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1.0 EXECUTIVE -SUMMARY 

1.1 GENERAL 

This report presents the results of a geotechn1cal investigation for the 
planned Hollywood/Western Station and 1ts adjacent ancillary faci11ties. The 
primary objective of the geotechnical investigation was to evaluate subsurface 
soil and groundwater cond1t1ons to obtain geotechn1cal 1nformat1on for des ign 
of the station. The geotechn1cal investigation consisted of drilling and 
sampling seven borings, mon1tor1ng a piezometer installed during the 1988 
investigation (Earth Technology, 1988). soil mechanics and chemical laboratory 
tests, and engineering evaluation. 

1.2 SUBSURFACE STRATIGRAPHY AND CONDITIONS 

The subsurface stratigraphy in the planned Hollywood/Western Stat i on area, as 
encountered in this investigation, consists of a shallow fill zone and 
Holocene-aged Young Alluv1um overlying Pleistocene-aged Old Alluv i um. The 
Young and Old Alluvium in the station area are extremely heterogeneous and 
nonuniform. The Young Alluv i um in the station area ranges from about 23 feet 
to 40 feet thick and consists predominantly of medium-dense to dense silty 
sand, sandy silt, and clayey sand interspersed with medium-stiff to stiff 
sil ty clay and clayey si lt. Within the exploration depth range, the Old 
Alluvium consists of medium-dense to very dense silty sand, and clayey sand 
i nterspersed with very stiff to hard silty clay, sandy clay, and clayey silt. 
Localized pockets of gravel and grave l ly sand up to about 10 feet th i ck are 
present in the Young and Old Alluvium, 

In the site area and within the exploration depth range, the fine-grained 
materials approximately account for 25 percent and 50 percent of the Young and 
Old Al l uvium, respectively. Granular materia l s approximately represent 75 
percent and 50 percent of the Young and Old Alluvium, respectively. 

The groundwater table in the station area was found at or a few feet below the 
planned station bottom slab elevation. 

1 
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1.3 STATION CONSTRUCTION 

The observed subsurface conditions in the planned Hollywood/Western Station 
area can provide excellent foundation support for the planned station struc­
tures. The required station excavation can be accomplished relatively rapidly 
using mechanical excavation techniques and readily available equipment. The 
geotechnical evaluation for various engineering aspects of station design and 
construction are sunmar1zed below: 

1. Groundwater Control: The presence of the groundwater table at or a 
few feet below the excavation bottom elevation indicates that pre­
construction dewatering is not necessary. However, the moist nature 
of the alluvial soils and the potential variation of the groundwater 
levels indicate that some groundwater seepage into the excavation 
opening may be possible during construction. The amounts of seepage 
flow are anticipated to be small and can be easily handled by a 
readily available drain/sump system. 

2. Shoring: Due to the planned station's proximity to existing 
bu il dings and the limited construction space, shoring will be 
required for station excavation and construction. Based on 
subsurface conditions and cost considerations, the contractor will 
most likely use drilled soldier piles and lagging walls with tiebacks 
or internal bracing for lateral support. Accordingly, design input 
for these shoring types is presented 1n this report. 

3. Underpinning: The need for underpinning the adjacent existing 
buildings depends on whether their foundations are adequate or 
whether the buildings can satisfactorily withstand the anticipated 
settlements due to excavation and shored wall-related construction. 
Each adjacent bu11d1ng should be evaluated on a case-by-case basis. 
However, guidelines and rec0111Tiendations of various underpinning 
systems are provided in this report. 

4. Foundation Design: The main station structure can be adequately 
supported on Old Alluvium us1ng a relatively rigid slab/mat 
foundation. Spread footings can be used as supports for other 
structural components. Reconmended earth pressures on walls. roof. 
and slabs of the structure are also presented in this report. 

5. Settlement: Assuming a station loading of about 5,000 psf, inmediate 
elastic settlement of the mat foundation is estimated to be about one 
inch. The consolidation settlement of a 10- to 15-foot-thick clay 
layer located immediately below the planned station bottom slab is 
estimated to be about 1.5 1nches. The elastic settlement will take 
place almost irrmed1ately after construction, while consolidation 
settlement will take place over a period of about 2 months to 6 
months. Due to the heterogeneous and nonuniform nature of the sub-
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surface soils ; some differential settlement of the mat foundation i s 
expected. 

1.4 MATERIAL HANDLING AND HEALTH AND SAFETY CONSIDERATIONS 

In addition to the above-mentioned construction-related engineering aspects, 
the following aspects need careful consideration: 

1. Material Handling: 1t is unlikely that excavated materials will 
require special cleanup or handling except at some localized areas. 
Extensive treatment of sumped groundwater, if any, prior to d1sposal 
is not anticipated. However, these issues may require further 
chemical testing and coordination with the California Regional Water 
Quality Control Board. 

2. Health and Safety: the Hollywood/Western Station 1s about 7,000 feet 
and 10,000 feet from the Western Avenue and Los Angeles City 011 
F1elds, respect ively. Due to th1s proximity, the potential for 
harmful concentrations of methane and hydrogen sulfide in the stu y 
area are likely to be minimal but cannot be completely eliminated. 
Methane and hydrogen sulfide should be continuously monitored during 
excavation and construction.' Proper ventilation should be maintained 
continuously to prevent accumulation of these gases . 

3 
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2.0 INTRODUCTION 

2.1 GENERAL 

Thi s report presents the resul~s of a geotechn1ca1 i nvestigation for the 
planned Hollywood/Western Station and 1ts adjacent ancillary facil i t i es. The 
station is part of the Metro Ra11 "M1n1mum Operable Segment-2 11 (MOS-2) align­
ment. The location of the Hollywood/Western Stat i on w1th respect to the MOS-2 
ali gnment is shown 1n Figure· 2-1. Th1s 1nvest1gat1on was performed to eva l­
uate subsurface soils and groundwater conditions at the station area. The 
resu l ts will be used for a detailed design of the station. 

2.2 LOCATION/ALIGNMENT AND PLANNED CONSTRUCTION 

Engineering efforts for planning and design of the pl anned Hollywood/Western 
Station have bee~ initiated by Metro Rail Transit Consultants (MRTC). Figure 
2-2 shows the location and alignment of the planned stat ion, as they appear on 
the MRTC doc ments dated June 1989 (MRTC, 1989}. As shown in th i s f igure, the 
station will consist of two main components: the main structure (with 
ancil l ary facilities) and the entrance leading to the rail facilities. The 
stat i on wil l be located underneath Ho lywood Boulevard from about the east 
curb of the southbound Serrano Avenue to about 78 feet east of western Avenue. 
The station entrance wi l l be l ocated about 60 feet south of Hollywood 
Bou levard. 

The planned station is located in a developed comnercia l and resident ial area. 
The ground surface in the station area is paved, with no vegetat i ve cover. 
Al ong the station al ignment, the ground surface mildly slopes downward from 
about Elevation 401 feet at the eastern end to about Elevation 392 feet at the 
western end. 

Several bu i ldings are within 100 feet of the station. Most of these buildings 
are 1- to 2-story, except for t he 4-story hotel bu i lding at the northeast 
corner of the Hol lywood Boulevard/Western Avenue i ntersection. 

4 
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cut-and-cover construction is planned for the station. The main structure. 
including ancillary facilities at both ends, 1s about 600 feet long, with an 
ins ide width nr · c;:bout 52 · feet. The overall excavation width w111 be about 62. 
feet, as-sumi'ng a 5-foot space for wall constructi er. Otl e;~--~ ~JAA• . T.h~ planned · · 
bottom slab is at about Elevation 332 feet; this means t-tiat ttie e~cavation 
depth for the main structure will range from about 60 feet to 70 feet. 

The surface elevation at the southern entrance leading to the mezzanine level 
is at about Elevation 393 feet. The planned mezzanine level is at about 
Elevation 360 feet. The platform level is planned at about Elevation 336 feet 
with an east-west gradient of about 0.3 percent. 

2.3 OBJECTIVE AND SCOPE 

The primary objective of the geotechnical investigation was to evaluate 
subsurface soil and groundwater conditions to obtain geotecnnical information 
for design of the planned Hollywood/Western Station. 

The scope of this investigation consisted of the following: 

1. Reviewing available literature and reports . 

2. Pianning and coordinating field work, including: 

o Developing field procedures and manual 

o Planning the field investigation program 

o Obtaining permits from government agencies and private property 
owners 

o Coordinating with government agencies and ut111ty compan1es prior 
to, during, and after the field work 

o Developing and implementing a project-specific Health and Safety 
Plan. 

3. Performing a ficld ·exploration program, including: 

0 Drilling an.d sampling seven test borings 

7 
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• 
o Obtaining Organic Vapor Analyzer (OVA) readings on soil samples 

and background environments 

o Monitoring groundwater levels in an existing piezometer, LPE-11 
(Earth Technology 1988) . 

4. Performing a laboratory testing program on selected representative 
soil and water samples to assess their index and engineer ing 
properties and to evaluate general chemical characteristics of the 
encountered subsurface materials. 

5. Preparing this report documenting the findings. conclus ions, and 
geotechnical recommendations. 

2.4 ADDITIONAL INFORMATION 

The geotechn1ca1 investigation for the planned Ho l lywood/Western Station 1s 
part of an overall geotechnical investigation for a major part of the Metro 
Ra11 alignment. The alignment starts at the W11sh1re/Vermont Station. turns 
north along Vermont Avenue, and then curves west along Hollywood Boulevard. 
The subsurface conditions at the Hollywood/Western Station are similar to 
those found at the Metro Ra11 alignment portions along most of Hollywood 
Boulevard. Thus~ applicable geotechnical data from Metro Rail alignment por­
tions along Hollywood Boulevard have been incorporated in this report. 

• In addition to this report. pertinent project information for the 
Hollywood/Western Station is also included in the following reports: 

• 

o "Geotechnical Report, Metro Rail Project, Vermont/Sunset Station 
and Adjacent Tunnel Segment," Report to Metro Rai l Transit 
Consultants (MRTC) by The Earth Technology Corporation (1990). 

o "Geotechnical Report, Mero Rail Project, Hollywood/Vine Station 
and Adjacent Tunnel Segments," Report to Metro Rail Transit 
Consultants (MRTC) by The Earth Technology Corporation (1990). 

o "Geotechnical Report. Metro Rail Project, Hollywood/Highland 
Station," Report to Metro Rail Transit Consultants (MRTC) by The 
Earth Technolog~ Corporation (1990). 

o "Report of Subsurface Gas Investigation - Southern California 
Rapid Transit District, Metro Rail Project, Phase II Alignment," 
Report prepared by Engineering Science Associates (ESA. 1990). 

8 
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o "Geotechn1cal Invest1gat1on Report, L1m1ted Preliminary 
Engineering Program, MOS-2 Alignment, Metro Rail Project, 11 

prepared for Metro Rail Transit Consultants (MRTC) by The Earth 
Technology Corporation (1988) . 

o "Geotechnical Investigation Report for Metro Rail Project," 
prepared for Southern California Rapid Transit District (SCRTD) 
by CWDD/ESA/GRC (1981). 

2.5 REMARKS 

For the Metro Rail Project. design procedures and criteria for underground 
structures under earthquake loading conditions are defined in the Southern 
California Rapid Transit District (SCRTD) report entitled 11 Supplemental 
Criteria for Seismic Design of Underground Structures, 11 dated June 1984. 
Evaluations of the seismological conditions which may impact the project and 
the probable maximum earthquake which may be anticipated in the Los Angeles 
area are described in the SCRTD report entitled 11 Se1smological Investigation 
and Design Criteria, 11 dated May 1983 . 

9 
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3.0 FIELD EXPLORATION AND LABORATORY TESTING 

This section provides a description of the subsurface exploration and 
laboratory testing work performed in this program. This field investigat ion 
program was part of a larger geotechnical program performed along the Metro 
Rail alignment. Results of the larger geotethn1ca1 1nvestigat1on applicable 
to the Hollywood/Western Station, as well as available reports (Section 2.4), 
were also used in developing conclusions and reconmendations presented in this 
report. 

3.1 FIELD EXPLORATION 

Field exploration consisted of drilling and sampling seven borings (PII-67 
through Pll-73) and mon1tor1ng groundwater levels· 1n an existing piezometer 
(LPE-11, Earth Technology 1988). A pot plan showing boring locations is 
presented in Figure 2-2. Detailed locations and boring logs are presented in 
Appendix A. 

3.1.1 Borings 

Seven borings were drilled using rotary wash methods with a 
4-7/8-inch-d1ameter bit which produces a nominal 5- to 6-1nch-diameter 
borehole. A tr1-cone bit was used in coarse-grained {granular) soils and a 
drag-bit was used in fine-grained soils. A benton te drilling fluid was used. 
At the time of the field investigation, the penetration depths of the borings 
were about 55 feet below the planned station excavation depth (MRTC, 1988). 
After completion of these borings, the station excavation depth was increased 
about 15 feet (MRTC, 1989). Thus, the completed borings were about 40 feet or 
less below the currently planned station excavation depth. Penetration depths 
of the seven borings are shown in Table 3-1. Soil samples were obtained at 
five-foot-depth intervals by alternately using standard split-spoon samplers 
(Standard Penetration Test Method) and California-type drive samplers lined 
with one-inch-high brass rings. 

10 



TABLE 3-1. TOTAL PENETRATION DEPTHS FOR SOIL BORINGS 

• Penetration 
Boring# Depth (Feet) 

PII-67 91.0 

PII-68 81.0 

PII-69 91.0 

PII-70 91.0 

PII-71 101.0 

PII-72 91.0 

PII-73 101.0 

• 

• 11 



• 
Standard Penetration Tests (SPT) were performed according to the American 
Soci~ty for Testing Materials (ASTM) Standard Procedure D1586. This method 
consists of driving the standard sp11t-spoon sampler 18 inches into the so11 
using a 140-pound harrmer falling 30 inches. Blow counts were recorded for 
each 6- inch driving increment. The total blow count for the last 12 of 18 
inches of dr i ving is called the standard penetration resistance. 

The dr1v1ng was terminated when one of the following occurred: 

o A total of 100 blows was reached for penetration of 12 inches or 
less 

o No obvious sampler advance was observed during driving 

o The sampler was advanced 18 inches. 

Relatively undisturbed soil samples were obtained with the California-type 
dr ive samp lers by driving the sampler with either a 265-, 295-, or 340-pound 
downhole ha1T1T1er falling 18 inches. Harrmer weight and corresponding drop 
heights used for driving the samplers are indicated in the boring logs 
(Appendix A). Blow counts were recorded for each six-inch driving increment. 
A Pitcher-barrel sampler was occasionally used when penetration or soil 
recovery with the drive samplers was difficult due to hard/dense subsurface 

• conditions or when longer samples were required for laboratory testing. 

• 

The borings were continuously logged by an experienced geologist or soils 
eng ineer using the Unified Soil Classification System (USCS). The boring 
logs were prepared and/or reviewed by a certified engineering geologist (CEG). 

3.1.2 Groundwater Level Monitoring 

Groundwater levels were monitored in P1ezometer LPE-11 (Earth Technology, 
1988) using an electronic water-level indicator. Groundwater level readings 
were taken periodically and are surrmarized in Table 3-2. 

12 



TABLE 3-2. SUMMARY OF GROUNDWATER READINGS 

LPE-11 • Ground Surface Elevation= 394.5 feet 
Groundwater Level Groundwater Level 

Date of Read i ng Depth (feet ) El evati on (fee t) 

11/14/88 66.2 328.3 

12/08/88 66.2 328.3 

05 /02/89 66.3 328.2 

07 / 16 /89 66.4 328.1 

09/09/89 68.2 326.3 

01 / 22/90 68.0 326.5 

• 
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3.2 LABORATORY TESTING PROGRAM 

A laboratory testing program was developed and performed on selected soi1 
samples obtained in this investigation. The laboratory tests were intended to 
provide data for further refinement of subsurface conditions and associated 
engtneering parameters, as well as to assess the extent of 
contamination at the Hollywood/Western Station site area. 
laboratory testing program was developed to: 

1. Aid 1n soil classification. 

possible chemical 
In general, the 

2. Ob ain an initial assessment of engineering properties of the soils 
encountered in the investigation. 

3. Provide a preliminary chemical characterization of selected soil 
samples. 

It should be noted that test results on soil and water samples from Earth 
Technology's 1988 1nvest1gat1on were also incorporated in this study. 

3.2.1 Soil Mechanics Laboratory Testing 

A series of soil mechanics laboratory tests was performed on selected 
representative samples. All tests were performed in accordance with 
applicable standard test methods specified by the American Society for Testing 
Materials (ASTM), the U.S. Army Corps of Engineers, or the U.S. Environmental 
Protection Agency (EPA). The test program and procedures are summarized in 
Table 3-3. 

The results of soil mechanics laboratory tests are presented in Appendix 8. 
In addition, moisture content and dry density data are also presented in 
boring logs found in Appendix A. Results of the laboratory test data eval­
uation for the engineering properties of encountered subsurface materials are 
presented in Section 4. 

14 
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TABLE 3-3. SUMMARY OF TESTS AND TEST PROCEDURES 

Test Type No. of Tests 

Vi sual Examination Eve ry sample 

Grain Size Distribution 16 

Hydrometer Analysis 3 

Un it We ight 22 

Mo i sture Content 22 

Specific Gravity 1 

Atterberg 1 imit 11 

Di rect Shear Tests 18 

Permeabi 1 i ty 3 

Consolidation Test 3 

Tr iaxial Compress ion 2 

Notes: (a) U.S. Army Corps of Engineers 

15 

Test Procedure 

ASTM D 2488-84 

ASTM D 422-63 and D 1140-54 

ASTM D 422-63 

ASTM D 2937-83 

ASTM D 2216-80 

ASTM D 854-83 

ASTM D 4318-84 

ASTM D 3080-72 

ASTM D 2434-68 and EPA 9100 

ASTM D 2435-80 

EM 110-2-1906(a) 
Appendix 10 
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3.2.2 Analytical (Chemical) Laboratory Testing 

In addition to monitoring the background and headspace Organic Vapor Analyzer 
(OVA) readings of every soil sample. triple-meter monitoring was performed on 
samples with high OVA readings for an 1nd1cation of hydrogen sulfide (H2S) 
concentrations. explos1vity levels, and carbon monoxide concentrations during 
the field work. A limited analytical (chemical) laboratory testing program 
was also performed on selected s011 samples. No piezometers were installed 
during this investigation and, hence, no water samples were obtained. The 
analytical laboratory testing program performed for the investigation 1s 
summarized in Table 3-4. Analytical tests on water samples performed during 
the 1988 investigation (Earth Technology, 1988) are also included in this 
table. 

The results of the analytical laboratory testing program are presented in 
Appendix C and summarized in Tables 3-5 through 3-11. An evaluation of the 
results and the potential impacts on design and construction are presented in 
Section 4 . 
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TABLE 3-4. SUMMARY OF ANALYTICAL LABORATORY ANALYSES 

• Test Type Sample Type No. of Tests Test Proceaure 

Total Recoverable soi l 5 EPA 418.1 
Petroleum Hydrocarbons 
{TR PH) 

Aromatic Organ i c Compounds soi 1 5 EPA 8020 
{BTEX) 

Volatile Organic soil 1 EPA 8240 
Compounds 

Semivolatile Organic soil l EPA 8270 
Compounds 

CAM Metals soi 1 1 Ca11fornia Meta1s(a) 

Su l fide soil 5 EPA 9030 

Sulfate S011 5 EPA 9038 

• Note: {a) Ca li fornia Code of Regulations, 1987 
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TABLE 3-5. RESULTS OF CHEMICAL TESTS FOR SULFATE CONCENTRATIONS 

Potential 
Sulfate Detection Cement 

Location/ Sample Concentrafion Limit Type for 
Sample No. Type (ppm) a) (ppm) Construction(b) 

LPE-11 (Nov 88) water 160 50 I I 

LPE-11/0-13 (Nov 88) S011 p(c) 50 Regu lar 
PII-69/0-6 5011 70 10 Regular 
PII-69/0-14 soil 60 10 Regular 
Pll-70/D-16A S011 70 10 Regular 
Pil-71/0-13 5011 50 10 Regular 
PII-72/D-7A soil 30 10 Regu lar 

NOTES: (a) ppm = Parts per m111 ion. 

(b) Cement types are based on recommendations specified in Uniform 
Building Code (UBC, 1988). 

(c) P = Present in concentrations Jess than Detection Limi t . 
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TABLE 3-·s. RESULTS OF CHEMICAL TESTS FOR SULFIDE CONCENTRATIONS 

Sulfide Detection 
Location/ Sample Concentrafion 
Sample No. Type (ppm) a) 

LPE-11 (Nov 88) water p(b) 

LPE-11/0-13 (Nov 88) soi 1 p 
PII-69/0-6 soil 2.0 
PII-69/D-14 soil No(c) 
PII-70/D-16A S011 1.0 
PII-71/0-13 S011 ND 
PII-72/D-7A S011 1.0 

NOTES: (a) ppm= Parts per million. 

(b) P • Present in concentrations less than Detection imit. 

(c) ND • Not detected . 
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TABLE 3-7. RESULTS OF CHEMICAL TESTS FOR AROMATIC ORGANIC COMPOUNDS (BTEX) 

Concentrat ion (ppb )(a) 
Locat i on / 

Benzene(b) Toluene(b) Ethylbenzene(b) Xylenes(b) Sample No. Sample Type 

LPE-11 {Nov 88) water ND( c) ND ND ND 

LPE-11/D-13(Nov 88) S011 ND NO ND ND 
PII-69/D-6 so il ND ND ND ND 
PII-69/D-14 soil NO ND NO ND 
PII-70/D-16A S011 ND ND ND ND 
Pil-71/0-13 soil ND ND ND ND 
PII-72/D-7A soi 1 ND ND ND ND 

NOTES: (a) ppb • Parts per bi llion. 

(b) Cleanup action levels for BTEX concentrations are 300 
ppb, 300 ppb, 1,000 ppb and 1,000 ppb for benzene, to l uene, 
ethylbenzene and xy lenes, respective ly, based on l eaching potential 
analysis as per specification 1n Table 2-1, leaki ng Underground 
Fue l Tank (LUFT) F1eld Manua l (State Water Resources Contro l Board 
1987). 

(c) ND= Not detected. Detect i on limi ts for benzene, to luene, 
ethy lbenzene and xy lenes are 0.5, 1.0, 1.0 and 1.0 ppb for water 
samples, respectively. Detection limits for BTEX are 5 ppb 
for soil samp les. 
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TABLE 3-8. RESULTS OF CHEMICAL TESTS FOR TOTAL RECOVERABLE PETROLEUM 
HYDROCARBONS (TRPH)(a) CONCENTRATIONS 

Detection 
Location/ Concentration Limit 
Sample o. Sample Type (ppm) (b) (ppm} 

LPE-11 (Nov 88) water 84 5 

LPE-11/D-13 (Nov 88) S011 110 5 
PII-69/D-6 so11 ND(c) 5 
PII-69/0-14 SO11 ND 5 
PII-70/0-16A SO11 ND 5 
PI 1-71/D-13 soil ND 5 
PII-72/D-7A s011 NO 5 

NOTES: (a) Cleanup act1on level for TRPH concentrat1on ranges from about 100 
ppm to 1,000 ppm based on leaching potential analysis, as per 
specification in Table 2-1, Leaking Underground Fuel Tank (LUFT) 
Field Manual (State Water Resources Control Board, 1987) 

(b) ppm= Parts per million. 

(c) ND = Not detected . 
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TABLE 3-9. RESULTS OF CHEMICAL TESTS FOR SEMIVOLATILE ORGANICS CONCENTRATIONS 
BY EPA METH00-8270 IN SOIL SAMPLE NO. D-16A, BORING PII-70 

Concentration Concentration 
Parameter (ppm)(a) Parameter (ppm) 

Phenol ND(b) (0. )(C) Acenaphthene NO (0.1) 
B1s(2-chloroethy l )ether ND (0. 1) 2,4-dini trophenol ND (0.5 ) 
2-ch loropheno l ND (0 . 1) 4-n1trophenol ND (0.5) 
1,3-dichlorobenzene ND (0.1) Dibenzofuran ND ( o. 1) 
1,4-dich lorobenzene NO (0.1) 2,4-dtnitrotoluene ND { o . 1) 
Benzy l al coho l NO (0.2) 2,6-dinitroto l uene ND (0.1) 
1,2-dichlorobenzene ND (0.1) Diethylphthalate NO ( o .1) 
2-methy l phenol ND (0 .1) 4-chlorophenyl-phenylether ND ( 0 .1) 
Bis(2-chloroisopropy l )ether ND (0.1) Fluorene ND { 0 .1) 
4-methylphenol ND (0.1) 4-N1troan111ne ND (0.5) 
N-n t troso-di-n-propylamine ND (0.1) 4,6-din ttro-2-methy lphenol ND (0.5) 
Hexachloroetha e ND co .1) N-n1trosod1phenylam1ne ND (0.1) 
Nit robenzene ND (0.1) 4-bromophenyl-phenylether ND ( 0. 1) 
Isophorone ND (0.1) Hexachlorobenzene ND ( 0. 1) 
2- itropheno l ND (0.1) Pentach lorophenol ND (0.5) 
2,4-dimethylphenol ND (0.1) Phenanthrene ND ( o .1) 
Benzoic Acid ND (0.5) Anthracene ND (0.1) 
Bis-(2-chl oroethoxy)methane ND ( 0 .1) Di-n-butylphthalate ND (0 .1) 
2,4-dichlorophenol ND (0.1) Fluoranthene ND (0.1) 
1,2,4-tr i chlorobenzene NO (0.1) Pyrene ND (0.1) 
Naphthal ene NO (0.1) Butylbenzylphtha late ND (0. 1) 
4-chloroaniline ND (0.2) 3,3 ' -d1chlorobenz1d1ne ND (0.2) 
Hexachlorobutad tene NO ( 0 .1) Benzo(a}anthracene ND (0 .1 ) 
4-ch loro-3-methylphenol NO ( 0. 2) B1s(2-ethylhexyl)phtha l ate ND (0. 1) 
2-methylnaphthalene NO (0.1) Chrysene ND (0 .1) 
Hexachlorocyclopentadiene ND ( 0 .1) Di-n-octyl phthalate ND (0. 1) 
2, 4,6-tr i chloropheno l ND (0.1) Benzo(b)fluoranthene NO (0 .1) 
2,4,5-tr i chlorophenol NO (0.1) Benzo(k)fluoranthene ND (0. 1} 
2-chloronaphtha lene ND (0.1) Benzo(a)pyrene NO (0 .1 ) 
2- ni troani l ine ND (0.5) lndeno(l,2,3-cd)pyrene NO (0.1} 
Dimethyl phthalate ND (0.1) D1benz(a,h)anthracene NO (0.1} 
Ace naphthy lene NO ( 0 .1) Benzo(g,h, i )pery lene ND (0.1) 
3- itroanil i ne ND (0.5 ) 

% Surrogate Recovery 

2-Fluoropheno l 59 2-Fluorob1phenyl 66 
Pheno l -d5 52 Terphenyl-d14 115 
Nitrobenzene-d5 60 

NOTES: {a) ppm= Parts per million. 
(b ) NO = Not detected. 
{ C) ( ) = Detect i on Limi t in ppm. 
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TABLE 3-10. RESULTS OF CHEMICAL TESTS FOR VOLATILE ORGANICS 
CONCENTRATIONS BY EPA METHOD - 8240 
IN SOIL SAMPLE NO. 0-16A, BORING PII-70 

De:tection 

Parameters (8240) 

Acetone 
Benzene(c) 
Bromod1chloromethane 
Bromoform 
Bromomethane 
2-butanone (MEK) 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chlorodibromomethane 
Chloroethane 
2-chloroethyl vinyl ether 
Chloroform 
Chloromethane 
1,1-dichloroethane 
1,2-dichloroethane 
l,l-d1chloroethene 
1,2-dichloroethene (total) 
1,2-dichloropropane 
Cis-1,3-dichloropropene 
Trans-1,3-dithloropropene 
Ethylbenzene c) 
2-hexanone 
Methylene chloride 
4-methyl-2-pentanone (MIBK) 
Styrene 
1,1,2,2-tetrachloroethane 
Tetrathloroe hene 
Toluene(c) 
1,1,1-trichloroethane 
1,1,2-trichloroethane 
Trichloroethene 
Trichlorofluoromethane 
Vinyl acetate 
Vinyl chloride 
Xylenes (total)(c) 

r. Surrogate Recovery 

1,2-dichloroethane d4 
Toluene-dB 
Bromofluorobenzene 

NOTES: (a) ppb = Parts per billion. 
(b) ND= Not detected. 

Concentrafion 
(ppb) a) 

NQ(b) 
NO 
ND 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
ND 
ND 
NO 
ND 
NO 
ND 
ND 
NO 
ND 
ND 
NO 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

100 
98 
94 

(c) Refer to Table 3-7 for act ion levels for benzene, toluene, 
ethylbenzene and xylenes concentrations . 
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Limit 
(ppb) 

100 
10 
10 
10 
50 

100 
10 
10 
10 
10 
50 
10 
10 
50 
10 
10 
10 
10 
10 
10 
10 
10 

100 
100 
50 
10 
10 
10 
10 
10 
10 
10 
50 

100 
50 
10 
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TABLE 3-11. RESULTS OF CHEMICAL TESTS FOR CAM METALS CONCENTRATIONS 

IN SOIL SAMPLE NO. D-16A, BORING PII-70 

Substances 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium - Total 
Cobalt 
Copper 
Lead 
Mercury 
Molybdenum 
N1ckel 
Selenium 
Silver 
Tha 111 um 
Vanadium 
Zinc 

Concentration (ppm)(a) 
Detection Cleanup 

PII-70/0-16A Limit Action Levet(b) 

6.0 
12 
69 
No(c) 
4.5 

39 
16 
25 
20 
NO 
ND 
37 
ND 
ND 
6.1 
3.8 

70 

s.o 
1. 0 
5.0 
l.0 
1. 0 
1. 0 
1. 0 
1. 0 
1. 0 
a.as 
1. 0 
1.0 
1.0 
1.0 
1.0 
5.0 
1.0 

500 
500 

10,000 
75 

100 
500 

8,000 
2,500 
1,000 

20 
3,500 
2,000 

100 
500 
700 

2,400 
5,000 

• NOTES: (a) ppm= Parts per million. 

• 

(b) California Code of Regulations, Title 22, Section 66699. 
(c) ND= Not de tected. 
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4.0 GEOLOGIC ANO SUBSURFACE CONDITIONS 

4.1 GEOLOGIC SETTING AND CONDITIONS 

The planned Metro Ra il alignment i s located wi th n the Los Angeles Bas i n, as 
def i ned by Yerkes et al ., (1965), based on tectonic or structural blocks. As 
shown in Figure 4-1, the bas1n so def i ned can be further subdivided 1nto four 
structural blocks including the Northwestern Block, the Northeastern Block, 
the Centra l Block, and the Southwestern Block. The Hollywood /Weste rn Stat ion 
i s located in the Central Block and near the boundary between the Central 
Block and the Northwestern Block. The Centra l Block is bounded on the no rt h 
by the Santa Monica-Raymond Hill Fault zones, on the northeast and east by the 
Whittier-Els i nore Fault zones, and on the west-southwest by the 
Newport-Inglewood Fault zones (Figure 4-1). The Northwestern Block of the Los 
Ange les Bas i n is bounded on the sout by the Santa Monica-Raymond Hi ll Fault 
zones, on the east by the Sierra Madre Fault zone, on the north by the Santa 
Susana-Oak Ridge and San Gabriel Fault zones and on the west by the Pacif ic 
Ocean (Figure 4-1). 

4.2 STRATIGRAPHY AND GEOLOGY 

4.2.1 Regional Stratigraphy and Geology 

The Central Block of the Los Angeles Basin in the area adjacent to t he 
Northwestern Block is underlain by a deep structural depression filled with 
the fo l lowing geologic units, in order of deposition: 

o Puente Formation (Tp): The Upper Miocene bedrock under lying the 
area cons i sts predomi nant ly of st rat if i ed and weak ly i nt erbedded 
claystone, siltstone, and sandstone. The materials in the Puente 
Formation are general ly low-strength (weak) rocks with a loca 
presence of hard sandstone beds which may range from fract ions of 
an inch to several feet or more in thickness. Up to the top 20 
feet of the Puente Formation bedrock may be completely weathered 
(Tpw) and may exhibit soi l - l ike characterist i cs wi th li ttle or no 
cementation and without distinguishable bedding planes. This 
weathered zone is underla in by an approx imate 10- to 

25 



• 

• 

• 

111"00' 

>•·00' 

0 ,o_ 

.,. 

SANTA AHA 

MOUNTAINS 

I U "J1')0" 

u•·,0,--------------------------.._ ___________ .._ ____ __, 

WMITTll:J!-1'­

h&&ll • fMll -

EXPLANATION 

+-
,,.... ........ , . ..... ..-; a... ........... ,-........ .,,,...., __ ...... ....., 

Approximate location of 
Metro Rail Alignmen1 

Adopted from Yerkes et al. (1965) 06-90 

+-
Baud&r,-ol--■n.llllaa 

Prqecr No.: 8&-409 

Hollywood/ Western 
Station 

Major Structural Features 
In Los Angeles Basin 

Figure 4-1 



• 

• 

• 

SO-foot-thick, moderately to slightly weathered or oxidized (Tpo) 
port1on of the bedrock that 1s cemented to some extent and has 
distinguishable bedding planes that range from easily separable 
to intact. The lowest portion of the bedrock is unoxidized and 
fresh (Tpf), generally has well-def1ned bedding planes, and is 
generally moderately cemented. 

o Fernando Formation (Tf): This Pliocene sediment consists of 
massive and well~bedded ctaystone, s11tstone, and sandstone, 
overlying the Puente Formation. The contact is mostly 
gradational and difficult to locate. This formation was not 
encountered in the geotechnicat investigation performed forte 
Metro Rail alignment. 

o Old Alluvium (A3 and A4): These Pleistocene sediments consist of 
granular alluvium. (AJ) deposited in relatively "swift" water 
environments, and fine-grained alluvium (A4) deposited in 
relatively "quiet" water environments. The granular Old Alluvium 
consists primarily of medium-dense to very dense clean sand, 
silty sand, gravelly sand, sandy gravel, and gravel. The 
fine-grained Old Alluvium consists primarily of medium-stiff to 
very hard clay, silty clay, sandy clay, silt, clayey silt, and 
clayey sand. 

o Young Alluvium (Al and A2): These Holocene sediments consist of 
granular alluvium (Al) deposited in relatively "swift" water 
environments and fine-grained alluvium (A2) deposited in 
relat1vely 11 quiet" water environments. The granular Young 
Alluvium consists predominantly of loose to dense clean sand, 
silty sand, gravelly sand, and sandy gravel, with a potential 
local presence of cobbles and boulders. The fine-grained Young 
Alluvium consists of firm to hard clay, silty clay, silt, clayey 
silt, and clayey sand, w1th a local presence of traces of gravel. 

The margins of the basin and its four blocks are formed by zones of folding 
and uplifting along basin/block-bounding faults, ncluding the Santa 
Monica-Hollywood-Raymond Hill, Whittier, and Newport-Inglewood fault zones. 
In addition, there exist several major geologic features which are mostly 
inferred and not well de l ineated. Within the Central Block and adjacent to 
the Metro Rail alignment along Hollywood Boulevard, major geologic features 
include the Santa Monica Fault zone, the Los Angeles Anticline, the Hollywood 
Syncline, and the Hollywood Fault. The Hollywood Bowl Fault l_ies in the 
Northwestern Block adjacent to the end of the Metro Rail alignment portion 
along Hollywood Boulevard. 

The Los Angeles Anticline is a gentle upfold in the Puente Formation and 
trends about N 70° W, which influences the dip of bedrock strata in the area. 
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This anticline acts as a trap for oil and gas within the Puente Formation. 
The Los Angeles C1ty 011 Field and the Western Avenue 011 Field are w1th1n 
this anticline. For the most part, the Los Angeles City 011 Field has been 
abandoned except near the east end, where several producing wells exist • 
Known boundaries of the Los Angeles City 011 Field traverse Vermont Avenue 
between Second and Fourth streets along the Metro Rail alignment. The known 
production zones (150 feet or deeper below the ground surface) are deeper than 
the invert depths of the Metro Rail alignment (100 feet or less below the 
ground surface). The Western Avenue 011 Field is also located within the Los 
Angeles Ant icline and appears to be a northwest extension of the Los Angeles 
City 011 Field. Little is known about this oil field. The closest known 
boundaries of the Western Avenue 011 Field and the Los Angeles City Oil Fi eld 
are about 7,000 and 10,000 feet away from the Hollywood/Western Station, 
respectively. The relatively long distances from the site area to these two 
011 fields indicate that the 11ke11hood of methane or other harmful gases 
migrating from these 011 fields to the site area is minimal, but cannot be 
completely eliminated. 

The Santa Monica-Hollywood-Raymond Hill Fault zones fonn the boundaries 
between the Central Block and the Northwestern Block of the Los Angeles Basin. 
The mappable segments of the Santa Monica Fault zone extend from the Santa 
Monica Bay eastward to Beverly Hills. This fault has been inferred to 
intersect the Metro Rail alignment at Hollywood Boulevard just east of 
Kingsley Drive (CWOD et al., 1981). However, the recent fault map compiled by 
the U.S Geological Survey (Ziony and Jones, 1989) indicates that the fault 
zone offsets the late Pleistocene deposits eastward to its intersection with 
the northwest trending Newport-Inglewood Fault zone (just south of the city of 
Beverly Hills} and is present in the subsurface further east and southeast 
without intersecting the Metro Rail alignment and apparently without 
disturbing the late Quaternary deposit. 

A number of closely spaced borings for the tunnel alignment (Earth Technology, 
1990a) along Hollywood Boulevard between Barnsdall Park and the 
Hollywood/Western Station were drilled in an attempt to shed some light on 
th1s contrad ictory information. No evidence of faulting was found wi thin t he 
boring depths (up to 110 feet). Thus 1 the exact surface and subsurface 
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locations and inferred depths and the potential effects of the Santa Monica 
Fault zone on the planned alignment are not known. 

The Hollywood Fault zone is located along the base of the Santa Monica 
• Mountains as a scarp-like feature within Old and Young Alluvium (Weber et 

• 

• 

al., 1980). However, it is inferred since recent urban development has 
obscured any surface expression of the fault. The projected fault intersects 
Hollywood Boulevard just east of La Brea Avenue and then trends eastward a ong 
the mountain front (i.e., approximately parallel to the Metro Ra11 alignment 
portion along Hollywood Boulevard). Geomorph1c features such as faceted and 
steeply incl i ned spurs along the mountain front near the fault trace suggest 
that the fault may have had Holocene movement (Weber et al., 1980) . 

. 
The Hollywood Bowl Fault appears to be a branch of the Hollywood Fault zone, 
and is projected to cross the planned alignment about 1,200 feet northwest 
of the Hollywood Boulevard/La Brea Avenue 1ntersection. This fault appears to 
be a normal fault with an inferred right-lateral offset and a steep dip of 
about 80 degrees (Weber et al., 1980). The fault is not known to be active. 
However, the age and amount of the last displacement are not known. 

The Hollywood Syncline generally trends east-west and is bounded on the 
northwest by the Hollywood Fault. It is believed that the Hollywood Syncline 
was created by structural downwarp1ng. The Hollywood Syncline is filled with 
Pleistocene- and Holocene-aged sediments derived from the San Gabriel and 
Santa Monica mountains. These sed1ments are generally categor ·zed as "Old 
Alluvium" and ''Young Alluvium" according to the time of deposition. 

4.2.2 Site Stratigraphy and Geology 

The results of this investigation and available data (Section 2.4) indicate 
that subsurface materials encountered in the Hollywood/Western Station site 
area consist mostly of Old Alluvium (A3 and A4) underlying a 25- to 
40-foot-thick layer of Young Alluvium (Al and A2). A more detailed 
description of these subsurface materials is provided in Section 4.3. 
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4.3 SUBSURFACE CONDITIONS 

4.3.1 Subsurface So1ls 

The planned Hollywood/Western Station is located in a relatively well­
developed area. Selection of borehole locat1ons was restr1cted by the pre­
sence of ex1sting build1ngs and underground ut11 1t1es, as well as by the 
extent of cooperation g1ven by private property owners. The borings performed 
for th1s invest1gation were located to be as close to the al1gnment as 
possible. At the time of the f1eld 1nvest1gat1on, the boring depth penetra­
t1on was selected to be about 55 feet below the planned stat1on bottom slab 
elevation. The field work for the seven bor1ngs was completed by May 3, 1989. 
Since then, the station bottom slab elevation was revised to be about 10 feet 
to 15 feet deeper than before. As can be seen from Figure 2-2 and Table 3-1, 
this depth revision results 1n the penetrat1on depths of the borings performed 
for th1s al1gnment being 40 feet or less below the stat1on bottom slab eleva­
tion. 

In addition. a boring (LPE-11} from a previous 1nvest1gat1on (Earth 
Technology, 1988) was also used to evaluate the subsurface conditions. The 
location and log of this boring is also included in Appendix A . 

Based on the results of this investigation and other available data (Section 
2.4), a generalized cross-sectional prof11e of the s1te area is shown in 
Figure 2-2. In general, the stratigraphy of the site area below the existing 
asphalt pavement consists of Young Alluvium (Units Al and A2) overlying Old 
Alluvium (Units A3 and A4). In addition, rail and/or ra11 t1e were encoun­
tered in borings performed for th1s investigation within about 5 feet below 
the ground surface. 

The Old and Young Alluvium are extremely heterogeneous and nonuniform. In 
this investigation, no age-dating on the obtained alluvial samples was 
performed to d1fferent1ate Young and Old Alluvium. The contact between Young 
and Old Alluvium is difficult to delineate since the criteria for distinction 
are complex. The delineation shown in Figure 2-2 and boring logs (Appendix A) 
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was based on color, density, cons1stency (as determined by SPT blow counts ), 
the presence or absence of cementation, higher p1astic1ty clays or coarse 
grave l s, ad eng ineering judgment. 

• As shown 1n Figure 2-2, the Young Al l uv i um i n t he stat i on area var ies from 
about 23 feet to about 40 feet thick. It consists of about 75 percent 
med i um-dense to dense s i l ty sand, sandy s11t, and clayey sand (with a fines 
content of 35 percent or less), grave l and gravelly sand (granular Young 
Alluvium, Unit Al), interspersed with about 25 percent fine-grained Young 
Al l uvium (Unit A2) cons isting of medium-stiff to hard silty clay and clayey 
sand (w1th a f1nes content of about 35 percent or more). 

• 

• 

Simi larly, the Old Al luvium is extremely heterogeneous and nonuniform. · As . 
shown in Figure 2-2, the Old Alluvium within the exploration depth range of 
this investigat i on (up to about 96 feet below ground surface) consists 
predominant ly of medium-dense to very dense silty sand and clayey sand (wi th 
a fines content of 35 percent or less) with traces of gravel and localized 
zones of clean or gravelly sand up to about 10 feet thick (granular Old 
Alluvium, Unit A3), interspersed with fine-gra i ned Old Alluvium (Unit A4) 
consisting predominantly of very stiff to hard silty clay, sandy clay and 
clayey sand (with a fines content of 35 percent or more) wi th traces of 
gravel. Within the exploration depth range, the Old Alluvium consists of 
about 50 percent granular materials (Unit A3) and 50 percent fine-gra i ned 
materials (Unit A4). 

4.3.2 Groundwater Levels 

Groundwater leve l s were mon i tored on Piezometer LPE-ll (Earth Technology, 
1988) us i ng an electron i c water-level i ndicator. Groundwater leve l readings 
were taken periodically and are sunmarized in Table 3-2. The most recent 
groundwater leve l data observed in Piezometer LPE-1 1 and i nterpolated from 
other piezometers 1n adjacent tunnel alignments are presented in Figure 2.2. 

Groundwater l evel readings sunmarized 1n Table 3-2 ind i cate a groundwater 
level drop of about 1.8 feet during an approximate 2-month per iod from July 
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16, 1989, to September 9, 1989. The most recent ground water level reading 
obtained on January 22, 1990, 1s consistent with the groundwater level reading 
obtained on September 9, 1989. These data suggest that seasonal variation in 

the groundwater level can be expected • 

The most recent groundwater level readings indicate the groundwater table 1s 
at an elevation four feet to seven feet below the currently planned station 
bottom slab elevation. The water table appears to slope down westerly at an 
approximate gradient of about 0.01. Due to seasonal groundwater level 
variations in the area, there is a poss1b111ty that the groundwater may rise 
to an elevat1on at or a few feet above the planned bottom slab elevation. 

4.3.3 Chem1cal Contam1nat1on and Construction Considerations 

The results of chemical tests on selected so11 and water samples are presented 
in Section 3.2.2, and 1n Appendix C. The Hollywood/Western Station is located 
in a well-developed area about 7,000 feet and 10,000 feet away from the Western 
Avenue and Los Angeles C1ty 011 Fields, respectively. Chemical contamination 
of subsurface materials and groundwater in the alignment, if any, is most 
likely from the following sources: 

1. Past and ongoing industrial and conmerc1al facilities (especially gas 
stations) and activities in the station area and vicinity. 

2. The presence of methane, hydrogen sulfide (H2S) and residual 
petroleum (oil or tar) from natural sources. 

Since the site area is some distance away from the existing oil fields, the 
potential contamination due to the second source mentioned above is likely to 
be limited but cannot be completely eliminated. The discussions presented in 
this section on chemical contamination levels in soil and groundwater samples, 
and their potential effects on disposal and work space env i ronments during 
construction, are based solely on the results of a limited testing program 
performed for this investigation. They are presented to illustrate the 
potential chemical contamination extent in the Hollywood/Western Station site 
area. 
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In add1t1on, cleanup act1on levels and exposure 11m1ts set or recorrmended by 
various regulatory agencies typically change as time passes. The action 
levels and exposure limits described 1n this section should be verified and 
modif1ed, 1f necessary, to reflect up-to-date requirements at the time of 
station construction. 

4.3.J.l Chem1cal Contam1nat1on 1n Subsurface Materials. Headspace Organic 
Vapor Analyzer (OVA) readings were taken for most of the recovered samples to 
evaluate the possible presence and approximate concentration of volatile 
chemical compounds. Only one sample (Pll-68/0-6) from th1s 1nvest1gat·1on 
indicated OVA reading of more than 10 ppm above the corresponding background 
OVA reading. The organic vapor type wh1ch generated high OVA readings on soil . 
samples during this investigation is not known. Hence, an exposure limit of 
10 ppm reconmended for benzene (Nat1onal Institute for Occupational Safety and 
Health, 1985) was conservat1vely selected for d1fferent1ating samples with 
high OVA readings. 

The results of chemical tests performed on selected soil samples indicate that 
concentration levels of total recoverable petroleum hydrocarbons (TRPH) and 
four selected volatile (aromatic) organic compounds (BTEX, which includes 
benzene, toluene, ethylbenzene, and xylenes) are low, and except one sample, 

• all are less than cleanup action levels as defined in the Leaking Underground 
Fuel Tank (LUFT) F1eld Manual (State Water Resources Control Board, 1987). 
TRPH level in sample LPEll/D-13 (Table 3-8) is slightly above the cleanup 
action level (110 ppm vs. 100 ppm). This indicates very local ized con­
tamination at the vicinity of Boring LPE-11. 

• 

It should be noted that the cleanup action levels 1n the LUFT Field Manual are 
specified only as guidelines. These action levels depend on various factors 
including the location of the groundwater table, the nature of groundwater 
usage, the possibility of groundwater contamination due to the presence of 
co.ntaminants 1n subsurface soils, and other regulatory requirements. Most of 
these factors are decided on a case-by-case bas1s oy the regulatory agencies. 
Hence, it is reco1T111ended that the requirements on cleanup action levels be 
determined in consultation with the California Regional Water Quality Control 
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Board (CRWQCB) and the Department of Health Services (OHS) before 

construction. 

Chemical analyses results on selected samples to detect concentration 1evels 
of heavy metals also indicate the concentration levels of a suite of heavy 
metals (CAM Metals) in the subsurface materials are low and below cleanup 
action levels, as specified 1n the Cal1forn1a Code of Regulations, Title 22, 

Section 66699. 

Disposal of excavation spoils depends on the contamination level in the 
spoils. Excavation spoils will require special handling if they are 
classified as hazardous waste. The criteria to identify hazardous wastes are 
toxicity, ign1tability, reactivity, and corrositivity as established in Title 
22, Article II of the California Code of Regulations. Based on the 
ignitab1lity characteristic of Total Recoverable Petroleum Hydrocarbons (TRPH) 
in 11 sandy soils, 11 the Department of Health Services (OHS) has set a TRPH 
concentration of 1,000 ppm in soil as a criterion to classify hazardous waste 
(Appendix E, LUFT Field Manual). So11 samples collected from discrete 
locations and tested in this investigation did not indicate contamination 
l evels which would classify subsurface soils as hazardous wastes. However, 
the potential for contamination exceeding hazardous criterion limits between 
boring locations cannot be eliminated. Therefore, monitoring is recorm,ended 
dur ing construction for contamination levels that may require specia l handling 
of excavation spoils (i.e., treatment or disposal at specific landfills that 
receive hazardous waste). 

4.3.3.2 Chemical Contamination in Groundwater. Results o•analytical testing 
on a water sample from Piezometer LPE-11, obtained and tested in the 1988 
investigation (Earth Technology, 1988), are shown in Tables 3-5 through 3-10, 
and in Appendix C. Resu l ts indicate the concentration l eve l s of TRPH, BTEX, 
and sulfide in the water are generally low or not detected. The results also 
indicate BTEX and TRPH concentrations in water samples are less than the 
cleanup action levels defined by the UFT Field Manual. 

Since the observed water level elevation is at or below the planned bottom 
slab elevation, the amount of groundwater collected during construction will be 
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minimal. Howeve ; , there will be some seepage into the excavation from 
saturated alluvium above the groundwater. Although the amount of water flow 
into the excavation is minimal, the disposal method for this water must be 
coordinated with California Regional Water Control Board (CRWQCB), the 
regulatory agency for related issues. 

The CRWQCB requires chemical analyses of a suite of constituents in the 
groundwater for a National Pollutant Discharge Elimination System (NPDES) 
permit application to discharge wastewater. These include suspended solids, 
BODs at 20°c, oil and grease, solids with the ability to settle, turbidity, 
sulfide, total petroleum hydrocarbons, volatile organic compounds (EPA Method 
624), total dissolved solids, chlorides, sulfate and nitrate plus nitrate 
nitrogen. The CRWQCB action limits depend on discharge locat1ons and the 
physical characteristics of specific groundwater aquifers and basins. These 
action limits are determined on a case-by-case basis. It is reco111T1ended that 
the issues and required data for permit application be discussed with the 
CRWQCB before taking further action. 

The sulfate concentration level in the groundwater sample was relatively high 
and may require the use of Type II cement during construction (Table 3-5) . 

4.3.3.3 Hydrogen Sulfide and Methane. No sulfur odors were noticed during 
drilling and sampling of borings in this investigation (refer to boring logs 
in Appendix A). The results of available chemical tests show some 
concentrations of sulfate compounds in selected soil samples as well as 
moderate (70 ppm or less) concentrations of sulfate compounds in selected 
water samples. Sulfide and sulfate compounds may be potential sources for 
generating H2S under certain chemical environments. Thus, the potential for 
H2S concentrat1on levels exceeding action levels cannot be completely 
eliminated. It is therefore prudent to continuously monitor HzS 
concentrations during construction. 

Some of the soil samples exhibited high headspace OVA readings during field 
i nvestigation. Methane is one of the compounds which could produce high OVA 
readings in soil samples. The Hollywood/Western Station is in the general 
vicinity of the Western and Los Angeles City oil fields which may be the 
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• 
source of generating and propogat1ng methane. Thus, the possib111ty of high 
methane concentrations 1n the s1te v1c1n1ty cannot be completely e11m1nated. 
Methane 1s combustible 1n air and can explode when the mixture 1n air 1s about 
5 percent to 15 percent by volume. During construction, prov i sions to mon i tor 
the methane and oxygen concentrations and explosivity level, will be 
necessary. To ensure t he safety of workers and to m1nim1ze shutdown, adequate 
vent1lat1on should be ma1nta1ned during construction to keep methane 
concentrations and explos1v1ty levels 1n the work area w1th1n safety levels. 
The potential presence of high methane concentrations also reQuire that 
station structures be tightly sealed to prevent accumulation of methane and to 
avoid combustion and explosion hazards. 

4.4 ENGINEERING PROPERTIES OF SUBSURFACE MATERIALS 

4.4.1 General 

Engineering properties of subsurface materials based on the results of 
laboratory tests in th1s investigation are surrmar1zed in terms of 
ranges of variation, mean and standard deviat1on values. These are presen ed 
1n Table B-8 in Appendix B. S1m1larly, shear wave velocity, static and 

• dynamic modulus, and subgrade modulus based on available literature 
correlations with SPT blowcounts observed in the field exploration (Ohta and 
Goto, 1978; Schmertmann, 1970; and Terzaghi, 1955), are surrmarized and 
presented in Table B-9 in Appendix B. The results of laboratory tests and 
available correlations with SPT blowcounts (e.g., Mitchell. 1977), together 
with available data from project data ~les (Sect ion 2.4), other published 
data in the engineering l iterature, and engineering Judgement were used to 
develop relevant static and dynamic engineering properties for engineering 
design and evaluations for the Hollywood/Western Station. These engineeri ng 
properties are presented in Tables 4-1 and 4-2. 

• 

Detailed descriptions of the static and dynamic properties presented in Tables 
4-1 and 4-2 are provided in Section 4.4.2 and 4.4.3, respectively. It should 
be noted that although the ranges of variation and reconmended values of 
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• • • TABLE 4-1. ENGINEEk,n.. .<OPERTlES FOR STATIC ANALYSES 

GEOLOGIC UNIT 

GRANULAR YOUNG FINE-GRAIHEO GRANULAR OLO FINE-GRAINEO OLO 
ALLUVIIM (Al) YOUNG ALLUVIIM (A2) ALLUVIIM (A3) ALLUVllM (A4) 

MATERIAL RANGE OF RECCM4ENOEO RANGE OF RECCM4ENDEO RANGE OF RECCMENDED RANGE OF RECCMIENDED 
PROPERTY VARIATION VALUES VARIATION VALUES VARIATION VALUES VARIATION VALUES 

DRY DENSITY (pcf) 93-105 100 90-113 105 98-122 112 93-121 110 

MOIST UNIT WEIGHT 111-121 120 113-130 125 109-142 130 106-140 130 
ABOVE WATER (pcf) 

SATURATED --- --- --- --- 110-138 130 120-140 130 
DENSITY (pcf) 

EFFECTIVE SHEAR 
STRENGTH 
♦e (degrees) 25- 40 34 20-30 25 30-43 37 22-34 27 
Ce (psf) 0-1,000 0 0-1,600 600 0-1,500 0 750-2,800 1,000_ 

UNDRAINED SHEAR --- --- 500-2,000 1,300 --- --- 1,000-4,000 1,500 
STRENGTH S0 (psf) (2,000~ 

PERMEABILITY --- --- --- --- 10-5 - 10-3 10-4 10-7 - 5 ,c 10-· 5 X 10- 6 

(cm/sec) 

POISSON'S RATIO --- 0.35 --- 0 .4 0.3-0.4 0.35 0 . 35-0 . 45 0 . 4 

YOUNG'S MOOULUS 100-750 300 50-300 150 200-2,000 700 80-1,800 800 
(ksf) (1, soo)(a) (1, 500)( a) 

Note: (a) Values presented In parentheses represent the best estimate In the depth range below 63 feet and were used for 
station settlement/heave estimates. 



• • • 
TABLE 4-2. ENGINEERING PROPERTIES FOR DYNAMIC ANALYSES 

GEOLOG IC UNIT 

GRANULAR YOUNG FINE-GRAINED YOUHG GRANULAR OLD FINE-GRAINED OLD 
ALL UV IIM (Al) ALLUVIIM (A2) ALLUVIIM (A3) ALLUVllJ4 (A4) 

MATERIAL RECIJtlEHDED I REC<HtENDED REC(MENDED RECCMENDED 
PllOPERTY RANGE VALUE RANGE VALUE RANGE VALUE RANGE VALUE 

SHEAR WAVE 
VELOCITY ( ft/ s) 400-700 550 400-500 450 650-1,300 1,000 500-1,300 1,000 

DYNAMIC SHEAR 500-1,900 1,100 500-1,100 750 1,400-6,400 3,500 1,100-6,500 3,500 
MOOULUS (ksf) 

POISSON'S - 0. 3 - 0.4 - 0.3 - 0 . 4 
RATIO 

DAMPIHG(a) 5-10 5-10 5-10 5-10 
VALUES (1) 

Note: (a) For s~all strains 
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various engineering properties presented in Tables 4-1 and 4-2 are considered 
reasonable for engineering evaluation purposes, they are not intended for the 
purpose of selecting construction machinery or equipment. The actual ranges 
of variation of various engineering properties for the subsurface materials 
are expected to be greater than those presented in Tables 4-1 and 4-2 because 
of the following reasons: 

1. The ranges of var1at1on in Tables 4-1 and 4-2 were obtained from 
field and laboratory data from discrete boring locations. The 
potential of engineering property var1at1ons for the subsurface 
materials between borings to be different from those in Tables 4-1 
and 4-2 and cannot be eliminated. 

2. Due to sample disturbance, the actual stiffness and strength 
characteristics of the subsurface soils will be higher than those 
exhibited by the laboratory testing on somewhat disturbed soil 
samples. Some sample disturbance is inevitable even under extreme 
care in the field exploration. 

Strength and stiffness cnaracter1stics of the subsurface materials are an 
important considerations in selecting appropriate construction equipment and 
procedures. The above discussion indicates that although the exact extent is 
not known, the actual ranges of variations 1n subsurface mater1als' strength 
and stiffness characteristics will be higher than those sunmarized in Tables 
4-1 and 4-2. It is advisable that the contractor select construction 
equipment and procedures based on stiffness and strength variation values that 
can appropriately cover potential variations in subsurface materials as well 
as samp le disturbance effects. In addition, rail and/or rail tie from an old 
abandoned ra i lway were encountered at various locations along Vermont Avenue 
and Hollywood Boulevard during the field exploration for the Metro Rail align-
ent. Their presence was detected within five feet below the ground surface 

in this investigation. The potential presence of these abandoned railway 
remains should be considered i n the planning of the excavation. 
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4.4.2 Static Engineer1ng Properties of Subsurface Mater1als 

As described previously, relevant static engineering properties of the 
• subsurface materials encountered in the site area are sumnarized in Table 4-1. 

• 

• 

No engineering properties are presented for the localized presence of thin 
surficial fill, which has little or no effect on the planned design and 
construction of the station. 

The following sections provide a descr1pt1on of the properties for the Young 
Alluvium and the Old Alluvium. 

4.4.2.1 Granular Young Alluvium (Unit Al). Granular alluvium is present in 
considerable amounts in the planned Hollywood/Western Station area. Granular 
alluvium in this area consists mostly of dense to very dense sand, silty sand, 

• and clayey sand, with a fines content ranging from about 10 percent to 35 
percent. Occasional gravel pockets are also encountered in some of the 
borings. Properties of granular alluvium are expected to vary significantly, 
depending on th~ fines content. 

• 

Strength parameters for this stratum were derived based on direct shear test 
results on selected samples from this investigation, available data from the 
1988 investigation (Earth Technology, 1988) and SPT correlations. Based on 
these results and engineering judgment, the use of a friction angle of 34 
degre~s and zero cohesion appears to be reasonably conservative to account for 
potential variability within the site area . 

4.4.2.2 Fine-Grained Young Alluvium (Unit A2). The fine-gra ined Young 
Alluvium consists primarily of medium-stiff to hard silty clay, sandy clay, 
clayey si l t, and clayey sand (with a fines content of 35 percent or more). 
The results of this investigation indicate these fine-grained alluvial 
materials are mostly confined to large pockets in localized areas (in Borings 
PI I-69, PII-71. and marginally in PII-72 and LPE-11). 

Shear strength parameters for this stratum were evaluated based on literature 
data, available correlations with SPT data, and engineering judgement. An 
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effect1ve frtct1on angle of 25 degrees and an effecttve cohesion of 600 psf 
are reasonably conservative to account for potential variability of 
fine-grained Young Alluvium in the Hollywood/Western Station stte area • 

4.4.2.3 Granular Old Alluvium (Un1t AJ). Granular materials account for 
about 40 percent of the Old Alluvium tn the s1te area, and consists mostly of 
dense to very dense sand, silty sand, and clayey sand wtth a fines content 
ranging from about 10 percent to 35 percent. with occasional pockets of clean 
sand, gravelly sand, gravel, and sandy silt. Properties of granular Old 
Alluvium are expected to vary significantly, depending on the fines content. 

Strength parameters for this stratum were derived based on dtrect shear test 
results on selected samples from this invest1gat1on, avatlable data from the 
1988 investigation (Earth Technology, 1988) and correlations wtth SPT data. 
Based on these results and engineering judgment, the use of a friction angle 
of 37 degrees and zero cohesion appears to be reasonably co~servative to 
account for potenttal variability wtth1n the stte area. 

Elastic modulus (initial tangent modulus) and Potsson•s ratio for this stratum 
were esttmated based on literature data, available correlations with SPT data, 
and engineering judgement. Elastic modulus of granular soils ts usua ll y a 
function of soil denstty, confining stress, and past stress history. The 
modulus values shown in Table 4-1 for this stratum represent the estimated 
average values for use in the engineering evaluation. 

Laboratory permeability tests performed on two samples (PII-69/D-20 and 
Pil-70/D-20) from this investigation indicated permeabil i ty of 10-6 cm/sec to 
10-7 cm/sec. This low permeability values are due to relatively high fines 
content in the tested samples (33 percent and 34 percent, respectively). 
However, results of field permeability tests (slug tests, pump tests), 
performed in earlier investigations (Earth Technology, 1990a) indicate fie ld 
permeability of granular alluvium ranges between l x 10-4 cm/sec and 7 x 10-4 
cm/sec. Available corre lations of grain size data with permeability indi cate 
permeability of granular Old Alluvium to range from 10-3 cm/sec to 10-5 
cm/sec. Based on our experience, a permeability of 1 x 10-4 cm/sec is reaso­
nab le for this layer. 
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4.4.2.4 F1ne-Gra1ned Old Alluvium (Unit A4). The fine-grained Old Alluvium 
consists primarily of stiff to hard silty clay, sandy clay, clayey si l t, and 
clayey sand (with a fines content of 35 percent or less). These materia l s are 
encountered at varying depths, depos i ted in 5- to 10-foot-thick l ayers 
extending across the whole s1te area. Propert i es of this materia l were 
determined based on test results on selected samples from this tnvesttgation, 
availab le data from the 1988 investigation (Earth Technology, 1988), 
correlations with SPT data, and eng1neer1ng judgment. An effective friction 
angle of 27 degrees and an effective cohesion of l,000 psf are reasonably 
conservative to account for the potential variabil i ty of fine-grained 91d 
Alluvium in the Hollywood/Western Station s i te area. 

Based on laboratory results, available correlations with SPT data, and 
engineering judgment, ou r best estimate for the undrained shear strength of 
the fine-grained Old Alluvium 1n the site area 1s about 1,500 psf. However, 
below the planned excavation bottom elevation, a value of 2,000 psf is 
cons idered reasonable to account for the increased effective stress. 

Elastic modulus (init1al tangent modulus) and Poisson's ratio for th i s stratum 
were estimated based on literature data, available correlations, and 
eng i neering judgment. Elastic modulus is usually a function of the 
over-consolidat i on rat i o, confining stress, and so i l dens i ty. The va l ues 
presented in Table 4-1 represent the estimated average values for use in 
eng ineer i ng eva l uation. 

Labor~tory permeability tests and grain size distribution corre lations with 
permeab ili ty i nd i cate permeab i lity of this layer ranges from 5 x 10-S cm/sec 
to 10-7 cm/sec. A permeability of 5 x 10-6 cm/sec is considered reasonable 
for t hese mater ia l s. 
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4.4.3 Dynamic Eng1neer1ng Properties of Subsurface Materials 

No laboratory tests were performed to determine dynamic engineer i ng prope rties 
• of subsurface materia l 1n Hollywood/Western Station site area. Blow counts 

observed during soil sampling are the only available data which could be used 
to estimate dynamic engineer i ng properties of subsurface materials. There are 
two types of blow counts obtained during soi l sampling, blow counts required 

• 

• 

to drive a standard spl1t-spoon sampler, and blow counts for a California-type 
drive sampler. These sampling procedures were described i n Section 3.1.1 of 
this report. 

The number of blows required to drive a standard split-spoon sampler for the 
last 12 of 18 inches is called a standard penetration test bl ow count (SPT 
number). Blow counts required to drive a Ca li fornia-type drive sampler cou ld 
be converted to approximate equ1valent SPT numbers (De Mello, 1971; Bhushan et 
al ., 1976). Our reconmended dynamic engineer i ng properties are based on 
available correlation with SPT numbers and engineering judgment. These 
properties are sunmarized in Tab le 4-2. No engineering properties are pre­
sented for the thin surficial fill which has little or no effect on the 
des ign . 
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5.0 GEOTECHNICAL EVALUATION AND RECOMMENDATIONS 

5.1 GENERAL 

Cut and cover construct ion of the Hollywood/Western Station w111 involve about 
60 feet to 70 feet of excavation from the ground surface (about Elevations 392 
feet to 401 feet) to the stat1on bottom slab elevation (about Elevation 333 ± 
2 feet). The excavat1on w111 penetrate through surf1c1al pavement. fill (1f 
present), and about 55 feet to 65 feet of heterogenous and nonuniform alluvial 
so11s which consist of about 20 feet to 35 feet of Young Alluvium (Al .and A2) 
and about 20 feet to 45 feet of Old Alluvium (A3 or A4). 

Available data indicate that the groundwater levels in the site area are about 
four feet to seven feet below the planned station bottom slab elevation. 
Potential seasonal variation may result in a rise of the groundwater level to 
an elevation at or near the excavat1on bottom. No dewatering prior to station 
excavation is needed. 

The moist nature of the alluvial soils and potential seasonal variation of the 
groundwater levels indicate that some groundwater seepage into the excavation 
opening may be possible during construction. The amounts of seepage flow are 
anticipated to be small and can be handled easily by a readily available 
drain/sump system. 

Station construction will be very close (about 10 feet to 30 feet) to adjacent 
existing buildings. All of these building foundations may be located above 
the bottom of the station excavation. Thus, a means of protecting these 
existing buildings from damage due to station excavation will also require 
cons1deration. In addition to the proximity of these bu1ldings to the planned 
station construction, the limited construction space and subsu face conditions 
indicate shoring will be required. 

The above issues and other geotechnical considerations that require 
geotechnical engineering evaluation for design and construction purposes are 
sunmarized as follows: 
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o Construct1on effects on adjacent existing build1ngs and remedial 

needs 

o Excavation-related shoring provisions and bottom stability/heave 
issues 

o Foundation des1gn of station structures 

o Liquefaction potential and seismic-induced settlement. 

5.2 STATION EXCAVATION 

According to available design 1nfonnation (June 1989), the approximate 
elevations of excavation bottoms for var1ous components are about Elevation 
333 ± 2 feet, as described prev1ously. Station excavations may be either 
shored or sloped back. Sloped excavations may not be feasible at the site due 
to the proximity of the excavation limits to existing structures. As an 
alternative to shored excavations, portions of the required excavation can be 
sloped back through the Young or Old Alluvium 1f sufficient easements can be 
obtained. 

5.2.1 Sloped Excavat1on 

• Compared to shored excavations, sloped excavations will increase the volume of 
excavated materials. Sloped excavat ions can be used for the station ' s 
structural components that require shallower excavations, or can be used to 
reduce the height of shoring if sufficient easements can be obta ined. 

• 

A series of slope stability analyses were performed assuming that no heavy 
loads are at or near the top of the slope. Our recommendations for temporary 
sloped excavations are as follows: 

1. lH:lV (one horizontal to one vertical) for the fine-grained Young and 
Old Alluvium (Units A2 and A4, respectively). 

2. 1-1/2H:1V for the granular Young and Old Alluvium (Units Al and AJ, 
respectively). 

The above recommendations for allowable slopes shou ld be used as general 
guidelines. Actual slopes will depend on the subsurface conditions 
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• 
encountered during excavat1on and construction. If heavy loads (stored 
mater1als, cranes, etc.) are antic1pated at the top of the slopes, the slopes 
must be mod1fied accordingly by taking 1nto consideration the 1mpact of these 

loads . 

It should be noted that construct1on and proper maintenance of safe, stab e 
slopes are the respons1bil1ty of the contractor, based on factors that must be 
determined in the f1eld from actual construction conditions and the subsurface 
cond1t1ons encountered during construction. 

5.2.2 Shored Excavation 

The excavation for the cut-and-cover station will extend to a maximum depth of 
about 70 feet below the ground surface. The proximity of the excavation to 
adjacent buildings, 11m ted construction space, and the subsu rface conditions 
in the general area ind icate shoring will be required. 

Various shor1ng systems exist in eng1neer1ng practice. These include sheet 
pile, structural slurry, or soldier pile and lagging walls with tiebacks or 
internal brac1ng. Based on local practice in the Los Angeles area with sub­
surface conditions similar to those encountered in the s1te area, soldier pile 

• and lagging walls with tiebacks or internal bracing (struts and wales) are 

• 

the most likely shoring systems. In this 1nvest1gat1on the engineering 
evaluation and discussions provided in this section for the shoring support of 
the station excavation are related to the soldier pile and lagging walls with 
t i ebacks or internal bracings. If a sharing system with combined tiebacks and 
internal bracings is selected, a complete soil-structure interaction study 
must be performed considering the difference in stiffness between the tiebacks 
and internal bracings. Results of such a study should be reviewed and 
approved by the owner agency or its authorized consultants. 

It should be noted that appropriate shoring system selection, design, 
installation and maintenance will be the respons1bil1t1es of the contractor 
and subject to review and acceptance by the owner agency or its authorized 
consultants. 
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s.2.2.1 Assumptions. Shoring systems for deep excavations consist of soldier 
pile and lagging walls with tiebacks or internal bracing to resist lateral 
earth and water pressures exerted by the excavation and/or t e latera l 
pressure resulting from the adjacent existing structures 1f they are ~ot 
underpinned below the depth of the final excavation. 

Both soldier pile and lagging walls with tiebacks or interna l bracing were 
considered in the engineering evaluation. In the engineering evaluation 
provided 1n subsequent sections, it was assumed that the groundwater levels 
are below the planned bottom slab elevation of the station. 

Based on this assumption, our eng1neer1ng evaluation and reconmendations, with 
respect to soldier pile and lagging walls with tiebacks or internal bracing, 
are described in the following sections. 

s.2.2.2 Lateral Wall Pressure. Lateral pressure on the sheeting system 
depends on the type of shoring system, construction procedures, and subsurface 
and groundwater conditions. Based on the available results, anticipated 
shoring system, and construction procedures. as well as previously stated 
engineering assumptions, lateral earth pressures on the soldier pile and 
lagging wa ls for the following cases are shown in Figures 5-1 through 5-4: 

o Braced sheeting above the excavation 

o Cantilevered sheeting above the excavation 

o Surcharges from a sloped excavation, existing buildings, 
construction loads, and earthquake-induced loads 

o Active and passive earth pressures on soldier piles below the 
excavation. 

The lateral loading diagrams presented in Figures 5-1 to 5-4 are for use in 
the design of soldier p·1e and lagging, tiebacks, or an internal bracing 
system. Various design considerations are described in the following 
sections. 
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s.2.2.3 Oes1gn Cons1derat1ons - Soldier P1les and Lagging. The soldier pile 
and lagging walls should be designed to safely resist lateral and vertical 
loads imposed by the excavation, existing structures, construction loading, 
environmental loading (such as earthquake loading), and the shoring system 
itself. Design considerations, which include pile sizing, embedment depth, 
spacing, installation, and lagging provisions, should be in compliance with 
appropriate building codes and city requirements. 

Pile Sizing 

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

Embedment Depth 

The soldier piles should be sufficiently embedded below the excavation depth 
to safely resist anticipated lateral and vertical loads. The passive 

• resistance should be much more than the imposed lateral loads {active 

• 

pressure in Figures 5-1 to 5-4, minus the resistance from tiebacks or internal 
bracing) with a reasonable factor of safety. The effective excavation width 
that each pile can support is about 1.5 times the soldier pile diameter or 
half of the pile spacing, whichever is less. For vertical l oad 
considerations, the allowable vertical pile capacity, shown in Figure 5-5, 
should be more than the vertical load components from tiebacks and the load 
from deck ing. It should be noted that piles may undergo some settlement 
before mobilizing the anticipated capacities. It is estimated these 
settlements may range from about 0.5 percent to 2 percent of the pile 
diameter. However, it 1s recorrmended that at least one or two pile load tests 
be performed to ver1fy estimated capacities and to ensure that sett l ement 
under design load will be acceptable. 
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Pile Spacing 

Optimal pil e spacing depends on a number of factors. including subsurface 
conditions and engineering properties of subsurface materials, p1le sizing, 
and construction procedures and cost. Considering the need for lagging to 
alleviate soil raveling and minimize ground loss, a pile spacing of eight feet 

or less would be reasonable. 

P1le Installation 

As in similar deep excavations 1n the Los Angeles area, soldier piles in the 
site area should be installed in predrilled holes to the design embedment 
depths. The presence of dense to very dense granular alluvium in the site 
area precludes the use of impact driving. Potential caving conditions exist 
in granular alluvium. Provisions such as the use of casings or slurry in the 
predrilled holes should be implemented to alleviate caving conditions, if they 
exist. 

Lagging 

Lagging between soldier p11es will be needed to minimize soil raveling or 
ground loss, especially in the granular alluvial zones. It is the 
contractor's responsibility to control the temporary height of exposed soil 
prior to lagging placement to eliminate raveling and ground loss problems. 

Tiebacks 

Installing tiebacks in the site area will require permission from the owners 
of adjacent build1ngs and avoidance of below-grade obstructions such as 
basements or foundations in adjacent buildings. Many types of tieback anchors 
exist, including shaft anchors, belled anchors, anchor blocks, and 
high-pressure grout anchors. For this project, it is assumed that straight 
shaft anchors will be used in construction. 

In general, the allowable capacity of the tieback anchor should be determined 
in the field based on anchor load tests . The fol lowing paragraphs describe 
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our anchor capacity estimates and reconmendations for load testi ng and 

maintaining. 

Effective friction of a tieback anchor can develop only beyond a no-load zone • 
Our reconmendations for the no-load zones, considering depth of excavation and 
potential wedge failure planes, are shown in Figure 5-6. The al lowable anchor 
capacity can be determined as follows: 

P = q (nDL) 

where: 

P = allowable anchor load in kips 
L. length of bonded anchor beyond the no-load zone in feet 
D = anchor diameter 1n feet 
q = soil friction in ksf, which can be determined as follows : 

q • 0. 1 + 0.02z < 0.5 ksf in fine-grained alluvium 
q,. Q;015z < 1.5 ksf in granular alluvium 

where: 

z • depth to the middle of bonded anchor in feet . 

In addition. the allowable capacity of the anchors should not exceed 150 kips. 
The anchors may be installed at angles between 20 degrees to 50 degrees below 
the horizontal direction . Potential caving conditions in the granular 
alluvium are possible, so the contractor should use appropriate methods and 
measures to prevent caving to minimize ground loss. 

Each tieback anchor should be load tested to 150 percent of the design load in 
accordance with standard acceptance criteria (FHWA-DP-68-IR, Nov . 1984; 
Winterkorn and Fang , 1975) or local site-specific experience of the contractor. 
The load in the tiebacks should be locked off at 100 percent of the design 
load . The load in a selected number of tiebacks should be periodically 
monitored and reloaded to 100 percent of the design load if the load decreases 
to l ess than 75 percent of the design load. 
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Internal Bracing 

If braced sheeting systems are employed, the strut loads should be determined 
using the full load diagrams shown 1n Figures 5-1 and 5-3. The vertical 
spacing between struts should be appropriately designed to minim1ze ground 
movements. All struts should be preloaded to e11m1nate slack and minimize 
ground movement. A preload of 25 percent of the des1gn load 1s recorrrnended. 
However, it should be noted that strut preloads may induce undue loading on 
basements, 1f any, of adjacent buildings. This poss1bil1ty should be analyzed 
on a case-by-case basis. Procedures to compensate for the effects of 
temperature changes on the strut loads should be developed and implemented so 
proper strut load levels can be monitored and ma1nta1ned during construction. 

5.2.2.4 Ground Movement and Bottom Stab111ty. Shored excavation will incur 
ground movements in terms of wall movement and ground heave. The magnitude of 
wall movement depends on many factors, includ1ng the design and construction 
of shor1ng systems, construction schedules, specifications, and subsurface 
conditions. In general, for a well-designed and constructed shoring system, 
the maximum horizontal wall deflection will be about 0.1 percent to 0.2 
percent of the excavation depth. For the Hollywood/Western Station, the 
maximum horizontal wall movement may be about 3/4 inch to 1-1/2 inch. For a 
shoring system with tiebacks, this maximum horizontal deflection w111 occur 
near the surface, and the horizontal deflection will decrease with depth. For 
an 1nternally braced system with struts and wales, the maximum horizontal 
deflection will probably occur near the bottom of the excavation and decrease 
to about 1/2 inch to 3/4 inch near the surface. 

It is estimated that a maximum vert1ca1 settlement of about 1/2 inch to l inch 
will probably occur behind the wall to about 25 feet to 50 feet from the wa 
and will decrease as the distance from the maximum settlement location 
increases. 

The excavation depth of the Hollywood/Western Station ranges from about 60 
feet to 70 feet. This would mean a stress relief of about 7,200 psf to 8,750 
psf at the bottom of the excavation, resulting in bottom heave due to elastic 
and consolidation rebounds. Because of design changes after the completion of 
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the field work (Section 4.3.1) the penetration depths of borings in this 
investigation were about 40 feet or less below the current station excavation 
depth (MRTC, 1989). For heave and settlement evaluation purposes, it was 
assumed that the subsurface conditions below the station bottom slab elevation 
consist of a 10- to 15-foot-thick layer of fine-grained Old Alluvium and 
very dense to dense granular Old Alluvium 1n the rema1n1ng port1on w1th1n the 
influence zone of station construction (one to l½ t1mes the width of 
excavation). With th1s assumption, we estimate the heave at the center of the 
excavation bottom due to elastic rebound will be about l½ inches and will 
occur mostly during excavation. The consolidation heave of 10 feet to 15 feet 
th i ck fine-grained alluvium located below the excavation bottom will be about 
2 inches to 2½ inches and will occur within about 5 weeks to 10 weeks. 

A~suming no surface surcharge along the side of the excavation, the stability 
against excessive heave and possible ground loss appears to be marginal. 
Therefore, before placing any surface surcharge further analyses for 
excavation stability should be performed and appropriate measures should be 
taken. 

5.3 UNDERPINNING 

The need to underpin adjacent existing buildings during station construction 
depends on many factors, including shoring design/construction, excavat i on 
dewatering effects, physical and foundation characteristics of existing 
buildings, cost, and the cooperation of private property owners. It is 
di fficu l t to generalize such a need; each existing •ilding has to be 
evaluated on a case-by-case basis. In general, the need for underpinning 
adjacent bui ldings will depend on whether their foundations are adequate and 
whether the buildings can satisfactorily resist anticipated settlement due to 
excavation. Figure 5-7 presents general gu idelines for underpinning adjacent 
buildings. 

There are several methods for underpinning, if needed. These may inc l ude, but 
are not limited to, jacked piles, drilled piers, and shafts/piers constructed 
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in pre-dug lagged pits to the bearing stratum. Our estimated allowable 
bearing capac1ty guidelines for jacked piles and drilled piers are presented 
in Figures 5-8 through 5-10. It should be noted that piles may experience a 
settlement of about 1/2 inch before mobilizing full friction resistance, and 
about 0.5 percent to 2 percent of pi le diameter before mobilizing full tip 
resistance. It is recomnended that at least one or two field pile load tests 
be perfonned at the site to verify recorrmended capab1lit1es and to ensure that 
settlement under design load will be acceptable. 

The settlements of underpinned buildings should be monitored on a regular 
bas1s dur1ng construct1on. If the settlement data indicate potential for 
settlements beyond the limits pre-set by the engineers, excavation work should 
be suspended temporarily and 1rrmed1ate remedial measures implemented. 

5.4 STATION FOUNDATION SUPPORT ANO CONSIDERATIONS 

The subsurface material underlying the station 1s Old Alluvium which consists 
of either medium-dense to very dense granular sand or stiff to hard 
fine-grained soils. These soils will provide adequate foundation support for 
the planned station structures . 

5.4.1 Main Station 

We understand that the overall station will be designed and constructed as a 
relatively r igid box and the main station housing the rail facilities will be 
supported on wide, thick slabs ~at will function as relatively rigid mat 
foundations. These foundations will be supported on Old Alluvium. 

Available information indicates that the average bearing pressure on the mat 
foundations from the station and backfill may be about 5,000 psf, which is 
less than the overburden removed by the excavation. This anticipated station 
load can be safely and adequately supported on the Old Alluvium. 

As described in Section 5.2.2.4, it was assumed that the subsurface conditions 
below the planned station bottom slab elevation and within the ·nfluence zone 
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below excavation bottom elevation. 

(6) Drawing is schematic. 
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of stat1on construct1on cons1sts of a 10- to 15-foot-th1ck layer of 
f1ne-gra1ned Old Alluvium and dense to very dense granular Old Al luv i um fo r 
the purpose of settlement evaluation. With this asumption, it is estimated 
that elastic sett l ement due to a stat i on load of 5,000 psf may be on the orde r 
of about one i nch. This settlement wou ld take place almost inrnediately during 
construction. Analyses also indicate consolidation settlement of 10 feet to 
15 feet thick f1ne-grained alluvium located below the station bottom slab due 
to the imposed load will take place over a period of about 2 months to 6 
months and will be about 1-1/2 inches. Thus, the maximum total settlement due 
to a station load of 5,000 psf is est imated to be about two inches to three 
inches. Due to the heterogeneous and nonuniform nature of the Old Alluv i um, 
some different ial sett l ement across the station width can be anticipated. It 
is estimated that the maximum differential settlement across the station width 
may be on the order of about one ha l f of the maximum tota l settlement (i.e., a 
differential settlement of about 1-1/2 1nches over the station width of about 
60 feet). 

5.4.2 Other Structures 

The currently planned foundation level for the en t rances and the sta i rways 
l eading to the mezzanine level are located 1n the alluv1um. These structures 
can be supported by convent1onal spread footings ounded on the alluvium. Al l 
spread footings should be a min imum of two feet wi de and at least two feet 
below the lowest adjacent grade. All in situ fil materials should be removed 
and shou ld not be reused as compacted fi ll for spread footing support. 

• Allowable bearing capacities and estimated total sett l ement in terms of 

• 

footing width and bear i ng pressures for spread footings on all uvi um are 
graphical ly presented in Figures 5-11 and 5-12. 

5.4.3 Loads on Overall Station Walls and Slabs 

The overall station will be constructed as a relatively rigid box. Our 
recorrmended permanent earth pressure diagrams for the wal l s and sl abs of the 
station are shown in Figure 5-13. The follow i ng should be noted: 
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1. T~ account for potential seasonal var1at1on and potential variations 
across the station, the groundwater level is set at Elevation 338 
feet at the eastern end of the station and 330 feet at the western 
end of the station for design purposes . 

2. Potential surcharge effects from adjacent existing buildings which 
are not underpinned should be considered in the wall pressure 
diagrams (Figure 5- 3). Vertical loads from anticipated traffic and 
other live loads (car parking, etc.) should be detennined and added 
to the roof loadings. 

J. In Figure 5-13, a horizontal seismic coefficient, Kh, 1s used to 
calculate earthquake-induced lateral earth pressure. We reconmend 
that a Kh value equal to two-thirds of the peak ground accel~rat ion 
(1n terms of gravity) be used. For the Metro Rail project, the peak 
horizontal ground acceleration of the Operating Des1gn Earthquake 
(ODE} is a.Jg. Thus, a corresponding Kh value of 0.2 1s recon:mended 
in earthquake-induced earth pressure determination. It should also 
be noted that the effect of vertical ground acceleration is ignored 
in earthquake-induced earth pressure consideration to avoid 
over-conservat i sm. 

5.4.4 Groundwater Control 

Permanent dewatering after completion of the station is unnecessary since only 
the bottom slab is at or slightly above the observed groundwater level 
elevation. Waterproofing provisions should be carried out at least to 
Elevation 340 feet across the station to account for potential seasonal 
variation and potential in situ variations that were not detected in this 
investigation. 

5.5 EARTHWORK 

Based on the subsurface conditions encountered in the 1nv~st1gat1on, the 
station excavation can be accomplished relatively rapidly by conventional and 
readily available excavation equipment. Earthwork and site preparation 
activities are expected to consist of excavation for subterranean structures, 
subgrade preparation for the floor of the station, foundation preparat1ons for 
near-surface structures, excavation for utility trenches, subgrade preparation 
for pavements, and backf . 11 placement for subterranean walls, footings and 
utility trenches. Major excavations will need to be provided with temporary 
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shoring according to the reconmendat1ons presented 1n Section 5.2.2 of this 
report. Other minor excavations, subgrade preparations and backfill placement 
should be done in accordance with the guidelines presented in Appendix D. All 
work should be in compliance w1th applicable city (Los Angeles), state, and 
federal (Occupational Safety and Health Act) reqLiirements. 

Ava11able data indicate there 1s a considerable amount of granular all uv1LJTI 
present 1n the subsurface of the station area. Materials excavated from 
granular alluvium (sand, silty sand, gravelly sand, sandy gravel, and gravel) 
could be stockpiled to be reused as backfill material. The excavated 
fine-grained alluvium are not suitable as backfill material. If there is not 
sufficient material avai lable for backfill, imported granular material cou ld 
be used for fill, subject to approval of a geotechnical engineer. 

5.6 LIQUEFACTION POTENTIAL 

In the Hollywood/Western Station site area the subsurface materials below 
groundwater are either very stiff or dense Old Alluvium. Evaluation of 
11quefact1on potential of subsurface soils using the method recommended by 
Seed and Idriss (1982) indicates that the liquefaction potential of these 
soils is of no concern under a 7.5 magnitude earthquake event with a peak 
horizontal ground acce~erat1on of a.Jg, wh1ch is equivalent to the peak 
horizontal ground acceleration of the operating design earthquake (ODE) for 
the Metro Rail project. The potential amount of seismic -induced sett l ement 
under an earthquake equivalent to the ODE for the Metro Rail project was 
estimated to be about 1/2 inch or less, using the method recommended by 
Tokimatsu and Seed (1987). 

5.7 CONSTRUCTION CONTROL AND MONITORING 

Provisions for construction control and monitoring are necessary during and 
after construction. This section provides general recommendat ans that are 
considered prudent and reasonable. Detailed requirements and plans should be 
developed after the station design is finalized. In genera l, these 
requirements should include: 
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1. Monitoring structural integrity (crack survey, photography, etc.), 
lateral displacements, settlements of the adjacent ex1sting buildings 
due to station construction before, during and after construction. 

2. Monitoring the performance of shored excavation. This includes 
monitoring the movements of the excavation in and adjacent to the 
excavation by surveys, inclinometers and other instrumentation. If 
internally braced shoring systems are used, selected struts should be 
instrumented by strain gages to monitor the strut loads so timely 
remedial measures can be implemented 1f struts are overloaded. 
Similarly, a selected number of tiebacks, 1f used, should be 
preloaded and monitored to maintain sufficient locked-off load, as 
specified in Section 5.2.2.3. 

3. Monitoring methane, hydrogen sulfide and explosiv1ty level con­
tinuously during station construction . 
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6.0 LIMITATIONS 

The f1nd1ngs, reconmendat1ons, spec1f1cat1ons, and professional op1nions 
provided 1n this report are based on design information furnished by MRTC and 
on the subsurface cond1t1ons as disclosed by the f1eld exploration program. 
Subsurface cond1t1ons described 1n this report were based on discretely 
located test borings dr111ed as part of the field exploration and on available 
geotechn1ca1 data. The borings may not reflect var1at1ons 1n subsurface 
cond1t1ons which are 11kely to exist 1n the unexplored areas. Thus, 
subsurface conditions should be monitored and ver1f1ed 1n the field during 
construction. Should s1gn1f1cant differences between the described and actual 
subsurface conditions be revealed during excavation, it may be necessary to 
re-evaluate the findings, reconmendations, and specifications in th1s report 
based on onsite observation of the variations, additional field exploration or 
add1t1onal laboratory testing. S1m11arly, additional evaluation, field 
exploration or laboratory testing may be necessary if any design information 
such as location, orientation, s1te, configuration or nature of the planned 
facilit1es has been changed. 

The findings, recomnendat1ons, spec1f1cat1ons, and professional opinions 
presented 1n this report were developed within the limits prescribed by MRTC 
and 1n general accordance with applicable pr1nc1ples and practices of the 
geotechn1cal eng1neer1ng profession at the time of this report preparation. 
There 1s no other warranty, e1ther expressed or 1mpl1ed. 

Submitted by: 

THE EARTH TECHNOLOGY CORPORATION 

/ff__Q::J.D~ 
Bill T. O. Lu, Ph.D., P.E. 
Project Manager 

No. C039739 
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APPENDIX A 

BORING LOGS AND PIEZOMETER DIAGRAMS 

This appendix presents the logs and locations of borings and p1ezometer 
diagrams. This appendix includes the following figures: 

Figure Number 

Boring 
No. Log Location P1ezometer Diagram 

PII-67 A-1 A-lA 
PII-68 A-2 A-2A 
PII-69 A-3 A-3A 
PII-70 A-4 A-4A 
Pll-71 A-5 A-SA 
Pil-72 A-6 A-6A 
PII-73 A-7 A-7A 
LPE-ll A-8 A-SA A-88 

Explanations to the logs of borings are provided in Figures A-I through A-III . 

A-1 





• 0 

.i 
i 
.: 

.............. 
JO "11 ltaJlflbal Ulfl ~ ,,,_,.. ~~ · I 0 1 ~.:, ,r 

jf .,..r "jti -,.,:, ~.:1 """' -~ 
~r • ... . r -~:, • ... . ? ~. , """' _, 

: a..0110J IIC-IPnst:" u•11101DIIHMI .... .,,:"(IRII ..... 00:: 
·•~· • ..,,, .. __ ,..,n_;o ... ,-• .,....,-aa .. ,.., 
Jll'II \PW wo,, c,w,n pue 1 .. MI JO~ ~aQ 

.. :r 
1:1 ' 1:1 

I ! 

I 

! ~ 
I 

(Ma p.oe• o, -- _ .... 1111111- "II•- 11 - - G0C ·otoe "'UJ 
Q--oor ·oi,j.-~ I ----DN-" , ..... _ ,. """ -_,. ........ ·--,. ,,.. .... _,. 

11,--,aoo I ----· 

i 
! 
• i 
! 
i 
l 
i . 
;. 

t • ,. 
r 
~ 
1:1 

" 1:1 

t 
a ... 

! 
I ? • l 

I 

l 
:; 
1 

l .. 
; 

t 
0 
! 
l 
i 
! 
i 

!i 
!11 

t; 
J~ 
j~ ·• ·-~· H •-a 
:-r 
l! 
·= .. 

" ::::, 
• 
:, ~ "' 

I 13 
I ~ C ' 

I o]- -~ 
I Z II) 

I ... ill 
:.,~ 

I ~~ 
I ~ I ;: 

,.. .. 
:, 

'§ 
-s 

8 
I- C 

-=·~ .... 
" .. 

Col 8. .... 
.:: 0 
1-U 

IJJ 

E 
Q,j -"' - >i ·-0 Cl) 

Cl) 
C: 

"'C 0 
Q,I ·-·- -- ta 
·- u 
C: ·-::>~ 

in 
in 
ta -u 

• 

i 
I 

~l 
8 





ASPHAl.T ~ HIGHLY PLASTIC CLAY. CL.A YEY SILTSTONE 

• ■ FILL lj SILTY Cl.AY I[] SILTSTONE WITH 
SANDSTONEINTERBEDDED I 

' 

~ - GRAVEL ■ SANDY CLAY • CLAYEY SILTSTONE WITH 
SANDSTONEINTERBEDDED 

□ SAND D SILT ■ CLAYSTONE 

~ SAND WITH GRAVEL ~ CLAYEY SILT ■ SIL TY CI.A YSTONE 

[[] !IAND•SILTY SAND la SANDY SILT 

Dr] SAND-SILTY SAND m GRAVELLY SILT 
WITH GRAVEL 

• [] SILTY SAND □ SANDITONS 

[E] SIL TY SAND WITH [[ffl SILTSTONS 
GRAVEL 

[I] CLAYEY SAND 

~ CI.A YER SAND WITH 
GRAV 

CLAY 

PROJECT NO .: 8~•409 
• T1M &anb Technoloo Hollywood / Western Co,poc lioa 

Station 

Soil/Rock Symbols 
for Logs of Borings 

• 06-90 Fi&IIR All 





::'========'="""=P=l=l='=V=P=E.=======~' ~' ===========l=X=f'=l=A=N="'='=l=O=N=S==========~I 

0 ITANOARO 5"Lll Sf'OON IAMf'LE 

G :ll\ ' ' DIA ., l:l " ORIVl SAMf'Ll 

0 :l 11■" DIA. f'ITCHER SAMPLE 

8 NO RECOVERY 

0 ■ULK SAMPLE 

E] COAl IAMPLE 

DlflNITION Of TIEIIMS 

DESCRll'TIVE TCRM PERCENT ■Y VliCIGHT 

TRACE 010 

LITTLE 10-:lO 

SOME :l0-JG 

AND 36-fi0 

• 

f'ENETRATION RESISTANCE l ■LOWCOUNTI 

- ■LOW COUNTS FOR 6 " INU RVA LS ( IIC(Pl 
AS NOTEO 

MOISTURE CONTENT l"-1 

- LABORAJOflY DEURMINEDMOISTURE CONTENT 

f'f'M--f'ARTS PER MILLION 

f'Cf --f'OUNOS f'ER CUBIC FOOT 

OVA- ORGANIC VAf'OR -'NALYZER 

NIA - NOT -'f'l'LICA ■LE 

/ - DENOTES AL TERNA TING SOIL lYPlS IN A 
LAYE A llKAMPLE : S,./IW, • Al IE RNA TING 
l'OORL Y ANO WE LL GRAOEO SANOS IN " 
PRU>OMINANTL Y IANDY LAYE RI 

= The EarLh Technolol)' 
- Corpor11tio11 

l'ttOJECT NO.: 110 - 40~ 
I lollywood / Weal.Cm 

Siation 

Key for 
Logs of Boring 

06-90 

.,. 





1• 
I 

• 

• 

FIGURE A-1. LOG OF BORING Pll-67 
= The Earth Technology 
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• I ...... ct) •• -< C i ~ 

0 C ::, ::> a. L ■ U +'.,i X ti-
0~ ..I 0 ::::, ... u 0::::, ... J a 0 a. 0 C Q. •c- .:it (I 

(J ... ~ I J ~ Ill a u - .... •◄ a u ::> 
"" Cl z u • £u • o a: 0 Ill r-.: 18- inch ASPKAL.T and CONCRETE. --

CLAVEY SAND . -
- FILL -- -

- SAND WITH GRAVEL &t 4 feet . -
5- - ,-. - SILTY SAND ; Duk brown , moi1t , loo■e , fine- to - SM Al I s 3 n• / 1s• 34 27 - co&ne·srained sand , nonplanic fine, , m1caceou1. - 4 . 

(Cuttinp indicale &r_avel at 6-1 / 2 feet .) . ,-. .. 
. 
-

(Drill chaiter at 9 feet . Cuttinp indicate fine to medium, . 
angul&r gravel.) . . 

10 
CLAYEY SAND ; Dark brown , moi■ t , medium denae, fi ne- to -:: 

,_ 
- SC Al 2 D 3 9" / 12· 6 101 21 6 . med ium-crained und with occa.eional coane -gnined , - ,- 3 . 

low plasticity fines , nucaceow, void along aide of the -. 
■ample . 

. 
. . 
. -
- -- -IS _ - -SIL TY SAND; Olive brown, moiat , medium denae , medtum - SM Al 3 s 4 ... / 18" 6 6 

pluticity fines , fine- to medium-grained sand with - 4 
occuional coane-1rained , trace clay and gravel, - - 5 - micac:eoua. --- (Cutt inp indicate more 1uban(Ula.r gravel at 17- 1/2 fed .) -- --! -

20_ -- ,-. 
SIL TY SAND; Dark brown, moi■ t , medium denae, fine- to - SM Al 4 D 6 112 11 

medium-grained , lrace gravel at top of sample, 1- to - - 10 - 1-1/2 - inch in aize, nonplutic fine, , mic:Bceou1 . - 4 D 8 5' I 12· 7 6 - - ,-- - 5 
- -- -- (Cuttinp indicate more gravel at 24 feet .) --25_ -- ..... - SILTY SAND ; Olive brown, looae , soft, low pluticity fine1, - SM Al 5 s 5 12· / 18" 7 6 - very fint- to coane-grained sand , 1rave! up to - 5 - 1/2-inch aize, micaceoua . - - 6 - -- -- -- -
~ ( Cuttin1a indicate clayey 1oil at 29 feet .) -

•n - -

I 
i 





FIGURE A-1. LOG OF BORING Pll-67 
= The Earth Technology 
-. CorporaJion 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project NU!tler: 89-409 Borenole Nurcer: 

Description 

CLAYEY SAND; Dark yellowi1h brown, moist, medium denH, 
fine- to medium-~ned aand with occ:uional 
c:oane-~ned and fine rravel , low pJutic:ity fines . 
trace 1ilt, mic:aceou1. 

CLAYEY SAND ; Olive brown, moist, medium denae , fine- to 
coarse-gra.ined ,and with fioe irravel, low pluticity 
finea, mic:aceoua, trace c:Jay at top of ■ample. 

SIL TY SAND; Dark brown, moist, medium denae, fine · to 
coarse-grained sand, low pluticity fines. 

SANDY CLAY; Dark brown, moi1t, 10ft, low pluticity , 
fine-a-rained 1and, micaceou1. 

SANDY CLAY; Dark brown, moist, hard, medium to high 
plaaticity, fine- to medium-grained sand , micaceou,. 

SANDY CLAY/CLAYEY SAND ; Reddish brown, moin, very 
stiff, medium to high pluticity, fine- to 
medium-grained aand, micaceoua. 

(Cuttinp indicate 1ome gravel =-t 54. feet .) 

CLAYEY SAND; Dark brown, moi1t , den■e , fine- to 
coane-gnined 1and, medium to high plaaticity fines , 
micaceou•. 

CLAVEY SAND ; Reddi1h brown, moi1t, dense to very dente, 
fine- to medium-grained sand with occasional 
coarse-grained, very low plasticity fineo, micaceoua. 
Sandy day at bottom, dark brown, hard, medium 
plasticity, fine- to medium-(l"ained sand. Pocket of 
silty sand . 

CL.A YEY SAND; Dark brown , moist , ver;y denu, , line- to 
coaroe-(t"ained sand, medium plasticity fines, 
micaceou, , trace sit~. 

I C 
·-4 0 

(I) ··-4 u .... 
(I) •• 
:::> ... u 

t) ·-4 ... 
SC 

SC 

SM 

CL 

CH 

CL/SC 

SC 

SC 

SC 

Pll-67 
ll ... 
11.,1 !.. 
0·-4 • • -◄ C .Cl 
0 :::> e ::J • ::J I-
0 z 
A3 6 D 

A3 7 S 

A3 8 D 

9 D 

A-4 

A-4 10 S 

A-4 . 11 D 

A3 n s 

A-4 13 D 

A:l 14 S 

2 ot 

::J E 
!.. !.. 0. 

3 ... • ... " ::J 0. q; e ::1 •-4 ... 0 C: :, ... ~ 

... ::J 0 :::> 0. !.. • u • q; 
ID 0 u 0 0. C C: ll. :> t) • •- 0 0 

7 6" I 12· T 103 19 6 
7 

6 12"/18" 1 6 
9 
12 

8 12· / 12· 8 6 
8 
s 8 6 

s 

7 12" /18" 8 'f 13 
22 

I 

15 9" /lr 7 109 20 6 
19 

9 12· /18" 10 7 
15 
25 

18 u· / 12· 9 109 21 6 
21 

21 l:" / 18" 8 1 
32 
42 

. 





FIGURE A-1. LOG OF BORING Pll-67 

• 
Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Proj ect Nurber : 89-409 I Borehole NIJl'lber : Pll-67 
C D 

..... I :J -~ 0 ... 
Ill • ... IJ.µ I. ........ 

~ ~ 0 ... • ~ 3 .... 
Cl.. Description u .... 

... C 

~ 
0 §. • • ..... Ill ■ ■ 

0~ ..J 0 
::::, ... u 0::::, :, ... 0 

(,) ... • I- CD <J 
'" Cl z 

~1 CLAYEY SAND; Dark yellowi,h brown , moi8', very denH, - SC A4 15 D 17 
low plucicity fin•, fine- co medium-mined sand with - - 26 
fine ITavel, micaceoua. --

--- -
-- --75_ - -. SILTY SAND; Dark yellowi,h brown, moi■ t, very den■e , low - SM A3 16 S 10 

- plucicity finu , fine· to medium-rrained ■and , trace . 13 
- fine CTavel, micaceoua . - ...... 18 -

--
-

- (Cutcinr, indicate more ,andy mahrial at 79 fttt .) -. -so_ - ...... 
- SIL TY SAND ; Dark brown , moiJt , denae, fine co coarse 1and, - SM A3 17 D 10 
- low pluticity finu, micaceoua. . '- 16 
- -. -
- · -- -
- -. -- -ss_ - '-- SILTY SAND ; Dark yellowiah brown , moi■t, den■e , fine to - SM A3 18 S 14 

• 
- coane ,and , low pluticicy fine■ , m1caceou, . - 19 - - '- 24 - -- -
- -- -
- -- -90_ - -- Same u above. - SM A3 19 D 17 

---.., 
- BORING TERMINATED AT 91 FEET. -- -

NOTE: This borehole log i, baaed on field clu,ificacion and -
visual ■oil ducription, and ia further modified to 

. include reaulta of laboratory claa■i!ication tut, , where . 

. availab le . Thi, summary applies only at the loca tion of --95_ th is borinr and at the time of drillinr . Subaurlace ___:: 

. condition• may differ at ocher locacioru and may . 
- change at th ia location with p:i.aaare of time. The data • 
- pre■ented i, aimplificac ion of actual condition• . 
. . 
. encountered . The 1Cr"atification line1 repr-e■ent the -
- ,1pprox1mace boundary between 1ub1urlace material . 
- typu and the tran11tion m~y be rradu,1I. -- . 

-100_ ---. . 
---- ---JOS_ --
----
-

• -
-

I 1n -

= The Eart!t Technology 
-. CorporD11on 

I Sheet 3 of 3 
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FIGURE A-2. LOG OF BORING Pll- 68 
= The Ean!z Technology 
- Corpora.lion 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project Nl.ll'ber; - 89-409 Boreho I e NU!i)er: 

Boreho l e l ocat i on: Hollywood Bhd, West of Serrano 

Heal th end Safety: Uparaded Level D 

Ori l ling Equi ~t: failiDK 750 

Dril li ng Method: Rotary Wash 

Drilling Fluid: Bentonite Mud 
Hlllllller Informat i on: 

SPT Hammer: 140-lb and JO-inch drop. 
DOWNHOLE Hammer. 295-lb and 18-inch drop. 

20 

Descriptjon 

18-inch ASPHALT. 

Bue coune material. 
SANDY CLAY at 2-1/2 feet . 

SANDY SILT; Dark reddi1h brown, damp , Iooae, medium 
pluticity finet , fine -snined aand with occulonal 
coane - rrained, micaceou1, trace c:lay . 

Same aa above. Medium to hish plasticity fines . 

(Some coarse sand at 14-1 / 2 feet .) 

(No recovery . Cutt inp indicate cravelly soil.) 

SANDY SILT; Dark brown, moi■ t, loo■e, medium pluticity , 
fine • ~o medium-grained ■and , H~e clay , m1c:iceou1 . 

(Cutt ings indicnte some c:lay at 22-1 / 2 feet .) 

SANDY SILT; Dark brown , moi ■ t , dense , medi um plu11ci ty , 
fine- to medium-grained sand , m1caceou1 , trace ch,y . 

Pll-68 sheet ----'--- of _ __.;:3;..._~ 

Elevat i on and Oatuncfeet> : 399 

Date Started: 4/4 / 89 Date Fi ni sheet: 

Total 81.0 Depth to: 
Oepth(feet): Bectrock(feet): 

Borehole Oi-ter: 5-inch 

Piez0111eter 
Installation: NO 
Logged By: 

Pierre Charles 

C u 
I 0 ·-t en •◄ --c IJ.> 

0 . .. 0 •-t 
en • • _, C 
:::>! u 0:::, 
u ·◄ • ... 0 

FILL 

ML Al 

ML Al 

L • • 
1 I-
z 

l S 

2 D 

3 .. 
o C ... :, 
ID 0 

0 

2 
3 
5 

3 
5 

Depth( fet!t): - • 

Checked By : 

Marshall C. 
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:J L • .,,... 

::, q E :J •-t ~ 

0 ::> 12. "' • u 
u 0 D. CC 
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, .., 
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3 S s o· / 1s· 6 
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13 

ML Al 4 D 4 6" I 12• 5 
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ML Al 5 s 10 6 
13 
10 

4/4/89 
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= The Earth Tech,rologv 

FIGURE A-2. LOG OF BORING Pll-68 
._ Corporal. ion • 

Project Name: METRO ·RAIL - PHASE II - LOS ANGELES 

Pro j ect N161Cer: 89-409 Borehole Nurt>er : 

45 

50 

55 

~ 

Description 

SA.ND ; Dark brown , moi9t, medium denM, trace rravel upto 
l·inch ■iH . 

{Heavy drill chatter at 32-1/2 r .. t .) 

(Cuttinra indicate ■and and crave! at 3• reet .) 

CLAYEY SAND; Redd i■h brown, moi1t , den■e , very fine- to 
medium-cra,ined ■and , medium pluticity fine, , trace 
mica, carbonated . 

(Cuttinra indicate more ■and at 38 reet .) 

CLAYEY SAND; Reddi1h brown, moiat , medium dense, 
medium pluticity finH, fine- to medium-,rained sand, 
micaceou1, trace clay . 

CLAYEY SA.ND ; Reddi■h brown, moi■t, very denae , very 
fine- to fine-1Tained ■and, angular , medium phuticity 
fines, trace mica. 

CLAYEY SAND; Reddi■h brown, moin, den■e , fine- to 
medium-grained aand with occasional 
coarse-grained,low to 

medium pla.,ticity fine■ , micaceou1, trace silt . 

SILTY SAND; Brown , moiai , den,e , fine- to co:i.ne-rnined 
s:i.nd with fine rravel, micaceou,. 

SIL TY SAND : Dark yellowi1h brown , moi■ t , denH , fine- to 
coane-rrained ,and, trace fine gr:i.ve l, low pluticity 
fines , micaceou1. 

CLAYEY SAND : Reddish brown , moist , very denae, fine - to 
coarse-vained und, low to medium pla.sttcity fines . 

SP 

SC 

SC 

SC 

SM 

SM 

SC 

Pll-68 
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0 ·◄ 
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0 ~ -• c:, 
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At 9 S 

A3 10 D 

A3 ll p 

A3 12 D 

A◄ 13 S 
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0 C ... :, 
Ill 0 

CJ 

7 
15 
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<I E 
::> Q. 
0 a. 

27 

7 12" / 18" 6 
17 
21 

8 
19 

6" I 12• 10 

23 ll"/18" 6 
24 
34 

20 s· / 12· 6 
30 

Pu■ h 28" / 30" 6 
200 p,i 

16 s· I 12· 6 
25 

10 U" / 18" 6 
18 
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FIGURE A-2. LOG OF BORING Pll-68 
= The Earth Technolog_ 
.., Corporlllion 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Pro j ect Nurber: &9-409 Borehole NU!t)er: 

,C; I ::J 
~ I .C ~ 
I I "'-t 
0~ ..J 0 

Description 

CLAYEY SAND/SANDY CLAY; Reddi1h brown , moi1t, 
medium denae , medium plutic.ity finea , fine-rrained 
■and , trace mica.. 

SANDY CLAY ; Dark yellowiah brown, moi1t, very niff, 
medium pluticity , fine-rra.ined 111nd with occuional 
medium - sramed, micaceoua. 

SANDY CLAY ; Dark yeUowi1h brown , moi■ t , hard , low 
plu:ici ty fine■ , micaceou■ . Clayey sand at bottom, 
predominantly fine-rrained sand , trace medium to 
coane- rralned and fine rraveJ , micaceous. 

BORING TERMINATED AT 81 FEET. 
NOTE: Thia borehole lo.- i • bued on field c:l auincatlon and 

visual ■oil description , and i1 further modified to 
include rffult■ of laboratory clu■ification te■u , where 
available . Thi■ ■ummary applie■ only at the location of 
thi■ ooring and at the t ime of drilling. Sub■urface 
condition■ may differ at other locations :md may 
change at this location with pu■age 6f time . The data 
presented is 1implificat ion of actual condition■ 
encountered . The nratification line, repruent the 
e>pproxirnatc boundary between subsurface material 
type, and the tran■ition may be gradual. 

.. -
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FIGURE A-3. LOG OF BORING 

Project Name : METRO RAIL - PHASE II - LOS ANGELES 

Pll-69 
= The £artt, Technolog_1• 
-. Corporai1on 

Pro j ect N-m:ier : - 89-409 I Boreho l e N-m:>er: Pll-69 sheet __ I _ _ of ----"3 __ 

Bor el'lo l e l ocat i on: Hollywood Blvd, West of Serrano El evetion and Det1.111( f tttl: 401 

tte1 l th and Safety: Upgraded Level D Oete Started: 4/ 22/ 89 Oate Fi n i shed: 4/ 22 / 89 

Ori l ling Equi ~nt: Mayhew IS00 

Drilling Method: Rotary Wash 

Dr illi ng Flu i d: Bentonite Mud 
Hanmer Informat i on: 

Taul 
Depth( feet): 91.0 

Boreho l e Oimneter: S- inch 

Pi ezometer 
lnste ll at i on: 
Logged By: 

NO 

Depth to: 
Bedrock(feet): 

Oepth{fttt): - -

Checked By: 
SPT Hammer: 140-lb and 30-inch drop. 
DOWNHOLE Hammer: 265-lb and 18-inch drop. Curlis D. Cushman Marshall C. Payne 

Description 

-
-

il6 - inch ASPHALT . 

Fill material. Gravel. -

F ill ma.&erial. Sil t and C'1'•vel. 

l 
---
--
-

u 
•◄ 
tJ+I 
0 -4 
-, C 
D::, 
I 

Cl 

FILL I s~~~--------------------~----+---4 
SANDY CLAY / CLAYEY SAND ; Darlt brown , moilt , looae, - CL/ SC Al 

- fine- to medium- rramed ■ and, low to medium -
plutic.ity fine, , micaceou■. : 

-
-
-

-

3 S 

,--

,--

3 
3 
3 

S- / 18" 8 

- Same as above. - CL/ SC A2 4 D 4 
s 

6" / 12· 9 
- -
- -

-
- -

:1 -
IS_ 1~~ CLAYEY SILT, Dark brown , moiH , soft to ■ilff, low pluticJty~ ML I fine■ , fine- to med ium-cratned ■and , micac:eou,. -

(Drill chatter at l 7 feet .) 

- ~~~ : 
20_ _: 

- SILTY SAND; Dark brown, moiat , medium denae , fine- to - SM 
- medi um-grained s:utd , low plaatic1ty fi ne■ , m1co.ceous. -

--- -

-
--CLAYEY SAND ; Dark brown, moist, med ium dense, fine- to - SC 

medium-grained sand , low pluticity fine■ , micaceous . -
-
-
-
-
-

-A2 5 S 4 U " / 18" 8 
5 

- 6 

Al 60 11 8" / 12" 8 
>-- 12 

>--
1 S 5 

6 
10 

1r / 1a· 8 

8 

90 27 5 

5 

99 16 s 

5 

1 





FIGURE A-3. LOG OF BORING Pll-69 
= The Eartt, Technology 
'- Corpora11on 

Project Name: METRO RAIL - PHASE [I - LOS ANGELES 

Project N\61'ber: 89-409 Borehole NYTtler: 

40 

◄ S 

50 

55 

~ 

60 _ 

7 

Description 

CLAYEY SAND/SANDY CLAY; Some l(T'avel . 

CLAYEY SAND ; Brown , moi1t , medium den■-, fin•· to 
medium-grained ,and with occa,ional coarse-grained , 
low to medium pluticity fin~. micaceoua. 

CLAYEY SAND /SANDY CLAY; Brown, moi■t , very dense, 
fine· to medium -arained sand with occuion11l 
coane-grained, medium pluticity fine ■, m1c11ceous . 

CLAYEY SAND; Dark yellowish brown , moiat , dense, fine- to 
coarse-grained sand, fine gravel , mie11ceoua. 

CLAYEY SAND; Dark yellowish brown , moi■t, very 
dense, fine to medium ■and with occ.ui ional 
coane-gra.ined, fine aravel, low to medium plaaticity 
fineo , mica.ceou, . 

S IL TY SAND; Brown , moi1t , d■nae , fine- to medium-gr.lined 
sand with occ.uiional coarse-grained , low pluticity 
fines , micaceou■ . 

SIL TY SAND ; Dark ye llowi1h brown , moi1t , very denH , fine-
to medium-gr:uned ,and, low pl111ticity fine, , 
micaceou, . Some coarse-grai ned nnd at bottom. 

SILTY SAND ; D•rk yellow,eh brown, moist , very d enac, fine· 
to coane-gra.ined ,and, fine gravel, low plnaticit)' 
fine, , micaceou1 . 
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FIGURE A-3. LOG OF BORING Pll-69 
Pro j ect Name : METRO RAIL - PHASE II - LOS ANGELES 

Pro ject Nuroer : 8~- 409 I Boreho le Nl.lli)e r; 

_v. 
-
- · 
--
~ 

-

Description 

CLAYEY SAND ; Redduh brown , moi1t , very dan11, fine- to -
medium-grained ,and, medium plucicity fine,, -
micaceou1. Sandy 1ilt at bottom; dark yellowi1h brown , -
hard, low to madium pluticicy finfl, fine - to : 
medium-STained 1and , m,.,ac:eou1 -

---

I C 
... 0 

Ill ■ ... 
(.) .... 
VI ■ Ill 
:> ... u 

(.) ... ... 
SC 

Pll-69 
u ... 
e1.- I. 
0·◄ • g_ .,. C .0 
0 :> E :I • :I ... 

CJ z 

A<& 16 D -

75...J<'-f-"'i',--------------------------,..,..---+----+ -
SIL TY SAND; Dark brown, moiat, den■e , fine - to - SM A3 17 S 

- coane-grainad ,and, fine-grained gravel , nonpla■ tic to -- low pluticity fin•• , m.icaceoua . : 
- -- --- --

80..J...L.......,1-------------------------=..----+---+ '-
18~ --

-- ' -----
85 

--
-----

SAND ; Dark brown , damp, very dense , fine- to 
coarse-grained sand , 1ome iravel upto 1-inch 1iu, 
micaceou1 . 

CLAYEY SAND ; Dark yellowi1h brown , mo11t , very den■e , 

--
-
-----
-

fine- to coane - ,nined aand, medium pla■ ticity fines , -
micaceoua. ---

-
-
-

go..: 11 - SILTY SAND ; Dark brown , moist , very dense , fine· to -
- \ medium-grained sand with occa■ ional coa"e-r.ained , 
: trace gravel, low pluticicy fines , m1caceou1. / 

-

----
-

100_ 

105_ 

-

11n 

-....... 

BORING TERMINATED AT 91 FEET. -
NOTE: This borehole loJ is bued on field clauification :ind -

visual soil descript ion, and is further modified to -
include results of laboratory classification tes'9 , where _:: 
avail ahl<! _ Thi oummary appliu only :u the loc11tion of -
thi1 borina and at the time of drilling. Subturface -
condition. may differ at other loca.t ions a.nd may • 
cbanie at tbi■ location wit p;uaage of time. T he data = 
pre■enced iJi ■implification of actual condi t ion■ -
encountered . The 1tratific:ition line■ repre■ent the -
approximate boundary !>.tween subsurface material -
type• and the tran.ition may be gradual. _: 
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FIGURE A-4. LOG OF BORING Pll-70 
= The £art~ Technology 
._ Corporat,on 

Project Name : METRO RAIL - PHASE II - LOS ANGELES 

P ojeet NU!i:>er: - 89-409 I Borehole N~r: Pll-70 ! shee t I of 3 

Borehole location: Hollywood Blvd, We!.I of Serrano Elevat ion and DatU'II( feet): 397 

Hea l th and Safety: Uperaded Level D Date Started: 4/ 23/ 89 Date Finished : 4/ 23/ 89 

Drilling Equipment: Mayhew 1500 Tout 91.0 Depth to: --Depth(feet): Bedrock (feet) : 

Dr illi ng Method: Rotary Wash Borehole Di-ter: 5-inch 

Drilling Fluid: Ben toni te Mud Piezometer NO Depth (feet) : - -Instil lat j on: 
Hamner Informat i on: Logged By: Checked By: 
SPT Hammer: 140-lb and 30-inch drop. 
DOWNHOLE Hammer: 265-lb and 18-inch drop. Curtis D. Cushman Marshall C. Payne 

Samples 'ti 
C u c-

~ ,._ I JI -~ 0 •◄ ? JI t.., J E 
..,.., ~ IJ II). -◄ IJ+I L 0 11. 

0·◄ J ! 3 +I I - +I,._ 
J~- L 11. 11. I J4J 0 Description 0 .... ([ E 3 ·◄ lo. 

~ I ◄-◄ II) ". -◄ C 0 C :) 
~ 11. L • U ... ..,x II -

: .J 0 ::>-◄ u 0 ::> E ::J -◄ J 0 I C -
.;t ([ 

I J I- ID 0 u 0 11. CCl1. u~ u·◄ - •- •◄ D 
~ 0 z 0 I ~o tllO 

a: C ID 

- I ■ h6- inch ASPHALT. - J 

- FILL MATERIAL . - F'ILL 
- -- -- -
- -- -

5- - ,--
- , SILTY SAND ; Dvk brown, moitt , medium denae , fine - to - SM Al 3 s 3 11" / 18" 8 5 
- medium-ruined 1and , friable , nucaceous, low pluticity- 4 - fines . . ,--

4 - -- . 
- -- . 
- -- -

10 ,__ 
SANDY CLAY ; Dark brown , moiat, soft to stiff, fine· to - CL A2 4 D 5 s· / 12· 7 5 

medium-rrained sand , trace fine gravel , medium - ,-- 5 
plasticity fines , micaceous. ------

15_ - -- SILTY SAND; Dark brown, moist, medium dense , fine- to SM Al s s 3 l l " / 18" 8 5 - coar.1e-vained sand , occasionally fine gravel, - 4 - micaceoua . - - 5 - -
- -- -- . 

--20_ - ,-- SAND -SILTY SAND ; Dark brown, damp, medium dense, - SP-SM A.I 6 D 12 6" / 12" 7 93 21 G - fine- co coarse-grained nnd , gravel upto 1/ 2-inch size ,- ,__ 15 
micaceoua. -- -. -- -- -- -- -25 - --- CLAYEY SAND ; Brown, moilt , medium dense , fine • to - SC A4 7 s 5 12" / 18" 7 6 - coarse-grained sand , friable, trace fine uavel. low - 6 - planicicy nnes , micac.eoua . - -- 9 - -- · -- -- -- -
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FIGURE A-4. LOG. OF BORING PII- 70 
= The Eart!J Technology 
-- CorporaJ1on 

Project Name: METRO RAIL - PHASE ll - LOS ANGELES 

Project Nl.ffber: 89-409 Sor~o le Nl.ffber: 

◄0 

Description 

CLAYEY SAND ; Oa.rk brown , moiat, medium denH , fine- to 
medium-snined ,a.nd , trace clayey nnd a.nd fine 
cravat. low pluticity fin• . micM:.ouo. 

CLAYEY SILT; Reddi1h brown , moitt , 1tifr, medium 
pluticity, trace medium- '° coane•rrained aand, 
micac:eoua. 
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L • • .0 
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8 0 

9 S 

SANDY CLAY/SANDY SILT; Dt.rk yellowi1h brown, moist , CL/ML A◄ 10 D 
stiff, medium plaaticity, very fine- to fine • rrained 
,and , trace cby , m1caceoua. Silty ,and i>t bottom, dark lO D 

brown , denae , fine to coarM, trace gravel, micac:eoua . 
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18 
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22 
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107 19 6 
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98 27 6 

CLAYEY SAND ; Reddi1h brown, moiat, denH, fine- to SC A◄ 11 S 9 16" / 18" 6 'f coane-rrained aand, trace fine rravel , mediu m 16 
plaatic,ty fine1 , micaceou1, trace ■ ilt. 16 

50 

55 

SIL TY SAND; Reddish brown , moiat , very denH , low to 
medium plaaticity fine■, fine- to medium-grained sand , 
micaceous, trace clay . 

SIL TY SAND; Brown, moiat, very denn, Cine• to 
coane-rrained sand , trace fine rrave l, low plaatic.ity 
fines , m1caceoua. 

SM 

SM 

SANDY CLAY/CLA YEY SAND ; R.edd i1h brown , moist , hard , CH / SC 
hirh pluticity , fine-grained sand with occuioni>l 
coane-grained , trace mica. 

SANDY SILT; Redd i1h brown , m011t , denae , medium 
plaatici,y , fine-rrained 1D.nd, micaceou1 . 
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FIGURE A-4. LOG OF BORING PII-70 
= The Earth Technology 
-- Corpora1ion 

Project Name: METRO RAIL - PHASE II - LOS A GELES 

Project Nl.ll'ber: 89-409 Borehole Nurcer: 

,C" I :JI 
._,..., .J: D 
C. • C 
I I .. -< 

C ~ .JC 

Description 

SILTY SAND ; Dark brown, moist , very denae, fine to medium 
,and , low pluticity finu , mica.:eou, . 

SANDY SILT; Reddiah brown, moiat, very ,tiff, medium 
pluticity, fine -fl'ained aand, micaceou, , tr11ce cl:i.y . 

CLAYEY SAND ; Dark yellowiah brown , moist , denH, fine - co 
medium-fl'ained sand , low pluticity fine, , micaceou1 , 
trace clay . Sandy 1ilt at bottom, very atiff, low 
plut1city, fine umd, rrucaceou, . 

SIL TY SAND ; Dark yellowiah brown, moiat , very denae, fine­
to medium - 1rained und , trace Cine cravel, low 
plaat1city finu , micaceow. 

SILTY SAND ; Brown, moiat, dense , fine- to coane-rrai ned 
sand , trace fine crave! , mieaceoua, pocket of clay . 

BORING TERMINATED AT 91 FEET. 
NOTE; This borehole 101 is baud on field cl11.11ification and 

viaual so il description, and i1 further modified to 
include rHulta or laboratory clauific.,,tion te1t1, where 
available. Thia 1ummary :i.pplies only at the loc:i.tion of 
th11 borin1 .,_nd :i.t the t ime or drillin1. Sub1urface 
condiiion, may difrer at other loc.,,t ion, ... nd mny 
chan1e at thi, loc:i.t ion with paaaage or t ime. The dat:i. 
pruented i, 11mplification of :i.ctual condition, 
encountered . The 1tratification lines repreunt the 
approximate boundary belwttn sub■urlace maten:i.1 
cypea and the cran,ition may be cradu :,,J . 
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FIGURE A-5. LOG OF BORING Pll-71 
. := The Earl!, Technology 

- Corpora.lion 

Pro j ect Name: METRO RAIL - PHASE II - LOS A GELES 

Pro j ect Nurber: 89-409 Borehole Nurber: 

Borehole Location: Hollywood Blvd., East of Western Ave. 

Heal th and Safety: Uparaded Level D 

Dr i ll i n; Equipmen: : Mayhew 1500 

Drilling Method: Rotary Wash 

Dr i l l ing Fluid: Bentonite Mud 
Hanmer Informat i on: 

SPT Hammer: 140-lb and 30-inch drop. 
DOWNHOLE Hammer: 340-lb and 18-inch drop. 

Descript ion 

12-inch uph alt . 

SAND with Gravel ; Coane- gr:uned sand , fine gravel. 

SILTY SAND. 

CLAYEY SAND ; Dark brown , moist , loose , medium pluticity 
fine■ , fine- to medium-gr&ined sand , micaceou1 , 
guoline odor. 

(Cuttinlfl indicate coarser material at 9-1 / 2 feet .) 

CLAYEY SAND : Dark brown , moist , looie , low plasticity 
fines , fine- to medium - grained sand , and trace 
coane-grained sand , mic ac,ous . 

CLAYEY SAND ; Dark brown, moiat , loo1e to medium dense , 
low to medium pluticity fines , fine- to 
medium- grained sand , micaceous , trtlce fine grave l. 

CLAYEY SA D ; Dark brown , moist , looie, med ium pla■t ici ty 
fine• , trace fine- to medi um-gra ined 1:lnd , micactous , 
trace fine grave l. 

(Dri ll chatter it 23 feet . Cutting, indictlte grtlvel. ) 

SIL TY SAND ; Brown, wet , den ■e , low plut1c1 ty fines , fine- to 
coane- irained sand , micaceous , trace fine gr;ivel. 

Pll-71 sneet _......;'--- of ---=3'--_ 

Elevation and Dat1111Cfeet): 394 

Date Started: 4/ 14/ 89 Dau Fi n i shed: 

Tota l 91.0 Depth to: 
Depth ( f eet J : Bedrock( feet J: 

Borehole Di-ter: 5-inch 

Piezometer 0 Depth( feet J : - -lnste ~let i on: 
Logged By: Checked Sy : 

Olu Odu-Falu Marshall C. 
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FIGURE A-5. LOG OF BORING Pll-71 
= The Earl~ Technology 
-... Corpora11on 

• Project Name: METRO RAIL PHASE II - LOS ANGELES 

Proj..ct Nt.nbl,r, 89-409 Borehole Nt.nbl,r: 

35 

to 

45 

50 

55 

60 

~ 
6 5 ' 

Description 

SILTY SAND ; Dark brown, damp, dense, low plaatici1y finH, 
fine-grained aa.nd, micaceoua , trace fine ua.vel. 

SAND-SILTY SAND ; Dark brown, moiat, dense , fine· to 
coarse-grained aand , micaceoua, trace fine gravel, 
friablt . 

CLAYEY SAND; Dark brown , damp, denae , low plasticity 
finea, fine- to medium-grained sand , occaaiona.lly 
coarse-grained sand, trace fine gravel, trace mica . 

(Cuttings inciic'ate gravel at 43 ffft .) 

CLAYEY SAND with gravel; Dark brown, damp, denae to 
ver-y denH, nonplutic fines , fine- to coarse-grained 
sand, friable, little gravel up to 1/2 - inch size. 

SIL TY SAND; Dark brown , damp , denae , non plastic fines , 
fine- to medium-grained sand with occasional 
coane- grained sand, trace fine gravel, trace mica. . 

CLAYEY SAND ; dark brown , moist, dense , low plasticity 
fines, fine- to coarse-grained sand, micaceoua, trace 
gravel. 

(Cuttings indicate more gravel at 57 feet .) 

SIL TY SAND ; Dark brown, damp, dense , low plasticity finu , 
fine· to coarse-grained sand , micaceous , trace 
subangular gravel up to 1-inch size . 

SAND-SILTY SAND with gravel ; Dark yellowish brown, 
damp, ver-y dense , coane-grained sand , micaceous , 
little gravel up to 1-inch site. 

(Drill chatter at 67 feet . Cuttings indicate gravel.) 
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0 ::> E :I • J ~ 
0 z 

SM Al 6 D 

7 D 

SP - SM Al 8 s 

SC At 9 D 

SC A4 10 S 

SM A3 11 D 

SC A4 12 S 

SM A3 13 D 

A3 us 

2 of J 

:I e 
~ a. 

l..., • "" .... ~ a. 
0 C :> ~ e :I· ◄ \. 

... J 0 :::> ll. ~ • u ~ 
Ill 0 u 0 ll. CC :::, 

(.) • . ..., 0 C 

13 u· / 12· 6 6 
25 

8" /12" 6 6 15 
16 

12 15"/18" 6 5 
18 
18 

11 9" / 12" 6 5 
u 

1 
11 14" / 18" 6 
16 
22 

12 9" / 12" 6 5 
19 

10 18" / 18" 6 5 
14 
16 

11 9" / 12• 6 5 
20 

19 12" / 18" 6 5 
3t 
35 





• 

• 

• 

FIGURE A-5. LOG OF BORING Pll-71 
= The Earth Technology 
.._ CorporOJion 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project N~r: 89-409 Boreho le Nlnt>er : 

75 

80 

85 

90 

95 

100 

105 

Description 

Same u above . 

Same u above. Laa cnvel. Clayey ■and at bottom; low 
pluticity finu, fine- to mtdium- rrained ■and . 

SANDY CLAY; Dark yellowish brown, moist , very 1tiff, low 
plutidty finu, fine- to mt.dium-gnined ■and , tract 
1uban11.1lar rrave l. 

CLAVEY SAND ; Dark yellowi1h brown , damp, very d ■n ■e, 
trace fine rravel , micaceou,, trace 1ilt, clay . 

CLAYEY SAND ; Brown, moist, very denee , low pluticity 
fine, , fine- to coane- gnined sand , trace 1ubangular 
gravel up to 1-1/2 inch 1ize . 

BORING TERMINATED AT 91 FEET. 
NOTE : This borehole log i1 ba.,ed on field clu1ific:at ion and 

vi1ua.l soil dHcription, and i■ further modified co 
include re■ u l t■ of laboratory cluaific:a.t ion ten■ , wher~ 
available. Thia 1ummary applin only ac the locacion of 
thi• borinr and at the time of driUin&, Sub1urface 
condit,on1 may differ at other locacion, and may 
chance at thi1 locacion wit.h puaage of t ime , The data. 
preHnted i1 ,implification of actual condition■ 
encountered . The 1tratifica1ion lina repretent che 
approJlimau boundary between 1ub1urface maurial 
type, and th, tran1icion may be gradual. 
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FIGURE A-6. LOG OF BORING Pll-72 
= The Ear1~ Technolog_Y 
-. Corporai,on 

Pr o j ect Name: METRO RAIL - PHASE II - LOS ANGELES 

Project NUTi)er: - 89-409 Borehole NU!iler : 

Borehole l ocation: Hollywood Blvd., East of Western Ave. 

Heal th and Safety: Upgraded Level D 

Drilling Equipment: Mayhew 1500 

Drilling Method: Rotary Wash 

Drilling Fluid: Bentonite Mud 
Hamner Information: 

SPT Hammer: 140-lb and 30-inch drop. 
DOWNHOLE Hammer. 340-lb and IS-inch drop. 

Description 

12-inch CONCRETE. 

SAND with Gravel. Bue coune material . 

CLAYEY SILT; Darlt brown , moin, 10ft to medium 11iff, 
medium pluticity finu,m micaceou1, trace fine- to 
medium-rrained 1and. 

SILTY SAND ; Brown, moiat, medium den■e, low plaaticity 
finH , fine· to coane·Jra1ned sand , trace clay . 

(Cutting• indicate more sand at 13 feet .) 

CLAVEY SAND ; Brown , moiH, medium den■e, low plut1city 
fine, , very fine- to fine-rra.ined ■and with 1ome 
coarse•rrained sand . 

Pll-72 sheet ______ of --=-3 __ 

Elevation and Oatun(feet): 395 

Date Started: S/3/89 Date Finished: S/3/89 

Total IOI 0 Depth(feet): " 
Depth to: 
Bedrock( feet): 

Borehole 0 i 1111eter: S-inch 

Piezometer 
lnsul lat ion: 
Logged By: 

NO 

Olu Odu-Falu 

C u 
-~ 0 ... 

Cl) . ... Cl.i L u .... 0 ... • • 3 ... 

ci~ Jl 0 C Cl) •• 
:) ... u I :J ... ::, 
u ·◄ I :f I- mo 
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FILL 

ML Al 1 s 2 
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SC A2 3 s 3 
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O@J'th<feet) : --

Checked By: 

Marshall C. Payne 

Sam les '0 
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:J L .., J E 
L 0 Q. . 

• ..,,.. 
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:) <t E :J ·◄ ~ c,-::> 11. L ■ U ....... :,: 
0 ■ C'"" .:it « I u 0 Q. 0 C Q. U::> - . ., ... 0 
I iu •0 1 a: 0 m , 

6" I 1a· s s 

-t" I 12· 4 105 18 4 

9" / 18" 4 4 

SANDY CLAY/CLAYEY SAND ; Brown, moilt, medium ■tiff, CL/SC A2 4 D 4 
5 

g• / 12" 5 106 20 4 
medium plaaticiLy Cine, , ve,y One • to medium-grained 
sand , m1c:i.ceou1. 

SANDY CLAYEY SILT; Brown, moi•t , hard , low to medium 
pluticity fin11 , fine- to coane•lfl'ained aand, 
mica.c:eou• t ,race c.Jay . 

ML Al 5 S 11 12" / 18" 5 
14 
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FIGURE A-6. LOG OF BORING PII-72 
= The Earth Technology 
'-- CorporaJion 

Project N-: METRO RAIL - PHASE II - LOS A GELES 

Pro ject NI.IIOer: 89-409 Boreho l e N161t>er: 

35 

40 

◄5 

50 

55 

60 

Description 

CLAYEY SAND ; Dark brown , moiai, denae to very den■e, low 
to medium pluticity finee, fine- to coarae-rrained 
1a.nd , micaceou■ . 

Same u above . MoN ,and, trace fine rravel. 

CLAYEY SAND; Yellowish brown, moist, medium denH, low 
to medium plutici ty fina , fine- to coane- rrained 
und . 

CLAYEY SAND ; Dark yellowish brown, moi1t , denae , low to 
medium pluticity finee , very fine- to coarae-(fained 
sand . 

Same a.a above. Low pluticity fines , fine-rrained ,and. 

SANDY CLAY; Dark yellowish brown, moist, hard, low to 
medium pluticity fine■, very fine- to coane-rrained 
sand , micaceoue . 

SANDY CLAY; Dark yellowi ■h brown, moi,t , hard, low to 
medium pluticity finee, fine- to medium-grained sand, 
micaceou,. 

(Cut t inp tndicate some rravel between 58 and 58-1 / 2 feet .) 
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A◄ 12 S 

CLAYEY SAND/SANDY CLAY; Brown, moist , hard, mediu SC/ CL A◄ 13 D 

65 

--

pluticity fine,, very fine- 10 coa.ne-rrained 1and, 
mic11ceous. 

SANDY SILT/ SANDY CLAY ; Dark brown , mo11t , hard, 
medium pluticity fine,, fine-grained sand , m1caceou1. 
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FIGURE A-6. LOG OF BORING PII- 72 
= The Earth Technology 
'- CorporaJion 

Project Name : METRO RAIL - PHASE II - LOS ANGELES 

Project NU!ber: 89"-409 Borehole NLilt:>er : 

Description 

CLAYEY SAND / SANDY CLAY ; Dark brown, moi■t , h&rd , 
fine- 10 medium-cra.ined 1a.nd, medium pluticicy fin .. , 
micactoua, trace co"'"•· sra.ined ••nd and fine i?llveJ. 

SANDY CLAY ; Dark brown, moiJt, hard, medium pluticity 
finH , fin•·snuned 1..nd, micaceou, . 

SANDY CLAY; Brown, moill , hard , medium pluticity fine, , 
fine-gnuned aand with occuional mediu m- to 
coarse-grained sand , micaceoua. 

SILTY SAND; Dark yellowi•h brown, we1 , very den1e, ow 
pluticity fine,, fine - to coarte-rrained n.nd, 
micaceoua, trace fine gravel up to 1/2-inch si&e . 

CLAYEY SAND ; Dark brown , moist , very den1e, low 
plasticity fines , fine- to coarse-grained und. 

Same 11.1 above. 

CLAYEY SAND ; Dark brown , moist, den1e, low to medium 
plasticity fine, , fine- to coarse-grained sand , 
micaceoua , trace fine gravel. 

BORING TERMINATED AT 101 FEET. 
NOTE: Thia borehole log ia bued on field clu1ification and 

visual soil deacription, and i1 further modified to 
indude ruult, of laboratory claasification teats , where 
available . Th ia summary applies on ly at the location or 
th is borin1 and at the t ime nf drillin1 , Subaurface 
condition, may differ at other locations and may 
change at thi1 location with pu1age of time . The data 
presented ia 1implification of actual conditions 
encountered. The 1tratification linea represent the 
approximate boundary between aub1urface material 
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FIGURE A-7. LOG OF BORING Pll-73 
= The Earth Technology 
.._ Corpormion 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project NY!Der: • 89-409 Borehole Nl.ll'ber: 

Boreho l e locat i on: Hollywood Blvd., West of \ estern Ave. 

Heal th and Safety: Upgraded Level D 

Ori ll ing Equipment: Mayhew 1500 

Dri l ling Method: Rotary Wash 

Dr i l li ng Fluid: Bentonite Mud 
Hanmer Informat i on: 

SPT Hammer: 140- lb and 30-inch drop. 
DOWNHOLE Hammer: 265-lb and 18-inch drop. 

-

Description 

12- inch ASPHALT. 

SANDY GRAVEL 

SAND with Gr.vel ; Dark snyiah brown . No recovery. 

CLAYEY SAND ; Dark brown , moist , l oo■e , medium pluticity 
fines, fine- to coarse·CT:Uned sand , m1c::.ceou,, trace 
fin e gravel. 

CLAYEY SAND ; Dark yellowi,h brown , moi•t , medium dense, 
low to medium p lutieity fines, very fine· to 
coane·grained •and , micaceoua , moderately cemented . 

SILTY SAND ; Dark yellowish brown, moist , medium dense , 
low plaat1c1ty Onea , very fine• to coane-1rr11ined sand , 
m1caceous , moderuely cemented , trace vavel. 

CLAYEY SAND ; Dark yellowish brown , medium den■e, low t 
medium plasticity fine, , very fine· to medium - grained 
aand, micaceoua , sli rhtly cemented. 

Pll-73 I sheet-----''--- of __ 3 _ _ 

Elevation and Datun(fHt): 391 

Date Started: 5/ 5/ 89 Date Fini shed: 5/ 5 / 89 

Total 
Oe,:,th( feet>: 101.0 Depth to: 

Bedroclc(feet) : 

Boreho l e Diameter : 5-inch 

Pi e:t0111eter 
lnsta latton: 
Logged By: 

NO Depth( fHt): --

Checked By : 

Curtis D. Cushman Marshall C. Payne 
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FIGURE A-7. LOG OF BORING PII- 73 
= The £art~ Technology 
._ Corpora11011 

ProjKt N-: METRO RAIL - PHASE II - LOS A GELES 

Pro jKt Nl.ll'ber: 89-409 Borehole NU!t>er: 

.C: ,... I ::J ..,..., .c: a 
Q. I 0 
• I .. .,. 
C ~ .J 0 

Description 

CLAYEY SAND/SANDY CLAY; Reddi■h brown, moi1t, hard, 
medium pluticity fina, fin•- to coarH-snined ■and , 
no c•m•ntation. 1-inch ■ise crave! in a rin1. 

CLAYEY SAND ; Dark yeHowiah brown , moi ■t , den■e , low 
pluticity fina , v•ry fin•- 10 coUM•sn,tned aand , 
micaceou.■ . 

(Cuttinp indicat• crave! at 34 feet .) 
Same a■ abova. 

CLAYEY SAND ; Dark yellowi■h brown, moi1t, medium den■- , 
low pla■ticity fin•■ , very fine- to coane-g-rained 1and, 
m1caceou1, trace fine crave!. 

CLAYEY SAND ; Dark yellowith brown , mot■t , medium denH , 
medium pluticity fina, fine- to medium-grained sand , 
m1caceou1. 

SILTY SAND; Dark yellowi■h brown , moi■ c , dense to very 
denae. low pla■ cic ity fines, fine• to medium - grained 
sand, micaceou■ , trac• fine iravel. Silt coMent 
i ncrease■ with depth. 

CLAYEY SILT; D~k yellowi■h brown , mo11t , hard , medium 
pluticity fine■, trace fine- to medium - grained nnd. 

CLAYEY SAND; Brown, moi1t , medium den■e , low to 
medium plasticity finea , fine· to coane-grained 1and , 
mlcaceou1 . 

CLAYEY SAND ; Brown . wet , med ium den•• • low to medium 
pluticity finea , very fine- to coane•gramed sand, 
micaceou■ , trace fine rravel. 
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FIGURE A-7. LOG OF BORING PII-73 
Project Name: METRO RAIL - PHASE II - LOS A GELES 

• Project Niinber: 89.-409 I Borehole Niinber : Pll - 73 
C u 

.r." I '.]I -~ D •◄ 
(/). •◄ IJ..., L .., ... z g 0 ·◄ • ~ 3 .., 

Q. I Descrip tion t.) ..... 

■ I (/) . . -◄ C .ti 0 C 
◄-◄ :::, -◄ u D:::, E ::, -◄ J 

c~ .J 0 t.) •◄ I J ... ID D .. Cl z t.) 

- SIL TY SAND; Brown, wet, danH, low pluticicy fines , vary - SM A.3 15 D 20 
- fine- 10 coane-ST&inad aand, micaceoua . - - 15 -- -- -- -- -- . -- -

75_ - -
SILTY SAND/SANDY SILT; Brown, moiat , very danH, - SM/ ML A.3 16 S 20 

medium pluticity fin••• fine- to coaraa-gTainad u.nd - 38 
with occuional medium - gTLil1ed eand , micaceoua. - '-- 42 -- -- -- -- -- --

80 ---- CLAYEY SAND ; Dark yellow11h brown , moist, denae, low - SC A4 17 D 23 
- plutic1ty finea , very fine- to coarae-gTained aand , - '-- 30 
- micaceoua . --- -- -
- -

---

• ')I-
-

CLAYEY SILT; Dark yello..,11h brown, mo11t, hard, low to - ML A4 18 S 12 
medium pluticity fine■, some fine- to medium-crained - 17 
sand with occuional coarae-gTained sand, micaceoua. - - 26 ---

=~~ ---
90 

SILTY SAND ; Dark yellowi1h brown, moist , very dense , fine--: 
-- SM A3 19 D 22 

- to coane-gTained sand , trace gravel up to 1-inch siie , - 29 
- micaceoua . Nonplutic silt in the middle of the snmple. -
- -
- -- -- -- -

95 '--
-~ CLAVEY SAND ; Dark yellow11h brown, wet , medium dense , - SC A3 20 S 10 
- low plu,Uicity fines, very fine- to coarse-grained 1and, - 17 - m1cnceou1 , - '-- 30 - -
- -- -
- -- -- -

100 . 
:lU ---SILTY SAND; D&rk yellowi ■h brown, wet, very dense, fine - to.. SM A3 21 D 28 

coaroe-1ra1ned ,and, mlcaceous, trace fine gravel. 
-

- I f 
,v 

- -
- BORING TERMINATED AT 101 FEET. -- NOTE: This borehole log is baaed on field classification ~nd -- viaual soil descript ion, and is further modified to -- include result• of laboratory claasificntion test,, where --105_ :,,vailable . This summary applies only nt the locntion or_: 
- this boring :,,nd at the t ime of drillinc. Subsurface -- conditions may differ at other locations and may -- change ~L Lhia location with pnaaage of t ime . The data -- -- presented ia aimplification of actual condi t ion• -- encountered , The strat ification linu represent the -

• - approximate boundary between aubaurface material -- types and the tranaition may be rradual. -,11n 
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FIGURE A-8. LOG OF BORING LPE-11 .,_ Corporal.ion 

Pro j ect 1t-: METRO RAIL MOS-2 ALIGNMENT - LOS ANGELES 

Pro ject Nuiar: 88-429 lorel'lole Numer: 

aoretiol• Loc•t ion: Hollywood and Western. 

Drilling EquipNnt: Famaa 750 

Dr il ling Method: Rotary Wash 

Or i l L Int fluid: 

H-r lnfonnat i on: 
SPT Hammer: 140-lb wei1ht and 30-iacb drop. 
DOWNHOLE Hammer: 365-lb weiaht and 18-lacb drop. 

5 

10 

15 

20 

25 

Description 

SANDY CLAY; Bro-, znoiaa, 1ti1f, alid>Hy plutic ba, Gae 
to c:olll'N ,and. 

SILTY SAND ; BroWft, moia&, 1- 10 medium d-. cnca 
c:Jay and sn•li up to 1/ 4-inch aiM. 

SILTY SAND; BroWII, inoial, medium d-, fine lo COMM. 

SANDY SILT; Dan yellowiah bl'OWII, moia&, medium cleme, 
1lichtly plu&ic fin•, fine aand wi&h cnca medium 10 
coM'M ,and. 

LPE-11 ShNt ----- of _ __.3..___ 

El.-vn i on .nd Oetua<f•t>: 395.0 

Tou l 96 O 
0 tll (fNt): • 

Date ~inishtd: 9/ 25 :' 88 

Depth to 
ledroclcC f eet ) : 

lorellol e 01-ter: 5-iacb 
Pfe1caeter 
l nstall.cion: YES. D~th(fNt)96.0 
Lotted ly: 

FJE 

ML Al 

CL .U l B 

SM Al :Z S 

SM Al 3 D 

ML Al 4 S 

Checked ly: 

C. M. Payne 

:S 1%9 / 18" 4.8 S.2 
4 
s 

1 1r 111· 1.a 106 11.s u 
6 
5 

5 1.5" /11 5.8 
1 
8 

S.T 

SIL TY SANO; Brown, moia&, medium deDN 10 d-, medium SM Al 5 D 8 1%9 / 1%9 5.~ 115 17.3 ~ 
to coUN, trace c:lay . 12 

(Harder drillinc.) 
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FIGURE A-8. LOG OF BORING LPE-11 
= T~ Earth Technolog 
- Corporation 

Project 11 .. : METRO RAIL MOS-2 ALlGNMINT • LOS ANGELES 

Description 

CLAYEY SAND; Dan :,.Uowiab broW11, moia, •W'f ct-N, 
ti.De to CO&lN, modera&ely plulic n-, ._ sn..i .. 
top of the 1&111ple. 

◄ & 
., •◄ 
0 • ., 
., .. 
:, .... a 
O ◄ 
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SC 

a ... 
11 .. 
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0~ • C, 

A.4 

L. 
I , 
0 
u • 

e s lS 1◄·11r e.o 
11 
2e 

35-¥-~"'4---------------------+-11'1'7-l--, . .-:-.-+ 7 D I 1-/1:z• • .7 
SILTY SAND; Brown, moiat, med.ium deDN to~. tiM to ,_ • " 

45 

so 

-

co.,..., witb IO- clay. Mon tl.D• al tip. 12 

SILTY SAND; Dan yellowiab broW11, moil&, d-, ftae to 
co..,..., micaceoua, 1liptly plu&ic nn-. 

CLAYEY SAND/SANDY CLAY; BroW11, moi8t, •W'f 11Uf, 
1llptly plulic, nn. to medium aand. 

CLAYEY SAND; Dark yellowiah broW11, moi8&, bud, 
micactoua, moderauly pl•Cic fln•, ti.De to coarw und, 
trace rravel up to 1/2-inch aiM a& top. 

SILTY SAND; Brown, moi8t, medium ct- to d-, aome 
• co&rN aand and trace day. 

CLAYEY SAND: R.eddia.h brown, rnoiat, very au«, ftlM 1o 
C:OarN. moder.Cely plutic fin• . Mon an. a& tip. 

Mon fine u tip. 

(Euier drillinc.) 

SILTY SAND; Brown, moilt, rnediua, denN, medium to 
co&lN a.t u,p utd fine to mediwn .a boUom ot 1ample. 

(Drill cbauer •• pouibly encounten .and and P"a•ei.) 
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FIGURE A-8. LOG OF BORING LPE-11 
= TM Earth Technology 
.. Corporalion 

Pro ject N_.: METRO RAIL MOS-2 ALIGNMENT - LOS ANGELES 

Pro ject Nuroer : 88-429 lor.nole N...,.r: 

75 

Description 

SA.ND-SILTY SA.ND WITB GRAVEL; Dvk yellowiab brown, 
moill '° •• ,. denN, .,..., an. '° co-, Yerf 
micaceowi, SRYel up '° 3/4-i.nch liM. 

(Euier drilllns.) . 

SILTY SAND ; Brown, moil&, d-, fin•'° mediWD, &na 
coane ,and 

SANDY CLAY; Reddiah brown, moial, .,_., 1li.tf, alipllJ 
plu&ic fin•, fine '° medium 1and. 

SILTY SAND; Brown, moil&, medium denM, medium &o 
co.,... on top and fin• on boc&om ol aam;ile, Crace day. 

(Thin l•inch layer of Iii& ac cip.) 

(Drill chaccu Crom i3 to 93- 1/ 2 fN&) 

LPE-11 
◄ a 0 
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95-+,....,...&.+,- ---------------------..... --..... -~ ,a 
SP -SM .U lG D 62 1r /lr 6.3 

100 

105 

SAND-SILTY SAND; Brown,••• d-, ~ to medium 
with 10m1 ftn• ■-d and 1il& and tna IR"'•l up to 
1/2-inch &iM. 

BORING TERMINATED AT N FEET. 
NOTE: Thia borehole las ii bued on 11-'d daaiftca&ioa and 

Yilual IOiJ d-riplioa, and ia furlh• modilled to 
ioc:.lude rwwta of labora&or)' claaitlca&ioa Cena, •"­
aniJable. Thia IUDUDU'J appli• oaJy a& tbe loca&ion of 
thia borins and a& tbe tilDI ol drilllq. Tha aublwface 
condltiona may differ a& otbff locallona llld may 
chansa a& thia aloca&lon with puaac• ol tilDI. Tb• da&a 
praented 11 1impliflcacion of accuu conditiona 
encouncued. The 1cracif1cation lin• rei,,-c the 
approxima&• boundary becw"n aubeu.rface mueriu 
cypee and the trana.iCion m&y be p-adual. 
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Appendix B 

Results af Sail 
Mechanics Laboratory 
Test Program 
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APPENDIX 8 

RESULTS OF SOIL MECHANICS LABORATORY TEST PROG AM 

This append x presents the results of soil mechanics laboratory tests performed 
on se lec:ed representative soil samp les . A descript i on of the soi l mechanics 
laboratory test program and test procedures has been provided in Section 3.2. 
In this appendix, test results are presented i n tables and figures as follows: 

Table or Figure est Results 

Table B-1 Ory Density, ~oisture Content and 
Calculated Void Rat i o 

Table B-2 Grain S1ze Analysis 

Table B-3 Atterberg Limits 

Tabl e 8-4 Specific Gravity 

Table B-5 Direct Shear Tests 

Table 8-6 Triaxial Tests 

Table B-7 Permeability Determination 

Table 8-8 Engineer ing Propert i es of All Geologic 
Units - Summary of Laboratory Test Results 

Tab le B-9 Eng i neering Properties of All Geolog i c 
Unit s - Summary of SPT Corre lations 

Figures B-1 through 8-18 Grain Size Distribution Curves 

Figures B-19 through 8-24 Direct Shear Test Results 

Figure B-25 Tr1axial Test Results 

Figures B-26 through 8-28 Consolidation Test Results 
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TABLE 8-1. Sl.M4ARY OF DRY DENSITY, l«>ISME CONTENT, AND CALCULATED VOID RATIO 

uses Dry Mo1 stur-e • Bor-1ng Sa~1a(_a) Depth Class1- Gener-al So11 Geolog1c Density Content Calcul at ed 
No. No. (Fut ) f1cat1on Cl ass1f1cation Un1t (PCF ) (I ) Vole Rat io 

PII-67 0-2 10-11 SM S11 ty Sand Al 100 . 8 21.0 0.67 
PII-67 0-4 20-21 SM S11 ty Sand Al 111.6 ll.O 0.51 
PII-67 D-6 30-31 SC Clayey Sand A3 103.4 19.0 0.63 
PII-67 0-11 50-51 Cl/SC Sandy Clay/Clayey A4 109.3 20.0 0.54 

Sand 
PII-67 0-13 60-61 SC Clayey Sand A! 108.8 21.0 0. 55 
PII-67 0-19 90-91 SM S11ty Sand A3 112 . 7 19.0 a.so 

PII-68 P-11 55-57.5 SM S11 ty Sand A3 109.4 16.0 0.54 

PII -69 D-4 10-11 CL/SC Sandy Clay/ A2 90.0 27 .0 0.87 
Clayey Sand 

PI I-69 0-6 20-21 SM S11 ty Sand Al 99. 0 16.0 0.70 
PII-69 0-8 30-31 SC /CL Clayey Sand/ A4 102.9 24.0 0 .54 

Sandy Clay 
PII-69 0-14 60-61 SM 511 ty Sand A3 108 .8 17.0 0. 55 
PII-69 D-16 70-71 SC Clayey Sand A4 113.6 18.0 0.48 
PII-69 0-20 90-91 SM S11 ty Sand A3 110.3 19.0 0.53 

PI I-70 0-C Z0-21 SP-SM Sand-S11ty Sand Al 92.8 21.0 0.82 
PII-70 0-8 30-31 SC Clayey Sand A4 107 .1 19 .0 o . s8 
PI I-70 0-10 40-41 CL /ML Sandy Cl ay/ A4 98.2 27.0 o. 72 • Sandy S11 t 
PI I-70 0-12 50-51 SM S11ty Sand A3 111.1 17.0 o. 52 
PI I-70 D-14 60-61 CH/SC Sandy Clay/Clayey A4 110.8 17 .0 0.52 

Sand 
PI I-70 D-18 80-81 SC Clayey Sand A4 102.3 24. 0 0.65 
PI I-70 0-20 90-91 SM S11 ty Sand A3 111.6 18. 0 0. 51 

PII - 72 0-2 10-11 SM Silty Sand/Sandy Al 105.2 18.0 0.60 
Clay 

PII-72 0-4 20-21 Cl/SC Sandy Clay/Clayey A2 105.7 20 .0 0.60 
Sand 

Pil- 72 0-6 30-31 SC Clayey Sand A3 112 .6 18. 0 a.so 
Pil-72 0-11 50-51 SC Sandy Clay A3 109. 0 20.0 0. 55 
PI I-72 0-13 60-61 SC/CL Clayey Sand/ A4 106 .9 21. 0 0 .58 

Sandy Clay 
PII-72 0-15 70-71 SC Clayey Sand/Sandy A4 107 . 7 20.0 0. 57 

Clay 
PI I-72 D-19 90-91 SC Clayey Sand A3 108. 3 21.0 0.56 
PI I-72 D-21 100-101 SC Clayey Sand A3 117 .o 16.0 0. 44 

PII -73 D-2 10-11 SC Cl ayey Sand Al 109 .2 18. 0 0.54 
PI I-73 D-4 20-21 SM S11ty Sand Al 110.6 13. 0 0. 52 
PI I -73 D-9 40-41 SC Clayey Sand A4 99.2 24.0 0. 70 
Pil-73 D-17 80-81 SC Clayey Sand A4 101. 7 20.0 0 .66 
PII-73 D-19 90-91 SM S11 ty Sand A3 103.3 24 .0 0.63 
Pil-73 D-21 100-101 SM 51 lty Sand A3 114.9 17 .o 0.47 

• Notes: (a) D • Dr-1ve Sa~les 
P • Th1n Wall Tube (Pitcher) Samples 





• 

• 

• 

Po1nt Sa~ 1 e( a) Depth 
Ident1f- No. (Feet) 
1cat1on 

PII-67 D-2 10-11 
PII-67 0-15 70-71 
PII-67 0-17 80-81 

PII-68 0-2 10-11 
PII-68 S-9 45-46.5 
PII-68 0-14 70-71 

PII-69 S-11 45-46.5 
PII-69 0-20 90-91 

PI 1-70 0-4 10-11 
PI 1-70 0-6 20-21 
P II-70 0-8 30-31 
PI I-70 0-18 80-81 
PII-70 0-20 90-91 

PII-71 S-8 35-36.5 
PII-71 S-10 45-46.5 
PII-71 S-14 65-66.5 
PII-71 S-18 85-86.5 

PII-72 D- 11 50-51 
PII-72 D-13 50-61 
Pil-72 S-14 65-66.5 
Pll -72 D-15 70-71 

PII-73 S-16 75 - 76.5 
PII-73 0- 19 90-91 
PI I-73 D-21 100-101 

Notes: (a) D • Drive Samples 
S • SPT Sa~les 

(b) GR• Gravel 
SA• Sand 

TABLE B-2. SIEVE ANALYSIS RESULTS 

uses General Soll Geologic 
Class1f1cat1on Class1ficat1on Un1t 

SC Clayey Sand Al 
SC Clayey Sand A3 
SM S11ty Sand A3 

ML Sandy S11t Al 
SC Clayey Sand A4 
SC/CL Clayey Sand/Sandy Clay A4 

SC Clayey Sand A3 
SM S11 ty Sand A3 

CL Sandy Clay A2 
SP-SM Sand-S11ty Sand Al 
SC Clayey Sand A4 
SC Clayey Sand A4 
SM S11 ty Sand A3 

SP-SM Sand-Silty Sand A3 
SC Clayey Sand A4 
SP-SM Sand-S11ty Sand A3 
SC Clayey Sand A3 

CL Sandy Clay A4 
SC/CL Clayey Sand/Sandy Clay A4 
ML /CL Sandy S11t/Sandy Clay A4 
SC/CL Clayey Sand/Sandy Clay A4 

SM/ML 511 ty Sand/Sandy 511 t A3 
SM S11ty Sand A3 
SM S11ty Sand A3 

FINES• S11t and Clay 

Percent(b) 
GR SA Fines 

6 66 28 
2 57 41 
3 62 35 

2 34 64 
2 55 44 
0 50 50 

3 82 14 
1 66 33 

0 48 52 
10 80 10 
0 60 40 
5 55 40 
3 63 34 

12 76 12 
13 71 16 
16 73 11 

2 76 23 

0 45 54 
0 52 48 
1 43 56 
0 49 51 

0 53 47 
10 62 28 
8 69 23 





TABLE B-3. ATTERBERG LIMIT TEST RESULTS 

• Po1nt Samp1e(a) Depth uses General Soll Geolog1c L1qu1d Plastic Plast1c1ty 
ldent1f- No. (Feet) Class. Class1f1cat1on Un1t L1m1t L1m1t Index 
1cat1on 

Pll-67 0-2 . 10-11 SC Clayey Sand Al 33 ~8 15 
Pil-67 S-10 45- 46 .5 CH Sandy Clay A4 51 17 34 
Pll-67 S-14 65-66.5 SC Clayey Sand A3 35 19 16 
Pl I-67 0-15 70-71 SC Clayey Sand A3 35 20 15 

Pil-68 0-10 50- 51 SC Clayey Sand A3 33 18 15 

PII-68 0-14 70-71 SC/CL Clayey Sand/Sandy A4 45 18 27 
Clay 

PII-68 S-15 75-76.5 CL Sandy Clay A4 41 20 21 

PII-69 S-9 35-36.5 SC Clayey Sand A4 30 17 13 

PII-69 S-ll 45-46.5 SC Clayey Sand A3 30 17 13 

P(l-70 0-4 10-11 CL Sandy Clay A2 35 19 16 

PI I-70 0-8 30- 31 SC Clayey sand A4 43 20 23 

PI I-70 0-8 31-32 SC Clayey Sand A4 35 20 15 • PII-70 0-14 60-ol CH/SC Sandy Clay/Clayey A4 52 19 33 
Sand 

PI I -70 D-18 80-81 SC Clayey Sand A4 43 20 20 

Pl l -72 D-7 31-32 SC Clayey Sand A3 35 20 15 
PII-72 D-11 50-51 CL Sandy Clay A4 41 lS 23 
Pl 1-72 D-13 60 -61 SC/CL Clayey Sand/Sandy Clay A4 36 17 19 
PI I-72 D-15 70 - 71 SC/CL Clayey Sand/Sandy Clay A4 30 15 15 
Pl I-73 D-6 30-31 SC Clayey Sand A4 40 18 22 

Notes: (a) D • Dr1ve Samples 
S • SPT Samples 

• 





TABLE B-4. SPECIFIC GRAVITY TEST RESULTS 

• Genera 1 
Boring Sample Depth uses So11 Geolog1c Specific 
No. No. a) (Feet) Class1f1cat1on Class1f1cat1on Unit Grav1 ty 

PII-72 ,S-14 65-66.5 ML/CL Sandy S11t/ A4 2.73 
Sandy Clay 

Notes: (a) S ■ SPT samples 

• 

• 





TABLE B-5. RESULTS OF DIRECT SHEAR TESTS 

• Estimated 
Appl1ed Strength Parameters 
Nonnal Shear Fr1ct 1on 

Bor1 ng Sample Depth uses Genera 1 So 1 1 Geologic Stress Stress (PSF) Cohesion Angle 
No . No. (a) (Feet) Class. Cl ass1f1cat1on Un1t (PSF) Peale Res1 dual (PS F) (Deg) 

PII-67 D-11 50-51 CL/SC Sandy Clay/ A4 3,000 3,929 3,413 3,030 17 
Clayey Sand 6,000 4,962 4,493 

12,000 6,762 6,371 

Pll-67 D- 13 60-61 SC Clayey Sand A3 3,600 5,093 4,036 3,300 26 
7,200 6,770 6,200 

14,400 8,819 7,180 

Pll-69 D-14 60-61 SM S1 1ty Sand A3 3,600 3,770 3,430 385 42 
7,200 6,750 6,140 

14,400 13,520 12 ,320 

PI I-69 0-16 70-71 SC Cl ayey Sand A4 4,000 4,750 3,590 2,355 30 
8,000 6,880 6,030 

16,000 11,670 10 ,550 

PII-70 0-6 20-21 SP-SM Sand-Silty Sand Al 1,250 1,850 1, 470 695 41 
2,500 2,790 2,460 
5,000 5,100 5,100 • Pil -70 D- 12 50-51 SM S1 1ty Sand A3 3,000 4,170 3, 210 2,565 27 
6,000 5,490 4,720 

12,000 8 , 700 8,700 

PII-72 0-11 50-51 SC Sandy Clay A4 3,000 4,1 60 3,1 50 2,855 30 
6,000 6,890 5,380 

12,000 9,500 8,590 

PII-72 D-13 60-61 SC/ CL Clayey Sand/ A4 3,600 3,720 3,490 2,080 28 
Sandy Clay 7,200 6,440 5,980 

14,400 9,720 9,590 

P!I-73 0-9 40-41 SC Clayey Sand A4 2,500 3,290 2,630 1,940 28 
5,000 4,660 4,150 

10,000 7,360 7,110 

Notes: ( a) D • Or1ve Sa~l as 

• 





• 

• 

• 

TABLE M. SUl4ARY ~ TRIAXIAL CCM>RESSION TEST RESUUS 

Bor1ng Sample O-,th 
Number HumberCa) (fHt) 

Ge.nera l So11 
Class1f1cat1on 

P! I-68 P-11 55-57.5 S11ty Sand 

Notes: (a) P • Pftcher Tube Saq,les 

Effective Pore 
Conf1n1ng Back Peak Pressure- Res1dual 

Geologic Pressure Pressure Strength at Peak Shear 
Un1t (ksf) (ksf) (ksf) Shear(ksf) (ksf) 

A3 2.8 
S.6 

8.8 
8.8 

10.8 
9.5 

-1.00 
1.85 

10.8 
9 . 5 

Pore 
Pressure 

at Res1dua l 
Shear(ksf) 

-1. 00 
1.85 





TABLE B-7. RESULTS CF LABORATORY PERMEABILITY TESTS 

Boring Sample 0-.:,th 
Ho. Ho . (a) (fHt) 

PI I-69 D-20 90-91 

Pl 1-70 0-20 90-91 

Pll-72 D-15 70-71 

Notes: (a) D • Dr1ve Sa111>les 

USCS General 
Class1 - So11 
f1cat1on Class1f1cat1on 

SM Silty Sand 

SM S11 ty Sand 

SC Clayey Sand/ 
Sandy Clay 

Geologic 
Un1t 

A3 

A3 

A4 

Perm.ab 111 ty 
(cm/sec) 

3.72x10·7 

1. 7Sx10·6 

1. 13x10-7 

• 

• 

• 





• • • 
TABLE 8-8. ENGINEERING PROPERTIES OF ALL~- JIC UNITS - SlH4ARY OF LABORATORY TEST RESULTS 

GEOLOGIC UNIT 

GRANULAR YOUNG .FINE-GRAINED GRANULAR OLD FINE -GRAINED OLD 
ALLUV!u-4 (Al) YOUNG ALLUV!u-4 (AZ) ALLUVllJI (Al) ALLUVIlJI (M) 

' 
uses SOIL CL, SC/Cl, ML, SC, CH, CL, SC/CL, ML, SC, CH, 
CLASS IF ICA TIOH SM SP SP-SM GM SM/ML OL, ML-CL ML SM SP SP-SM GM SM/ML OL ML-CL ML 

RanQe Mean s .o.{a, Range Mean s.o .{ a} Range Mean S.O. {a) Range Mean s.o. (a 

Friction Angle - 41 - - - - 26-42 33 7.9 17-30 29 -
(deQreesl 

Cohesion - 700 - - - - 400- 1,900 1,400 2,000- 2,200 -
(psf) 2 900 3 300 

Dry Density 92.8- 99.0 6.2 90.0 - 97.9 - 108.3- 111. 1 2.8 98.2- 107 .3 4.0 
/pct) 105.2 105.7 117.0 113 .6 

Moisture Content 16 .0- 18.3 2.5 20 .0- 23.5 - 16.0- 18.1 l. 7 17.0- 21.6 3.6 
(l) 21. 0 27 .0 21.0 27.0 

Permeability - - - - - - 1.75x10-6 1.06x10-6 - - l.13xto -7 -
3.72xio-7 

Calculated Vold 0.60- 0.71 0.11 0.60- 0.74 - 0.44- 0.52 0.04 0.48- 0.59 0.08 
Ratio 0.82 0.80' 0.56 0.72 

Young's Modulus(b) - - - - - - 750- 1,125 - - - -
(ksf) 1 500 

Notes : (a) S.O. c Standard Deviation 
(b) Young's Modulus Obtained from Trlaxlal Test Results 





TABLE B-9. OTHER EHGIHEERIHG PARAMETERS Of ALL GEOLOGIC UNITS ESTIMATED USING SPT DATA AHO AVAILABLE CORRELATIONS 

SHEAR WAVE 
STANDARD PENETRATION VELOCIY 

RESISTANCE (ft/s} 
GEOLCXHC GEOLOGIC uses SOIL 
MATERIAL UNIT CLASS IF I CA Tl OH RANGE MEAN s.D(d) RANGE MEAN 

YOUNG Al SM,SP 6- 17 11 375- 580 
ALLUVIIJ4 SP-SM 47 857 
(Granular) GM,SC 

SM/Ml 

YOUNG A2 CL,SC/CL 5- 8 2 350- 440 
ALLUVIIJ4 ML.SC 11 5◄0 

(Ftne-Gnlned) CH,ot., 
Ml-Cl,Ml 

OLD A3 SM,SP, 12- 45 20 630- 1,000 
ALLUVJ IM SP-SM, 120 1,437 
(Granular) GM,SC 

SM/Ml 

Ol.D A4 Cl,SC/Cl, 16 46 22 6◄0 975 
ALLUVIIJ4 Ml,SC, 107 1,324 
(Ftne-Gratned) CH,Ol, 

ML-Cl,Ml 

Notes: (a) Based on correlattons recomended by Ohta and Goto (197B). 
(b) Based on correlations reco1111ended by Sctaerlllann (1970). 
(c) Based on corr,1at1ons recomended by Terzaghl (1955). 
(d) S.O. • Standard Deviation. 

• • 

s .o<dl 

148 

69 

163 

172 

DYNAMIC SHEAR STATIC SHEAR 
MOOULus(a) MOOULUs(b) SlllGRADE MOOULus(C) 

po5 x esf} {105 X est} (103 x lb/ft3} 

RANGE MEAN s.o(dl RANGE MEAN s.D(d) RANGE IEAN s.n<d) 

5- 13 7 0.36- 1.04 0.68 80- 300 219 
27 2.82 1000 

5- 7 2 0.30- 0.47 0.14 150 
11 0.66 

15- 38 12 0.72 2.69 1.21 80- 352 288 
77 7.20 1,000 

15- 37 13 0.96 2.78 1.33 300- 513 136 
65 6.42 600 

• 
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APPENDIX C 

CHEMICAL LABORATORY TEST RESULTS 

A total of f1ve so11 samples were selected and transported to CKY 
Environmental Serv1ces, Inc. of Torrance, California, for a 11m1ted 
characterization of potential chemical contam1nat1on. The results presented 
1n the1r reports are 1ncluded 1n this Appendix • 

C-1 
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C K Y incorporated 
Environmental Services • 

Date: 07/21/89 
890705 

Earth Technology Corporation 
3777 Long Beach Blvd. 
Long Beach, CA 90807-3309 

Attn: Mr. Mahi Galagoda 

Subject: Laboratory Report 
Project: Metro Rail/89-409-00~9 

Enclosed is the labor.atory report for samples received on 
07/07/89. The samples were received in coolers with ice and 
intact; the chain-of-custody forms were properly filled out. The 
data reported includes: 

Method No. of Analysis 

EPA 418. 1 (TRPH) 10 Soils 
EPA 8020 (BTEX) 10 Soils 
EPA 9038 (Sulfate) 10 Soils 
EPA 9030 (Sulfide) 10 Soils 
EPA 8240 1 Soil 
EPA 8270 1 Soil 
CAM Metals 1 Soil 

The results are summarized on eleven pages. 

Please feel free to call if you have any questions concerning 
these results. 

Sincerely, 

__ f::.~ ____ -jJ_+-
Dr . Kam Pang l 
Laboratory Director 

.' Fi .i\ \,'111;o1•J1· r Sr . . Suire 102. Tur.i:;,ince . Cal if. 90~03 • T ~l i;p!io ne /2 13) 3710048 
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EPA METHOD 418.1 
TOTAL RECOVERABLE PETROLEUM HYDROCARBONS 

-----==--========----·--------------------·------------------------
CLIENT: 
PROJECT: 
CONTROL NO: 
MATRIX TYPE: 

SAMPLE ID: 

PII-69 D-6 
PII-69 D-14 
PII-70 D-16A 
PII-72 D7A 
PII-728 D-13 
PII-86 D-14 
PII-86 D-6 
PII-88 D-6 
PII-105 D-15 
PII-105A D-7 

Earth Technology 
Metro Rail 
890705 
Soil 

CONTROL NO: 

890705-1 
890705-2 
890705-3 
890705-4 
890705-5 
890705-6 
890705-7 
890705-8 
890705-9 
890705-10 

DATE REC'D: 07/07/89 
DATE EXTRACTED:07/07/89 
DATE ANALYZED: 07/10/89 

RESULTS 
(mg/kg) 

ND 
NO 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

--------------------------
DETECTION LIMIT 

{mg/kg) 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

--------------==---============================================== 

,, · • 





EPA METHOD - 8020 
BTEX 

==·==-==============================~=:::::=============:=============== 
CLIENT: 
PROJECT: 
CONTROL NO: 
MATRIX TYPE : 

Earth Technology 
Metro Rail 
890705 
Soil 

DATE REC'D: 07/07/89 
DATE EXTRACTED:07/13 /89 
DATE ANALYZED: 07/13/89 

==============================~-~-=---===============---=====-=== 
RESULTS (ug/kg) 

SAMPLE liU. CONTROL NO: Benz Toluene Et Benz Xyls 

PII-69 0-6 890705-1 NO NO ND ND 
PII-69 D-14 890705-2 ND ND ND ND 
PII-70 D-1 6A 890705-3 ND ND ND ND 
PII-72 07A 8907 05-4 ND ND ND ND 
PII-728 D-13 890705-5 ND ND ND ND 
PII-86 D-14 890705-6 ND ND ND ND 
PII-86 D-6 890705- 7 ND 14 ND 12 
PII-88 0-6 890705-8 ND 6.4 ND 6 . 4 
PII-105 0-15 890705 - 9 ND ND ND ND 
PII-105A 0 - 7 890705-10 ND ND ND ND 

DETECTION LI MIT 5 5 5 5 

\l~( JR Xl<rn l F.: . .... . -
' ' L . ' "-11 ~• .. ·1 'it , '\111 1, :1i.: , : · .. ,. . • Il l• , t Ji, • #1,1 1 \ I L· ! .' ' i ( 'I • • 11• 
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• 
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EPA METHOD 9038 
SULFATE 

==================================~===~===--------==----========= 
CLIENT: 
PROJECT: 
CONTROL NO: 
MATRIX TYPE: 

Earth Technology 
Metro Rail 
890705 
Soil 

DATE REC'D: 07/07/89 
DATE EXTRACTED:07/19/89 
DATB ANALYZED: 07/21/89 

=======-=========-=·==-=:=:=::::::::::=======-=====::::::--::::::::==::-======- ============ 

RESULTS DETECTION LIMIT 
SAMPLE ID: CONTROL NO: (mg/Kg) (mg/Rg) 

PII-69 D-6 890705-1 70 10 
PII-69 D-14 890705-2 60 10 
PII-70 D-16A 890705-3 70 10 
PII-72 D7A 890705-4 30 10 
PII -728 D-13 890705-5 50 10 
PII-86 D-14 890705-6 60 10 
PII-86 D-6 890705-7 50 10 
PII-88 D-6 890705 - 8 30 10 
PII-105 0-15 890705-9 20 10 
PII-105A D- 7 890705-10 60 10 
- --------------- ----------------========-========================== 

• 

• • ••l! '; r ',• '' •••• : . '. • ' ,,:J I I :, " , ..,i I • r • 





EPA METHOD 9030 
SULFIDE 

-====-==~==========~=~========----------------------------------
CLIENT: 
PROJECT: 
CONTROL NO: 
MATRIX TYPE: 

SAMPLE ID: 

PII-69 D-6 
PII-69 D-14 
PII-70 D-16A 
PII-72 D7A 
PII-728 D-13 
PII-86 D-14 
PII-86 D-6 
PII-88 D-6 
PII-105 D-15 
PII-105A D-7 

Earth Technology 
Metro Rail 
890705 
Soil 

CONTROL NO: 

890705-1 
890705-2 
890705-3 
890705-4 
890705-5 
890705-6 
890705-7 
890705-8 
890705-9 
890705-10 

• 

DATE REC'D: 07/07/89 
DATE EXTRACTED:07/14/89 
DATE ANALYZED: 07/14/89 

RESULTS DETECTION LIMIT 
(mq/ltq) (mg/Kg) 

2.0 1 
ND 1 

1.0 1 
1.0 1 

ND 1 
ND 1 

1.0 1 
ND 1 
ND 1 
ND 1 

,\ , :, " '' -. ' • • :: : 1 ' 

• 

• 

• 
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EPA METHOD - 8240 
VOLATILE ORGANICS BY GC/MS 

----=-=:======-=====-==------------------ ---------·----------======-==-
CLIENT: 
PROJECT: 
SAMPLE ID:. 
CONTROL NO: 

Earth Technology Corp. 
Metro Rail/89-409-0009 
PII-70 D-16A 
890705-3 

DATE REC'D: 
DATE EXTRACTED: 
DATE AHALY2ED: 
MATRii TYPE: 

07/07 / 89 
07/18/89 
07/18/89 
Soil 

------------ ----------------- -- - ------ _ -----· ____ : __ -----------------

PARAMETERS (8240) 

Acetone 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
2-Butanone (MEK) 
Carbon Disulfide 
Carbon Tetrachloride 
Chlorobenzene 
Chlorod i bromomethane 
Chloroethane 
2-Chloroethyl vinyl ether 
Chloroform 
Chloromethane 
1,1-Dichloroethane 
1,2-Dichloroethane 
1,1 -Dich loroethene 
1,2-Dichloroethene (total) 
1,2-Dichloropropane 
cis- 1,3-Dichloropropene 
trans -1 ,3 - Dichloropropene 
Ethyl benzene 
2-Hexanone 
Methylene chloride 
4-Methy l -2-pentanone (MIBK) 
Sty rene 
1,1 , 2,2-Tetrach loroethane 
Tetrachloroethene 
Toluene 
1 , 1,1 - Trichloroethane 
1,1,2 -Tr ichloroe tha ne 
Trichloroethene 
Trichlorofluoromethane 
Vi nyl Acetate 
Vinyl Chloride 
Xyle ne (total) 

1 Surrogate Recovery : 
1 , 2 Dichloroethane-d4 
Toluene-d 8 
Bromofluorobenzene 

RESULTS 
(uq/kq) 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
NO 
ND 
ND 
ND 
ND 

DETECTION LIMIT 
(uq/kg) 

200 
10 
10 
10 
50 

100 
10 
10 
10 
10 
50 
10 
10 
50 
10 
10 
10 
10 
10 
10 
10 
10 

10 0 
200 

50 
10 
10 
10 
10 
10 
10 
10 
50 

1 00 
50 
1 0 

ND = Not Detected 

100 
98 
94 





EPA METHOD - 8270 
SEMIVOLATILE ORGANICS BY GC/MS 

-----====-==-===-===========---=====-=-==-·====--------------------·--== 
CLIENT: 
PROJECT: 
SAMPLE IO: 
CONTROL NO: 

Earth Technology corp. 
Metro Rail/89-409-0009 
PII-70 D-16A 
890705-3 

DATE REC'D: 
DATE EXTRACTED: 
DATE ANALYZED: 
MATRIX TYPE: 

07/07/89 
07/08/89 
07/19/89 
Soil 

===-~====~========~=====-=--===-================-===-========--=-=== 

PARAHETER 

Phenol 

b; s ( 2 ·ch tor oe thy I >ether 

2-Chlorophenol 

1,J·Oichlorobenzene 

1,4-0ichlorobenzene 

9enzyl A lco hol 

1,2-Dichlorobenzene 

2·Hethytphenol 

b is(2 ·ch l oroisopropyl)ether 

4 ·Hethylph en ol 

N-Hitroso-Oi·n • Propylamine 

He.11achloroethanl! 
Nftrobenzene 

Jsophorone 

2-Hitrophl!nol 
2,4 · Dimethylph!!nol 

Benzoic Acid 

bis·<2·Chtoroetho.11y)methane 
2, 4 ·Di ch lo r o phenol 

1, 2 , 4 • Tr ichloro benZl!ne 

Naphthall!ne 

4-Chloroanl inf! 

Hl!.11achlorobutadi l!ne 

4·Chloro · 3·Hethylphenol 

2-Hcthy ln aphthalene 

He.11achtorocyclop entadiene 
2, 4, 6- Tr ichl orophenot 

2,4,S·Tr i chlorophenol 

2 - Chloronaphthalene 

2-N i troaniline 

Dimethyl Phthatatl! 

Accnaphthylene 

3-ll i troani l in .-

RESULTS 

< HI kg> 

ND (0.1) 

NO ( 0. 1) 

NO (0.1) 

ND (0.t) 

NO ( 0 . 1 ) 

NO ( 0 . 2 J 
NO ( 0. 1 ) 

NO (0.1J 

ND (0.1J 

ND ( 0. 1 J 

NO ( 0. 1 ) 

NO ( 0. 1 l 

NO ( 0. 1 ) 

ND ( 0. 1 ) 

ND ( 0 . 1 J 

ND ( 0. 1 l 

NO ( 0. 5 l 

NO (0.1 ) 

ND ( 0. 1 ) 

NO ( 0. 1) 

ND ( 0. 1) 

NO ( 0. 2) 

NO ( 0. 1 ) 

ND ( 0. 2) 

ND ( 0. 1 ) 

ND ( 0. 1 ) 

ND ( 0. 1) 

ND ( 0 . 1) 

NO ( 0. 1) 

ND ( 0. 5) 

ND ( 0. 1) 

NO ( 0. 1) 

ND ( 0. 5) 

PARAMETER 

Acenaphth,ne 

2,4-0initrophenol 

4-Nitroph,nol 

Oibenzofuran 
2,4 - 0initrotoluene 

2,6-D ini trotoluenl! 
Oi ethylphthalat, 

4-Chlorophenyl·phenylether 

Fluoren, 

4-Nitroan i tine 

4,6·Dini tro·2·Hethylph,nol 

N·Nitrosodiphenytam in l! 
4•8romophenyl ·ph enylether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracl!ne 

Oi·n·Buty l phthalate 
Fluoranthene 

Py ren e 

Butylbenzylphthalate 

3,3' · Oichlorobenzidine 

Bento(a)A nthracen e 

bi~(2·Ethylhe~yl )Phthalate 

Chrysene 

Di · n·Octyl Phthalate 

Benzo(b)fluoranthene 

Bento(k )Fluo ranthene 

Benzo(a)Pyrene 

lndeno(l,2,3-cd)Pyrene 

D i benz(a.~)Anthracenc 

Benzo(g,h, i JPe r ylene 

RESULTS 

(111g/kq) 

NO ( 0 . I ) 

HD (O . S) 

NO ( 0 . 5 ) 
NO ( 0 . I J 

NO ( 0 . I J 

ND ( 0 . I ) 

NO ( D . I J 

ND ( 0 . t ) 

ND ( 0 . t ) 

NO (O . S) 

ND ( 0 . 5 J 

ND ( 0 . 1 ) 

NO ( 0. 1) 

II O ( 0 , 1 ) 

ND ( 0 . 5 ) 

ND ( 0. 1 ) 

ND ( 0. 1 ) 

NO ( 0 . 1 ) 

II O ( 0 . 1 J 

NO ( 0, I ) 

II D { 0 . I ) 

NO ( 0 . 2) 

110 ( 0 . 1) 

NO ( 0. 1 ) 

ND ( 0 , 1 l 

0 C-0 . I) 

11 D ( 0 . 1 I 

D ( 0 . 1 ) 

NO ( 0. 1 J 

ND ( 0 . 1 ) 

NO ( 0 . I J 

ND ( 0 . 1 l 

ND= Not Dete cted 

,, 

• 

• 

~ Surrogate Becoverv 
2- Fl uorophenol 
Phenol-d 5 
Nitrobenzene-d 5 
2-Fluorobiphenyl 
Terpheny1-d 14 

) = Detection Limi t rrg / ~g 
59 
52 
60 
66 

115 

• 
. : • 
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CAM METALS 

========·=-·-===============---··--------·-------------------------- - = 

CLIENT: 
PROJECT: 
SAMPLE ID: 
CONTROL NO: 

Earth Technology Corp. 
Metro Rail/89-409-0009 
PII-70 Dl6A 
890705-0J 

DATE REC'D: 
DATE EXTRACTED: 
DATE ANALYZED: 
MATRIX TYPE: 

07/07/89 
07/19/89 
07/19/89 
Soil 

=================-=~-~=====================~-=~================== 

RESULTS DETECTION LIMIT 
PARAMETERS (mq/ltq) (mg/kg) 

Antimony 6.0 5.0 
Arsenic 12 1.0 
Barium 69 5.0 
Beryllium ND 1.0 
Cadmium 4.5 1.0 
Chromium - Total 39 1.0 
Cobalt 16 1.0 
Copper 25 1.0 
Lead 20 1.0 
Mercury ND 0.05 
Molybdenum ND 1.0 
Nickel 37 1.0 
Selenium ND 1.0 
Silver ND 1. 0 
Thallium 6.1 1.0 
Vanadium J.8 5 .0 
Zinc 70 1.0 

• 





CLIENT: 
PROJECT: 
CKY I. D.: 

METHOD 
MATRIX: 

SAMPLE ID: 

COMPOUND 

IR Ref Oil 

METHOD 
MATRIX: 

SAMPLE ID: 

COM POUND 

IR Ref Oil 

METHOD 
fi.ATRIX: 

!1\HPLE ID: 

COMPOUND 

Sul fide 

QUALITY CONTROL DATA 

Earth Technology Corporation 
Metro Rail 
890705 

418.1 
Soil 

Blank Spike II 

SAMPLE AMOUNT 
RESULTS §PI~£Q ! REC. 

(ppm) . (ppm) 

ND 134 82 

418.1 
Soil 

890705-03 

SAMPLE AMOUNT 
RESULTS SPIKED ! REC. 

(ppm) {ppm) 

ND 134 80 

9030 
Soil 

Blank Spike 

SAMPLE AMOUNT 
RESULTS SPIKED 1 REC. 

(ppm) (ppm) 

Blank 800 99 

,, 

• 

DUP. 
! REC. RPO 

82 0 

DUP. 
!. REC. RPO • 7 8 2 

DUP. 
i REC. RPO 

99 0 

• 





• 

• 

• 

CLIENT: 
PROJECT: 
CKY I.D.: 

QUALITY CONTROL DATA 

Earth Technology Corporation 
Metro Rail/89-409-0009 
890705 

-=----===========~:=================--=======----------====-------=--
METHOD 8020 
MATRIX: Soil 

SAMPLE ID: 890705-1 

SAMPLE AMOUNT DUP. 
COMPOUND RESULTS SPIK~O ! REC. 1 REC. RPO 

(ppb) (ppb) 

Benzene ND 20 90 80 12 
Toluene ND 20 105 100 5 
Et. Benzene ND 20 · 80 75 6 
Xylenes ND 40 110 100 10 

METHOD 9038 
MATRIX: Soil 

SAMPLE ID: 890554-6 

SAMPLE AMOUNT DUP. 
COMPOUND RESULTS SPIKED 1 REC. 1 REC. RPD 

(mg/kg) (mg/kg) 

sulfate 68 500 87 93 6 

f _.· •.• ,, , ' 





CLIENT: 
PROJECT: 
CICY I.D.: 

QUALITY CONTROL DATA 

Earth Technology Corporation 
Metro Rail/89-409-0009 
890705 

----------=============---------------------------: ________________ _ _ 
METHOD 8240 
MATRIX: Soil 

SAMPLE ID: 890630-6 

SAMPLE AMOUNT DUP. 
COMfOUND RESULTS SfIKED l REC. ! REC. RPO 

(ug/kg) (ug/kg) 

1, 1, DCE ND so 80 75 11 
Benzene ND 50 88 92 4 
TCE ND 50 89 91 2 
Toluene ND 50 85 86 1 
Chlorobenzene ND 50 96 96 0 

METHOD 8270 
MATRIX: Soil 

SAMPLE ID: 890657-12 

SAMPLE AMOUNT DUP. 
COMPOUND RESULTS SPIKED ! REC. 1 REC. RPO 

(mg/kg) (mg/kg) 

Phenol ND 40 63 55 14 
2-Chlorophenol ND 40 100 98 2 
1 ,4-Dichlorobenzene ND 20 98 88 10 
1, 2 I 4 Trichloro-

benzene NO 20 105 98 7 
4-Chloro-3-methyl 

phenol ND 40 100 100 0 
Acenaphthathens ND 20 100 98 2 
2,4-Dinitrotoluene ND 20 74 75 1 
Di-n-butylphthalate ND 20 90 90 0 
Pyrene ND 20 130 110 17 
---- ---------------------------------------------------------

• 

• 

• 





• 

• 

• 

Appendix D 
Earth Work 
Recommendations 
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• 
APPENDIX D 

EARTHWORK RECOMMENDATIONS 

Earthwork and s1te preparation activit1es will encompass clear1ng and 
grubbing, s~bgrade preparation for pavements and structural support, excava­
tion for foundation and utility line relocations and fill placement. The 
following guidelines are reconinended for earthwork associated with the 
Hollywood/Western Station. 

Clearing and Grubbing 

Fill material, trash and any vegetat ion should be removed from the site area 
to be graded. Exist1ng asphalt pavement may be crushed (if economically 
justified) for reuse in fills. Subsurface conditions at the site may differ 
from those observed in the borings and, therefore, a geotechnical engineer 
should observe and approve the prepared graded area prior to the placement of 
f 111 • 

Excavations 

Minor excavations at the site will include those for utility lines and near-
• surface foundations. Major excavations will be for the main station housing 

the rail facilities. Reconmendations for major temporary excavations are 
presented in Section 5.2 of this report. Temporary shallow excavations to a 
depth of 5 feet can be expected to remain stable with near vertical slopes for 
short periods. Temporary excavations deeper than 5 feet should be shored or 
sloped back. Sloped excavations should not be steeper than 1:1 (horizontal to 
vertical) i n fine-grained alluvium, and l~:l (hor zontal to vertica l) in 
granular alluvium. 

• 

Fill Materials and Placements 

Fill materials may consist of excavated onsite granular so11s or approved 
clean granular soils free from expansive materials, debris, organic 
contaminants or rock fragments larger than 6 inches. The existing asphalt 
pavement may be crushed and blended with granular soils for reuse in fills. 

D-1 
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The following spec1ficat1ons are reconmended for fill placments. 

o All areas that are to receive compacted fill shall be observed by • 
a geotechn1cal engineer 

o Exposed so11 surface shall be scarified to a minimum of 6 inches, 
moisture conditioned as necessary and compacted to a minimum dry 
density of 90 percent of the maximum dry density as determined by 
procedure ASTM 01557 

o All fill materials shall be placed in layers, compatible with the 
type of compaction equipment used, but not exceeding 8 inches in 
loose thickness. Each layer shall be compacted to a minimum of 
90 percent of the maximum dry density as determined by ASTM pro­
cedure 01557. Granular fill material shall be moisture con­
ditioned to within plus or minus 2 percent of the optimum 
moisture content, either by drying or wetting, prior to compac­
tion 

o A geotechnical engineer or an experienced soils technician shall 
observe f111 placement and compaction and conduct 1nplace field 
density tests on the compacted f111 to check the adequacy of com­
paction. If the dry density of the compacted layer 1s less than 
90 percent of the maximum dry density, soils shall be moisture 
cond1t1oned as necessary and recompacted until 90 percent of the 
maximum dry dens1ty 1s attained. 

In deep fill areas or fill areas for support of sensitive structures, the • 
compaction requirement should be increased from the normal 90 percent to 95 
percent or 100 percent of the maximum dry density, as directed by a 
geotechnical engineer. 

Subgrade Preparation 

If existing f111 so11s are encountered at near surface subgrade, they should 
be removed completely to at least 5 feet from the foundation area and replaced 
with proper1y compacted fill. In fine-grained alluvium, exposed subgrade 
should be excavated at least 2 feet below the design grade and replaced with 
properly compacted fill. In granular alluv1um, exposed subgrade should be 
observed by a geotechn1cal engineer, and, if d1sturbed, should be scarified to 
a minimum of 6 1nches and recompacted. All fill placements and compactions 
should be performed as recommended in "F111 Materials and Placements." 
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CLIENT: 
PROJECT: 
CJICY I. D. : 

QUALITY CONTROL DATA 

Earth Technology Corporation 
Metro Rail/89-409-0009 
890705 

===--=-=~·====,========::.=======----·-----===:===-·------------=-----= ====-
METHOD 6010 
MATRIX: Soil 

SAMPLE ID: 890705-) 

SAMPLE AMOUNT DUP. 
COMPOUND RESULTS SPIKED ! REC. ! REC. RPO 

(mg/kg) (mg/kg) 

Beryllium ND 10 110 100 10 
Copper 25 50 86 94 6 
Thallium 6.1 so 74 78 4 
Silver ND 10 88 89 1 
Vanadium 38 100 87 88 1 

METHOD 7470 
MATRIX: Soil 

SAMPLE ID: 881118-30 

SAMPLE AMOUNT DUP. 
COMPOUND RESULTS SPIKED l REC. 1 REC. RPO 

(mg/kg) (mg/kg) 

Merc ury ND 2.5 132 9 2 ) 6 

. , r- • : :1, ' , ' •\ ' • 1~ 1 1 ; I 1 ~ ; i, ; '; , • ... , 





• 

• 

• 





• 

• 

• 

Site Drainage 

Adequate positive drainage should be provided away from the surface structures 
to prevent water from ponding and to reduce water percolation into subsoils . 
If there is _any granular backfill directly underneath the area of surface 
drainage, the backfill should be covered or capped with at least 18 inches of 
relatively impervious clayey soils . 
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