30 Whittior/Mc Donnell (Close to Boring PE-3) Tunnel 195.0 

196.0 313 + 95 Whittier/Duncan (Close to Boring PE-4) Tunnel 

CPT-4 180 + 25 Firsvrreeno (Close to Boring PE-14) Tunnel 320.0 63 

CPT-5 157 + 00 Saratoga/MichIgan (Close to Boring PE-16) Tunnel 313.0 55 

CPT-6 144 + 05 tI. Mathews/Biooklyn (Close to Boring PE-17) Tunnel 345.0 68 

NOTES: 

Tunnel Invert Depth Based on Eastside Edension Tunnel Une Section Drawings Provided by EMG in December 1993 
2 Encountered refusal 

TOTAL PENEtRATION 

DEPTh (FEEI)2 

27.1 

! e 

38.9 

35.4 

49,2 

9.8 



PE-30. and PE-3 1) were convened to monitoring wells for groundwater sampling. Within the 

Los Angeles River Narrows (western segment), the piezorneters (PE-18, PE-23, PE-25, PE-29, 

PE-30 and PE-31) were generally screened from about 5 to 10 feet above the anticipated 

groundwater level (estimated at about 30 feet BGS from previous data) to the bottom of each 

boring. In the eastern segment. the piezometers (PB-i. PE-3. PE-7. PB-S. PE-li, PE-13, 

PE-16. PE-17, PE-19 and PE-21) were screened over a 30-foot zone encompassing the originally 

proposed tunnel envelope. However, due to the December 1993 revisions, the screened intervals 

do not completely cover the tunnel envelopes in Borings PE- 1, PE-3, PE-7. PE- 11. PB- 13, and 

PE-i6. Piezometer installation diagrams are presented in Appendix A. 

3.1.4 Groundwater Level Monitoring and Sampling 

Groundwater levels were monitored in the piezometers and monitoring wells using an electronic 

water-level indicator. Groundwater level readings taken periodically after the piezometer 

installation, are summarized in Table 3-2. Piezometers PE-8, PE-16, PE-18. PE-23. PE-29, PE- 

30 and PE-3i were developed and groundwater samples obtained to evaluate the potential extent 

of groundwater contamination. 

3.2 LABORATORY TESTING PROGRAM 

Laboratory testing (geotechnical and chemical testing) was performed on selected soil and 

groundwater samples obtained in this investigation. The geotechnical laboratory test program 

was intended to aid in soil classifications, provide preliminary indications of subsurface 

conditions and evaluation of engineering parameters of soils and bedrock. The chemical testing 

was limited in scope and was performed for a preliminary evaluation of the potential extent of 

groundwater contamination. The following sections provide a general description of the test 

program. 
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TABLE 3-2. SUMMARY OF GROUNDWATER LEVEL READINGS 

PtEZOMETER LOCATION PPROXIMATE 

STATiONING' 

APPROXIMATE GROUND 

SURFACE ELEVATION 

TOTAl. DEPTH 

(FE 

WELL SCREEN 

INTERVAL 

APPROXIMATE DEPTH TO TUNNEL GI1OUNOW 

DEPTH ELEVATION DEl 

if! 
CROWN INVERT (FE_, 

PE- I 

pE-3 
PE-7 

PE-8 

PE- Ii 

70 

12/6/1993 TO 

DRY 

DRY 

DRY 

62.5 

DRY 

12115(1993 

- 

' 

159,5 

- 

DI 

Dr 

DI 

DI 

Dr 

Whittier/Allantic 352 + 80 192 

195 

212 

91,0 34.8 64.8 50 

40 

38 

40 

Whittier/Mo DennelI 

Whittier/Bonnie Beach 

Whiltier/Eastrnan 

320 + 25 106.0 

70.5 

45.0- 75,0 

25.0- 550 
63 

58 

63 

102 

260 +20 

263 +55 222 90.6 35.0- 65.0 

Indiaria/Lantranco 230 + 40 290 85.2 40.0-70.0 82 

PE- 13 F,rsvtorene 195 4 40 292 90.5 35.0- 65.0 50 70 DRY - UI 

PE-16 Michaga.VSa,atoga ISO + 94 313 111.5 64.5- 94.5 35 55 513 260.7 St 

PE- I? 

PE- IS 

Brooklyn/Mathews 144 + 00 345 91.5 35.0- 65.0 31 61 51.3 

78.7 

287.? 

136.3 

5/ 

79 Tt*d/Santa Fe 42 + 90 265 86.0 24.0-84.0 45 70 

PE-I9 St touà/New Jersey 1264% 310 72.5 24.1-69.1 36 56 31.9 278.1 32 

PE-21 Fat/Doyle 100+ 40 . 313 110.4 25,0-90.0 64 88 58.2 254.8 58 

PE-23 Thkd/Clamnce 

MTA Railroad Ya,d 

83 + 12 257 91.0 25.0- 85.0 50 70 

66 

60 

56 

75 

53.8 

72.2 

33.8 

36.0 

37.5 

203.2 

190,3 

236.2 

239.0 

232.5 

54 

72 

34 

36 

38 

PE-25 

PE-29 

P-30 
!E-31 

62 + 38 263 86.0 25.0- 85.0 46 

40 

36 

Cerder/Djcomrtbn 22+54 210 82.0 

80.8 

20.0- 80.0 

17.5-78.0 Center/Commercial 

Center/kckson 

14 + 24 275 

28 + 50 270 75.0 20.0- 80.0 55 

NOT ES 

Stalionirig and Tunnel trued Depths Based on Easiside Extension Tunnel this Section Drawings Provided by EMC ii Decanter 1993 

2 Groundwater deptt measixed between December Sand IS, 1993 and on Jantaty ii. 1994 

On Decanter 2. 1993. the groundwater layS deeding we. 55.0 feet below etatace in piezonieter PE-8 

The screened iterval does not cover the eite tiniel etwelqn Ii rnoSotfrig wells FE-I, PE-3. PE-7. PE-Il. PE-13. and PE- IS 

due to reSiom lithe proposed tLzinel proSe after coepledon 018.41 eoçloallon program 

C.) 

6) 

TEH 

III El EVAtIOP 

01/I 1/1994 

V - 
Y - 
Y 

V - 
Y 

V 

. ?! 
7 

2 185.8 

1 271.9 

4 254,8 

2 2028 

- !?°' 
235! 
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3.2.1 Geotechnical Laboratory Testing 

All drive, split spoon and bulk samples obtained during the subsurface exploration were brought 

to Earth Technology's Huntington Beach laboratory where they were visually examined to verify 

field classification. Samples of the various material types encountered were selected for 

laboratory testing. The laboratory test program was designed to classify the predominant soil 

types encountered in the borings and to evaluate the insitu moisture and density, gradation, shear 

strength, unconfmed compressive strength, consolidation characteristics, and corrosion potential. 

The tests were performed in accordance with applicable standard test methods specified by the 

American Society for Testing Materials (ASTM), the Environmental Protection Agency (EPA), 

or the California Department of Transportation (Caltrans). 

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

results are summarized in Table 3-4 and are included in Appendix B. Insitu 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 5.2. 

3.2.2 Analytical (Chemical) Testing of Groundwater 

A limited analytical (chemical) testing program was performed on groundwater samples obtained 

from Monitoring Wells PE-S, PE-16, PE-1 8, PE-23, PE-29, PE-30 and PE-3 1. Laboratory 

analyses were performed by Pace, Incorporated, and CKY, Incorporated, both state certified 

hazardous waste testing laboratories. 

The test program and relevant test standards are summarized in Table 3-5. The results of the 

analytical testing of groundwater are summarized in Table 3-6 and presented in Appendix C. 

An evaluation of the results and discussions of potential impacts on construction are presented 

in Sections 5.4 and 6.5, respectively. 
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TABLE 3-3. GEOTECHIc,L LABORATORY TEST PROGRAM 

TEST 

TYPE 

NUMBER OF 

TESTS 

TEST 

PROCEDURE 

Visual Soil Classification Every Sample ASTM 02487 / 02488 

Moisture Content 257 ASTM 02216 

Dry Density 211 ASTM D 2937 

Grain Size Distribution 79 ASTM D 422 

Grain Size Distribution ith Hydrometer Analysis) 22 ASTM D 422 

Percent Passing #200 Sieve 82 ASIM 0 1140 

Atterbecg Limits 72 ASTM 0 4318 

Specitic Gravity 6 ASTM 0 854 

Direct Shear (3 Points) 24 ASIM 0 3080 

Unconfined Compression 7 ASTM D 2166 

One Dimensionaj Consolidation 6 ASTM D 2435 

pH 31 EPA Metflod 9045 

Chloride Content 31 CALTRANS Test 422 

Sulphate Content 31 CALTRANS Test 417B 

Electrical Resistiity 31 CALTRANS Test 532 

gI 



so 

CD 

. . 

TABLE 3-4. SUMMARY OF LABORATORY TEST RESULTS (PAGE 1 OF 16) 

L 

Do..,ç 
plo 

Sattw,l. 
No 

Dicol U9CSNu& 
Sol 

Cln.lt.t,on 
ASTM 

02457102455 

O.oIo*i 
Urd 

EStnl.fl 
Sn 

VS. 

Mon,. Ct 
*3TM 
0 2216 

__1L_ 

Dy 
Only 

*STM 
02937 

SD_ 

CkS*1 Ba PCCfl 
DstbAb P.v 

#200 On 
ASTU ASTM 

0422 01140 
&:SaFi 
_.1_ a_ 

Afl.ite9 
Ins 

ASIM 
04316 
ILPIPI 

C') 

89.cIt 
&tay 

ASTM 

0654 

_._ 

Otid Swe 
s* St4 

F,kttbn CotwIlon 
MS 

IS2flA 

UncO.twd 
Con'p.sfla 

Sflq'ga, 
ASIM 
210 

__JPW_ 

Con.oIStbi 
Chsdflla 

Cc C. C. 

- __ 

Swi9 Co. 

__N 

pH 
OSEPA 

Mad 
B045 

Ctdk* 
Corg.iI 
DOT CA 

T.st 
422 

th 

S,ad.6 
Coq4..* 
OPA 
Ma,.d 

5030 

ett1.,. 
C.n.n 
DOT CA 

Tot 
417-B 

CM'!!') 

EI.ctrk*I 
Rnh.ttvi 
DOT CA 

Tnt 
532 

9?nzc!T 

pt-io--i so ci 0 fl 201 1076 

4 

- 

5-2 10.0 CL 31 

02 

ISO SC (l 140 T153 44 

5-4 
0-5 

20.0 CL 25 

250 SC (TI) 154 1052 

5-6 
0-7350 
s-a 

300 SM 24 21.3 40 

CL 155 1051 D:2t72 37.l&21 P 1! _ai 
40.0 CL 39 21.1 44, '6,28 

-- 
D-9 41.5 CL 

CL 

(I?) 

450 (l B 0$ 53 

S-Il 50.0 SC/SM ii 
0-12 55.0 ML (25+ 206972 55 *24,I___ 
9-13 50-0 SP-SM >I® a 

0-14 850 SP-SM (40 10.3 107.6 II 
S-IS 10.0 SM los 

0-16 75.0 SP-SM (4 13493.4 6 

S-I? 50.0 ML 48 

0-IS 63.0 SM (46) 174911 
S-ID 0 SP-SM 

PE-2 S-I 5.0 CL Qy. 9 

CL 

Qo. (23) 216 6 --------- ------------.----- 

.J!! 

5-3 ISO SI 

0-4 20.0 

0 

350 

CL 

CL 

SM 

(34) 16.0 1140 69 

Q5 
9-7 

(27) 223 W4S 06:94 452Zfl 
43 

S9- -SL_ J?1.1LL nai .a± 

o-to 

40 - 
CL (85) 126 1242 

S-11550_SM 97 '4 

0-12 50.0 SW-SM 

9_ia 65_a SM 
_J..LJ1!L 

70 29 

703 ...LLjJ22. _ 
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TABLE 3-4. SUMMARY OF (ASORATORY TEST RESULTS (PAGE 2 Of 16) 

9ng 
14° 

5rçs 
Plo 

Dagli uSCSNua) 
Sot 

CMlIScaton 
ASTM 

02417!D248S 

._. 

0.obgta 
OM 

_____ 

Eq4waiafl 
SPT 

Vats 

_____ 

Mon,. 
Codwl 

ASTM 

D22l8 

- 

y 
Dnty 

A2TM 

02037 

&afrl S. P.tcqd 
DfltxA. PatiQ 

#200 S4 
ASIM *0144 

0422 01140 
&:SaFi S 

Mfle 
Li,,4. 

*3144 
DCII 

It..PLPI 

_____ 

SpnIIc 
Gs*y 

*9144 

0054 

0w.ct v (Sflr, 
Frttbi CoSvon 
MØI 

Sat!! - 

UncotMd 
Conçtn.P.. 

9,alIçt 
*5144 
2155 

A ------ 

CnoIj.tion Chfls_ & 
Cola.,.. 

p41 

UflPA 
M.tflod 
9045 

ChiorS 
Co.1.rl 
DOT CA 

Tnt 
422 

Outo. 
Con.,i 
UPA 
M.Ihod 

9030 

&4tat. 
Co.1..i 
DOT CA 

Tnt 
417-0 

EMct,iI 
AaaI.IIvI 
DOT CA 

TeI 
532 

(orns-crn - 
I 

Ct 

PE-alfl_Ct 00. (11) L!-.-- 

24 

.a 

4167 

5-2 
0-3150 
6-4 
0-5 
5-6 
(3-? 

6-8 

tOO CL 

CL 

25 
_!!1_J1!L____ ___ ___ 

- (9 2311016 
20.0 SCICI II 
250 

300 

CL 

Ci 
21) 150 4455 

32 

350 Ci 14 200 *01.2 

400 SM 53 Il 
0-9 450 CL (134 '87 403 7 54 2418,8 

5-IC 50.0 SM 44 28 

0-Il 55,0 CI (20) 131 446.3 

5.5 92 6-42 80.0 SM 44 

a 0-13 850 
700 

SM 

CIflC 
24 148 liLt 087:33 NonpUb 34 - 

5-14 

S-IS 

44 
-- 

750 5W-SC 
SC 

(81) 136 113 I 8:00:14 

50.0 

0-47 550 SW (>400) 53 

5-IS 90.0 SW-SM/SM >100 

400.0 SM/MI >100 
- 

0-24 1Q50 SM (41) 214974 
PE4Si 50 CL O1f 26 

. 

-- 

0-2 

(7-4 

11,0 Ci 4Th 239 4030 

Cl 
l. -- - 

5-5 25.0 SM 

_j)_1t7_j____ 
64 

0-8 300 SM 

35.3 SM 91 24 

0-5 40.2 CIJMI (00) 253 *007 0:18:54 *13.7 34 450 

9-0 450 Ci. 55 

50.0 SC (51) 10.7124.6 4:5514 

S-Il 55.0 SW-SC >400 

80.0 9W-SC (>1004 10,0 
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TABLE 3-4. SUMMARY OF LABORATORY TEST RESULTS (PAGE 3 OF 16) 

. 
So.tQ 

No 
SOVTVS 

No 
Q.p USCSNSu.I 

Sal 
CIasumcltbn 

ASTM 

02407102401 

00b* fl EaAt100ti 
OPT 

VMS 

Molt'. 
Codlil 

ASTM 

02210 

Dy 
Oor.04y 

AST1 

02937 

SL 

ib,0 
DflbJw 

ASTM 

0,22 
ck.S.FI 

TM 

Pecod 
P0.0119 

#2000'n. 
AST1A 

01140 

_J_ 

M.,t.g 
LiTtlo 

ASDA 

04310 
LL.PL.PI 

N 

Opocllc 
Wafl 

SlIM 
0054 

Dad W... 
(Pth 6fl 

FrlcIb Cot.Ion 
MØS 

(fl!!! _J_ 

Unco.fld 
Cor."k 

ncth 
*5154 
2106 

CarsoOSISo 
aw.dflt. 

0w.W Co. 

_JL.. 

pu 

US EPA 
MIed 
9045 

CttflS 
Cos.c1 
DOTCA 

T..I 
422 

'P'1 

ails. 
Colol 
USEPA 

M.Ilod 
9030 

fl 

act.'. 
Ca.u.* 
OOTCA 

Tol 
417-0 

.JPe71 

Eloctilal 
RnItUv 
DOTCA 

Tat 
532 

('?!'Jl!zc!1 

Cc Cs 

- 
Cx 

_____ _____ 

Pt-I 9-13 65.0 Sr-SM Oat >103 

0-14 70.0 Sr-SM (>1%) II.' 
D-l5 000 j5J 
0-IS 055 

_SP-SM 
SP-SM (97) 52 

Pt-s 0-I 5.0 CL Oat (t5 15.3 '03.3 --- S-2 

5-4 
0-s 

100 

20.0 

Sc 

p2.. 
ML 

40 _... - iiaL J11 
30 

____ ____ 

2 CL Ma -------------------- 
S-S 
5-7 

300 SM 20 48 
- 

40.0 sr-SM >100 23:60:9 

0-0 45.0 OP (99) 11.4 

9-9 50.0 SM 60 

2120 D-10 
0-Il 

50.0 SM/GP (70) 12.7 IS 7.25 09 50 

000 SM (24) 20.7 '053 45 Nonpb.th______.____ 
9-12 650 SM >100 is 

0-1.3 70.0 SP/SW (92) 11.6 1152 

9-14 750 SPISW >103 

D-l5 000 SPISW (>l to.? t039 

Pt-S 0-I 5.0 Ct. Oct (52) 12.0 115.4 

9-2 10.0 SW 

_.!&_ 
SM 

50 

------.--.--------.-.---.----..- 
-- 9-4 

0-5 
200 

(' 
75 

._i!!__Ji!i. ____ ___.__. 
250GW-GM ('3 1441229 10.63:7 

0-10 510 ML (>103) 235 100.7 0:3664 670243 I! 

0-12 
ML_ 275 959 60 NonpSI 

650 SP-SM (>1 IL? 16:795 

0-13 700 SM (>100) 236 I0 
0-14 750 SP-SM (>10! ______ S 

P-78-I as CL Oy. S 

__j 
100 SM (13 671101 
ISO CL 25 
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TABLE 3-4. SUMMARY OF LABORATORY TEST RESULTS (PAGE 4 OF t6) 

[I 

eanq 
No 

Sww* 
No 

DIce. OSCSN*LmI 
SoN 

cIs.natn 
ASTM 

D2467/024U 

-_____ 

0..bØc. 
01* 

_. 

E.pav.*.I 
OPT 

____ 

Mok,. 
Co.td 

ASTM 

02216 

...J!1_ 

Dy 
Dsnsty 

ASTM 

02937 

St 

(tfl Sin 
DStIxAb 

ASTM 

0422 
ck:9aFl 

_(L.. 

Ptcc4 
PtN*g 

8200 8.. 
ASIM 

01140 

._LSL. 

Ann.g 
Lbi*. 

ASTNA 

04316 
LL.PL.PI 

C1 

epset m 
ASTM 

0654 

Discs S.w 
J!±,ftr 
FilcIbi Coiw.lon 
W 

LSts 

Unco*'.d 
Conaeia 

SflrUh 
ASTM 

21 

_...ip!L.. 

Csadtlion 61.6W 

Co.. 

....L. 

01 
Li3EPA 
M.t,od 
0043 

ChIOIMI. 
Co.4.. 

007 CA 
Tnt 
422 

..V'eJ 

Sitfl.. 
Coc*.d 
UPA 
Mfl'd 

0030 

Sgg) 

&.fl.t 

Con.. 
DOT CA 

T..i 
417-0 

Escirkal 
Fhfltrsrq 
DOT CA 

Tnt 
532 

Cc C Cs 

-. 
Pt-i 0-4 20.0 CL O)I 14 16.6 106.3 57 27,1512 

.i. S-S 250 SW-SM >100 

0-6300 SW-SM 554 1641131 1t7&6_ 
S-i 35.0 ML 35 84 

0-8 40.0 

450 
SM 

SP/GP 

) laS 102.0 II 
9-9 3 

D-l0 
0-Il 

500 
550 

.0 

700 

SM 

SP/GP 

SP/GP 

CL 

(>100) 152 111.3 

(>1007 10.2 112.4 4 

6-12 
0-14 

''03 
Out (>Ia 2001113 

PS-S 0-I 5.0 CL Out (2Z 13.3 116,9 7.64 94 1.27 43 3703 

9-2 10-0 ML 33 

- 

. 

7 

3191 

(23) 212933 20 

3-4 20.0 Sw-SM is 7:85:6 

0-5 250 CL (21) 2041061 
8-6 300 CL 32 

0-7 35.0 CL (32) *9.6 *06.1 

3-6 40.0 CL/MI. 24 

0.-s 450 CL/UI (20) 155 1162 0:34:60 16,13.5 2.73 36 SW 0 001 03 +021 
S-Ia 50.0 SC/CL 26 49 

- 

52 

0-Il 55.0 SC/CL (II) 19.3 107.1 

7.35 149 5_fl .O 

650 
SC/CL 

MLISM 

26 53.1 

(29) 192 100.8 5' 
9-14 70.0 SC/Cl. 85 

____ ..... 
,o-'s ,_1_.......!M_, .,.J!IL..j!i.Jlla 

>100 12 
____ _.. 

J!iL.J!LJ2L!. 
0-lB 000 (> .._!2.2_ - ...., 

FE-s 

......__QzL 

D-I SOCL Got (31) ill 1162 
- -- 

9-2100 SW-SM 37 

*5.0 91*/MI (11) ¶t39t4 ------.---_--._-_ 
200 SW-SM 47 

25.0 SWSM ( 1191001 -- - _______ 
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TABLE 3-4. SUMMARY OF LABORATORY lEST RESULTS (PAGE 5 OF 16) 

L 

Barç 
No 

S.n.,N 
No 

ant 

II 

USCSNSLj.I 
SøM 

C,es.mc.hon 
ASTN 

02457102466 

- 

G.obglci 
Unt 

_____ 

£qivtAs 
en 

Vein 

_____ 

Monte 
Conad 

MDI 
02216 

eL_L 

a, 
OnsIy 

ASTM 

02037 

W.h 0e 
DIaWb 

ASTM 

0422 
:SaFI 

('I 

P.twl 
PanEq 

#2000154 
MDI 

01140 

.IL_ 

Mfle 
tnt 

ASTJI 

04311 
LL.P1.Pi 

('4 

Op.cmc 
.m 

ASTM 

Des. 

._... 

Dtecl n jj,SftgIj Uncoq*,.o 
Cora..fl. 

.nce 
MDI 
2165 

... 

Co.s.Itn 
tbnclitsk. 

l.W 
Co.. 

pH 
USEPA 
Meed 
0045 

CNord. 
Coded 
DOTCA 

T..I 
4fl 

.JMT 

&. 
Cofl.r* 
(JIEPA 
Meeed 
soso 

PTh..SI 

0'411. 
Coded 
OOTCA 

T..i 
4'y 

SQ! 

EScIrIl 
AaisIIv4 
DOTCA 

Te,i 
532 

(g!!!T!:c 

Frkllon 
Mu. 

@!Z!!! 

Cohoon Cc Ce 

__..L. 

Ce 

PC- S S-I 30.0 SC Qo. Ia 47 30_n.e 

0-7 
5-6 

350 SP-SM (43) 12.7 96.7 6 

43 6067 40.0 SM 95 21 7,10 96 

0-9 450 SP-SM )_ll.9 7:05:8 

S-ID 50.0 SW-SM >100 10:77:7 

0-Il 
5-12 

550 SW-SM 
600 SW-SM >100 

0-13 65.0 SC (34( 10.1 121.1 27 

3-14 10.0 SP-SM >100 

0-15 15.0 SP-SM (>l00 172969 
0-IS 60.0 SP-SM (>I '4.7 103.6 

PC-b 0-I 0 SP-SM Qot 7j *102 ,. 

3-2 
0-3 
3-4 
0-S 
S-I 

10.0 

15.0 

ML 

SM 

SP-SM 
ML 

30 

421) '7.4 933 

200 

250 

54 

386 796 

30.0 SM 

_Jfl 
38 

0-7 35.0 Jlfl II 
2000 0-S 45.0 

_SM 
0:4:06 34.23M 25 '000 852 104 fl 

S-a 50.0 

_ML 
OW/SW >100 

0-10 11.0 SC (>1cC) III 1154 40 

0-Il 650 GP/SP ('l 134 

PC-Il S-I 5.0 Ct Dy. 54 

0-2 10.0 SM (II) 166903 
5-3 ISO SW-SM Dot SI 

0-4 203 5W-SM 464) III 1133 

5-5 

0-5 
9-9 

253 SM 34 

300 
35.2 SM 

JLJS!.. ___ 37 

52 

405 SW/GW 

47.0 CL 42 43.2023 746215201 
0-10 50.2 SP-SM (4 JL 
S-Il, 550 SW/OW >101) 

____ 
3:79:11 

___ ___ ___ ____ _____ 
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TABLE 3-4. SUMMARY OF LABORATORY TEST RESUITS (PAGE 6 OF 16) 

Scitlo 

Ho 

S.ITl. 

No 
0.. USCOtfliaI 

Sd 

CI..ftalon 
ZTM 

0 2457/0 2468 

OebØcl 
O'* 

Eqa&wI 
OPT 

Vein 

Men,. 
Cc.t.I 

ASTM 

02216 

S_ 

D 
Dnly 

ASTM 
0293? 

L 

Gra, Oft. 
OSVnAb 

ASIM 
0422 

&:SaFt 

_J!±_ 

P,cfl 
P8'smg 

'200 flay 
ASTM 

D 1140 

C') 

Mfl.g 
L.yms 

ASIjI 
0.3,8 
ILPIPI 
_JL 

Op.cft 
&.'4y 

ASTM 

D 654 

- 

Dna Sn 
8t.fdj 

Fricoon Coh.von 
M0N 

(a±n _S._ 

Unco.t.d 
Cona.h. 

O,.n*h 
ASIM 
2168 

_,P!, 

C°..cIthtlon 
Chnaflt. 

Sw.W Co. p41 

UStPA 
M.6d 

0045 

- 

CI*'d. 
C1t.1 
DOT CA 

1511 

122 

OtId.. 
Cod..1 
0PA 
Mfld 

6030 

&tI.t. 
Ccd.fl 
DOT CA 

TsI 
417-fl 

Si 

EI.cIiIaI 
RnisflvI 

T CA 
Tat 
532 

(Q!e!:c!r 

Cc Cs 

- 

C. 

PE-lI_jj_ SM/UI ace J_I3jjfl__ 45 -- 
0-13 650 CI 80 61 3016,12 

0-Il 705 SM III - 
0-16 850 OW/SW 

_J 
(,l 46 

PE-12 0-I 5.0 CI Qoe (36) 161 $14.4 

5-2 
0-3 
5-4 
0-5 

'0.0 
ISO 

SW-SM 

OP 

65 

(32) 7.0 135.5 

200 
250 

OP-GM 

SP 

SM 

70 

LLJJ!t.__ __ 
5-6 300 36 

0-7 35.0 SP$P-SM (35) 11,6 '008 

3-6 40.0 CI 32 08 47.fl25 

S-ID 
___ 

50.0 SM ''00 
___ 

4 

___ 
0-Il 550 SW () leg 2:61:11 

8-12 600 SW '00 

0-13 65.0 SW (02) 12,6 $12.4 S 

8-14 70.0 SW '100 23.69.8 

3-16 60.0 GPCM '100 28:62:10 

- -- -- 0-Il 
S-IS 

jj 
%0 OP-GM 

____ 
0-ia 050 SM (l 16 1134 14 

PE-139-I 5.0 CI Qo. 6 

10.0 CI (8) 266 

9_3 15.0 CL 5 0:33:07 241410 

SC -, 
5-5 25.0 SM/UI 24 

0-6 30.0 SM (55J 164 1)4.3 13 

5-7 350 SM 05 36314 

0-0 40.2 SM 146) .J!2__s -- _ 
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TABLE 3-4. SUMW.RY OF LABORATORY lEST RESULTS (PAGE 7 OF 16) 

. 
Bang 

No 
Svrps 

No 
0.pl OSCSNSuI 

CIu..It.11 
*STM 

02457/02481 

-_____ 

OcbUoI 
Urd 

_____ 

Eqk.*I 
OPT 

VMs 

_____ 

Sons. 
Codfl 

*5W 
0 flIt 

JI 

Dy 
Only 

MUd 
02937 

SL 

Gun 8Iz 
DStttA 

*5W 
0 4fl 

G:SFI 
I') 

P.t.,* 
PuSh9 

#200 SI. 
*5114 
0 'Ic 

_(SL. 

Mateg 
Lisu 

*5W 
04310 

1LPL.PI 

_ai_ 

6p.clIc 
Gsay 

*315 
0054 

Otnt SImon J5Stf9 Uncorfl.d 
Coap.uk. 

SfrrQh 
ASIM 
2181 

Cocaoitbn 
CIInnC. 

Swd/ Co. 

L.. 

PH 

USEPA 
M.thod 

9045 

CPt 
CabS 
DOT CA 

1..' 
422 

8.00 
Combos 
UPA 
Mad 

9030 

91 

0u4*sI. 
Conl.r* 
001 CA 

To' 
41,-B 

.4RT. 

EI.cIrI 
AnIuInat 
DOT CA 

TotE 

532 

(olimi-em 

F,klbn 
4(105 

aJ!n 

Cohusbo 

_JP!L_ 

Cc Cu 

- 
Cs 

___ 
PE-13 5-9 48.0 OP-0M/W-8S Oo. '00 0:72:28 

0-10 08.5 '-GMi-SS (120) 12.8 "9.0 24:60:7 568 92 71 3370 

S-Il 
0-I2fl9_SP-SM 
5-13 

68.0 QP-OMJW-$tI >190 

(96) 212 

500 CL 

MUd 
52 

0-14 550 50 218 109.1 

°°° -. 
S-2 '0.0 SM ¶3 

___ . ___ 
('o naøs 

S-4 20.0 SM 45 

0-5 250 SM (fi) 160 '92.5 25 

S-0 300 SM 42 47 

0-7 350 SM - 

'399 

S-I 40.0 SM 

_jia?"ii 
4' 

-- 
S-ID 500 SM 00 

___ 
0:87:13 

___ ___ .___ ___ 
0-Il 55.0 SM (52) 11.8 1040 35 

5-12 900 SM 45 50 5.75 207 38 

0-13 850 CL 2151053 0:21:79 2t209 25 I - 
5-14 70.0 Ct. 

SM 

SM 

Ct. 

SP-SM 

37 391920 

25 
- 

S-IS 
0-i! 
IL!! 
0-19 

500 

85.0 

900 
950 

80 

(78) 154 1112 

37 47.19.25 

(7 1751005 
5-20 '90.0 ML Tf/Tp 79 89 

ct-IS s-i 55 MUtt. O 4 - 
P:! 
S-3 

J9__..._2L__ 
15.5 ML 

- _J!1_L!?LL_____.. 
49 

____ 

0.4 20.0 ML ç21) 28854.1 
25.0 ML II 



0) 

. . 

TABLE 3-4. SUMMARY OF LABORATORY TEST RESULTS (PAGE 8 OF 16) 

S., 

Dung 
No 

Dn',I. 
No 

Depth USCSNusI 
SoN 

Clusecallon 
ASTM 

02457*03436 

OobgIce 
Uni 

£q.InM*I 
SPT 

Visa 

Mom. 
Co.lul 

ASTM 

023', 

_JSL 

Dy 
0e*Ny 

ASTM 

02937 

L 

Dii' Dir. 
DSvb.ib 

ASTM 
0422 

a:asFl 
_N_ 

P.tc.fl 
P*sfl,g 

#200 6*s 
ASDI 

01140 

L. 

Msbg 
ti'g. 

A3flA 
04515 
LL.PL,Pl 

_L_ 

Sp.cflc 
&.*y 

ASTM 

0554 

Ovid Si.. Unco.*.d 
Conw.nP.. 

OPurigO, 
SUM 
2165 

_t_ 

Co..oic*lbn 
ClwsdNtSt. 

8..V 
coups. 

_L. 

ph 

US EPA 
MuIPcd 
9045 

Qild. 
CoSuui 
DOT CA 

T.ul 
4fl 

tet. 

&AId.. 
CaIs.I 
U0$PA 
Metod 
9030 

8.4t.t. 
COd.f8 
DOT CA 

T.uI 
417-B 

- fl!y9 

EI.ctrl 
AusI.1S4 
DOT CA 

Tt*I 
532 

cctlbn 
flQs 

1il! 

CoIi.sbn 

,_fl 

Cc 

- 

Cu 

- 
Cx 

PC-IS 0-6 30.0 -8MT0MUSl Qys (13) 28.9 91.1 

9-7 35.0 -SMT0MIjSl 00 

D-8 40.0 ML Oou (16) 0$ 

050 

ML 67 
.1!J__1 ___ 

58 nonpkuN. 

0-ID 500 SM (23) 256 99.' 0:67:33 29 709 

- 

90 112 

s-il 

0-12 
0-13 

54.5 

600 
650 

SM 

SP-SM 

CL 

00 

1700 

- 

880 
(23) 276 958 000:10 

63 39,16,21 

0-14 
S-IS 

09.5 CL 

SM 

(22) 194 *080 0:41:59 47.20,27 24 

75.0 100 22 

0-16 80.0 SW (23) 15.2 '14.5 

9-17 85.0 SM 73 

0-lu 90.0 WI I(ftp (22) 283 064 

PE- IS 0-I 5.0 CL Qo. (2 *6.2 114.5 

!P?i 

9-2 
0-3 
5-4 

10.0 SC 

ML 

SMAlL 

12 

150 

20.0 

(2 173 1096 

22 

0-5 25.0 CL (2(4 255966 
9-8 30.0 SM 28 42 

0-7 35.0 CL (25) 16.0 109.3 

----- 
5-8 40.0 CL 38 

0-9 450 CLJML (23) 2341014 
S-jO 50.0 SM 43 31 

-.------ 

0-Il 55.0 OP-SM (4(4 21,3 103.7 a 

S-12 600 SM 31 

65.0 MLJCL (25) 33.5 63.4 83 

S-la 70.0 SM 

J? 

0-IS 75.0 CL (29) '68 114.9 0:41:59 29,15,14 29 1109 

00.0 CL 44 79 42.20,22 

0-17 R&D ML 99 ______2fl..__. 
9-IS 00.0 MLISM 86 

0-Is 980 SM (55 211998 
9-20 160.0 CLISC 30 
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TABLE 3-4. SUMMARY OF LABORATORY TEST RESULTS (PAGE 9 OF 16) 

i 

BNW1Q 

Ho 
Sanw.4. 

Ho 
0p0* USCSN*.al 

Sal 
Clns&aIon 

*3W 
02487)02456 

- 

O.cbgK. 
US 

Eqkase 
8fl 

V.1.. 

_____ 

Most,. 
Co.tfl 

*STM 
02218 

iL 

Dy 
OonlSy 

*3W 
02937 

St 

&a, Six. 
OSPt.1Io. 

ASIM 
0422 

Dean 
('1 

Pc. 
Pa.ng 

#200 Bi.v 
*3TM 

01*40 

.ilSI_ 

Aflsteg 
Lisa 

ASIM 
D43I1 

LL.PL.PI 

(%1 

Sp.csc 
&ady 

*3IM 
0854 

Dt.d Sn. jS*ttt tJncoV*.d 
Conw.ak. 

sv.nooi 
*3105 

2188 

__PL 

Consoldallon 
Chnd.,slcl 

6..W 
Cop.. 

&. 

pH 
USEPA 
M.thod 
0045 

CNor*S 
Co.1.a 
DOT CA 

Tll 
422 

&1*S 
Ca.*..l 
UPA 
Mfld 

0030 

SI9/ 

&4fl(. 
Ca*a,4 
00? CA 

1..l 
.17-S 

.19Y0. 

ESciriral 
Ib.lsI'vl 
001 CA 

Tat 
537 

Frtln 
tQs 

(W!.±! 

Cønsion Cc Ca C 

PE-160--21 105.0 CLjSC 00. 
( 

*47 1102 
- 

5-22 1100 CL/SC 40 

FE-Il 0-I 50 SM/OP-GM Oo. (3 100 1210 536:10 iL LL J L. 
8-2 
0-3 
S-I 
0-5 
5-6 

*00 
15.0 

700 
250 
30.0 

SF-SC 71 

- _flL 

SP-SM 

CL 

MI 
MI 

(58) *2.0 1156 11:71:12 

27 

(26) 

40 

27.1 93.' 0.5.05 34304 30 800 

60 

0-7 350 CL/MI (*6) 34.5 873 

8-6 400 SM 97 23 

0-0 45.0 SF (52) 6.4 08.5 0:95:5 34 650 

8-10 50.0 SF 105 

0-Il 550 SM (7] *75934 20 2.70 

S-fl 50.0 SM 72 

01? 
- O-,3 85.0 CL lIITp X 254 980 OtOe 48.24.24 30 750 002 0001? -014 

S-14 70.0 MI/CL 35 

0-IS 75.0 MI/CL (38) 25.8 100.0 

S-*8 80.0 MI/CL 38 

850 MI/CL (2 257000 
S-IS 00.0 MI 44 

FE-In 8-' 50 Ova 2 J 1! p 
0-2 
5-3 

100 
15.0 

_ML 
6W/SW 

GW/SW 

(22) 82 120 
__._.___.__--j 

24 In? 
0-1200GW (21) ItO 12L3 

8-5 25.0 OW/SW 58 

0-6 30.0 OW (55) 6.7 123.4 

8-7 
- 9! 

8-9 

350 OW >100 20:72:6 

i9L >' iJ1!.__ --- - - 

450 
.9 

OW >100 50.37:4 
. ____ __- 

0-10 50.0 OW (>I1 IA 
5-lI 560 SM_ >100 20 

0-12 800 SM (43 170 *103 075:25 fl.fl8 2.72 007 001 00014 -00* 

9-Ia 86.0 SM >100 2:fl:2l y. gy 
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TABI,E 3-4. SUMMARY OF [ADORATORY TEST RESULTS (PAGE 10 OF 16) 

garg 
No 

- 

5w,i. 
No 

_,_ 

O.pd, 

,,ffil,_ 

USCSfI6,.al 
0*0 

Cta..daton 
ASTU 

02457)02466 

.,__,, 

0.obgta 
uno 

Eqa.'E 
OPT 

VM 

MoW&t. 
Coflw* 

MIM 
D2216 

._J)_I.,,SE&,, 

Dy 
D.wIy 

ASTM 
02937 

&gktS* 
DStflhlo. 

ASTM 

0422 
&:SFI 
_tL,, 

P.'wit 
P00Mg 

#2008ev 
ASIM 
01140 

_1_ 

Mflcq 
L1yi 

ASTM 
0431% 
LL,PL.PI 

t't 

Spqcdt 
Grovoy 

ASIM 
0554 

___,.!fl 

OflCt &wc Unco.Yad 
Caavun.. 

Sflngth 
AMId 
2168 

t,,,. 

Cnctbn 
CIwatMra 

I**4' 
Co1... 

_J_. 

pH 
IJOEPA 

MsIt'cd 
Ocis 

CtM* 
Co.art 
DOTCA 

Toil 
422 

.47Pr 

thud.. 
C0'4.r* 
USEPA 
MDiod 

30 

rst,w 

aEa..I. 
tonsil 
DOICA 

1..' 
4*7-0 

S't!91 

£ScfrtctI 
AflhiIivi%, 
DOTCA 

Toil 
532 

E°'!9'!'9' 

,jSVtJ 
FrictIon 
MO 

eors..on 

_ifl. 

Cc Cs Cs 

. 

PC-Ia 0-14 70-0 SW-SM,OW-OM Qy. (>l 126 1216 

S-is 78.5 SM 0:64:10 

0-16 050 SM/MI (U 2011070 
FE-ID S-I&0 CLIML Oy* 

Go. 

44 

D-2 
S-3 

'00 
ISO 

SM 

Sw-SM 
(34) 11-2 1190 

2-86:10 eo 

(48)1761095 _t 
5-5 
0-0 

250 
295 

.atLM 
SM 

SM 

08 Ia 

(20) 

67 

226 950 

S-i 35.0 SM 0:73:27 

0-6 40.0 ML 13%) 302 93.0 0:2O: 32 050 

9-9 45.0 CI T?/Tço 38 0 

- 0-10 49.0 CL (25) 20297.2 0:2.90 31.25.13 321209 -- 
S-Il 55.0 CI 49 

-- 
5) 9082 

S-Ia 05.0 CI 63 90 37,24.13 

700 CI (3*) 233101.6 
00. ( 34o 901 

. -, 

10.1 

053 

9-2 10.0 CIt 5 552233 

0-3 ISO Cli (8) 25.4 101.1 

9-4 20.0 CL 10 79 20.17.0 

L Ttflp t2o cnio 
5-8 

.aL,,,,...,L.... 
30.0 

350 

ML 

ML 
- 

26 42,33.9 

0'-i 4Z26j6 2.74 32 000 

5-0 40.0 MI 27 44,20,18 7.29 113 29 

7.10 
.... 

113 

S-ID, 900 MI 23 

- 
99 

MI (22 L___ 4628.I6__,. 84,, 
9-12 .0 MLIMH 24 

,,ILL 
St 30,21 

0-ta e.0 ML4IUH (28) __ SL 48.3*16 2750 

9-14 700 ML 43 
_a_ 

750 ML (28) 2421019 45,29,18 96 
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TABLE 3-4. SUMMARY OF LABORATORY TEST RESULTS (PAGE 11 OF 16) 

.I 

eon,3 
Ida 

5w,4. 
Ida 

Dp4, USCSNSLJ.I 
Sal 

CIn.lc.tson 
ASTU 

02467/0240 

Q.abglci 
001 

EqssMfl 
SF7 

Vets 

Maps. 
Co.l.r* 

MIII 

02216 

_LL 

Dy 
Ony 

ASTM 

02937 

_t 

Ck*b Sic. 
DSt10 

MIII 
0422 
:6.FI 

_N_ 

P.rc.fl 
P..sh9 

8200 SSv 
MW 
01140 

IL 

Ntn.g 
Lh*. 

MIII 
DI),. 
Lt,PL.Pl 

_IL 

Sp.cIIc 

&aty 

MIII 
0854 

DUd m,. 

j SWt 
Frttlon Ccdmn.on 

MgI. 

(ga s 
Uncaq*'pd 
Con,rww. 

SI.njh 
MIII 
2168 

Ca'aIon 
Chncstt. 

O.fl? 
Coo. 

_JL 

pH 

tie EPA 

Ml6'od 
0045 

CNorIdp 
Ca01r4 
DOT CA 

10' 
422 

8.. 
Can. 
U%PA 
M4td 
0030 

.w 

eu%t&. 
Caci..i 
DOT CA 

I.., 
417-B 

- 

EcUII 
AnhsIIv4 
DOT CA 

1611 

532 

(2!r!c!!' 

Cc Cl Ci 

PE-21 0-I 5,0 CL Oct (27) 148 11L7 76 38 23 45 2083 

S-2 

Pr 
5-4 
0-5 
5-6 

'00 CL 35 

210 1298T 

-. 

-- 

200 SC >100 
- 

250 SM (29) 16.4 107.6 

450 

300 SM 63 0:73:27 

844 158 

0-7 350 CL (26) ISO 1140 0:28:74 24.15,1 2.71 34 009 0.0' 0.0028 +002 

S-S 400 CL 44 57 33,15,18 

0-0 450 SW/OW JL!L 19.. JL ____ _.._---_--.__-_.___-__.___._ 
S-tO 50.2 CL 100 53 38.23.15 

D-ll 55.0 SW (>100) 12.1 108.6 

9-12 50.0 SW-SM >100 12 

85.0 SW-S!_ 
9-14 700 Sw-SM 98 4:65:11 

-------,---.-_--_-_--------------- 
750 Sw-SM,_ jjI8* 

S-IS 60.0 0W/SW >100 
--------------.----_------------.---._- 

D-17 85.5 SP-SM (>l 20.0 

S-iS 60.0 CII TIITp '00 66,24.3? 

0-to 
5-29 

950 
100.0 

CM 

SW/ML 

(5fl 34.2188 99 SI.24,)?fl___ 016 004 0I -0.53 
>100 

0-21 
D-22 

105.0 

*10.0 

SW/MI. 

SW/ML 

(87) 17.0 *34.9 

(>lD 184 

FE-fl 0-I 5.0 ML Dy. (31 13.1 '05.0 

S-2 10.0 SM II 
ISO SW (251 

9-5 20.0 Sw-SM 63 
._!!____. 

33:59.6 

0-8 25.0 Sw (" JLJILL t68:6 
126 408 S-i 30.0 OP-GM >100 49:48:5 677 200 

35.0 OP-GM (40) 13.1 118.7 

S-I0 40.0 Sw-SM >100 30:57:13 

0-Il 45.0 Sw-SM (76) lit 1I7 4:80:7 

8-12 50.0 OH 36 57.20,37 

0-Ia 58.0 SR-SM (5 2001W.? 
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TABLE 3-4. SUMMARY OF LABORATORY TEST RESULTS (PAGE 1201 16) 

. 

0.'c 
No 

5.10. 
No 

Q.oC USCSNSu.l 
Sot 

Cla.sI.catai 
STM 

D2467/02466 

O.ob*a 
In 

_____ 

Eqtaofl 
SPT 

V_rn 

_____ 

Mae. 
contra 

Mitt 

OntO 

._lL 

Dy 
0..1y 

Mitt 
02937 

t 

D.h Size 

OSttaAor 

ABIM 
0423 

GSa Fl 

('4 

P.cart 
P*.sng 

#2005.. 
MItt 
01140 

_(L 

Min. 
Lh*. 

ASUA 
0431s 
Lt,PL.Pl 

_L. 

Sp.cmc 
G614y 

MItt 

DaM 

Ot.ct 3 
Sf5'f 

FrtIion Cot..on 
Aelgs 

(Sfl! 

uncoflt.d 
Coafl.P.. 

MItt 
2106 

_...!L_ 

Cai.ofln 
O.dfllc. 

&a 
Co. 

N 

p14 

USEPA 
Mfltd 
0045 

c_fl. 
Cooaet 
DOTCA 
I..l 
422 

SiAn.. 
Co'*t 
IJSEPA 

Marod 
6030 

.fl 

&*fll. 
Coitci 
OC)TCA 

T..t 
417-8 

i. 

Electrical 

nnmIrd* 
001 CA 

Tnt 
532 

(9!U!1!:C.!11 

Cc 

- 

C. 

- 

Ce 

-- 
PE-22 S-IS 60.0 SW-SM Oya >100 10:62:6 

0-35 flO 
700 
750 

SW-SM 

SW-SM 
SP-SM 

(44) 136 120.6 

S-la >100 16:14:6 

0-Il 223 IOfl 1:036 

65.0 SM (>l00 11.0 

PE-23 s-I 
0-2 
S-3 

:a_ 
9-5 

50 SM Oya 5 0:62:38 

286 

lOS 

150 

250 

SM 

SM 

-°' 
SIIJI.0M 

Ji±L_.!!. 
50 

1021246 

S. . - ____ 
12:75:13 

.. 

68 1062:6 
-- 

0-e ro OW (>l00 41 

S-I 35.0 SP-SM '100 16:16:6 900 06 Ii 
0-5 400 OP/SW lOS 127.5 21:74:5 

9-9 
0-10 

45.5 

500 

OP 

SP 

ML 

>100 

64) 200 1002 

S-il 580 ''00 0:31:80 29.23,8 

0-12 60.0 SPSM (63) 242 101.0 0:00:10 

5-13 85.0 SM >100 2:62:18 

-. 0-il 710 SW-SM ISO 1112 

-. - 

S-IS 75.0 SW-SM >100 

0-18 SilO SW-SM ill 117.2 

S-il 850 OW ''03 
P-24 0-I 5.0 

'00 
ISO 

SF-SM Qya (4) (00 90.7 7 

SF 

SF 

20 

(233 

'5-4 200 SF-SM 88 
.aLi!! ___ 

0:83:9 
___ ____ 

5-6 300GW 
350 

SM 

OW 

1* 102 1120 - ... - 
I® 20:72:6__ 
(66) 11,3 117.9 

-----------------------.------ ----.--.--.-. 
9_aloe OW >100 35:60:5 -----_.----.-----------.------,- 

(7 ___ ___ 
s-to 50.0 SR-SM >100 

_1L 
1:11:11 

___ 

58.0 9P8M m 
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TABLE 3-4. SUMMARY OF LABORATORY TEST RESULTS (PAGE 13 OF 16) 

8wn9 
pic 

S.,I. 
No 

Dpth USCSN.ual 
Sot 

ftSTM 
0 2487102458 

04obglc 
utt 

EmivSl 
Sn 
vats 

Mofls. 
Cocflql 

ASTM 

02248 

JL 

y 
Onty 

ASTM 

OZ9ST 

&.*8S 
0Vb.jlo' 

ASTM 

0422 
kStFi 

Pcwl 
Pnt 

2008*t 
harM 

01140 

Mn.g 
%.4r4> 

MTh4 
04315 
LL.PL.Pl 

(') 

8p.cmc 
G. 

ASTM 

0 514 

Ohol ,w 
J!±t8 

unco.t.d 
CoflrtaP.. 

*arQh 
ASYM 

2186 

_.PL 

Co.oNlIan 
Ctc.dflIcS 

Cc Cs Ca 

__ 

8..W 
Co8.. 

N 

pH 
US EPA 

Mfl,od 
9045 

- 

CSd. 
Co.tfl 
DOTCA 

Tail 
422 

&AId.s 
Cofl.d 
UPA 
Mfliod 
9030 

&4MaI 
Coa. 
OOTCA 

T..l 
.17-8 

n 

EI.cftlaI 
A.flIM% 
OOTCA 

Tail 
532 

Lor!!!nc 

Friclion 
Molt 

(a!!! 

Cot.s.on 

.__!!L... ____ ____ 

PE-24 5-12 80.0 SM Q 100 0:84:11 817 95 78 4 

0-13 85.0 SM (18) 19.1 109.1 - S-14 89.0 MLISM 66 50 2623.3 

0-IS 750 (48) 252 I8 0:43:57 Nonpbfl 33 1250 

5-48 80.0 

_MLISM 
SM >100 19:84:41 

0-I? 850 OP (>l0( 50 

PE-25 5.0 SM Oy. (I 184 958 - ------ - 
S-2 Too ML 4 NonpIs 

J1! ___ ___ 
S-4 200 &-0l#18P5S 

_N_SL 
3' 

___ 
7:84:9 

0-5 25.0 -0Mt-OM (24) 9.8 

88 
0-7 

80.0 iw0sj8S 83 20:70:lô 

350 QP-GM {66 1091247 
8-8 41.0 OP-CM >10) 37:56:7 

____ ____ __._ - 
S-b 500 

____ 
OP >100 

_M____ 
52:43:5 

0-li 580 OP (84) 8.6 '30.5 

8-12 50.0 CL 34 432320 

0-13 85.0 SM/SAL (2 185 1153 051:42 Nonpba 27 1800 

5-14 70.0 SP-SM >100 0:90:10 

- 

0-15 75.0 (73) 18.3111.0 
s-is 800 

_SP 
72 0:25:75 

0-17 850 ML (5 213104.7 
FE 0-2 400 ML Qyt (28) 138 

87 172 

0-4 200 
____ 
SP-SM (48)180 14:81:5 

2:!. 

liP-GM >100 55:37:8 fl 799 232 1021 024J8 3421,13 30 90) ----- 
>100 72 2820,8 

0-Il 700 CL (8) --- ------------------.----------------.----- 
0-4.2 80.0 SM >Ioq 

_1!i__!_. 
Its 1085 085:15 - _Qa 850 CL TIp (>I! ..ILL. jS _____ 84 382412 
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TABLE 3-4. SUMMARY OF LABORATORY TEST RESULTS (PAGE 14 OF 16) 

. 
Borrg 

No 

SanM. 
NO. 

D00 

II 

USCSNu*I 
Sot 

Ca.saal 
ASIM 

0 24.,102.aa 

000109dM 
Urit _-- 

EcflaSt* 
SPT 

v.s 

Mont. 
Cal. 

ASTM 

D flit 

y 
D4'tIy 

ASTM 

D 2937 

S'St 
0Vt*AIO. 

ASIM 
D 422 

Gsa;, - 

Ptc.c4 
Pt.SflQ 

#200 SI.., 
AOTM 

D 1140 

-- 

M'*teg 
Ltiilt 

ASTM 

04310 
LL,PL,Pl 

Sptctc 
&*.*y 

$3110 

0654 

Obsci Show 

Jf Sbj Ucot,.d 
Convnfls. 

$ttn 
*5710 
2166 

-------- 

Cnotd.tIOn S'.tM 
Cok#.. 

---.---.-, 

pH 
US EPA 

Malod 
0I343 

ChIdo 
Codwi 
DOT CA 

Tool 

422 

Gild.. 
Cn..j 
USEPA 
M.ldd 

0030 

s 

6u*t..t. 
Co.4.d 
DOT CA 

TsI 
417-B 

EI.cbIcaI 
AnIs0vi 
DOT CA 

Tnt 
532 

ohm-cm 

Frt1b 
t_ 

Caisson 

._pS_ 

-_Cli.d.tStt 
Cc C. Ct 

- __._ 
PE-27 0-ISO SP-SM Qy. (43 QSQtS *2 

--. 
'63 

- 
7602 

5-2 '00 OP-0VW-SM 22 33.62:5 

-.-.----------------.-- 
-----.---------.---- 

119 

____ ___ 
5-4 200 OP/OW 40 

0-5 250 

300 
350 

OP/OW 

OP/OW 

OP/OW 

(34) 90 121.4 

9-6 
0-7 
S-B 
0-9 

56 23:71:6 

(46) 0.5 1227 

400 OP/OW 

SW/OW 

'-100 60:17:3 

460 (>100)I0i__ 
5-10 500 ML TIITp fl 
0-lI 550 ML (33) 256 0:3.97 36.29,? 31 1*50 

9-12 60.0 ML 29 47.30,1? 7.52 

.2:1 
s-I. ioo Mt 

ML 

_LL_ 
SI 

(30) 246 

a2&I 

74 

-.-- _______.._!I..._____.__. 
730 47,27,20 

P-281 5.0 SM/SC Qy. (Z2Z0I6 

- 

9-2 10.0 OW 46 30:60:10 

79! 

5 

15.0 SP 

SP-SM 

(3 ___ ___ ------------------ 
>100 

.L?51!2 
2:66:12 12 t ._!9__ 

300 SP (563 145 1164 
-- 

0-7 
0-0 

365 
450 

OW/OP 

CLICH 

>100 

TIITp J3I2 GIG 5072Gfl700 
S-ID 500 ML 100 29,23,6 

0-Il 55.0 

52.0 

650 

ML 

_C1 
CL 

255 1001 3&2t12 
> ------------------.------------------. 

0-13 (80)2201006 42.22,20 34 

'00 *23.2e____ _11L.. 
(70) 239101202:00 422W 31 1250 

S-la 800 CL >100 

PE-290-i 5.0 SM Qyt (II) 1771004 -. 
5-2 '0.0 SM 14 

0-3 ISO OP/OW (IS) 50 

S4 20.0 OP/OW 52 217:2* 
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TABLE 3-4. SUMMARY OF LABORATORY TEST RESULTS (PAGE IS OF 16) 

\ 
Bnq 

No 

5T34 
No 

Depth usC9NIu.I 
904 

CIa.fllcM.on 
ASThI 

02467102466 

_____ 

O.obgics 
tIM 

EsjNtSI 
SVT 

Va. 

_____ 

Mann 
Cofl..4 

ASTM 

02256 

_JL. 

Dy 
0ics* 

ASIM 
02037 

!_ 

Wfl, Sia 
OkWl0. 

harM 
0.fl 

.5aFI 

_IL. 

Pecfl 
Pi.xrq 

#200 BSt. 
ASYM 

01140 

aL_ 

A1tfl. tfl. 
ASTU 

04306 
Lt.PtJ1 

I') 

Op.c6c 
s.4y 

ASIM 
0654 

Dna Thin- Unca.*wd 
ConnnP. 

8*.ngm 
ASTU 

2168 

_-M_. 

Co.otSn 
CIwdeSfl 

GwsW 

CoU.q,.. 

___lI_ 

pH 
USEPA 
Method 
9045 

CiteS. 
Ca*fl 
001 CA 

TesI 

422 

&. 
C0fl.1 
(198PA 
Naiad 
0030 

&S&. 
Cocn 
DOT CA 

r..t 
417-B 

EI.ctucS 
AnSIiv4 
COT CA 

Issi 
532 

tQPm!zcm 

FrEdo., 
kus 

t2!t' 

Cohnion Cc Cs 

._ 

Cx 

PE-29 °Y (>l4 

625 

0-6 zLS_0Z 320 OP-SM >*0O 20afl 

1845 

S-B 
0-9 
5-10 
C-li 
9-12 

41.0 

450 

GP 

OP-GM 

>100 05:41 

----.------ 
(34( 

'100 
00 0236 

2.37 203 

500 
55.0 

61.0 

OP 

OP-GM 

SW-$W-OM 
(>100) 66 982 

>100 21:68:11 

0-13 850 swsM#-GM 11.6 124.7 

9-14 70.0 CM IIfTp 55 532231 

0-IS 75.0 CM (30) 30.0 5422,32 120 

S-IS .0 04 59 

PE-30 0-2 10.0 &-5W-0M Qys 22 22:71:7 

ISO SWOM (I?) 

- 

0-4 25.0 OP-GM >100 

OP 

0-9 60.0 OW-GM (67) 183 0:60:11 

550 OW-GM -_a-La 
CM/tIM TI/TI) S,33,36_____________ 

- 

S-IS 000 CM/MM '100 

n (7) J±L_L --__ ---.------_-.-_,-- -,------.._- - 

- 

5-4 

10.0 

ISO 

GP/SP 

OPIOP 

20 
____ 

(21) 107 121.7 

200 OP/OP 26 

s-s 

250 GP/SP 253 6513:2 

0 OP/OP 66 

op/op 

¶00 

--------------.------------_--.-- ---.----------------.----.---------.- - 
0-S 45.0 

__ 
OP/OP (>l0 114 IISO 

50.0 GP/SPSM 89 41:51:6 

P-Il 550 SM 172 11E3 0:79:21 

5-12 000 MLCL >100 

0-13 650 ML/SMI J _flj 0:44:55 Nonpisd 31 980 
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TABLE 3-4. SUMMARY OF LABORATORY TEST RESULTS (PAGE 16 OF 16) 

. 

earig Satyr. Depth USCSNSusl Os.toØce EqSeaSS MoSrue Iky Gel Size Perc.r4 n.rbg Specit Dtecl Stwsr Urconrwd CnolStbn Sea' pH CnSkl 0rI.s Ss4theIe Electrical 
No N Soil UriS SPT Corded Only DhtbifIe PaeeWig In. sty _ff0flflt Corra.lslw. Clwsctfllcs Colepe. USEPA Corded Cod..I Cod.ril ResI.Ilvt 

CIes.mcation Va. #200 Sis.. FrIcts, Coitesion Stengrh Cc Cs Cx Method DOT CA UPA DOT CA DOT CA 
Mite ASIM Mite Mite ASUe MIte MIte U. A3TM 0045 TesI Method Tell Test 

P 2467/0 2455 02213 0 2*37 0 422 01140 0 4316 1)554 2115 422 0030 417-0 532 
&StFi LLPL.PI 

ml - _1_L,, - '1 Lm 
P5-31 5-14 750 MI/CL TIITp SO 

S-15 000 MI/CL 50 

NOTES 

I) For Csl,brns Drive Samples, Equiieleni SPT 'slues were obtatnsd b applyingthe approprite correctons 
br different tam me' weights, hammer drop, ampler dimensions, end buoyancy and vIscous drag within the 
dieting mud Squkalernt SPT 'stun Corrected from drive sampler bbwcounls are shown hi arantheses 

2) Equl.alenI SM 'stun In alluvium may riot be i.preseribttv. of metert derie4ftonslst.ncy due to the pre,en of gevels, cobbles and boulders 
3) Since gravels lerger than the samples diamete' were present In Sy..s cleelfledae gavel, cIsyey semi site gIsVeI, 

gavel with send and sand with gcsvet results of gxaxtlon sets, fines content (% pasahig#200 steve), Insitu moisture content 
9) end Inaitu dry dena4 tests tot these these matetlele may riot b tru represenbtve 
£0 1) Cc, Cs, and Cx are Seed on vertical ebain - log sUns plots 
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TABLE 3-5. CHEMICAL LABORATORY TEST PROGRAM 

Test Type Number of Tests Test Procedure 

Total Petroleum Hydrocarbons (with carbon chain) 7 EPA 8015 

Aromatic Volatile Organic Compounds (BTEX) 7 EPA 8020 

Volatile Organic Compounds 7 EPA 8240 

Semi-volatile Organic Compounds 7 EPA 8270 

Inorganic Analysis (Arsenic) 4 EPA 7060 

Inorganic Analysis (Selenium) 4 EPA 7740 

Inorganic Analysis (Mercury) 4 EPA 7470 

Inorganic Analysis (Dissolved CAM Metals) 3 EPA 7471 

Inorganic Analysis (Title 22 TTLC Metals by ICP) 4 EPA 6010 

Sulfide 7 EPA 376.1, 
37&2 

Sulfate and Chloride 7 EPA 300, 
325.3, 375.3 

011794.ThU 94-%t44 3-25 
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TABLE 3-6. SUMMARY OF ANALYTICAL TESTS ON GROUNDWATER SAMPLES 

Page I of 2 

Sample 
No. 

Volatile Organics 
(gig/U 

Semi-volatile Organics (pg/L) Metals 
(mg/L) 

Iota? 
Sulfldes 
(mg/L) 

Total 
Petroleum 

Hydrocarbons 
mg /L 

Chloride 
(mg/L) 

Sulfate 
(mg/L) 

Compound 
(Concentration) 

Threshold 
Level" 

Compound 
(Concentration) 

Threshokt 
Level" 

Compound 
(Concentration) 

Thtcshold 

PE-8 Benzene (7,450) I ND" Barium (0.13) 1.0 ND" 0.33 86.9 114 

Toluene (780) 100" - Zinc (0.15) 2.0 

Ethylhenzene (520) 680 - Vanadium (0.007) 0.02" 

Xylenes (1,070) 1,750 

Acetone (140) 700"' 

PE-16 ND" Dimelhylphthalate'6' 

(12) 
313,000" Arsenic (0.0046) 0.05 NDt1I ND'" 166 351 

bis (2-Ethylhexyl)'6' 
phthalate_(12) 

4 Barium (0.076) 1.0 

Zinc (0.09) 2.0 

PE-18 ND" ND" Barium (0.1) 1.0 ND" NDt2I 161 232 

Copper (0.01) 1.0 

Selenium (0.0059) 0.01 

Zinc (0.07) 2.0 

PE-23 ND" ND'2' Barium (0.11) 1.0 ND" ND" 168 303 

Molybdenum (0.011) 0.04" 

Selenium (0.0026) 0.01 

Zinc (0.028) 2.0" 

PE-29 Benzene (250) 1.0 Phenol (16) 4,000" Barium (1.24) i.o ISo 8.4 280 25 

Toluene (54) 100°' 4-methylphenol (13) 35'" 

Ethylbenzene (920) 680 Naphthalene (600) 20"' 

Xylenes (320) 1,750 2-methylnapthalene 
(12) 

NAL" 

Vinyl Acetate (24) NAt)" Acenaphthene (33) 20'' 

Vinyl Chloride (270) 0.5 

ca 
It) 0II794.T8U 94-1100.04 
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TABLE 3-6. SUMMARY OF ANALYTICAL TESTS ON GROUNDWATER SAMPLES 

Page 2 of 2 

Sample 
No. 

Volatile Organics 
(pg/I.) 

Semi-volatile Orgautics (jig/I) Metals 
(mg/I.) 

Total 
Sulfides 
(mg/L) 

- 'total 
Petroleum 

Hydrocarbons 
ung ( /1) 

Chloride 
(mg/L) 

Sulfate 
(mg/I) 

Compound 
(Concentration) 

Threshold 
Levelm 

Compound 
(Concentration) 

Threshold 
[.eveltt) 

Compound 
(Concentration) 

Threshold 
Levcl(t) 

PE-30 Benzene (45) 1.0 Naphthalene (2,900) 20t4) Barium (0.684) 1.0 54 10 241 246 

Toluene (210) 100 2-methylnapthalene 
(26) 

NALt8' Zinc (0104) 2.0 

Ethylbenzene (1,200) 680 Acenaphthene (18) 

Xylenes (950) 1,750 

cis-I,2-dichloroethene (5) 6 

PE-31 Beuzene (130) 1.0 ND°' Barium (0.0765) 1.0 10.5 ND11' 191 36! 

Toluene (2.4) tOO 

Ethylbenzene (5.4) 680 

Xylenes (4.5) 1,750 

cis-I,2-dichloroethene (100) 6 

Trichloroethene (3) 5 

Vinylchloride (13) 0.5 

Notes: (I) California Department of Health Services (CDIIS) Maximum Contaminant Level (MCI) for Drinking Water. 
(2) NI) =Not Detected 

(3) Califbrnia Department of Health Services (CDIIS) Action Level (MCI.) for Toxicity 
(4) Suggested No Adverse Response Level (SNARL) (or toxicity other than cancer risk per EPA 
(5) U.S. EPA Integrated Risk lnlbrmation System (IRIS) reference dose as a water quality criterion 
(6) Common residual laboratory contaminant detected at low levels, hence not considered significant. 
(7) 11.5. EPA National Atubient Water Quality Criteria for Health and Welfare Protection (Non.Cancer Public Health Effects) 
(8) NM. = No published action level 
(9) (3.5. EPA National Ambient Water Quality Criteria for Health and Welfare Protection (Taste and Odor OT Welfare) 

pg/L micrograms per liter, mg/L - milligrams per liter 

(p 

011194.1St) 94-IIUJ-04 



3.3 FIELD OBSERVATION AND MONITORING OF H,S 

As indicated on the boring logs in Appendix A, sulfurous odors were noted during the drilling 

of PE-28, PE-29, PE-30 and PE-31. During development of the Monitoring Wells PE-29, PE- 

30 and PE-3 1, sulfur odors were again noticed. The air space immediately above water samples 

taken from these wells was monitored using a multiple gas indicator that indicated measurable 

hydrogen sulfide (H2S) concentrations of 46.0, 2.9 and 11.5 parts per million (ppm) for 

Monitoring Wells PE-29, PE-30 and PE-3 1, respectively. The results are discussed in 

Section 5.4. 

Ii 
.14 
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4.0 GEOLOGIC AND GROUNDWATER CONDITIONS 

4.1 REGIONAL GEOLOGIC SETTING 

The proposed Metro Rail alignment through the Repeno Hills is on the northern edge of the Los 

Angeles coastal plain and the underlying structural basin, at the junction between the Transverse 

Range and Peninsular Range geomorphic provinces in Southern California (Figure 4-1). The 

Elysian and Repetto Hills in central and eastern Los Angeles are a northwest extension of the 

Peninsular Ranges trending northwest from Baja California. The east-west oriented San Gabriel, 

Verdugo and Santa Monica Mountains to the north of the hills are in the western part of the 

Transverse Ranges, which extend across Southern California from the Colorado Desert to Point 

Arguello. The Peninsular Ranges are largely defined by right-lateral strike-slip faulting and 

associated folding parallel to their trend, and the western Transverse Ranges are uplifted by 

northward-dipping thrust faults along their southern margin. The hilly terrain of the study 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 predate structural development of the Los Angeles basin 

and the present structural setting. They consist of a wide variety of Precambrian to Mesozoic 

igneous and metamorphic basement rocks and a partial cover of Mesozoic to early Tertiary 

sedimentary and volcanic strata. Tertiary marine sediments and lesser volcanic rocks that were 

deposited in the developing Los Angeles basin during Miocene and Pliocene time compose much 

of the folded and faulted, northwest-trending hills of the present coastal plain. The oldest strata 

exposed in the southern and western Repetto Hills near the proposed alignment are those of the 

Puente Formation, which consists primarily of siltstone, claystone and sandstone. Puente 

Formation strata are conformably overlain by deposits of the Pliocene-age Fernando Formation, 

which generally grade upward from siltstone near the base to conglomerate near the top. This 

unit apparently records the final episode of marine deposition in the Los Angeles Basin, before 

the coastal plain was elevated above sea level. 

O2I494.RPT/94.II-O4 4-1 
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Deformation of Miocene and Pliocene marine deposits in the Repetto Hills has been accompanied 

during Pleistocene time by deposition of alluvium from the Transverse Ranges to the north. 

Cycles of alluvial deposition. continued deformation. and partial erosion have left a fringe of 

uplifted and dissected alluvial fans and terraces on the flanks of the hills. Much of the proposed 

course of the Metro Rail tunnel will be in these materials. 

There is current debate among geologiss about the geologic structure and ongoing tectonic 

activity in the Repetto and Elysian Hills. Speculation in the wake of the 1987 Whittier Narrows 

earthquake suggests that a northeast- to north-dipping extension of faulting beneath the northwest 

trend of the Whittier fault has produced thrust-fault offsets of well-consolidated bedrock at depth 

that are expressed in the weaker near-surface materials by folding, faulting or a combination of 

the two comprising the Repetto and Elysian Hills. 

4.2 REGIONAL FAULTING AND SEISMICITY 

4.2.1 Faulting 

. 
The proposed alignment is located in a high seismic-potential area that has experienced ground 

shaking from numerous large earthquakes in historical time. The earthquakes are being 

generated by periodic slip across the northwesterly-trending strike-slip San Andreas and 

Peninsular Ranges fault 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., the past 2 to 3 million years preceding the Holocene). Such faults may 

have remained active during Holocene time, but direct geologic evidence for continued activity 

t)21394.RPT194-IIWM4 4-3 
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is not available. The CDMG does not specifically define an inactive fault. although they do 

indicate that a fault may be presumed to be inactive based on direct geologic evidence of 

inactivity during the past 11.000 years or longer (Han. 1990). 

The closest documented active faults 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 five miles northwest of the alignnent. The Raymond fault 

passes through the northern part of the Repeno Hills into the south Pasadena-San Marino area 

to the east, and is about five miles north of the alignment at its closest point. A fault that is 

postulated to be the extension of the Whinier fault to the northeast of the Montebello and 

Monterey Park Hills area is located approximately four miles northeast of the alignment 

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

within 30 miles of the alignment are listed in Table 4-1 together with the San Andreas fault, 

which has been included in the Table for comparative purposes. 

In addition to the fault traces that are shown in Figure 4-2, topographic features having tectonic 

origins have been identified in the vicinity of the alignment (Plate 1A). An east-west-trending 

linear escarpment in alluvium that crosses the alignment at two locations (approximate Stations 

108 +00 and 154 +00), probably coincides with the Coyote Pass fault' as mapped by the 

California Department of Water Resources (1961). Several investigators have recently 

interpreted the escarpment to be a tectonic feature related to surface faulting associated with a 

postulated buried thrust fault system within this pan of the Los Angeles basin (Bullard and 

Lettis, 1993; Sieh, 1993; Dolan and Sieh, 1992a and 1992b; Davis and others, 1989). Our 

subsurface evaluation of the escarpment and its geologic significance for the tunnel alignment 

are discussed in Sections 4.4.4 and 6.7. 

I021494Rvr/ 94.1103.04 4-5 
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TABLE 4-1. ESTIMATED SEISMIC CHARACTERISTICS OF PRINCIPAL FAULTS 

Fault 

Approximate Distance from 
Alignment" 

(miles) 

Magnitude of 
Maximum 
Credible 

Earthquake'2 

Age of Most Recent 
Displacement°' 

West End Center Fast End 

Chino 30 27 24 7 1/2 Late Qualernary 

Cucamonga 31 29 27 7 Hotocene 

Hollywood 5 7 9 7 1/2 Holocene 

Malibu Coast 22 24 27 7 1/2 1-lolocene 

Newport-lnglewood 8 9 10 7 Historic (1933) 

Northridge 20 23 26 7 1/2 Late Quatemary; Holocene 

Palos Verdes Hills 18 18 19 7 Late Quaternary; Holocene 

Raymond 5 5 7 7 1/2 Holocene 

San Andreas 33 33 33 8 Historic (1857) 

San Gabriel 16 16 16 7 1/2 Late Quaternary; Holocene 

Santa Monica 9 12 15 7 1/2 Late Quaternary; 
Holocenet) 

San Fernando 16 18 20 7 1/2 Historic (1971) 

Sierra Madre 11 12 12 7 1/2 Late Quaternary; Holocene 

Verdugo 8 10 12 6 3/4 Late Quaternary; Holocene 

Whittier 8 5 4 7 1/2 Late Quaternary; Holocene 

(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 Quartemary" is the past 700,000 years: Holocene is the past 11,000 years. 
(4) Dolan and Sieh (1992a). 

o11794.TBLI 944100-04 



4.2.2 Seismicity 

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

project. In the event that a nearby fault were to slip and produce a major earthquake, very 

strong ground motions could affect the alignment. 

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

epicenters with respect to the alignment. A search radius of 150 miles from the approximate 

mid-point of the alignment was selected in order to include the larger magnitude earthquakes that 

have occurred in Southern California. Catalogued earthquakes since the year 1800 with 

magnitudes ranging from 4 to 8+ are shown in Figures 4-3 and 4-4. The largest historical event 

was the 1857 Fort Tejon earthquake (estimated M 7.9) on the San Andreas fault, about 125 

miles northwest of the proposed alignment. The epicenter of the closest moderate-sized 

historical earthquake was that of the 1987 Whittier Narrows earthquake (M 5.9), with an 

epicenter about 6.5 miles east-northeast of the approximate center of the alignment. This 

earthquake occurred on a previously unknown northeast-dipping buried thrust fault that has since 

been named the Elysian Park seismic zone (Mualchin and Jones, 1992). More recently, a M 6.6 

earthquake occurred on January 17, 1994 on a previously unknown buried thrust fault dipping 

south beneath the alluvium of the San Fernando Valley. The epicenter of this earthquake was 

about 24 miles northeast of the alignment. Early records of ground accelerations released by 

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

Terrace indicates maximum free field accelerations of 0.32g horizontal and 0. 13g vertical for 

the January 17, 1994 earthquake. 

4.3 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 

I021494art g4-tto.O4 4-7 
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supply 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 

(Figure 4-5). The Central Basin of the coastal plain is further subdivided into the Los Angeles 

Forebay, Montebello Forebay, Whittier and Central Basin Pressure Areas. 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 underlying these deposits. According to the CDWR (1961), the water-bearing sediments 

extend to depths on the order of 1.600 feet below the ground surface, particularly in the southern 

portions of the Forebay Area. 

Aquifers underlying the Forebay Area in the vicinity of the tunnel alignment include the 

Semiperched, Gaspur, Exposition, Gage and Gardena aquifers at increasing depths in the 

Holocene and Pleistocene sediments (CDWR, 1961). Most of these aquifers underlie the eastern 

portion of the alignment. However, because bedrock occurs at relatively shallow depths along 

the western half of the alignment, only the upper Semiperched and Gaspur aquifers appear to 

be present in that area (CDWR, 1961). The semiperched aquifer is comprised of the older 

Pleistocene deposits overlying bedrock near the Repetto and Elysian Hills; the Gaspur aquifer 

is largely comprised of the coarse-grained Holocene deposits overlying bedrock in the Los 

O2I494RPT/94-II-O4 4-10 
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Angeles River Narrows. The aquifers are Qenerally separated from each other by aquicludes. 

but the aquiclude materials may be locally absent in the northern pan of the Forebay Area. 

allowing hydraulic continuity between aquifers. 

4.4 LOCAL GEOLOGIC CONDITIONS 

Unconsolidated to weakly consolidated Pleistocene and Holocene alluvial sediments, and 

consolidated bedrock of the Miocene and Pliocene age Puente and Fernando formations will be 

encountered during construction of the alignment. Most of the borings and all cone 

penetrometer tests for this investigation were entirely in the alluvial sediments. Fourteen borings 

in the western portion of the alignment penetrated through the alluvium into underlying bedrock. 

Surficial geologic conditions in the vicinity of the alignment are shown in Plate lA, which also 

shows the locations of exploration points (e.g. borings) for this investigation as well as selected 

exploration points from other investigations that are located along or near the alignment. Plates 

2A and 2B illustrate the subsurface conditions along the alignment based on the results of the 

exploratory borings. 

4.4.1 Local Topographic Conditions 

The proposed alignment begins in the west near Union Station in the pre-channelization flood 

plain of the Los Angeles River. Where it trends northeastward and crosses the U.S. 101 

freeway, the alignment leaves the gently south-sloping floodplain and crosses a series of low 

alluvial terraces that form the southwestern margin of the City Terrace area in the Repetto Hills. 

The southwest- to south-sloping terraces are somewhat incised by local drainage channels and 

appear to be offset by an arcuate escarpment that extends eastward from near the proposed 

station at First Street and Boyle Avenue. 

The eastern portion of the alignment traverses wide drainage channels and the lowest alluvial 

terraces in the series to the proposed station at Whittier Boulevard and Arizona Avenue, where 

it enters an extensive alluvial fan surface that slopes southward from the Repetto Hills. 

. nzt494ar,94.II-o4 4-12 



4.4.2 Surficial Deposits 

A variety of surficial alluvial deposits underlies the entire alignment. These deposits are 

differentiated on Plate 1A into two units: Old Alluvium (map symbols Qoa and Qp) of 

Pleistocene age, and overlying Young Alluvium (Qya) of Holocene age. Most of the alignment 

will be through Old Alluvium, which begins at the eastern edge of the Los Angeles River 

Narrows at about Station 93+00. The alignment will be mostly in Young Alluvium within the 

narrows itself. Young Alluvium also occurs locally along the alignment, within drainage courses 

eroded into the Old Alluvium, and overlying Old Alluvium on the alluvial fan surface at the east 

end of the alignment. 

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 Old Alluvium, these are 

designated on the geologic map (Plate 1A) by a numerical subscript on the map symbol (e.g. 

Qoa1). 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 L.ettis, 

1993). 

Both granular and fine-grained intervals occur in the young and old alluvial units. Within the 

Los Angeles River Narrows, granular young alluvial deposits are most common. The sediments 

there consist largely of sand and gravel with interbedded lenses of gravel, cobbles and boulders. 

The largest clasts range up to 4 feet in size (Converse Consultants, 1981) with intervals of 

coarse gravel to large cobbles frequently present. The clasts are primarily composed of granitic 

and metamorphic rock types and are unweathered and durable. Locally, the base of the alluvium 

in the Narrows area is characterized by a zone of boulders and cobbles overlying the bedrock 

(Converse and others. 1984). This condition was found in Borings PE-28 and PE-29. where 

clasts up to 3 feet in size were encountered. 

The granular deposits in the Old Alluvium generally appear to be finer grained than the Young 

Alluvium in the Narrows area. The deposits primarily consist of sands and gravels with varying 

o:l494.Rrr,94-lR-o4 4-13 



percentages of silt and/or clay. Cobbly zones and possibly some small boulders were 

encountered in Borings PE-5. PE-6. PE-7. PE- 10. PE- 11 and PE-2 1. Drilling through cobbly 

and boulderv zones was usually accompanied by strong rig chatter and slow progress. As with 

the Young Alluvium, clasts are composed mostly of granitic and metamorphic rock types. 

Intervals of fine-grained strata generally consisting of up to 20-foot thick silt and clay deposit 

mixed with variable amounts of fine to coarse sand and some gravel are frequently interbedded 

in the Old Alluvium. Fine-grained beds are relatively uncommon in the Young Alluvium 

4.4.3 Bedrock 

Bedrock strata of the Pliocene Fernando Formation crop out both to the north of the alignment 

in the City Terrace area of the southern Repeno 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 Pueme Formation is exposed to the north of the Fernando 

Formation exposures and underlies much of the Elysian and Repetto Hills. The Puente 

Formation consists of well-bedded siltstone, claystone and very fine sandstone (Lamar, 1970). 

In the area shown in Plate 1A, the contact between these formations is covered by alluvium over 

most of its length. Where exposed, the contact is Often difficult to locate accurately because the 

lithologic change between the formations can be gradational (Lamar, 1970). We have therefore 

not attempted to differentiate the Fernando Formation from the Puente Formation during 

subsurface investigations; i.e. when referring to bedrock information obtained from borings, 

bedrock is designated the Fernando/Puente Formation in the text, and on the boring logs by a 

dual symbol, Tf/Tp. 

Bedrock was encountered at various depths in 14 borings along the western half of the alignment 

(generally west of Station 200+00). Bedrock should be anticipated to periodically occur in the 

tunnel envelope to the west of Station 140+00, near Boring PE-17. Within the borings, the 

bedrock material consists of very poorly bedded to distinctly bedded siltstone and claystone with 
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cemented beds and concretions locally present, and possibly some minor sandstone with 

conglomerate. 

Where observed in the borings, bedding planes have variable incLinations, ranging from Less than 

20 degrees (Boring PE-29) to near vertical (Boring PE-20). Existing geologic maps (Lamar, 

1970; Dibblee. 1989) and other subsurface geologic data (LeRoy Crandall, 1979) indicate that 

near the alignment, bedding planes are inclined moderately to steeply in a southerly direction 

and are locally overturned. Numerous folds with axes that trend east-west to west-northwest are 

present in the Repetto Hills area. 

Overall, the bedrock materials range from very soft to soft according to criteria provided by the 

Bureau of Reclamation in their "Engineering Geology Field Manual". A 4.5-foot thick zone 

consisting of hard, cemented, calcareous siltstone beds (each up to 1/2-inch thick) was 

encountered in Boring PE-28. Drilling through this interval resulted in continuous rig chatter 

and slow progress. Although Boring PE-28 was the only one in which cemented materials were 

encountered during this investigation, the available literature indicates that cemented beds, lenses 

and nodules, locally up to two feet thick, are present (Lamar, 1970; Convene, Davis and 

Associates. 1975; LeRoy Crandall and Associates, 1979; Converse and others, 1981 and 1984). 

An interval of uncemented conglomeratic sandstone interbedded with siltstone was encountered 

below approximately nine feet of siltstone at a depth of 98 feet BGS in Boring PE-21. The 

sandstone is fine to coarse grained with gravel-sized clasts from approximately 1/4-inch to 1 1/4- 

inch in size and is iron-oxide stained. 

The bedrock is typically dark olive gray when fresh and brownish when weathered. Within the 

Los Angeles River Narrows, the bedrock generally appears to be fresh or unweathered. 

Elsewhere. the weathering zone locally extends to a depth of 58 feet BGS, as observed in Boring 

PE-20. 
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4.4.4 Local Faulting 

An east-west trending topographic escarpment that forms the southern margin of the City Terrace 

area in the Repetto Hills is as much as 80 feet high and can be traced as an intermittent feature 

from near the channel of the Los Angeles River in the west to the southern base of the Monterey 

Park Hills near Atlantic Boulevard in the east (Plate 1A). 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. A second topographic 

escarpment occurs approximately one mile to the south. The southern escarpment has an east- 

northeast to northeast trend and its surface expression is relatively subdued compared to the City 

Terrace escarpment. 

Geologic studies following the 1987 Whittier Narrows earthquake (M 5.9) attribute these and 

similar escarpments in the Elysian Park and Repetto Hills of central and eastern Los Angeles 

to ongoing folding and faulting. Seismologic, geodetic and geomorphic analyses indicate that 

the escarpments could result from either surface faulting or near-surface folding of weakly 

consolidated materials that overlie movements on deeply buried (or 'blind") thrust faults (Davis 

and others, 1989). If continuous folds or faults extend northwestward from the Repetto Hills 

area, across the floodplain of the Los Angeles River, and into the Elysian Hills, as proposed by 

Dolan and Sieh (1992a, b, c), then the tunnel alignment will cross one of these features at as 

many as three locations along its length. (See location of escarpment on Plate lA). 

Previous Studies 

Mapping compiled by the California Department of Water Resources (1961) first references the 

"Coyote Pass Fault" along the trend of the escarpment in the City Terrace area. In contrast, 

maps of the western Repeno Hills by Lamar (1970) and Dibblee (1989) show the escarpment 

as an undeformed erosional feature on dissected fans and terraces of Pleistocene alluvial deposits 

at the southern margin of the hills. 
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Recent mapping and topographic analysis of the Repetto Hills area demonstrate that the hills 

have been deforming during Quaternary time. Maximum rates of uplift are estimated to range 

from 0.1 mmlyr to 0.25 mm/yr (Bullard and Lettis, 1993). Bullard and Lettis (1993) believe 

that a front of active deformation has migrated south through the hills in response to thrust 

faulting at depth. They report that the escarpment in the City Terrace area is a "tectonic feature 

related to surface faulting', and that it results from right-oblique movement in the hanging wall 

of a deeply buried thrust fault, but they cite no exposures of offset or deformed materials in the 

escarpment to support this conclusion. 

Studies of apparently offset stream courses along and near the escarpment in the City Terrace 

area also suggest that surface faulting with right-oblique fault displacements has occurred along 

the escarpment during Pleistocene time (Plate 1A, Dr. James Dolan, personal communication, 

1993). 

The log of a sewer tunnel excavation through City Terrace (LeRoy Crandall and Associates, 

1979) supplies the only known information to confirm faulting in the escarpment materials. This 

log indicates that the escarpment is underlain by silty to cobbly alluvium which dips to the south 

between 25 and 46 degrees. The sewer tunnel passes through a fault zone of apparently minor 

displacement that consists of variably dipping clay shears in terrace alluvium. The fault zone 

parallels the Coyote Pass escarpment and coincides with one of the west-draining stream courses 

that are just to the north of the escarpment, and inferred by Dolan (personal communication, 

1993) to be offset. 

Current Investigations 

If the City Terrace escarpment is the site of tectonic deformation due to faulting or periodic 

folding, it could cause deformation to tunnel structures intersecting it. Because it is 

topographically most prominent, the Coyote Pass escarpment in the vicinity of the proposed 

alignment was investigated on a preliminary basis for this report to evaluate its relationship to 

potential faulting. The investigation method consisted of continuous sampling and analysis of 
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six hollow-stem auger borings on and near the slope to search for evidence of faulting or near- 

surface deformation of sediments (Plate 3). The escarpment at Evergreen Avenue between 

Brooklyn Avenue and New Jersey Street was selected for drilling because of its ease of access 

and proximity to the proposed tunnel alignment, which passes beneath the escarpment about 

1.200 feet to the west. 

The six exploratory borings encountered folded alluvial deposits that are capped at the surface 

by a less folded and partially eroded residual soil (Appendix A and Plate 3). Deposits in each 

boring were found in sedimentary sequences which indicate that episodic pulses of floodplain 

deposition from about 5 feet to 30 feet thick occurred in the area prior to uplift or tilting. Each 

depositional sequence begins at depth with well-sorted sand to silty sand and gravel, and grades 

upward through variably sandy or gravelly silt. The tops of the sequences have dark-colored 

plastic clay horizons that developed by deposition and weathering at the ground surface during 

periods of sediment ponding and non-deposition. Renewed deposition of coarse-grained 

sediments buried each weathered clay horizon during a subsequent episode of flooding. 

Consistent thicknesses of apparently laterally continuous sequences of beds indicate that the 

ground surface in the present escarpment area was an undeformed floodplain at the time of 

deposition. Subsequent to deposition, the sequences appear to have been folded into a shallow 

asymmetric syncline within and below the present escarpment. The deposits dip southward 

somewhat more steeply than the ground surface beneath most of the escarpment; they appear to 

be back tilted (i.e., inclined slightly northward) beneath the base of the escarpment and the 

planar terrace surface that extends south from the scarp. 

As much as 7 feet of residual soil is preserved on the deposits on the lower slope of the 

escarpment and on the planar surface to the south. Remains of the soil become thinner on the 

higher escarpment and are locally absent where they have been stripped by erosion of the 

escarpment face. The cross-cutting relationship between the soil and the deposits it formed on 

indicates that the initially flat-lying deposits were folded and partially eroded prior to soil 
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formation. Both the deposits and the capping residual soil were additionally folded and further 

eroded, resulting in their present configuration in the escarpment. 

The age of the alluvial deposits is unknown, but the nature of the residual soil allows a rough 

estimate of its age and approximate time of folding. Samples from the boreholes and exposures 

on the nearby escarpment face show the soil to be a well-developed weathering horizon. The 

reddish brown color of the soil, the included weathered and friable rock fragments, the intensity 

of soil ped development to produce a subaiigular blocky structure, and the presence of common 

clay skins on soil peds and around intact clasts indicate that the soil is characteristic of:thc 

Ramona soil series, as defined and mapped in central and southern California by the U.S. 

Department of Agriculture Soil Conservation Service (Woodruff and others, 1970; Knecht, 1971; 

Wachtell, 1978). The soil development occurs on both units Q1 and Q2 (map symbol Qoa1, and 

Qoa,, respectively on Plate 1) of Bullard and Lettis (1993) who show the escarpment materials 

as their Q1 (map symbol Qoa1) mapping unit. The least developed soil in the Ramona series, 

which appears comparable to the soil in the study area, is believed to have begun formation 

about 140,000 years ago (Ponti, 1985). Bullard and Lettis estimate the age of their Q1 unit as 

less than 500,000 years. Partial folding and erosion of the deposits could thus have occurred 

between 500,000 and 140,000 years ago, whereas continued deformation resulting in the present 

topography would have occurred since 140,000 years ago. An estimate of the minimum age of 

deformation was not possible in this study, because deposits younger than 140,000 years were 

not found over the soil in any of the borings. 

The investigations confirm tectonic deformation as the cause of the Coyote Pass escarpment but 

no evidence for major fault offset of the deformed deposits or soil was found in the borings. 

The relatively wide spacing between the borings allows the possibility that small vertical or 

larger lateral offsets could have been missed in exploration. A large vertical surface 

displacement such as suggested by Bullard and Lettis (1993) appears unlikely at the location 

investigated, given the distribution of seemingly continuous strata across the base of the 

escarpment slope. The lateral offsets of drainage channels proposed by Dolan (personal 
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communication. 1993). which total as much as 2,000 feet cannot be precluded with the data 

currently available. 

Sieh (Dr. Kerry Sieh, personal communication, 1994) suggests the possibility of another fault 

which coincides with the southerly topographic escarpment. The escarpment crosses the 

alignment near Boring PE-5 (Plate 1A) and continues in a westerly direction directly south of 

Whittier Boulevard. West of Boring PE-5, the escarpment is obscure having little to no 

topographic expression. Northeast of the boring, the escarpment is the transition from mostly 

dissected older alluvial deposits to the northwest to comparatively undissected younger alluvial 

deposits to the southeast. No investigation of the southerly escarpment for this preliminary 

geotechnical investigation was performed. 

Our subsurface exploration completed for feasibility studies indicates that the zone of 

deformation associated with the topographic escarpment at the southern edge of the City Terrace 

area is, in part, the result of folding of Pleistocene alluvial deposits. Bullard and Lettis (1993) 

and Dolan (1993, personal communication) propose that this folding accompanies right-oblique 

surface offsets on a nofth-dipping thrust fault. 

Bullard and Lettis attribute the escarpment, which is locally as much as 80 feet high, to a 

vertical component of faulting. Dolan interprets west-trending drainage channels in the terrace 

surface above the escarpment to be offset as much as 2,000 feet by lateral displacement on 

multiple faults that parallel the escarpment face in a zone about 1,200 feet wide. Dolan and Sieh 

(1992a) propose that the escarpment is a portion of a fault zone that extends about 6 miles from 

the Elysian Hills in the west, to the eastern end of the Repetto Hills. 

With little yet understood about the tectonic development of the escarpment, we can presently 

do little more than speculate about the potential effects of possible future tectonic activity 

associated with the escarpment on the proposed tunnel alignment. Deformed residual soil on 

alluvium in the escarpment face is perhaps as much as 140,000 years old. If we accept that both 

the Bullard and Lettis. and the Dolan hypotheses are correct, we can speculate about the possible 
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impact. For example, if the height of the escarpment and the apparent Lateral offset of drainage 

channels have occurred entirely since the development of the residual soil, then there has been 

as much as about 80 feet and 2.000 feet (25 meters and 300 meters) of vertical and horizontal 

fault displacement, respectively, during the past 140,000 years. These figures yield average 

vertical and horizontal tectonic rates of slip of about 0.2 mm and 4 mm per year. If the 

escarpment in the City Terrace area is a portion of a larger, 6 mile-long fault, then future 

activity along this fault could generate earthquakes as large as magnitude 6.5 or 7. Earthquakes 

of magnitude 6.5 or 7 can result in as much as 6.5 feet of surface displacement per event 

(Bonilla and others, 1984). 

The apparent correlation of sedimentary sequences found in the six boreholes within and below 

the escarpment face indicate that the apparent vertical separation of sedimentary horizons 

approximately equals the vertical relief of the ground surface across the present escarpment 

topography, confirming that sediments and the ground surface have been tectonically deformed 

as proposed by Bullard and Lettis (1993). Vertical displacements remain a distinct possibility 

in the future. The apparent lateral offsets of drainages suggested by Dolan cannot be disproved 

without additional subsurface investigations, but other geomorphic data tend to refute such a 

hypothesis. For example, two other drainage channels from the heights of City Terrace trend 

directly south across the proposed zone of faulting without apparent lateral offset. If faulting 

was responsible for Dolan's apparent offsets, all of the channels should be offset comparable 

distances, but they are not. 

Explanations other than faulting are possible to develop the apparent lateral offsets of channels. 

The west-trending drainage channels could have developed from erosion along weak zones in 

the terrace alluvium that are controlled by minor faulting, such as that described in the sewer 

tunnel log or by the east-west strike of bedding within alluvial strata that are titled south as much 

as 46 degrees to the south within the terrace (LeRoy Crandall and Associates, 1979). Neither 

of these possibilities requires the large lateral offsets of the channels by faulting. 
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Given the existing data, the escarpment could be generated by either folding or faulting, although 

data mostly support folding as the mechanism. If the escarpment results from folding only of 

near-surface materials over an active buried thrust fault, then 6.5 feet of uplift by folding of the 

surface could result in about one or two degrees of tilting of the ground over the 200-foot width 

of the escarpment. If the relative offset of the terrace surface is expressed as surface faulting, 

then 6.5 feet of vertical offset could occur at one location or could be distributed over the 200- 

foot width at several locations. 

The occurrence of tectonic events (fault slip or folding) appears to be relatively infrequent. For 

example, at Evergreen Avenue, where subsurface exploration was conducted, the relative 

difference in elevation across the escarpment is only about 30 feet. If events occurred in 6.5 

foot increments, then only 4 such events may have occurred over the past 140,000 years, giving 

a recurrence of 35,000 years at that location. If the relative offset is less, then the recurrence 

could be assumed to be more frequent. 

The most southerly escarpment identified by Dr. Sieh has not yet been investigated but may have 

similar geologic characteristics as the Coyote Pass escarpment. 

4.5 LOCAL GROUNDWATER CONDITIONS 

Groundwater levels along the alignment were monitored by 16 piezometers which were screened 

as indicated in Table 3-2. Piezometers installed 'in Borings PE-31, PE-30, PE-29, PE-18, PE-25 

and PE-23 indicate that groundwater within the Los Angeles River area occurs at depths varying 

from approximately 35 feet below ground surface (BGS) in Boring PE-29 to 79 feet BUS in 

Boring PE-l8. A possible barrier to groundwater flow may occur in the vicinity of Borings PE- 

27 and PE-28, where a shallow buried bedrock ridge was encountered in the Los Angeles River 

Narrows at depths ranging from 45 feet to 50 feet BGS (Plate 2A). The bedrock surface slopes 

down to depths ranging from 70 feet to 74 feet BOS to the north of the bedrock ridge and is 85 

feet EGS and deeper to the south. The origin of the buried ridge is not known, but its location 

is approximately aligned with the projection of the escarpment of the "Coyote Pass fault" across 
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the Los Angeles River Narrows. Groundwater depth. historically have been much shallower in 

the narrows area. According to Converse and others (1984), groundwater was present in the 

alluvia! deposits at depths ranging from 20 feet to 30 feet BGS between the Union Station area 

and Fourth Street. 

Groundwater levels were monitored in ten piezometers to the east of the Los Angeles River 

Narrows (Table 3-2). Between Borings PE-21 and PE-16 groundwater appears to be perched 

in the older alluvial sediments that overlie relatively shallow bedrock. Groundwater depths in 

this section of the alignment range from approximately 52 feet to 79 feet BGS, and thus are at 

elevations slightly above, within and below the tunnel envelope (Plate 2A). 

The piezometers located to the east of Boring PE- 16 were constructed within predominantly 

coarse-grained older and younger alluvium, and have remained dry since their installation, with 

the exception of Boring PE-8, where groundwater was measured at a depth of 62.5 feet BGS in 

early December 1993. The piezometer was found to be dry in early January, 1994, suggesting 

a temporary local perched groundwater condition. Other data also indicate that perched 

groundwater conditions locally occur within these sediments. Cit Environmental Services 

(1992) encountered groundwater at a depth of approximately 45 feet BGS in the Calvary 

Cemetery area to the north of Borings PE-6 and PE-7. The presence of clayey intervals of low 

permeability that are found interbedded with coarser deposits in the borings suggest that perched 

groundwater should be anticipated to occur locally. 

Regional groundwater data indicate that groundwater beneath the eastern pan of the alignment 

occurs at depths on the order of 130 feet BGS (Los Angeles County Department of Public 

Works, various water level for deep water wells). 
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Si) SUBSURFACE CONDITIONS 

5.1 SUBSURFACE STRATIGRAPHY AND GROUNDWATER CONDITIONS 

5.1.1 General 

The proposed alignment crosses mostly Quaternary-aged alluvium and local areas of bedrock. 

The thickness of alluvium ranges from less than 25 feet in the northwestern portion of the 

alignment to in excess of 500 feet at the southeastern end. Young (Holocene) Alluvium is 

present along the western portion of the alignment within the Los Angeles River floodplain and 

along several drainage paths traversing portions of the alignment. Within the Los Angeles River 

floodplain, Holocene alluvium is underlain by bedrock of the Fernando and Puente formations. 

Elsewhere the Holocene alluvium is underlain by Pleistocene-aged Old Alluvium and bedrock 

of the Fernando and Puente formations. The Fernando and Puente formations within the 

alignment area consist predominantly of siltstone and claystone interbedded with occasional 

layers of sandstone and local well-cemented hard calcareous interbeds. 

Based on the stratigraphy interpreted from the results of subsurface investigations, the proposed 

alignment has been divided into two segments: the western segment covering the Los Angeles 

River floodplain and the eastern segment covering the remainder of the alignment. 

Plate 2A presents a generalized cross sectional profile showing the subsurface stratigraphy for 

the entire alignment. It is based on the results of 30 borings, FE-i through PE-0, and follows 

the CR Track. Plate 2B presents a cross sectional profile through the CL Track from Union 

Station to the proposed Little Tokyo Station, based on data from the current and previous 

investigations. The subsurface profiles are, in general, consistent with previous investigations 

in the area (Converse Consultants and others, 1981 and 1984; Caltrans, 1953, 1957a, 1957b, 

1963, 1964, i985a, 1985b; Earth Technology, 1986 and 1987a, b, c, d). Groundwater depths, 
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observed in the Little Tokyo Station area during the current investigations, however, were much 

lower than those recorded in the previous investigatio (Converse Consultants. 1984). 

5.1.2 Western Segment 

The western segment extends approximately 1.5 miles from Union Station (approximate Station 

13+20) in Los Angeles to the vicinity of the East Third StreetlSouth Pecan Street intersection 

(Station 93+00), east of Boring PE-22. The western segment includes Little Tokyo Station near 

the South Santa Fe Avenue/Third Street intersection. Eleven borings (PE-22 through PE-31 and 

PE-18) were drilled within this segment during the current investigations. 

Along this segment, the subsurface stratigraphy is generally represented by a shallow fill zone 

(to 9 feet thick) underlain by Young Alluvium and bedrock of the Fernando/Puente Formation. 

The bedrock was encountered in Borings PE-18, and PE-26 through PE-31 at depths ranging 

from about 45 feet to 85 feet BGS. 

The alluvium is heterogeneous within this segment. Within the depths of exploration, the 

alluvium consists predominantly of loose to very dense granular soils occasionally interlayered 

with fine-grained. soils consisting of sandy clays and clayey silts of low to medium plasticity. 

The granular alluvium mainly consists of silty sands (with and without gravel), poorly to well 

graded sand (with and without silt and/or gravel), and poorly to well graded gravel (with and 

without silt and/or sand) with some cobbles and boulders. The relatively high blowcounts (in 

excess of 100) measured within some of the sand and silt layers are a result of the presence of 

gravels and cobbles and are not considered representative of the density/consistency of the 

sand/silt matrix surrounding the gravels or cobbles. A significant portion of the granular layers 

within the proposed tunnel zone consists of poorly to well graded sands and may be susceptible 

to raveling and running/flowing conditions during tunneling. Also, cobbles (3 to 12 inches in 

size) and boulders up to 36 inches in size were encountered during the current investigation, as 

evidenced by a combination of factors including rock fragments in the cuttings, zero or low 

sample recovery, blowcounts greater than 100 and drill rig behavior. Cobbles were encountered 
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in Borings PE-18. PE-23 through PE-26. and PE-28 through PE-31. The presence of boulders 

was observed in Borings PE-23. PE-25. and PE-28 through PE-30. Boulders up to 48 inches 

in size were reported in a previous investigation (Converse Consultants. 1981). The cobbles and 

boulders are primarily composed of very hard to extremely hard granitic and metamorphic rock 

types that are unweathered and durable. 

The bedrock encountered within this segment consists primarily of weak, slightly weathered to 

fresh, thinly laminated to massive siltstone and claystone interbedded with occasional hard well- 

cemented calcareous beds and conglomeratic sandstone layers. 

The groundwater levels in this segment were monitored in five monitoring wells (PE-23, PE-18, 

and PE-29 through PE-31) and one piezometer (PE-25). Each of the piezometers/monitoring 

wells was screened within a zone that generally encompassed the tunnel envelope as indicated 

in Table 3-2 and Plates 2A and 2B. The observed groundwater levels are also shown in the 

same plates and table. In general, the groundwater level is approximately 30 to 40 feet BGS 

near the Union Station area and south of U.S. 101 Freeway up to the vicinity of First Street. 

South of First Street and in the vicinity of the Los Angeles River, the groundwater level was 

observed to be approximately 70 to 80 feet BGS. East of the Los Angeles River groundwater 

was observed at about 50 to 60 feet BGS. Groundwater levels reported in previous 

investigations (Converse Consultants and others, 1981 and 1984: Earth Technology, 1987 

Caltrans, 1985) are also shown on Plates 2A and 2B. Significant differences exist in 

groundwater elevations recorded during the current investigation and those recorded in 1983 by 

Converse Consultants particularly in the vicinity of Boring PE-18 (Link Tokyo Station). The 

groundwater level recorded at this location in 1983 was about 55 feet higher than measured 

during the current investigation. This discrepancy cannot be easily explained by any known 

geologic condition and would require further investigation. An accurate definition of the 

groundwater conditions in this area is critical since groundwater will affect the need for 

dewatering over a significant portion of the tunnel and at the Little Tokyo Station. 
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5.1.3 Eastern Segment 

The eastern segment extends approximately 5.1 miles from the East Third Street/South Pecan 

Street intersection (Station 93 +00) to the Whinier Boulevard/South Oakford Drive intersection 

(Station 363 +92.39) in East Los Angeles. The eastern segment includes six stations: 

First/Boyle, BrooklynlSoto. FirstlLorena. Whirtier/Rowan. Whittier/Arizona. and 

WhittjerlAtlantjc. 

The generalized cross sectional profile shown in Plate 2A also includes the eastern segment. 

The eastern segment profile is based on the results of 20 borings (PE-1 through PE-17, and 

PE-19 through PE-21), and seven CPT soundings (CPT-1 through CPT-6 and CPT-6A). 

Along the eastern segment, the subsurface stratigraphy is generally represented by a shallow fill 

zone (to 4 feet thick) underlain by Young and Old Alluvium. The Young Alluvium which exists 

within several drainage courses that cross the alignment and at the eastern end of the segment. 

is underlain by the Old Alluvium and bedrock. Bedrock of the Fernando/Puente Formation 

consisting of interlayered claystone, siltstone and sandstone was encountered below the alluvial 

deposits along the northwestern portion of this segment at Borings PE-14, PE-15, PE-17, and 

PE-19 through PE-21. At the eastern end, the bedrock is estimated to be relatively deep (in 

excess of 500 feet BGS). The subsurface stratigraphy is, in general, consistent with that 

observed in previous Caltrans borings in the vicinity of this segment. 

The alluvium is extremely heterogeneous in the eastern segment with a high percentage of fine- 

grained materials in comparison to the western segment. Within the depths of exploration, the 

alluvium consists predominantly of loose to very dense granular soils consisting of clayey sands, 

silty sands, poorly to well graded sands (with and without gravel), gravels (with and without 

sand/silt), cobbles and boulders; and medium stiff to hard cohesive soils consisting of clays, 

sandy clays, sandy silts and silts of low to medium plasticity. Although the coarse and fine- 

grained alluvium is imerlayered, the proposed tunnel profile traverses some zones that are 

predominantly coarse grained. some that are predominantly fine grained and some that are 
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closely interlayered. Significant zones of poorly to well graded sands and gravels that could 

potentially ravel or run within the tunnel excavation were encountered in Borings PE-1. PE-2. 

P&5 through PE-7, PE-9 through PE-19. and PE-21. The high blowcounts measured within 

sand layers are caused by the presence of gravels and should not be considered representative 

of the density/consistency of the matrix material in the alluvium. Cobbles (3 to 12 inches in 

size) and occasional boulders (greater than 18 inches) were also observed in Borings PE-6, PE-7, 

PE-lO, PE-il and PE-21. as evidenced by rock fragments in the cuttings, low sample recovery, 

high blowcounts and rig behavior observed during field exploration. As in the western segment, 

the cobbles and boulders are composed of very hard to extremely hard, unweathered granitic and 

metamorphic rock types. However, the occurrence of cobbles and boulders is less frequent in 

the eastern segment and it will not be as severe a constraint for tunneling conditions as in the 

western segment. 

The bedrock encountered within this segment consisted predominantly of weak, intensely 

weathered to fresh, thinly laminated to massive siltstone and claystone with occasional sand 

layers and hard, well-cemented calcareous layers. Sandstone and conglomeratic sandstone layers 

were encountered in Boring PE-2 1. 

The groundwater levels in this segment were monitored in eight piezometers (Borings PE-1, 

PE-3, PE-7, PEAl, PE-13. PE-17, PE-19 and PE-21) and two monitoring wells (Borings PE-8 

and FE-b). The screened zones within the borings are shown in Table 3-2 and Plate 2A. The 

screened intervals did not cover the entire tunnel envelope in Borings PE- 1, PE-3, PE-7, PE- 11, 

PE-13 and PE-16 due to the revision in the proposed tunnel profile after completion of the field 

exploration program. 

Groundwater was observed in Piezometers PE-17, PE-19 and PE-21. Monitoring Well PE-16 

and temporarily in Monitoring Well PE-8. The observed groundwater levels are shown in Plate 

2A and Table 3-2. Groundwater was initially observed in Monitoring Well PE-8 at 55 feet BGS 

on December 2, 1993. However, following well development and water sampling the water 

level did not rise in the well and the well was found to be dry, Previous Caltrans exploration 
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near the topographic high at Boring PE-20 indicated groundwater at an elevation of 337 feet or 

22 feet BGS. Results of our monitoring and review of available data indicate that the 

groundwater is approximatel' 20 to 60 feet BGS. and, in general. about 10 to 15 feet above the 

bedrock for the western portion of the eastern segment between Borings PE-21 and PE-14. In 

the remaining portion of the eastern segment (east of Boring PE-14), groundwater was not 

encountered in any of the monitoring wells, with the exception of the temporary presence of 

perched water in PE-S. Available regional data suggests that the groundwater level is deeper 

than about 150 feet BGS in this area. 

Local perched groundwater zones are likely along the entire eastern segment, as suggested by 

the temporary presence of water in Monitoring Well PE-8. previous studies (CTL Environmental 

Services. 1992) in the Calvary Cemetery area (approximate Station 293 +00) where groundwater 

was encountered at 45 feet BGS, and the presence of "wet" coarse grained soil samples observed 

in several borings during drilling (Plate 2A). 

5.2 ENGINEERING PROPERTIES OF SUBSURFACE MATERIALS 

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

are summarized in Table 3-4. Blowcount data (equivalent 5FF N-values) from standard 

penetration tests and drive sampling are shown in the borehole logs and presented in Table 3-4. 

Interpretations drawn from the CPT soundings are presented with the CPT logs in Appendix A. 

Table 5-1 presents a summary of the measured/interpreted ranges of relevant geotechnical 

parameters for the various material types encountered within the two segments. For purposes 

of presentation, the alluvium has been broadly categorized into fine-grained and coarse-grained 

alluvium. The fine- and coarse-grained alluvium are interlayered within both segments. 

However, the alluvium within the western segment is predominantly coarse grained. 
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Where the recorded SPT blowcounts and interpreted equivalent SPT blow counts from drive 

samples are relatively high in the alluvium, they should not be considered representative of the 

material density/consistency. The high blowcounts recorded are due typically to the presence 

of gravels and cobbles within the alluvium and do not reflect the relative denseness of the 

alluvial matrix. Also, due to the presence of gravels and cobbles larger than the sampler size, 

the results of gradation. in situ moisture content and in situ dry density tests on the granular 

alluvium may not be truly representative of the total deposit. 

The key laboratory soil engineering properties relevant to the design and construction of the 

tunnel and stations, based on this investigation, include the following: 

U Gradation (particle size distribution and fines content), index tests and classifications 

of materials to be encountered within the tunnel envelope and the station excavations. 

U Shear strength characteristics of materials to be excavated within tunnels and cut and 

cover stations, and materials supporting station foundations. 

U Corrosivity of soils within the tunnel and station zones. 

U Compressibility of soils below station foundations 

5.2.1 Grain Size Distribution 

Results of grain size distribution and fines content (percentage passing #200 sieve) tests are 

summarized in Table 3-4, Table 5-1 and in Table B-I of Appendix B. The measured fines 

content of the alluvial layers is also indicated on Plate 2A. The bulk of the gradation and fines 

content tests were performed on selected granular samples in the vicinity of the tunnel and 

station excavation. This was done primarily to evaluate areas of cohesionless sands and gravels 

which may be susceptible to ravelling/running/flowing conditions. Adequate grain size analyses 

could not be performed on samples from the gravelly and cobbly layers since representative 
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samples of such materials cannot be obtained from small diameter boreholesisamplers. In layers 

classified as gravel. clayey gravel, silty gravel, gravel with sand and sand with gravel, gradation 

curves presented may not be truly representative of the entire deposit and may oniy reflect 

gradations of finer matrix materials in the coarse alluvium. 

Results of gradation tests show the presence of significant zones of granular alluvium with low 

fines content (poorly to well graded sands and gravels) that would be potentially susceptible to 

raveling, running or flowing conditions within tunnel and station excavations. Such zones exist 

within the entire western segment and within significant portions of the eastern segment, 

particularly in Borings PE-1, PE-2, PE-5 through PE-7, PE-9 through PE- 19. and PE-2 1). 

5.2.2 Classification of Fine-Grained Soils 

Sample classifications per USCS and ASTM guidelines accompany the borehole logs and 

laboratory test summary tables. Results of Atterberg Limit tests are presented in Table 3-4, 

Table 5-1 and Table B-2 of Appendix B. Results indicate that the bulk of the fine-grained 

alluvium consist of clays, sandy clays and silts of low to medium plasticity with liquid limits 

typically ranging from 18 to 50, and plasticity indices ranging from 3 to 30. The bedrock 

materials are predominantly fine grained and consist of siltstone and claystone of low to high 

plasticity, with liquid limits ranging from 29 to 69 and plasticity ranging from non-plastic to a 

plasticity index of 37. 

5.2.3 Shear Strength 

Laboratory direct shear tests (Table 3-4, Table 5-1 and Table B-3 of Appendix B) performed on 

selected representative samples of fine grained alluvium showed peak cohesion values ranging 

from 150 to 1.700 psf. and peak friction angles ranging from 24 to 38 degrees. The tests were 

performed on relatively undisturbed medium stiff to very stiff samples from depths ranging from 

25 to 75 feet BGS. Undrained shear strength of the fine-grained alluvium as interpreted from 

the CPT soundings typically ranges from 1,200 psf to greater than 20,000 psf. 
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Shear strength of granular alluvium may be estimated based on equivalent SPT blowcounts or 

interpreted from CPT data. Based on the CPT and SPT data, friction angles range from about 

27 degrees for the loose silty sands to 48 degrees for the very dense sands and gravels 

(Table 3-4). Laboratory direct shear tests on medium dense to dense silty sands resulted in peak 

cohesion values ranging from 600 to 720 psf. and friction angles ranging from 29 to 34 degrees 

(Tables 3-4, 5-1 and B-3). 

Direct shear tests on siltstone and claystone bedrock samples (Tables 3-4, 5-1 and B-3) resulted 

in peak cohesion values ranging from 600 to 2,700 psf, and friction angles ranging from 23 to 

32 degrees. Unconfined compressive strengths of selected claystone and siltstone samples 

ranged from 34 to 120 psi (Tables 3-4, 5-1 and B-4). 

5.2.4 Corrosivity 

Results of corrosivity tests are summarized in Table 3-4 and Table B-S of Appendix B. Results 

of soluble sulfate content tests in soil samples and sulfate content tests in groundwater samples 

indicate that, with the exception of one sample from Boring PE-2, the subsurface materials are 

predominantly mildly to moderately corrosive to concrete. The sample tested from Boring PE-2 

appears to be severely corrosive (soluble sulfate content greater than 2,000 ppm). 

Results of electrical resistivity tests (286 to 12.987 ohm-cm) indicate that most of the subsurface 

materials are moderately corrosive to extremely corrosive to metals. Very corrosive materials 

(electrical resistivity less than 2,000 ohm cm) were encountered in Borings PE-1 through PE-3, 

PE-6, PE-lO, PE-il, PE-13 through PE-16, PE-iS, PE-21 through PE-23, PE-26, PE-29 and 

PE-30. 

. 021494RFF/94-lL®-O4 5-10 



. 
5.2.5 Compressibility 

Consolidation tests were performed on four samples of very stiff to hard, fine grained alluvium 

from the 35-foot to 60-foot depth range, and two samples of claystone from the Fernando/Puente 

Formation. The test results summarized in Table 3-4 and Table B-6 of Appendix B indicate that 

the compression index (ratio of vertical strain to log stress) of the fine grained alluvium ranges 

from 0.07 to 0.13, while that of the siltstone/claystone ranges from 0.11 to 0.16. The results 

indicate that the measured compressibility is consistent with the types of materials (very stiff) 

tested. 

5.3 LIQUEFACTION POTENTIAL 

The proposed alignment is located in an area having a high seismic potential. It is also located 

within five miles or less of the east-west-trending Hollywood and Raymond faults and a 

postulated extension of the Whittier fault, each one of which has the potential for a Maximum 

Credible Earthquake (MCE) of Magnitude 7.5. Based on the attenuation relationship of Joyner 

and Boore (1982), the peak ground surface acceleration (PGA) associated with the MCE on any 

one of these faults is estimated to range from 0.6 to 0.75g along the aligmnent. The CDMG 

Open-File Report 92-1 (California Department of Conservation, 1992) which provides contours 

of estimated PGA values from MCEs in California, indicates peak accelerations ranging from 

0.5g to 0.6g for the alignment. 

A significant potential effect of seismic shaking is soil liquefaction. Liquefaction is a 

phenomenon in which saturated soils (typically silts or sands) undergo a temporary loss of 

strength during vibrations caused by earthquakes. In extreme cases, the soil particles can 

become suspended in groundwater and the soil deposits become mobile with fluid-like behavior. 

The factors known to influence liquefaction potential include: grain size, relative density of soil, 

groundwater level, degree of saturation, confining pressures, and the intensity and duration of 

ground shaking. 
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Within the project limits, several areas with relatively shallow groundwater, have been identified 

by various agencies as being potentially liquefiable. The CDMG Special Publication 99 

(California Department of Conservation. 1988), which provided earthquake planning scenarios 

for a major earthquake on the Newport-lnglewood fault zone, has identified some areas in the 

vicinity of the Los Angeles River. north of the San Bernardino Freeway (10). with medium 

liquefaction susceptibility. The U.S. Geologic Survey Professional Paper 1360 (U.S. Geological 

Survey, 1985), which presents articles on the earthquake hazards in the Los Angeles region, 

indicates that some areas, particularly west of the Los Angeles River near Union Station, have 

a moderate to high liquefaction potential. The alignment also crosses some areas east of the Los 

Angeles River that have been identified as potentially liquefiable in the Los Angeles County 

Seismic-Safety Element Map (County of Los Angeles Department of Regional Planning, 1990). 

A site-specific liquefaction potential evaluation based on the available borehole, CPT and 

groundwater information was performed for an anticipated PGA of 0.7g (from a Magnitude 7.5 

earthquake). Groundwater was conservatively assumed to be at a depth of 30 feet BGS within 

the western segment, at the proposed tunnel crown elevation within the western portion of the 

eastern segment (west of Boring PE-14), and very deep (greater than 150 feet) over the eastern 

portion of the alignment (Borehole locations PE-1 through PE-13). The evaluation was carried 

out using procedures outlined by Seed et al (1983) and Seed (1987) for liquefaction under level 

ground. 

A significant portion of the alluvium along the alignment is granular and contains variable 

amounts of gravels and cobbles. Typically, high blowcounts were observed within the granular 

alluvium layers. However, the SPT blowcounts are not a good indicator of liquefaction potential 

in coarse alluvium with gravels and cobbles. The liquefaction potential analyses presented 

herein is therefore only applicable to those layers of granular alluvium free of significant 

amounts of gravels, cobbles and boulders. Additional field investigations to evaluate the relative 

density of these coarse materials by using equipment such as the Becker hammer, are 

recommended for evaluating the liquefaction potential within gravelly/cobbly layers. 
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TABLE 5-2. ALLUVIAL LAYERS WITH A POTENTIAL FOR 
LIQUEFACTION OR STRENGTH LOSS 

Alignment Segment Borehole Assumed Depth Material Type 
No.! Groundwater Range 

CPT No. Depth (feet, BGS) 
(feet) 

Western Tunnel PE-22 30 63-68 Sand with silt (5?- 
Segment SM) to well graded 

sand with silt and 
gravel (SW.SM) 

PE-25 30 65-68 Silty sand (SM) to 
sandy silt (ML) 

Eastern Tunnel Segment PE-15 36 50-53 Silty sand (SM) 

58-63 Sand with silt 
(SP-SM) 

PE-16 32 54-65 Sand with silt 
(SP-SM) to silty 
sand (S!vO 

CPT-5 32 35-37 Silty sand (SM) to 
sandy silt (ML) 

PE-19 30 30-33 Silty sand (SM) 

Note: 1. Peak ground acceleration of 0.7g was used for liquefaction analysis for the eastern and 
western tunnel segments. 
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Results of the liquefaction evaluation for granular layers free of gravels/cobbles are presented 

in Table 5-2. The results indicate that within the western tunnel segment. 3-foot to 5-foot thick 

potentially liquefiable sand layers occur in Boreholes PE-22 and PE-25 in the 63-foot to 68-foot 

depth range. Within the western portion of the eastern segment (west of Boring PE-14), pockets 

of potentially liquefiable sand layers. 2 feet to 11 feet thick, are evident at Borehole/CPT 

locations PE-15. PE-16. CPT-5 and PE-19. Liquefaction is not considered likely for the section 

of the alignment east of PE- 13, provided the groundwater levels remain relatively deep as 

currently observed. 

The liquefiable layers identified above appear to be localized and occur within or below the 

tunnel zone. Potential impacts of liquefaction may not be significant and may only include 

localized loss of support around the tunnel, and settlements on the order of a few inches. 

Additional zones of potentially liquefiable zones are likely to exist within the gravelly layers. 

Additional studies to obtain representative blow count data, as discussed above, are needed to 

properly evaluate the liquefaction susceptibility of these layers. 

5.4 SOIL AND GROUNDWATER CONTAMINATION 

This section presents a preliminary assessment of soil and groundwater contamination along the 

alignment based on the data obtained from the current investigation and available data from 

previous investigations in the vicinity of the alignment. 

5.4.1 Data from the Current Investigation 

The scope of environmental monitoring and testing performed in this investigation included a 

limited chemical testing program on groundwater samples, screening soil samples with an OVA 

for the potential presence of volatile organic compounds (VOCs), and monitoring selected 

groundwater samples for hydrogen sulfide (H25) using a multiple gas indicator. The results of 

chemical testing and H2S monitoring are presented in Sections 3.2.2 and 3.3. respectively. 

Headspace OVA readings and field observations of hydrocarbon and sulfur odors are presented 
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in the boring logs (Appendix A). Significant OVA readings (exceeding 10 ppm above 

background levels) as well as locations where odors were noticed are summarized in Table 5-3. 

Based on the results from this investigation the following preliminary conclusions were 

developed: 

Groundwater from monitoring wells PE-29 to PE-3 1 is likely contaminated with 

hydrocarbons above California Department of Health Services (CDHS) Maximum 

Contaminant Levels (MCLs) for drinking water. The contaminants that require 

treatment prior to disposal include, but may not be limited to total petroleum 

hydrocarbons (TPH), volatile organic compounds (VOCs including benzene, 

toluene, ethylbenzene. xylene, vinyl chloride, etc.). and a number of semi-volatile 

organic compounds (SVOCs). 

2. Groundwater from Monitoring Wells PE-29 to PE-31 is also contaminated with 

H,S as evidenced by the release of H,S from groundwater samples. 

3. Similarly, zones of subsurface soils in the vicinity of Borings PE-28 and PE-29 

are likely to be contaminated with hydrocarbons and H,S as evidenced by the 

groundwater contamination and high OVA readings and observed hydrocarbons 

and sulfurous odors in the area. 

4. No evidence of hydrocarbons or H2S contamination was found in soil and 

groundwater samples from Boring/Monitoring Well PE-IS. This may be due to 

the presence of a ' barrier' somewhere between Borings PE-29 and 

PE-18 as discussed in Section 4.5. 

5. High OVA readings in Boring PE-15 located within the Boyle Heights Oil Field 

may be indicative of potential hydrocarbon contamination in the subsurface soils 
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TABLE 5-3. SUMMARY OF SIGNiFICANT OVA READINGS ANt) FIELD OBSERVATIONS OF ODORS 

Boring No. Groundwater 
Depth 
(feet) 

Depth Range (feet) Depth Range (feet) with OVA Reading Maximum OVA Reading 
Above Background 

Hydrocarbon 
Odor Observed 

Sulfur Odor 
Observed 

> 10 ppm 
Above Background 

> 100 ppm 
Above Background 

Quantity 
(ppm) 

Depth 
(feet) 

PE-31 38 35 to 50 55 to 80 35 to 60 65 to 80 670 80 

PE-30 37 - 30 to SO 50 to 74 75 to 80 > I ,00() 80 

PE-29 35 - 32 to 75 35 to 65 70 to 80 940 80 

PE-28 No data - 45 to 50 45 to 70 75 to 80 100 75 and 80 

PE-15 No data - - 65 to 90 770 80 and 85 

PE-8 55 (perched 
groundwater) 

- 70 15 70 
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and the potential existence of hydrocarbon gases (e.g. methane) in the general 

area. 

6. High concentrations of petroleum hydrocarbons detected in the perched 

groundwater sample from Monitoring Well PE-8 appear to be related to a nearby 

active LUST (Leaking Underground Storage Tank List Regional Water Quality 

Control Board) site at the Thrifty Gas Station located at 3981 Whinier Boulevard. 

Thus, other nearby active LUST sites or sites with past and ongoing activities that 

may impact the soil and groundwater along the alignment have been investigated 

as pan of environmental assessments and are discussed in a separate report. 

5.4.2 Other Available Data 

Several previous environmental investigations have been conducted to assess soil and 

groundwater near the Union Station area and the MTA Railroad Maintenance Yard located along 

South Santa Fe Avenue approximately between Fourth Street and Commercial Street. Available 

reports from those investigations were reviewed. Table 5-4 presents a surnrnaiy of these data 

and their primary fmdings. 

The data generally confirm the presence of contamination discussed above and represent a 

valuable supplementary database for assessing soil and groundwater contamination between 

Union Station and the proposed Little Tokyo Station. 
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TABLE 5-4. SUMMARY OF AVAILABLE SOIL, GROUNDWATER AN!) GAS CON1'AMINAT ION DATA 

FROM OTHER INVESTIGATIONS NEAR UNION STATION AREA 

Sources Location/Area of Investigation Primary Findings 

Converse ConsuLtants (1984) MOS-1 Contract A-bC area including portion between S Mixture of l-IS and hydrocarbon gases (including uiieuliauie) 

Union Station and the vicinity of the proposed Little released from groundwater and exploded in a lnotlitoiing 
Tokyo Station well during a pump test near west end of Union Station. 

Boring CEG-2 (about 2,000 feet east of Union Siation) 
encountered oil stain in soil samples and sulfur odor. A gas 

sample from this boring contained IOU ppm methane and 
500 ppm ethane. 

Oil stains and sulfur odor were encountered in soil saitiples 
from borings near Union Station 

Woodward-Clyde Consultants (1986) El Monte busway U Soil contamination with volatile and senii-volatile organic 
compounds to a depth of 3(1 feet. 

Earth Technology (1986; 1987a, b. c, d) A-130 corridor east of Union Station including Denny's Sulfur and hydrocarbon odors iii borings and oil stains iii 
Restaurant (Vignes Street off-ramp from U.S. 101 soil samples. 
Freeway and Ramirez Street) Soil and groundwater samples front the vicinity of lkuiiiy's 

Restaurant were contaminated with petroleum bytlii)Cfl lions. 
II igh OVA read iaigs ( > I ,Ot)0 ppm above background level) 
were observed at Boring 13-204, B-302A and B-303A). 

Levin-Fricke (1993) Gateway Center at southwest corner of Macy Street and Groundwater contamination with 1115 and volatile organic 
RWQCB (1993) Vignes Street near Union Station compounds (VOCs), 

Ongoing treatment system for groundwater from dewaicring 
(450,000 gpd) using hydrogen peroxide to oxidize 11,5, 

filtration of sulfur and/or suspended solids and active 
carbon to remove VOC. 
Capacity of the treatment plain is 1.2 million gallons pc 
day. 

Law/Crandall (1993) Metro Pasadena Line U Two borings adjacent to Union Station recorded OVA 
readings >50 ppm in soil samples. 

P 
-s 
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6.0 DESIGN AND CONSTRUCTION 

6.1 GENERAL 

This section discusses some of the key geotechnical issues and constraints identified during this 

preliminary investigation that should be considered in the design and construction of the tunnels 

and stations along the Eastside Extension alignment. The scope of this preliminary investigation 

was limited to characterizing subsurface and groundwater conditions by widely-spaced borings, 

and a few monitoring wells at selected locations. Therefore, the findings and discussions 

presented in this section are preliminary and will require further evaluation when additional 

information becomes available. 

6.2 SUMMARY OF RELEVANT SUBSURFACE STRATIGRAPI-IY 

Based on current plans and profiles, the proposed tunnels and stations will be within alluvium 

and the Fernando/Puente Formation bedrock. The alluvium is heterogenous and non-uniform. 

In the western segment (from Union Station to the vicinity of PE-22 at approximate Station 93 

+ 00), alluvium consists predominantly of gravel, gravelly sand, sand and silt with local cobbles 

and boulders (up to 4 feet in size) and occasional and localized layers of sandy clay and clayey 

silt. Alluvium in the eastern segment (remaining portion of Eastside Extension) is older and 

consists of fine-grained alluvium consisting of clay, sandy clay and clayey silt and granular 

alluvium similar to that found in the western segment but with fewer cobbles and boulders, 

particularly boulders larger than 18 inches in size. The granular alluvium over a large portion 

of the entire alignment consists of sands and gravels with low fines content and would be 

susceptible to raveling, running/flowing conditions within tunnel/station excavations. The 

boulders and cobbles encountered are typically very hard to extremely hard unweathered granitic 

and metamorphic rock types. Within the unnel envelope and station excavation depths, the 

bedrock materials, when encountered, are expected to consist predominantly of very low-strength 

(defined as having uniaxial compressive strength less than 4,000 psi) siltstone. claystone and 
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sandstone, except for local zones of hard, well-cemented calcareous interbeds with a maximum 

thickness of about 5 feet. Except for such local hard and well-cemented interbeds. the 

Fernando/Puente Formation, for mrmeling purposes. is expected to behave similar to hard and 

dense soils. 

6.3 TUNNEL 

6.3.1 Excavation and Support 

Tunnels along Eastside Extension will be in alluvium except the following approximate sections 

where tunnels will be partly (mixed face conditions) or entirely within Fernando/Puente 

Formation: 

U From the vicinity of Boring PE-29 to the vicinity of Boring PB-IS (i.e. north of 

Little Tokyo Station) 

U From the vicinity of Boring PE-21 to the vicinity of Boring PE-17. 

Further delineation of alluviumlbedrock contact would be required to refine the limits of the 

above sections. 

It is anticipated that soft ground/soft rock tunneling methods will be generally applicable except 

where boulders or local well-cemented interbeds in the bedrock are encountered. Boulders will 

likely require special handling and use of suitable tunneling machines to achieve an efficient rate 

of advance, and to provide face stability and reduce potential ground settlement. Boulders 

should be anticipated within the entire western segment and portions of the eastern segment 

(particularly in the vicinity of Borings PE-5, PE-6, PE-7, PE-lO and PB-i 1). Large boulders 

to 4 feet in size and hard interbeds in the bedrock will likely reduce advance rates and may 

require splitting in the face or on the mucking conveyor. Previous tunneling experience in 

similar subsurface conditions indicates that tunnels along the Eastside Extension can be advanced 

. 
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using mechanical excavation method within a shield and with initial support consisting of precast 

concrete liners. The tunnels will be finished with a final lining of cast-in-place concrete. 

In addition to large boulders, tunneling partly or fully in alluvium along the alignment will 

encounter raveling and running conditions because of the predominantly granular nature of the 

alluvium. Slow raveling conditions (dewatered or above groundwater silty sand and clayey sand) 

should not be a major concern in properly conducted shielded mechanical excavations, provided 

the initial lining support and backfihling of the tail voids are applied in a timely fashion. Fast 

raveling conditions and running/flowing conditions can be anticipated in cobbles, gravels. 

gravelly sand, and poorly graded sands above or below groundwater. or well-graded sand below 

groundwater. Fast ravelling and running/flowing conditions are anticipated over a major portion 

of the tunnel within alluvium. Subsurface materials encountered in the tunnel zone in Borings 

PE- 1. PE-2, PE-5 through PE-7, PE-9 through PE- 17, and PE-2 1 through PE-3 1 may be subject 

to such conditions. These conditions will require use of one or a combination of the following 

provisions to enhance face stability and to reduce potential settlement: 

Dewatering from the surface or ahead of the excavation. The feasibility, design 
and cost of the dewatering system will depend upon the hydraulic head and level 
of groundwater contamination, if any. Potential for groundwater contamination 
is discussed in Section 6.5. 

With dewatering, use of an open shield fitted with breasting doors and poling 
plates (or movable hood and jack systems) for excavation face control and to help 
mitigate the potential for, and effects of cave-ins. 

Use of a shield with a pressure regulated trap door 

Use of a suitable earth pressure balance (EPB) machine 

Stabilization of the granular soil zones near and around the tunnel crown by 
chemical grouting from the tunnel face or compaction growing (cost effective if 
the granular zones are localized) 
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Even in areas where the groundwater table is below the tunnel zone, local flowing ground 

conditions will occur where perched groundwater is encountered. Local perched groundwater 

is possible since fine-grained soils are locally present in the alluvium throughout the alignment. 

6.3.2 Groundwater Control 

Available groundwater level data from this investigation indicate that possibly the entire, or at 

least a significant portion of the tunnel envelope within alluvium will likely be below 

groundwater. The following sections of the alignment are apparently the most likely to be 

affected: 

U from Union Station to somewhere between Borings PE-28 and PE-18. 

from the vicinity of Boring PE-25 to the eastern boundary of the First/Boyle 
Station (between Borings PE-20 and PE-21) 

from the vicinity of Boring PE-19 to the vicinity of Boring PE-14. 

As discussed in Section 5.1.2, there is a significant discrepancy with respect to groundwater 

level data between the current investigation and the 1983 measurements by Converse Consultants 

(1984), particularly in the area of Borings PE-18 and PE-26 where the 1983 levels are 

approximately 60 feet higher than current levels. The 1983 data suggest that the entire western 

segment of the tunnel could be below groundwater level. This discrepancy will have significant 

impact on the extent of dewatering needs and liquefaction potential evaluations, and will require 

resolution prior to filial design. Thus, until further refmement. the conclusions and 

recommendations in this section should be considered preliminary. 

Dewatering of the portions identified above will be necessary to enhance stability, and mitigate 

the potential for ground settlement and for inflows of water during tunnel excavation. 
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Available groundwater information a'so appears to indicate that groundwater levels 

aoproximatel between Boring PE-14 and the eastern terminus (Station 363 ± 92.39) of the 

alignment are likely to be near or below tunnel inverts. Dewatering may become necessary in 

a portion of this interval if the groundwater levels are substantially higher due to seasonal 

fluctuations. 

In general. local small inflows due to perched water conditions can be anticipated during 

tunneling throughout the alignment. 

6.3.3 Liquefaction Potential 

Liquefaction of soils surrounding the tunnels may cause loss of support and excessive 

deformation/settlement of the tunnels. Thus. liquefaction may significantly impact the tunnel 

performance during and after a design earthquake event and is an important consideration. 

A majority of alluvium along the Eastside Extension is granular in nature and consists of 

variable amounts of gravel and cobbles. High SPT blowcounts were observed in the granular 

alluvium along the alignment (Section 5.0 and boring logs in Appendix A). These high 

blowcounts are due to the presence of gravel and cobbles and do not reflect the consistency 

(denseness) of the overall granular deposits. They are therefore not reliable indicators of 

liquefaction potential of gravelly and cobbly soils. Additional blowcount data using a Becker 

hammer are needed to evaluate the liquefaction susceptibility of these gravelly and cobbly layers. 

For this investigation, liquefaction evaluation was therefore limited only to layers free of gravels 

or cobbles. 

The results of our limited liquefaction evaluation performed for granular layers free of gravels 

or cobbles (Section 5.3) indicated the presence of potentially liquefiable medium dense sand 

layers. 2 to 11 feet thick, within and below the tunnel zone, in the vicinity of Borings PE-15, 

PE-16. PE-19, PE-22 and PE-25. The consequences of liquefaction within these zones may 

include localized loss of support around the tunnel and settlements on the order of a few inches. 
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The linea tunnel is not expected to experience any serious adverse impacts due to liquefaction 

oi these layers. However, the impact of potential liquefaction within the gravelly and cobbly 

sand layers should be evaluated prior to final design. Additional liquefaction studies are 

particularly recommended between Union Station and the proposed Little Tokyo Station. and in 

the vicinity of the First/Boyle Station. 

6.4 CUT-AND-COVER STATIONS 

6.4.1 Excavation Methods 

A total of seven cut-and-cover stations are proposed within the Eastside Extension alignment. 

Excavation and foundation support for five of these stations are anticipated to be completely 

within alluvium. Soft Fernando/Puente Formation bedrock is expected within at least portions 

of the other two stations (First/Boyle and Brooklyn/Soto).. Thus. excavation and foundation 

support for these two stations may be partly or totally within bedrock. The subsurface 

geotechnical conditions at the station areas indicate that cut-and-cover excavation can be achieved 

using conventional mechanical excavation methods. However, suitable excavation equipment 

to handle large boulders withth alluvium and for localized well-cemented hard interbeds within 

bedrock would likeN be required. 

6.4.2 Shoring Support 

Shoring will be required due to the proximity of the stations 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. precast. and slurry walls 

supported by tiebacks. anchors and/or internal bracing struts. The most appropriate shoring 

system must consider subsurface conditions, excavation geometry, the dewatering scheme, 

construction procedures. characteristics of nearby buildings. and local experience. Based on 

local practice in the Los Angeles area with subsurface geotechnical conditions similar to those 

encountered at Eastside Extension. soldier piles and lagging walls with tiebacks and/or internal 
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bracing (struts and wales) are the most likely shoring systems. The use of slur-i-v wall 

construction for support of excavations in lieu of soldier piles and lagging would be relatively 

expensive and may not be practical. 

Preliminary lateral earth pressure recommendations for shoring design in predominantly dense 

and granular alluvium are provided in Figures 6-1 and 6-2. At each station, site-specific lateral 

earth pressure distributions that consider material type. density (consistency), and surcharge 

effects should be developed prior to final shoring design. Design of the shoring system should 

also take into consideration the potential presence of cobbles and boulders, caving/flowing sands, 

high groundwater levels, local perched groundwater zones, and/or well cemented, hard interbeds 

within the bedrock. 

Local noise abatement requirements. the presence of cobbles and boulders in alluvium, and the 

existence of Fernando/Puente Formation with local well-cemented hard interbeds generally 

preclude the use of conventional impact driving to install soldier piles. Thus, the soldier piles, 

if used, would likely be installed in predrilled holes. Rock coring of hard interbeds and large 

size boulders may be required. Slurry or casing will be required to handle potential caving 

conditions within granular alluvium. 

6.4.3 Dewatering and Groundwater Control 

Available groundwater data indicate that the groundwater table will be about 25 to 30 feet above 

the station invert at the First/Boyle Station. As indicated in Section 6.3.2 additional 

investigations will be required to establish possible groundwater fluctuations at the Little Tokyo 

Station. In the remaining five station areas, the groundwater table is anticipated to be near or 

below station inverts. The presence of thick, predominantly granular layers of alluvium below 

groundwater indicate that dewatering prior to and during excavation in the First/Boyle Station 

area, and possibly the Little Tokyo Station area, will be required. Additional field exploration, 

field pump testing and groundwater quality testing will be required prior to designing a suitable 

dewatering system. 
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Local small inflows due to localized perched groundwater zones can be anticipated during 

excavation and construction of all the proposed stations along the alignment. 

6.4.4 Bottom Stability and Foundation Support 

Subsurface materials at the excavation bottoms for the planned stations will be predominantly 

granular alluvium and Fernando/Puente Formation bedrock. Groundwater levels at all stations 

are anticipated to be near or below station inverts except at the FirstlBoyle Station and possibly 

the Little Tokyo Station. At these locations, dewatering will be required to lower the 

groundwater to mitigate the potential for bottom instability due to heaving, hydraulic uplift or 

piping. 

In general, the materials encountered at the foundation level will provide adequate foundation 

support for the proposed structure. However, foundations may straddle transitions between 

bedrock and alluvium, and across different soil types within alluvium, with varying bearing 

(strength) and compressibility characteristics. Under such conditions, some foundation 

preparation measures such as overexcavation and recompaction may be necessary to limit 

potential differential settlements. Appropriate foundation types will depend on structure-loading 

characteristics which are not defined at this time. Foundation design recommendations can be 

provided after further structural and station-specific subsurface information becomes available. 

6.4.5 Liquefaction Potential 

Impacts of potential liquefaction in station areas may include loss of vertical and lateral support, 

increased lateral pressure on station walls, increased buoyancy and induced 

settlement/movement. Because of shallow groundwater conditions. liquefaction potential at the 

First/Boyle Station, and possibly the Little Tokyo Station. is of concern, while liquefaction 

potential at the remaining stations is relatively low due to deeper groundwater level. As stated 

in Section 6.3.3, further studies are required to evaluate the liquefaction potential of the 

gravelly/cobbly soils at the First/Boyle and Little Tokyo stations. 
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6.4.6 Structure, Street Protection 

Most oi the planned stations along the alignment will be close to existing structures and/or 

streets generally supported on foundations located above the planned depths of station 

excavation. Thus, provisions to protect these existing structures from potential damages due to 

station construction must be considered in the design and construction of the planned stations. 

6.5 SOIL/GROUNDWATER CONTAMINATION 

Limited data from this investigation (Sections 3.2 and 5.4) and available data from previous 

investigations near Union Station suggest that known or potential soil and groundwater 

contamination within the tunnel envelope and station excavation limits may exist at the following 

approximate locations: 

U Known soil and groundwater contamination with petroleum hydrocarbons and 

hydrogen sulfide (HS) from Union Station to somewhere between Borings PE-iS 

and PE-29. 

I Potential soil and local perched groundwater contamination with petroleum 

hydrocarbons in portions of the alignment along Whittier Boulevard in the vicinity 

of the active Thrifty Station LUST (Leaking Underground Storage Tank List 

Regional Water Quality Control Board) site located at 3981 Whittier Boulevard. 

U Potential contamination with hydrocarbons in the vicinity of Boring PE-15 as 

evidenced by the presence of high OVA readings of the samples from this boring. 

As previously discussed, local perched groundwater conditions can be anticipated within 

alluvium, especially along the eastern segment. Depending on the locations, water inflows from 

some of the local perched water zones may be contaminated with hydrocarbons as evidenced by 

the high BTEX readings from the perched water samples from Monitoring \Vell PE-8. 

. 
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There are several sitesi facilities. as well as abandoned oil wells located close to the alignment. 

that may have past and current activities associated with underground storage tanks or other 

environmental implications. These sites may have potential impacts on soil and groundwater 

contamination along the alignment. High OVA readings were observed in Boring PE-15 which 

was located near an abandoned oil well. 

A detailed environmental assessment has been conducted to identify potentially contaminated 

sites that may impact the alignment and to characterize the extent of contamination. The results 

of that assessment are discussed in a separate report. 

6.6 GASSY CONDITIONS 

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

is well known. The proposed alignment will traverse the known boundaries of the Union Station 

and Boyle Heights oil fields. Thus, the potential for accumulation of toxic and explosive gases, 

especially methane and hydrogen sulfide (H,S), exists along the Eastside Extension segment, as 

evidenced by the following: 

U Most of the soil samples from Borings PE-28 through PE-3 1 (within the Union 

Station Oil Field) and from Boring PE-15 (within the Boyle Heights Oil Field) 

obtained at or adjacent to the tunnel envelope exhibited high OVA readings 

U Strong sulfur odors, possibly from the presence of H2S, were documented during 

drilling and sampling of Borings PE-29 through PE-3 1 located within the Union 

Station Oil Field. 

Monitoring of the head spaces immediately above water samples from Monitoring 

Wells PE-29 through PE-31 (within the Union Oil Field) exhibited HaS 

concentrations of 2.9 ppm to 46 ppm (permissible exposure limit is 10 ppm). 
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N Known soil and groundwater contamination with petroleum hydrocarbons and H2S 

in the vicinftv of the Union Station area. 

The results presented above appear to suggest that the primary area of concern for H,S along 

the alignment may be from the Union Station to somewhere between Borings PE-IS and PE-29. 

Areas of concern for methane include the portions of the alignment that traverse the known 

Union Station and Boyle Heights oil fields (approximately between Union Station and Boring PE- 

25. and between Borings PE-19 and PE-17. respectively). 

In addition to being potentially present above the groundwater table within the area of concern, 

H2S may also be present within the previously saturated zones that became unsaturated upon 

dewatering, as a result of H,S occupying the voids created by dewatering. This possibility 

should be considered in the design, construction and operation of the facilities within the affected 

area. 

6.7 POSSIBLE FAULT CROSSINGS 

As discussed in Section 4.0, the Coyote Pass escarpment and associated lineaments, and a 

similar topographic escarpment located to the south may involve near-surface faulting and could 

cross the Eastside Extension alignment at as many as four places. Near-surface faulting has the 

potential of being one of the most significant concerns with respect to the tunnel design and 

construction. Detailed investigations to better understand the geometry and nature of these 

possible fault zones and their seismic activity and capability will be needed to assess potential 

impacts on safety issues, and design of the tunnel and stations. 

6.8 OTHER CONCERNS 

The Fernando and Puente formations are known to contain scattered zones of very hard 

concretionary nodules and cemented beds similar to those encountered in the construction of the 

first Metro Rail segment (MOS-l). Although this material was encountered at only one location 
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during this investigation, the possibility of its presence elsewhere along the Eastside Extension 

alignment exists. 

If encountered, nodules up to 18 inches in diameter and zones of beds up to 4.5 feet in thickness 

should anticipated. Such nodules and beds may slow the rates of tunneling advance and station 

excavation as well as present difficulties for soldier pile installation. 

Due to the proximity of Eastside Extension to two known oil fields (Union Station and Boyle 

Heights Oil Fields) where numerous exploratory/production wells exist, there exists a potential 

for the presence of undocumented cased or uncased abandoned oil wells within the tunnel 

envelope and station excavation limits, especially along the portion of the alignment located 

within these known oil fields. In addition to requiring considerable time to remove the casings, 

such abandoned wells, if encountered, may contain large quantities of water or even oil under 

pressure which can rush into the tunnel or station excavation within a few seconds. The 

abandoned wells may also contain residual accumulations of hydrogen sulfide, methane or other 

toxic/explosive gases. 

Results of sulfate content tests indicate that the soils are mildly to moderately corrosive to 

concrete except near the location of Boring PE-2, where the soil may be severely corrosive 

(maximum sulfate content in excess of 2.000 ppm). Type II cement should be used for concrete 

in contact with mildly to moderately corrosive soil. Type V cement is required for concrete in 

contact with soils containing sulfates in excess of 2,000 ppm. Results of laboratory electrical 

resistivity tests indicated that the soils are predominantly moderately to extremely corrosive to 

metals. As indicated in Section 5.2.4, samples from 17 of the 31 borings tested very corrosive 

to metals (electrical resistivity less than 2.000 ohm-cm). Most of the remaining samples tested 

moderately corrosive (electrical resistivity between 2,000 and 5,000 ohm-cm). Very corrosive 

samples were found in the fine and coarse alluvium (within the tunnel zone and near surface) 

and bedrock. 
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7.0 CONCLUSIONS AND RECOMMENDATIONS 

7.1 CONCLUSIONS 

Although more detailed geologic and geotechnical investigation programs will be needed to 

support the future engineering effort for the proposed Eastside Extension. the results of this 

preliminary geotechnical investigation have provided a needed database for a general 

understanding of the geologic, geotechnical and environmental conditions, and a preliminary 

characterization of associated engineering parameters and potential ground behavior along the 

alignment. 

As previously discussed, the alignment was divided into the following two segments based on 

subsurface conditions: 

Western segment - about 1.5 miles long, from Union Station to about 300 feet 

east of Boring PE-22, approximate Station 93+00. 

U Eastern segment - about 5.1 miles long from Station 93+00 to the eastern 

terminus of the Eastside Extension. 

Based on the results of this investigation and current plans and profiles. tunnel and station 

excavations within the alignment will be predominantly within alluvium, with some portions in 

bedrock of the Femando/Puente Formations. Alluvium in the western segment is Holocene-age 

and consists predominantly of coarse-grained materials ranging from sands to cobbles and 

boulders of up to 4 feet in size with occasional layers of fine-grained materials. Alluvium in 

the eastern segment is generally more fine-grained and contains less cobbles and boulders (both 

in extent and size). 
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Based on the results of this investigation, the following conclusions can be made: 

1. The tunnels along the Eastside Extension can be advanced using soft ground/soft 

rock mechanical excavation equipment within a shield and with initial support 

consisting of precast concrete liners. 

2. Identified potential concerns for tunneling along the! alignment include the 

presence of cobbles and boulders (up to 4 feet, and greater than 18 inches along 

the western and eastern segments, respectively), shallow groundwater conditions 

within alluvium along portions of the alignment, raveling and running/flowing 

conditions associated with the predominantly granular alluvium within the tunnel 

envelope, local hard, well-cemented interbeds and the potential presence of hard 

concretionary nodules (up to 18 inches in size) within the bedrock, and presence 

of hydrogen sulfide and methane. 

3. Topographic features that are inferred to be fault related intersect the alignment 

at several locations. The "Coyote Pass fault" may potentially cross the alignment 

at as many as three locations. A similar feature located to the south crosses the 

eastern portion of the alignment. If the "Coyote Pass fault" and the southerly 

inferred fault are found to be active, such a fmding will become one of the most 

significant constraints in the design and construction of the tunnel and station 

facilities. 

4. To enhance face stability and reduce ground settlement, dewatering to lower 

groundwater below tunnel inverts along with specific provisions, such as, a shield 

with a movable hood (poling plates) and breasting doors, use of an earth pressure 

balance (EPB) machine, or stabilization of granular soil zones, will be necessary. 

Initial lining support and backfilling of tail voids should be applied in a timely 

manner. 
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5. Large boulders and hard interbeds in the bedrock will likely reduce advance rates 

and may require splitting at the face or in the mucking conveyor. 

6. Hydrogen sulfide (H2S) is likely to be present. primarily from Union Station to 

somewhere between Borings PE-29 and PE-18, where a barrier to H2S and 

groundwater contamination may exist. The H,S is a significant concern for tunnel 

construction and operation. 

7. Methane may be encountered along those portions of the alignment traversing the 

Union Station and Boyle Heights oil fields. The potential presence of methane 

and other gases should be considered in the design and construction of the tunnels 

and stations. 

8. Excavation of the seven planned cut-and-cover stations along the alignment can 

be accomplished using mechanical excavation methods with readily available 

equipment and conventional shoring provisions. Again, the presence of large 

boulders within alluvium and local well-cemented hard interbeds within bedrock 

may require special handling and may slow the rates of excavation and shoring 

installation. 

9. Preconstruction dewatering will be required at the FirstlBoyle station where 

groundwater levels are expected to be about 30 feet above the station invert. 

High groundwater levels may also impact the excavation at the Little Tokyo 

Station. Additional studies will be required to estimate the potential for high 

groundwater level fluctuations in this area. Preconstruction dewatering for the 

other five stations does not appear to be necessary. However, localized inflows 

due to perched groundwater conditions can be anticipated. 

10. Local zones of potentially liquefiable layers, 2 to 11 feet thick, exist within and 

below the tunnel envelope. However, data from this investigation were not 
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sufficient to perform a proper evaluation of the liquefaction potential in areas of 

gravelly and cobbly alluvium. These areas include the portion of alignment from 

Union Station to the vicinity of Boring PE-28. and the areas within the limits of 

the First/Boyle and Little Tokyo stations. Additional investigations by Becker 

hammer to delineate liquefaction potential in coarse materials will be necessary. 

11. Available project data files and limited chemical tests on groundwater samples 

obtained in this investigation indicate potential groundwater and soil 

contamination in some areas along the alignment. These include soil and 

groundwater contamination with hydrocarbons and H,S from Union Station to 

somewhere between Borings PE-18 and PE-29, as well as potential soil and local 

perched groundwater contamination with hydrocarbons and/or metals or chemical 

compounds in the immediate vicinity of known boundaries of the Union Station 

and Boyle Heights oil fields, known active LUST sites, and areas with past and 

current activities that may have a potential for contamination. In addition to 

impacting disposal, groundwater contamination will affect the details and 

requirements of dewatering as well as other important issues such as the presence 

of H2S in unsaturated zones produced by dewatering. 

12. Subsurface soils are moderately to extremely corrosive to metals. For the most 

part, soils are mildly to moderately corrosive to concrete. Type II cement should 

be adequate for most of the alignment. However, occasional corrosive zones that 

may require Type V cement exist along the alignment. 

7.2 RECOMMENDATIONS 

In addition to providing a needed database for preliminary engineering design, the results of this 

investigation have also identified a number of constraints and data gaps. Further investigations 

will be needed to support future design and construction activities. Future investigations should 
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include geologic. geotechnical. geophysical. hydrogeologic and environmental assessments. 

These investigation programs should include, but not necessarily be limited to the following: 

1. Perform a detailed geotechnical investigation program with closely-spaced geotechnical 

borings along the entire alignment for a more detailed understanding of the subsurface 

conditions. A majority of the borings should be drilled and sampled using large diameter 

bucket auger rigs (above groundwater table) and Becker drill rigs (above and below 

groundwater) in order to evaluate the following: extent and size distribution of cobbles 

and boulders; representative grain size distribution (large bulk samples) and consistency 

(as indicated by the penetration resistance to the Becker hammer) of gravelly and cobbly 

soils: liquefaction potential assessment in shallow groundwater areas from Union Station 

to somewhere between Borings PE-28 and PE-29, and within the First/Boyle and Little 

Tokyo Station areas. 

2. Carry out a detailed fault study program, including additional geologic mapping, borings, 

trenches, and geophysical surveys, to evaluate faulting, folding and potential seismic 

activity in cormection with the Coyote Pass fault and a similar inferred fault to the south, 

and their potential impacts on the Eastside Extension tunnel design. The program should 

include extended lines of borings at various locations across the escarpment to better 

characterize the geometry of folding, trenches on the escarpment and across inferred 

offset stream channels to search for both evidence of near-surface faulting and deposits 

that might permit an understanding of the timing of tectonic activity, and geophysical 

studies to delineate possible offset bedrock at depth. 

3. Conduct a geophysical program to evaluate seismic wave velocities to assist in 

liquefaction potential assessment for shallow groundwater areas. 

4. Perform closely-spaced geotechnical borings with multi-stage piezometers/monitoring 

wells supplemented by a geophysical survey in the area between Borings PE-18 and PE- 

29 where a barrier (apparently either due to high bedrock surface or the existence of a 
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fault zone) to groundwater contamination and HS appears to be present. Delineation of 

the barrier location may define the southern boundary of HS and/or significant 

groundwater contaminations. 

5. Install additional piezometers and monitoring wells to supplement the existing data and 

to better define the geohydrological settings including groundwater levels and quality 

along the alignment, and to resolve the groundwater level discrepancy between this 

investigation and the 1983 data by others, especially between Borings PE-29 and PE-24. 

6. Perform field pump tests in the areas that require pre-construction dewatering for tunnel 

and station construction, as well as determine groundwater quality to help design suitable 

dewatering systems and treatment systems, if required. 

S 
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