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1.0 EXECUTIVE SUMMARY 

This report provides the results of a geotechnical investigat1on for the 
planned Vermont/Santa Monica Station and its adjacent tunnel segments. The 
station and the tunnel segments are located beneath Vermont Avenue. One 
tunnel segment (Beverly-Santa Monica Tunnel) spans between the planned 
Vermont/Beverly Station and the Vermont/Santa Monica Station. The other 
tunnel segment (Santa Monica-Sunset Tunnel) spans between the planned 
Vermont/Santa Monica Station and the Vermont/Sunset Station. The primary 
objective of the geotechnical investigation was to evaluate subsurface soi l 
and groundwater conditions to obta1n geotechnical information for design of 
the station and tunnels. The geotechnical investigation consisted of dril l ing 
and sampling 21 borings, installing groundwater monitoring wells, electric 
wirel i ne l ogging, f ield permeabi l ity tests, soil mechanics and chemical 
laboratory tests, and engineering evaluation. 

The subsurface conditions along the station and tunnel al ignments, as 
encountered in this 1nvest1gation, generally consist of a shallow fill zone 
and Pleistocene-aged Old Alluv1um overlying Puente Formation bedrock. The 
thin surface fill should have little or no effect on the design and 
construction of the station and the tunnels. The Old Alluvium 1n this 
alignment portion generally ranges from about 5 feet to about 40 feet in 
thickness except in the vicinity of Boring PII-44 where Old Alluvium is 
present to a depth of about 80 feet. The Old Alluvium consists predominantly 
of stiff to very stiff silty clay, clayey silt and clayey sand interspersed 
with layers of dense to very dense sand, silty sand and sandy silt. The 
presence of very deep Old Alluvium at Boring PII-44 appears to be a local 
anomaly in the subsurface. The lateral extent and depth variation of deep 
alluvium in the vicinity of Boring PII-44 are not known. Puente Formation 
bedrock i n the site area consists predominantly of s i lty claystone or clayey 
siltstone with weak and thinly bedded sandstone. Very hard sandstone beds 
from fractions of an inch to one foot or more in thickness are locally present 
in the bedrock. Although not encountered dur i ng the fie ld investigation, 
thick or massive layers of hard sandstone similar to those encountered in the 
Wilshire-Beverly Tunne l segment (Ea rth Techno logy, 1990b) may be present i n 

1 
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the subsurface of this alignment portion. The unconfined compression strength 
of the very hard sandstone beds may range from 5,000 ps1 to 20,000 psi or 
more. The top 10 feet to 60 feet of Puente Formation bedrock in the site area 
show varying degrees of oxidation and weathering. Highly weathered Puente 
Formation materials, which behave like stiff to very stiff and hard silty 
clay/clayey silt with undistinguishable bedding planes were encountered in 
most of the borings. Highly weathered Puente Formation materials encountered 
at Borings PII-28, PII-35, and PII-38 consist of some dense to very dense 
clayey sand- and silty sand-type of materials. The Puente Formation in the 
remaining portion of the oxidized/weathered zone is oxidized and cemented to 
some extent and is referred to as 11 oxidized Puente Formation 11 in this report. 
Below the ox idized Puente Formation, the bedrock 1s fresh (i.e., unweathered 
and nonoxidized). From an engineering viewpoint. both oxidized and fresh 
Puente Formation materials have similar engineering properties and behaviors 
which are, in turn, s imi lar to hard, dense so i ls with a significant cohesive 
strength component. 

Within this alignment portion, perched groundwater exists at a shallow depth. 
In the southern portion of the alignment (south of Boring PII-38) perched 
groundwater exists in the Puente Formation bedrock. In the northern portion 
(north of PII-38) perched groundwater exists mainly in Old Alluvium. 
Interpretation of available groundwater level data indicate groundwater level 
depth ranges approximately from 10 feet to 40 feet. 

The planned tunnel portions (Beverly-Santa Monica and Santa Monica-Sunset) are 
located predominantly within either oxidized or fresh Puente Formation 
materials, except in the vicinities of Borings PII-39, PII-43 and PII-44 where 
the tunnel is located either in highly weathered Puente Formation or Ol d 
Alluvium. The encountered subsurface conditions are conducive to mechanical 
shielded excavat i on. However, severa l conditions may significantly reduce the 
excavation rate if they are not properly considered in the design of 
excavation equipment and in construct i on procedures. These conditions 
include, but are not necessarily limited to, the potential presence of very 
hard sandstone beds, conc retionary nodules, and cased or uncased oil wells. 
In addition, mixed face conditions in the vicinities of Borings PII-39 
(weathered Puente/oxidized Puente interface) and PII-44 (weathered 
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Puente/oxidized Puente and Old Alluvium/ox1dized Puente interfaces), and 
raveling to running conditions in the vicinity of Boring PII-44 may be 
encountered. Since geotechnical design reports for the tunnels are being 
prepared by MRTC under separate cover, the following conclusions and 
recorrmendations for design and construction of the Beverly-Santa Monica and 
Santa Monica-Sunset tunnels are provided for information purposes only: 

1. Stability and Support: In general, the subsurface materials are 
sufficiently strong and the face should be stable in a shielded 
mechan1cal excavation with appropriate and irrmediate use of the 
initial lining support following the shields, except in the vicinity 
of Boring Pll-44 where running conditions are likely in the granular 
alluvium below the water table and will require remedial measures. 
These measures include chemical grouting from the tunnel face, 
compaction grouting, or the use of compressed air. 

2. Groundwater: Although the perched groundwater is observed to be 
above the planned tunnel crowns, seepage rates are expected to vary 
from too small to measure to about 0.1 gpm per foot of tunnel, except 
in the vicinity of Boring PII-44 where initial seepage rates of about 
1 gpm to 2 gpm per foot of tunnel are expected. 

3. Ground Movement: Tunnel excavation 1n the v1c1nities of Borings 
PII-39, Pil-43, Pil-44 and PII-45 will require proper procedures and 
care by the contractor to minimize potential settlement and ground 
loss: 

The planned Vermont/Santa Monica Station is located within Puente Formation 
bedrock and Old Alluvium. The observed subsurface conditions can provide 
excellent foundation support for the planned station structures. 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 surrmarized below: 

1. Dewatering: The presence of shallow perched groundwater in the 
relatively permeable Old Alluvium at the northern portion of the 
excavation indicates that dewatering will be needed. We anticipate 
that drawdown of the groundwater level below the Old Alluvium can be 
accomplished by deep wells, and the volume of inflow into the 
excavation during construction can be handled by a drain/sump system. 
It is also antic ipated that dewatering-induced subsidence will be 
small and should not cause adverse impacts on buildings beyond 50 
feet of the excavation opening. 

3 
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2. Shoring: Due to the planned station's proximity to existing 
buildings and the limited construction space, shoring will be 
required for station excavat1on and construction. Based on 
subsurface conditions and cost considerations, the contractor wi ll 
most likely use drilled soldier piles and lagging walls wi th tiebacks 
or internal bracing for late ral support. Accordingly, design input 
for these shoring types 1s presented in this report. 

3. Underpinning: Underpinning requirements for most of the adjacent 
low-ri se (less than 4 stories) buildings may be minimal if the 
building surcharges are properly incorporated into the shoring 
design. However, underpinning reconmendations are presented. 

4. Foundation Design: The ma i n station structure can be adequately 
supported .on Puente Formation bedrock using a mat foundation. Spread 
footings can be used as supports for other components of the 
structure. Reconmended earth pressures on structural walls and slabs 
are also presented in this report. 

5. Settlement: Inmediate elastic settlement of the mat foundation will 
be on the order of one i nch. The majority of the long-term 
consolidation sett l ement due to the load imposed by the mat 
foundation will be negated by the unloading effect of the water level 
elevation subsequent to station construction. However, differential 
settlement of the mat foundation is expected. 

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

1. Material Handling: It is unlikely that excavated materials will 
require special cleanup or handling except at some localized areas. 
Extensive treatment of pumped groundwater prior to disposal is not 
anticipated. These issues may require further chemical testing and 
coordination with the California Regional Water Quality Control 
Board and the Department of Health Services. 

2. Health and Safety: Due to the proximity of this station and its 
accompanying tunne l s to the Los Angeles City Oil Field, the potent ial 
for harmful concentrations of methane and hydrogen sulfide in the 
study area cannot be eliminated. Methane and hydrogen sulfide should 
be continuous ly monitored during excavat ion and construction of the 
Vermont/Santa Monica Station and i ts adjacent tunnel segments. Proper 
ventilation should be maintained continuously to prevent accumulation 
of these gases. 
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2.0 INTRODUCTION 

2.1 GENERAL 

This report presents the results of a geotechnical 1nvest1gat1on for the 
planned Vermont/Santa Mon ica Stat1on and its adjacent tunnel segments. The 
tunnel portions are comprised of a 4,070- foot-long section located south of 
the planned station and a 2,036-foot- long section located north of the planned 
station. The planned tunnels and station are part of the Metro Rail MOS-2 
alignment. The location of the station and tunnel segments, with respect to 
the MOS-2 alignment, ·1s shown in Figure 2-1. This investigation was performed 
to evaluate subsurface and groundwater conditions along the tunnels and at the 
station. Investigation results will be used for a detailed design of the 
tunnels and station. For simplicity, when a d1st1nction becomes necessary, 
the two tunnel portions are referred to as the "Beverly-Santa Monica Tunnel" 
and the "Santa Monica-Sunset Tunnel." 

2.2 LOCATION/ALIGNMENT AND PLANNED CONSTRUCTION 

Eng1n~er1ng efforts for planning and design of the Phase II alignment h~ve 
been 1n1t1ated and are ongoing. Figures 2-2, 2-3, and 2-4 show the current 
locations and alignments of the planned Beverly-Santa Monica Tunnel, 
Vermont/Santa Monica Station, and the Santa Monica-Sunset Tunnel, 
respectively. These locations and alignments were finalized in June 1989, 
and are described in Metro Rail Transit Consultant•s (MRTC) ~Design Drawings 
for Six Stations and Line Segments (MRTC, 1989)." 

The planned tunnels and station are located in a well-developed conmercial and 
residential area. The tunnels will consist of two, single-track , 
18-foot-diameter finished openi~gs in double-line conf iguration. Tunnel 
support will consist of a permanent cast-in-place concrete liner preceded by 
i nitial support dur i ng excavation. 
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FILL (AND NC PAVEMENT COVER IF PRESENT) 

FiNE-GRAINED ALLUVIUM (CLAY OR CLAYEY SILT,CL, CH, ML. MH), UNIT A4 

FINE-GRAINED ALLUVIUM (CLAYEY SAND WITH>35% FINES-SC) UNIT /\4 

GRANULAR ALLUVIUM (SANDY SILT, SAND OR GRAVEL WITH> 12% FINES-SP. 
GP SP-SM, GM) UNIT A3 • 

POORLY GllADED GRANULAR ALLUVIUM (SAND OR GRAVEL WlTH<12% 
FINES-SP, GP, SP-SM, GP-GM) UNIT A3 

HIGHLY w,,ATHERED PUENTE FORMATION UNIT Tpw 

OXIDIZED PUENTE FORMATION UNIT Tpo 

!RESH PUENTE FORMATION UI\IT Tp! 

APPROXIMATE GROUNDWA rER LEVEL ELEVATiON IPLAN) 

APPROXIMATE GROUflOWATER LFVEi. ELEVATIONS {PROflLE) 
RECORDED IN THIS INVESTIGATION 

APPROXIMATE GROUNDWATER LEVEt ELEVATION !PROFILE) 
RECORDED BY ENGINEERING SCl[NCE (ESA. 1990) 

LOCATIONS ANO NUMBEHS OF BORINGS IN THiS 

INVESTIGATION 

LOU, TIONS AND NUMBERS OF MOS-2 BORING 
(EARTH TECHNOLOGY. 1 ~88) 

SAMPI .. FS WITH OVA HEADSPACE READING 10ppm OR 
MOFlE ABOVE' OVA BACKGROUND READING 

DIP ANGEL 

PROPOSED STATION CONFIGURATION 

NOTES 

1. THIS PROFILE IS BASED CN 
ENGINEERING INTEf1PRETATION 
BETWEHJ 8Of11NGS AND AVAIU\IJLE 
PIE7OMFTR!C DATA, AND \NAS 
DEVELCPED ,\S A ViSU,\L AiD IN 
D[\/lLOPINC7 A GENERAL 
UND~nSTANDING O;:- SUBSURF1\CE 
CCJND! ! JONS AND t: NG!NEER!NG 
CONSIDE:RAT10NS_ ACTUAL 
C:()f'JCiT!ONS--E~..!C-'.)LJ;'-iTERED OUH!N(:> · 
SU8SE.OUE:N r ;/'J\/fST;GATlON OR 
CONSTRUCTION MN/ BE OlffERlNT. 

2 SUBSURFACE DATA AT BORING 
LOCATIONS PRESENTED HEREIN ARE 
SIMPLIFIED INTERPRETATIONS OF 
BOREHOLE DATA INCLUDED IN 
APPFNDIX A. 

3. GROUNDWATER LEVEL D.~TA 
ARE BASED ON MON!TOR!NG 
Of' PIEZOMETERS FOR A 
LIMiTED PERIOD OF TIME. 
SEASONAL AND S"A f IAL 
VARIATIONS MUSl BE EXPECTED 

,: LOCATION AND CONFIGURATION OF 
TUM/EL ARE BASED ON .. DESIGN 
DRAWINGS FOR SIX STA TiONS & LINE 
SEGMENTS" PREPARED BY MRTC 
AND DATED JUNE 1989. 

5. FLEVATIONS REFER TO LOS 
ANGELES CITY ENGINEER'S DATUM -
1975 ADJUSTMENT. 

6. BOROIOLE DATA ARE PROJECTED 
HORIZONTALl,Y ON THE 
CROSS-SECTION LINE. GROUND 
ELEVATIONS AT BOREHOLE 
LOCATION AND AT CROSS-SECTION 
LINE LOCATION MAY BE DIFFERENT. 

7, END POINTS OF LAYERS DE:TWEEN 
BORINGS ARE ILLUSTRA.TIVE DI-ILY 
THEIR LOCATIONS AND GEOMETRY 
~RE NOT KNOWN. 

The Earth Technology 
Corporation 

100 West Broadway, Suite 5000, Long Beach, CA. 90l:l02 
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- LAYEY SAND W!TH>35"/..,, FINES-SC} UNIT A4 FINE-GRAINED ALI UVIUM (C 

GRANULAR ALLUVIUM /SANDY -FINES) UNIT A3 (ML, SM: GM) c,IL T, Silly SAND OR SIL TY GRAVEL> 12% 
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HIGH! y WEATHERED PUENTE cORMATION UNIT Tpw 

OXIDIZED PU[NTE FORMATION UNIT Tpo 

FRESH PUENTE FOF1MATION UNIT Tpf 

APPROXIMATE GROUNDWATER LEVEL ELEVATiON (PLAN) 

APPROXIMATE GROUNDWATER , , , _ 
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RECORDED BY ENGINEFHING SCIENCE (ESA 1990)' ROFILEJ 
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LOCATIONS AND NUM£lEHS OF BORINGS INT 1IS 
INVESTIGATION ' 

1 

LOCATIONS AND tJUMflERS OF MOS-2 BORING 
(EARTH TCCHNOLOGY. lSSB) , 

SAMPLES WITH OVA HEADSPA~ , • ' 
MORE ABOVE OVA BACKGROU~~ ~~:~I~~ ;Oppm on 

DIP ANGEL 

PROPOSED s·! ATION CONFIGURATION 

NOTES 

T. .'.;1:,;', ,!'fl~FILE IS BASED orJ 
L,k,,NcEfVJG tNTERPFlET'TION 
IJETWEEN BDl1!NGS AND AVA;~ABLE 
PlE~Df-,ff:?~IC DATA, AND 'vVAS 
D[V[LOf'tcD ft,S A VISUAL AID l~J 
DEV_ELOPING A GENERAL 
UNDt:FlSTANDING OF SUBSURFACE: 
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~?NDrflO~S ENCOUNTERED OUR ING 
sUe,SEvuEN r lNVESTIGA TION, 0'' 
CONSTRUCTION MAY !JE DIFFER EN;, 

SUBSU~FACE DATA AT BORING 
~OCA,Tl::,,~S PRESENTED HEREIN AflE 
-:MPLicldJ iNTERPRETA llONS OF 
BOREdOLE DATA INCLUDED IN 
APPENDIX A, • 

:, ~ROUNDWATER LEVEL DATA 
RE B,A_SED ON MONiTORING 

OF r,EZ0~-,1ETERS FOR 
LIMITED PERIOD OF A 
SEASONAL TIME. AND SPATIAL 
VARIATIONS MUST BE EXPECTED 

4 L??AT_ION AND CONFIGURATION OF 
s,,,11vN MIL BASED ON "DE~IGN 
DRAWING~ LC)R S c, ~ . , ."',' - , IX STATIONS & LINE 
-oEGMEN IS" PREPARfD DY MRTC 
AfJD DATED .JUNE 19€"> 

5. E~E~A_T]ONS f1EFEf1 TO LOS 
Ar~~~-Lt::~) ClTY E;~n!NEERS DATUP1 -
197> ADJUSTMlNT, ' 

S. BOREHOLE OATA ARE PROJECTED 
HORIZONTALL '/ ON T. 

r'Rnccs SE'"' 1 HE E~ ~0 :·- l., TION L:NE, GROUND 
EV,;TIONS AT BOHEHAL 

LO?_A T'.C:N AND AT CROSS-SEC;:;O~ 
ltM, l LCAT ION MAY BE DIFFERENT 

?, FND POINTS OF LAYERS fll'Tl'rEN 
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,ARE NOT KNOWN. -
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EXPLANATION 
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GR,\NULAR ALLUVIUM (SANDY SILT. SILTY SAND OR SiUY ('.;;,,vf 
FINES) U111T A3 (ML, SM, GM) 

POORLY GRADED GRANULAR ALLUVIUM (SAND OR GRAVEL WI I H. 

FINES SP, or. SP-SM, GP-GM) UNIT A3 

HIGHLY WEATHEf1ED f'UcNlE FORMATION UNIT Tpw 

OXIDIZED Pl.JEN IE FORMATION UNIT Tpa 

FRESH PUENTE FORMATION UN!T Tpi 

GW 326:, APPROXIMATE GROUNDWATER LEVEL ELEVATION (PLAN) 

APPHOXIMATE GROUNDWATER LEVEL ELEVATIONS (PROFILE, 

RECORDED !N THIS INVFSTIGATION 

Af'PHOXIMATE GROUNDWATER LEVEL ELEVATION !PROi·JL[J 
RECORDED BY ENGINEERING SCIE>,CE (ESA, 1990) 

LOCATIONS AND NUMBERS Of 8CRINGS IN THIS 
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NOTES 
THIS PROFILE IS BASED ON 
ENGINEERING INTERPRETATION 
BETWEFl·J BORINGS AND AVAILARI F 
PIEZOMETRIC DATA. AND WAS 
DEVEi.OPED AS A VISUAL AID 1N 
DEVF.L<)P!NG A Gl::NFtiAL 
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(Stat ion 413+00) to about 50 feet sou th of Santa Monica Boulev~rd (Station 
418+00). The ground surface 1n the station area 1s essentially paved. Al ong 
the sta t ion a11gnment (due north) the ground su rface slopes up at an 
approxi mate gradient of 3 percent. The ground surface elevat i on varies from 
abou t El evat ion 314 feet at the southern end to about Elevat i on 330 feet at 
the no rthe rn end of the planned station. A11 buildings located wi t hin 100 
fee t of t he planned station location are l ow- r1se and less t han 3 stories. 

Cut-and-cover construction 1s planed for t he station . The main structure, 
including ancil lary facil ities at both ends, 1s about 605 feet long with an 
insi de width of about 50 feet . The ove rall excavation width will be about 60 
feet, assuming a 5-foot space for wal l constructi on at each side. The planned 
excavat ion subg rade 1s at about Elevation 256 feet. This means the excavation 
depth for the main structure will range from about 58 feet to 74 feet. 

Proposed entrance to the mezzanine level 1s planned at the middle of the 
stat ion~ The ground surface elevation at the entrance location is about 
Elevation 328 fee t. The planned mezzan ine level is at about Elevation 283 
feet and t he planned platform is at an elevation of about 267 feet with a 
south-north gradient of about 0.7 perceAt. 

2~2.3 Santa Monica-Sunset Tunnel 

As shown in Figure 2-4, this tunnel segment runs f rom the northern end of 
planned Vermont/Santa Monica Station (Station 418+00) to the southern end of 
planned Vennont/Sunset Station (Station 439+00). 

The ground surface along the tunnel al ignment is essentially paved. Along the 
alignment (due north), the ground surface gently s lopes up at an approximate 
gradient of 2 percent. The ground surface elevat i on varies from about 
Elevation 330 feet near the southern end of the tunnel to about Elevation 370 
feet at the northern end of the tunnel. Most of the buildings located with in 
100 feet of the tunnel are low-rise and less than 3 stories, except for two 
bui ldings; the Pacific Bell building (3- story) and the adjacent building on 
the nort h side (4-story). 

11 
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2.3 OBJECTIVE AND SCOPE 

The primary objective of the geotechnical investigation was to evaluate 
subsurface soil and groundwater conditi ans to obtain geotechni cal i nfonnat1o·n 
for design and construction of the planned Vermont/Santa Monica Station and 
adjacent tunnel segments. 

The · scope of · this 1 ,west igafi on ·: ·tons.fated •'of · the ··fol fo~ii ng : 

1. Reviewing available literature and reports. 

2. Planning and coordinating field work, including: 

o Developing field procedOres and manual 

o Planning the field . investigation program 

o Obtaining permits from gov·ernment agencies 

o Obtaining authorizations from private ~roperty owners 

o Coord1nat1ng with government agencies and utility companies prior 
to, during, and after the field .work 

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

3. Performing a field exploration program, including: 

o Drilling and sampling 21 test borings 

o Conducting two Cone Penetrometer Test (CPT) soundings 

o Obtaining Organic Vapor Analyzer (OVA) readings on soil samples 
and background environments 

o Installing four piezometers at selected boring locations 

o Monitoring groundwater levels and taking water samples for 
chemical testing 

o Performing one field permeability test (slug test) 

o Conducting wireline logging surveys in four selected boring 
locations. 

12 
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4. Performing a laboratory testing program on selected representative 
soil and water samples to assess their index and engineering 
properties and general chemical characteristics of the encountered 
subsurface materials and groundwater. 

5. Preparing this report documenting the findings, geotechnical 
evaluations, and recorrmendations. 

2.4 ADDITIONAL INFORMATION 

This geotechnical investigation is part of an overall geotechnical 
investigation for a major part of the MOS-2 alignment. The alignment starts 
at the Wilshire/Vermont Station, turns north along Vermont Avenue, and then 
curves west along Hollywood Boulevard. The subsurface conditions along the 
planned Vennont/Santa Mon1ca Station and adjacent tunnel segments are similar 
to those found at the MOS-2 alignment portion along most of Vermont Avenue. 
Thus, applicable geotechnical information from the MOS-2 alignment portion 
along Vermont Avenue have been incorporated in this report. 

In addition to this report, pertinent project information for the planned 
Vermont/Santa Monica Station and adjacent tunnels is also included in the 
following reports: 

o 11 Geotechnical Report, Metro Rail Project, Wilshire/Vermont 
Station, 11 Report to Metro Rail Transit Consultants (MRTC) by The 
Earth Technology Corporation (1990}. 

o 11 Geotechnical Report, Metro Rail Project, Wilshire-Beverly 
Tunnel," Report to Metro Rail Transit Consultants (MRTC) by The 
Earth Technology Corporation (1990). 

o "Geotechnical Report, Metro Rail Project, Vermont/Beverly 
Station," Report to Metro Rail Transit Consultants (MRTC) by The 
Earth Technology Corporation (1990). 

o "Geotechnical Report, Metro Rail Project, Vermont/Sunset Station 
and Adjacent Tunnel Segment, 11 Report to Metro Rail Transit 
Consultants (MRTC) by The Earth Technology 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). 

13 
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o 11 Geotechn1cal Investigation Report, Limited Prel imi na ry 
Engineering Program, MOS-2 Ali gnmen t, Metro Rail Proj ect ," 
prepared for Metro Rail Trans it Consultant s (MRTC ) by The Earth 
Technology Corporation (1988) . 

o "Geotechn1ca1 Investigat i on Report for Met ro Rail Project," 
prepared for SCRTD by CWDD/ESA/GRC {1981). 

2.5 REMARKS 

For the Met ro Rail project, design procedures and criteri a for permanent 
underground structures under earthquake loading conditions are defined in the 
Southern California Rapid Transit Dis tr i ct (SCRTD) report ent it led 
"Supplemental Criteria for Sei smic Design of Underground St ructures," dat ed 
June 1984. Evaluations of the se i smo l ogical conditions which may impact the 
project and the probable maximum earthqua ke wh i ch may be antic ipated in the 
Los Angeles area are described 1n the SCRTD report entitled "Seismological 
Investigation and Design Criteria," dated May 1983. 

14 
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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 investigation 
program was a part of a larger geotechnical program performed along the MOS-2 
alignment. Results of the larger geotechnica l investigation applicable to the 
planned station and tunnel segments, as well as available reports and project 
data files (Section 2.4), were also used 1n develop i ng conclusions and 
reconmendations presented in this report. 

J.l FIELD EXPLORATION 

Field exploration consisted of drilling and sampling 21 borings (PII-25 
through PII-36, PII-36A, and PII-38 through Pil-45); conducting two Cone 
Penetrometer Test (CPT) soundings (CPT-1 and CPT-2); installing groundwater 
monitoring wells and performing geophysical wireline logging in four borings; 
monitoring groundwater levels; performing a field permeability test (slug 
test) and groundwater sampling. Plot plans showing boring locations and CPT 
l ocations are presented in Figures 2-2, 2-3, and 2-4. Detailed locations and 
logs of the borings and CPT soundings are presented in Appendix A. 

J.1.1 Borings 

Borings were drilled using rotary wash methods with a 4-7/8-inch-diameter bit 
wh i ch produces a nomi nal 5- to 6-inch-diameter borehole. A tri-cone bit was 
used in coarse-grained (granular) soils and a drag-bit was used in 
fine-grained soils. A bentonite drilling fluid was used. Borings were 
generally drilled to depths of about 20 feet or more below the planned tunnel 
invert in the tunnel sections and about 30 feet below the planned bottom slab 
elevation in the station. Penetration depths of the 21 borings are shown in 
Tab l e 3-1. Soil samp l es were obtained at 5-foot-depth intervals by 
alternately using standard split-spoon samplers (Standard Penetration Test 
Method) and California-type drive samplers lined w1th 1-inch-high brass rings. 

15 
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TABLE 3-1. TOTAL PENETRATION DEPTHS FOR SOIL BORINGS 

I 
I Penetration 

Bor1ng No. Depth (Feet) 

I 
PII-25 91.5 

I PII-26 101.0 

I 
PII-27 96.5 

PII-28 67.5 

I PII-29 81.0 

PII-30 56.0 

I PII-31 66.0 

PII-32 66.5 

I PII-33 61.5 

I PII-34 81.0 

PII-35 81.5 

I PII-36 47.0 

PII-36A 86.5 

I PII-38 91.5 

I Pil-39 91.5 

PII-40 91.0 

I PII-41 92.5 

PII-42 72.5 

I PII-43 66.0 

I PII-44 86.5 

PII-45 81.0 

, , 

I 16 

I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Standard penetration tests were performed 1n accordance with the American 
Society for Testing Materials {ASTM) specification (ASTM D1586). ThiS method 
consists of driving the standard split-spoon sampler 18 inches into the soil 
with a 140-pound hamner falling 30 inches. Blow counts were recorded for each 
6-inch dr1v1ng increment. The total blow count for the last 12 of 18 inches 
of driving is called the standard penetration resistance. 

The driving was terminated when one of the following occurred: 

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

o No obvious samp l er advance was observed during driving 

o The sampler was advanced 18 inches. 

Relatively undisturbed soil samples were obtained with the California-type 
drive samplers. Hamner weights and the corresponding heights of the drop used 
for driving the samplers are indicated in boring logs (Appendix A). Blow 
counts were recorded for each 6-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 
engineer using the Unified Soil Classification System (USCS). The boring 

, logs were prepared and/or reviewed by a certif i ed engineering geologist (CEG). 

3.1.2 Cone Penetrometer Test Soundings 

Two Cone Penetrometer Test (CPT) soundings were conducted in the vicinity of 
Boring PII-44. CPT sounding logs with interpretat ion are presented in 
Appendix A. Penetration depths of the two CPT soundings are shown in Table 
3-2, and the locations of the CPT soundings are shown in Figure 2-4. The CPT 
soundings were performed using Earth Technology's 60-degree-angle cone with a 
15 cm2 cross-sect i ona l area. The cone is pushed into the soil while 
s·multaneously recording the end bearing and side frictional resistance of the 
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soil to that penetration. The tests were conducted 1n accordance with ASTM 
specifications (ASTM D3441-79) using an electric cone penetrometer. Details 
of equipment and guidelines for general interpretation of CPT data are given 
in Appendix D. 

TABLE 3-2. TOTAL PENETRATION DEPTHS FOR CPT SOUNDINGS 

Sounding No. 

CPT-1 

CPT-2 

3.1.3 Piezometer Installation 

Penetration 
Depth 

(feet) 

94.0 

108.0 

Four p1ezometers were installed, at Borings PII-26, PII-29, PII-35, and 
PII-43, to monitor groundwater levels and obtain water quality samples. A 
2-inch-diameter PVC casing with 0.02-inch slotted well screen was used for the 
piezometers. The piezometer well~screened depth intervals were estimated 
based on groundwater levels extrapolated from the closest existing available 
water-level records. In the rotary wash drilling method, observation of 
groundwater during drilling and soil sampling was not possible since the 
boreholes were fi l led with drilling fluid. 

Piezometers were installed in the borings after the completion of soil 
sampling. Tap water was used to flush the boring to remove or thin the 
drilling fluid prior to installation. About two feet of backfill sand was 
placed at the bottom of the boring. The PVC casing assembly was inserted into 
the boring and backfil l sand was placed to about two feet above the top of the 
screened interval, except in Piezometer PII - 26. In Piezometer PII-26, 
backfill sand was placed to about five feet below the bottom of the screened 
interval of the casing assembly and then bentonite pellets (Hole Plug™) were 
poured by gravity to form a bentonite plug about t hree feet thick. Backfill 
sand was then placed to about two feet above the top of the screened interval. 

18 
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After sand backfilling, bentonite pellets (Hole Plug™) were poured by gravity 
to form a plug about three feet thick in all of the piezometers. Cement grout 
was then poured into the annulus between the PVC casing and the borehole wall 
from the top of the bentonite plug to within 12 inches to 18 inches of the 
ground surface. At completion, a circular 8-inch-diameter metal traffic box 
(Pomeco™) was also installed at the piezometer location flush with the ground 
surface. Piezometer installation diagrams are presented in Appendix A. 

3.1.4 Groundwater Level Monitoring and Groundwater Sampling 

Groundwater levels were monitored in the piezometers using an electronic 
water-level indicator. Groundwater level readings were taken periodically and 
are sunmar1zed in Table 3-3. Each piezometer was developed by bailing about 
10 casing volumes of water. Groundwater samples were obtained from the 
piezometers for chemical analyses. At every sampling event, at least three 
well volumes of water were bailed out from each we l l before samples for water 
quality testing were obtained. 

3.1.5 Slug Test 

One slug test was performed to evaluate the horizontal permeability of the 
Puente Formation bedrock. The slug test involved the injection of a slug of 
water into the piezometer well through the well screen and into the Puente 
Formation bedrock, and monitoring water level at various time intervals until 
the water level had approached its original static level. The permeability of 
the bedrock as determined by the- slug test is about 7x10-6 cm/sec, which is 
about 50 times to 500 times more than the vertical permeability of the bedrock 
as determined by the laboratory tests (Table B-8 in Appendix B of this report; 
Geotechnical Report, Wilshire/Vermont Station, Earth Technology 1990a; 
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TABLE 3-3. SIJH,4ARY OF GROUNDWATER READINGS 

P1ezometer Location 
Date 
of PII-26 Pil-29 PII-35 PII-43 
Read1 ng GSE•292.7 GSE•298.0 GSE•316.0 GSE• 349.5 

GLD GLE GLD GLE GLD GLE GLD GLE 
{Feet) (Feet) {Feet) (Feet) (Feet) (Feet) (Feet) (Feet) 

11/14/88 

12/08/88 

05/02/89 

05/15/89 17.0 281 .0 17.9 298.1 22.9 326.6 

05/18/89 16.8 281.2 19.2 296 .8 23.1 326.4 

06/11/89 17.4 280.6 18.9 297.1 22 .0 327.5 

07/02/89 17.6 280.4 18.9 297.1 22.7 326.8 

07/06/89 17.2 275.5 

07/16/89 

07/25/89 

09/06/89 18.4 274.3 18.3 279.7 18.3 297.7 23.2 326.3 

01/22/90 17.9 280.1 19 .6 296.4 23.0 326.5 

01/27/90 17. 1 275 . 6 

Notes: GSE ~ Ground Surface Elevation (Feet) 
GLD• GroundWater Level Depth (Feet) 
GLE • GroundWater Level Elevation (Feet) 
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LPE-7 
GSE• 323.0 

GLD GLE 
(Feet) (Feet) 

9.9 313.1 

10.1 312.9 

10.0 313. 0 

10.0 313 .0 

10.0 313.0 

10.3 312 . 7 

10.3 312.7 
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Geotechnical Report, Vermont/Beverly Stat1on 1990c). The most logical and 
plausible explanation for such an anisotropic behavior is the presence of thin 
sandstone beds and bedding planes which serve as preferred hydrological 
pathways. These hydrological pathways may also serve as hydrologic 
connections between Old Alluvium and Puente Formation bedrock. 

3.1.6 W1rel1ne Logging 

Wireline logging was performed at Borings PII-26, PII-29, PII-35, and PII-43 
with a Mt. Sophris Model 1000-C portable logger. Three physical properties 
of subsurface fonnations were measured: natural ganma, spontaneous potential 
(SP), and single-point resistance. Each technique measured a different 
physical property, as described below: 

o The natural garrma log measures naturally occurring radioactivity 
levels of uranium-related elements. Clayey materials absorb 
these elements and, therefore, produce high-value peaks on the 
log. This log can distinguish between clay and sand zones. 

o The SP log measures electrical currents produced by chemical 
reactions between drilling mud, geological fonnations, and 
groundwater. This log shows chemical changes related to changing 
clay content and groundwater quantity/quality. 

o The resistance log measures a material's inherent resistance to 
electrical current flow. A rock matrix has very high resistance, 
therefore, current flow is confined to pore space fluids. The 
quantity/quality of pore fluids, porosity, and permeability 
control the rock's resistance. This log can distinguish between 
clay and sand zones and changes 1n groundwater conditions. 

Simultaneous interpretation of these three complementary data sets with the 
boring log increases the reliability of data. Results of wireline logging at 
each of the four borings and our interpretation of the results are provided 
below. 

3.1.6.1 Boring Pll-26. Figure 3-1 shows wireline data and interpreted 
results for Boring PII-26. Steel casing installed to a depth of about 3.5 
feet prevented collecting reliable wireline data near the surface. The SP and 
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resistance logs show effects from the casing shallower than a depth of five 
feet. Puente Formation bedrock, which consists predominately of clayey 
siltstone/silty claystone was encountered below the tip of the steel casing. 
The large fluctuations shown in all three borings 1nd1cate significant 
variations in clay content in the bedrock. W1reline data terminated at a 
depth of 99 feet. 

The SP and resistance scales are unusually large because of highly variable, 
large-amplitude, electrical currents at this site. This electrical 
interference can be seen as random scatter of these two logs in the upper 25 
feet. Measurement parameters and electrical connections were adjusted in the 
field to minimize the interference. Water was added to the boring because of 
water loss to the formation when the sounder was at a depth of about 60 feet. 
The relatively fresh water added to the boring caused the sudden SP shift at 
t hat depth. 

Wireline data indicates there is not a major formation change at this boring. 
Instead, the alternating high-flow-value garrma peaks indicate alternating 
zones of increased/decreased clay content, respectively. - Increased chemical 
activ i ty of mi nera l s absorbed by the clay may produce the high-value SP peaks. 
High-value resistance peaks represent the localized presenc~ of less porous 
material, such as cemented siltstone. Relevant stratigraphic features 
interpreted from the data are descr i bed below: 

o Predominately clayey interbeds wi thin the siltstone matrix are 
shown as high-value ganma peaks at depth intervals of 7 feet to 
17 feet, 19 feet to 21.5 feet, 27 feet to 38.5 feet, 50.5 feet 
to 68 feet, 79 feet to 85 feet, and 87 feet to 93 feet. Most 
of these clayey zones also produce high-value SP peaks. The SP 
peak within the bottom clayey zone continues to the boring 
termination depth even though the garTma log decreases below 93 
feet. This SP peak may be caused by interaction of drilling 
fluids with formation water 

o Siltstone with decreased clay content is shown as low-value garm,a 
peaks at depth intervals of 17 feet to 19 feet, 21.5 feet to 25 
feet, 39.5 feet to 47 feet, 69 feet to 75 feet, and 96.5 feet to 
99 feet. A siltstone zone from depths of 22.5 feet to 25 feet is 
unusually conductive as shown by a low-value resistance peak 

o Possible cemented clayey siltstone lenses are shown as high -value 
peaks on the resistance log at depth interva l s of 28 feet to 29.5 
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feet, 61.5 feet to 64.5 feet, and 84.5 feet to 94.5 feet. 
High-value resistance peaks probably indicate less porous 
material. High-value ganma peaks may indicate these zones are 
not sandstone. Hence, it 1s logical to assume that these peaks 
1nd1cate cemented clayey siltstone in the bedrock. 

3.1.6.2 Boring PII-29. Figure 3-2 shows wireline data and interpreted 
results for Boring PII-29. Steel casing installed to a depth of about eight 
feet prevented collecting reliable wireline data near the surface. Puente 
Formation bedrock, which is predominately clayey s i ltstone/silty claystone is 
encountered at a depth of about nine feet. As ind i cated by ganma and 
resistance logs, bedrock material is relatively uniform to the boring 
termination depth. The logs show no major shifts, except thin localized 
fluctuations. An interface between fresh and oxidized Puente Formation 
bedrock was encountered at a depth of about 36 feet. This interface produced 
a slight shift toward higher values in the garm,a log at a depth of 36 feet. 
Increased ganrna values mean more clay content in fresh Puente Formation 
bedrock than the overlying oxidized unit. There were no resistance or SP 
changes at this interface. Wireline data terminated at a depth of 79.5 feet. 

The garrma. log generally increased slightly with depth and high-value peaks 
indicate zones of increased clay content. The resistance log remains 
relatively constant with thin, high-value peaks probably representing hard. 
cemented siltstone and sandstone lenses. Large variations in the SP log are 
probably related to the presence of organic materials. Stratigraphic features 
interpreted from the data are described below: 

o Predominately clayey interbeds within the siltstone matrix are 
shown as high-va l ue garm,a peaks at depth intervals of 13 feet to 
19 feet, 21.5 feet to 24 feet, 37 feet to 39 feet, 43.5 feet to 
45 feet, 46.5 feet to 47.5 feet, 50 feet to 53 feet, 55 feet to 
56.5 feet, and 58.5 feet to 62.5 feet 

o Siltstone with decreased clay content is shown as a low-value 
gamma peak at the depth interval of 24 feet to 34 feet 

o Possible cemented sandstone lenses are shown as high-value 
resistance peaks at depth intervals of 30 feet to 31.5 feet, 40 
feet to 42 feet, 42.5 feet to 44 feet, 49 feet to 50.5 feet, and 
72 feet to 74.5 feet. Corresponding low-value ganma peaks occur 
at al l these intervals wh i ch strengthens the interpretation of 
these lenses being sandstone. A high-value resistance peak at 
the depth interval of n1ne feet to 11 feet is possibly due to the 
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presence of gravel in the alluvium. The drilling log describes 
hard zones at depth~ of 8.5 feet, 50 feet, and 73 feet to 74 
feet, and a cemented sandstone lens at a depth of 75.5 feet 

o There are high-value peaks in the galTITla and resistance logs at a 
depth of 66 feet to 69.5 feet. This layer is probably less 
porous and may be localized cementation of the clayey siltstone. 
This zone is probably not a sandstone lens because of the 
high-value gamma peak. The dr i l l ing l og describes drill chatter 
at a depth of 67.5 feet 

o A steep decrease in the SP log between depths of eight feet and 11 
feet is caused by casing effects. A relative low-value peak from 
depths of 11 feet to 19.5 feet could be caused by increased 
chemical activity of organic material described in the drilling 
log. This SP change is not thought to represent a material 
change because the gamma and resistance logs are relatively 
constant. A sharp decrease with depth below 62.5 feet may be due 
to chemical processes associated with the organic stains and 
gaso li ne odor described i n the drilling log at depths of 60 feet 
and 80 feet, respect i vely. 

3.1.6.3 Boring PII-35. Figure 3-3 shows wireline data and interpreted 
results for Boring PII-35. Steel casing installed to a depth of about 10 feet 
prevented collecting reliable wireline data near the surface. Gamma is low 
within the casing and SP and resistance show large-amplitude fluctuations due 
to casing effects. Low-value gamma peak from depths of 10 feet to 12 feet 
is probably caused by the sand layer described in the drilling log. Beneath 
the sand is Puente Formation bedrock which is predominately clayey 
siltstone/silty claystone with varying clay content at this boring, as seen by 
fluctuations in the gamma and res i stnce logs. The top of the oxidized Puente 
Formation bedrock and the oxidized/fresh Puente Formation bedrock interface 
cause large positive shifts in the gamna log because each formation contains 
more clay content than the overlying materia l . Wireline data tenninated at a 
depth of 81 feet. 

The SP and res i stance scales are small to accommodate the large-amplitude 
anomalies generated by the casing bottom. This small scale renders the SP 
featureless and the resistance peaks subdued. 

Wireline data indicate there is not a major format ion change at this boring. 
High-value gamma peaks probab ly ind i ca t e zones of increased clay content. 
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High-value resistance peaks probably indicate cemented clayey siltstone. A 
slight increase in the SP log with depth below the water table probably 
indicates an increase in formation water salinity with depth. Stratigraphic 
features interpreted from the data are described below: 

o Predominately clayey interbeds within the siltstone matrix are 
shown as high-value gamma peaks at depth intervals of 15.5 feet 
to 17 feet, 27 feet to 29 feet, 34 feet to 36.5 feet, 48.5 feet 
to 52.5 feet, 59 feet to 61 feet, and 69 feet to 74 feet. 

o Siltstone with decreased clay content is shown as low-value gamma 
peaks at depth intervals of 43.5 feet to 47.5 feet, 55 feet to 
57.5 feet, 74 feet to 75.5 feet, and 76 feet to 77 feet. The 
43.5-foot to 47.5-foot interval is described in the drilling log 
as being cemented, but must be relatively poorly cemented because 
there is no resistance peak within this zone. 

o Cemented siltstone lenses probably occur at depth intervals of 
30 feet to 34 feet and 67 feet to 69 feet because there are 
low-value gamma and high-value resistance peaks within these 
zones. The drilling log describes cementation at 30 feet to 34 
feet. 

3.1.6.4 Boring PII-43. Figure 3-4 shows wireline data and ·tnterpreted 
results for Boring PII-43. Steel casing installed to a depth of about seven 
feet prevented collecting reliable wireline data near the surface. Gamma is 
low within the casing and SP and resistance logs show large-amplitude 
fluctuations at the casing bottom. Puente Formation bedrock, which is 
predominately clayey siltstone/silty claystone was encountered below the tip 
of the casing. Weathering is unusually deep at this boring. High-value gamma 
peaks at depths from seven feet to 34.5 feet indicate increased clay content 
that may be completely weathered Puente Formation bedrock. The corresponding 
low-value SP peak which steadily increases within this zone probab ly indicates 
increased chemical activity of minerals absorbed by the clay. A significant 
decrease in the gamma log below 34.5 feet indicates decreasing clay content 
below this depth. Wireline data terminated at 63 feet. 

The SP and resistance scales are small to accommodate the large-amplitude 
anomalies generated by the casing bottom. This small scale renders the SP 
featureless and makes the resistance peaks subdued. 
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Wirel1ne data indicates there are no major shifts within the weathered or 
oxidized Puente Formation bedrock. The SP log is constant within the oxidized 
Puente Formation bedrock and the entire resistance log is constant. 
High-value resistance peaks near the bottom of the boring indicate decreased 
porosity usually associated with localized cemented sandstone lenses. 
Relevant stratigraphic features interpreted from the data are described below: 

o A predominately clayey 1nterbed within the siltstone matrix is 
shown as a high-value ganma peak at depth intervals of 12 feet 
to 34 feet and 39 feet to 46 feet. 

o A siltstone matrix with decreased clay content is shown as 
low-value gamna peaks at depth intervals of 36 feet to 39 feet, 
46 feet to 50 feet, 56 feet to 57.5 feet and 60 feet to 62 feet. 

o Possible cemented sandstone lenses are shown as low-value garrrna 
peaks and high-value resistance peaks at depth intervals of seven 
feet to 10 feet, 57 feet to 58 feet, and 61.5 feet to 63 feet. A 
low-value ganma peak indicates a predominate sand unit, and a 
high-value resistance peak usually means less porosity caused by 
cementation. The drilling log describes cementation at a depth 
of 12 feet. There are two low-value peaks in the SP log 
corresponding to high-value resistance peaks at depth intervals 
of 57 feet to 58 feet and 61·.5 feet to 63 feet. These low-value 
SP peaks probably were caused by less interaction of drilling 
fluid with formation water due to decreased porosity. 

3.1.6.5 W1rel1ne Logging Interpretation Sunmary 

In sunmary, wireline logging results closely reflect the subsurface conditions 
encountered in the borings and provide a continuous stratigraphic profile. 
Physical properties determined from laboratory analyses on samples can be 
interpolated between the discrete sampling points using the wireline results 
as a guide. Wireline data are especially useful in locating cemented 
sandstone and siltstone lenses and zones of increased clay content within the 
Puente Formation bedrock. 
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3.2 LABORATORY TESTING PROGRAM 

A laboratory testing program was developed and performed on selected soil, 
bedrockt and water samples obtained in this investigation. The laboratory 
tests were intended to provide data for further refinement of subsurface 
conditions and associated engineering parameters. as well as to assess the 
extent of possible chemical contamination at the Vermont/Santa Monica Station 
site area. In general, the laboratory test program was developed to: 

1. Aid in soil classification. 

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

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

J.2.1 So11 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 ASTM. the U.S. Army Corps of 
Engineers. or the Environmental Protection Agency (EPA). The test program and 
procedures are sunmarized i n Table 3-4. 

The results of soil mechanics laboratory tests are presented in Appendix B. 
In additiont moisture content and dry density data are included in boring logs 
found in Appendix A. Results of the laboratory test data evaluation for the 
engineering properties of encountered subsurface mate ri als are presented in 
Section 4. 

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 indication of the potent i al presence of 
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TABLE 3-4. SUMMARY OF TESTS AND TEST PROCEDURES 

Test Type No. of Tests Test Procedure 

Visual Examination Every sample ASTM D 2488-84 

Grain Size Distribution 33 ASTM O 422-63 and D 1140-54 

Hydrometer Analys1s 23 ASTM D 422-63 

Unit Weight 116 ASTM D 2937-83 

Moisture Content 116 ASTM D 2216-80 

Specific Gravity 2 ASTM D 854-83 

Atterberg Limit 37 ASTM D 4318-84 

Direct Shear 52 ASTM D 3080-72 

Permeability 3 ASTM D 2434-68 and EPA 9100 

Consolidation 3 ASTM D 2435-80 

Unconfined Compression 19 ASTM D 2166-85 

Triaxial Compression 6 EM 110-2-19Q6(a) 
Appendix 10 

Notes: (a) U.S. Army Corps of Engineers 
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hydrogen sulfide (H2S) concentration, explosivity level, and carbon monoxide 
concentration during the field work. A limited analytical (chemical) 
laboratory testing program was also performed on selected so11 and water 
samples. The chemical analysis program performed for the investigation is 
summarized in Table 3-5. 

Results of the chemical analysis program are presented 1n Appendix C and sum­
marized 1n Tables 3-6 through 3-13c. An evaluation of the results and the 
potential impacts on design and construction are presented in Section 4. 
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TABLE 3-5. SUMMARY OF ANALYTICAL LABORATORY ANALYSES 

Test Type Sample Type No. of Tests Test Procedure 

Total Recoverable soil 22 EPA 418.1 
Petroleum Hydrocarbons water 5(a) EPA 418.1 
(TRPH) 

Aromatic Organic Compounds soi 1 22 EPA 8020 
(BTEX) water 5(a) EPA 8020 

Volatile Organ1c soil 3 EPA 8240 
Compounds 

Semivolatile Organic soil 3 EPA 8270 
Compounds 

CAM Metals soi 1 3 California Metals 

Sulfide soil 22 EPA 9030 
water 4 EPA 9030 

Sulfate soil 22 EPA 9038 
water 4 EPA 9038 

pH water 4 EPA 9040 

Notes: (a) Including one equipment field blank. The equipment field blank 
(EFB) is used to verify the cleaning procedure for sampling 
equipment. The equipment field blank was taken at the beginning of 
the sampling event. 
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TABLE 3-6. RESULTS OF CHEMICAL TESTS FOR SULFATE CONCENTRATIONS 

Location/ 
Sample No. (a) 

LPE-7 (Nov 88) 
PII-26 
PII-29 
PII-35 
PII-43 

LPE-6/D-12 (Nov 88) 
LPE-7/D-7 (Nov 88) 
Pil-25/D-10 
PII-25/D-16 
PII-26/D-13 
PII-32/D-10 
PII-33/D-9 
PII-34/D-6 
PII-34/D-10 
PII-35/D-3 
Pil-35/D-9 
PII-38/D-3 
PII-38/D-7 
PII-38/D-13 
PII-40/D-2 
PII-40/D-12 
PII-41/D-12 
PII-41/D-18 
PII-42/D-9 
Pll-42/D-13 
PII-43/D-11 
PII-44/D-10 
Pil-44/D-14 
PII-45/D-12 

Sample 
Type 

water 
water 
water 
water 
water 

S011 
soil 
soil 
S011 
soil 
soil 
soil 
soil 
soil 
soi 1 
soil 
soil 
soil 
soil 
soil 
soil 
soil 
S011 
soil 
soil 
soil 
soil 
soil 
soil 

Sulfate 
Concentration 

(ppm)(b) 

160 
10 
31 

100 
150 

1,100 
p(d) 

710 
920 
210 
480 
960 

68 
100 

80 
60 

280 
190 
43 

290 
43 
53 

340 
220 

58 
130 

45 
120 
120 

Detection 
L1m1t 
(ppm) 

50 
10 
10 
10 
10 

50 
50 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

Potential 
Cement 

Type for 
Construction Cc) 

II 
Regular 
Regular 
Regular 
II 

II 
Regular 
Regular 
Regular 
Regular 
Regular 
Regular 
Regular 
Regular 
Regular 
Regular 
Regular 
Regular 
Regular 

-Regular 
Regular 
Regular 
Regular 
Regular 
Regular 
Regular 
Regular 
Regular 
Regular 

Notes: (a) Dates of sampling and testing from 1988 investigation (LPE) are 
indicated in parenthesis, 

(b) ppm= Parts per million. 
(c} Cement types are based on reconmendations specified in Uniform 

Building Code (UBC, 1988). 
{d) P = Present in concentrations less than Detection Limits. 
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TABLE 3-7. RESULTS OF CHEMICAL TESTS FOR SULFIDE CONCENTRATIONS 

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

LPE-7 (Nov 88) water p(b) 
PII-26 water No(c) 
PII-29 water 12 
PII-35 water 2 
PII-43 water ND 

LPE-6/D-12 (Nov 88) soil p 
LPE-7/D-7 (Nov 88) soil p 
Pll-25/D-10 soil 7.2 
PII-25/D-16 soil 12 
PII-26/D-13 soil 5 
PII-32/D-10 soil 3.7 
PII-33/D-9 soil 15 
PII-34/D-6 soil ND 
PII-34/D-10 soil 9.2 
PII-35/D-3 soil 9.2 
PII-35/D-9 soil 6.8 
PII-38/D-3 soil 14 
PII-38/D-7 soil 4.2 
PII-38/D-13 soil 12 
PII-40/0-2 soil 6.3 
PII-40/0-12 soil ND 
PII-41/D-12 soil 2.8 
PII-41/D-18 soil ND 
PII-42/D-9 soil 7.8 
PII-42/D-13 soil 3.3 
PII-43/D- ll soil 6.2 
PII-44/D-10 soil ND 
PII-44/D-14 soil 13 
PII-45/D-12 soil 8.7 

Notes: (a) ppm= Parts per million. 
(b) P = Present in concentrations less than Detection Limits. 
(c) ND = Not detected. 
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Limit 
(ppm) 

1 
1 
1 
1 
1 

3 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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TABLE 3-8. RESULTS OF CHEMICAL TESTS FOR pH IN WATER SAMPLES 

Location pH 

PII-26 8.5 

PII-29 7.0 

PII-35 6.4 

PII-43 6.4 

; 
-
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TABLE 3-9. RESULTS OF CHEMICAL TESTS FOR AROMATIC ORGANIC COMPOUNDS (BTEX) 
CONCENTRATIONS 

Location/ 
Sample No. 

Concentration (ppb)(a) 
Sample 
Type Benzene(b) Toluene(b) Ethylbenzene(b) Xylenes(b) 

LPE-7 (Npv 88) 
E.F.a.(dJ 
PII-26 
PII-29 
PII-35 
PII-43 

LPE-6/0-12 (Nov 88) 
LPE-7/D-7 (Nov 88) 
PII-25/D-10 
PII-25/D-16 
PII-26/D-13 
PII-32/D-10 
PII-33/D-9 
PII-34/D-6 
PII-34/D-10 
PII-35/D-3 
PII-35/D-9 
PII-38/D-3 
PII-38/D-7 
PII-38/D-13 
PII-40/D-2 
PII-40/D-12 
PII-41/D-13 
PII-41/0- 18 
PII-42/D-9 
PII-42/D-13 
PII-43/D-11 
PII-44/D-10 
PII-44/D-14 
PII-45/D-12 

water 
water 
water 
water 
water 
water 

soil 
soil 
soil 
soil 
soil 
soil 
soil 
soil 
soil 
soil 
soil 
soil 
so il 
soil 
S011 
soil 
S011 
soil 
S011 
soi 1 
soil 
S011 
soil 
soil 

3 
ND 
ND 
ND 
ND 
ND 

NO 
ND 
18 . 
15 
ND 
36 
p 

37 
ND 

p 
p 
p 
p 

13 
ND 
5.4 
5.0 
p 

ND 
p 

5.8 
p 
p 

ND 

Notes: (a) ppb = Parts per billion. 

3 
ND 
ND 
ND 
ND 
ND 

42 
ND 

170 
340 

33 
320 

29 
400 
210 

25 
17 
28 
16 

180 
25 
39 
41 

380 
33 
31 
40 
25 
19 
18 

3 
ND 
ND 
ND 
21 
11 

ND 
ND 
44 

150 
5.6 

120 
8.2 

270 
54 
p(e) 
p 
5.9 
p 

53 
72 
8.6 
8.4 

20.0 
8.2 
7.1 
8.4 
5.7 
4.0 

ND 

ND(c) 
ND 
NO 
2.5 
4.5 

16 

5 
ND 

290 
570 

48 
490 

62 
740 
360 

36 
27 
44 
29 

350 
57 
64 
69 

650 
67 
54 
65 
39 
31 
34 

(b Cleanup action leve l s for BTEX concentrations are 300 ppb, JOO ppb , 
1,000 ppb and 1,000 ppb for benzene, to luene, ethylbenzene and 
xylenes, respectively, as per leaching potential analysis specified 
in Table 2-1. Leaking Underground Fuel Tank (LUFT) Field Manual 
(Ca l ifornia Water Resources Control Board, 1987). 

(c) NO= Not detected. Detection limits for benzene, toluene, 
ethylbenzene and xylenes 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. 

(d) E.F.B. = Equipment field blank. (Refer to Table 3-5 for explanation) 
(e) P = Present in concentrations less than Detection Limits. 
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TABLE 3-10. RESULTS OF CHEMICAL TESTS FOR TOTAL RECOVERABLE PETROLEUM 
HYDROCARBONS {TRPH}(a) CONCENTRATIONS 

Detection 
Location/ Concentration Limit 
Sample No. Sample Type (ppm)(b) (ppm) 

LPE-7 ~Nov 88) water 96 5 
E.F.B. c) water No(d) 1 
PII-26 water ND 1 
PII-29 water 34 1 
PII-35 water ND 1 
PII-43 water NO 1 

LPE-6/D-12 (Nov 88) soil 84 5 
LPE-7/D-7 (Nov 88) S011 120 5 
PII-25/D-10 soil 220 5 
PII-25/0-16 soil 150 5 
PII-26/0-13 soil 30,000 5· 
PII-32/0-10 soi 1 6.0 5 
PII-33/D-9 soil 8.0 5 
PII-34/D-6 soil p(e) 5 
PII-34/D-10 son p 5 
PII-35/D-3 soil ND 5 
PII-35/D-9 soil ND 5 
PII-38/0-3 soil ND 5 
PII-38/0-7 soil ND 5 
PII-38/D-13 soil 6.0 5 
PII-40/0-2 soil ND 5 
Pil-40/D-12 soil ND 5 
PII-41/0-12 soil ND 5 
PII-41/0-18 soil 18 5 
PII-42/0-9 soil ND 5 
Pll-42/D-13 soil ND 5 
PII-43/D-11 soil ND 5 
PII-44/D-10 soil ND 5 
PII-44/D-14 soil ND 5 
PII-45/D- 12 soil ND 5 

Notes: (a) Cleanup action level for TRPH concentration ranges from 100 ppm to 
1,000 ppm for soil samples as per leaching potential analysis as 
specified in Table 2-1, Leaking Underground Fuel Tank Field Manual 
(California Water Resources Control Board, 1987). 

(b) ppm= Parts per million. 
(c) E.F.B. = Equipment field blank. (Refer to Table 3-5 for explanation) 
(d) ND = Not detected. 
(e) P = Present in concentrations less than Detection Limits. 
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I TABLE 3-lla. RESULTS CF a-EMICAL TESTS FOR SEMIVOlATILE ORGANI.CS 

CONCENTRATIONS BY GC/MS (EPA IETH00-8270) IN SOIL 
S»FLE HO. 0-10. BORIHG PII-25 

I 
I 

Detec- Oetec-
Concen- t1on Concen- t1on 
tratton L1 ■1ts trat1on L1 ■1ts 

Parueter (ppa)(a) (ppa)Ca) Paranter (ppa)Ca) (pp■)<•> 

I 
Phenol Nc(b) 2.0 Acenaphthene ND 2.0 

I Bts(2-chloroethyl)ether ND 2.0 2.(-dtnttrophenol ND 10.0 
2-chlorophenol HD 2.0 4-nttrophenol ND 10.0 
1.3-dtchlorobenzene ND 2.0 Dtbenzofuran ND 2 0 
10 (-dtchlorobenzene NO 2.0 2.(-dtnttrotoluene HD 2.0 

I Benzyl alcohol ND ,.o 2,6-dtnttrotoluene ND 2.0 
1,2-dtchlorobenz,ne ND 2.0 Dtethylphthalate HD 2.0 
2-Mthylphenol ND 2.0 (-chlorophenyl-phenylether ND 2.0 

I B1s(2-chlorotsopropyl)ether ND 2.0 Fluorene ND 2.0 
4.aethylphenol NO 2.0 4-n1troan111ne ND 10.0 
H-n1troso-dt-n-propylu1n• NO 2.0 4.6-dtnttro-2-•thylphenol ND 10.0 

I Hexachloroethane ND 2.0 N-nttrosodtphenylutne ND 2.0 
Nltrobenzen• ND 2.0 4-bl"OIIOphenyl-phenylether HD 2.0 
Isophorone ND 2.0 Hexachlorobenzene ND 2.0 
2-nttrophenol ND 2.0 Pentachlorophenol ND 10.0 

I 2,4-d1Nthylphenol ND 2.0 Phenanthrene ND 2.0 
Benzo1c Ac1d NO 10.0 Anthracene ND 2.0 
Bts-(2-chloroethcxy)•thane ND 2.0 Dt-n-butylphthalate ND 2.0 

I 2,4-dtchlorophenol ND 2.0 Fluoranthen• HD 2.0 I 1,2.4-trtchlorobenzene HD 2.0 Pyrene ND 2.0 
Naphthalene NO 2.0 Butylbenzylphthalate ND 2.0 

I 
4-chloroan111ne ND 4.0 3,3 1-dtchtorobenztdtne ND 4.0 
Hexachlorobutadtene ND 2.0 Benzo(a)anthracene NO 2.0 
4-chloro-3-Nthylphenol ND 4.0 B1s(2-ethylhexy1)phthalate ND 2.0 
2.aethylnaphthllene NO 2.0 Chrysene ND 2.0 

I Hexachlorocyc1apentadtene NO 2.0 D1-n-octyl phthllate ND 2.0 
2,4,S-trtchlorophenol ND 2.0 Benzo(b)fluoranthene ND 2.0 
2,4,5-trtchlorophenol NO 2.0 Benzo(k)fluoranthene ND 2.0 

I 2-chloronaphthllene NO 2.0 Benzo(a)pyrene ND 2.0 
2-nttroantltne NO 10.0 lndeno(l,2,3-cd)pyren• ND 2.0 
D1•thy1 phthllate ND 2.0 D1benz(a,h)anthracen• NO 2.0 

I 
Acenaphthylene NO 2.0 Benzo(g,h,t)perylene ND 2.0 
3-nttroa.n111ne ND 10.0 

I Notes: (a) pp11 • Parts per ■1111on. 
(b) ND • Not detected. 

I 
I 
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I TABLE 3-llb. RESULTS Of CHEMICAL TESTS FOR SEMIVOl.ATILE ORGANICS 

CONCENTRATIONS BY GC/MS. (EPA METH00-8270) IN SOIL 
SAMPLE NO. D-9, BORIHG PII-35 

I 
I 

Detec- Detec-
Concen- t1on Concen- t1on 
trat1on L1•1ts tratton Lt ■tts 

Parueter (ppa)(I) (ppa)(a) ParaMter (ppa)(a) (ppa)(a) 

I 
Phenol ND(b) 0.1 Acenaphthene ND 0.1 

I Bts(Z-chloroethyl)ether ND 0.1 2,4-d1n1trophenol ND 0.5 
2-c:hlorophenol HO 0.1 4-nttrophenol ND 0.5 
1,3-dtchlorobenzene HD 0.1 D1benzofuran ND 0.1 
1,4-dtchlorobenzene HD 0.1 2,4-d1n1trotoluene HD 0.1 

I Benzyl alcohol HD 0.2 2,6-dfnttrotoluene HD 0.1 
1,2-dtchlorobenzene HD 0.1 Dtethylphthalate HD 0.1 
2-Mthylphenol NO 0.1 4-chlorophenyl-phenylether HD 0.1 

I Bts{2-chloro1sopropyl)ether ND 0.1 Fluorene ND 0.1 
4-Mthylphenol ND 0.1 4-n1troan111ne HD 0.5 
N-n1troso-d1-n-propyla■tne ND 0.1 4,6-dfnftro-2-Nthylphenol HD 0.5 

I 
Hexachloroethane HD 0.1 N-nftrosod1pheny1u1ne ND 0.1 
H1trobenzene ND 0.1 4-bn;wophenyl-phenylether ND 0.1 
Isophorone HD 0.1 Hexac:hlorobenzene HD 0.1 
2-nttrophenol ND 0.1 Pentachlorophenol ND 0.5 

I 2,4-d1Hthylphenol ND 0.1 Phenanthrene HD 0.1 
Benzo1c acfd HD 0.5 Anthracene HD 0.1 
Bfs-(2-qiloroethoxy)■ethane HD 0.1 D1-n-butylphthalate HD 0.1 

I 2,4-dtchlorophenol HD 0.1 Fluoranthene HD 0.1 
1,2,4-trfchlorobenzene HD 0.1 Pyrene ND 0.1 
Naphthalene ND 0.1 Butylbenzylphthalate ND 0.1 

I 
4-chl oroanf 11 ne HD 0.2 3,3'-d1c:hlorobenz1d1ne ND 0.2 
Hexachlorobutadtene HD 0.1 Benzo(a)anthracene HD 0.1 
4-chloro-3-Hthylphenol HD 0.2 B1s(2-ethylhexyl)phthalate ND 0.1 
2-Nthylnaphthalene ND 0.1 Chrysene HD 0.1 

I Hexachlorocyclopentadfene HD 0.1 D1-n-octyl phthalate ND 0.1 
2,4,6-trfchlorophenol ND 0.1 Benzo(b)fluoranthene HD 0.1 
2,4,5-trfchlorophenol HD 0.1 Benzo(k)fluoranthene ND 0.1 

I 2-chloronaphthalene HD 0.1 Benzo(a)pyrene ND 0.1 
2-nftroanflfne ND o.s Indeno(l,2,3-cd)pyrene HD 0.1 
Dimethyl phthalate HD 0.1 Dfbenz(a,h)anthracen• HD 0.1 

I 
Acenaphthylene HD 0.1 Benzo(g,h.1)perylene HD 0.1 
3-n1troanflfne HD 0.5 

I i Surrogate Recovery 

2-fl uorophenol 46 2-fluorobfphenyl 76 

I Phenol-els 63 Terphenyl-d14 112 
H1trobenzene-ds 58 

I Notes: (a) PPII • Parts per ■1111on. 
(b) HD • Not detected. 
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I TABLE 3-llc. RESUlTS CF CHEMICAL TESTS FOR SEMIVOI.ATILE ORGANICS 

CONCENTRATIONS BY GC/MS (EPA METM00-8270) IN SOIL 
SAMPLE NO. D-9, BORING PII-42 

I 
I Detec- Detec-

Concen- t1on Concen- t1on 
tratton L1 ■1ts trat1on L1m1ts 

I 
Parameter (ppa)(a) (ppt1)(a) Parameter (ppm)(a) (ppm)Ca) 

Phenol No(b) 0.1 Acenaphthene ND 0.1 

I B1s(2-chloroethyl)ether NO 0.1 2,4-d1n1trophenol ND 0.5 
2-chlorophenol ND 0.1 4-nttrophenol NO 0.5 
1,3-dtchlorobenzene ND 0.1 D1benzofuran ND 0.1 

I 
1,4-dtchlorobenzene ND 0.1 2,4-d1n1trotoluene ND 0.1 
Benzyl alcohol ND 0.2 2,6-d1n1trotoluene HD 0.1 
1,2-dtchlorobenzene NO 0.1 D1ethylphthalate ND 0.1 
2-Mthylphenol ND 0.1 4-chlorophenyl-phenylether ND 0.1 

I B1s(2-chloro1sopropyl}ether ND 0.1 Fluorene NO 0.1 
4-Mthylphenol NO 0.1 4-n1troan11fne NO 0.5 
N-n1troso-d1-n-propylu1ne NO 0.1 4,6-d1n1tro-2-•thylpheno1 ND 0.5 

I Hexachloroethane ND 0.1 N-n1trosod1phenylu1ne ND 0.1 
H1trobenzen• ND 0.1 4-broaophenyl-phenylether ND 0.1 
Isophorone NO 0.1 Hu:achlorobenzene NO 0.1 
2-nttrophenol NO 0.1 Pentachlorophenol ND 0.5 

I 2,4-d1Nthylpheno1 ND 0.1 Phtnanthren• ND 0.1 
Benzotc actd ND o.s Anthracene ND 0.1 
Bts-(2-chloroethoxy)•thane ND 0.1 D1-n-butylphthalate ND 0.1 

I 2,4-dfchlorophenol ND 0.1 Fluoranthen• ND 0.1 
1,2,4-tr1chlorobenzene ND 0.1 Pyrene ND 0.1 
Naphthalene ND 0.1 Butylbenzylphthalate ND 0.1 

I 
4-chloroan111ne ND 0.2 3,3'-d1chlorobenz1dfne ND 0.2 
Hexachlorobutad1tne NO 0.1 Benzo(a)anthracene ND 0.1 
4-chloro-3-Mthylphenol NO 0.2 B1s(2-ethylhexyl)phthalate ND 0.1 
2-Hthylnaphthaltne ND 0.1 Chrysen• HD 0.1 

I Hexachlorocyclopentad1en• HD 0.1 D1-n-octyl phthalate ND 0.1 
2.4,6-trtchlorophenol ND 0.1 Benzo(b)fluoranthtne ND 0.1 
2,4,5-trfchlorophenol ND 0.1 Benzo ( k) fl uo ranthene ND 0.1 

I 2-chloronaphthaltne ND 0.1 B1nzo(a)pyr1n1 ND 0.1 
2-n1troan111ne ND o.s Indeno(l,2.3-cd)pyrene ND 0.1 
DfNthyl phthalate NO 0.1 D1benz(a,h)anthra.cene ND 0.1 

I 
Acenaphthylene ND 0.1 Benzo(g,h,f)perylene ND 0.1 
3-n1troan111ne ND 0.5 

I i Surrogate Recover:, 

2-fl uoropheno 1 84 2-fluorobtphenyl 114 

I Phenol-ds 93 Terpr,enyl-d14 114 
Nftrobenzene-d5 98 

I Notes: (a) ppa • Parts per ■1111on. 
(b) ND • Not detected. 
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TABLE J-12a. RESULTS OF CHEMICAL TESTS FOR VOLATILE ORGANICS 
CONCENTRATIONS BY GC/MS (EPA METHOD 8240) 
IN SOIL SAMPLE NO. 0-10, BORING PII-25 

Detection 

Parameters (8240) 

Acetone 
Benzene(c) 
Bromod1chloromethane 
Bromofonn 
Bromomethane 
2-butanone (MEK) 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chlorodibromomethane 
Chloroethane 
2-chloroethyl vinyl ether 
Chloroform 
Chloromethane 
1,1-dichloroethane 
1,2-dichloroethane 
1,1-d1chloroethene 
1,2-dichloroethene (total) 
1;2-di thloropropane 
Cis-1,3-dichloropropene 
Trans-1,3-dizhloropropene 
Ethylbenzene c) 
2-hexanone 
Methylene chloride 
4-methyl-2-pentanone (MIBK) 
Styrene 
1,1,2,2-tetrachloroethane 
Tetrachlo)oethene 
Toluene{c 
1,1,1-trichloroethane 
1,1,2-trichloroethane 
Trichloroethene 
Trichlorofluoromethane 
Viny l acetate 
Vinyl chloride 
Xylenes (total)(c) 

% Surrogate Recover~ 

1,2-dichloroethane d4 
Toluene-dB 
Bromofl uorobenzene 

Notes: (a) ppb = Parts per bi l l i on. 
(b) ND= Not detected. 

Concentrar1~n 
(ppb) a 

ND(b) 
40 
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 
85 
ND 
ND 
ND 
ND 
ND 
ND 

100 

92 
93 
64 

(c) Refer to Table 3-9 for action levels for benzene, toluene, 
ethylbenzene and xylenes concentrations. 
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L1mit 
(ppb) 

200 
10 
10 
10 
50 

100 
10 
10 
10 
10 
50 
10 
iO 
50 
10 
10 
10 
10 
10 
10 
10 
10 

100 
200 
50 
10 
10 
10 
10 
10 
10 
10 
50 

100 
50 
10 
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TABLE 3-12b. RESULTS OF CHEMICAL TESTS FOR VOLATILE ORGANICS 
CONCENTRATIONS BY GC/MS (EPA METHOD 8240) 
IN SOIL SAMPLE NO. 0-9, BORING PII-35 

Detection 

Parameters (8240) 

Acetone 
Benzene{c) 
Bromodichloromethane 
Bromoform 
Bromomethane 
2-butanone (MEK) 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chlorod1bromomethane 
Chloroethane 
2-chloroethyl vinyl ether 
Ch 1 oroform 
Chloromethane 
l,1-d1chloroethane 
1,2-dichloroethane 
1,1-dichloroethene 
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 
Tetrachloroethene 
Toluene(C) 
1,1,1-trichloroethane 
1,1,2-trichloroethane 
Trichloroethene 
Trichlorofluoromethane 
Vinyl acetate 
Viny l chloride 
Xylenes (total)(c) 

% Surrogate Recovery 

1,2-dichloroethane d4 
Toluene-dB 
Bromofluorobenzene 

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

Concentrati~n 
(ppb) a 

ND(b) 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
NO 
ND 
ND 
ND 
ND 
ND 
NO 
NO 
ND 
ND 
ND 
25 
ND 
ND 
NO 
ND 
NO 
ND 
ND 

97 
105 
89 

(c) Refer to Table 3-9 for act ion levels for benzene. toluene, 
ethylbenzene and xylenes concentrations. 
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L 1m1t 
(ppb) 

200 
10 
10 
10 
50 

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

100 
200 

50 
10 
10 
10 
10 
10 
10 
10 
50 

100 
50 
10 
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TABLE 3-12c. RESULTS OF CHEMICAL TESTS FOR VOLATILE ORGANICS 
CONCENTRATIONS BY GC/MS (EPA METHOD 8240) 
IN SOIL SAMPLE NO. D-9. BORING PII-42 

Detection 

Parameters (8240) 

Acetone 
Benzene Cc) 
Bromod1chloromethane 
Bromofonn 
Bromomethane 
2-butanone (MEK) 
Carbon d1sulfide 
Carbon tetrachloride 
Chlorobenzene 
Chlorodibromomethane 
Chloroethane 
2-chloroethyl vinyl ether 
Chloroform 
Chloromethane 
ltl-dichloroethane 
lt2-d1chloroethane 
ltl-dichloroethene 
1,2-dichloroethene (total) 
lt2-d1chloropropane 
Cis-lt3-dichloropropene 
Trans-1,3-dizhloropropene 
Ethylbenzene c) 
2-hexanone 
Methylene chloride 
4-methyl-2-pentanone (MIBK) 
Styrene 
ltl,2,2-tetrachloroethane 
Tetrachlo)oethene 
Toluene(c 
1,l,l-tr1chloroethane 
1,1,2-trichloroethane 
Trichloroethene 
Trichlorofluoromethane 
Vinyl acetate 
Vinyl chloride 
Xylenes (total)(c) 

% Surrogate Recovery 

1,2-dichloroethane d4 
Toluene-dB 
Bromofluorobenzene 

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

Concentraf1on 
(ppb) a) 

ND(b) 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
No· 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
25 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

90 
102 
86 

(c) Refer to Table 3-9 for action levels for benzene, toluenet 
ethylbenzene and xylenes concentrations. 
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Limit 
(ppb) 

200 
10 
10 
10 
50 

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

100 
200 

50 
10 
10 
10 
10 
10 
10 
10 
50 

100 
50 
10 
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TABLE 3-13a. RESULTS OF CHEMICAL TESTS FOR CAM METALS CONCENTRATIONS 
IN SOIL SAMPLE NO. D-10, BORING PII-25 

Substances 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium - Total 
Cobalt 
Copper 
Lead 
Mercury 
Molybdenum 
Nickel 
Selenium 
S11 ver 
Thallium 
Vanadium 
Zinc 

Concentration (ppm)(a) 
Detection Cleanup 

PII-25/D-10 L1m1t Action Leve1(b) 

p(c) 
8.9 

11 
p 
5.3 

14 
9.5 

51 
11 
ND 
2.9 

21 
2.3 
p 
8.8 

21 
70 

5.0 
1.0 
5.0 
1.0 
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) P = Present in concentrations less than Detection Limits. 
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TABLE 3-lJb. RESULTS OF CHEMICAL TESTS FOR CAM METALS CONCENTRATIONS 
IN SOIL SAMPLE NO. D-9, BORING PII-35 

Substances 

Antimony 
Arsenic 
Bari um 
Beryl 11 um 
Cadmium 
Chromium - Total 
Cobalt 
Copper 
Lead 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 

Concentration (ppm)(a) 
Detection Cleanup 

PII-35/D-9 Limit Action Leve1(b) 

p(c) 
9.4 

95 
p 
5.4 

14 
7.3 

27 
9.2 

ND 
1.2 

25 
ND 

p 
8.1 

21 
130 

5.0 
1.0 
5.0 
1. 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) P = Present in concentrations less than Detection Limits. 
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TABLE 3-lJc. RESULTS OF CHEMICAL TESTS FOR CAM METALS CONCENTRATIONS 
IN SOIL SAMPLE NO. D-9, BORING Pil-42 

Substances 

Antimony 
Arsenic 
Bari um 
Beryl 11 um 
Cadmium 
Chromium - Total 
Cobalt 
Copper 
Lead 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Tha111um 
Vanadium 
Z1nc 

Concentration (ppm)(a) 
Detection Cleanup 

PII-42/D-9 L1m1t Action Leve1{b) 

p(c) 
9.6 

100 
p 
4.6 

17 
4.1 

27 
14 
ND 
1.8 

17 
p 

ND 
9.8 

30 
87 

5.0 
1.0 
5.0 
1. 0 
1. 0 
1.0 
1.0 
1.0 
1.0 
0.05 
LO 
LO 
LO 
1.0 
1.0 
5.0 
1.0 

500 
500 

lOtOOO 
75 

100 
500 

atooo 
2t500 
ltOOO 

20 
3,500 · 
2t000 

100 
500 
700 

2t400 
5,000 

Notes: (a) ppm= Parts per m1111on. 
(b) California Code of Regulations, Title 22, Section 66699. 
{c) P = Present in concentrations less than Detection Limits. 
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4.0 GEOLOGIC AND SUBSURFACE CONDITIONS 

4.1 GEOLOGIC SETTING AND CONDITIONS 

The MOS-2 alignment is located within the Los Angeles Basin, as defined by 
Yerkes et al. (1965), based on tectonic or structu ral blocks. As shown in 
Figure 4-1, the basin so def i ned can be further subdivided into four 
structural blocks including the Northwestern Block, the Northeastern Block, 
the Central Block, and the Southwestern Block. The planned Vermont/Santa 
Monica Station and adjacent tunnel segments are within the Central Block, 
which is bounded on the north by the Santa Monica-Raymond Hill Fault zones, on 
the northeast and east by the Whittier-Elsinore Fault zones, and on the 
west-southwest by the Newport-Inglewood Fault zones (Figure 4-1). 

4.2 STRATIGRAPHY AND GEOLOGY 

4.2.1 Regional Stratigraphy and Geology 

The Central Block of ~he Los Angeles Basin 1s underlain by a deep structural 
depression fi l led with the following geologic units, in order of deposition: 

o Puente Formation (Tp): The Upper Miocene bedrock underlying the 
area consists predominantly of strati f ied and weakly interbedded 
claystone, siltstone, and sandstone. The materials in the Puente 
Formation are generally low-strength (weak) rocks with a local 
presence of hard sandstone beds which may range from fractions of 
an inch to several feet or more. Up t o the top 15 feet of the 
Puente Formation bedrock may be completely weathered (Tpw) and 
may exhibit soil-like characteristics with little or no cementa­
tion and without distinguishable bedding planes. Thi s weathe red 
zone is underlain by an approximate 10- to 50-foot-thi ck 
moderately to slightly weathered or oxid ized (Tpo) portion of the 
bedrock that is 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-defined bedding planes, and is generally 
moderately cemented. 

o Fernando Formation (Tf): Thi s Pliocene sediment consists of 
massive and well-bedded claystone, siltstone, and sandstone, 
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overly1ng the Puente Formation. The contact is most ly 
gradational and di fficult to locate. This formation was not 
encountered in the geotechnical investigation performed for the 
Phase II alignment. 

o Old Alluvium (A3 and A4): These Ple i stocene sediments consist of 
granular alluv1um (A3) deposited in relat1vely "swift" water 
env1ronments, and fine -grained alluvium (A4) deposited in rela­
t i vely "quiet" water env1ronments. 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 primari ly of medium-stiff to very 
hard clay, sil ty clay, sandy clay, sil t, clayey silt, and clayey 
sand. 

o Young Alluvium (Al and A2): These Ho locene sed iments consist of 
granular all uvium (Al) deposited in re latively "swift" water 
environments and fine-grained alluvium (A2) deposited in 
relatively "quiet" water environments. The granular Young 
Alluv1um consists predominantly of loose to dense clean sand, 
silty sand, gravel ly 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, with a local presence of traces of gravel. 

The margins of the basin and its four blocks are formed by zones of folding 
and up l ifting along basin/block-bounding faults, including the Santa • 
Monica-Raymond Hill, Whittier-Elsinore, and Newport-Inglewood Fault zones. In 
add1t1on, there exist severa l major geologic features which are mostly 
inferred and not well delineated. Within the Central Block and adjacent to 
the MOS-2 alignment, major geologic features inc l ude the Santa Monica Fault I zone and the Los Angeles Anticline. The Santa Mon ica Fault zone forms the 
northwestern boundary of the Los Angeles Basin's Central Block. The presence 
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of the fault zone is not disputed; however, the actual surface location of 
this fault zone with respect to the MOS-2 alignment is not known. 

The Los Angeles Ant i cl ine i s a gent le upfold i n the Puente Formation and 
trends about N 70° W, which influences the dip of bedrock strata in the area. 
This anticline acts as a trap for oil and gas within the Puente Formation. 
The Los Angeles City 011 Fie ld is within this antic li ne. For the most part, 
this oil field has been abandoned except near the east end of the oil field 
(about 15,000 feet east of the MOS-2 alignment), where several producing we l ls 
exist. The oi l field traverses Vermont Avenue between Second and Fourth 
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streets along the MOS-2 alignment. Thus, the closest known boundaries of the 
oil field are about 3,000 feet from the southern end of the planned 
Beverly-Santa Monica Tunnel segment. Although the known production zones (150 
feet or deeper below the ground surface) are deeper than the invert depths of 
the MOS-2 alignment (100 feet or less below the ground surface), the potent ial 
presence of t rapped oil, tar, or gas in the Puente Fonnation bedrock within 
the construction depths of the alignment cannot be eliminated because of the 
proximity of the alignment to the Los Angeles City Oil Field. 

4.2.2 Site Stratigraphy and Geology 

The resu l ts of this i nvestigation and availab le data in the project data fi le 
(Section 2.4) indicate the geologic units encountered in the site area consist 
of Old Alluvium (A3 and A4) and bedrock of the Puente Fonnation (Tp). A more 
detailed description of these subsurface materials is provided in Section 4.3 

The southern end of the site area is located approximately 2,000 feet north of 
the crest of the Los Angeles Anticline. The closest known oil production 
field i s the Los Ange l es City Oil Field, with the closest known boundaries 
about 3,000 feet south of the site area. There is an inferred fault 
projecting toward the site area. This fault proceeds northwesterly from the 
Los Angeles downtown area , along the south slope of the Elysian Hills, and is 
mappable up to the Santa Monica Boulevard/Hoover Street intersection area, 
approximately 2,000 feet east of the alignment. 

4.3 SUBSURFACE CONDITIONS 

4.3.1 Subsurface s011s and Rocks 

The alignment (planned station and tunnel segments) is located in a relatively 
well-developed area. Se l ection of borehole locations was restr i cted by the 
presence of exist i ng bui l dings, underground ut i lit ies, and extent of 
cooperation given by private property owners. The borings perfonned for this 
investigation were located as close as possible to the alignment. The boring 
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penetration depths were selected to be about 30 feet below the planned tunnel 
invert depths and about 40 feet below the planned bottom slab elevation (MRTC, 
1988) in the station at the time of the field investigation. The field work 
for 20 of the 21 borings was completed by May 7, 1989. The last boring was 
completed on June 30, 1989. Since the completion of the first 20 borings, the 
tunnel invert and bottom slab elevations were revised to be about 10 feet to 
20 feet deeper than before. As a result, and as can be seen from Figures 2-2, 
2-3 and 2-4, and Table 3-1, the penetration depths of these borings were 
generally about 20 feet below the planned tunnel invert elevations and about 
30 feet below the planned station bottom slab elevation. 

Borings from a previous investigation (Earth Technology, 1988) and borings 
completed for the proposed Vermont/Beverly Station (Earth Technology, 1990c) 
and the Vermont/Sunset Station (Earth Technology, 1990d) were also used to 
evaluate the subsurface conditions. Locations and logs of these borings 
(PII-23 and PII-46, LPE-6 and LPE-7) are included in Appendix A. The 
following sections provide detailed descriptions of the planned Beverly-Santa 
Monica Tunnel, the Vermont/Santa Monica Station and the Santa Monica-Sunset 
Tunnel, separately. 

4.3.1.1 Beverly-Santa Monica Tunnel. Based on the results of this 
investigation and other available data, a generalized cross-sectional profile 
of the subsurface materials along the Beverly-Santa Monica Tunnel alignment is 
shown in Figure 2-2. As can be seen from this figure, the stratigraphy along 
the tunnel beneath approximately 3- to 12-inch-thick asphalt/concrete pavement 
generally consists of shallow fill zones and Old Alluvium overlying the Puente 
Formation bedrock. The shallow fill zones are about O feet to eight feet 
thick and consist of coarse, granular base course materials or silty sand, or 
fine-grained clayey backfill materials. 

The thickness of the Old Alluvium along this tunnel alignment ranges from a 
few inches (at Boring PII-27) to about 16.5 feet (at Boring LPE-6). Besides 
being nonuniform 1n nature, the materials in the Old Alluvium along the tunnel 
alignment are variable in type and consistency. However, for design and 
construction purposes, they can be generally categorized to consist 
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predominantly of dense to very dense sand, silty sand, and sandy silt 
(granular Old Alluvium, Unit A3) w1th an occasional thin zone of gravel 
interspersed with layers of stiff to very stiff silty clay, clayey silt, and 
clayey sand (fine-grained Old Alluvium. Unit A4). It should be noted that the 
clayey sand encountered in the tunnel alignment as well as 1n the station area 
was categorized into Unit A4, since the fines content of this material in the 
general area was found to range from about 35 percent to 50 percent with 
significant plasticity, which should exhibit engineering behavior similar to 
fine-grained clayey s011. When clayey sand was found to have a fine content 
less than about 35 percent, it was included 1n Unit A3 (granular Old 
Alluvium). 

The Puente Formation bedrock in this segment consists predominantly of 
claystone, clayey siltstone, and sandy siltstone with weak and mostly thinly 
bedded sandstone interbeds. The sandstone interbeds comprise up to about 30 
percent of the bedrock. These sandstone interbeds are mostly weakly cemented 
with thicknesses generally on the order of fractions of an inch, except for 
the infrequent presence of hard sandstone beds of up to about one foot thick, 
as evidenced by the chattering of the drill rod observed in the drilling 
operation (noted in the boring logs presented in Appendix A). Based on 
available results of an unconfined compression test on a hard sandstone sample 
(Boring PII-14. Wilshire-Beverly Tunnel; Earth Technology, 1990b), and data 
from similar conditions elsewhere (e.g., Los Angeles City Flood Control 
District's (LACFCD) Sacatella Tunnel (LACFCD, 1973, CWDD/ESA/GRC, 1981) and 
Metropolitan Water District's Tonner Tunnel (MWD, 1976), the unconfined 
compression strength of the hard sandstone interbeds may range from 5,000 psi 
to 20,000 psi, or more. 

Although not encountered during drilling operations in the site area, the 
possible presence of thick, high-strength sandstone and conglomerate beds, 
similar to those found in the Wilshire-Beverly Tunnel alignment, LACFCD's 
nearby Sacatella Tunnel, and in MWD's Tonner Tunne l , cannot be eliminated in 
the planned station and tunnel segments. 

The dip angles of the bedrock ranged from O degrees to 15 degrees and were 
predominantly in the range of O degrees to 5 degrees. The strike of the 
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bedding planes was not determined during the field operations. However, the 
regional trend of both anticlines described in section 4.2.2 would indicate an 
approximate N 70° w strike. The dip direction of bedding planes was not 
determined. The location of the tunnel with respect to the Los Angeles 
Anticline would indicate a northeasterly dip to be most likely. 

In this tunnel segment, the thin sandstone interbeds and the dipping weakly 
intact bedding planes in the bedrock may dictate the following behavioral 
features: 

1. Their presence indicates that engineering properties, in terms of 
strength and permeability, are anisotropic. 

2. Their shear strengths are lower than the remaining bedrock (claystone 
and clayey siltstone). 

3. They are more permeable and may act as preferred pathways for 
groundwater flow. 

In this tunne l segment, the top 15 feet to 40 feet of the Puente Formation is 
oxidized and shows varying degrees of weathering. Highly weathered Puente 
Formation (Tpw) materials were encountered in the top 15 feet of this zone at 
Borings PII-28, Pil-29, PII-30, and PII-34, and were found to consist of 
materials similar to silty clay, clayey silt, sandy silt, and silty sand. The 
weathered Puente Formation materials are soil-like with little or no 
cementation and with undistinguishable bedding planes. The Puente Formation 
bedrock in the other portion of the oxidized/weathered zone is oxidized (Tpo) 
and cemented to some extent and generally has distinguishable bedding planes 
which range from intact to easily separable. The bedrock below the oxidized 
Puente Formation is unweathered and nonoxidized (fresh Puente Formation-Unit 
Tpf). From an engineering viewpoint, both oxidized and fresh Puente Formation 
materials in the site area have similar engineering properties and behavior. 

As shown in Figure 2-2, the currently planned tunne l along this tunnel segment 
is within either the fresh or the oxidized Puente Formation bedrock. 
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4.3.1.2 Vermont/Santa Monica Station. As shown on Figure 2-3, the subsurface 
materials encountered 1n the Vermont/Santa Monica Station area are similar to 
those described 1n Section 4.3.1.1. However, the following spec1f1c features 
of the stratigraphy 1n the station area are observed: 

o The thickness of the Old Alluvium ranges from about five feet at 
PII-35 to about 44 feet at PII-39. Below the Old Alluvium, t he 
thickness of highly weathered Puente Formation bedrock ranges 
from about 10 feet to 20 feet. Highly weathered Puente Formation 
bedrock materials encountered in the station area consist mostly 
of silty clay and clayey sand with zones of silty sand. These 
silty sand zones are mostly under the observed perched 
groundwater levels and are more permeable when compared with the 
other mater ials in the unit 

o The dip angles of the bedding planes show considerable variation 
along the station area. The d1p angles of the bedrock were 
observed to range from about O degrees to 15 degrees and to be 
predominant ly in the range of O degrees to 10 degrees. However, 
some of the samples obtained from Borings PII-35, PII-36, PII-38 
and PII-39 showed localized steeping and erratically varying dip 
angles at different depth intervals. In some of the samples from 
the above-ment i oned borings, bedding planes were not very 
apparent (Boring PII-35/Sample P-10, Boring PII-39/Sample S-16) 
and, occasionally, dip angles within the same sample varied 
erratical ly (Boring Pll-39/Sample D-15). Such localized dip 
variation may be due to either soft sediment deformation or 
thrusting (fau l ting) at low angles to bedding . . Soft sediment 
deformation is associated with deformation triggered by 
earthquake, gravity or other loading (such as wave loading) 
before the sediment was lithified, and is comnon in tectonically 
active basins such as the Los Angeles Basin. No weak clay gouge 
is developed in such a soft sediment deformation process. 
However. thrusting at low angles to the bedding can also yield 
similar dip variations and, if faulting occurs after 
lithification. may develop clay gouge along the fault surface and 
beddings. Clay gouge generally has very low shear strength (an 
effect i ve friction angle of about 7 degrees to 10 degrees or 
less) and can cause blocks of materials to slide and pop out 
along bedding planes if t hey are adversely oriented with respect 
to the station excavation. Although a detailed examination of 
the samples obtained from the above-mentioned borings indicates 
the absence of such gouge materials, it is prudent that periodic 
mapping be performed during stat i on excavation to monitor the 
presence or absence of such materials and appropriate remedial 
measures be taken when gouge is detected. It should also be 
noted that dip di rections were not determi ned during this field 
investigation. If bedding planes dip into the station excavation 
at steep angles, they will significantly increase lateral earth 
pressure on shored walls. If such steep dip angles are observed 
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consistently during station excavation, appropriate measures 
should be taken to increase the lateral resistance of shored 
wal l s. 

4.3.1.3 Santa Mon1ca-Sunset Tunnel. Subsurface conditions in this tunnel 
segment, shown 1n Figure 2-4, are very similar to those in the Beverly-Santa 
Monica Tunnel, with a notable exception found at t he vicinity of Boring 
PII-44. As indicated by boring log data, the Old Alluvium thickness extends 
up to about 80 feet at th is location. The lateral extent of this alluvial 
zone is not known. Along the alignment, the two adjacent borings, PII-43 and 
PII -45, located about 420 feet south and 500 feet north, respectively, show a 
limited thickness of Old Alluvium ranging from about five feet to 20 feet. 
Along a direction roughly transversa l to the alignment, two CPT soundings were 
performed at a distance of about 125 feet east and about 190 feet northeast of 
Boring PII-44 (see Figure 2-3). Both CPT soundings indicated the presence of 
shallow Puente Formation bedrock (CPT sound i ng logs included in Appendix A) 
and did not confirm the presence of deep al l uvium. An examination of an old 
topographic map (USGS, 1928) of the area did not reveal the presence of a 
stream bed crossing the proposed alignment near Boring PII-44 location. This 
pocket of deep Alluvium appears to be a local anomaly in the subsurface. 
Although the latera l extent of this alluvial zone is not known, interpolated 
subsurface condition form other nearby borings indicate that two-face 
conditions should be expected during tunneling in the vicinity of Boring 
PII-44. Groundwater level data interpolated from closest piezometers indicate 
depth to groundwater at Boring PII-44 location is about 26 feet. 

As shown 1n Figure 2-4, the currently planned tunnel crown along this tunnel 
segment i s mostly wi thin oxidized Pu~nte Formation bedrock, except in the 
vicinity of Borings PII -39, PII-43, PII-44 and PII-45 where portions of the 
tunne l s wi l l be either within the high ly weathered Puente Format i on bedrock 
which consists primarily of saturated, si l ty clay/c layey silt with zones of 
silty sand, or within Old Alluvium which consists pr imarily of saturated sand, 
silty sand and clayey sand. Thus, the following conditions will be 
encountered in the vi ci nity of the above borings during tunnel excavation: 
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o M1xed-face condition between highly weathered Puente Formation 
(uncemented, soil-like) and oxidized Puente Formation 

o Mixed-face condition between Old Alluvium {Unit AJ and/or Unit 
A4) and oxidized Puente Formation bedrock 

o Running sand condition with comparatively higher seepage flow, 
especially in the vicinity of Boring PII-44. 

4.J.2 Groundwater 

Groundwater levels were monitored in Piezometers PII-26, PII-29, PII-35, and 
PII-43 (this investigation) and LPE-7 (Earth Technology, 1988) using an 
electronic water-level indicator. Groundwater level readings were taken 
periodically and are suITTTiarized in Table 3-3. The most recent groundwater 
level data are presented in the cross-sectional profiles (Figures 2-2, 2-3, 
and 2-4). 

In both tunnel sections (Beverly-Santa Monica and Santa Monica-Sunset), 
groundwater level readings indicate that the planned tunnel crown will be 
below the groundwater table, which has a gentle gradient of about 0.02 or 
less. Along the excavation of the planned Vermont/Santa Monica Station, the 
groundwater gradient changes from about 0.02 (southern end of the station 
excavation) to about 0.07 {middle portion of the excavation) and 0.011 
(northern end of the excavation). The sharp gradient between Borings PII-35 
and LPE-7 has been consistently observed during the first 4 months of this 
investigation. 

Available data indicates Old Alluvium at the Vermont/Santa Mon ica Station 
contains groundwater. As much as about 30 feet of Old Alluvium may be below 
the groundwater table at the northern end of the station site area. Puente 
Formation bedrock can also be submerged if hydrologic connections exist 
between the saturated alluvium and the bedrock. The thin sandstone beds and 
weakly intact bedding planes in Puente Formation bedrock may act as such 
hydrologic connections, as evidenced by the field permeability test (slug 
test) results. Slug test results indicated the permeability of bedrock in 
horizontal directions is about 5X10-6 cm/sec, approximately 50 times to 500 
times more than the vertical permeability (10-7 cm/sec to 10-8 cm/sec) 
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indicated by the results of laboratory permeability tests performed during 
this investigation and in different investigations for other MOS-2 segments 
along Vermont Avenue. 

4.3.3 Chemical Contamination and Construction Considerations 

The results of chemical tests on selected soil and water samples are presented 
in Section 3.2.2 and Appendix C. The site area is located in a well-developed 
area with the Los Angeles City Oil Field located only a few thousand feet 
away. Chemical contami nation of subsurface materia l s and groundwater in the 
site area. if any, are most likely from the following sources: 

1. Past and ongoing industrial and corrmercia l (especially gas stations) 
facilities and activities in the site area and vicinity. 

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

The discussions presented in this section on chemical contamination levels in 
soil and groundwater sampl es and their potent ial effects on disposal and work 
space environments during construction are solely based art the results of a 
limited number of tests from this investigat i on. They are presented to 
illustrate the potential chemical contamination extent in the alignment. 

In addition, cleanup action levels and exposure limits set or recorrmended by 
various regulatory agencies typically change as time passes. The action 
levels and exposure limits described in this section should be verified and 
modified, if necessary, to reflect up-to-date requ i rements at the time of 
station and tunnel construction. 

4.3.3.1 Chemical Contamination in Subsurface Materials. Headspace OVA 
readings were taken for most of the recovered samples to evaluate the possible 
presence and approximate concentration of volatile chemical compounds. All 
borings in this investigation encountered zones w1th headspace OVA readings 
(ranging from O ppm to 1,000 ppm) higher than the corresponding background 
values. The locations of samples with headspace OVA readings of 10 ppm or 
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more above the corresponding background values are indicated in the 
cross-sectional profiles (Figures 2-2, 2-3. and 2-4). The organic vapor type 
which generated high OVA readings on soil samples during this investigation 
was not known. Hence. an exposure limit of 10 ppm recorrrnended for benzene 
(National Institute for Occupational Safety and Health, 1985) was 
conservatively selected, for differentiating samples with high OVA readings. 
As can be seen from these figures. zones of high OVA readings are mostly 
located in the Puente Formation bedrock. 

During drilling. strong hydrocarbon odors were occasionally noticed in the 
work space and from the samples. 011 traces were also occasionally observed 
floating in drilling mud. However. 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 all, except for few samples. are less than cleanup action levels 
as defined in the Leaking Underground Fuel Tank (LUFT) Field Manual (State 
Water Resources Control Board, 1987). Tables 4-1 and 4-2 show the analytical 
results for soil samples with concentration levels above cleanup action levels 
as defined in the LUFT Field Manual. These samples were all collected in 
Puente Formation bedrock where most of the high headspace OVA readings have 
been recorded. 

Results indicate the toluene concentration levels in samples included in Table 
4-1 are slightly above the cleanup action level. Results also indicate 
samples collected in the same borings as the samples with higher toluene 
concentrations (PII-25/0-10, PII-34/D-10, and PII-41/D-13) and in adjacent 
borings (PII-23, PII-26, PII-33, PII-35, PII-40 and PII-42) do not exhibit 
concentration levels above cleanup action levels. Such results suggest 
localized contamination. The high TRPH concentration levels found in samples 
listed in Table 4-2 also appear to be localized. Analytical results from 
tests perfonned for the Vermont/Beverly Station (Earth Technology, 1990c) also 
support this conclusion of localized contamination. Thus, the source of con­
tamination appears to be natural and could be due to the localized presence of 
residual petroleum in the Puente Formation and thus could be explained in part 
by the site's proximity to the Los Angeles City 01 1 Field. 
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TABLE 4-1. TOLUENE CONCENTRATION LEVELS OF SOIL SAMPLES 
ABOVE CLEANUP ACTION LEVELS 

Toluene LUFT(a) Cleanup 
Sample Concentration Action Level 

Location (ppb)(b) (ppb) 

Pil-25/D-16 340 300 

Pil-32/0-10 320 300 

PII-34/D-6 400 300 

PII-41/D-18 380 300 

Notes: (a) LUFT = Leaking Underground Fuel Tank Field Manual. (State Water 
Resources Control Board, 1987) 

(b) ppb = Parts per billion. 
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TABLE 4-2. TRPH(a) CONCENTRATION LEVELS OF SOIL SAMPLES 
ABOVE CLEANUP ACTION LEVELS 

TRPH LUFT(b) Cleanup 
Sample Concentration Action Level 

Location ( ppm) ( c) (ppm) 

LPE-7/D-7 120 100 - 1,000 

PI-25/0-10 220 100 - 1,000 

PII-25/D-16 150 100 - 1,000 

PII-26/D-13 30,000 100 - 1,000 

Notes: (a) TRPH = Tota l recoverable petroleum hydrocarbons. 
(b) LUFT= Leaking Underground Fuel Tank Field Manual. (State Water 

Resources Control Board, 1987) 
(c) ppm = Parts per million. 
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It should be noted that the cleanup action levels in the LUFT Field Manual are 
specified only as guidelines. These action levels depend on various factors 
including location of groundwater table, the nature of groundwater usage, 
possibility of groundwater contamination due to the presence of contaminants 
in subsurface soils and other regulatory requirements. Most of these factors 
are decided on a case-by-case basis by the regulatory agencies. Hence, it is 
recorrmended t hat the requ i rements on cleanup action level s be determined in 
consultation with the California Regional Water Quality Control Board (CRWQCB) 
and the Department of Health Services (OHS) before consruct1on. 

Results of chemical analyses on selected samples to detect concentration 
levels of heavy metals also indicate that the concentration levels of a suite 
of heavy metals in the subsurface materials are low and below cleanup action 
levels as specified in the Ca l ifornia Code of Regu lation, Title 22, Section 
66699 (Department of Health Services, 1987). 

Disposal of excavation spoils depend on the contamination level in spoils. 
Excavation spoi l s w1il 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 Article II, Title 
22 of the Cal iforn~a Code of Regulations. Based on the ignitability 
characteristic of TRPH in "sandy soils, 11 the Department of Health Services 
(DHS) has set a Total Recoverable Petroleum Hydrocarbon (TRPH) concentration 
of 1,000 ppm 1n soil as a criterion to classify hazardous waste (Appendix E, 
LUFT Field Manual). However, it is recorrmended the OHS be consulted for 
hazardous waste classification criterion for TRPH levels in Puente Formation 
bedrock which primarily consists of clayey siltstone with thin sandstone 
interbeds. Only one soil sample (PII-26/D-13) tested in this investigation 
i ndicated a contamination level above the hazardous waste criterion limit of 
1,000 ppm. However, the potent ial for contamination exceeding hazardous 
criterion limits between boring locations cannot be eli minated. It is 
recorrmended monitoring be performed du r ing construction for contamination 
levels that may requ i re specia l handling of excavation spoils (i .e., treatment 
or disposal at specific landfi l ls that receive hazardous waste). 

The sulfate concentration levels in three samples (PII -25/0-16, PII-33/0-9, 
and LPE-6/D-12) are relat i vely high and may requ i re the use of Type I cement 
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during construction. 

4.3.3.2 Chemical Contamination 1n Groundwater. There are five piezometers 
installed in the station and tunnel area: Boring LPE-7 (Earth Technology, 
1988) and Borings Pll-26, PII-29, PII-35, and PII-43 {this investigation). 

Results of analytical testing on selected water samples obtained from these 
piezometers are shown in Tables 3-6 through 3-10, and in Appendix C. Results 
1nd1cate that the concentration levels of TRPH, BTEX, and sulfide in the water 
are generally low or not detected. The results also indicate that BTEX and 
TRPH concentrations in water samples are less than the cleanup action levels 
defined by the Leaking Underground Fuel Tank (LUFT) Field Manual. Results 
also revealed the presence of moderate levels of sulfate concentrations in 
water samples indicating Type II cement will be required for construction. 

The disposal method for groundwater collected during construction may need 
further consideration and will depend on the concentration level of con­
taminants in groundwater. Although the LUFT Field Manual provides guidelines 
for cleanup action levels, the California Regional Water Quality Control Board 
(CRWQCB) is the regulatory agency for related issues. The CRWQCB requires 
chemical analyses of a su.ite of constituents in the groundwater for a National 
Pollutant Discharge Elimination System (NPDES} permit application to discharge 
wastewater. These include suspended solids, B0D5 at 20°c, oil and grease, 
solids with the ability to settle, turbidity, sulfide, total petroleum hydro­
carbons, volatile organic compounds (EPA Method 624), total dissolved solids, 
chlorides, sulfate and nitrate plus nitrate nitrogen. The CRWQCB action 
limits depend on discharge locations and physical characterist i cs of specific 
groundwater aquifers and basins, and are determined on a case-by-case basis. 
It is reco1TJTiended that the issues and required data for permit application be 
discussed with the CRWQCB before taking further action. 
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4.3.3.3 Hydrogen Sulfide and Methane. The workspace and breathing-zone 
hydrogen sulfide (H2S) readings dur1ng this field operation were observed to 
be minimal, ranging from o ppm to 4 ppm. This is less than the action level 
of 10 ppm specified by the American Conference of Governmental Industrial 
Hygienists (ACGIH, 1988) and the National Institute for Occupational Safety and 
Health (NIOSH, 1985). However, sulfur odors were occasionally noticed during 
drilling and sampling of borings in this investigation (refer to boring logs 
in appendix A). The resu l ts of available chemical tests show some con­
centrat1ons of sulfide compounds in selected soil samples as well as moderate 
(100 ppm to 1,200 ppm) concentrations of sulfate compounds in soil and water 
samples. Sulfide and sulfate compounds may be potential sources for 
generating HzS under certain chemical environments. Thus, the possibility of 
breathing-zone H2S concentrations exceeding the action level during 
construction cannot be el iminated in the site area. Continuous monitoring of 
HzS concentrations during construction will be necessary. 

Some of the soil samples obtained during the field investigation exhibited 
high headspace OVA readings. Methane is one of the compounds which may 
generate high OVA readings in soil samples. In addition, the site area is in 
the general vicinity of the Los Angeles City Oil Field which may be the 
generating and propogattng source of methane. Thus, the possibility of high 
methane concentrations in the site area and vicinity cannot be eliminated. 
Methane is combustible in air and can explode when the air mixture is between 
about 5 percent to 15 percent by volume. During station and tunnel 
construction, provisions to monitor the methane concentration, explosivity 
level, and oxygen concentration will be necessary. To ensure worker safety 
and to minimize shutdown, adequate ventilation should be provided during 
construction to maintain methane concentrations and explosivity levels in the 
work area within safety levels. The potential presence of high methane 
concentrations also requires that the tunnel be t ightly sealed to prevent I accumulation of methane and to avoid combustion and explosion hazards. 
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4.4 ENGINEERING PROPERTIES OF SUBSURFACE MATERIALS 

4.4.1 General 

Engineering properties of subsurface materials based on the results of 
laboratory tests in this investigation are su11111arized in terms of 
ranges of variation, mean and standard deviation values. These are presented 
in Table B-9 in Appendix 8. Similarly, 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 su11111arized and 
presented 1n Table B-10 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 files (Section 2.4), other published 
data in the engineering literature, and engineering judgement were used to 
develop relevant static and dynamic engineering properties for engineering 
design and evaluations for the Vermont/Santa Monica Station and adjacent 
tunnel segments. These engineering properties are presented in Tables 4-3 
and 4-4. 

Detailed descriptions of the static and dynamic properties presented in Tables 
4-3 and 4-4 are provided in Section 4.4.2 and 4.4.3, respectively. It should 
be noted that, although, the ranges of variation and reco11111ended values of 
various engineering properties presented in Tables 4-3 and 4-4 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 4-3 and 4-4 because 
of the following reasons: 

1. The ranges of variation in Tables 4-3 and 4-4 were obtained from 
field and laboratory data from discrete boring locations. The 
potential of engineering property variations for the subsurface 
materials between borings to be different from those in Tables 4-3 
and 4-4 cannot be eliminated. 
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TABLE 4-4. ENGINEERING PROPERTIES FOR DYNAMIC ANALYSES 

GEOLOGIC UNIT 

FINE-GRAINED OLD GRANULAR OLD WEATHERED FORMATION 
ALLUVIUM (A4) ALLUVIUM (A3) PUENTE BEDROCK (Tpw) 

MATERIAL RANGE OF RECCH4ENDED RANGE OF RECOMMENDED RANGE OF RECCH4ENDED 
PROPERTY VARIATION VALUES VARIATION VALUES VARIATION VALUES 

SHEAR WAVE 410-1,220 680 475-1,225 750 520-1,150 750 
VELOCITY (ft/s) 

DYNAMIC SHEAR 640-5,570 1,840 840-5,600 2,000 1,010- 2,000 
MODULUS (ksf) 4,930 

POISSION'S RATIO - 0.4 - 0.3 - 0.35 

OAMPING(a) 5-10 5-10 5-10 
(%) 

(a) ~·For small stra1ns. 

68 

OXIDIZED/FRESH PUENTE 
FORMATION BEDROCK 
( Tpo and Tpf) 
RANGE OF RECOMMENDED 
VARIATION VALUES 

400-1,750 1,160 

620- 5,200 
11,320 

- 0.35 
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2. Due to sample disturbance, the actual stiffness and strength 
characteristics of the subsurface soils will be higher than those 
exhib i ted by the laboratory testing on somewhat disturbed soil 
samp les. Some sample disturbance is inevitable even under extreme 
care in the field exploration. 

Strength and stiffness characteristics of the subsurface materials are an 
important considerations in selecting appropriate construct i on equipment and 
procedures. The above discussion indicates that, although the exact extent is 
not known, the actual ranges of variations in subsurface mater1a1s 1 strength 
and stiffness characteristics will be higher than t hose summarized in Tables 
4-3 and 4-4. It is advisable that the contractor should select construction 
equipment and procedures based on stiffness and strength variation values that 
can appropr iately cover potential variations i n subsurface materials as well 
as sample disturbance effects. Other factors that may affect the selection of 
construction equipment and procedures are described in the following paragraph. 

Puente Formation bedrock in the site area mainly consists of clayey 
siltstone/silty claystone with occasional beds of cemented sandstone. These 
sandstone beds are up to about one-foot thick, as indicated by drill rod 
chatter observed during drilling operation. Available data in the general 
vicinity {Earth Technology, 1990b; CWDD/ESA/GRC, 1981; MWD, 1976; and LACFCD, . 
1973) indicate unconfined compressive strength of this cemented sandstone may 
be as high as 20,000 psi or more. The potential presence of these high 
strength sandstone beds may have a significant affect on construction 
equipment selection. 

In addition. rail and/or rail tie from an old abandoned railway were 
encountered at vari ous locations along Vermont Avenue and Hol lywood Boulevard 
during the field exp loration for MOS-2 alignment. The potential presence of 
these abandoned ra i lway remains should be considered in the planning of the 
stat i on excavation. 
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4.4.2 Static Engineering Properties of Subsurface Materials 

As described previous ly, relevant static engineering properties of the 
subsurface materials encountered in the site area, su11111ar1zed in Tab l e 4-3, 
were used in subsequent engineering evaluation (Section 5). 

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 description of the properties for the Old 
Alluvium and Puente Formation bedrock. 

4.4.2.1 Granular Old Alluvium (A3). The granular Old Alluvium, when present, 
consists of predominantly medium-dense to very dense silty sand, clayey sand, 
and gravelly silty sand with fines content ranging predominantly from about 6 
percent to 34 percent. Properties of this layer are expected to vary 
significantly, depending on the fines content. 

Results of field permeability tests (slug tests, pump tests), performed in 
earlier investigations (Wilshire/Vermont Station, Earth Technology, 1990a) 
indicate that fie l d permeabi li ty of th i s layer var ies between 1 x 10-4 cm/sec 
and 7 x 10-4 cm/sec. Available correlations of grain size data with 
permeability indicate permeability of granular Old Alluvium ranges from 10-4 
cm/sec to 10-3 cm/sec. Based on our experience, a permeability of 10-4 cm/sec 
is reasonable for this layer. 

Based on laboratory direct shear test results, SPT correlations and 
engineering judgement, the use of a friction angle of 37 degrees and zero 
cohes ion as effective strength paramete rs for th i s stratum above and below the 
perched groundwater is reasonably conservative and should be used for design 
purposes. 

Elastic modulus (initial tangent modulus) and Poisson•s ratio for this stratum 
were al so estimated based on l iterature data, availab le correlations with SPT 
data, and engineering judgement. Elastic modulus of granular soils is usually 
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a function of density and gradation of soil, confining stress, and past s~ress 
h1story. The modulus values shown in Table 4-3 for this stratum represent the 
estimated values for use in the engineering evaluation. 

4.4.2.2 Fine-Grained Old Alluvium (A4). The fine-grained Old Alluvium 
consists primarily of medium-dense to stiff clayey sand and stiff to very 
stiff silt, clayey silt, silty clay, and sandy clay. This layer is about five 
feet to 25 feet thick. The shear strength properties were determined based on 
d1rect shear test results on selected samples from this investigation, 
available data from the 1988 investigation (Earth Technology, 1988), and SPT 
data and index properties correlated with literature data. Based on the above 
data, a friction angle of 25 degrees and a cohesion of 500 psf seems to be 
reasonable strength parameters for this stratum. Elastic properties were 
primarily based on laboratory test data, available correlations of literature 
data with SPT data and index properties, and engineering judgement. 

4.4.2.3 Puente Formation Bedrock. Engineering parameters for Puente 
Formation bedrock were developed based on the results of this investigation 
and engineering judgement. 

Strength Parameters 

As described in Section 4.3.1, the Puente Formation bedrock in the alignment 
consists of three different types of materials: highly weathered (Tpw), 
oxidized (Tpo) and fresh (Tpf). The highly weathered Puente Formation 
materials (soil-like) were encountered in most of the borings. On the basis 
of available data results, the overall engineering behavior and properties of 
oxidized and fresh materials are considered similar. Except for a local 
presence of highly cemented sandstone i nterbeds and layers, as described in 
Section 4.3.1, the oxidized and fresh Puente Formation bedrock behave similar 
ta hard or dense soil with significant cohesion strengths. In general, Puente 
Formation bedrock material in the site area contains more clayey materials and 
is weaker and more compressible than the bedrock materials encountered in the 
MOS-2 alignment south of Beverly Boulevard. Examinations of Standard 
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Penetration Test (SPT) blow count variations and results of laboratory tests 
in Puente Formation bedrock along the MOS-2 alignment portion also support 
th i s conclusion. 

Highly Weathered Puente Formation (Tpw) 

The engineering behavior of this unit is, in general, similar t o saturated 
stiff to very stiff fine-grained materials (clayey sand, clayey silt, sandy 
clay, silty clay and clay) with some cohesion. However, zones of granular 
materials consisting of dense sandy silt/silty sand-type materials were also 
encounte red in the highly weathered Puente Formation. The engineering 
properties of this unit are divided into fine-grained and granular groups and 
are shown in Table 4-3. 

Overall Engineering Behavior of Oxidized and Fresh Puente Materials 

The oxidized/fresh Puente Formation bedrock in the site area consists 
primarily of clayey siltstone or silty claystone interbedded with 
predominantly th i n and cemented sandstone beds. The overal l engineering 
behavior of this bedrock is similar to very stiff to hard and highly 
overconsolidated fine-gra ined soils, except for a local presence of highly 
cemented (hard), thin sandstone beds as indicated by drill rig chatter during 
dr il ling operations. In addition, there are thin sandstone beds (fractions of 
an inch thick) sandwiched within clayey siltstone and silty claystone which 
appear to be weaker and more permeable than clayey siltstone and silty 
claystone. For purposes of evaluating engineering properties, oxid i zed and 
fresh Puente Formation bedrock with sandstone interbeds are considered a 
single unit (Tpo/Tpf). 

Results of this investigation and previous invest i gations in the site area 
were evaluated to develop shear strength pa rameters. Both drained and 
undrained shear strength parameters were considered. 

Based on the available data, the maximum past pressure on the Puente Format i on 
bedrock may be approximately 100 ksf. This means that the bedrock within the 
excavat i on depth is overconsolidated, with an es ti mated overconsolidation 
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rat1o (the ratio of maximum past pressure and the pre~ent effective overburden 
stress) of about 15 or more. Undrained shear strength of such an 
overconsolidated material is expected to be very high. Undrained strength can 
be estimated either based on the results of unconfined compression (UC) tests 
or undrained triaxial compression tests (CIU). 

Results from UC and CIU tests on selected samples indicate the undrained shear 
strength of Puente Formation bedrock varies between about 3,100 psf and 20,000 

psf. This wide variation in strength values may be attributed to the level of 
cementation in the bedrock material, and sample disturbance. Based on the 
above test results, visual observation, engineering judgment and comparison of 
test samples with other samples from bedrock, an undrained shear strength of 
5,000 psf is recorTmended for use in the design. This value represents a 
reasonably conservative undrained shear strength of the bedrock for short-term 
support and stability ana lysis using the~= 0 method. 

Under confining stresses significantly less than the maximum past pressure, 
long-term, effective shear strength parameters for highly overconsolidated 
clayey materials such as the Puente Formation bedrock consist of two components: 
effective friction angle and effective cohesion. In this investigation, the 
effective shear strength parameters of the bedrock were evaluated based on the 
results of the CIU tests, direct shear tests, and engineering judgement. 

Results from CIU tests and direct shear tests on bedrock samples are sum­
marized in Figures 4-2, 4-3, and 4-4 respectively. As can be seen, direct 
shear test results indicated more data scatter than CIU test results. 
Laboratory test data (Appendix B, Tables B-6 and B-7) indicate that, in 
general, CIU tests were performed on Pitcher samples and direct shear tests 
were performed on drive samples. Drive samples may have more sample 
disturbances and, hence, the wide data scatter indicated by direct shear test 
results may be attributed to varying degrees of sample disturbance. In 
addition, the variability of the in situ bedrock also influences test results. 
Based on these test results, an effective friction angle ($e) of 30 degrees 
and an effective cohesion coeff1cient (Ce) of 800 psf are reconmended for 
des1gn purposes. These recorTmended values correspond to the near-lower bound 
va lues to account for bedrock variability and, thus, are reasonable. 
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Hard Sandstone Interbeds 

As mentioned previously, occasional hard, highly cemented sandstone interbeds 
up to one foot thick were encountered in the borings drilled in the site area. 
The presence of thicker 1nterbeds of similar materials occuring elsewhere in 
the site area cannot be confirmed. However, 1t is certain that their presence 
wou l d signif i cant ly affect the excavation rate and selection of excavation 
equipment. Although no specific tests were performed on samples of hard 
sandstone interbeds for this investigation, available test data from the 
Wilshire-Bever ly Tunnel unit (Earth Technology, 1990b), the Metropolitan Water 
District's Tonner Tunnel (MWD, 1976), and the Los Angeles County Flood Control 
District's Scatella Tunnel (CWDD/ESA/GRC, 1981; LACFCD; 1973) indicate that 
the unconfined compression strength of the hard, calcite-cemented sandstone 
interbeds cou ld be as high as 5,000 psi to 20,000 psi or more. 

Weak Sandstone Beds and Bedding Planes 

As described in Section 4.3.1, the Puente Formation in the tunnel alignment 
consists of up to 20 percent to 30 percent thin and weakly cemented dipping 
sandstone beds. These sandstone beds and bedding planes are generally weaker 
t han the overall strengths of the bedrock as evidenced by the observed 
shearing patt~rns (failure along sandstone beds and bedding planes) in the 
unconfined compression (UC) tests performed for the Wilshire/Vermont Station 
(Earth Techno logy, 1990a). Based on data from the Wilshire/Vermont Station, 
we believe that a friction angle of 25 degrees and a cohesion of 200 psf will 
be reasonably representative strength parameters of these beds and bedding 
planes. 

Permeability 

Based on the results of laboratory tests performed for this and ear li er 
investigations, vertical permeability for the bedrock ranges from 10- 9 cm/sec 
to 10-7 cm/sec. However, due to the presence of more pervious sandstone beds 
and bedd i ng planes, permeability along the di ps or near-horizontal direction 
wi l l be signif i cantly higher. Slug tests performed at Piezometer PII-26 and 

77 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

at other locat1ons along the MOS-2 alignment indicated that field horizontal 
permeability is higher than the vertical permeability measured in the 
laboratory. Therefore, a horizontal permeability of about 10-6 cm/sec to 10-5 

cm/sec is reasonable for the oxidized/fresh Puente Formation bedrock. 

Elastic Properties 

Laboratory test results and other available data in the project files, 
together with engineer i ng judgement, were used to evaluate elastic properties 
of the bedrock. The reconmended initial tangent modulus value for the 
bedrock, shown 1n Table 4-3, represents a somewhat conservative near-lower 
bound value to account for potential variat i ons in the bedrock, as evidence by 
a large scatter shown 1n the laboratory test results. 

4.4.3 Dynamic Engineering Properties of Subsurface Materials 

No laboratory tests were performed to determine the dynamic engineering 
propert1es of subsurface materials of the Vermont/Santa Monica Station. Blow 
counts observed during so il sampling are the on1y ·available data which cou ld 
be used to estimate dynamic engineering properties of subsurface material . . 
There are two types of blow counts obtained during soil sampling: blow counts 
required to drive a standard split-spoon sampler, and blow counts for a 
California-type drive sampler. These sampling procedures were described in 
Sect i on 3.1.1 of this report. 

The number of blows required to drive a standard sp li t-spoon sampler for the 
last 12 of 18 inches is ca l led a standard penetrat ion test blow count (SPT 
number). Blow counts required to drive a California-type drive sampler could 
be converted to approx imate equivalent SPT numbers. Our recorrmended dynamic 
engineering properties are based on available corre lation with SPT numbers and 
engineering judgment. These properties are summar ized in Table 4-4. 
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5.0 GEOTECHNICAL EVALUATIONS AND RECOMMENDATIONS 

Subsurface conditions and potential features that may affect the design and 
construction of the Vermont/Santa Monica Station and its adjacent tunnel 
segments are described in Section 4.0 of this report. The subsurface 
conditions along the tunnel segment are similar to those encountered in the 
Wilshire-Beverly Tunnel and Sunset-Western Tunnel segments (Earth Technology, 
1990b and d). LACFC0 4s Sacatella Tunnel (LACFCD; 1973, CWDO/ESA/GRC, 1981}, 
and the Metro Rail Phase I Contract A171 Tunnel (Escandon et al., 1989; 
Robison et al,, 1989}. The experience and performance of these tunnels should 
be used in the design and construction of the Beverly-Santa Monica and Santa 
Monica-Sunset tunnels. The subsurface conditions encountered at the 
Vermont/Santa Monica Station area are similar to those encountered in the 
other planned stations for the MOS-2 alignment along Vermont Avenue (Earth 
Technology, 1990a, 1990c, and 1990d). The data from geotechnical reports for 
these stations have been incorporated in developing reco111T1endations for the 
planned Vermont/Santa Monica Station design and construction. In the 
following subsections, reco111T1endations for design and construction of the 
station are presented. RecoITTTiendations for the tunnels are also presented in 
this report for information purposes only, since the geotechni _cal design 
report for the tunnel segments is being prepared by MRTC under separate cover. 

5.1 VERMONT/SANTA MONICA STATION 

5.1.1 General 

Cut-and-cover construction of the Vermont/Santa Monica Station will involve 
about 58 feet to 74 feet of excavation from the ground surface (at about 
Elevations 314 feet to 330 . feet) to the station bottom slab elevation at about 
Elevation 256 feet. In the southern half of the station (south of Boring 
PII-38) the excavation will penetrate through surf1cial pavement, fill (if 
present), about 10 feet of stiff, fine-grained Old Alluvium, about 15 feet of 
highly weathered Puente Formation (soil-like), and about 40 feet of the 
low-strength (weak) bedrock of the oxidized and fresh Puente Formation. In 
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the northern half, the excavation will penetrate a less regular stratigraphy 
which contains alternating layers of stiff, fine-grained Old Alluvium (clay, 
clayey silt, and ·clayey sand) and dense to very dense granular Old Alluvium 
for about 15 feet to 40 feet, underlain by about 15 feet to 20 feet of highly 
weathered Puente Formation and about 10 feet to 40 feet of oxidized/fresh 
Puente Formati on bedrock. Si nce the shallow perched groundwater level is 

between about Elevations 298 feet and 315 feet, the excavation will penetrate 
about 40 feet to 60 feet below the perched groundwater level and will need 
dewatering or groundwater control measures. The effects of dewatering or 
groundwater control measures on adjacent existing buildings will require 
cons ideration and are discussed herein. 

Station construction will be very close to adjacent existing buildings. The 
foundations of these buildings may be located above the bottom of the stat ion 
excavation. Thus, a means of protecting these existing buildings from damage 
due to station excavation may be required. In addition to the closeness of 
these buildings to the planned station construction, the limited construct ion 
space and the prevailing subsurface conditions in the station area indicate 
that shoring will be required. 

The above issues and other geotechnical considerations that require geotech­
nical eng i neering eva l uation for design and construction purposes are sum­
marized as follows: 

o Groundwater control or construction dewatering and subsidence 
considerations 

o Construction effects on adjacent existing buildings and remed ial 
needs 

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

o Foundation design of station structures. 
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5.1.2 Groundwater Control and Construction Dewater1ng 

5.1.2.1 Groundwater Control. Perched groundwater levels across the station 
site area were observed to range from about Elevations 298 feet to 315 feet. 
Since the bottom of the station excavation will be at about Elevation 256 
feet, the excavation wil l extend about 40 feet to 60 feet below the perched 
groundwater level. Within the southern half of the station, excavation below 
the groundwater level w111 mostly penetrate highly weathered and oxidized/fresh 
Puente Formation bedrock which is relatively less permeable than the overlying 
Old Alluvium. However, in the northern half of the station, excavation be low 
groundwater level will penetrate up to about 25 feet of Old Alluvium (Units A3 
and A4) about five feet to 20 feet of weathered Puente Formation bedrock and 
about 10 feet to 40 feet or more of oxidized/fresh Puente Formation bedrock. 
Because Old Alluvium is relatively pervious, water flows at relatively high 
rates 1nto the excavation, especially at the initial excavation stage, are 
likely if groundwater control provisions are not imp l emented. 

Two options were considered for groundwater control during construction. 
These options are described below: 

OPTION I - Dewater the Old Al l uvium prior to excavation. The lowest depth 
along the Old Alluvium/Puente· Formation contact is at about 
Elevation 290 feet. Dewatering to this elevation will include 
pumping water from Old Alluvium within the northern half of the 
station excavation by deep we l ls instal l ed into the bedrock. 

OPTION II - Dewater to the planned bottom slab elevation of the station. 

Hydrological analyses were performed to estimate water amounts that need to be 
pumped during preconstruction dewatering and from sumps located inside the 
excavation during construction for each of the above options. Water amounts 
that flow into the excavation are time-dependent and depend on the area of the 
excavation, permeability and storage coefficients of surrounding formations, 
and the excavation rate. According to available information, the plan area of 
the excavation needed for the station is approximately 60 feet by 605 feet. 
Based on the results of the sl ug test performed i n this invest igation, and 
sl ug tests and pump tests performed for other MOS-2 alignment portions along 
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Vennont Avenue (Earth Technology, 1990a and 1990d), and cons1dering the 
potential variability of subsurface conditions, it was assumed in the analyses 
that the permeability of Old Alluvium might range from 10-4 cm/sec to 5 x 10-4 

cm/sec with a storage coefficient varying between 0.001 and .01, and the 
permeability of Puente Formation bedrock might range from 10-6 cm/sec to 10-5 

cm/sec with a storage coefficient varying between 0.0001 to 0.005. The 
excavation rate may vary, depending on the equipment used for excavation. 
However, for estimation purposes, 1t was assumed construction progress would 
average approximately one foot of excavation per day. Based on these 
assumptions, evaluations of each of the options described previously are given 
below: 

OPTION I - Dewater to the lowest point of the Old Alluvium/Puente Fonnation 
contact (deepest at an elevation of about 290 feet) pr1or to 
construction. Hydrological analyses were performed assuming the 
northern half of the excavation area consists of about 25 feet to 
30 feet of Old Alluvium below the groundwater. Dewatering may be 
accomplished by using a series of deep wells of one foot or larger 
1n diameter installed to an elevation of about 280 feet. 
Analyses indicate wells installed in Old Alluvium in the northern 
half of the station need to be spaced at about 40 feet to 60 feet 
apart. A pumping rate of about 0.5 gallon to 2 gallons per 
minute for the wells installed in Old Alluvium was estimated to 
accomplish a drawdown of about 25 feet in 20 days to 30 days. 
This amounts to a total of about 200,000 gallons to 1 million 
gallons of water during this period. Beyond this time period, 
wells should still be in operation to maintain groundwater at the 
dewatered level. However, the pumping rate will be lower. It 
should be noted that according to the cross-sectional profile 
generated using data from this investigation (F1gure 2-3), 
groundwater exists in the Old Alluv1um north of Boring PII-38. 
Due to limited data available, the thickness of the saturated Old 
Alluvium layer between borings cannot be accurately estimated. 
Hence, the field engineer at the time of well installation should 
verify the thickness of Old Alluvium and select well spacing and 
pumping rates accordingly. 

When the excavation penetrates into Puente Formation bedrock 
below the dewatered elevation in the northern portion of the sta­
tion and during excavation of the southern portion of the sta­
tion, water that flows into the excavation will need to be pumped 
from sumps located inside the excavation. It is estimated that 
the rate of water flow into the excavation may range from about 
1,000 gpd to 50,000 gpd. The total amount of water, including 
the water generated from deep wells, may range from about 500,000 
gallons to 3 million gallons. 

82 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1· 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

OPTION II - Dewater both Old Alluvium and Puente Formation bedrock prior to 
excavation. Analyses were performed to determine the feasibility 
of dewatering the entire excavation depth prior to excavating the 
opening. These analyses indicated that deep wells of one foot or 
larger 1n diameter, spaced at about 60-foot intervals around the 
excavation perimeter may be needed. The drawdown level 1n the 
excavation area may be designed to progress slightly ahead of the 
excavation rate of one foot per day. Pumping rates of wells 
installed in the northern half of the station should be 
maintained at a higher rate than wells in the southern half of 
the station. It was estimated a pumping rate of about 0.5 gpm to 
2.5 gpm from each well installed in the northern portion of the 
station and 0.01 gpm to 0.2 gpm from each well installed in the 
southern portion of the station will be required to achieve the 
desired drawdown. This amounts to a total of about 500,000 
gallons to 4 million gallons of water generated during the 
excavation period. 

It should be noted that additional water will be generated from construction 
spoils during excavation. The amount of water depends on the selected 
dewatering control scheme, method of excavation, and spoils handling. It 
should also be noted that after completion of the excavation, additional water 
will be generated from seepage from walls and the excavation floor and 
continuous pumping .from dewatering wells. The amount of water that will be 
generated depends on construction constraints and the rate of construction. 
However, it is estimated that 8,000 gallons to 50,000 gallons per day may be 
generated to maintain the excavation floor in a dry, workable condition. 

Further hydrological analysis, design, and cost evaluation will be necessary 
to establish the most suitable groundwater control scheme. It is understood 
that the contractor will be responsible for design, installation, and 
operation of a suitable groundwater control system. As a general guideline, 
an appropriate groundwater control system should: 

o Be installed and in operation for a sufficient time to draw down 
the groundwater to a desirable level or to adequately prevent 
significant inflows prior to excavation below the groundwater 
level 

o Reduce the inflow to levels that can be handled by a drain/sump 
system and allow excavation and construction to proceed without 
delay 

o Not incur ground loss due to piping of the subsurface materials 
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o Not 1nduce undue and unsafe amounts of settlement to the adjacent 
existing bu11dings and cause distress 

o Be operated continuously and be equipped with emergency power and 
backup pumps and accessories 

o Incorporate continuous monitoring for evidence of piping and 
amounts of settlements in the adjacent existing buildings 

o Have contingency plan if distress in the adjacent buildings is 
detected. 

5.1.2.2 Induced Subsidence. Groundwater control pumping during construction 
will induce some groundwater subsidence. The amount of subsidence depends on 
the groundwater control scheme used, amounts of groundwater-level drawdown, 
permeability of the subsurface materials, subsurface conditions, and 
excavation configuration and construction. Groundwater-level drawdown can be 
caused by construction dewatering and gravity flow of groundwater into the 
excavation opening, and 1s also dependent on distances from the dewatering 
system and excavation openings. Thus, groundwater drawdown is time- and 
distance-dependent. 

Settlements caused by groundwater-level drawdowns were calculated assuming 
that subsurface conditions within a couple of hundred feet of the station 
excavation were similar to those encountered in the borings in this 
investigation. It 1s estimated that surface settlements for 30 feet to 50 
feet of drawdowns would be about two inches to 3 1/2 inches. Orawdown levels 
will decrease as the distance from the excavation increases . This drawdown 
level decrease would generally depend on the permeability of subsurface 
materials. Subsurface materials at the northern end of the station consist of 
relatively pervious Old Alluvium compared to less pervious Puente Formation 
bedrock at the southern end of the station. This indicates the effect of 
dewatering would diminish faster at the southern end than at the northern end 
as the distance from the excavation opening increases. 

It is anticipated that differential settlements will be significantly less 
than the tota l settlement. Our estimate of the differential settlements 
assuming about 30 feet drawdown at the southern end and about 50 feet drawdown 
at the northern end of the station (due to difference in groundwater level 
elevation) would be as follows: 
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Distance From Excavation 
Opening (feet) 

Within 50 feet 
50 feet to 100 feet 
100 feet to 200 feet 
200 feet to 400 feet 

Differential Settlement 
Southern End 
0.8 inch 
0.5 inch 
0.3 inch 
neg l igible 

Over A 50-Foot Span 
Northern End 

1.0 inch 
0.3 inch 
0.3 inch 
0.1 inch 

The above differential settlement estimates are relatively small, except within 
50 feet of the station, and should not cause undue impact on the adjacent 
buildings. Prov i sions should be made for any building within 50 feet of the 
excavation to resist dewatering-induced settlements. However, it is prudent 
that any existing buildi ng located within 100 feet of excavation be monitored 
for settlement during dewatering, excavation, and construction to reduce 
potential liability. 

5.1.3 Station Excavation 

Groundwater control will be needed since perched groundwater levels, observed 
· to be at about Elevations 298 feet to 315 feet across the site area, are about 
40 feet to 60 feet above the excavation bottom for all structural components 
of .the station. Station excavations may either be shored or sloped back. 
Sloped excavations may not be feasible at the site due to the close proximity 
of the excavation limits to existing structures. As an alternative to shored 
excavations, sloped excavation can be used above the groundwater level if 
sufficient easements can be obtained. Sloped excavation can also be used for 
the portion under groundwater level if anticipated groundwater flow from the 
al luvium and Puente Formation into the excavation can be handled through 
proper groundwater control provisions without delaying construction. 

5.1.3.1 Sloped Excavation. Compared t o shored excavation, sloped excavations 
wil l increase the vo l ume of excavated mater ial. Sloped excavations can be 
used for the station's structural components that require shallower 
excavations, or be used to reduce the he ight of shoring i f sufficient 
easements can be obtained and proper groundwater control provisions are 
imp lemented. 
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A series of slope stability analyses were performed assuming the perched 
groundwater at the site is drawn down and maintained at least five feet below 
the granular Old Alluvium at the site and no heavy loads are at or near the 
top of the slope. Our recorrmendations for sloped excavations are as follows: 

1. lH:lV (one horizontal to one vertical) for the fine-grained Old 
Alluvium (Unit A4}. 

2. 1 1/2H:1V for the granular Old Alluvium (Unit A3) and the highly 
weathered Puente Formation (Un i t Tpw). 

3. lH:lV for the fresh/oxidized Puente Formation (Unit Tpf/Tpo) bedrock 
in the sides of the excavation, where sandstone beds and bedding 
planes are either parallel to or dip away from the excavation 
openings or in areas where bedding plane dip angles are smaller than 
25 degrees. 

4. At borings PII-35 and PII-36A, large dip angles (45 degrees and more) 
were observed i n samples obtained with i n station excavation depths. 
Bedd i ng pl anes i n these samp l es were randomly oriented. During 
excavation periodic mapping should be performed to monitor the 
presence of bedding planes dipping steeply into the excavation. 
Provision should be made by changing the slope to 2H:1V at these 
locations if such conditions exist. 

The above recorrmendations for allowable slopes should be used as general 
guidelines. Actual slopes wi l l depend on the ·subsurface condition encountered 
during excavation and construction condition. If heavy loads (stored 
materials, cranes, etc.) are ant i cipated at the top of the slopes, the slopes 
must be modified accordingly by taking the impact of these loads into 
consideration. 

It should be noted that construction and proper maintenance of safe, stable 
slopes are the responsibi l ity of the contractor, based on factors that must be 
determined in the field from actual construction conditions and the subsurface 
conditions encountered during constructi on. 

5.1.3.2 Shored Excavation. The excavation for the cut-and-cover station will 
extend to a maximum depth of about 74 feet below the ground surface. It is 
anticipated that about 40 feet to 60 feet of the excavat i on will be below the 
perched groundwater table. The proximi ty of the excavation to adjacent 
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buildings, limited construction space, and the subsurface conditions 1n the 
general area indicate that shoring will be required. 

Various shoring systems exist in engineering practice. These include sheeting 
systems of sheet pile, structural slurry, soldier pile and lagging walls with 
bracing system of tiebacks or internal bracing. Based on local practices in 
the Los Angeles area with subsurface conditions similar to those encountered 
in the site area, soldier pile and lagging walls with tiebacks or internal 
bracing (struts and wales), are the most likely shoring systems. These 
systems are recommended over the other systems for the following reasons: 

1. Structural slurry walls are generally significantly more expensive. 

2. It is difficult to drive sheet piles into Puente Formation bedrock. 

3. Since the bedrock appears to be submerged, continuous slurry or sheet 
pile walls may accumulate water and build up significant water 
pressures behind the shored walls. Design and construction of a deep 
shored wall to resist significant water pressure differential will be 
extremely costly compared to soldier pile walls with lagg i ng and 
tiebacks or internal bracing. 

The engineering eval uation and discussions provided in this section for the 
shoring support of the station excavation are related to the soldier pile and 
lagging walls with tiebacks- or internal bracing. If a shoring 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 bracing. Resu l ts 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 responsibility of the contractor, and 
subject to review and acceptance by the owner agency or its authorized 
consultants. 

Assumptions. Shoring systems for deep excavations consist of soldier pile and 
lagg i ng, and tiebacks or i nterna l brac i ng to resist lateral earth and water 
pressures exerted by the excavation and/or the lateral pressure resulting from 
the adjacent existing structures if they are not underpinned below the final 
excavat i on depth (Section 5.1.4). 
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Both soldier pile and lagging walls with tiebacks or internal bracing were 
considered in the engineering evaluation. The following assumptions were made 
in the engineering evaluation provided in subsequent sections: 

1. The perched groundwater level at the site is drawn down at least five 
feet below the bottom of the Old Alluvium prior to excavation. 

2. There will not be significant accumulation of water and water 
pressure buildup behind the walls during station excavation and 
construction. 

3. Permeability of Puente Formation is low and does not create 
additional seepage forces on the shoring system. 

The first assumption has been described previously. Although the bedrock is 
considered to be submerged, the second assumption is appropriate for soldier 
pile and lagging sheeting systems since the openings between soldier pile and 
laggings should prevent water accumulation and pressure buildup behind the 
wall. 

Based on the above assumptions, our engineering evaluation and recomnendations, 
with respect to soldier pile and lagging walls with internal bracing or 
tiebacks, are described in the following sections. 

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 walls for 
the following cases are shown in Figures 5-1 through 5-4: 

o Braced sheeting above excavation 

o Cantilevered sheeting above excavation 

o Surcharges from sloped excavation, ex i sting buildings, 
construction loads, and earthquake-induced loads 

o Active and passive earth pressures on soldier piles below the 
excavation. 
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The lateral loading diagrams presented in Figures 5-1 to 5-4 are for use 1n 
the design of sold i er pi le and lagging details, t i ebacks, or an internal 
bracing system. Various design considerations are described in the following 

sections. 

Design Considerations - Soldier Piles 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 siz i ng, embedment depth, 
spacing, installation, and lagging provisions, should be in compliance with 
appropriate building codes and city requirements. 

P1le S1zing 

Pile sizing includes a proper determination of pile size (diameter or cross 
section) and type (stiffness) so that stresses in the pi les are within 
allowable limits. All anticipated lateral and vertical loads as well as 
calculated loads from t i ebacks 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 fle~ibility. 

Embedment Depth 

The soldier piles should be sufficiently embedded below the excavation depth 
to safe ly 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) 
wi th a reasonable safety factor. The effective width of excavation that each 
pi le can support should be taken as 1-1/2 times the so ldier pile diameter or 
half of the pile spacing, whichever is less. For vertical load 
considerations, the al lowable vertical pile capacity, shown in Figure 5-5, 
should be more than the vertical load components from tiebacks and load from 
deck i ng. Groundwater-cont rol induced settlement adjacent to the soldier pile 
wall, if sufficiently large, may result in negative skin friction on the 
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piles, which would reduce the allowable vertical capacity. After evaluating 
the negative skin friction potential, it was concluded that the potential for 
such a condition to develop within the pile embedment depth below the 
excavation would be minimal; therefore, it was not considered in developing 
the vertical load capacity, shown in Figure 5-5. However, 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. 

Pile Spacing 

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

Pile Installation 

As in similar deep excavations in the Los Angeles area, the soldier piles in 
the site area should be instaJled in predrilled holes to the design embedment 
depths. The presence of dense to very dense granular Old Alluvium overlying 
Puente Formation bedrock in the site area precludes the use of impact driving. 
Potential caving conditions exist in granular Old Alluvium. Provisions such 
as the use of bentonite slurry in the predrilled holes should be implemented 
to alleviate caving conditions. 

Lagging 

Lagging between soldier piles will be needed to minimize soil raveling or 
ground loss, especially in the granular Old Alluvium zones and in the bedrock 
in the northeast side of the excavation, where weak sandstone beds and bedding 
planes dip into the excavation. 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. 
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Tiebacks 

Installing tiebacks in the site area -will require permission from the owners 
of adjacent buildings and avoidance of below-grade obstructions such as 
basements or foundat1ons 1n 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 detennined 
in the field based on anchor load tests. The following paragraphs describe 
our anchor capacity estimates and recommendations for load testing and 
maintaining. 

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

P = q(nDL) 

where: 

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

q = 0.03z <1.5 ksf in granular Old Alluvium above perched water. 
q = 0.15 + 0.015z < 1.5 ksf in granular Old Alluvium below groundwater. 
q = 0.08 + 0.02z <0.5 ksf in fine-grained Old Alluvium above groundwater. 

q = 0.2 + O.Olz <0.5 ksf in fine-grained Old Alluvium and in. weathered Puente 
Fonnation bedrock below groundwater. 

q = 0.2 + O.Olz <0.6 ksf in fresh/oxid ized Puente Formation bedrock below 
groundwater. 

where z = depth to the middle of bonded anchor in feet. 

In addition, the allowble capacity of the anchors completely embedded in 
granular Old Alluvium should not exceed 150 kips, and in fine-grained alluvium 
and weathered Puente Fonnation bedrock should not exceed 120 kips. The 
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anchors may be installed at angles between 20 degrees to 50 degrees below the 
horizontal direction. Potentia l caving condit ions in the granular Old 
Alluvium are possible, so the contractor should use appropriate methods and 
measures to prevent cav i ng 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, November 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 mon i tored and reloaded to 100 percent of the design load if the 
load decreases to less than 75 percent of the des ign load. 

Internal Bracing 

If braced sheeting systems are emp loyed, the st rut loads should be determined 
using the full load diagrams shown in Figures 5-1 and 5-3. The vertical 
spacing between struts shou ld be appropriately designed to minimize ground 
movements. Al l struts should be preloaded to eliminate slack and minimize 
ground movement. A preload of 25 percent of the design load is recorm,ended. 
However, it should be noted that strut preloads may induce undue loading on . 
any basement of the adjacent buildings. This possibility should be analyzed 
on a case-by-case bas i s. 

Procedures to compensate for the effects of temperature changes on the strut 
loads should be developed and implemented so that proper strut load levels can 
be monitored and maintained during construction. 

Ground Movement and Bottom Stability 

Shored excavation will incur ground movements in terms of wall movement and 
ground heave. The magnitude of wal l movement depends on many factors, 
including the design and const ruction of shoring systems, construction 
schedule, specifications, and subsurface conditions. In general, for a 
well-des igned and constructed sheeting system, the maximum horizontal wall 
deflection will be about 0.1 percent to 0.2 percent of the excavation depth. 
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For the Vennont/Santa Monica Station, the .maximum horizontal wall movement may 
be about 0.5 inch to one inch. For the shored system with tiebacks, this 
maximum horizontal deflection will occur near the surface, and the horizontal 
deflection will decrease with depth. For an internally braced system with 
struts and wales, the maximum horizonta l deflection will probably occur near 
the bottom of the excavation and decrease to about 0.2 inch to 0.5 inch near 
the surface. 

It is estimated that a maximum vertical settlement of about 0.5 inch to one 
inch will probably occur behind the wall to about 25 feet to 50 feet from the 
wall and will decrease as the distance from the maximum settlement location 
increases. 

The maximum excavation depth of the Vermont/Santa Monica Station is about 75 
feet. This would mean a maximum stress relief of about 4,300 psf to 5,700 psf 
at the exc.avation bottom, resulting _in bottom heave due to elastic and con ­
solidation rebounds. We estimate that the heave at the center of the excava­
tion bottom will be about two inches to five inches. A majority of the heave 
will occur during the excavation. After the excavation is completed, the 
consolidation heave should be minimal and should pose no concerns. We also 
concluded that rupture of the excavation bottom due to excessive heave or 
piping is not likely. 

5.1.4 Underpinning 

There are several methods for underpinning existing adjacent buildings. These 
may include, but are not limited to, jacked piles, drilled piers, and 
shafts/piers constructed in pre-dug lagged pits to the bearing stratum. To 
minimize settlement, the bearing stratum in the site area would be the Puente 
jacked piles and drilled piers are presented in Figures 5-7 through 5-10. It 
should be noted that piles may experience a settlement of about 1/2 inch 
before mobi li zing full friction resistance, and about 0.5 percent to 2 percent 
of pile diameter before mobilizing ful l tip resistance. It is recorrrnended 
that at least one or two fie ld pile load tests be performed at the site to 
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Notes: The following underpinning guidelines are for structure 
foundations in Zones A, B, and C. 

Zone A: Foundations within this zone generally require 
underpinning. 

Zone B: Sensitive structure foundations within this zone 
require underpinning. 

Zone C: Underpinning may not be required. 
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Qr= Allowable tip resistance at tip depth (Figure 5-9) 

a 11 , Q t2 , Q 13 ,Q 14 = Allowable skin friction at depths d1 ,d2 ,d..3 , and~ , respectively (Figure 5-10) 

Notes: (1) Allowable capacity and a rin kips. 
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verify recorrrnended capacities and to ensure that settlement under design load 
will be acceptable. · 

The settlements of underpinned buildings should be monitored on a regular 
basis during construction. If the settlement data indicate potential for 
excessive settlement beyond allowable limits pre-set by the engineers, the 
excavation work should be suspended temporarily and irrmed1ate remedial 
measures implemented. 

5.1.5 Station Foundation Support and Cons1derat1ons 

The subsurface materials in the station area are Old Alluvium (consisting pri­
marily of dense to very dense granular mater ials and stiff to very stiff fine­
grained materials) over Puente Formation bedrock. These materials will 
provide adequate foundation support fo r _the planned station structures. 
However, due to the compressibility of the Puente Formation bedrock, some con­
solidation sett l ement may be anticipated and should be carefully considered in 
the station design. 

5.1.5.1 Main Station. We understand that the overall station will be 
designed and_ constructed as a relatively rigid box and the main station 
housing the rail facilities will be supported on wide, thick slabs that will 
function as relatively rigid mat foundations. These foundations will be sup­I ported on Puente Formation bedrock. 
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Available information indicates that the average bearing pressure on the mat 
foundations from the station and backf i ll wil l be about 5,000 psf, and on the 
same order of magnitude as the overburden removed by the excavation. This 
anticipated station load can be safely and adequate ly supported on the 
bedrock. 

It i s estimated that elastic sett lement due to the station load of 5,000 psf 
will be about one inch. This settlement would take place almost irrmediately 
during the construction. Ana lyses also indicate consolidation settlement due 
to the station load wi l l take place over a period from 6 months to 18 months 
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and will be on the order of three inches to 4 1/2 inches. However, when the 
groundwater control scheme is tenninated after station construction, the 
groundwater level around the station will slowly recover to its or iginal 
elevations at about 40 feet to 60 feet above the station base slab, thus 
un l oading soi l layers around and beneath the station. This un l oading will 
result in some ground heave, estimated to be about 2 1/2 inches to 3-3/4 
inches. Some tilting of the structure should also be expected due to 
differential heave induced by different groundwate r heights and rates of 
recovery in Old Alluvium (more pervious) and Puente Fonnation (less pervious). 

5.1.5.2 Other Structures. The entrances and the stairways leading to the 
mezzanine level will be located above the bedrock. These structures can be 
supported by conventional spread footings founded on the Old Alluvium, bedrock 
or properly selected and compacted fill. All spread footings should be a 
min imum of two feet wide and at least two feet below the lowest adjacent 
grade. All in situ fill materials should be removed and should not be reused 
as compacted f i l l for spread footing support. Allowable bearing capacities 
and estimated total settlement in terms of footing width and bearing pressures 
for spread footings on Old Alluvium and bedrock are graphically presented in 
Figures 5-11, 5-12, and 5-13. 

5.1.5.3 Loads on Overall Station Walls and Slabs. The overall station will 
be constructed as a relatively rigid box. Our recommended permanent earth and 
water pressure diagrams for the station walls and slabs are shown in Figure 
5-14. The fol l owing should be noted: 

1. To account for potential seasonal variation and potential variations 
across the station, the groundwater level is set at Elevation 310 
feet at the southern end and 318 feet at the northern end for design 
purposes. Design wate r level i s set at about five feet higher than 
the observed level i n PII-35 to accomodate a relatively steep, 
uncertain, water level gradient between PII-35 and LPE-7. 
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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 determined and added 
to the roof loadings. 

3. In Figure 5-14, a horizontal seismic coefficient, Kh, is used to 
calculate earthquake-induced lateral earth pressure. We recommend 
that a Kh value equal to two-thirds of the peak ground acceleration 
(in terms of gravity -g) be used. For the Metro Rail project, the 
peak horizontal ground acceleration of the Operating Design 
Earthquake (ODE) is 0.3g. Thus, a corresponding Kh value of 0.2 is 
recommended 1n 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 overconservatism. 

5.1.5.4 Groundwater Control. Permanent dewatering after completion of the 
station is expensive and unnecessary. We understand the station is designed 
to be watertight. Watertight provisions should be carri ed out at least to 
Elevation 320 feet at the northern end and 310 feet at the southern end to 
account for potential seasonal variation and potential in situ variations that 
were not detected in this investigation. 

5.1.6 Earthwork 

Earthwork and site preparation activities are expected to consist of 
excavation for subterranean structures, subgrade preparation for the station 
floor, foundation preparations for near-surface structures, excavation for 
utility trenches, subgrade preparation for pavements, and backfill placement 
for subterranean walls, footings, and utility trenches. Major excavations will 
need to be provided with temporary shoring according to the recommendations 
presented in Section 5.1.3.2 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 with 
applicable city (Los Angeles) and federal (Occupational Safety and Health Act) 
requirements. 

Available data indicate that there is some granular Old Alluvium encountered 
near the northern end of the station. If, during the excavation process, 
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appreciable amounts of granular alluvium (sand, silty sand; gravelly sand, 
sandy gravel, and gravel} are encountered, they could be stockpiled to be 
reused as .backfill material. Th~ excavated fine-grained alluvium and bedrock 
material are not suitable as backfill material. If there is not sufficient 
material available for backfill, imported granular material could be used for 
fill, subject to approval of a geotechnical engineer. 

5~2 TUNNEL ALIGNMENT 

5.2.1 General 

Subsurface conditions and potential features that may affect the design and 
construction of the tunnel segments are described in Section 4. The 
subsurface conditions along the tunnels are similar to those encountered in 
the LACFCD's Sacatella Tunnel (LACFCD, 1973 and 1975), the Metro Rail Phase I 
Contract A171 tunnel (Escandon et al., 1989; Robison, et al., 1989) and Metro 
Rail Project, Wilshire-Beverly Tunnel segment (Earth Technology 1990b). The 
experience and performance of these tunnels should be used in the design and 
construction of Beverly-Santa Monica and Santa Monica-Sunset tunnel segments. 

5.2.2 Excavation and Support 

s.2.2.1 Tunnel Excavation. As shown in Figures 2-2 and 2-4, the currently 
planned (MRTC, 1989) Beverly-Santa Mon ica Tunnel and a major portion of Santa 
Monica-Sunset Tunnel are located within either the ox1dized or fresh Puente 
Formation bedrock. Highly weathered Puente Formation materials are present 
within the Santa Monica-Sunset Tunnel elevations in the vicinity of the 
northern end of the Vermont/Santa Monica Station (Boring PII-39) and between 
Borings PII-43 and PII-44. In the vicinity of Boring PII-44. the Santa 
Monica-Sunset Tunnel will also be located within the Old Alluvium. As 
mentioned in Section 4, except for the very hard sandstone beds and 
concretionary nodules, the oxidized and fresh Puente Formation materials have 
the engineering properties similar to those of a hard, dense soil with a high 
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cohesion strength component. The highly weathered Puente Formation bedrock is 
soil-like and has engineering properties generally similar to saturated stiff 
to very stiff silty clay/clayey silt, classified as fine-grained Old Alluvium 
material, except the local presence of granular weathered Puente Formation 
bedrock which exhibits properties similar to those of a saturated, 
medium-dense to dense silty sand. 

These subsurface materials are conducive to .a shielded mechanical excavation 
at relatively high advance rates. Similar methods were successsful1y employed 
in the Metro Rail Phase I tunnel excavation and in the construction of the 
nearby LACFCD Sacatella Tunnel. Several factors that may have significant 
impacts on excavation equipment and excavation rates are described below. 

The presence of very hard sandstone beds of significant thicknesses (one foot 
thick or more) has not been encountered during the field investigation for 
this alignment, but their presence in the nearby Wilshire-Beverly Tunnel 
segment, as well as the presence of thinner very hard sandstone beds (up to 
one-foot thick) in this alignment, indicate that these conditions should be 
carefully considered in selecting appropriate excavation equipment and 
procedures. In the tunnel alignment, the lateral extent of very hard 
sandstone beds/layers is not certain. However, at the nearby LACFCD Sacatella 
Tunnel, some of these very hard sandstone interbeds were near horizontal and 
followed the tunnel face for several hundred feet. Some were at a 45 degree 
angle to the tunnel alignment and followed the face for several tens of feet. 
The very hard sandstone beds may have a maximum unconfined compressive 
strength of about 15,000 psi to 20,000 psi, or more. 

In addition, very hard concretionary nodules simi lar to those encountered in 
Contract Unit A171 may be encountered in the Puente Formation bedrock. The 
potential maximum size of these nodules is not known. However, nodules up to 
18 inches in diameter were encountered in the Al71 Tunnel excavation. 

Since Beverly-Santa Monica and Santa ·Monica Sunset tunnel alignments are 
outside the known boundaries of the Los Angeles City Oil Field, the potential 
presence of undocumented cased and uncased abandoned oil wells is not very 
likely. However, provision should be made for possible reduction of the 
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tunnel advance rates if this condition is encountered during tunnel 
excavation. In addition to construction rate delays, each of the cased or 
uncased abandoned 011 wells may contain several hundred gallons of water which 
can gush into the tunnel within a few seconds alarming the workers. These oil 
wells may also contain residual accumulation of toxic H2S, methane, or other 
explosive gases. 

In addition to the very hard sandstone beds, mixed-face conditions between 
highly weathered Puente Formation or Old Alluvium and oxidized/fresh Puente 
Formation contacts can be anticipated in the vicinities of Borings PII-39, 
PII-43, PII-44 and PII-45. 

5.2.2.2 Stability and Support. For the Metro Rail project, tunnel support 
systems consisting of a precast concrete liner as i nitial support and a 
cast-in-place concrete liner as permanent support have been successfully used 
in contract units with subsurface materials and conditions similar to those of 
this tunnel. Thus, similar support systems should be considered for these 
tunnel segments. 

In general, the subsurface materials at the planned tunnel depth intervals are 
sufficiently strong so the face should be stable in a shielded mechanical' 
excavation with appropriate and irrmediate use of the initial support lining 
following the shield, except in the vicinities of Borings PII-39, PII-43, 
PII-44, and PII-45 where potential raveling to running sand conditions are 
possible, due to the presence of saturated silty sand (weathered Puente 
Formation with little or no cohesion, and granular Old Alluvium) within tunnel 
elevations. Such a condition can be alleviated by one or a combination of the 
following provisions: 

1. Pre-excavation dewatering from the surface or ahead of the excavation. 

2. Chemical grouting from the tunnel face. 

3. Compaction grouting. 

4. Compressed air. 

Stabilization using one or a combination of the above methods should be 
employed in the areas where raveling to running sand conditions are likely to 

113 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

occur due to the presence of granular weathered Puente Formation bedrock and 
granular Old Alluvium in the tunnel elevations. 

5.2.3 Groundwater Considerations 

As shown in Figures 2-2 and 2-4, the perched groundwater level in this tunnel 
alignment is generally about 10 feet to 35 feet above the crown of the tunnel. 
The subsurface materials in the tunnel depths are relatively impervious except 
in the localized areas adjacent to Borings Pil-39, PII-43, PII-44 and PII-45, 
where somewhat perv1ous medium-dense to dense silty sand may be encountered 
within the tunnel elevations. Available local experience (e.g. Metro Rail 
Phase I tunnel and LACFCD Sacatella Tunnel) and simplified hydrologic analyses 
indicate the seepage rates for the tunnel alignment except in the localized 
areas adjacent to above-mentioned borings, are anticipated to vary from too 
small to measure (i.e., small seeping and dripping) to about 0.1 gallon per 
minute (gpm) per foot of tunnel. In the areas adjacent to the above-mentioned 
borings, the initial seepage rates of about 1 gpm to 2 gpm per foot of tunnel 
are estimated, assuming no stabilization by chemical grouting of the materials 
from the face is implemented. If such grout stabilization is applied the flow 
rates are expected to be significantly reduced. 

5.2.4 Ground Movement 

The amount of tunneling-induced settlement depends on a number of factors 
including subsurface and groundwater conditions, tunnel configuration and 
geometry, tunneling equipment and methods, and procedures and cares undertaken 
by the contractor. It is the contractor 1 s responsibility to alleviate and 
minimize the settlement by taking prudent procedures and cares to ensure that 
undue ground loss is minimized by timely erection of the support system and 
backpacking/grouting of the tail voids, and by employing appropriate measures 
to counteract any face instability conditions and associated concerns for 
collapsing of tail voids. Except for the previously described areas in the 
vicinity of Borings PII-39, PII-43, PII-44 and PII-45, tunnels in this 
alignment will be excavated primarily through either oxidized (slightly 
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weathered) or fresh Puente Formation materials which have s1gnif1cant 
undrained shear strength. Based on local tunneling experience in similar 
subsurface conditions (i.e., Metro Rail Phase I Project) it is estimated that 
the maximum ground settlement directly over the centerline of the tunnels is 
about 1/4 1nch to 1/2 inch. In the vicinity of Borings PII-39 and PII-43 
through Pil-45, .tunnel construction will require implementation of provisions 
to counteract raveling/running sand conditions to minimize ground loss due to 
tail void collapse and face instability. 

The surcharge effects of nearby buildings are minimal since the buildings 
located within the tunnel 1 s zone of influence are not directly over the 
tunnel. However, the spread footings of the Vennont Avenue overpass at the 
101 Freeway are located directly over the planned tunnel. The planned tunnel 
may be located w1th1n the influence zones of the overpass foundations 
depending on the size of the spread footings (influence zone of a footing is 
proportional to the width of the footing). The presence of these foundations 
must be considered in planning the tunnel excavation. 

5.3 LIQUEFACTION POTENTIAL 

The liquefaction potential of subsurface materials in the site area is minimal 
since the subsurface materials below perched groundwater are either very stiff 
or dense Old Alluvium or Puente Formation bedrock. However, the liquefaction 
potential of subsurface materials at the vicinity of Boring PII-44 needs 
further evaluation. Boring log data (Appendix A) indicate the subsurface 
materials at PII-44 consist of medium-dense silty sand and clayey sand. below 
the perched groundwater with relatively low standard penetration test (SPT) 
blow counts. Evaluation of liquefaction potential of these alluvial materials 
using the method recommended by Seed and Idriss (1982) indicates that the 
liquefaction potential of these soils is marginal under a 7.5 magnitude 
earthquake, inducing a peak horizontal ground acceleration of 0.3g, which is 
equivalent to the peak horizontal ground accelerat ion of the operating design 
earthquake (ODE) for the Metro Rail project. The potential amount of 
settlement in the tunnel alignment adjacent to Boring PII-44 induced by an 
earthquake event equivalent to the ODE was estimated to be on the order of 
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about 1/2 inch to 3/4 inch, based on the SPT blowcounts encountered at Boring 
PII-44, and the method reconmended by Tokimatsu and Seed (1987). The above 
liquefaction potential and seismic-induced settlement evaluations for the 
area adjacent to Boring PII-44 are based solely on the subsurface and SPT blow 
count data at discrete depth intervals (about five-foot intervals) from a 

sing l e boring (Boring PII-44) that exhibited significantly di fferent 
subsurface conditions when compared with those of nearby borings. Thus, 
further delineation of extent and potential variation of the anomalous 
conditions exemplified by the data of Boring PII-44 as well as additional 
continuous SPT data or other measures such as CPT would be needed to increase 
the confidence level of l i quefaction potent ial and seismic-induced settlement 
assessment for the area adjacent to Boring PII-44. 

5.4 CONSTRUCTION CONTROL AND MONITORING 

Provisions for construction control and monitoring are necessary during and 
after construction. This section provides general reconmendations that are 
considered prudent and reasonable. Detailed requirements and plans should be 
developed after des ign of tunnel and station is finalized. In general, these 
requirements should i nclude, but are not limited to, the followings: 

1. Monitoring settlements, surface and subsu rface and lateral 
displacements, across and at various depths above the tunnel crowns 
by surveying techniques and instrumentations such as borehole 
extensometers, settlement indicators and inclinometers. 

2. Monitoring the performance of shored excavation. This includes 
mon i toring the movements of the excavation in and adjacent to the 
excavation by surveys, inclinometers and other instrumentation. If 
i nternal ly braced shoring systems are used, selected struts should be 
instrumented by strain gages to monitor the strut loads so that 
time ly remedial measures can be implemented if struts are overloaded. 
Simi larly, a se lected number of t i ebacks, if used, should be preloaded 
and monitored to ma i ntain sufficient locked-off load as specified in 
Sect i on 5.1.3.2. 
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3. Before, during and after construction, monitoring of structural 
integrity (crack survey, photography, etc.), lateral displacements, 
sett lements of the adjacent existing buildings due to tunnel 
construction, dewater1ng, excavation, and construction of the 
stat ion. 

4. Continuous monitoring of methane and H2S during tunnel construction, 
and during station excavation and construction. 

In addition, it is advisable to probe ahead of the tunnel face by drilling 
probe holes in advance of the tunnel to obtain advanced knowledge of subsur­
face conditions which may require special procedures and equipment. The probe 
holes can be used for the following purposes: 

1. Monitoring methane and H2S with a gas sniffer. 

2. Performing magnetometer surveys to detect the presence of abandoned 
oil well casings. 

3. Obtaining advanced knowledge of soil cond i t i ons. 

Advanced knowledge ahead of the tunnel face of the location. extent and 
distribution of very hard sandstone layers will be extremely desirable. It is 
reconmended that the possibility of economica l ly obtaining such knowledge by 
geophysical techniques be investigated and implemented. Seismic tomographic 
techniques which have been successfully used in a number of tunnel projects in 
locating fracture zones, boulders and specific geo logic features (Kjekstad, 
1989; Rad et al., 1989) may be one of the feasible techniques. 

In addition, the tunnel face should be periodical ly mapped to keep a record of 
as-built geologic conditions. In addition to serv1ng as a part of the 
construction record, the mapping can document and identify geologic conditions 
that require modifications of excavation methods or tunnel support design. 
This mapping can also provide a database for interpret i ng causes of potent ial 
concerns (such as excessive ground loss or face i nstability). 
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5.5 SUPPLEMENTARY DATA NEEDS 

The results of this geotechnical investigation have provided a needed database 
on the subsurface material and groundwater conditions and engineering 
parameters for the design of the planned Vermont/Santa Monica Station and 
adjacent tunnel segments. However, continuous mon i toring of the groundwater 
level, sampling and testing of groundwater, and an environmental audit will be 
needed to enhance the confidence level. These additional tasks related to 
groundwater conditions are descr1bed below: 

1. Groundwater level in existing piezometers (LPE-7, PII-26, Pll-29, 
PII-35 and PII-43 should be monitored periodically to assess the 
potential seasonal variation of groundwater levels to establish a 
realistic design groundwater level. 

2. Additional water quality testing should be performed so disposal 
needs and permit requirements can be met. 

3. Closely interact with CRWQCB to determine disposal requirements for 
the groundwater collected during excavation and construction. 

4. An environmental audit is required to identify sources, type and 
extent of industrial contamination, and their effect on the ground­
water. 
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6.0 LIMITATIONS 

The f i ndings, recorrrnendat1ons, specifications, and professional opinions 
provided in this report are based on design information furnished by MRTC and 
on the subsurface conditions as disclosed by the field exploration program. 
Subsurface conditions described in th i s report were based on discretely 
located test borings drilled as part of the field exploration and on available 
geotechnical data. The borings may not reflect variations in subsurface 
condit i ons wh i ch are li kely to exist in the unexp l ored areas. Thus, 
subsurface conditions should be monitored and verified in the field during 
construction. Should significant differences between the described and actual 
subsurface conditions be revealed during excavation, it may be necessary to 
re-evaluate the findings, recorrrnendations, and specifications in this report 
based on onsite observat i on of the variations, additional field exploration or 
additional laboratory testing. Similarly, additional evaluation, field 
exploration or l aboratory testing may be necessary if any design information 
such as location, orientation. site, configuration or nature of the planned 
facilities has been changed. 

The find i ngs, recorrrnendations, specifications, and professional op1n1ons 
presented in this report were developed within the limits prescribed by MRTC 
and in general accordance with applicab l e principles and practices of the 
geotechnical engineering profession at the time of this report preparation. 
There is no other warranty, ei ther expressed or implied. 

Submitted by: 

THE EARTH TECHNOLOGY CORPORATION 

/EgJ~-~ 
Bil l T.D. Lu, Ph.D., P.E . 
Project Manager 

No. C039739 
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APPENDIX A 

BORING LOGS, CPT SOUNDINGS LOGS, AND PIEZOMETER DIAGRAMS 

This appendix presents the logs and locations of borings, CPT soundings, and 
piezometer diagrams. Th1s appendix includes the follow1ng f1gures: 

Figure Number 

Boring/ 
CPT No. Log Location Piezometer Diagram 

PII-23 A-1 A-lA 
PI I-25 A-2 A-2A 
PI I-26 A-3 A-3A A-3B 
PII-27 A-4 A-4A 
PII-28 A-5 A-SA 
PII-29 A-6 A-6A A-6B 
PII-30 A-7 A-7A 
PII-31 A-8 A-8A 
PII-32 A-9 A-9A 
PII-33 A-10 A-lOA 
PII-34 A-11 A-llA 
PII-35 A-12 A-12A A-128 
PII-36 A-13 A-13A 
PII-36A A-14 A-14A 
PII-38 A-15 A-lSA 
PII-39 A-16 A-16A 
PII-40 A-17 A- 17A 
PI I-41 A-18 A-18A 
PI I-42 A-19 A-19A 
PII-43 A-20 A-20A A-208 
PII-44 A-21 A-21A 
PII-45 A-22 A-22A 
PII-46 A-23 A-23A 
LPE-6 A-24 A-24A 
LPE-7 A-25 A-25A A-258 
CPT-1 A-26 A-26A 
CPT-2 A-27 A-27A 

Explanations to the l ogs of borings are provided in Figures A-I through A-III. 
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I SAMPLE TYPE I I EXPLANATIONS I 
PENETRATION RESISTANCE (BLOW COUNT) 

G STANDARD SPLIT SPOON SAMPLE 
- BLOW COUNTS FOR 6 .. INTE AVA LS EXCEPT 

AS NOTED 

G 2½ " DIA ., 12" DRIVE SAMPLE MO ISTURE CONTE NT (%) 

0 2 7/ 8 " D IA. PITCHER SAMPLE 
- LABORATOf'IY DETERMINED MOISTURE CON TE N T 

PPM - PARTS PEA MILLION 

B NO RECOVERY 
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0 CORE SAMPLE LAYER IE XAMPLE : SP / SW I a . AL TE RNA TING 
POORLY ANO WELL GRADED SANDS IN A 
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TRACE 0·10 

LITT LE 10·20 

SOME 20-Jfi 
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I 
FIGURE A-1. LOG OF BORING Pll - 23 

C The Eart!r Technologl 
"- Corporation 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

I Project Nurber: 89-409 I Borehole Nurt>er: Pll-23 sheet 1 of 4 

Borehole l ocation: Vermont Ave., north of Oakwood Ave. Elevation and Datun(feet): 312 

i Health and Safety: Upgraded Level D Date Started: 5/7/89 Date Finished: 5/ 7/ 89 

Drilling Equipment: Mayhew 1500 Total 106.0 Depth to: 2.0 Depth(feet): Bedrock(feet): ii Drilling Method: Rotary Wash Borehole Diameter: 5-inch 

Drilli ng Fluid: Bentonite Mud Piezometer NO Depth( feet) : - -Insta l lation: 

-I Hanmer Information: Logged By: Checked By: 

SPT Hammer: 140-lb and 30-inch drop. 
DOWNHOLE Hammer: 266-lb and 18- inch drop. Curtis D. Cushman C. Marshall Payne 

• I. 

C 0 Samples 
:n ar., fj l .c ,.. I :JI I 0 .... :JI 

.,I .,I .c CJ 
(IJ . ... . ... o..i I. 

3.., 
I. ,.., I. D Q. 

C. QI l+iO Description u • .,I 0 .... • • • <[ E +!"'JC LC. 
Ill QI II) II II """C .0 ~ 

D C: :, :::JH!o-..illl"Cli 
oft-

....... ~. u 0~ E .... :J 0 :> C. l. ■ U 11 .JX.:i:; ..., ...I 0 .... .... • :::J I- O] 0 0 0 C. oca. .... c:"'u u .... CJ z u • ..., U..., 0 0 Ill 
I]'. 0 I: U Ill 

-- 6-inch ASPHALT. -
- ;: ~ ,_: 15-inch BASE COURSE MATERIAL. - FILL ~I - .· ·: . -
- TOP OF PUENTE FORMATION. -- -~ - -

I - ~ -- -
6 - -

- CLAVEY SILT(STONE) ; Light olive brown, very stiff, low - T po 3 s 6 16~ / 18" 11 4 
I 

- plaaticity, micaceous , oxidized , in terbedded with - 12 - redcl.ish brown layers, bedding pa11allel to fol iation, - 1-- 17 

~ - -
- · trace very fine sand. Dip approximately 10 deg. -
- - I 
- -
- -

4 I -
10 - - 1---~ CLAYEY SILT(STONE); Bro wnish gray and reddish gray, - Tpo 4 D 19 6" /12" 51 92 32 

-~ hard, low plasticity, oxidized , locally interbedded with - - 35 -~ 3/4. to 1/ 3 - inch thick beds of light gray sandy -
-~ silt(stone) and very fine sand(stone). Dip -

I =t 
-

approximately 10 to 15 deg. -
-t --~ 

I 

-- -15_ - --~ Same as above . - Tpo 5 s 14 16" / 18" 15 4 
-~ - 25 
- · - - 35 - -
- -- -- -
-t -~ -

-
20-~ -- CLAYEY SILT(STONE) ; Yellowish brown with ol ive gray, - Tpo 6 D 35 9" /9" 10 87 35 

4 I - hard, low plasticity, micaceous, oxidized, interbedded - 50 / 3" -
- with gray , reddish brown and olive colored material , --

locally 1/4. to 1/ 2- inch thick beds of very fine silty 
-

- -
I 

- sand(stone) . Dip approximacely 10 deg. -

l - - -- -- -25- - -
I 

- - Same as above . - Tpo 7 s 14 12" / 12" 18 6 - - - 50 - - I 

- - I I - -
-.. -
=t (D rill chatter between 26 to 30 feet , carbonate composites and-

very cemented cuttings.) - : 
on - " - I 
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FIGURE A-1. LOG OF BORING Pll-23 
C The Earth Tech11ology 
-- Corporation 

Project Name: METRO RA1L PHASE II - LOS A GELES 

Project Nurrber: 89-409 Borehole Nurrber: 

Description 

CLAYEY SlLT(STONE); Yellowish brown with olive gray , 
hard, low plasticity, highly oxidir.ed, locally 
inter-bedded with thin laye,ra of crystalline material 
(gypsum?), trace very fine 1and(stone) . Dip 
approximately 5 to 10 deg. 

Same aa above . Very minor sand(stone). 

CLAYEY SILT(STONE) - SILTY CLAY(STONE); Brown to 
yellowish brown, hard, low to medium plasticity , very 
thinly laminated , micaceous , alternating beds of gray, 
brown and red. Dip approximately 10 to 15 deg. Brown 
very fin e sandy silt(stone) at tip. 

CLAYEY SILTSTONE; Dark gray, hard , micaceous, very 
thinly laminated, some pale gray beds and 1/4 to 
1/Z-inch thick reddish brown beds, carbonated. Dip 
approximately 10 deg. 

SILTY CLAYSTONE; Dark gray, hard , brittle, medium to 
high p lasticity, micaceous, thinly laminated, 
carbonated . Dip approximately 15 deg. 

(Drill chatter between 52 and 55 feet.) 

Same as above Dip approximately 10 deg. 

(Heavy drill chatter between 55 and 60 feet , oil in mud tank.) 

SILTY CLAYSTONE; Dark gray , hard , t hinly laminated , very 
hard brittle beds upto 1/ 2- inch th ick , micaceous. Dip 
approximately 15 deg. 

Same as above. 

I C 
(() .... _g 
0 • .., 
(() .. 
::, • u 

... .... 
Ur,.. 

Pll-23 
u 

.... 
[Jl.,1 I.. 
0 --1 • Ill 
-I C .lJ 
0::, E 
• :J 
Cl Z 

Tpo 8 

Tpo 9 S 

Sheet 

Samples 

8 

16 18" / 18" 35 
32 
54 

Tpo 10 D 40 6" /9'" 9 
50/3" 

Tpf 11 S 18 9"/11" 24 
50/ 5" 

Tpf 12 50/ 4" l " / 7" 26 
50/3" 

Tpf 13 50 4" /6" 37 

Tpf 14 50/5" 2" / 5" 10 

Tpf 15 50/ 5" 5" / 5" 9 

2 of 4 

93 30 6 

6 

98 26 1 

1 

7 

1 

7 

7 



I 
C The Earth Technologv 

FIGURE A-1. LOG OF BORING Pll-23 
.._ Corporation • 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project Nurber: 89-409 Borehole NUTiber: 

Description 

Same aa above. 

SILTY CLAYSTONE; Dark gray, hard, medium to high 
plutic:ity, micaceoua , thinly laminated, hydrocarbon 
odor. 

Same aa above . Increasing clay content . Dip approximately 16 
deg. 

(Intermittent drill chatter between 80 and 85 feet .} 

Same as above. Dip approximately 10 to 15 deg. 
(Drill chatter between 85 and 87 feet.) 

Same as above. Dip approximately 10 to 15 deg. 

Same as above. Slightly lower plasticity . Dip approx.imately 
16 deg . 

Same as above. Some vertical fr actures . Dip approx imately 16 
deg . 

Same as above . 

BORING TERMINATED AT 106 FEET. 
NOTE : This borehole log is based on field classification and 

visual soil description, and is further modified to 
include results of laboratory classification tests , where 
:.va.ilnble. This summary applies only at the locatio n of . . . 

C 
-~ 0 

Ill • •-I u. +I 
(/) . . 
::J-i 0 

u ·-I 
\. 

Pll-23 3 of 

u 
·-I :JI Cll+I L 
0 ·-I • • ,..,, .jJ"' :J (I E :Jl ·-1 \. -i C .D :> 0.. L • 0 

+I 
O::J E 0 0.. CC 0.. • • :J . ..., 
Cl z Q 

Tpf 9 

Tpf 17 S 35 6" / 10" 12 
50/4" 

Tpf 18 50 / 4" 4" / 4" 10 

Tpf 19 50/ 2" l"/2" 10 

Tpf 20 50 / 4" 3"/4" 11 

Tpf 21 32/ 3" l " /3 11 12 

I 
Tpf 22 50 / 3" 0/3" 11 

, , 

Tpf 23 50/ 3" 3" / 3" 12 7 
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FIGURE A-1. LOG OF BORING Pll-23 
METRO RAIL - PHASE II - LOS ANGELES 

89-409 I sorehole Nunber : 

Description 

conditions may differ at other locations and may -
change at this location with pa!!tage of Urne. The data -
preHnted ia simplification of actual conditions : 
encountered. The stratification lines represent the _ 
app,roximale boundary between subsurface material -
types and the transition may be gradual. --

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

-
-
-

---
-
-

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

--
-

-
-

-
-
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u 

· -1 
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= The Earth Tech110/ogv 
-. Corporation • 
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PROJECT NO .: 89 - 409 
- The Earth Technology Vermont/Santa Monica = Corporation 

Station and Tunnel 

Location of 
Borehole Pll - 23 

5-90 FIGURE A- IA 
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FIGURE A-2. LOG OF BORING 
Project Name: METRO RAIL - PHASE II - LOS A GELES 

Project Nunber: 89-409 I Boreho le Nunber: Pll-25 
Borehole locat i on: Rosewood Ave. and Vermont Ave. Elevation and 

Hea lth and Safety: Upgraded Level D Date Started: 

Drilling Equipment: Failing 750 Total 
Depth(feet): 

Pll-25 
= The Earl~ Technology 
._ Corporat,011 

sheet 1 of 3 

Dat1.111(feet) : 315 

4/15/ 89 Date Finished: 4/15/ 89 

91.0 Depth to : 9.5 Bedrock( feet): 

Drilling Method: Rotary Wash Borehole Diameter: 5-inch 

Dril li ng Fluid: Bentonite Mud Piezometer NO Depth( feet): - -Installation: 
Hanmer Information: Logged By: Checked By: 

SPT Hammer: 140-lb and JO-inch drop. 
DOWNHOLE Hammer: 295-lb and 18-inch drop . Kean Tan C. Marshall Payne 

Samples "Cl 
C u c -

.C '"' I ::J -~ 0 · ..f :JI :J QI .j.J :J E 
.j.J..j.J.J:CJ (J) .. ·ol Cl .,i !.. 

3 +J 
!. 

~ .j.J ,... !.. C 0 a. 
a. • .j.J 0 0 .. +J 0 ·-1 QI Ill Ill :J Ill ,... !. a. Description -◄ C .0 ~ 

0 C :) <I E :Jl·ol r.. Cl,_, 
111•-1-4 (J) • II -4 :J :> a. !.. • u .,I +l X 
□~ ..J 0 :, -4 u a:, E 0 .! C ..., ~ <I 

0 ·-I a, :J I- mo u 0 a. □ C a. u :> 
r.. Cl z u QI 

..., GI,._, 0 0 111 0 
a:: 0 I: u Q) 

- . . 16- inch ASPHALT; 
- I 
- CLAYEY SAND; Fine . -
- -- - SC FILL 
- · -- -- -
- -5_ - -- SANDY SILT; Brown, damp, ve~ dense, non-plastic fines, - ML AS 1 s 22 8" / 11" 7 6 
- fine sand, micaceous. - - 50/ 5" 
- -

=1 
CLAYEY SILT; Yello wish brown, low to medium plasticity, -

micaceous, with very fine sand. -- ML A4 
-

10- : TOP OF PUENTE FORMATION . - ~ 

- : SANDY SILT(STONE); Olive brown , damp, dense, thinly - Tpo 2 D 12 6" / 12" 7 91 32 6 - ' bedded , lenses o( very fine micaceoua sand(stone), - .....- 15 - . moderately weathered, oxidized . Dip approximately 5 -
- . 

deg . Very stiff, medium plasticity , clayey silt(stone) at = --: tip . -- : -- (Cuttings indicate clayey soil at 14 feet .) -
- -15_ - -
- CLAYEY SILT(STONE); Yellowish bro wn , damp, hard , low - Tpo 3 s 13 11" / 18" 7 7 - plasticity , t hinly bedded, moderately weathered , - 29 - oxidized, lenses of sand and plastic clay . Dip - - 45 - -- approximately 5 deg. -
- -
- (Increasi.ng sand content at 18-1/2 feet. ) -
- --~ -

20 _ - --~ CLAYEY SILT(STONE); Olive brown, damp, hard , low to - Tpo 4 D 21 6" / 11" 7 94 28 6 
- . medium plasticity , micaceow, mode rately weathered, - - 50 / 5" 
- oxidized , trace very fine sand(stone) . Dip --~ -
- approximate ly 5 deg. -- --~ -
-~ -
-~ -

25 -
- · SANDY SILT(STONE); Brown, damp , very dense, low - Tpo 5 s 20 9 8 
-- plasti city, fresh , fine to very fine sand(stone). Dip - 22 -- approximately 5 deg . - 50/ 4'' - -
- -
- · -
- -
- - -~n 



FIGURE A-2. LOG OF BORING Pll- 25 
Projec t Name : METRO RA IL - PHASE II - LOS ANGELES 

Project N~r: 89-409 Boreho le Nurrber: 

Descrip tion 

CLAYEY SILTST ONE; Dark olive gray, damp, hard, 
medium p]3.4ticity, fresh, cemented, inte.rbedded with 
very dark grayish brown fine sandstone . Dip 
approximately 5 deg. 

(Oil in mud tank at 33 feet .) 

C 
-~ 0 

(/] 111 · --i 
(.) ill +-I 
1/J II II 
::, -t u 

(.) ·-i 
~ 

Pll- 25 
u 

·-i 
[Jl+J L 
0 ·-i • • 3 +J 
-t C LI 0 C 
O::l e :a -I J 

III 0 • J I- (.) (!I z 
Tpf 6 D 40 

50/3" 

I 
= The Eartf,. Technologl/l 
... Corporation I 

2 of 

:a L 
II " +-I ..... 
) <I e Jl·-i ~ 

0 :> Cl. L ■ U 
0 Cl. □ C u a, ...., 

II 
□ 

6" / 9" 10 99 

Same as above. Dip approximately 10 deg. Tpf 7 S 33 8" /10" 
50/4" 

CLAYEY SILTSTONE; Dark olive gray with dark olive Tpf 8 D 60 5"/8" 10 
brown, damp , hard , cemented, micaceous , medium 40/2" 
plasticity, fresh, interbedded with dark brown 
sandstone. Dip approximately 5 deg. Hydrocarbon and 
slight sulfur odor . 

SILTY CLA YSTONE; Dark olive gray with olive brown, Tpf 9 s 36 8" / 13" 10 
damp, hard, medium to high plasticity . Dip 44 
approximately 5 deg. 20/1" 

Same as above. Tpf 10 D 30 6" / 10" 10 1D2 22 
70 / 4.5'' 

' SlL TY CLA YSTONE; Dark olive gray, damp, hard, slightly T pf 11 S 37 ll" /1 2" 12 
12 1 

cemented, micaceous , medium to high plasticity, fresh, 50 
interbedded with fine sandstone, Dip approximately 5 

J 
deg. Sulfur odor. 

SILTY CLA YSTONE; Dark olive gray with olive gray , damp, Tpf 12 65 6" / 7" 12 
hard, micaceous , interbedded with fine sandstone. Dip 35/ 1" 
approxjmately 5 deg. 

(5 -inch thick hard layer at 6-4 feet .) 

Same as at 60 feet . Tpf 13 p Push 28" / 28" 12 108 18 12 
260 psi 
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FIGURE A- 2. LOG OF BORING Pll-25 
= The Earth Technology 
.._. Corporation 

Pro ject Name: METRO RAIL - PHASE II - LOS ANGELES 

Pr oject NLfllbe r: 89-409 I Borehole Nunber: 

'.I 
=[$ 

75 -~ 

=~ 

- 1 "· 
- .• 

-
-

=~ ~ 
-~ ~ 

-~ ~ 

=~ 1--

Description 

Same as above. 
-

--
-

-
-

Same as above. -
-

--

(Drill chatter at 79 feet .) .:._ 
CLAYEY SILTSTONE; Dark olive gray to dark olive brown, -

damp, bard, low to medium pla3ticity, micaceous, trace -
very fine sand. Dip approximately 10 deg. = 

-
-
-

-
CLAYEY SILTSTONE; Dark olive brown , damp, hard, -

medium plasticity I micaceous, massive, fresh, lenses of -
gray sandy siltstone with non-pllllltic fine to very fine = 
sand . Dip approximately 5 deg. _ 

-
--

C 
I 0 

(I) •-I •-I 
u • .., 
(I) II e 
::> II U 

-I •-I 
u lo-

Pll-25 I Sheet 

u 
•-I 
Cl+J a ,-1 
-t C 
a :::i • CJ 

Tpf 

Tpf 

Tpf 

Samples 
.:JI 

L L • QI 3 +J • ..D a. 0 C :> 
E JI -I :J a 
:J ~ m o u 
z (J • II". 
14 D 45 5" /9" - 55/3" 

15:S:: 84 4"/6.5" 

-16 D ,--

16/0.5" 

48 
52/ 3" 

6" /9" 

Tpf 17~ 82 6"/7" 
18/1" 

,.. 
<I E 
::> a. 
0 a. ..., 

18 

18 

18 

18 

3 of 3 
-g ,.. 

:JI ~ .., J E 
0 a. i,.I,.. 

:J i,., L Q. :J ·-1 It-
+I +IX Cl ..., 

L II U 
■ C..., ~ <I 

0 C Q. u ::> . ..., ·-1 a 
~o a ~ u 

102 21 16 

16 

15 

14 

00~~~ - -
-l"". ----=Sc::a:.:.;m:.:ce=--=as=--=a:.::bc::o-'-v-=e=--=.cM.:.;e:.:d:.:i-=u.::m.:...:.to::....:;h~ill"'h~o:.:;las=t..,ic:.:i;:..tY'-"-'---------=i--- --~1--T=-=-Pf ~.c.18=-..:D::..i.-_4.:..cl=--..,.....-=-6~" fc.:8::.."~ ---=lc::2'--+---~1----+-=.;l 2=-+ 
- BORING TERMINATED AT 90 - 2/ 3 FEET. - 52/2" 
- NOT E: This borehole log is based on fie ld classification and = 
- visual soil description , and is further modified to _ 
- include results of laboratory classification tests , where -
- available . This summary applies only at the location of -

this boring and at the time of drilling. Subsurface = 
conditions may differ at other locations and may _ 

- change at this location with passage of time . The data -
presented is simp lification of actual conditions --- encountered . The stratification lines represent the = 

- approximate boundary between subsurface material _ 
- types and the transition may be gradual . -
- -

-

-
-

-
-

- --- -- -
-

-
105 _ 

--
-

-
-

-
- -
-

111n - -
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PROJ ECT NO .: 89-409 = The Earth Technology Vermont/Santa Monica fliiii Corporation 
Station and Tunnel 

Location of 
Borehole Pll-25 

5-90 FIGURE A - 2A 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

FIGURE A- 3. LOG OF BORING 
Pro ject Name: METRO RAIL - PHASE II - LOS ANGELES 

Pro ject Numbe r : 89-409 I Borehole Nunber: Pll -26 

Pll-26 
= The Earlh Technology 
... Corporation 

sheet 1 of 3 

Borehole location: BA Storage; Vermont Ave. & 101 Fwy Elevation and Datum(feet ): 293 

Heal th and Safety: Upgraded Level D Date Started: 6/ 30/ 89 Oate Finished : 6/ 30/ 89 

Drill ing Equ ipment: Mayhew Total 101.0 Oepth to : 3.5 Depth(feet): Bedrock( feet): 

Dr il l ing Method: Rotary Wash Borehole Diameter: 5-inch 

Dr illing Flui d: Bentonite Mud 
Hanmer Information: 
SPT Ham mer: 140- lb an d 30-i nc h drop. 
DOWNHOLE Hammer: 295 - lb and 18-ioch drop. 

Description 

r=l!!l! 8-inch ASPHALT oavement . 
- ~ 8 - inch BASE COURSE. 

-
- ~--- ..... 
- · 

- · 

- . 

- : 
- · 
- · 

GRAVELLY SILT. 

TOP OF PUENTE FORMATION. 

SILT(STONE); Light olive b rown, damp, very stiff, highly 
oxidized, low plasticity , trace mica, trace very 
fine - grained sand(stone), thinly bedded, trace white 
material on bedding planes . Dip nearly horizontal. 

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

-

Piezometer 
Insta l la t ion: 
Logged By: 

YES 

Bruce Schell 

C u 
I 0 ... 

1/) . .. . .. (]l.,J L 
U II .I O •-i QI [ 3., 
IJl • Ill -I C ..a 0 C 
::> II U -I J 0 :J E Jl -! , .. QI J I- mo 

(.) ,._ 
(!J z (.) 

-
ML A3 1 B 

-
-Tpo 2 s 3 

4 - 7 

-

Depth (feet): I 00 
Checked By: 

Ma hi Galagoda 

Samples 
:n JI QI ... 
L L C 
QI - .iJ -
::, <I E Jl·-i ,._ J QI -

:> a. L Ill U .1., X 
0 0 a. 0 C a. Ill C ,.., u ... 0 
QI 

..., QI ..., 

a: 0 ~r.:, 

11" / 18" 3 

SILT(STONE); Brown mottled wi th light olive brown and 
yellowish brown, damp, very stiff, oxidized , low 
plasticity, trace very fine-grained sand(stone) . Dip 
approximately 5 deg. 

- Tpo 3 D 11 10" / 12" 4 
- - - 17 
- -

-
- · -

-
-
-

- . -
15------------- ---- -----------t----+----+ 

_:;:::::r;:= SILTY CLA Y(STONE); Dark brown mottled with brown and - -
- ~ olive b rown, damp, hard , oxidized , low plasticity , -
-§ micaceous, ~race very fine- to fine -gra ined sand(stone).: 
_ ____:_ Di p approximately 5 deg . _ 
§E 

20 - ~ 

-

- . 
- · 

- : 

-

SILTSTONE; Dark gray , damp, hard, fresh , low plasticity, 
micaceous, trace very fine-grained sandstone . Very 
hard , highly cemented piece in the middle of the 
sample . Dip approximately 2 deg. 

-
--
-
--
-

-

Tpo 4 S 

-
Tpf 5 D -

25 -,..M.11,.11,.1!--------------------- ----+--- -+---+ _ 
- SILTY CLAYSTONE; Dark gray , damp, hard, fresh , medium - Tpf 6 S 
-S::::: to high plast icity , micaceous. Dip approx imately 5 deg. -

:I 
=e 

~fl- ~ 

-
--
--

10 
25 
25 

25 
40 

24 
50 

12"/18" 4 

8" / 12" 4 

12"/12" 6 

'l] 
c~ 
:::i e 
0 a. 
L Q. 
Cl ,.., 

.:,: <I 
u :> 
111 0 
m 

3 

3 

3 

3 

3 
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FIGURE A-3. LOG OF BORING Pll-26 

= The Earl!, Technolol 
-. Corporat,011 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project Nuiber: 89-409 Borehole Nunber: Pll-26 Sheer 2 of 

Description 

C u Samples 
-~ 0 ·-I :JI f +J (J} • •-I [J+J I. 

3 +J 
I. ........ :J C u • +J 0·-1 GI • Ill <I E :ll ·-1 ~ 

(J} ... -t C .0 a. 0 C :> +J Ill 
::i -I u o::i E :JI -I :J 0 ::> a. !.. • u • +J. 

u ... • :J I- mo u 0 a. 0 C: a. .... a 
~ CJ z () Ill 

GI ...., 
Ou 0 

Same as above. Tpf 7 D 52 6"/6" 4 

SILTY CLAYSTONE; Dark gray, damp, hard, medium T pf 8 s 50 6"/6" 3 
plasticity , trace mica, trace fine- to very fine-grained 
sandstone. Dip approximately 5 to 10 deg. 

CLAYEY SILTSTONE; Dark gray , damp, hard , fresh , t race Tpf 9 D 50 4"/6" 3 3~ 
mica, trace very fine- to fine - grained sandstone. Dip 
approximately 5 to to deg. 

Same as above. Less sand . Tpf 10 S 37 ll" / 12" 3 3 
50 

SILTY CLA YSTONE; Dark gray, damp , hard , fresh, mediu m Tpf 11 D 50 5" /6" 4 •• to high plasticity , trace fine - grained sandstone. Dip 

I approximately 5 deg. 

Same as above. Medium plasticity , trace very fine sand . Tpf 12 S 40 10" / 10" 6 4 
50/4" 

Same as above. Medium to high plasticity . Tpf 13 D 50/ 5" 4"/ 5" 6 4 

Same as above . Tpf 14 S 50/5" 4" / 5" 4 4 
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FIGURE A-3. LOG OF BORING Pll-26 
m The Earth Technology 
..._ Corporalion 

Pro ject Name: METRO RAIL.,. PHASE ll - LOS ANGELES 

Project NLrOOer: 89-409 Borehole Nunber: 

Description 

CLAYEY SILTSTONE; Dark gray, dry, ha.rd, fresh, medium 
to high plasticity, cemented and fractured . Dip 
approximately 10 to 20 deg. 

CLAYEY SILTSTONE; Dark gray, d ry , hard, fresh, medium 
to high plasticity . Dip approximately 5 deg. 

CLAYEY SILTSTONE ; Dark gray , damp, hard, fresh , 
medium plasticity, trace mica, lenses of light gray 
siltstone. Dip ap proximately 5 to 10 deg. 

SILTY CLAYSTONE; Dark gray , dam p, hard, fresh , medium 
to high plasticity, micaceous. Dip approximately 5 deg . 

Same a..s above . High plasticity . Dip approximately 10 deg. 

Same as above . Weak cementation. 

Same as above, Medium to high plasticity , micaceous . Dip 
nearly horizontal. 

BORING TERMINATED AT 101 FEET. 
NOTE: This borehole log is based on field classification and 

visual soil description, and is further modified to 
includ e results of laboratory classification tests, wh ere 
available. This summary app lies only a t the location of 
this boring and at the time of drilling. Subs urface 
conditions may differ at other locat ions and may 
change at this location with passage of time. The data 
presented is simplification of actual conditions 
encountered . The stratification lines represent the 
approximate boundary between subsurface materi al 
types and the transition may be gradual. 
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' 
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0 

TOTAL DEPTH OF CASING (Dl) 

DEPTH TO BOTTOM OF BOTTOM SEAL (D2) 

DEPTH TO TOP OF BOTTOM SEAL (D3) 

DEPTH TO BOTTOM OF WELL SCREEN (D4) 

DEPTH TO TOP OF WELL SCREEN (D5) 

DEPTH TO BOTTOM OF TOP SEAL (D6) 

DEPTH TO TOP OF TOP SEAL (D7) 

WELL CASING DIAMETER 

WELL SCREEN SLOT SIZE 

FILTERPACK SAND TYPE 

BENTONITE SEAL TYPE 

TRAFFIC BOX 
( POMECOTM ) 

r//• ....... ---- CEMENTi BENTONITE GROUT 

~,.,.. ____ BLANK PVC CASING 

BENTONITE SEAL 

. -
•. ·,'. :-: .•· . 
.. . . --- .. . 

. : . =-=. -
- ~◄. ~.-----SCHEDULE40 

• • - - PVC FLUSH THREADED . -- - . 
• • - • CASING (S LOTTED ) 

·. ·,. === :·: 

. =-= .. ·. 

-----FILTER PACK SAND 

THREADED PVC END CAP 

= 102 .6 

= 100.0 

= 75 .2 

= 73.0 

= 70.0 

45.0 

= 42.5 

40 .0 

= 2 

= 0.02 

= NO. 2 

= 

= T he Earth Technology 
liiiiii Corporation 

FEET 

FEET 

FEET 

FEET 

FEET 

r' EET 

FEET 

FEET 

INCH 

INCH 

MONTEREY 

HOLE PLUG 
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I 
FIGURE A-4. LOG OF BORING Pll-27 

C The Earth Tech11olog,I 
.... Corporaiwn 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

I Project Nunber: 89-409 I Borehol e Nunber: Pll-27 sheet 1 of 3 

Borehole location: Vermont and 101 orth On-Ramp Elevation and Datum(feet): 310 

t Health and Safety: Upgraded Level D Date Started: 5/ 7/89 Date Fini s hed : 5/ 7/ 89 

Dril ling Equipment: Failing 750 Total 96.5 Depth to: 4.5 Depth(feet): Bedroclc(feet)": 

1 Dril li ng Method: Rotary Wash Borehole Diameter: 5-inch 

Drilling Fluid: Bentonite Mud Piezometer NO Depth(feet): --Installation: 

1 Hanmer Info rmation: Logged Sy: Checked By: 

SPT Hammer: 140-lb and 30-inch drop. 
DOWNHOLE Hammer: 295- lb and 18-inch drop. Pierre Charles C. Marshall Payne 

C u Samples •.; §1 .c;; I :I -~ 0 •◄ -t :a (I') • •◄ CJI.J I.. .;-1..c: oa.. .J111.CD 0 ·◄ II g_ 3 ,f,J Ill 
,.... 

Description u • .; ~E :JI ·◄ (o.. :::i m,.... i.. a.. Cl. QI I+' 0 (I') • 111 ""'4 C: .c 0 C :> 
I..UIU~.JX:]' "'' • (o.. ◄ ""'4 ::> ""'4 u a::> E JI ""'4 :J 0 :> a. 

0..., ....I 0 
u · ◄ m :J I- III 0 u a a. 0 C: a.. ·◄ C: ..., 0 

(o.. CJ z u Ill 
..., 

Ill'-' 0 0 111 
Q'. 0 I: U ID 

• \4-inch ASPHALT ; - 1 -- FILL; Clayey ,oil, organic . - I - -
- s - FILL 
- -
- FILL; Coarse grained , less organic -
- 1 VI' ur· J-'Ut;N 1·t; FORMA'nUN . 

' ~ 
-~ -

5-~ - -- CLAYEY SILT(STONE) ; Yellowish brown , damp , hard , - Tpo 1 s 8 18" / 18" 5 
- medium plasticity , oxidized, poorly ce_mented , - 15 - in t erbedded with 2-1 / 8-inch thick well defined - - 25 

~ 
- sand(stone) beds, carbonated. Hori~on tal bedding. -
- -
- ' -
- -
- -
- -

5 11 
10_ - -

- · CLAYEY SILT(STONE) ; Yellowish brown, damp , hard, low - Tpo 2 D 15 6" / 12" 7 93 29 
- plasticity, oxidized, interbedded with 1/ ◄ -inch thick - - 24 - sand(stone) beds at 1 to 2-inch spacing, well - bedded, -
- -
- lenses of sandy silt(stone) and very fine - grained - I ' -

' 
sand(stone), trace rusty stains. Dip approximately 15 -

- . to 20 deg. -
' - -

- -15- , - -
5 u - SILTY CLAY(STONE)-CLAYEY SILT(STONE) ; Light olive - Tpo 3 s 9 18" / 18" 12 

- brown mottled with yellowish brown and light olive - 16 - gray , damp, hard, medium plasticity , oxidized , - - 23 - -
- well-bedded, interbedded with 1/ 2- inch thick -
- sand(stone) beds. Dip approximately 5 deg. -

,i - -
- -- -20 _ - -- CLAYEY SILT(STONE) ; Light brown, damp, hard , low - Tpo 4 D 36 6" / 12" 12 89 34 
- . p last icity , micaceo us , oxidized , interbedded with - - 52 - sand(stone), black traces in sand(stone) . Brown , -
- -- nonplaatic, micaceous, fine- to very fine-grained silty - I - sand (stone) at top. D ip approximately 5 to 10 deg . -
- -

~ 
- -
- -

25_ - -- CLAYEY SILT(STONE) ; Light brown, damp , hard , low to - Tpo 5 s 12 14" / 14" 18 5 
- medium plasticity, ox idized, interbedded with 1/ 8 inch - - 32 
- thick sand(stone) beds . Dip approximately 5 deg. - 30 / 2" 

- (Dark brown cuttings and harder drilling at 27 feet .) -
- -
- -
- -

JI - -<In 



I = The Earth Technology 

I FIGURE A-4. LOG OF BORING Pll-27 
-. Corporation 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

I Project Nuntier: 89-409 Borehole Nl.lllber: Pll-27 Sheet 2 of 3 

C u Samples ,._ 

.C:,.. I :I -~ 0 ·-I JI E 
IJl,i.J L L a. ,iJ ,iJ .C OI ti) . .... 
0 · -I • • 3 .µ II 

,._ .µ,.... a. 

I 
a.. 0 Description Cl •-1,,1 

--i C .c 0 C :> <I E ::Jl ·-1 r,.. ~ . . ... ..... ti) •• 
0::) E :JI ..... J 0 ::> a. L IA U <I 

0~ J 0 ::) ..... u • J ... Ill 0 u 0 a. 0 C ::> Cl •-I ,., 111~ .... CJ z Cl • 0 0 

SILTY CLAYSTONE; Dark gray, damp, hard, micaceous, Tpf 6 D 42 6" /10" 7 100 24 5 

I high pluticity, fresh, thinly bedded , weakly cemented, 58/4" 
interbedded with 1/4 inch thick fine - grained sandstone 
beda at 1-inch spacing. Dip approximately 10 deg. 

(Softer drilling at 31 - 3/ 4 feet.) 

I (Organic stains in mud tank .) 

SIL TY CLA YSTONE; Very dark gray, damp, hard, high Tpf 7 s 43 9"/9" 32 

I 
plasticity , micaceous, fresh, very weak cementation, 57 /3" 
interbedded with sandstone . Dip approximately O to 5 
deg. 

(Organic stains in cuttings.) 

I CLAYEY SILTSTONE; Very dark gray, damp , hard, medium Tpf 8 D 39 6" / 11" 62 5 
plasticity , micaceous, fresh , interbedded with 1/ 2-inch 61/5" 

I 
thick beds of very fine - grajned , poorly graded 
sandstone, at 2 inch spacing, strong carbonation and 
cementation. Dip approximately 5 to 15 deg. 

(Softer drilling at 43 feet .) 

I OLA YEY SILTSTONE; Very dark gray , damp, hard, fresh, Tpf 9 p Push 9" / 12" 82 100 23 5 
micaceous, medium plasticity, weakly cemented. 275 psi 
Horizontal bedding. 

I (Organic stains in cuttings at 48-1 / 2 feet .) 

I SILTY CLAYSTONE; Dark olive gray, damp, hard , fresh , Tpf 10 D 50 6"/ 10" 12 97 25 5 
medium to high plasticity , interbedded with very 50/ 4" 
rnicaceous, fine-grained , 1/ 4- inch thic k, sandstone 
beds, weak cementation . Dip approximately O to 10 

I 
deg. 

Same as above. Horizontal bedding. Tpf 11 78 611/70 9 5 

I 22 / 1" 

(Drill chatter at 57-1 / 2 feet . Cemented fragments in 

I 
cuttings .) 

CLAYEY SILTSTONE; Very dark gray, damp, hard , fresh , Tpf 12 50 / 5" 3" / 5" 10 104 17 5 

I 
medium plasticity, t race mica , thinly interbedded with refusal 
very fine-grained sandstone, poo rly cemented . 

(Softer drilling at 63 feet . Cuttings indicate clayey soil.) 

I CLAYEY SIL TSTO E ; Very dark gray, damp, hard , fresh, Tpf 13 P Push 30"/30" 160 105 20 5 
medium plasticity, micaceous , interbedded with 250 psi 

I 
sandstone . 

I 
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FIGURE A-4. LOG OF BORING Pll-27 

C The Eart!z Technologll 
• ._ Corporal1011 I 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project Numer: 89-409 I Borehole Number: 

-
-~ -~ 
-~ 
-
-
-
-
-

75 _ 
-~ 

~ -
-
-~ 
- ~ 
-~ 
- ~ -~ -~ 

~ 

80 
-
----~ 
-
-
-
-

85 
-~ 
-~ 
-~ -~ 
-
-~ 

- · 
-· 

90_ : 
-· 
- . 
- . 
- . 
-
- · 

- · 
- · 
- ' 

Description 

CLAYEY SILTSTONE; Very dark gray, damp , hard, fresh, 
medium plasticity, interbedded with 1/4-inch thick 

---bed• of very fine, micaceous sandstone, weakly 
carbonated, pocket of nonplastic gray sandy siltstone, : 
oil stains and strong hydrocarbon odor . --

-
-

CLAYEY SILTSTONE ; Very dark olive gray, hard, fresh, 
medium plasticity, micaceous, interbedded with thin, -
micaccous sand.atone beds, no cementation, some oil 

-

--stains, strong hydrocarbon odor. -

-

-
CLAYEY SILTSTONE; Very dark grayish brown , damp, -

hard, micaceous, fresh , medium plastic fines, -
interbedded with 1/4 - 1/2 inch thick beds of micaceous,-
fine- to very fine-grained sandstone, moderately = 
carbonated, strong gasoline odor. -

---
CLAYEY SILTSTONE; Very dark gray , damp, very hard, -

low to medium plas ticity , micaceous , fresh , interbedded­
with 1/ 2- inch thick beds of very fine- to fine-grained = 
sandstone beds, cemented bedding planes , moderately _ 
carbonated, alight gasoline odor. 

(Harder cemented fragments in cuttings at 88 - 1/2 feet.) -

(S light drill chatter, hard fragments in cuttings at 90 feet.) -
SILTSTONE; Very dark gray , damp, very hard , fresh, -

interbedded with sandstone, one vertical fracture in the­
sample filled with black tar. Dip approximately 5 to 10 = 
de~ -

(l/4-foot thick very hard layer a.t 93 feet .) -
--

Pll-27 I Sheet 3 of 3 I 
Samples ~ -

1---.----..---,--------.------r-::Jl----r-.11,-.._,---i :J E 

+'- Le □, 
:JI 

L I. • Ill 
.0 ~ E 
:J f.-z 

Tpf 14 ID. 

..-
Tpf 15 S ..-

3 .j..l 

0 C 
--1 :J 
Q] 0 

0 

57 
43/1.5" 

53 
47 / 2" 

• :> 
0 
u • tr 

6" /7.5" 

Tpf 16[o: 70 6" /T' 
30/1" 

Tpf 11[£: 64 
36/ 1.5" 

Tpf 18 r:o: 88 5" /6" 
12 / 0 .2" 

"" <I E 
::> IL 
0 IL ..., 

300 

500 

480 

750 

700 

:Jl •-t fo.. :J a,"" L 
LIIIU+'+JX □I 
0 C 0.. .~ C..., ~ 

Ill..., 0 0 ra 0 
0 :r-0 [I] 

I 
97 27 5 

I 

I 
96 22 

95 
--f..lL..IL.ILI'I--S-IL-T-ST_o_N_E_; -V-ery--d-ar_k_ g_ra_y_,_d_am_p_,_v_e_ry_ h_a_r_d_r_o_ck-------1-----+--T-p_r_ ... 1_9.+W--+1-o_o_/_2_.s--1•-o_"_/_2 ._5_" -1---9-5--.---+--+--5 J t fragments in cuttings, moderately carbonated . -

-
-
-
-
-
-100_ 
-
-
--
---
-
-

105_ 
-
-
--
-
-
-

BORING TERMINATED AT 95 - L/ 4 FEET. = 
NOTE: This borehole log is based on fie ld classification and -

visual soil description, and 1s further modified to -
include resu lts of laboratory classification tests, where -
available . This summary applies only at the location or_: 
this boring and at the time of d rilling. Subsurface -
conditions may differ at other locations and may -
change at this location with passage of time . The data = 
presented is simplification of actual conditions _ 
encountered. The stratification lines represent the -
::.pproxim .. te bound"ry b"tween subsurface material -
types and the transition may be gradual. = 

----
-
-
-

II 
II 
II 
II 

-
11,n -........._.___. _ ____ ____.___= ______.____..____,___,______._________._____.______--'-------'----~ I 
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I = The Earth Technology 

FIGURE A-5. LOG OF BORING Pll-28 
._ Corporation 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project Nunber: 89-409 Boreho l e Nunber: 

Borehole location: Clinton St. and Vermont Ave. 

Heal th and Safety: Upgraded Level D 

Drilling Equipnent: Failing 750 

Drilling Method: Mud Rotary 

Ori l ling Fluid: Bentonite Mud 
Hanmer Information: 

SPT Hammer: 140-lb and 30-inch drop. 
DOWNHOLE Hammer: 295-lb and 18-inch drop. 

Descrjption 

SILTY SAND ; Dry, fine to medium sand. 

SILTY SAND ; Dry, trace clay. 

TOP OF PUENTE FORMATION. 
SILTY SAND(STONE) / SANDY SILT(STONE); Yellowish 

brown , damp, very dense, non plastic to slightly plastic 
fines, fine- to very fine-grained sand(stone), 
weathered, cemented, trace clayey silt at bottom of 
sample. 

SILTY CLAY(STONE); Olive brown mottled with yellowish 
brown, damp, hard, weathered , high plasticity, 
micaceous, trace very fine-grained sand(stone), thinly 
bedded, horizontal bedding. 

SILTY CLAY(STONE); Olive brown mottled with yellowish 
brown, damp, hard , oxidized, medium to high 
plasticity, pocket of sandy silt(stone) at bottom. Dip 
nearly horizontal. 

SILTY CLAY(STONE); Yellowish brown to ol ive brown, 
damp, hard, low to medium plasticity , oxidized, 
interbedded with fine cemented sand(s tone). Horizontal 
bedding . 

SILT(STONE); Yello wish brown to olive brown , damp, very 
dense, locally cemented, slightly plastic, interbedded 
with fine sand(stone), sulfur odor . Horizontal bedding. 
Clayey silt(stone) at tip of sample; Hard , low to 
medium plasticity, micaceous. 

Pll-28 s heet _ _..;;1;..__0f ------"3-----, 

Elevation and Datum(feet): 294 

Date Started: 3/ 30/89 Date Finished: 3/ 31 / 89 
Total 
Oepth(feet): 67.5 

Borehole Diameter: 5:...inch 

Piezometer 
Insta l lation: 
Logged By: 

NO 

Depth to : lO O 
Bedrock(feet) : • 

Depth(feet): --

Checked By: 

Kean Tan C. Marshall Payne 

C 
-~ 0 Ill UI .,➔ 

0 .... 
Ill ti II 
=> ~ u 
o • .,➔ 

r,... 

SM 

u ... 
[ll.µ l.. 
O ·--t QI QI 
-t C ..0 
0 => E J1 
II :::J ~ 

CJ z 

AS 

Tpw 1 D 

Tpw 2 S 

Tpo 3 D 

Tpo 4 S 

Sam les 
l.. 

3.., • 0 C ::, <I E 
-I ::J 0 ::> a. 
ID 0 0 a. u (.) 

II 
0:: 

16 7" / 12" 5 
50 

13 16" / 18" 5 
24 
29 

22 
50 

7" /12" 5 

33 12"/ 18" 5 
20 
28 

Tpo 5 D 28 7" / 11 .5' 6 
72 / 5 .5" 

"'Cl 
C 

JI f +J 
:J 
0 +J,.. 

::J ~,.. l.. 
:JI · -➔ r,... 01-
l.. U1 u +J+J X 

~ <I 0 C ll. U1 C -.., 
QI -.., . ,➔ 0 u 

ra 0 ~(.) ID 

86 40 5 

5 

I 
97 25 s 
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FIGURE A-5. LOG OF BORING Pll-28 
= The Eartft Technology 
.. CorporaJwn 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project Nurber: 89-409 I Boreho le Number: 

-
--
-
-
-
-

-
----
-
-

40_ 

-
--
-
--

-
-
-

-
-

50_:: 

-
-. 

-
- ·, 
--~ 
-~ 
-~ 
- ~ 

60-~ 
~ -~ 

-~ 
-

-

-
-

Description 

CLAYEY SILTSTONE; Dark olive gray, damp, hard, fresh, -
cemented, medium plastici ty, interbedded with fine -
sandstone. Dip approximately 5 deg. -

-
(Drill chatter at 32-3/4 feet, 2-inch thick hard layer.) -

-
-

CLAYEY SILTSTONEi Dark olive gray , damp, hard , medium -
plasticity, cemented, micaceous, interbedded with -
sandstone. Dip approximately 5 deg. : 

-
-

-
--

Same as above . Medium plasticity . 
-
-
-
-
-

Same as above. -

-
(Hard drilling at 47 feet.) --

-
-

-
Same as above. Medium to high plasticity . -

-

-
-
-

--
Same a.s above . Medium plasticity, well ceme nted . -

-
-
-. 
-
-
-
-

Same as above. Dark olive gray, lenses of light gray sandy . 
siltstone. • 

-
(Very slow drilling, cuttings indicate very hard material at 6 2 = 

feet.) -
-
--

Same a.s above. Highly cemented. 
-

-
BORING TERMINATED AT 67-1/2 FEET . -
NOTE: This borehole Jog is based on field classification and -

visual soil description, and ts further modified to : 
~ ...... 1, • .-1.a •a11u,lttl' nf i .... 1.. .... __ • r_l . ,.. ... ;,..,....,. t.6.,q,f:q wh.a. -

Pll-28 I Sheet 

Tpf 6 S 32 
50/5' 

10" /11" 6 

Tpf 7 to: 60/5 .5" 2" / 5.5" 

Tpf 8 P Push 24" / 30" 
350 psi 

Tpf 9 ~ 106/5" 2" /5" 

Tpf 10~ 50/4" 4" / 4" 

5 

5 

10 

120 

Tpf 11 D Push 24" / 30" 60 
350 psi 

I--

Tpf 12l=s= 50/3 .5" 3" / 3.5" 80 

T pf 13 P P us h 9" /30" 80 
350 psi 

2 of 3 

5 

5 

102 22 5 

5 

5 

102 23 5 

5 

5 



FIGURE A-5. LOG OF BORING Pll-28 
Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project NUllber: 89-409 Borehole Nunber: 

Description 

available. This summary applies only at the location of 
this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may 
change at this location with passage of t ime. The data 
presented is simplification of actual conditions 
encountered. The stratification lines represent lhe 
approximate boundary between subsurface material 
types and the transition may be gradual. 

Pll-28 
u 

·-i 
Cll+J a · -i 

--i C: 
a ::i • Cl 

I. 
Ill Ill 

.D 
E :JI 
:, ... 
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3 +J 
a c: 

--i :, 
ma 

() 

C The Eartft Technolog' 
-.. Corpora110n 

I. • ::> 
a u • 
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:> a. 
0 a. 
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FIGURE A-6. LOG OF BORING 
Project Name: METRO RAIL - PHASE: II - LOS ANGELES 

Project Number: 89-409 I Borehole Number: Pll-29 

Pll-29 
= The Earth Technology 
-. Corporation 

s heet -------"1'--_ of ------'3'---l 

Borehole location: Vermont Ave. and Melrose Ave. Elevation and Datum(feet): 301 

Heal th and Saf ety: Upgraded Level D 

Ori l ling Equipment: Failing 750 

Date Started: 5/ 6/ 89 

Total 
Depth(feet): 81.0 

Da te Finished: 5/ 6/ 89 

Depth to: 
Bedrock(feet): 9.0 

Drilling Method: Mud Rotary Borehole Diameter: 5-inch 

Or i l ling fluid: Bentonite Mud 
HalTlller Information: 

SPT Hammer: 140-lb and 30-ioch drop. 
DOWNHOLE Hammer: 295-lb and 18-inch drop. 

Description 

-----=-: 8-inch ASPHALT. 
- '/ ' '\2 - inch BASE COURSE . 

= ;~ 1 
-v ~ 
_v ~, SILTY CLAY; Dark brown , micaceous, trace sand . F ill 
- .,, , material. 

-
-. 
- · 

- . 

CLAYEY SAND ; Dark yellowish brown, moist , very dense, 
fine to medium sand, lo w to medium p lasticity fines. 

(Very hard layer at 8 .5 fee t, sand and gravel in cuttings.) 

-

-
-
-

-

-

-
-

Piezometer 
lnstal lation: 
Logged By: 

NO 

Pierre Charles 

C u 
-~ D -~ 

(I).-~ Cl+J I. a-~ Ill II 3 +I U UI +I 
-i C .c a. 0 C (I)• Ill 
0::, E :JI -i J ::,-i u 

0l 0 u·~ Ill J I- (.) "- (!J z 

CL FILL 

-
SC· A4 1 s 15 

16 - 27 

GP A3 
- t:,;;;;,ft::l,------------ --------~=!----+---~ 

10 t::= TOP OF PUENTE FORMATION . _::: 

-1: t I SILTY CLAY{STONE); Y,llowi,h b,owo to light oli., brown, -
- . . moist, very stiff to hard , low to medium plasticity, -
- • .• highly weathered, massive, some cemented nod ules , = 
_ : trace organic material. Dip a pproximately 10 deg. _ 
- : . : -
~ -

15 - ~ 
-

-
• i Same as above. Hard . Dip approximately O to 5 deg. 

- • 

=I i:=::;::: 
-~ 

20 . 

-
- . 
-

-
-

- · 
'>n 

CLAYEY SILT(STONE) ; Yellowish brown to light olive 
brown , damp, hard, oxid ized , medium plas tici ty , 
in t erbedded with sand(stone) and sandy silt( s tone) . 

Same as above . Disturbed sample . No apparent bedding. 
Increased clay content . 

-
-

-
-

-

-
-
-
-
-

-

-
-
-
-

-
Tpw 2 D 

>--

..,_ 
Tpw 3 S 

..,_ 

Tpo 4 D 

>--
Tpo 5 S 

>--

13 
18 

13 
23 
30 

17 
23 

16 
36 
38 

Depth( feet): 80.0 
Checked By: 

C. Marshall Payne 
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-~ 0 u :::> 

QI Cl ~u 111 0 
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FIGURE A-6. LOG OF BORING Pll-29 
C The Earth Technology 
-. Corporation 

Name: METRO RAIL - PHASE II - LOS ANGELES 

NI.Jllber: 89-409 • I Borehole Nunber: Pll-29 I Sheet 2 of 3 
Samples lJ 

C u C,... 

-~ 0 ... :JI :JI ~ +I 
J e 

(fJ II •-t CJ"-' I. I. 0 a.. 
O·-t • • 3 +I II 

,... +I,... 
J i '°' I. a.. Description U UI "-' 

.-◄ C JJ g; 0 C ::> <I E :Jl·-t r,... D1 ~ (fJ •• ::> a.. I. UI U ""'""'x ::) ..... u 0::) E ..... J 0 0 a. 0 C C.. • c v .:I. <I 
() ... • J ... QJ 0 u ..., 

-~ 
• .. 0 u ::> 

Cl z u 
~ ~o r,... 

0 J! u 
CLAYEY SlLT(STONE)-SILTY CLAY(STONE) ; Mottled, - Tpo 6 D 7 6" /12" 5 5 

olive brown to yellowish brown, damp, very stiff, - - 20 
oxidi.ed, medium plutieity, fractured, moderately -
carbonated, interbedded with sandy siltstone and fine- : 
to very fine-grained sand(stone). Dip approximately O -
to 5 Deg. -

(Clayey cuttings at 32 feet .) --- ,__ 
CLAYEY SILT(STONE); Olive brown to yellowish brown, - Tpo 7 p Push 28"/30" 5 97 26 5 

damp, stiff, low pla.sticity, micaceous, oxidir.ed , - 185 psi 
interbedded with 1/8-inch thic.k beds of fine - to very --fine-g.rained sand(stone) . Horizontal bedding. - ---

-
-

- ,__ 
CLAYEY SILTSTONE; Dark olive gray to olive brown , damp,- Tpf 8 D 33 6" /10" 5 5 

hard, fresh, interbedded with very fine-grained - - 67/ 4" 
sandatone, micaceow, low pla.sticity . Dip --approximately O to 5 deg. ---

--
- ---.Same a.a above . Horizontal bedding. - Tpf 9 rs- 50/ 4" 4" / 4.11 9 5 
------
-
-
- tn: CLAYEY SILTSTONE; Very dark gray, damp, hard , fresh , - Tpf 10 100 3" / 6" 6 5 

medium plasticity, top 1 inch appears hard and -
cemented, and mechanically fractured. Dip -

-approximately 5 to 10 deg . ---
-
- -SANDY SILTSTONE; Very dark gray, damp, hard, fresh, low - Tpf 11 p Push 30" / 30~ 8 5 

pla.sticity, micaceous, trace fine to very fine sandstone. - 200 psi 
Dip approximately O to 10 deg . -

-
- --
-
-
- -CLAYEY SlLTSTONE- SILTY CLAYSTONE; Dark gray, - Tpf 12 D 57 6"/9" 9 104 18 5 

damp, hard, fresh, medium plasticity , trace fine --- 43 / 3" -
sandstone , moderate bedding. Dip approximately O to s: 
deg. -

(Organic stains in mud between 60 and 65 feet .) -
---

- -CLAYEY SlLTSTONE-SILTY CLAYSTONE; Very dark - T pf 13 :..s... 71 7.5" /7.5 6 5 
gray , damp, hard , fresh, low pla.sticity , micaceous, - 29/ l.5" 
interbedded with 2-inch thick sandstone beds . Dip --approximately O to 5 deg. -

(Drill chatter at 67 - 1/2 feet. [ndication of cemented -
mater ial.) -

--



I = The Earth Technology 

FIGURE A-6. LOG OF BORING Pll-29 
-- Corporation 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project Nunber: 89-409 Borehole Number: 

I :JI 
.c 0 

0 
....... 
.J 0 

Description 

Same as above. medium plasticity . 

(Hard layer between 73 and 74 feet . Cuttings indicate poorly 
cemented fragments.) 

Same as above. 1/8- to 1/4-inch thick sandstone interbeds. 

Same as above. strong gasoline odor. 

BORING TERMINATED AT 81 FEET. 
NOTE: This borehole log is based on field classification and 

visual soil description, and is further modified to 
include results of laboratory classification tests, where 
available. This summary applies only at the location of 
this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may 
change at this location with passage of time. The data 
presented is simplification of actual conditions 
encountered. The stratification lines represent the 
approximate boundary between subsurface material 
types and the transition may be gradual. 
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PROJECT NO .: 89-409 = The Earth Technology VermonVSanta Monica liiii Corporation 
Station and Tunnel 

Location of 
Borehole Pll-29 

5-90 FIGURE A-6A 



C 0 

TOTAL DEPTH (D) 

N 
Cl 

TOTAL DEPTH OF CASING (D I ) 

//,,...1----- CEME NT/ BENTONITE GROUT 

rAir,+-- -- BLAN K PVC CASI NG 

BENTONITE SEA L 

. _-_- .. . 
. : . =-= .'. ------ SCHEDULE 40 

• • -- - • .. PVC FLUSH THREADED 
•.·. -:- .. • .. . . . -:...- . . : CASING ISLOTTEDt 
.. --- • 

. . ·· -_- . ·.· 
_-_ . .. 

. - -. . - .. 

.. --- • 

• - ---- --FILTER PACK SAND 

= 82 .0 

= 80.0 
= 

FEET 
FEET 
FEET 

DEPTH TO BOTTOM OF WELL SCREEN (D2) 50.0 FEET 

DEPTH TO TOP OF WELL SCREEN (D3) 

DEPTH TO BOTTOM OF T OP SEAL (D4) 

DEPTH TO TOP OF T OP SEAL (D5) 

WELL CASING DIAMETER 

WELL SCREEN SLOT SIZE 

FILTERPACK SAND TYPE 

BENTONIT E SEAL TYPE 

= 
20.0 = 

= 18 .0 

= 16.0 
= 2 
= 

0.02 = 
= NO . 2 

= 

= The Earth Technology 
liii Corporation 

FEET 
FEET 
FEET 
FEET 

INCH 

INCH 

MONTEREY 

1/ 8" PELLETS 

PROJ ECT NO .: 89 - 409 

Vermont/Santa Monica 
Station and Tunnel 

Diagram of 
Piezometer Pll-29 

5-90 FIGURE A-6B 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

FIGURE A-7. LOG OF BORING Pll-30 
= The Earth Technology 
'-iii Corporaiion 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project Nuooer: 89-409 I Borehole Nunber: Pll-30 sheer 1 of 2 

Borehole location: Melrose Ave. and Vermont Ave. Elevation and Da t U11(feet ) : 298 

Health and Safety: Upgraded Level D Date Started: 4/3/89 Date Finished: 4/3/89 

Or i l ling Equipment: Failing 750 Total 56.0 Depth to: 10.0 Depth(feet): Bedroclc(feet): 

Dr i lling Method: Mud Rotary Borehole Diameter: 5- inch 

Dr illing Fluid: Bentonite Mud Pi ezometer NO Depth( feet): - -Instal l ation: 
Hamner Information: Logged By: Checlced By: 

SPT Hammer: 140-lb and 30-ioch drop. 
DOWNHOLE Hammer: 295-lb and 18-inch drop. Kean Tan C. Marshall Payne 

Samples "[] 

C u c---
J:. ~ I JI I C · --i c1 ::n Ill.µ ::i e 

(I) ·-4 •-4 (J.j.J I. a a. .j.J +I 
~ gi u • .j.J O ·--i Ill Ill 3 .j.J Ill '"' .j.J'"' I. C 

I. a. a. . Description (I) •• --i C .1l a. 0 C :) <I: E ::Jl·--i r.- :J Ill ~ rn ~ Ill ■ -4 --4 :::l. u 0 :::l --i :J a :::> a. I. Ill U +-' +-' X ..:s:. <I: a.._ JO E ::n 0 Q_ □ C a. -~ C ~ ...,, --i ·-4 • :J I- ID 0 u u :::> 
(.) "- C!I z (.) • ...., DI~ 0 0 111 0 

a:: □ I: CJ Q'.l 

10-inch ASPHALT. -- -- -- -
- - SM A3 
- SILTY SAND; Fine sand , trace clay . -
- -- -

5_ TOP OF PUENTE FORMATION . - >-
-~ CLAYEY SILT (STONE); Yellowish brown, damp, hard, - Tpw 1 D 17 8"/12" 4 4 

=-
micaceous, low plasticity , very weathered, trace very - ~ 26 

-" fine-grained sand(stone) . Sample at tip is oxidized. Dip-

- approximat ely 5 deg. = 
- (Cemented, oxidi11ed cuttings at 7 feet .) -
- -- • -- -

10 >-- CLAYEY SILT(STONE) ; Yellowish brown and light olive . Tpo 2 s 10 4 4 
- gray, damp, hard , oxidized, micaceous, low plasticity , - 19 
- weakly , locally cemented. - - 28 - -- -- -- -
- -
- -15_ - -- CLAYEY SILT (STONE); Yellowish brown to light o live gray, - Tpo 3 D 26 8"/ 12" 4 87 35 4 - damp, hard, oxidized, low to medium plasticity, trace - - 55 - mica and very fine sand(stone) , vertical fractures , -- -
- black stains on fractures. Dip nearly horizontal. -- -
- -
: 1 -

-
20_ ; 

CLAYEY SILT(STONE); Yellowish brown to light olive gray ,--:: 
,--

18" / 18" - Tpo 4 s 12 4 4 - damp, hard, oxidized, thinly bedded with sand(stone) . - 20 ' - ' Horizontal bedding. -- ' -
,-- 23 

- - -
- -
- -- -- -25 _ -
- CLAYEY SILT(STONE); Yellowish brow n to light olive gray , - Tpo 5 D 22 7" I 12" 4 90 32 4 -~ damp, hard , oxidized, low plasticity fines, micaceous, - - 40 -~ pocket of sandy silt(stone). One vertical fracture . -- --~ Horizontal bedding. -
-~ -- -- -

<in -~ -



I = The Earlh Technologv 

FIGURE A-7. LOG OF BORING Pll-30 
liliiiiii Corporalion 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Pro ject Ni.mber: 89-409 Borehole Nunt>er: 

Description 

SILTY CLAY(STONE); Light olive brown, damp, very stiff, 
medium to high pla.aticity, micaceous, oxidized , trace 
fme-gra.ined sand(stone). Dip approximately 5 deg. 

SILTY CLA Y(STONE); Yellowish brown to light olive gray, 
damp, hard, oxidi~ed, high plasticity, trace 
fine - grained sand(stone). Clayey ailt(atone) at tip of 
sample. Dip nearly horizontal. 

Same as above. 

SILTY CLAYSTONE; Dark olive gray, damp, very hard, 
fresh , well-bedded, medium to high plasticity fines . Dip 
nearly horizontal. 

Same as above. 

Same as above. 

BORING TERMINATED AT 56 FEET. 
NOTE: This borehole log is based on field classification and 

visual soil description , and is further modified to 
include results of laboratory classification tests , where 
available. This summary applies only at the location of 
this boring and at the time of drilling . Subsurface 
conditions may differ at other locations and may 
change a.t this location with passage of time. The data 
presented is simplification of actual conditions 
encountered. The stratification lines represent the 
approximate boundary between subsurface material 
types and the trnnsition may be gradual. 

C 
-~ 0 

(IJ • •◄ (.) • .µ 
(IJ •• 
::::l .... u 

(.) ·-1 
~ 

Pll-30 
u 

·-4 
[J.µ L L 
0 ·-1 • • 3 .µ Ill 

--i C .D ll. 0 C ::> <I E 
0 ::::l E JI .... J 0 :> 0.. 

• ::J ... mO u 0 0.. 
(!J z (.) Ill 

Tpo 6 p Push 26" /30" 4 
220 psi 

Tpo 7 D 30 10" /12" 4 

Tpo 8 S 

Tpf 9 

70 / 5.5" 

25 12" / 12" 
50 

100/5" 2" /5" 

Tpf 10 S 44 9"/10" 
50/ 4" 

Tpf 11 100/5" 3.6" /5" 

4 

4 

4 

4 

2 of 

:I ~ .µ 
+J~ J C 

:Jl ·-1 ~ .., QI 
L • U Ill.µ~ 
□ C ll. • ◄ C 111...., 0 0 
□ (.) 

97 26 

90 31 

99 32 

100 26 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Melrose Ave. 

• 
OJ 
) 
<I 

.µ 
C 
0 
E 
~ 
Ql 

::> 

N 

A 
I y 
I 

I I 4' 
~ - - - - 112' - - --i 
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PROJECT NO .: 89-409 = The Earth Technology Vermont/Santa Monica lliiiiiii Corporation 
Station and Tunnel 
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Borehole Pll-30 
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FIGURE A-8. LOG OF BORING 
Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project N~r: 89-409 I Borehole Nurrber: Pll-31 

Pll-31 

I = The Eartfi Technolol 
.._ Corpora1wn 

sheet __ l __ of __ 3_, 

Borehole location: Vermont Ave. and Marathon St. Elevation and Datt.m(feet): 300 

Heal th and Safety: Upgraded Level D 

Drilling Equipment: Failing 750 

Drilling Method: Mud Rotary 

Drilling Fl~id: Bentonite Mud 
Hanmer Information: 
SPT Hammer: 140-lb and 30-inch drop. 
DOWNHOLE Hammer: 295-Jb and 18-ioch drop. 

Description 

- ~~ ,3-INCH ASPHALT. 
- ~x . \ 

- ~~ FILL; Gravelly soil, trace organic materials. 

~ii 
---

-

SANDY SILT, 
CLAYEY SAND; Light olive brown , damp, very stiff, 

micaceous, medium plasticity fines, fine to medium 
sand 

TOP OF PUENTE FORMATION. 

1 
-
-
-
-
-

-
-

-------
-

-10_::f 
-::t 
-~ 

CLAYEY SlLT(STONE); Yellowish brown to light olive gray , -
damp, hard , oxidized , low plasticity, interbedded with -- , 

' - l / 8-inch thick beds of very fine sand(stone ), -
ca.rbonated . Horizontal bedding. -

-- -- -
- -

-Date Started: 3/30/89 Date Finished: 3/ 31 / 891 
Total 66.0 Depth to: 9.0 Depth(feet): Bedrock(feet): -
Borehole Diameter: 5-inch I 
Piezometer 
Installation: NO 
Logged By: 

ML 

SC 

Pierre 

u 
·-i 
Dl.iJ 
0 ·-i 

-4 C 
0:::, • C, 

FILL 

A3 

A4 

Tpo 

Charles 

L 

~ & 
E :II 
J 1-
z 

-l D 

-
2 s 

-

3 .iJ 
0 C 

-4 J 
ID 0 

(..) 

12 
16 

19 
17 
23 

Depth( feet>: - -

Checked By: 

C. 

Samples 
t 
Ill 
j 
0 
u 
Ill 

a:: 

10" / 12" 

18" /18" 

Marshall 

s 

5 

I. 
Payne 

I 
sl 

SILTY CLAY(STONE); Brown mottled with light olive brown-
15➔1t;11::1~-------,----,-----------------j!-----I-----+ 

-§ 
>--

9"/12" 

I 
·I 
I 

- • .• 
:::=:c;::: 
.. 

-,...,..... 
:=i:::= 

20 =~ 

-

Tpo 3 
and light olive gray, damp, hard, highly oxidii.ed , low -
to medium plasticity, 1/ 16-inch thick sand(stone) -

-interbeds . Dip nearly horizontal. -
-
-
-
-

CLAYEY SlLT(STONE); Olive brown, damp, hard , oxidized, - Tpo 4 
low pla,ticity, trace mica, fine-grained sand(stone) 
interbeds . Dip nearly horizontal. -

-
-
---

D 17 30 93 31 - 29 

>--
s 17 15" / 18" 10 

21 
>-- 27 

25_ ~ 
-

- 5 -~ 
-
-
-

=t I 

- >--
CLAYEY SILT(STONE); Yellowish brown to light olive gray, - Tpo 5 D 9 9"/12" 40 92 25 

damp, very stiff to hard, oxidized, low to medium - - 20 
plasticiiy, trace very fine sand(stone ). Dip nearly -

-horizontal. -
-
-
-

<>n -tjt 
~---- -___J_____J,___L......L.J..____J___...&....--....1,_____L_____J._ 

-
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FIGURE A-8. LOG OF BORING Pll-31 
m The Earth Technology 
-.. Corporation 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project Nunber: 89-409 J· sorehole Nunber: 

Description 

Same as above . Minor oxidation . Horizontal bedding. 
-

-
- -
-

-
- -
- --

Same as above. Oxidized, fresh puente contact at tip. 

Pll-31 I Sheet 2 of 3 

Tpo 6 S 17 18" /18" 10 5 
30 
34 

-Tpo 7 D 22 10" /12" 5 95 27 5 
--BEH31------------------------t----+---+ - 48 

-

- · 

- . 

-
40_ 

-
-
-
-

-

---
--

-

-
-

-
-

60_ 
- ' 
-

-
-

-
-

-

--
7n -

(Harder drilling between 36 and 40 feet .) 

---
-
-

CLAYEY SILTSTONE : Very dark gray , damp , hard, med ium -
plasticity , micaceous, fresh , thinly interbedded with -
cemented sandstone~ Dip nearly horizontal. ~ 

--
-
-

(Hard dri ll ing and cemented fragments in cuttings at 44 - 3 / 4 -
~ -) -

CLAYEY SILTSTONE; Very dark gray to black , damp, very -
hard, very strongly cemented, massive, strongly • = 
carbonated. -

(Fast drilling at 45 - 1/4 feet .) = 

SILTY CLAYSTONE; Very dark gray to light olive gray, 
damp, hard, low plasticity fines, micaceous, 
interbedded with very fine sandstone. Dip 
approximat ely 5 deg . 

CLAYEY SILTSTONE; Very dark gray, damp, hard, low 
plasticity , micaceous , interbedded with very fine 
grained sandst one. Horizontal bedding . 

-
-

--

-

-

-
-
-
-

--CLAYEY SILTSTONE; Very dark gray, d amp , hard , low to -
medium plasticity , micaceous , fresh , inter bedded with -
light gray , very fine sandstone , 1/ 8 inch in thickness --and 2 inch spacing, slight sulfur odor . Horizontal -
beddi ng. 

-
-
--

CLAYEY SILTSTONE; Very dark gray, damp, hard , low to -

\ 
medium plasticity, micaceous, fresh, interbedded with 
very fine sandstone , carbonated . Horizontal bedding. / 

BORING TERMINATED AT 66 FEET. 
NOTE: This borehole log is based on field classification and -

;~:~:~::~c~;;;r~r~:~n, tl~!_i\~~:~?.-: : ~~odi~:S~StOWhAro : 

Tpf 

Tpf 

Tpf 

Tpf 

>--
8 S 

>--

-

43 
57 / 5" 

8" / 11" 

9 P Push 2" / 12" 
- 275 psi 

>--
10 P Push 24" / 30" 

11 D 

250 psi 

60 
48/ 3" 

9 11 /9" 

5 

5 

5 

100 

Tpf 12 S 64 7" / 8.5" 100 
>-- 36/2 .5" 

Tpf 13 [ii 70 5" / 7" 200 . 

5 

5 

107 19 5 

5 

5 

5 



FIGURE A- 8. LOG OF BORING Pll- 31 
Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Pro j ect Nl.lllber: 89-409 Borehole NUl!ber: 

Description 

available. This summary applies only at the location of 
thia boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may 
change at this location with passage of time. The data 
presented is simplification of actual conditions 
encountered . The stratification lines represent the 
approximate boundary between subsurface material 
types and the transition may be gradual. 
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PROJECT NO. : 89 - 409 = The Earth Technology 
liiiii Corporation VermonVSanta Monica 

Station and Tunnel 

Location of 
Borehole Pll-31 
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FIGURE A-9. LOG OF BORING Pll-32 

= The Eart!r Technolol 
-. CorporaJwn 

Pr oject Name: METRO RAIL - PHASE II - LOS A GELES 

Pr oject Nl.lllber: 89-409 Borehole Number: 

Borehole location: Vermont Ave. and Monroe Ave. 

Health and Safety: Upgraded Level D 

Ori l ling Equipment: Failing 750 

Drilling Method: Rotary Wash 

Dril li ng Fluid: Bentonite Mud 
Hillllller Information: 
SPT Hammer: 140-lb and 30-inch drop. 
DOWNHOLE Hammer: 295-lb and 18-inch drop. 

Description 

3-INCH ASPHALT. 

FILL MATERIAL. 

TOP OF PUENTE FORMATION. 

CLAYEY SILT(STONE); Yellowish brown to pale brown, dry , 
hard, medium plast ici ty, oxidir.ed, few very 
fine - grained sand(stone) beds, locally cemented. Dip 
nearly horizontal. 

CLAYEY SILT(STONE ); Light olive brown, damp, hard , low 
to medium plasticity, oxidized, well -bedded, black 
stain . Dip nearly horizontal. 

CLAYEY SILT(STONE); Light olive brown to yellowish 
brown , damp, hard, low plasticity , slightly micaceous, 
oxidized , moderately well-bedded . Dip nearly 
horizontal. 

CLAYEY SILT(STONE); Light olive brown with yello wish 
red, damp, hard, low to medium plasticity, few 
sand(stone) in terbeds . Dip nearly horizontal. 

Same as above. 

Pll-32 sheet __ I __ of 

Elevation and 0a tun(feet): 300 

0ate Started: 4/4/ 89 0ate Fi ni shed: 

Total 
0epth(feet) : 66.5 

Borehole Diameter: 5-inch 

NO 

0epth to: 
Bedrock(feet ) : 

Depth(feet): --Pi ezometer 
Installation: 
Logged By: 

Pierre Charles 

Checked By : I 
C. Marshall Payne 
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~u IU 0 ID 
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m The Earth Technology 

I FIGURE A-9. LOG OF BORING Pll-32 
-.. Corporalio,i 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

I Project Number: 89-409 Borehole Number: Pll-32 Sh ee t 2 of 3 

C 0 Samples C 
..c,... I ::J -~ a •-t ::J +I :J E 

Ol+I L L a a. 

I 
+I +I ..c CJ IJ) • ·-t a ·-t a, • 3 +I QI 

.µ,... C L 0. a.. a Description 0 .... ~c .D a. o C ::, <I E :J•-t .... a, ,.. 
QI-■ II -t~ IJ) •• a::, E :J .... :J a ::> a. L UI U .ix .;t. <I 

CJ~ .J 0 ::, .... u 
ID 0 0 a. CJ C c-0 ·-4 Ill :J I- 0 u :::> .... C!l z 0 Ill 

II ...., 0 Ill 0 0 (..) ID 

I 
Same as above. Medium plasticity. Minor oxidation, pocket of Tpo 6 D 19 10"/12" 6 98 25 6 

clay(stone). Dip nearly horizontal. 34 

I 
SILTY CLAYSTONE; Very dark gray, damp, hard , medium Tpf 7 S 42 8" /11" 6 5 

I 
to high plasticity, micaceous, fresh, minor interbeds of 68/5" 
sandstone. Dip nearly horizontal. 

I (Harder drilling at 39 feet.) 

SILTY CLAYSTONE; Very dark gray, damp, hard , medium Tpf 8 D 30 6" /9" 6 98 24 6 
to high plasticity, micaceous , locally cemented, fresh, 70 / 3" 

I 
minor interbeds of very fine sandstone. Dip 
approximately O to 5 deg. 

I Same as above. Tpf 9 s 45 7" /1 2" 6 6 
55 / 4" 

I 
I SILTY CLAYSTONE- CLAYEY SILTSTONE; Very dark Tpf 10 D 16 6" /8" 25 101 22 6 

gray , damp, hard , fresh, medium p lasticity , 40/2'' 
interbedded with sandstone, lenses of organic materi al 
at middle of sample. Dip approximately O to 5 deg. 

I 
I 

CLAYEY SILTSTONE; Very dark gray, damp, hard, medium Tpf 11 p Push 27" /30" 6 104 20 6 
plasticity, fresh, micaceous. 250 psi 

I 
Same as above. Cemented. Tpf 12 D 48 6" / 8" 6 80 42 6 

I 
62 / 2" 

I Same as above . Very cemented. Tpf 13 20/ 2" 2" / 2" 6 6 

I BORING TERMINATED AT 66- 1/ 2 FEET. 
NOTE: This borehole log is based on field classification and 

visual soil description, and is further modified to 

I 
include results of laboratory classification tests, where 



FIGURE A-9. LOG OF BORING Pll-32 
Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Pr o ject NLJ!t>er: 89-409 Borehole Nunber: 

Description 

this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may 
change at this location with passage of time . The data 
presented is simplification of actual conditions 
encountered. The stratification lines represent the 
approximate boundary between subsurface material 
types and the transition may be gradual. 
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FIGURE A-10. LOG OF BORING 

m The Eartft Technolog,I 
PII-JJ ._. Corporatwn 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project Nurber: 89-409 Borehole NUTiber: 

Borehole location: Burns Ave. and Vermont Ave. 

Hea l th and Safety: Upgraded Level D 

Dri l ling Equipnent: Failing 750 

Drilling Method: Mud Rotary 

Drilling Fluid: Bentonite Mud 
Harrmer Information: 
SPT Hammer: 140-lb and 30-inch drop. 
DOWNHOLE Hammer: 295-lb and 18-inch drop. 

Description 

8 - inch ASPHALT 

CLAYEY SAND; Fine to medium sand. 

SANDY CLAY; Dark olive gray , damp, very stiff, high 
plast ici ty, fine to mediu m sand. 

SILTY CLAY ; Yellowish brnwn, damp, soft, high plasticity , 
trace sand . 

(Lost circulation of drilling fluid at 14 feet.) 

TOP OF PUENTE FORMATION. 
CLAYEY SlLT(STONE); Yellowish brown , damp , hard , low 

plast icity, trace mica, oxidized, interbedded with fine -
to very fine-grained sand(stone). Dip nearly horizont al. 

CLAYEY SILT(STONE) ; Yellowish brown to light o live 
brown, damp, hard, medium plasticity , oxidized , 
int erbedded with sand(stone) . Horizontal bedding. 

SILTY CLAY(STONE) ; Yell owish brown, damp , very stiff to 
hard, high p lasticity, micaceous, oxidized , interbedded 
with fine- to very fine - grained sand (stone) . 

Pll-33 sheet __ l _ of -~2~ t•. 

Elevation and Dat1A11( feet): 304 

Date Started: 4/ 4/ 89 Date Finished: 4/ 4/ 89 

Tota l 6l 5 
Depth C feet): • 

Borehole Diameter: S-inch 

Piezometer 
lnsta l lat i on: 
Logged By: 

NO 

Depth to: IS 0 
Bedrock(feet): • 

Depth( feet): - -

Checked By: 

Kean Tan C. Marshall Payne 
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FIGURE A-10. LOG OF BORING Pll-33 
= The Earth Technology 
._ Corporation 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project Nunber: 89-409 Borehole Nunber: 

Description 

CLAYEY SILT(STONE); Light alive brown to yellowish 
brown , damp, very stiff, oxidized, low p lasticity, 
micaceoua , i.nterbedded with fine -grained sand(stone) . 

CLAYEY SILT(STONE)-SILTY CLA Y(STONE); Light olive 
brown, damp, hard, low plasticity, micaceous, oxidized, 
interbedded with fine - grained sand(stone). Dip 
approximately O to 5 deg. 

CLAYEY SILT(STONE) ; Dark olive brown to dark olive gray 
damp, hard, oxidized, medium plasticity, oxidized, 
lenses of light gray sand(stone) and silt(stone). 
Hori~ontal bedding. 

SILTY CLAYSTONE; Dark olive gray, damp , hard , fresh , 
medium plasticity , micaceous , well bedded, cemented . 
Dip approximately 10 deg. 

Same as above. Dip approximately 5 deg. 

Same as above . Dip approximately O to 5 deg. 

Same as above. 

BORING TERMINATED AT 61 -1/2 FEET. 
NOTE: This borehole log is based on field classification and 

visual soil description, and is further modified to 
include results of laboratory classification tests, where 
available. This summary applies only at the location of 
this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may 
change at this location with passage of time. T he data 
presented is simplification of actual conditions 
encountered. The stratification lines represent the 
approximate boundary between subsurface material 
types and the tran•ition may be gradual. 
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FIGURE A-11. 
C The Earth Technology 

LOG OF BORING Pll-34 .._ Corporaiion 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Pro ject NU!ber: 89-409 I Borehole Number: 

Borehole location: Vermont Ave. and Lockwood Ave. 

Heal th and Safety: Upgraded Level D 

Dril l ing Equii:xnent: Failing 750 

Dril li ng Method: Rotary Wash 

Dril l ing Fluid: Bentonite Mud 

Hanmer Information: 

SPT Hammer: 140-lb and 30-inch drop. 
DOWNHOLE Hammer: 295-lb and 18-ioch drop. 

Description 

11-inch CONCRETE. -
-
- . SILTY SAND; Medium to fine - grained sand, nonpalstic fines . = 

--- -

-
-

CLAYEY SAND ; Dark grayish brown to olive brown , damp, -
medium dense , fine to coarse sand , low plasticity fines , -
micaceous . 

P II - 3 4 sheet ---'1'--- of ---=3'---~ 

Elevation and Datum(feet): 309 

Date Started: 4 / 28 / 89 

Total 
Depth(feet): 81.0 

Date Finished: 4 / 28/ 89 

Depth to: 9 S 
Bedrock( feet): • 

Borehole Diameter: 5-inch 

Piezometer 
Installation: NO 
Logged By: 

Pierre Charles 
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Depth( feet): - -

Checked By: 

C. Marshall Payne 

Samples t] 
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0 a. • ,..,, +J,..,, I.. C 
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:) q: E :Jl •-t lo- :J II ,..,, Cl ...., 
0 :> a. I.. Ill U +J +J ~ .;t q: 
u a a. 0 C C. Ill C ...., u ::> ...., Ill'-' •-i 0 
Ill ~ CJ 

111 0 
a: 0 QJ 

15" / 18" 5 2 

- - SP-SM A3 
- i:' · SAND-SILTY SAND WITH GRAVEL; Black, moderately -
- • plastic, gravel up to 2 inch in siee. -

--~ TUP OF PUJ!;NTt.; l:>'URMATlUN . 

10~~~ -Ii J •: SILTY CLAY(STONE); Gny"h brown mo<tl,d with ,1;v, ~ 
- brown, yellowish brown and olive gray , moist, hard , -
- weathered, medium to high plasticity, micaceous, = 
_ poorly interbedded with fine- to very fine-grained _ 
_ § sand(stone). 

-

-16 =~ -1 SILTY CLAY(STONE)/CLAYEY SILT(STONE); Yello wish -::: 
- brown mottled with ligh t gr ay and white, moist, hard, -=. weathered, low to medium plasticity , micaceous, -

carbonated, poorly interbedded with very fine-grained ~ 
- ,...__ sand(stone) . Dip approximately 5 deg. -

~§ : 
::=-'--20 - ~ -

- CLAYEY SILT(STONE); Yellowish brown mottled with light -
- olive gray, moist , hard, oxidized, low to medium -
- plasticity, micaceous , moderately cemented, -
= interbedded with cemented sand(stone) . Vertical = 
- fractures. Black stains in fractures. Dip approximately -
- 5 deg. -

---
- Same as above. -

-
- --
- -

-
'){\ -

Tpw 2 D 
,__ 

-
Tpw 3 S 

-

1--

Tpo 4 D 

11 
24 

22 
26 
32 

24 
46 

6" / 12" 30 

14"/18" 1000 

6" / 12" 35 

Tpo 5 S 18 18" / 18" 50 
1-- 30 

52 

93 30 2 

4 

97 25 2 
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FIGURE A-11. LOG OF BORING Pll-34 
.., Corporal.ion 

P·roject Name: . METRO RAIL - PHASE II - LOS ANGELES 

Project lh.1nber : 89-409 Borehole Number: 

Description 

CLAYEY SILT(STONE); Yellowish brown mottled with light 
olive gray, moist , h!lrd, oxidir;ed, low to medium 
plasticity , micaceoua, inte.rbedded with poorly graded 
sa.nd(stone). 1/2-inch thick black interbed. Dip 
approximately 5 deg. 

SILTY CLAY(STONE); Yellowish brown to olive brown, 
moist , very stiff, oxidized, medium to high plastici ty, 
poorly cemented, interbedded with sand(stone). 

(Harder drilling at 36-1/2 feet .) 

CLAYEY SILT(STONE) ; Yellowish brown to li ght olive 
brown , moist, hard , minor oxidation , medium 
plasticity , interbedded with nonplastic sandy 
silt(etone) , very fine sand fract ion. Dip approximately 
5 to 10 deg. 

CLAYEY SILT(STONE); Yellowish brown to olive brown, 
moist , hard, minor oxidation, low to medium plasticity, 
micaceous, thinly interbedded with sand(sto ne). Dip 
approximately 10 deg. 

CLAYEY SILTSTONE/SILTY CLA YSTONE; Yellowish 
brown to olive brown at top and very dark gray at 
bottom, moist, hard, fresh, medium to high plasticity 
at top, medium plasticity at bottom, micaceous. Dip 
approximately 5 to 10 deg. 

Same as above with lenses of light gray sandy siltstone. 

(Drill chatter :it 58 - 1/ 2 feet, siliceous siltstone in cuttings.) 

SILTSTONE; Very dark gray to black, damp, very ha~d, 
fresh, highly cemented , carbonated , fractured . Dip 
approximately O to 5 deg. 

~
Excessive drill chatter at 60 - 3/ 4 feet. ) 
Slow drilling up to 65 feet .) 

CLAYEY SILTSTONE; Dark gray , damp , hard , fresh, 
medium plasticity , micaceous , interbedded with poorly 
graded sandstone, thinly bedded. Horizontal bedding. 

I C: 
Ill ·-4 -~ 
0 • +J 
Ill ■ • ::, • u ti .... ... 

Pll-34 
u 

.... 
Ol-4-1 L 
0 .... QI 
-IC .0 
0 ::, E • J 
Cl z 
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D 20 
65 

~ E 
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Tpo 7 P Push 30" /30" 6 
200 psi 

Tpo 8 D 20 9" / 12· 12 
46 

Tpo 9 s . 20 18" / 18" 12 
23 
48 

Tpf 10 D 36 10" / 12" 11 
54 

Tpf 11 S 60 8"/9" 25 
40/ 3" 

Tpf 12 Push 4" / 4.5" 
250 psi 

Tpf 13 p Push 24" / 24" 25 
250 psi 
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FIGURE A- 11. LOG OF BORING Pll -34 
C The Earth Technology 
.., Corporaiion 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project Nunber: 89 - 409 j sorehol e Nunber: 

-

--

--~ -~ 
-~ -~ -~ -~ -~ -~ 

so---i:;im~ 
-~ -~ 
---
-
-
-

85 _ 
-
-
--
-

-
90 _ 

--
-
-
-
-

-

--
-

-
100 ..: 

---
-
-
-

105_ 
-

-
. 
-

Description 

CLAYEY SILTSTONE; Dark gray and dark brown, damp, 
hard, frea.h, well-bedded, micaceous, fractured , 
cemented, interbedded with sandstone. Dip 
approximately 10 deg. 

(Drill chatter at 73 - 1/2 feet .) 

------
---

CLAYEY SILTSTONE; Very dark gray to black, damp, hard, -
fresh, medium to high plasticity, micaceous, slightly -
cemented , interbedded with very fine-grained --sandstone . Dip approximately O to 10 deg. -

(Drill chatter at 77 - 1/2 feet .) -----
CLAYEY SILTSTONE; Very dark gray, d amp, hard, medium-

plasticity, micaceous, interbedded with poorly graded -
l sandstone . Dip approximately 10 deg. 

J 
BORING WAS TERMINATED AT 81 FEET . -
NOTE; This borehole lo g is based on field classification and -

visual soil descrip tion, and is further modified to -
include results of laboratory classification tests, where :_ 
available . This summary applies only at the location of -
this boring and at the time of drilling. Subsurface -
conditions may differ at other locations and may : 
change at this location with passage of time. T he data _ 
presented is simplification of actual conditions -
encountered . The stratification lines represent the -
approximate boundary between subsurface material : 
types and the transition may be gradual. _ 
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-
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-
---
--
------
-
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-
-
-

--
-
-

-

Pll-34 I Sheet 3 of 3 
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FIGURE A- 12. LOG OF BORING Pll- 35 
= The Earth Technology 
-. Corporation 

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

Project NU'llber: 89-409 I Borehole Number: Pll-35 sheet I of 3 

Borehole location: Willow Brook Ave. and Vermont Ave. Elevation and Datum(feet): 317 

Health and Safety: Upgraded Level D Date Started: 4 / 4/89 Date Finished: 4 /4/89 

Drilling Equipment: Failing 750 Total 81.5 Depth to: 15.0 Depth(feet): Bedrock(feet): 

Drilling Method: Mud Rotary Bo rehole Diameter: 5-inch 

Drilling Fluid: Bentonite Mud Piezometer YES Depth(feet):80.0 Installat ion: 
Hamner Informat ion: Logged By: Checked By: 

SPT Hammer: 140-lb and 30-inch drop • 
.DOWNHOLE Hammer: 295-Ib and 18-inch drop. Kean Tan C. Marshall Pay ne 

Samples "O 
C u c,-.. 

r'"' I JI I 0 ... ? :JI Ill+' J E 
.µ +' (I) . ...... Cl+' I. I. C 0 a. 
Q. • 

.C Cl u : +J 0 .... Ill [ 3 +' QI "' +'"' I.. a. +' 0 Description <I E :Jl •-4 .... J QI ,... • • (I) 111. --1 C ..0 0 C :) .µ +' X rn~ ....... .... J ::> a. I. UI U 
0~ ...J 0 =i --1 u 0 =i E :JI 0 0 a. 0 C a. IA C ~ .:f. <I 

QI ::J I- ID 0 u 0 :::> u ·-I u ~ m...., · -I 0 .... Cl z QJ a ~u 111 0 
Q'. ID , __ . 

8- inch CONCRETE. - . ..... ~ -
-

111 
~~ ;:)!L1Y CLAY ; J::!lack. --
H 

-- -- - CL A4 
- w SILTY CLAY /CLAYEY SILT; Trace fine sand . --
~ ~ ~~ 

-
- -
- - CL A4 

5 --§ SILTY CLAY (STONE) ; Yellowish brown to olive gray, damp , - Tpw 1 D 10 8" / 12" 6 99 22 6 

=~ 
very stiff, medium plasticity , micaceous , trace very fine - - 15 
sand(stone). Pocket of sandy silt(stone) at bottom, low -

= .. to medium plasticity, fine to medium sand(stone). = 
=$ -

-
:§§ -

-
10_: - ,---

- SILTY SAND (STONE); Wet , medium dense to dense, poorly - Tpw 2 s 9 18" / 18" 6 6 
- · graded, weathered , no cemen tation, no apparent - 12 - bedding. - ,---

16 - -- . -
- -
- · -
- -
- -15_ 

I SILTY CLAY(STONE) ; Yellowish brown to light olive brown ~ 
-- Tpw 3 D 9 8" / 12" 6 85 39 6 

damp, very stiff, weathered, medium plasticity, - - 15 - micaceous. --
- -

-

s§ -- --::::::;:I:::;: -
20 

I SILTY CLA Y(STONE); Yellowis h brown to light olive gray, - 12"/18" - Tpo 4 s 8 6 6 
- damp, very stiff, oxidized, low to medium plasticity, - 11 

micaceous . Dip approximat ely 5 deg. - - 17 - -- -. 
---.. -- . -
~ -

-~ -
25 ---.. - ,---

- SILTY CLAY(STONE); Yellowish brown to light olive gray , - Tpo 5 D 21 6" / 12" 6 88 33 6 
damp, very stiff, oxidized, medium to h igh plasticity , - ,--- 31 

- trace fi ne sand(stone) . Dip :ipp roximate ly 10 to 15 deg. : - . 

-
- --I=;::::::: -- -

<In -

. .. 
-



I = The Eartft Technology 
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,------- --------
FIGURE A-12. LOG OF BORING Pll-35 

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

Project NI.Jllber: 89-409 I Borehole Number: Pll-35 J Sheet 2 of 3 I 
i..:...:::..:..;.:.:...::~=..:...~~=.:::.~ ______ -1..::::.:...:.:.:.:.:.:....:==.:....:....----,---

1
-c~~u~~)--'-_ -..,. -_ -..,. -_ -_ -_ -_ -_ -..,.S=a=m~1~p~le~s~~:::::::~:~:::~u;.:c=-=l · 

-

-
-
-

-
-

so_ 

-

---
-

-

-

-

60 _ 

-
-

-

-

-
65 _ 

-

--
-

"Tn 

Description 

Same a.s above. Medium plasticity, cemented . Dip 
approximately 10 deg. 

Same as above. hard, black stains on bedding planes . Dip 
approximately 60 deg. 

-
-
-
--
-
-

-
-
-

-
-
-

CLAYEY SlLT(STONE); Olive brown , damp , hard, oxidized, -
low plasticity, micaceous, bedding not very apparent . -
Dip approximately 20 deg . : 

-
-

CLAYEY SILT(STO E); Olive gray with olive brown, damp,-: 
hard, minor oxid ation, low to medium plasticity , locally-­
cemented, micaceous. : 

-

-
-
-SILT(STONE) ; Olive brown , damp, very stiff, oxid ized , low 

plasticity , micaceous, trace very fine sand(stone). Di p -
approximately 60 deg (not very apparent) ., -

-
-
-
-

CLAYEY SILT(STONE)/SILTY CLAY(STONE ); Olive gray -:: 
to olive brown, damp, hard , oxid ized , medium -
plastici ty , trace mica. Dip approximately 50 to 60 deg. -

CLAYEY SILTSTONE/SILTY CLA YSTONE; Dark olive 
brown to olive gray , damp, hard, fresh , medium 
plasticity , mica.ceous . Dip approximately 45 deg. 

CLAYEY SILTSTONE/ SILTY CLAYSTONE; Dark olive 
gray , damp, hard , fresh, medium to high plasticity , 
micaceoua. Dip approximately 45 deg. 

-

-

-
-
-

-

-
-

-

-
-
-
-
-

f~ j -~~ L 3 +J ? ,... J,... ~ ~ e 8: 
1/1 • • -i C i ! 0 C ~ <I E ::Jl •-i t,.. +J DI ,... DI .,., 
::::>•u o::::, E JI -i:J a :>a. L•u 111...,X..x<I 

-I ·-I • :J I- ID 0 U O 0. 0 C C. ._. C .,., U :> 
U1o- <!I z U I .,., 11'-'o0 110 

ll'. 0 :t:U m 
Tpo 6 S 12 14" /18" 6 6 

22 
34 

Tpo 7 D 55 6" /11. 5' 5 
- 45/5 .5" 

-
Tpo 8 S 21 17" /18" 6 

25 - 31 

-Tpo 9 D 42 6" / 11" 6 
- 58 / 4 .5" 

Tpo 10 P Push 24" / 24" 6 
350 psi 

-
Tpo ll D 38 6"/12" 

Tpf 

- 62/5 ,5" 

-
12 S 21 

29 
30 / 2" 

12" / 14" 

Tpf 13 D 55 5"/ 10" 
- 45 / 4" 

6 

6 

8 

85 34 5 

6 

90 29 6 

90 31 6 

85 36 6 

6 

97 23 6 
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FIGURE A-12 . LOG OF BORING Pll-35 
= The Earth Technology 
.... Corporation 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project Nwber: 89-409 I Borehole Ni..mber: Pll -35 l Sheet 3 of 3 

C: u Samoles ~ -
.C - I JI -~ a .... :JI :JI ~ +J 

J E 
... +J Le Cl (I) . . ... CR..i I. 

3 +J 
I. - ~- ::J ;-

a a. 
a..•l+J a Description (.J .... a -.. z ~ QI <I E JI, ..... I. a. . . ... (I) •• -1 C: a C ) +I +J X CR .., 

-1 -1 ::J :,a. I. • u 
Cl~I-J D ::::>-4 u 0::::) E JI 0 0 a. 0 C a. UI C: .., .:I. <I 

• ::J I- al 0 u u :, o ·-t 
(!J z 0 

~ 
.., 111--- .... D 

:o ... Cl ~ c:, 

- Same as above. - Tpf 14 S 22 10" /14" 8 6 
- - .._ 34 
- - 35 / 2" - -
- -- -
- -- -
- -75 _ - .._ 
- Same as above . Dip approximately 75 deg . - Tpf 15 D 53 6" / 9 .5" 8 97 24 6 .._ 
- - 47 / 3 .5" 
- -- -- -- -- -
- -- -

80 - - -
- Same as above . Dip nea.dy horizontal. - T pf 16 s 18 10" / 15" 6 
- - - 37 
- ,;srI~w 
- P -- BORING WAS TERMINATED AT 81-1 / 2 FEET. -
- INSTALLED A PIEZOMETER. -- NOTE: This borehole log is based on fie ld classification and -
- visual soil descrip tion , and is further modified to -
- -

85 _ include results of laboratory classificat ion te.sts, where _ 

- available. This summary applies only a t t he location of -
- this boring and at the time of drilling. Subsurface -
- conditions may differ at other locati ons and may -
- change at this location with passage of time. The data = -- presented is simplification of actual conditions -
- encount ered. The stratifi cat ion li nes represent t he -
- approximate boundary between subsurface m aterial -
- -90 _ types and the transition may be gradual. -
- -
- -
- -- -
- -
- -- -
- -

-
95 _ -- -

- -
- -- -
- -- -
- -
- -- -100 _ -
- -- -
- -- -
- -
- -
- -- --105_ -
- -
- -
- -
- -- -- -- -
- -

1110 - -
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a 

TOTAL DEPTH (D) 

N 
Cl 

TOTAL DEPTH OF CASING (Dl) 

DEPTH TO BOTTOM OF WELL SCREEN (D2) 

DEPTH TO TOP OF WELL SCREEN (D3) 

DEPTH TO BOTTOM OF TOP SEAL (D4) 

DEPTH TO TOP OF TOP SEAL (D5) 

WELL CASING DIAMETER 

WELL SCREEN SLOT SIZE 

FILTERPACK SAND TYPE 

BENTONITE SEAL TYPE 

TRAFFIC BOX 
(POMECO™ J 

PVC SLIP CAP 

/A----- CiaMENT /BENTONITE GROUT 

BENTONITE SEAL 

. : . =-= ... 
~◄l-+----SCHEDULE40 

• • --- •.. PVC FLUSH THREADED 
•• • • -:-. • • • CASING (SLOTTED! 
· ... --- .··: 

-
. ·-- - ... . - .. 

- ..... 

. - - .. 
. --- • 

-----FILTER PACK SAND 

BLANK PVC CASING 

THREADED PVC ENO CAP 

. .. Fl L TEA PACK SANO . . . . . 

= 81.5 

= 80.0 
= 35.0 
= 
= 10.0 

= 5.0 

= 2.0 
= 2 
= 

0.02 = 

FEET 
FEET 
FEET 
FEET 
FEET 
FEET 
FEET 
FEET 

INCH 

INCH 

= NO. 2 MONTEREY 

= 

= The Earth Technology 
lliiiiiiii Corporation 

1/ 8" PELLETS 

PROJECT NO. : 
Metro Rail 

Phase II 

Diagram of 
Piezometer Pll - 35 

89 -409 

11 /89 FIGURE A- 12B 
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FIGURE A-13. 

= The Earth Technology 
LOG OF BORING Pll-36 .. corpora1ion • 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project Nunber: 89-409 Borehole Nunber: 

Borehole location: Vermont Ave. and Willow Brook Ave. 

Heal th and Safety: Upgraded Level D 

Drilling Equipment: Mayhew 1500 

Drillin9 Method: Rotary Wash 

Or i LL ing Fluid: Bentonite Mud 
Ha1TJT1er Information: 
SPT Hammer: 140-lb and 30-inch drop. 
DOWNHOLE Hammer: 265-lb and 18-inch drop. 

Description 

6-inch ASPHALT CONCRETE. 

FILL. 

CLAYEY SAND; Pale olive , moist, medium dense, medium 
p lasticity fines, fine to coarse grained sand, trace 
gravel up to 1/ 2-inch in diameter, micaceous . 

SILTY SAND ; Yellowish brown , moist , dense , fine to medium 
grained sand. 

(Drill chatter. Gravel at 13 feet.) 

SILTY SAND ; Reddish yellow, moist, medium dense, 
non-plastic fines, fine to medium grained sand, . 

TOP OF PUENTE FORMATION 

SILTY CLAY(STONE) ; Yellowish brown mottled with light 
gray, moist, hard, weathered, no bedding massive. 

SILTY CLA Y(STONE) ; Light olive gray wi t h wh ite streaks , 
moist, hard , weathered, medium to high plasticity 
fines , fractured, interbedded sand(stone) . Dip 
approximately 5 deg at top and approximately 20 to 45 
deg at bottom. 

Pll-36 sheet _----' __ of __ 2_ 

Elevation and Datum(feet): 317 

Date Started: 4/7/89 Date Finished: 4/ 7/ 89 
Total 45.0 Depth to: 18.0 Depth(feet): Bedrock( feet): 

Borehole Diameter: 5-inch 

Piezometer NO Oepth(feet) : --Installation: 
l ogged By: Checked By: 

Curtis D. Cushman C. Marshall Payne 

C u 
I D .... 

Cf) .... . ... [JI~ !... 
U II~ 0 ·-4 II • en II II -t C .D a. ::) .. u 0::) E :JI -t . ... • ::, I-

(.J It- (!J z 

FILL 

SC A4 l S 

SM A3 2 D 

SM A3 3 s 

Tpw 4 s 

Tpw 5 S 

Sam les 
!... 

3 +J QI 
0 C ) <I E 
-t '.J 0 :> a. 
CD 0 u 0 0.. 

(.) 
QI 

Ct 

5 ll" / 12" 8 
6 
6 

6 12" / 12" 7 
7 

11 18" /18" 8 
9 

12 

15 4" / 12" 8 
3D 

10 13" / 18" 8 
23 
36 

1] 
C 

JI 1..+' 
:J 
D .,i,-,, 

::, i" !... 
:II ·◄ ... 01 'v 
I. Ill U .µ .µ X .:,(. <I 
DC 0.. IA C ..., u QI ...., .... 0 

IU D ~u CD 

6 

,. 

• 8 
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FIGURE A-13. LOG OF BORING Pll-36 
Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project Nunber: 89-409 \ Borehole Nl.-WTlber: 

- . 

-~ 
-
-~ 
- · 

-~ 
- · 
-~ -

40 
-
---~ -~ 
-~ -~ 
-~ -~ 

45 • 

-
-

-
-
---

so-=: 
-
--
-
-
-

55 _::: 
-
-
-
-
-
-

-
-

-

-

-

-
-

7n -

Description 

SILTY CLAY(STONE); Gray mottled with reddish brown, -
moist , hard, highly oxidir;ed, 1/8-inch thick -
sand(stone) beds at 1- ineh spacing. fracture filled with -
white materials at bottom. = 

(Lost circulation at 31 feet .) -

CLAYEY SILT(STONE); Light olive brown mottled with 
light olive gray and white streaks , moist, hard , 
oxidi~ed, medium plasticity , trace very fine 
sand(stone) . Dip approximately 45 deg. 

--
---
-

-
-

-
CLAYEY SILT(STONE) ; Light olive gray mottled light olive -

brown and whit e streaks, moist, hard , medium -
plasticity , silt(stone) is massive , white streaks . Dip = 
approximately 45 deg. _ 

-
---

(Shelby tube sheared off a t coupling . Attempted to pull it out -
was successful. Boring was terminated.) -

BORING TERMINATED AT 45 FEET . -
OTE: This borehole log is based on field classification and : 

visual soil description, and is further modified to -
include results of laboratory classification tests, where -
available . This summary applies only at the location of -
this boring and at the time of drilling . Subsurface _::: 
conditions may differ at othe r locations and may -
change at this location with passage of time. The data -
presented is simplification of actual conditions = 
encountered . The stratification lines represent the _ 
approximate boundary between subsurface material -
types and the transition may be gradual. -

--
--

-

-
-
--
-
--
-

-
--
-
-

-
--
-
-

C 
-~ 0 

!II Ill ·-1 
CJ UI +I 
!II II ra 
:::> ..... u 

CJ ·-I 
Ii-

Pll-36 
u 

·-I 
O+I L. 
0 ·-I • QI 
-4 C .c ~ 0 :::> E • ::J I-
C!I z 

Tpo 6 D 
,__ 

-
Tpo 7 S 

-

-
Tpo 8 D 

-

3+1 
0 C 

..... ::J 
ID 0 

CJ 

28 
42 

12 
16 
32 

20 
35 

= The Eartft T echnology 
-. Corpora,1011 

I Sheet 2 of 2 
Samples "C 

C -:JI :JI ~ +I 
::J E 

L. a a. 
• " ... " 

::J ~ " L. a. <I E :Jl ·-1 ...... ::> ::> a. L. • u +I +IX 
01 ..., 

0 ti C...., .:/. <I 
u 0 Q. 0 Ca. u ::> ..., ,...., ·-I 0 
~ ~CJ 

II 0 0 m 
9 8 

16" / 18" 9 8 

9 93 31 8 



• 
QJ 
::) 

<I 

-a-J N 
C 

A a 
E 
s.. 
OJ 

::> 

Willow Brook Aue. 

-,-
I 

I 

I 

I 

I 
100 ' 1 

I 

I 

I 

I 

I 

~ -◄ 
4 ' 

(Not to scale) 

PROJ ECT NO .: 89- 409 = The Earth T echnology VermonVSanta Monica liiiiii Corporation 
Station and Tunnel 

Location of 
Borehole Pll-36 

5-90 FI GURE A-13A 
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FIGURE A-14. 
= The Ear/ft Technology 

LOG OF BORING Pll-36A ._ Corporallon 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project Nunber : 89-409 I Borehole Number: Pll-36A sheet 1 of 3 

Borehole l ocation: Vermont Ave. and Willow Brook Ave. Elevation and DatUTI(feet): 317 

Health and Safety: Upgraded Level D Date Started: 4/ 17 / 89 Date Finished: 4/ 17/ 89 

Drilling Equ i pment: Faillag 750 Total 86.5 Depth to: 
Depth(feet): Bedrock( feet): 

Drilling Method: Mud Rotary Borehole Diameter: 5-inch 

Ori l I ing Fluid: Bentonite Mud Piezometer NO Depth( feet): - -Installation: 
Hanmer Information: Logged By: Checked By: 
SPT Hammer: 140-lb and 30-inch drop. 
DOWNHOLE Hammer: 295-lb and 18 - inch drop. Kean Tan C. Marshall Payne 

Samples "'C 
C u C,.., 

.c ,.., I :JI 
I □ .... :JI :JI • .µ :J E ........ s; IJ 

(J) ........ IJ.µ I. I. I. C 0 a. 
a. Ill U IA +J 0 •'1 • Ill 3 .µ • ,.._ .µ ..... 

L CL 
• QI fl.I 0 Description (J) II • -iC ..D a. □ C J <I E :::J ·-1 r.. :J • ,.., 

Cl-
0~ 

r,i-f ::) "u 0::) E :JI ~ :J 0 ::> a. I. II U ........ x 
.:L <I ..J 0 -f .... • :J I- ID 0 u 0 a. 0 C Q. UI C - u ::> u (o,.. Cl z u QI - •- .... 0 
II 0 

O:'. a ~u ID 

- Boring PU - 36A was drilled in the immediate vicinity of -
- Boring PII-36 (within 10 feet), in order to extend the -
- depth of Boring PII - 36 below planned station bo ttom. -- Hence Boring PU-36 log 9tarts at completion depth of = -- Boring PII-36 . -
- -
- -
- -

5_ -
- -
- -- -
- -
- -
- -
- -
- -
- -

10_ -
- -- -- -
- -- -- -
- -- --15 _ -- -
- -- -- -- -- -- -- -- -20 _ -
- -
- -- -- -
- -
- -
- -- -

-25 _ -- -- -- -- -- -
- -- -
- -
- -~n 



I 
FIGURE A-14. 

= The Eart!i Technology 
LOG OF BORING Pll-36A .. Corporal/on 

Pro ject Name: METRO RAIL - PHASE II - LOS ANGELES 

Pr o ject Hi.inber: 89 -409 Borehole Number: 

Description 

SILTY CLAY(STONE); Olive gray, damp , hard, medium 
plasticity , slightly oxidized, trace very fine 
sa.nd(stone), fractured, micaceous. Dip approximately 0 
to 10 deg . 

Same as above. 1-inch size cemented nodules in the middle of 
sample. 

Same as above . Medium to high plasticity. Dip approximately 
45 deg. 

CLAYEY SILT(STONE); Dark olive gray , damp, hard , fresh , 
medium to high plasticity . Dip approximately 60 deg . 

Same as above . 

Pll-36A 
u ... 
Cll+I 
O·-i 
-➔ C 
0:::) • CJ 

Tpo 

Tpo 

Tpo 

Tpf 

!... 
II QI 
.Q 
E :n 
:i 1-
z 

1 s 

2 D 

3 s 

4 D 

18 
34 
41 

16 
18 

17 
32 
40 

48 
52/4" 

L • ;) 
0 u • 

16" / 18" 

6" / 12" 

18" / 18" 

7" / 10" 

~ E 
~ a. 
0 a. 

5 

5 

5 

5 

Tpf 5 P PUSH 20" / 30" 5 
200 PS 

2 of 

~ 
I 

5 

I 
5 ~ 

I 
,. 

92 29 5 ~ 

I 
5 
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FIGURE A-14. 
m T he Earth Technology 

LOG OF BORING Pll- 36A ._ CorporaJion 

Pro ject Name: METRO RAIL - PHASE II - LOS ANGELES 

Proj ect Nl.l'llber: 89 - 409 I Borehole Number: Pll-36A I Sheet 

-
-
-

-
--

75_ 

-
-

-

-
so_:: 

-

--
-

85 _ 
-

-
-
-

90_ 

-
--
-

-
-

-

-

-
100_ 

-

-
-

-
105 _ 

-
-

--
-

1 1 n -

Description 

Same as above . Dip approximately 10 to 20 deg . --
-
--
-
--

CLAYEY SILTSTONE/ SILTY CLAYSTONE; Very dark -
gray, damp , hard, medium plasticity , fresh, cemented , -
thin carbonated beds. ---

-
-

Same as above . Highly cemented; nodules, blocky , no bedding .-
-

-
---
-

Same as above. High plasticity . --
BORING TERMINATED AT 86-1/2 F EET. : 
NOTE: This borehole log is based on field classification and -

visual soil description, and is further modified to -
include resul ts o( laboratory classification tests, where : 
availab le . This summary applies only at the location of_ 
this boring and at t he time of drilling. Subsurface -
conditions may differ at other locations and may -
change at this location with passage of time . The data = 
presented is simplification of actual conditions _ 
encountered . The stratification lines represent the -
approximate boundary between subsurface material -
types and the transition may be gradual. = 

--
-
--
-
--

-

-
-

--
--

-

--
-
--
-
-

C: u 
I 0 --1 

II') · ➔•➔ rn+i u • ...., O ·➔ 
II') •• -4 C 
:::i . u a :::i 

ti•➔ • CJ lo-

Tpf 

Tpf 

Tpf 

Tpf 

Samples 
.:JI 

I.. I.. • • 3 +I II 
ll ~ 

a c: :, 
E -4 ::, 0 
:J I- ID 0 u 
z u 

~ 
6 D 30 8" / 12" 

>-- 60 

-
7 S 25 12"/ 13" 

52 
- 23/1" 

>--
8 D 43 6"/ 12" 

- 57/ 4" 

9 S 19 14"/18" 
43 

,... 
<I E 
:> Q. 
0 □. 

'-' 

5 

5 

6 

8 

3 of 3 
'O 
C: ,.._ 

:JI ~ +I 
::, E 
0 a. .I,... 

:J i,... I.. □. 
:JI ·➔ lo-

Cl "' I... u ....,....,x 
0 C Q. IA C: ...., .:t. <I 

I'-' · -I 0 u :::> 
~o □ ~u 

103 21 5 

6 

6 

7 
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(Not to scale) 

PROJECT NO .: 89 -409 = The Earth Technology Vermont/Santa Monica lliiiiiiiii Corporation 
Station and Tunnel 

Location of 
Borehole Pll-36A 

5-90 FIG URE A - 14A 
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FIGURE A-15 . 
C The Earth Tech11ology 

LOG OF BORING Pll-38 -- Corporaiio,z 

Project Name: METRO RAIL - PHASE II- LOS ANGELES 

Project Nl..llber: 89-409 I Borehole Number : Pll-38 sheet 1 of 3 

Bo reho l e l ocation: Vermont Ave . and Willowbrook Ave. Elevat ion and Datum(feet): 324 

Health and Safety: Upgraded Level D Date Started: 4/ 8/ 89 Dat e Fi nished: 4/ 8/ 89 

Drilling Equ i pment: Failing 750 Total 91.5 Depth to: 12.5 Depth( feet) : Bedrock( feet): 

Ori l li ng Met hod: Rotary Wash Borehole Diameter: 5-inch 

Ori l ling Fluid: Bentonite Mud Piezometer 0 Depth(feet): --Installa tion: 
Hanmer Information: Logged By: Checked By: 

SPT Hammer: 140-lb and 30- inch drop. 
DOWNHOLE Hammer: 295-lb and 18-inch drop. Kean Tan C. Marshall Payne 

Samoles 1l 
C u c ~ 

.c,.., t :n I 0 •-4 :JI JI GI .µ :J E 
4,.1.j.J f/1 ·-t · -t 01,1.J I. I. I. C 0 a. 
Q.. 

.C Cl 0 UI ...,i O ·-t GI GI 3 ...,i GI 
,.._ ., ,.., 

J GI ,.., l- a. .µ C Description f/1 UI II -t C JJ Q. 0 C :> <I E :ll ·-t It- OI ~ Ill ■ -t ... :) II U ... :J ::> Q. I. UI U .µ .µ X 
0 \. .J C c::, E :JI 0 0 Q. 0 C Q. -~ C ~ ,:;(, <I 

"" ""' · -t Ill :J I- ID C u u :> 
Oi.. CJ z (.) QI 

~ GI~ 0 0 111 0 
11'. 0 I: (.) ID 

8 - inch ASPHALT and 6- inch CONCRETE. -
-

- CLAYEY SAND ; Black , fill material. -
- - SC FILL 
- · -
- -
- -
- . -

5 - ,...._ 
SANDY CLAY; Bro wn , damp, stiff, medium to high - CL A4 1 D 8 6" / 12" 5 109 16 4 

plasticity, fine to medium sand . - ,...._ 13 
- . -
-
-
-
-
-

10 ,...._ 

=~ t% 
CLAYEY SJLT; Olive b rown mo ttled with olive gray , damp , - ML A4 2 s 4 16" / 18" 5 4 

stiff, medium plasticity, micaceous, trace fine to - 5 

~~ medium sand . - -- 6 
- ~ -
- · TOP OF PUENTE FORMATION. -
- · -
- · --15_ : - -- . CLAYEY SAND(ST ONE); Olive brown to pale brown, damp, - Tpw 3 D 11 8" / 12" 5 112 16 4 
- stiff, fine - to- coarse-grained sand (stone) , weathered , - - 20 - interbedded with clayey silt(stone) , medium plasti city , -- : 

few . cemented fragments . No apparen t bedding, = - · 
- . massive. -
- -
- (Harder drilling at 18 - 1/ 2 feet .) -
- . -

20 _ - -- CLAYEY SAND(STONE); Olive brown, damp, stiff, - Tpw 4 s 9 18" /18" 5 4 
- weathered, fine to medi um sand(s tone), micaceous, - 12 
- : massive. No ap parent bedding. - - 19 - -
- . -
- · -
-. -
- : -
- -

25 -
- : CLAYEY SAND (STONE) ; Olive brown , damp, very dense, - Tpo 5 D 24 6"/ 12" 5 114 18 4 
- · oxidi zed, fi ne to medium sand(stone). micaceous , - - 38 
- · medium plas t icity, nearly horizontal bedding . -
- -
- · -
- -
- . -
- -
- · -~n 



I = The Eart!t Technology 

FIGURE A-15. LOG OF BORING Pll - 38 
-.. CorporaJ.,011 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Pr oject NL.ri>er: 89 -409 Borehole Nurrber: 

Description 

Same as above. 

SANDY CLAY(STONE); Olive brown, damp, hard, oxidized, 
medium p lasticity, fine - gTained sand(stone), 
occaa ionally medium-grained sand(stone), massive, 
porous , some cemented fragments. 

SILTY CLA Y(STONE); Olive gTay mottled with yellowish 
brown and olive brown , damp, hard, oxidized, high 
plasticity , micaceous, nearly horizontal bedding . 

CLAYEY SILT(STONE); Olive gray to yellowis h brown , 
damp, hard, oxidized, slightly plastic , micaceous, 
moderately, locally cemented, th inly bedded with 
interbeds of line sand(stone) , th in seam of clay(stone) . 
Dip approximately 5 deg. 

CLAYEY SlLT(STONE); Olive brown to yellowish brown , 
damp, hard , low p lasticity , oxidized, moderately 
cemented, interbedded wi th very fine sand (stone) . Dip 
a pproximately 5 deg. 

CLAYEY SILT{STONE)/SILTY CLA Y{STONE) ; Olive gray 
to yellowish brown, damp, hard, low to medium 
plasticity , micaceous, oxidized, moderately cemented , 
interbedded with fine sand (stone). Nonplastic , sandy 
silt(stone) at bottom. Dip approximately O to 10 deg . 

CLAYEY SILT(STONE); Olive gray, damp, hard , low 
plasticity, micaceous , oxidiied, cemented . Dip nearly 
horizontal. 

SILTY CLAY(STONE) ; Yellowish brown mottled with olive 
gray and brown, damp, hard, high plasticity , 
micaceous, oxidized , interbedded with sand(stone) , 
nearly horizontal beddin g. 

(F~ter drilling at 68 - 1/2 feet .) 

C 
I 0 

II) · -i · -i 
0 II +J 
lll II II 
::::, II U 
~ ·-i 
Or.,. 

Pll-38 
u 

· -i 
CJ+J !. 
O ·-i • QI 

••◄ C Jl C. 
0::::, E ::l1 • :J ~ 

CJ z 
Tpo 6 s 

Tpo 7 D 

Tpo 8 S 

Tpo 9 D 

Tpo 10 p 

Tpo 11 D 

Tpo 12 S 

Tpo 13 D 

3 .., 
0 C 
-◄ :J 
cnO 

0 

11 
19 
29 

25 
58 

!. • :, <I E 
0 :> a. 
u 0 a. 
• 

18" / 18ft 5 

8" /12ft 5 

12 18" /18" 7 
19 
27 

47 6" / 11" 7 
53/5" 

Push 8 
350 psi 

28 6"/ 12" 8 
65 

20 18" / 18" 8 
40 
36 

53 6" / 10" 8 
47 

2 of 

::l1 f .., .., ~ :JC 
:l1•-i r... .., . 
!. Ill U II +I 

0 C a. 
Ill...., 
0 

113 17 

89 28 

~ 
91 30 

4 1 

I 
92 30 4 

4 I 

' 97 26 4 
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FIGURE A-15. LOG OF BORING Pll-38 
C The Eartft Technology 
... CorporaJ.zon 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Pro ject Nunber: 89-409 I Boreho le Nunber: 

-
-
-
-
-

-
-

--

so..::: 

---
-

-
85 _ 

-
-
--
-

-

-
-
-
-

-
-
-
-

100 _:: 
-
-

--
-
-
-

105 -
-

-
--
-

111n -

Description 

CLAYEY SILTSTONE; Dark olive gray to dark olive brown, -
damp, hard, medium pla11ticity, micaceous, fre~h, -
interbedded with fine-grained sandstone . Di p = 
approximately Oto 5 deg. _ 

-
(Hard drilling at 74 feet . ) ---
Same as at 70 feet . Dip approximately 10 deg. --

--
-
-

Same as above . -
-
-----
-

Same as above. Highly cemented . Dip approximately 5 to 10 -
deg. 

-
--
-
-
-

Same as above. -

BORING TERMINATED AT 91 - 1/ 2 FEET. : 
NOTE: This borehole log is based on field classification and -

visual soil description , and is further modified to -
include results of laboratory classification tests , where -
available. This s ummary applies only at the location of_: 
this boring and at the time of drilling. Subsurface -
conditions may differ at other locations and may -
change at this location with passage of time . The data = 
presented is simplification of actual conditions _ 
encountered. The ~trntificat ion lines repre5ent the -
appcoximate boundar-y betwe~11 •ubourface material -
types and the transition may be gradual. = 

-
-
-
--
-
-
-

---
-

-
-

-

Pll-38 
u 

· -4 
Cl..i 
O·-t 
-t C 
0:::) • (!J 

I. 

1l ~ 
E JI 
J 1-z 

J .j.J 
0 C 
-I J 
Ol 0 

t) 

I Sheet 3 of 3 

Tpf 14S 7 
20 
26 

18" /18" 8 4 

Tpf 15 D 100/5" 1" / 5" 8 4 

-

Tpf 16 S 50/ 5" 3"/4" 8 4 

-

-
Tpf 17 D 100/ 4" l" / 4" 10 4 

-

-
Tpf 18 S 50/3" 3" / 3" 4 
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PROJECT NO .: 89 -409 = The Earth Technology Vermont/Santa Monica liiiiii Corporation 
Station and Tunnel 

Location of 
Borehole Pll-38 

5-90 FIGURE A - 15A 
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FIGURE A-16. 
= The Earth Technology 

LOG OF BORING Pll-39 ._ Corporation 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project Number: 89-409 I Borehole Nunber: Pll-39 sheet 1 of 3 

Borehole location: Vermon t Ave. and Sta Monica Blvd. Elevation and Datun(feet): 329 

Hea l th and Safety: Upgraded Level D Date Started: 4/ 2/ 89 Date Finished: 4/ 2/ 89 

Drilling Equi~nt: Failing 750 Total 91.5 Depth to: 38.0 Depth(feet): Bedrock( feet l: 

Dri l ling Method: Rotary Wash Borehole Diometer: 5-inch 

Drilling Fluid: Bentonite Mud Piezometer NO Depth( feet): - -Installation: 
Hanme r Information: Logged By: Checked By: 

SPT Hammer: 140-lb and 30- inch drop. 
DOW HOLE Hammer. 295-lb and 18-inch drop. Kean Tan C. Marshall Payne 

Samples 1J 
C u C ,.., 

,r;,.... I :JI 
I 0 · -I JI :::n ~ .µ 

:J E 
(f) ·-1 ·-1 Ill.._, l.. l.. 0 Cl. .µ ,I.I .C: Cl U IA .,i 0 · -I Ill Ill 3 ,I.I Ill 

,.... .µ ,.... 
:J ; ,.., l.. 0.. a.. .µ 0 Descr iption (J) UI Ill -1 C ..0 a. 0 C ) <I E :JI ·-I .... 01~ • • -I -1 ::> Q. !.. l,Q u .µ -1--1 X 

0~ _J 0 
:;) Ill U 0:;) E :JI -1 :J 0 0 0.. 0 C 0.. -~ C ~ .::I. <I 

-1 ·-I • :J I- ID 0 u u ::> u .... (!J z u Ill 
~ GI ~ 0 0 Ill 0 

a: 0 EU ID ii 6- inch ASPHALT and 6- inch CONCRETE. -

CLAYEY SAND ; Fine to medium sand. -
. -

. - SC A4 
. -

- . . SAND; F ine to medium sand, s lightly micaceous . - SP A3 
- -

5 -
- SILTY SAND ; Olive brown to yello wish brown silty, fine to - SM A3 1 D 33 10"/11" 4 113 13 4 
- . coal'l!e sand, non plastic fLnea, moderately cemented. - - 67/5" - Bottom of the sample clayey silt ; olive brown . -
- -
- -
- ~1 -
- -

10 - -

11 
- -

CLAYEY SILT; Olive brown, damp, hard, medium plasticity, _ ML A4 2 s 18 16" / 18" 4 4 
- trace fine-grained sand , micaceous . - 28 

- - 33 - -
- -

-
-
- -
- -

15 - - -
- SILTY SAND ; Olive brown , damp, dense, - SM A3 3 D 13 10" / 12" 4 4 
- fine-to-medium-grained sand with occasionally - - 20 
- coarse - grained sand, slightly plastic fines , micaceous. -
- -
- -
-
- . -
- --20_ - -- CLAYEY SAND ; Olive brown , moist , dense, - SC A4 4 s 9 14" / 18" 5 4 
- . fine-to-medium - grained sand, low plasticity fines , - 16 
- micaceous. - - 15 - -
- -
- -
- -
- -
- -25 _ _ - -- CLAYEY SAI\D/SANDY CLAY; Olive bro wn , moist , dense , - SC / CL A4 5 D 18 12" / 12" 6 108 20 4 
- fine - to -medium-grained sand , low plasticity fines, - - 15 
- . micaceous . -
- -
- · -
- -
- -
- · -
- -

'>(l 



·1 = The Earl!, Technology 

FIGURE A-16. LOG OF BORING Pll-39 
... Corporatw11 

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

Project Nunber: 89-409 Borehole Nunber: Pll-39 2 of 3 I C u 
.c ,.,, I :JI 

I Q ·-I 
:JI f +J 

E 
+J +' Ul ·-t ·-t O+J I.. I.. a. .r:. a u•..i 0•-1 Ill Ill 3 +J QI 

,.,, +J ,.._ :J C Q. 

I Q. • +J 0 Description Ul ■ II -4 C .0 0 C ::, <I E :Jl•-1 It- +J --Ill a, -I -4 ::, II U -4 :J :> a. I.. II U 
□~ ..J 0 0 :> E :JI 0 0 C. DCC. UI <I 

-4 •-I • :J ... m D u :> 
CJ lo- CJ z u Ir Ir -- 0 D 

Same aa above. SC A<I 6 s 8 18" / 18" 7 4 

I 11 
15 

I 
SILTY SAND ; Dark brown, damp, dense to medium dense, SM A3 7 D 18 10" / 12" 7 102 25 4 

fine to coarse, nonplastic. 33 

I 
TOP OF PUENTE FORMATION. 

SILTY CLAY(STONE); Olive brown to yellowish brown, Tpw 8 s 8 18" / 18" 7 4 I 
damp , very stiff, medium plasticity , weathered, 11 
micaceous, trace very fine sand(stone) . 16 

I 
SILTY CLAY(STONE); Olive brown to yellowish brown, Tpw 9 D 34 10" / 12" 7 4 I damp, hard, medium plasticity, weat hered, micaceous, 48 

oxidi zed . 

I 
SILTY CLAY(STONE) ; Olive b rown, damp, hard , medium Tpw 10 p Push 20" / 30" 9 103 23 4 I plasticity, weathered , trace fine sand(stone) . 350 psi 

I 
SILTY CLA Y(STONE), Olive brown to yellowis h brown , Tpw 11 D 27 ll" / 12" 9 4 

I damp , hard, medium plasticity, we athered, trace fine 32 
sand(stone ), micaceous. 

I 
SIL TY CLA Y(STONE); Olive brown, damp, very stiff, low Tpo 12 S 8 18" / 18" 9 4 

plasticity, oxidized, trace fine sand(stone) , mka.ceous. 12 

I 16 

Same as above. Tpo 13 D 15 9 112 18 4 
I 

35 

I 
I 



I 
I FIGURE A-16. LOG OF BORING Pll - 39 

C The Earth Tech11ologv 
.. Corpora1io11 • 

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

I 
I 

Project Nunber: 89- 409 I Borehole NU11Der: Pll-39 I Sheet 3 of 3 

C u Samoles ~,... 

.C;; I :J 
I 0 .... ? :J ~ ..., ::, E 

fl) ........ Ol+I I.. 0 Cl. t• 5 8' 0 II ,I.I 0·"' • ~ 3 +I • ,... +I ...... 
::, ~,.. I. Cl. Description (/) .. r◄ C .IJ 0 C :, <I E :J, ... r,... Cl.., ........ ::, • u o::, E :JI ... ::, 0 :> a. I... u ...,...,x .:,/. <I 

0 t .J 0 --◄ .... II ::, I- Cll 0 u a a. 0 C Q. Ill C..., u :> 
01o- (!J z 0 at "' . ..., .... 0 

• 0 
rY 0 ~o III 

I 
- CLAY(STONE); Olive brown, damp, stiff, low to medium - Tpo 14 s 27 2" / 18" 9 4 
- plasticity, oxidized, trace fine to medium sand[stone), - H 

micaceous. - - 17 -- -- -

I 
-- -

- -
75 -- CLAYEY SILT(STONE); Olive brown to yellowish brown, - Tpo 15 D 20 12"/ 12" 8 78 39 4 

- damp, hard, medium plasticity , oxidized, micaceous , - ,-- 63 

I - trace fine sand(stone), very vague bedding. Dip -
- -- approximately O to 5 deg. -
- -- -
- -

I - -so _ - -
- CLAYEY SILT(STONE); Olive brown mottled with yellowish- Tpo 16 S 17 16" / 18" 9 4 
- brown and ligh t gray , damp , hard , oxidized , slightly - 28 

I 
- cemented, thinly bedded. Dip approximately 75 deg - ,-- 34 -

(not very apparent). 
-

- -

- (Drill chatter at 83 feet . Cuttings indicate hard , well -
- cemented silt(stone) .) -- -

I 85 _ -- CLAYEY SILTSTONE; Olive brown mot tled with yellowish - Tpf 
- brown to brown , damp, hard, med ium plasticity , fresh , - ,--
- cemented, micaceous. Dip approximately O to 10 deg. - 17 D 45 9'! / 12" 9 91 31 4 
- - - 55 / 4" 

I 
- -
- -
- -
- -- -90_ - ,--

I - CLAYEY SILTSTONE; Dark ol ive gray, damp, hard, medium - Tpf 18 S 50/5" 511 / 5" 7 4 
- to high plasticity, trace mica., fresh. Dip nearly -
- horizontal. - l 1 -

I 
- BORING TERMI ATED AT 91 · 1/ 2 FEET. -
- NOTE: This boreh ole log is based on field classificat ion and -
- visual soil description , and is further modified to --95_ include results of laboratory c:lassification tests , where .:_ 
- a.va.ila.ble . This summary applies only at the location of -

I - this boring and at the time of drilling. Subsurface -
- conditions may differ at other locations and may -- -
- change at this location wi th passage of ti me . The data -
- presented is simpl.ification of actual conditions -

I 
- encou ntered . The s tratifica&ion lines represent the -
- approximate boundary between subsurface material -- -100_ types and the transition may be gradual. -
- -
- -

I - -
- -
- -- -- -- -

I - -105_ -
- -- -- -

I 
- -- -- -
- -
- -
- -

I 
11, n 
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PROJECT NO.: 89-409 = The Earth Technology VermonVSanta Monica .__ Corporation 
Station and Tunnel 

Location of 
Borehole Pll-39 

5-90 FIG URE A -16A 
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FIGURE A-17. LOG OF BORING Pll-40 
= The Earth Technology 
lililllllf Corporation 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Pro ject Nunber: 89-409 Borehole Number: 

Borehole location: Vermont Ave. and Sta Mo nica Blvd. 

Heal th and safety: Upgraded Level D 

Drilling Equipment: Failing 750 

Drilling Method: Rotary Wash 

Dr il ling Fluid: Bentonite Mud 
Hanmer Information: 

SPT Hammer: 140-lb and 30-inch drop. 
DOWNHOLE Hammer: 295-lb and 18-inch drop. 

Description 

12- inch ASPHALT. 

SILTY SAND; Dark brown , fine to medium sand , trace s ilt . 

SILTY SAND; Brown, damp, very dense , fine to coarse. 

CLAYEY SAND ; Greenish gray to olive brown, damp, dense, 
medium plasticity fines , fine-to-medium - grained sand , 
trace si lt . 

(Coarse sand in cuttings at 14-1/ 2 feet .) 
CLAYEY SAND; Olive brown, damp, dense to very dense, 

fine - to-coarse- grained sand, micaceous. 

CLAYEY SAND ; Olive brown to reddish brown , damp, 
medium dense, medium plasticity fines , 
fine - to - medium-grained sand, micaceous. 

CLAYEY SA D; Olive brown to reddish brown , moist , dense, 
medium plasticity fines, fine - to - coarse-grained sand, 
trace gravel, micaceous . 

Pll - 40 sheet __ 1 __ of __ 3 _ __, 

Elevation and Datum(feet) : 329 

Date Started: 4/ 19 / 89 Date Finished: 4/ 19/ 89 

Total 
Depth(feet): 91.0 

Borehole Diameter: 

Piezometer 0 Installation: 
Logged By: 

·Depth to: 
Bedrock( feet): 34.5 

5-inch 

Depth( feet): - -

Checked By: 

Kean Tan C. Marshall Payne 

C u 
-~ 0 .... 

en II ·-4 Ol+J I. 
0·-4 OI OI (.) II +J 

--1 C JJ en Ill flJ 
:::) --1 u 0:::) E :::n 

(.) • oj QI J 1--
(o. CJ z 

SM A3 

SM A3 l s 

SC A4 2 D 

SC A4 3 S 

SC A4 4 D 

SC A4 5 S 

3 +J 
□ C 

--1 :J 
mo 

0 

12 
26 
35 

12 
21 

Samples 
I. 
OI 
) <I E 

:> a. 0 u 0 Q. 

Ill 
ll'. 

16" / 18" 5 

6" I 12" 4 

12 16" / 18" 5 
19 
26 

6 
9 

8" / 12" 9 

9 16"/ 18" 5 
10 
23 

1J 
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:::n ~ +J 
:J E 
□ Q. 

.+J---
:J ~ '"' I. Q. 

:Jl•-4(o. 01 ...., I. IA U +'.µ X 
UI C ..., .::f. <I D C Q. .... 0 u :> Ill'-' 

0 ~(.) 
flJ 0 
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4 
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FIGURE A-17. LOG OF BORING Pll-40 
Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project Nuirber: 89-409 Borehole Number: Pll-40 

Description 

C u 
I 0 · -i 

(/) · -i · -i Cl.i I. u • ..., 0 •oi QI QI "3 .j.J 
(I)• II ~ C .c a. 0 C: 
::i! u o::, E :JI ~ :J 

mo u •-4 GI ::J I-
CJ z u Ii--

Same as above. SC A4 6 D 14 
21 

( Cuttings indicate clayey sand at 34-1/2 feet.) 
Tpw 7 s 11 

TOP OF PUENTE FORMATION. 15 
SILTY CLAY(STONE); Olive brown, damp, hard, medium 24 

p.lasticity, trace fine sand(stone). No apparent bedding. 

SILTY CLAY(STONE); Brown, damp, hard, low plasticity, Tpw 8 D 12 
micaceous , trace very fine sand{stone), no apparent 23 
bedding. 

( Cuttings indicate cemented clay(stone) at 44 feet . ) 
SILTY CLAY(STONE) ; Light olive brown , damp , hard , Tpo 9 s 25 

medium plasticity , oxidized, slightly cemented . No 38 
apparent bedding. 42 

SILTY CLA Y(STONE); Yellowish brown to olive gray, damp, Tpo 10 D 25 
hard, low plasticity , micaceous, oxidized, slightly 40 
cemented, minor fractures , few sand(stone) beds . 

CLAYEY SILT(STONE); Yellowish bro wn to olive gray, Tpo 11 p Push 
damp, hard, micaceous, oxidized, cemented . No 250 psi 
apparent bedding . 

Same as above . T po 12 D 28 
50 

(Heavy drill chatter at 65 feet, cuttings indicate very hard Tpf 13 B 100/ 1" 
material, strong cementation.) 

= The Earth Technology 
lliiiiii Corporation 

2 of 3 

c---
:JI ~.j.J 

::J E 
I. 0 a. 
QI .jJ '"' 

::J ~'"' I. a. 
) <I E :Jl · -i (o. DI...., 
0 ::> a. I. UI U -i-J-i-JX 

.:;f. <[ 
0 a. 0 C: a. II C: ..., u QI ..., ·-4 0 u ::> 

QI 19 0 0 Ou m 
O" / 12" 5 4 

12" / 18" 5 4 

8"/12" 7 5 

12" / 18" 7 15 

8"/12" 7 96 28 7 

15" / 30" 8 104 22 8 

10" / 12" 8 8 
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I 
I FIGURE A-17. LOG OF BORING Pll-40 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

I Project Nurrber: 89- 409 I Bo reho I e N l.lllbe r : Pll-40 

I 
C u 

.c" 1J1 -~ 0 ·-t 
+I +I .c [JI (f) • ·-t Cl.I ~ 

O •-t II • 3 .,I a.. • ., 0 Description u .... 
•• -t ... Cl) II II -I C .0 ~ 

0 C 

0 ~ .J 0 ::1 ... u 0::1 E ... :J 

• :J ~ (I] 0 u •-t 
~ CJ z u 

I 
- CLAYEY SILTST ONE; Yellowish brown, damp, hard , - Tpf H D 25 
- mkaceoua, minor oxidation traces, few sandstone beds. - ._ 50 
- Dip approximately 0 to 10 deg. -
- -
- -
- -

I - -
- -
- -

75_ - ._ 
- CLAYEY SILTSTONE; Dark gray, damp, hard , medium - Tpf 15 S 60 

I 
- plasticity, micaceous, fresh, well cemented, laminated. - 4.0/ 2" 
- - -- -
- -
- -
- -

I - -
-

80_ - -- CLAYEY SILT STO E; Dark gray, damp, hard , lo w - Tpf 16 D 77 
- plasticity, micaceous , fresh . Dip approximate ly Oto 10 - - 23 / 1" 

I 
- deg. -
- -
- -
- -
- . -
- -

I 
- . -

85_ • - -- - CLAYEY SILTSTONE; Dark gray, damp, hard, high - Tpf 17 S 50/ 5" 
- : plast icity , micaceous , mass_ive. Dip approximately 5 -
- deg. - -- -

I - -
- -
- -
- -
- -

I 
90_ - -- CLAY EY SILTSTONE; Dark gray , damp , hard , medium - Tpf 18 D 80 

- plasticity, micaceous , trace organic material, horizontal ') fl / , II 

-
\ lenses of silts tone. Dip nearly horizontal. 1 -

-

I - BORING TERMINATED AT 9 1 FEET. -
- NOTE: This borehole log is based on field classification and -
- visual soil description, and is further modified to -
-

include results of laboratory classification tests , where :._ 95_ 

I 
- availabl e. This summary applies only at the location of -
- t his boring and at the time of drilling. Su bs urface -
- conditions may d iffer at other locations and may -- -
- change at t h is locat ion with passage of time . The data -

I 
- presented is simplification of actua.l conditions -
- encoun,ered . T he stratification lines represent the -
- approximate boundary between subsurface material -

100 _ types and the t ransition may be gradual. -
-

- -

I 
- -
- -
- -
- -
- -
- -

I - -
105 _::: -

-
- -
- -

I 
- -
- -
- -
- -
- -
- -

I 11 0 - -
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FIGURE A-18. LOG OF BORING Pll - 41 
= The Earth Techno/ogJ1 

.., Corporation 

Pr oj ect Name : METRO RAIL - PHASE II - LOS ANGELES 

Project Number: 89-409 I Boreho l e Numbe r : Pll -41 sheet 1 of 3 

Borehole locati on: Vermont Ave. and Sta Mon ica Blvd. Elevati on and Datum( feet ) : 337 

Health and Safet y: Upgraded Level D Date St arted : 4/ 18/ 89 Da t e Fi nished : 4/ 18 / 89 

Dri ll ing Equii::rnent : Mayhew 1500 Tota l 91.0 Depth to: 23 .0 Dept h(feet): Bedrock ( feet): 

Ori 11 ing Method: Rotary Wash Bo reho l e Diamet e r: 5- inch 

Dr i ll ing Fl uid : Benton ite Mud Piezometer NO Depth (feet): - -l nsta l la t i on : 
Hanme r Info r ma t i on: Logged By : Checked By: 

S PT Hammer: 140-lb and 30 - inch drop. 
DOWNHOLE Hamme r: 265-lb and 18-inch drop. Curtis D. Cush man C. Marshall Payne 

Samples 1l 
C 0 C,.., 

.r. ,-. I :II I Q ·-i :JI :J1 f .... J E ........ (/) . ... ·-i Ol+J l,._ l,._ D 0.. 
~ gi U UI +I 0 •-4 Ill QI 3 +I 

,..._ .... ,-. 
J; ,..._ l,._ 0.. Q. QI Description Ill <I E ::n- -1 lo-(I) UI II --t C ~ ~ 

0 C j Cil'-' QI QI -I ..... ::, 111 u ..... J ::, 0.. i.. IA U +I +I X 
0~ ..J 0 0 ::, D 0 0.. 0 C Q. UI C '"' .:i. <I 

..... · -I QI J f-- [[] 0 u --1 D u ::, CJ ,._ (!I z u QI '-' QI '-' 
111 0 

ll'. 0 ~ CJ [[] 

-.... ~6- inch ASPHALT. 
--:~ ·. · 1 
- -· Fill m ate rial; gravelly. -
- ' : ~ ·:· -_ -. . .. -' -- - SP FILL - : -
_ , : ---=- - -

--
SILTY SAND . 

- SM A3 
5 

~ 

- SANDY CLAY; Brown, moist , very stiff, medium plasticity, - CL A4 3 s 10 12" / 18" 5 4 
- fine - to -medium- grained sand . - 12 
- - ~ 19 - -
- -
- -

-- -
- · -10 _ - -

4 ~ - SILTY SAND ; Brown, dry to moist, very dense , - SM A3 50/5" 3" / 12" 5 113 11 5 
- fine - to -co arse-grained sand , micaceous, trace si lt . -
- ' '' -
- · -
- -
- ' -
- · ' . -
- -- -15 _ - -- SILTY SAND ; Brown, moist , very dense, - SM A3 5 s 16 16" / 18" 6 5 
- · fine-to-coarse-grained, micaceous , t race silt. - 19 - - - 21 - -- -
- -
- -
- -· -- -20 _ .• - -- - SM A3 6 D 16 5" / 12" 8 110 17 5 
- - - - 28 
_ , -
- -
- -
- , ' -
- TOP OF P UENTE FORMATION. --~ t -

25 - ~ - -=~ CLAYEY SILT (ST ONE); Yellowish brown to olive gray, very - Tpw 7 s 7 17" / 18" 6 5 t stiff, low to medium plasticity , weat hered, micaceo us, - 14 -t interbedded with 1- inch th ick fine sand(stone) beds . - - 18 -t 
D ip approximately 10 deg. -

- , --~ ~ -
-~ ~ -
-t -

.,n - - -
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FIGURE A-18. LOG OF BORING Pll-41 

C The Eanh Technolo1 
-.iii Corporation 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project Number: 89-409 Borehole Number: 

Description 

SILTY CLA Y(STONE); Olive brown mottled with olive gray 
and yellowish brown, hard, highly oxidiHd, medium to 
high pla.aticity, micaceous, fractured, vague bedding. 
Dip approximately 2 deg. 

SIL TY CLA Y(STONE) ; Olive brown mottled with olive gray 
and dark gray, hard, oxidized, medium plasticity, 
micaceous. Dip approximately 5 deg . 

CLAYEY SlLT(STONE) ; Yellowish brown to olive brown, 
micaceous, oxidized, cemented , highly carbonated, 
thinly laminated. Dip approximately 10 deg . 

CLAYEY SILT(STONE); Light olive gray , hard , oxidi zed, low 
plasticity , micaceous, fractured, thinly laminated. Dip 
approximately 10 deg. 

(Hard d rilling at 47 feet .) 

SILTY CLAY{STONE)/CLA YE Y SILT(STONE) ; Light ol ive 
brown to reddish b rown , hard, oxidized , low to medium 
plastici ty , fractu red , trace sand(stone). Dip 
approximately O to 10 deg . 

SILTY CLAY(STONE); Olive gray to olive brown , hard , 
oxidized, low to medium plasticity , micaceous . No 
apparent bedding. 

SILTY CLAY(STONE) / CLA VEY SILT(STONE) ; Olive 
brown to olive gray, hard , minor oxidation , low to 
medium plasticity , micaceous, inter bedded with very 
fine-grained sand(stone) . 

(Color changes ~o dark gray .) 

CLAYEY SILTSTONE; Dark gray, hard , low to medium 
plasticity, micaceous , fresh, massive, some 1- inch thic 
very fine -grained sandstone interbeds . 

C: 
-~ 0 

(I) ii • ◄ 
CJ ii+' 
(I) ti II 
::::,~ u 

u·~ 

Pll-41 
u 

·-4 
Ol+i !.. 

3 4,-1 
!.. 

0 ·◄ • QI QI 
~ C .c Q. 0 C j <I E 
a::, E JI -i :J 0 :::> Q. 

• :J f-- ID 0 u 0 Q. 

CJ z CJ • 
Tpo 8 D 27 5" /11" 6 

50/5" 

Tpo 9 S 15 14" /16" 8 
30 

Tpo 10 

Tpo 11 S 

Tpo 12 D 

12 D 

Tpo 13 S 

Tpo 14 

Tpf 15 S 

50/ 4" 

50 4." /6" 6 

27 12'!/ 12" 9 
50 

42 s· / 12" 6 
50/ 4" 

10 4" / 12" 6 

50 

12 17" /18" 8 
30 
50 

50 7 

26 B" I 11" 7 
50/ 4" 

2 of 

JI 
,jJ,.. 

JI·◄"'-
!.. UI U 
a c: 

Ill"' a 
102 

95 

6 1 

6 

5 

96 25 5 

6 



I 
I FIGURE A-18. LOG OF BORING Pll-41 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

I 
I 

Project Nunber: 89-409 I Borehole NUllber: Pll-41 
C: u 

.c: ,... 1:1 
I 0 .... 

.j.l +J en ·"' •-i lll+J !.. .C: D u • .j.l 0 .... Ill • 3 .j.l Cl. a, 14-'0 Description en•• .... C: .0 ~ 
0 C: II Ill ....... ::i. u a ::i E .... J 

□~ .J 0 .... .... II J I- ID 0 u~ CJ z 0 

I 
- CLAYEY SILTSTONE; Dark gray, hard, low to medium - Tpf 16 rfr 50/5" 
- plaaticity. Dip approximately 10 deg. -- (Drill chatter between 71 and 72 feet .) -
- -- -
- -

I - -- --75 _ - =s= - Same as above. No apparent bedding. - Tpf 17 50/3" 
- -

I - - (Drill chatter between 76 and 78 feet .) -
- -
- -
- -
- -

I - -
- -so_ - ffr - CLAYEY SILTSTONE; Dark gray , hard , fresh, laminated, - Tpf 18 50/5" 
- carbonated . Dip approximately 10 to 15 deg. -

I 
- (Hard drilling between 80 and 85 feet .) -
- -
- -
- -- -
- · -

I 
- . -

85 _ -
~ - CLAYEY SILTSTONE; Dark grny , hard, high plasticity, trace- Tpf 19 50/5" 

- mica, fresh. -- -- -

I - -
- -- -
- - -
- . -

I 
90 e--

-I:;::::::;= SIL TY CLA YSTONE· hard cemented. - Tof 20 m- 50 / 4' 
- BORING TERMINATED AT 91 FEET. -- NOTE: This borehole log is based on fie ld classification and -
- -
- visual soil description , and is further modified to -

I - include results of laborato ,:y classification tests, where -
- available. This summary applies only at the location of -
- t his boring and at the time of drilling . Subsurface -
- -

95 _ conditions may differ at ot her locations and ma.y -

I 
- change at this location with passage of time. The da ta -
- presented is simplificatio n of actual conditions -
- encountered. The stratification lines represent the -
- -
- approximate boundary between subsurface ma,erial -
- typeB and t he transition may be gradual. -

I - -
- -

-
100_ -- -

I 
- -
- -
- -
- -
- -
- -

I - -
- -

106_ -
- -
- -

I 
- -
- -
- -
- -
- -
- -

I , ,n - -
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.JI :JI f .j.l 
J E 
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a ::> Cl. I. UI U ... ...,x 

.:t <I 
u OCl. a c: Cl. • C: '-' u ::> : ...., a,'-' .... 0 

~o 0 ~o 
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2" /3" 14 5 

l" / 5" 16 6 
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FIGURE A-19. 
= The Earth Technology 

LOG OF BORING Pll-42 __, Corporation 

Pro ject Name: METRO RAIL - PHASE II - LOS A GELES 

Project Numer: 89-409 I Borehole Number: Pll-42 sheet 1 of 3 

Borehole location: Vermont Ave. and Vermont Pl. Elevation and Datum(feet): 342 

Keal th and Safety: Upgraded Level D Date Started : 4/ 5/ 89 Date Finished: 4/5/ 89 

Drilling Equipment : Failing 750 Total 72.5 Depth to: 29 .5 Depth(feet): Bedrock( feet): 

Dril l ing Method: Rotary Wash Boreho l e Diameter : 5 - inch 

Drilling fluid: Bentonite Mud Piezometer 0 Depth( feet): - -lnstal lat ion: 
HalTITIE!r Information : Logged By: Checked By: 

SPT Hammer: 140-lb and 30- inch drop. 
DOWNHOLE Hammer: 295- lb and 18- inch drop . Pierce Charles C. Marshall Payne 

Samples "Cl 
C u c-

.c - I :J I 0 ... :JI :a ~ +J 
J E 

+J..., (/) . .. ·--i Cl.._, I. I. 0 a. .I:. (J u ~ +J O ·-i 3 +J ~ +J~ J~~ L C. 0. Ill "'°'o Description II Qj II <I E ::Jl·--i ft-
II GI (I) ~ II --i C .0 0. 0 C :> +J+JX OI ~ .. --i :::> Ill U 0 :::> E J1 --j J 0 :> 0. L • U .::t. <I 
Cl~ ..J 0 --i . .. II J I- CD 0 u 0 a. Cl C a. UI C ~ u :> u ft- Cl z u Ill - -~ · --i 0 

.. 0 
a: C ~u w 

2-inch ASPHALT. 
- 1 

- Fill . -
- -- -
- -- -- ~ 

-- - FILL 
5- - -- · SIL TY SAND; Yellowish brown, damp, very dense, lo w - SM A3 1 D 11 6"/12" 7 7 

- plasticity fines, fine-to-coarse-grained sand, - - 24 
- micaceous . -
- . -- -
- -
- -
- -
- -

10 f----. SAND -SILTY SAND ; Yellowish brown , damp, loose to - SP-SM A3 2 s 7 9" / 18" 7 7 
- medium dense , nonplastic fines , fine to coarse sand , - 7 - -m1caceous. f--- 13 - -- . -- -
-· -
- -

-
15 - • - -- SAND - SILTY SAND; Yello wish brown, moist , medium dense - SP -SM A3 3 0 15 611 /12" 7 109 14 7 

- to dense, nonplastic fines, fine-to-coarse-grained sand, - - 20 - . micaceous. -
- -
- -
- -
- · (Becomes more silty , color changes to yellow.) -
- · -
- -

20 -- SILTY SAND; Brown, moist, medium dense to dense, low - SM A3 4 s 15 16"/ 18" 6 6 
- plasticity fines, t race 1/2- inch thick moderately plastic - 18 
- silty clay , micaceous. - - 18 - -- -
- -
- . -
- -
- -25 _ _ - -- SILTY SAND; Brown, moist , medium dense, low plasticity - SM A3 5 D 7 6" / 12" 6 104 21 6 
- fines, fine -to-medium- grained sand, slightly plastic - - 8 - fines, micaceous . -- -
- · -
- -- -- -
- -

'"' 



I = The Earth Technology 

FIGURE A-19. LOG OF BORING Pll-42 
'- Corpora1i011 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project Nunber: 89-409 Borehole Nl.l'llber: 

Description 

TOP OF PUENTE FORMATION . 
CLAYEY SILT(STONE); Yellowish brown, moist, hard, low 

to medium plasticity , oxidized, well bedded with 1/4. 
inch thick sandstone beds . Dip approximately 0 to 10 
deg. 

CLAYEY SILT(STONE) ; Light olive gray mottled with 
browniih yellow, moist , hard, low to medium plasticity, 
weathered, fractured, moderately cemented, 
interbedded with lenses of reddish brown sand(stone) . 
Dip approximately 10 deg. 

SIL TY CLA Y(STONE) ; Olive brown mott led with light olive 
gray and reddish brown , moist, hard, h igh plast icity, 
mlcaceous , oxidized , occasionally fractured, 
interbedded with sand(sto ne). Dip approximately 10 
deg. 

Same as above . Very vague bedding. 

CLAYEY SILT(STONE); Olive brown mottled with ligh t oliv 
gray and reddish brown , moist , hard, medium 
plasticity , oxidized , fractured , locally cemented, 
interbedded with sandy si lt(stone). Dip approximately 
15 deg . 

Same as above, frac tured , oxidized . 

CLAYEY SIL T(STONE); Light olive brown mottled with 
light olive gray and reddish brown , moist , hard, 
micaceous, oxidized , inte rbedded with very fine grained 
sandy silt(stone) . Dip approximately 15 deg. 

Same as above. Oxidized . 

C 
-~ 0 

Cf) ..... 
(.) . ., 
Cf) •• 
::, -i 0 

u·-t 
fo... 

Pll-42 
u 

.... 
DI+' I. 
0 ·-t • • -4C .c 
o::, e JI • :J I-

(!I z 

Tpo 6 s 

Tpo 7 D 

Tpo 8 S 

Tpo 9 D 

Tpo 10 S 

Tpo 11 D 

Tpo 12 S 

Tpo 13 D 

3 +I 
0 C 
-i :J 
ma 

CJ 

11 
19 
:n 

21 
40 

I. 
Ill 
:, <I E 
a ::> c.. 
u 0 Cl. 

Ill 

16" / 18" 6 

8" /12" 8 

28 14" / 18" 8 
31 
39 

20 
31 

20 
41 
39 

45 
55 

8" / 12" 

15"/15" 

6" I 12" 

20 18" /18" 
28 
46 

20 
41 

6" / 12" 

6 

8 

8 

4 

4 

2 of 

:ll ~ +' +' ..... :J C 
:Jl ·-t ft- +I Ill 
I. • u , +' 
□ C a. . ..., 
□ 

92 27 

89 26 6 

6 1 

I 

80 42 8 

4 

99 24 4 
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I FIGURE A-19. LOG OF BORING Pll-42 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

I 
I 

Pro ject Nunber: 89-409 I Boreho l e N\..fllber: Pll-42 
C u 

.c ,.. I :I -~ 0 ·-1 
.,I 4,1 (J) IA •-t o..i I. .c IJ 0 •-1 • [ 3 4,1 c.. QI i+IO Description U IA.µ 

• • (J) Ill II -4 C .c 0 C 
-I -4 -4 J 0 (i.. JO ::J -4 u O::J E :n 

OJ 0 ..., u ·-I • J I-
Cl z u (i.. 

I 
- CLAYEY SILT(STONE); Brown mottled with light olive - Tpf 14 p Push 
- gray , moiet , hard, medium to well cemented, - 280 psi 
- carbonated, interbedded with sandy silt(stone). Dip - L-

- -a""roximatelv 10 de11. -
- BORING TERMINATED AT 72-1/2 FEET. -

I - NOTE: This borehole log is based on field classification and -
- visual soil description, and is further modified to -
- include results of laboratory classification tests , where _: 75 _ 
- available. This summary applies only at the location of -

I 
- this boring and at the time of drilling . Subsurface -
- conditions may differ at other locations and may -
- change at this location with passage of time. The data = -
- presented is simplification of actual conditions -
- encountered . The stratification lines represent the -

I 
- approximate boundary between subsurface material -
- -

so_ types and the transition may be gradual. -
- -
- -
- -

I - -
- -
- -
- -
- -

I 
- -

85_ -
- -
- -
- -. - -

I 
. - -

- -
- -
- -
- -

I 
90_ -

- -
- -
- -
- -
- -

I - -
- -
- -
- -

95 _ -

I 
- -
- -
- -
- -
- -
- -

I - -
- -
- -

100_ -
- -

I 
- -
- -
- -
- -
- -
- -

I - -
- -

105_ -
- -
- -
- -

I - -
- -
- -
- -
- -

I - -
11HI 

m The Earth Technology 
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I Sheet 3 of 3 
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FIGURE A-20. 
= The Earth Technology 

LOG OF BORING Pll-43 -. Corporation 

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

Project Nuiber: 89-409 Boreho le Number: 

Borehole location: Lexington Ave. and Vermont Ave. 

Health and Safety: Upgraded Level D 

Drilling Equ ipment: Failing 750 

Drilling Method: Rotary Wash 

Drilling Fluid: Beotonite Mud 

Hanmer Information: 

SPT Hammer: 140-lb and 30-inch drop. 
DOWNHOLE Hammer: 295-lb and 18-inch drop . 

Description 

6-inch ASPHALT. 

CLAYEY SAND; Fine to medium sand . 

TOP OF PUENTE FORMATION. 
CLAY(STONE); Yellowish brown mottled with dark brown , 

d amp, very stiff to hard, medium plasticity , trace mica. 
(Heavy drill chatter at 7 feet, cuttings indicate 6 - inch thick 

hard cemented bedrock material.) 

SILTY CLAY(STONE)/CLA YEY SILT(STONE) ; Olive 
brown, damp, very stiff, low to medium plasticity , 
cemented, lenses of sandy silt(stone) and nonpla.a tic 
very fine sand . Dip approximately 5 deg. 

SILTY CLAY(STONE) / CLAYEY SILT(STONE); Olive 
brown, damp, hard, medium plasticity, trace mica, 
lenses of silt(stone) and very fine sand(stone) , 

SILTY CLAY(STONE )/CLAYEY SILT(STONE) ; Olive 
brown mottled with light olive gray, damp, hard , 
oxidized , low to medium plasticity, fractured , black 
stains on fractures, vague bedding. Dip approximately 
0 to 5 deg. 

P II-43 sheet --'I'--_ of ----"3----i 

Elevati on and Datum(feet): 350 

Date Started: 

Total 
Depth(feet): 

4/ 6/ 89 

66.0 

Borehole Diameter: 5-inch· 

Piezometer 
l nsta l lat ion: 
Logged By: 

YES 

Date Fin ished : 

Depth to: 
Bedrock(feet): 

Depth(feet):63 

Checked By: 

4/6/ 89 

5.0 

Kean Tan C. Marshall Payne 

C 
I 0 

U') . ... · -i 
u 111., 
U'l Ill Ill 
=> Ill U ... ... 

u lo-

SP 

SM 

u 
·-i 
CJl-6,J 
0 •-i 

--1 C 
0 => 
QI 

C, 

FILL 

A3 

A3 

!.. 
QI 
.c 
E 
J z 

Sam Ies 
!.. 

QI 3"'"' Ill 
0 C j 

:JI ... J 0 
~ ID □ u u QI 

11'. 

Tpw 1 D 14 6" /1 2" 
21 

<I E 
::> a. 
0 Q. 

4 

Tpw 2 S 8 14" / 18" 5 

Tpw 3 D 

14 
14 

20 6" / 12" 
27 

5 

Tpw 4 S 19 18"/ 18" 5 
24 
32 

Tpo 5 D 52 6"/11" 
48 /5" 

6 

"C 
C "' 

::J QI +-' J E 
!.. C a o. 

+-''"' !.. Q. :JI ·-I lo- J 111 ..--. 
□I ~ 
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4 
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FIGURE A-20. OG OF BORING PII 43 ._ Corporation I 
~------------L _______ - _______ __, 

METRO RAIL - PHASE II - LOS ANGELES Pro j ect Name: 

~P_:_r_:o~je::c:..:t__:N~unbe=:.:r_:_:_~8::::9:.:.-_:4:,.::O'..,:'.9:_ _____ .J./..:B.:.or:..:e:.:.:h.:_o:._:_le:.....:.:.N=umb=e.:....r.:_: __ -.--_~P:,..__:l:_l-~4:.;3:.._ ____ .....l../.:.:sh.:..:e:.:e..:.t ==2==...:o:.:.f-==;3:;;.==i l 

, c u Samples ~ ,... 

-

-
-
-

ss..::: 
-
-
--
- . 
-~ 
-: 
- ~ 
-~ 

40 - ~ 
-
---
-

-

-
-
-

- · 

-
-
-
-

-

-60 _ 

-
-
-

Description 

CLAYEY SILT(STONE); Yellowish brown, damp, hard, 
oxidiud, interbedded with nonplastic silt(stone) and -
very fine-&rafaed sand(stone) . -

--
-
-

-CLAYEY SILT(STONE); Olive brown to light olive brown, 
damp, hard, o_x.idi!'.ed, low to medium plasticity, trace -
mica , Dip approximately 5 to 10 deg . -

-
-

-
-
--

CLAYEY SILT(STONE); Olive brown to light reddish brown , -
damp , h ard , oxidized, low plasticity, trace mica, -
fractured, weakly cemented. = 

-
-
-
-

CLAYEY SIL T (STO E); Olive brown mottled wi th yellowish -
brown, damp , hard , oxidi:i;ed , low to medium plast icity , -
locally vertically fractured, interbedded with very fine = 
sand(stone) . Dip approximately 5 to 10 deg. _ 

--
-

CLAYEY SlLT(STONE); Olive brown, damp , hard , oxidized,-:: 
low to medium p lasticity, trace mica . -

-
--
--
-

-
Same as above . Fractured . Dip approximately 5 deg. 

-
-
-

-
-

CLAYEY SILT(STONE); Olive brown, damp, hard, oxidi:ied, -:: 
low to medium plasticity, trace mica, interbedded with -
very fine sand(s tone ). = 

-

-
-
-

~ -~ j -~ ~ -l.-.--.--3-4-.l--r--•::11.,--,---,...----,,---1 - ,.,."T.~=--~--I e & 
II) tjl • -t C 1! [ 0 C ~ <I e :I ·_. lo- +l DI ,-.. DI ,..,. 
:::,llu 0.'.) E JI -t:l 0 :,a. l. ■ U 11-i-l ~ .:,::<I 

~-... • :11- m8 u o~ oia. . .,.5"0 ::> 
i,.. ~ z ~ a"~u ~o 

Tpo 6 S 

-

14 
19 
27 

Tpo 7 D 44 6" /12" 
- 56/ 5" 

-

7 

7 

Tpo 8 P Push 24" /30" 7 
400 psi 

-

Tpo 9 D 28 
- 50 

Tpo 10 S 
-

-

16 
25 
35 

6" / 12" 

16" / 18" 

Tpo 11 D 75 6"/8" 
>- 25 / 2" 

-
Tpo 12 S 20 

30 
40 

18" / 18" 

7 

8 

8 

6 

4 

95 27 4 

90 30 4 

92 28 4 

4 

92 29 4 

4 

8 99 24 

-~ 
65 _1-.1_ -.11.11_ ..i. ----------------------_+---+----+ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I -~ SILTY CLA Y(STONE); Dark olive b rown to olive brown and - Tpo 13 D 60 6" /9" 

\ reddish brown , damp, hard, minor oxidat ion . J,+-----1---t--+--+--,.tttt_ ~ v+----+---+----+----+---+ 

I -
--
.-

7n -

BORING TERMINATED AT 66 FEET. 
INSTALLED A PIEZOMETER. 

--
-

NOTE : This borehole log is based on field classification and -
visual soil description , and is further mod ified to = 
; n rl ,, ,lo •aou l•• of hhor,.torv ,..1, •• ;r.r ,. t,;nn •a.to whPrP 'I 
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I FIGURE A-20. LOG OF BORING Pll-43 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

I 
I 

Project Nurrt>er : 89-409 I Borehole Nl.lllber: Pll -43 
C: u 

..c,.... I JI -~ 0 ·-4 
+I +I (/) • •-4 CJ+I l. 
Q.. 

..c CJ 
Description u. +I 0•-4 • ~ 3 +I 

• • 14-1 0 (/) .. -IC ..0 0 C 
-4 -I -I J C ,._ ::, -I u 0::, E JI ...., .J 0 0 ·-4 • J I- mo 

C, z 0 ,._ 

I 
- available. This summary applies only at the location of -
- this boring and at the time of drilling. Subsurface -
- condit ions may d iffer at other locat ions and may -
- change at this location with passage of t ime . The d ata = -
- presen ted is simplification of actual condit ions -

I 
- encountered . The st rat ificat ion lines represen t t he -
- approximate boundary between subsurface material -
- -

75 _ types and the transition may be gradual. -
- -
- -

I - -
- -
- -
- -
- -

I 
- -
- -

80_ -
- -
- -
- -

I 
- -- -
- -
- -
- -
- -

I 85 _ . -
- -
- -
- -
- -. 

I - -
- -
- -
- -
- -90 _ -

I - -
- -

- -
- -

I 
- -- -
- -
- -

95 _ -- -

I - -. -
- -
- -- -

I 
- -
- -
- -

JOO _ -
- -
- -

I - -
- -
- -
- -
- -

I 
- -

10s.:: -
-

- -
- -- -

I - -
- -- -- -
- -

I 
1,, n - -

= The Eart!r Tech110/ogy 
._ CorporaJ1011 

I Sheet 3 of 3 
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:JI JI ~ +I 

J E 
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~ 
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Station and Tunnel 
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Cl 0 
N 
Cl 

TOTAL DEPTH (D) 

TOTAL DEPTH OF CASING (D1) 

TRAFFIC BOX 
( POMECQTM) 

PVC SLIP CAP 

r/,-'.11-----CEMENT/ BENTONITE GROUT 

rAt'A-----BLANK PVC CASING 

BENTONITE SEAL 

• . .. •. ===- . · . 
.. . . - - . . . . . . -_- . . 

_~·.--,+-----SCHEDULE40 

.·. -_- ... ... --=-- •• ; 
.. -- . . .. . · -.:- ... 
. - .. --- . -.. 

--- .. .. .. --- -.. . ... - ... 
• -- I --

PVC FLUSH THREADED 
CASING l SLOTTED) 

~.,.._---FILTER PACK SAND 

. .. . . .. . . 
THREADED PVC ENO CAP 

---t----- FILTER PACK SANO 

= 66.0 

= 63.0 

DEPTH TO BOTTOM OF WELL SCREEN (D 2) 

DEPTH TO TOP OF WELL SCREEN (D3) 

DEPTH TO BOTTOM OF TOP SEAL (D4) 

DEPTH TO TOP OF TOP SEAL (D6 ) 

= 

= 

= 

= 

= 

38.0 

8.0 

4.6 

2.0 

WELL CASING DIAMETER = 2 
= 

WELL SCREEN SLOT SIZE 0.02 
= 

FILTERPACK SAND TYPE = NO . 2 

FEET 
FEET 
FEET 
FEET 
FEET 
FEET 
FEET 
FEET 

INCH 

INCH 

MONTEREY 

BENTONITE SEAL TYPE = 1/ 8" PELLETS 

P ROJECT NO .: 89 -409 = The Earth T echnology 
._ Corporation Vermont/Santa Monica 

Station and Tunnel 

Diagram of 
Piezometer Pll-43 

FIGURE A-208 
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FIGURE A-21. LOG OF BORING 

= The Earlh Tech110/01 Pll-44 .. Corpora1io11 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project N~r: 89-409 Borehole Number: 

Borehole location: La Mirada Ave. and Vermont Ave. 

Heal th and Safety: Upgraded Level D 

Drilling Equipment: Failing 750 

Drilling Method: Rotary Wash 

Drilling Fluid: Bentonite Mud 
Halll11er Information: 
SPT Hammer: 140-lb and 30-inch drop. 
DOWNHOLE Hammer: 295-lb and 18-inch drop. 

J:.,.., I 3 
.,.,.COi 
a. Ill 0 
• II -1-4 
0~ ..J 0 

Description 

6-inch ASPHALT 

FILL. 

CLAYEY SAND; Dark yellowish brown , damp , dense to very 
dense, medium plasticity fines, fine- to-coarse - grained 
sand, micaceous . 

CLAYEY SAND; Dark yellowish brown, damp, dense to very 
dense, medium plasticity fines , fine - to -coarse- grained 
sand, micaceous. 

CLAVEY SAND ; Dark yellowish brown, damp , dense to very 
dense, low to medium plasticity fines , 
fine -to- coarse-grained sand , with pockets of sandy 
clay , medium plasticity , mieaceous. 

CLAYEY SAND; Brown, damp, medium dense, low to 
medium plasticity fines, fine-to-coarse-grained sand, 
micaceous. 

Same as above. More fines, medium plastici ty . 

Pll-44 sheet __ 1 __ of __ 3_ 

Elevation and Datun(feet): 

Date Started: 4/ 18/ 89 Date Finished: 4/ 18/ 891 
Total 81.0 Depth to: 79.0 Depth(feet): Bedrock(feet): 

Borehole Diameter: 6-inch 

Piezometer 0 Depth( feet): - -lnsta l lat ion: 
Logged By: Checked By: 

Kean Tan Marshall Payne 

Sam Jes 1l 
C u C -

-~ a •-I 
:JI I. ., J 

(I) • ·-1 Cl-'-' I. 
3"'"' 

I. ,.., +J ,-.. a 
(J • +J 0 ·-1 QI QI Ill J i,.., I. a. 

-t C .D 0 C :> « E :ll •-1 ... Cl..., 
(I) • II a=> E :n .... J a :> a. I. Ill U +I-'-' X 

~ ::) ... u 
ID 0 0 a. 0 C Cl. II C...., 

(J ·-i Ill J I- u . ..., .... a u . 
(!J z (J 

Ill Ill Ii,. 
0 ~CJ ll'. ID 

FILL 

SC A3 1 S 10 16" / 18" 3 
15 
25 

SC A3 2 D 11 10" / 12" 3 112 19 
22 

I 
I 

SC A4 3 s 12 16" / 18" 4 

' ~ 16 
17 

SC A4 4 D 8 10" / 12" 4 115 17 4 
17 

SC A4 5 S 9 18" / 18" 4 4 
16 
17 
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FIGURE A-21. LOG OF BORING Pll-44 
= The Earth Technology 
.._ Corporation 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project Nunber: 89-409 Boreho le Nurrber: 

Description 

CLAYEY SAND; Brnwn, damp, medium dense, medium 
plasticity fines, fine-to-coarse - grained sand, trace 
gravel up to 3/8- inch in diameter, micaceous. 

SANDY SILT/ SILTY SAND; Brown mottled with olive gray, 
damp, medium dense, low plasticity fines, 
fine - to -medium- grained sand, micaceous. 

SC 

Pll-44 
0 .... 
0.1 L 
0 .... • QI 
-t C .a 
O:> E JI 
• :J I-

CJ z 
A4 6 D 

A4 7 S 

SANDY CLAY/CLAYEY SAND ; Olive brown , damp, stiff, 
low to medium pla:iticity fines, fine - grained sand , 
micaceous. 

CL/ SC A4 8 D 

8 
12 

8" /12" 

,-,. 
<I E ::, a. 
0 a. 

5 

9 16" / 18" 5 
11 
15 

10 10" / 12" 5 
14 

SILTY SAND ; Light olive brown, damp, medium dense, low 
plasticity fines , little gravel, micaceous . 

SM A3 9 P PUSH 24" / 30" 7 

SIL TY SAND ; Light olive brown , wet , medium dense, 
fine - grained sand, micaceous. 

SILTY SAND; Light olive brown , wet, dense, lo w plasticity 
fines, fine - to -coarse-grained sand , micaceous. 

SAND - SILTY SAND ; Light brown, wet , very dense , 
medium - t o-coarse-grained, micaceous. 

Same a:i above. Sandy si lt a t bot tom of t he sample . 

SM A3 10 D 

SM A3 11 S 

SP-SM A3 12 D 

SP-SM A3 13 S 

250 PS 

10 
15 

6" / 12" 8 

18 16" / 18" 8 
20 
29 

36 10" / 12" 10 
46 

14 12" / 18" 10 
25 
40 

2 of 

111 ·19 5 

5 

103 24 5 

6 

102 25 8 

8 

10 

10 



I = The Earlh Technology 

FIGURE A-21. LOG OF BORING Pll-44 
-.. CorporaLion 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project NUTlber: 89-409 Boreho le Nt..mber: 

1:::JI 
.r: Cl 

0 
-i-1 
_j 0 

Description 

CLAYEY SILT; Yellowish brown , moist, very stiff, low to 
medium plasticity , little fine-grained sand, micaceouo. 

CLAYEY SAND; Brown mottled with gray, moist, medium 
dense, low to medium plasticity fines, 
fine-to-coarse-grained sand , micaceous, pockets of 
olive gray sandy silt. 

TOP OF PUENTE FORMATIO 
SIL T(STONE ); Brown mottled with gray and yellow, damp, 

hard, oxidized , medium plasticity, thin ly bedded, 
cemented, micaceous. Dip approximately 15 deg. 

CLAYEY SIL T(STONE); Light gray mottled with yellowish 
brown , hard, oxidized, low to medium plasticity, trace 
very fine sand(stone), weakly cemented , micaceous . 

BORING TERMINATED AT 86.5 FEET. 
NOTE: This borehole log is based on field classification and 

visual soil description, and is further modified to 
include results of laboratory classification tests, where 
available . This summary applies only at the location of 
this boring and at the time of drilling. Subsurface 
conditions may differ at other locations and may 
change at this location with passage of time. The data 
presented is simplification of actual conditions 
encountered : The stratification lines represent the 
approximate boundary between subsurface material 
types and the transition may be gradual. 

C 
-~ 0 

(/J .... 
(.) • ..J 
rn II II 
:::i -I u 

(.)""" .... 
ML 

SC 

Pll-44 
u ... 
Cl+l L 
0 ... • • -I C .0 
0 :::i E :JI • :I I-
Cl z 

A4 14 D 

A4 15 S 

Tpo 16 D 

Tpo 17 S 

3 of 

:JI ~..J L 
3-.J • ~ ,.... 

:J ; ~ 0 C :, ¢ E :Jl·-i .... 
-I :J :::> a. L II U ..J ..J X 
mo 0 0 a. 0 C Q. II C ~ u 111~ · ---t 0 (.) • 0 (.) Cl 

15 a"/ 12" 10 104 23 
17 

13 14" / 18" 10 
25 
53 

32 r I 12" 8 81 45 
68 

23 14"/14~ 9 
44 

I 
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FIGURE A-22. LOG OF BORING 
= The Earl~ Technologl 

Pll-4S ... Corpora.lion 

Pro ject Name: METRO RAIL - PHASE II - LOS ANGELES 

Pro ject Nunber: 89-409 Borehole Nunber: 

Borehole location: Vermont Ave. and Fountain Ave. 

Heal th and Safety: Upgraded Le ve l D 

Dr i ll Ing Equipment: Mayhew 1500 

Dr i ll ing Method: Rotary Wash 

Or i l ling Fluid: Bentonite Mud 
Ha11111er Information : 
SPT Hammer: 140- lb and 30-inch drop. 
DOWNHOLE Hammer: 265-lb and 18- inch drop. 

Description 

6-inch ASPHALT . 

CLAYEY SAND; Brown, moist, medium dense, 
fine -to- medium-grained sand, low to medium 
plasticit y fines, micaceous . 

Same as above . Very dense . 

(Drill chatter at 14 fee t.) 

SILTY SAND; Brown, moist , medium dense, t race slightly 
plastic fines, micaceoua. 

CLAYEY SAND; Brown, moist , very dense, 
fine-to-medium-grained sand, medium plasticity fines, 
micaceous. 

TOP OF PUENTE FORMATION. 

CLAYEY SILT(STONE); Brown mottled with light olive 
gray, moist , hard, oxidized, low to medium plasticity, 
micaceoua, massive, trace fine sand(stone) . 

Pll-45 sheet _ ~ l __ of - ~3_._ 

Elevation and Datun(feet): 372 

Date Started: 5/ 8/ 89 Date f in ished: 5/ 8/ 89 

Total 81 0 
Depth(feet): • 

Depth to: 2l 0 
BedrockCfeet): • 

Borehole Di ameter: 5-inch 

Piezometer 
I nstal lat ion: NO Depth(feet): --

Logged By: 

Curtis D. Cushman 

Checked By: 

C. Marshal) Payne ~ 

Sam !es "[] 
C u C , 

-~ D ·-i :I . ..., :J I: 
O') • ·-i CJl.i I. 

3 .... 
I. ~,... I. C 0 a. I 0 ..... O ·-i QI QI • <t E :Jl ·-i ~ :J • ,... I. a. 

-4 C .!l DC: :> []I.., O'I II II 
O ::J E :JI -4 :I D ::> a. I. • u .i..., X .::t <t ::J .... u 

OJ 0 0 a. 0 C a. UI C V u·,.. m :I I- u u 
(!J z u QI 

.., II -.., ... 0 
111 0 ~ a ~ CJ a:: Ql 

FILL 

SC A4 1 S 7 12· / 18" 8 
15 
17 

SC A4 2 D 14 6" / 12 11 6 115 14 6 

' 
22 

I 
,J SM A3 3 s 12 12" / 18" 7 

17 
18 

I 

SC A4 4 D 20 6 107 18 6 ' 16 

Tpo 5 s 10 12" / 18" 7 6 
14 I 26 

I 
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FIGURE A-22. LOG OF BORING Pll-45 
= The Earth Technology 
-. CorporaJion 

Project Name: METRO RAIL - PHASE H - LOS ANGELES 

Project Nunber: 89-409 I Borehole Nunber: 

Description 

CLAYEY SILT(STONE); Olive brown mottled with reddish -
brown , moiat, hard , oxidized, low to medium plasticity, -
trace mica, thinly laminated with very fine - grained -
sand(stone) . Dip a pproximately 5 deg. = 

-
-

- -

Pll-45 
u 
-~ 
l]l,1,,1 
O·~ 
-t C 
0:J • CJ 

Tpo 

!.. 
■ Ill 

j ~ 
::J 1-
z 

6 D 
,__ 

3.., 
0 C 

..... ::J 
mo 

CJ 

18 
42 

I Sheet 2 of 3 

6" / 12" 9 89 33 6 

35J:a::!F'IP.i------------------------=or----+-- -+ -
-----
-

-

- '· 

-
- : 

60-
-
-
-

- . 

--
65-+.IH!4..-l! 

-
--
- · 

-
- . 

'7n 

SILT(STONE) ; Olive brown mottled with reddish brown, -
moist , hard , micaceous, trace slightly plast ic fines, -
frac tured , interbedded with fine -grained sand( stone) . : 

-
-

--
SILTY CLA Y(STONE) ; Olive brown mottled with light -

brown, moist, hard, oxidized , micaceous, t race slightly -
plastic fines, interbedded with very fine sand(stone), = 
vague bedding. Dip approximately 5 deg. _ 

-
--

CLAYEY SILT(STONE); Light olive gray mottled with olive -
brown, moist, hard, oxidized, low plasticity, micaceous, -
trace nonplastic silt(stone) , interbedded with = 
fine-grained sand(stone). _ 

--

CLAYEY SILT(STONE) ; Light olive gray mottled with olive -= 
brown , moist, hard, oxidized , low plasticity, -
interbedded with very fine-grained sand(stone) . Dip = 
approximately 10 to 20 deg. _ 

--
-

-
-CLAYEY SILT(STONE); Olive gray , damp, hard, oxidized , 

medium plast icity , trace mica, interbedded with very -
fine-grained sand(sto ne) . Dip approximately 10 to 15 = 
deg. 

CLAYEY SILT(STONE); Olive gray, moist, hard , oxidized , 
low plascicity, micaceous, interbedded with very 
fine-grained sand(stone), locally fractured . Dip 
approximately 10 deg. 

CLAYEY SILT(STONE); Gray mott led with brown , moist , 
hard , oxidized , low plasticity, fractured , lenses of 
silt(stone) . Dip approximately 5 -deg. 

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

--
--
-

Tpo 7 S 

-

-
Tpo 8 D 

-

Tpo 9 S 

-

11 
17 
21 

26 
50 

16 
30 
34 

16" /18" 

18" / 18" 

Tpo 10 D 34 6"/ 10" 
- 50/ 4" 

-

7 

6 

7 

7 

Tpo 11 S 19 18" / 18" 10 
36 

Tpo 

Tpo 

- 40 

120 40 
- 50/ 4" 

-
13 S 

-
22 
32 
39 

6" / 10" 9 

9 

6 

97 26 6 

7 

99 25 6 

6 

97 26 6 

8 
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FIGURE A- 22. LOG OF BORING Pll-45 --C T he Earth Technology C . • orporaJ1011 J 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project Nl.lllber: 89-409 I Borehole Nunber : Pll-45 J Sheet 3 of 3 t' 
Samoles c -C: u ,... 

..C,... I :JI 
I 0 •➔ ? :a .-i,J u, (I) •➔ · ➔ C]l-i,J I.. .... r. [I 0 ... O·-➔ • • 3 -i,J • "" 

.,,,.., I.. C: 
Q.. +I 0 Description Ill ■ II -4 C: .0 ~ 

0 C: ::, <I E JI · ➔ ~ ::J 111,-.. 
•• ➔ -4 :) II U -4 ::J :> a. I... u .µ +J X 
C ~ .J 0 

0 :) E 0 0 a. C C: 0. • C: ...... 
,r-➔ • ::J ... m o 0 

CJ z 0 
~ 

'-" . ..., •➔ 0 
"0 ~ 0 ~ CJ m 

- ~ CLAYEY SILTST ONE ; Dark gray, moist, hard, fresh, - Tpf 14 D 75 12 
8 11 - ~ medium pla.tidty, micaceoua, fractured, cemented. Di p- -Refusal 

- approximately 10 deg. -
~ - -

- -
~ - -

- - l - ~ 
-

~ 
-

75_ - -- Same as above. - Tpf 15 S 36 9 8 
~ - 57 l -~ -~ ~ - - Refusal - --~ ~ -

I 
f 

-: ~ -
-~ 

8 I 
- -
- -

80- - -- CLAYEY SILT(STONE); Dark oliv e gray , moist , hard, fresh, - Tpf 16 D 50/3" 2" / 3" 10 
r 

- medium p lasticity, micaceous, interbedded with ~ 

\ j 
·------· - sandstone. Dip approximately 10 deg. ., -

-
- BORING TERMINATED AT 81 FEET. - I 
- NOTE: This borehole log is based on field classification and -
- visual soil description, and is further modified to -
- -

85_ include results of laboratory classification tests, where _ 
- available . This summary applies only at the location of - I 
- this boring and at the time of drilling. Subsurface - I - conditions may differ at other locations and may -
-
- change at this location with passage of time . The da ta _ 
- preeented is ~implificat ion of actual conditions -
- encountered . The stratification lines represent the - I 
- approximate boundary between subsurface materia l -
- ' -

go_ types and the trnnsition may be gradual. -
1 - -

- - I - -
- -
- -

J 
- -
- -
- - I 
- -

95 _ -
- -
- -
- - I - - l - -
- -
- --- I 

I 
100_ -

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

105_ -
- -
- -
- -
- -
- -
- -
- -- -

11n - -
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FIGURE A-23. LOG OF BORING 

= The Eartft Techno/01 
Pll- 46 .. CorporaJwn 

Project Name: METRO RAIL - PHASE II - LOS ANGELES 

Project Nl.lllber: 89-409 Borehole Nunber: 

Borehole location: Vermont Ave. and Delongpre Ave. 

Heal th and Safety: Upgraded Level D 

Drilling Equipment: Failing 750 

Drilling Method: Rotary Wash 

Drill i ng Fluid: Bentonite Mud 
Hall'ffler Information: 

SPT Hammer: 140-lb and 30-inch drop. 
DOWNHOLE Hammer: 295-lb and 18- inch drop. 

.C ,._ I :JI 
.i +J .C Cl 
Q. Ill 0 
I II -1-4 
O~JO 

Description 

10-inch ASPHALT . 

CLAYEY SAND ; Reddish brown , fine sand. 

SANDY CLAY; Brown, damp, hard, medium plasticity fines, 
fine- to medium-grained sand, micaceous . 

CLAYEY SAND; Brown, damp , very dense, fine- to 
coarse- grained sand, , medium plasticity fines , 
micaceous . 

Same as above. 

CLAYEY SANO : Brown , damp , very dense , fine - to 
coarse-grained sand, medium plasticity fines, 
m1caceous . 

SILTY CLAY; Brown, damp, very stiff, medium plasticHy, 
micaceous, trace very fine-grained sand. 

. TOP OF PUENTE FORMATION . 

Pll-46 sheet __ l __ of - -"3--.1• 

El evat ion and Datun(feet): 379 

Date Started: 4/ 21 / 89 Date Fi nished: 4/ 21 / 89 
Total 
Depth(feet): 81.0 Depth to: 26 0 

Bedrock(feet)°: • 

Borehole Diameter: 5-inch 

Piezometer 
Installation: 
Logged By: 

YES Depth( feet): 80 
Checked By: 

Kean Tan C. Marshall Payne 

i::: u 
I 0 .... rn ........ [Jl-1,J 

0 • -1,J 0 ·-1 rn I II --i C ::, • u a::, 
--i . ... GI 
CJ lo,. (!J 

FILL 

CL A4 

SC A4 

SC A4 

SC A4 

CL A4 

I.. • QI · 
ll 
E jl 
j I-z 

l S 

3 +-' 
0 C 

--i j 
Ill 0 u 

14 
23 
28 

Sam les 
I.. • :> 
0 
u 
II er 

16" /18" 

2 D 12 6"/12" 
21 

~E 
::> a. 
0 a. 

3 

4 

3 S 14 14"/ 18" 4 
17 
20 

4 D 15 6" / 12" 4 
18 

5 s 10 16" / 18" 4 
10 
19 

121 14 

118 15 

I 
,. 

4 

4 

4 

4 I 



I m The Earth Tech11ology 

I FIGURE A-23. LOG OF BORING Pll-46 
-. Corporatio11 

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

I Project Nl.llber: 89-409 Borehole Nl.llber: Pll-46 2 of 

C: u ,..., 
-~ 0 ... JI E 

IJ) . . .. Ill+' L L a. 
Q , .. • GI 3 -1,-1 GI 

,..., ~,... a. 
Description 0 .-1,-1 <I E :JI, .. r,... 

I IJ) • " -➔ C LI 0 C: :> '-' 

::) -4 u O::J E JI -4 :l 0 :> C. L Ill U <I 
o ·_. • :l I- mo u 0 C. 0 C: :> 

r,... Cl z u QI 
. '-' 0 0 

SILTY CLAY(STONE); Brown, damp, very stiff to hard, Tpw 6 D 14 8" / 12" 4 99 24 4 

I medium plBBticity , micaceous, interbedded with very 19 
fine sand(stone), weathered, no bedding. 

I (Drill chatter a.t 35 fee t.) 
SILTY CLAY(STONE); Light brown , damp, hard, low Tpw 7 s 18 12" /18" 4 4 

plasticity, micaceous, interbedded with very fine 26 

I sand(stone), . 26 

(Hard , cemented clay (stone) at 38 feet.) 

I SILTY CLAY(STONE); Reddish brown, damp, stiff, low Tpo 8 D 8 8" /12" 4 65 58 4 
plasticity, micaceous, interbedded with very 8 

I 
fine-grained sand(stone), almost weathered, clayey 
silt(stone) at top, cemented nodules. 

I CLAYEY SILT(STONE); Olive gray , damp, hard , medium Tpo 9 s 19 16" /18" 4 4 

plasticity, micaceous , thinly interbedded with fine 28 
sand(stone) . Dip approximately 15 deg . 46 

I 
I Same as above, oxidized . Olive gray to olive brown . Dip Tpo 10 D 14 8" / 12" 4 100 25 4 

approximately 5 to 10 deg. 26 

I 
Same as above. Tpo 11 p PUSH 15" / 30" 4 103 23 4 

I 225 PS 

I 
CLAYEY SILT(STONE); Olive brown , damp, hard, very low Tpo 12 D 23 10" / 12" 5 97 27 4 

plasticity I micaceous, interbedded with very fine 37 

I sand(stone), weathered to oxidized . Dip approximately 
15 deg. Clayey silt(stone) at top , low to medium 
plasticity, micaceous, fractured . Dip approximate ly 15 
deg. 

I SILTY CLA Y(STONE); Oliv e brown to olive gray, damp, Tpo 13 S 21 16" / 18" 5 4 
hard, low to medium plasticity, micaceous, lenses of 24 
light gray silt(stone) . Dip approximately 15 deg. 33 

I 
I 



I = The Earth Technology 

FIGURE A- 23. LOG OF BORING Pll - 46 
-.. Corporation 

Projec t Mame: METRO RAIL - · PHASE II - LOS ANGELES 

Project NUTt>er : 89-409 Borehole Nunber : 

Description 

Same aa above , clayey at t op, siltier at tip, Medium pla.aticity. 
Vasue bedding (ma.aaive), dip 10 to 15 deg. 

CLAYEY SILTSTONE; Dark gray, damp, hard, medium to 
high plasticity, micaceous, brittle. 

SILTY CLAYSTONE at bottom of sample , fresh, si ltstone at 
top . Lenses of li ght gray, nonplastic sandy siltstone. 
Dip approximately 10 deg. 

BORING TERMINATED AT 81 FEET . 
NOTE: This borehole log is based on fie ld classification and 

visual soil description , and is further modified to 
include results of laboratory classification tests, wh ere 
available. This summary applies only at the location of 
this boring and at the time of drilling . Subsurface 
conditions may differ at other locations and may 
change at this location with passage of time. The data 
prellented is simplification of actual conditions 
encountered. The stratification lines represent the 
approximate boundary between subsurface material 
types and the transition may be gradual. 

C: 
-~ 0 

(/) . -~ 
(.) . .., 
(/) . . :::,~ u 

u ·~ .... 

Pll-46 
u 
-~ 
0.., I.. 3.., L 
o -~ II • Ill <I E ~ C .D 0 C ::, ::> 0. o:::, E :J ~ :J 0 • :J I- CD 0 u 0 0. 
Cl z 0 • ,.., 

Tpo 14 D 23 9"/12" 5 
36 

Tpf 15 S 50 / 5" 5" / 5" 6 

Tpf 16 D 28 10"/12" 7 

3 of 

:JI Ill.., 
.i~ L C: 

:JI ·~ .... .iJ II 
I... u . .., . 
0 C 0. -~ 5 . ..., 

Ou □ 

94 27 

5 

98 29 
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PROJECT NO .: 89 - 409 = The Earth Technology Vermont'Santa Monica liiiir Corporation 
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N 
Q 

TOTAL DEPTH (D) 

TOTAL DEPTH OF CASING (Dl) 

TRAFFIC BOX 
( POMEcon.1, 

PVC SLIP CAP 

r/,'A-----CEMENT/BENTONITE GROUT 

rA'14-----BLANK PVC CASING 

BENTONITE SEAL 

.. - '' 
• • - - 0 • I .. -· 

• ... •. :-:: . · .. 
. . -- . 
'·. -=-➔-.--. -----SCHEDULE 40 

• • - - PVC FLUSH THREADED 
.·' -:_- • • • CASING 'SLOTTED) 

··::. ==3 ·-·~-~ 
. _ ... --- . -.· 

_-_ .. , 

.. - .. . --- . .. --- . .. 
~1-----FILTER PACK SAND 

THREADED PVC END CAP 

85 .0 

= 80.0 
= DEPTH TO BOTTOM OF WELL SCREEN (D2) 

DEPTH TO TOP OF WELL SCREEN (D3) 

DEPTH TO BOTTOM OF TOP SEAL (D4) 

DEPTH TO TOP OF TOP SEAL (D5 ) 

= 
= 
= 
= 

50.0 

20.0 

17.0 

14.0 

WELL CASING DIAMETER = 2 
= 

WELL SCREEN SLOT SIZ E 0.02 = 

FEET 
FEET 
FEET 
FEET 
FEET 
FEET 
FEET 
FEET 

INCH 

INCH 

FIL TERP ACK SAND TYPE NO . 2 MONTEREY 

BENTONITE SEAL TYPE = 1/8" PELLETS 

PROJECT NO. : 89- 409 = The Eart h Techno logy 
~ Corporation Vermont/Santa Monica 

Station and Tunnel 

5-90 

Diagram of 
Piezometer Pll-46 

FIGURE A -238 
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BORINGS FROM EARTH TECHNOLOGY 
1988 INVESTIGATION 

Note: Oxidized Puente Formation (Tpo) 
bedrock is categorized as 
weathered Puente Formation (Tpw) 
in boring logs LPE-6 and LPE-7 



= The Eartfi Technologyl 
LOG OF BORING LPE-6 -- CorporaJ,on FIGURE A-24. 

Project Name: METRO RAIL MOS-2 ALIGNMENT - LOS ANGELES 

Project Nuiber: 88-429 Borehole Nuitler: 

Borehole Location: Vermont at Normal Av. 

Heal th and Safety: Level D 

Dril ling Equipment: Failin& 750 

Drilling Method: Rotary Wash 

0rill ing fluid; Bentonite Mud 
Hanmer Information: 
SPT Hammer: 140-lb weight and 30-inch drop. 
DOWNHOLE Hammer. 350-lb weight and 18-inch drop 

Description 

12-inch ASPHALT CONCRETE. 

CLAYEY SAND/SANDY CLAY . Probably fill material. 

CLAYEY SAND/SANDY CLAY; Dark grayish brown , moist, 
stiff, with fine to medium sand. 

SILTY SAND; Dark yellowish brown, moist , very dense , fine 
t o medium with olive brown , very stiff clayey silt lense 
in middle of the sample . 

(Sand ier a t 12 feet .) 

(Disturbed sample .) 
SILTY SAND ; Brown , wet , medium dense, fine to very coanie 

GRAVEL; well gTade<l , p robably old alluvium. 

SI LTY SAND. 

TOP O F P UENTE FORMATIO N. 
CLAYEY SILTST O NE; Dark ye llowish brown mottled with 

ol ive brown moist, hard , thinly bedded with d ark 
ye llowish brown, mo ist , very dense very fine to fine 
Sandst o ne. f o rmation is t h inly bedded, Oat lying and 
oxidi zed (moderate ly weathered) . 

Sa me a:, above excep t conglomerat ic lense at top o( sample . 

LPE-6 Sheet 1 of 

Elevation and 0atun(feet): 300.0 

Date Started: 9/27/88 Date Finished: 

Total 61.0 Depth to 19.0 0 th (feet): BedroclcC feet>: 

Borehole Diameter: 5-inch 

Piez0111eter No. Depth(feet> :--Ins tel l ati on: 
Logged By: Checked By: 

FJE C. M. Payne 

C Sam les 
•➔ 0 u 

(I) • -4 •➔ L 
0 ..... 11+1 • • (I) • • O •➔ .c 
::) ... 0 -t C e JI 

U-4 0::) :I I-.... • z 

3 ...i 
L • <I e 0 C: ::> 

-4 :J 0 :> a. 
ID 0 u 0 a. 

CJ • Cl a:: 

1 S 

SM A3 
2 s 15 13" / 18" 4.7 

15 
18 

3 D 11 12· / 17." 6.5 106 21.3 
12 

.. s 17 1 r I 18" 5.3 
T pw 28 

50 

T pw 5 D 17 g• I 12· 3.6 88 37. .3 
1.9 

I 
I 

-I 

I 
I 

I 
4.41 

I 
4.61 

I 
5 .2 

I 
I 

5.4 

I 
I 



I 
I 

FIGURE A-24. LOG OF BORING LPE-6 
Project Name: METRO RAIL MOS-2 ALIGNMENT - LOS ANGELES 

I 
I 

Project N~r: 88-429 I Borehole Nurber: LPE-6 
C u 

,C z I :JI 
-ta .... i;; 

3 ... IA •---1 r:,.., • ~ ,._, • ~.C Cl u ..... a -4 .n 0 C a. a Description IA • • -4 C e ::J _,.J 
I I l--t-4 :::;)-4 u 0 :> J I- mo 
C ~ ..J 0 (.) --4 • z 0 

'" C, 

I 
-~ Same u above. - 6 s 32 
-~ - Tpw 37 -~ - '-- 31/3" 
-~► ~ ► --~ -
-~ -
-c -
- -

I - -
35 - '--

- Same aa above. - 7 D 28 
-~ - - 40 -~ -

I -c -
- -
- -
- (Progre1111ively harder drilling.) -
=~ --

I 40 - 8 c§: - CLAYEY SILTSTOl'IE; Pa.le brown, dry, hard, laminated, - 100/3" 
-~ weakly cemented, flat lying, oxidir.ed. - Tpw 
- -

I 
-~ -
-c -
- ~ -

=~ --- -

I 
45 -

- CLAYEY SILTSTONE; Dark olive gray, very stiff, slightly - 9 p Push 
- plastic, appears maaaive, fresh . - Tpf 400psi 
- -- - . 
- - -

I- - -
- -- -
- -

50 - -

I 
- Same as above. Thinly bedded to laminated. Horir:ontal - 10 p Push 
- bedding planes . - Tpf 300psi 
- -
- -
- - ~ 

- -

I - -
- -
- -

55 - '--

- Same :l.11 above with m ica. - 11 p Push 

I 
- - Tpf 420ps t - - '--
- -
- -
- -

I 
- {E:i.aier drilling at 58 feet. Dark gray Shale in cuttings _) -
-
- CLAYEY SILTSTONE; Gray, hard, thinly bedded, flat lying, _ 

GO fresh with variable hard mica. - -- 55 
- - Tpf 12 ..Q. 45 / 3" 

I - BORING TERMINATED AT 6 1 FEET. -
- -
- NOTE: Th is borehole log is baaed on field classification and -
- visual soil d escrip tion , and is further modified to -
- include resu lts of laboratory cl:uisification tests , where -

I 
- available. This summary applies only at the location of = -

65- this bo ring and at the time of drilling. Subsurface -
- condit ions may d iffer at other locations and may -

I 
- change at this loc ation with passage of time . The data = 
-
- presented is simp lificat ion of .1ctual conditions -
- encountered . The stratification lines represent the -
- approximate boundary bet ween subsurface material -
- types and the transition may be gradual. -
- -
- -

I 
-.n 

/ 

C T~ Earth Technology 
.. Corporation 

I Sheet 2 of 2 

Samnles I U 
C,., 

:JI ,.. :JI .... ..IJ :i e 
L 0 a. 
• • 

~ e Jl.iJ ~ L C, L 0. 
:> J a. L • -➔ U J I, CJ 'w 

0 0 a. 0. a. .., .6J : 
~ ~ 

u 'w C 'w .: C U:::> 

! I D D :o C rU 

18" /18" 5.7 5.6 

ll"/12" 6.3 6.1 

3• /3" 5.1 5.5 

. 
30" /30" 5.2 L04 20 .4 5.0 

30"/30" 5.4 5.1 

19" / 19" 6.5 99 n.1 5.3 

9" /9" 20 .0 112 30.3 5.:! 

I 

' i 
i 

I 
I 
I 

I 
I 
I 

I 
I 

I 
I 
I 
I 

' 
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(Not to scale) 

PROJECT NO.: 89 - 409 = The Earth Technology Vermont/Santa Monica liiiiiiiii Corporat10n 
Station and Tunnel 

Location of 
Borehole LPE-6 
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FIGURE A-25. LOG OF BORING LPE-7 
C The Earth Technofogy 
'-iii Corporation 

Project Neme: METRO RAIL MOS-2 ALIGNMENT - LOS ANGELES 

Project N~r: 88-429 I Borehole Nl.l!Cer: LPE-7 Sheet l of 1 

Borehole Location: Vermont and Willowbrook Elevation and Dat1.111(fect): 328.0 

Hea lth and Safety: Level D Date Started: 9/27/88 Date Finished: 9/28/88 

Ori ll ing Equipnent: Failin&-750 Total 73.0 Depth to 11.0 Depth (feet): Bedrock< feet>: 

Drilling Method: ROTARY WASH Borehole Diameter: S-ioch 

Ori l ling Fluid: Bentonite Mud Piez0111eter YES Oepth(feet) :72.5 Installation: 
Hoomer Information: Logged By: Checked By: 

SPT Hammer: 140-lb weight and 30-inch drop; DOWN 
HOLE Hammer: 365-lb weight and 18-inch drop C.M.Payne/C.Duckworth C. Duckworth 

Samoles 
I U 

C C ~- 1:1 ... 0 u ? :I 
ID :J ,.. 

+,I +,I (ll .... ... L 1.. .,1 0 E 
a. Ill 

J: DI u ..... [J-4,,1 • • 3 ... • " ... ,.. 
:J i ~ai a. 

■ II f.,iO Description (ll •• 0 •-4 JJ ~ 
o C :> <I E :J ·-t ,._ 

-4 --I --I :J ::> 0. L II U ~ ... ~,9-a"- ..J 0 :, -4 u ---t C E 0 0 C. 0 C a. ..., O•-t o:, :J 1-- III 0 u ... 5 "'~ <I ,._ • z 0 GI 
.... GI~ 0 0 IQ ::> 

C, a:: 0 :r: 0 

----- u• ASPHALT Concrete. -
-

- ~CLAY; Gray, moiat . - r.r FTT.r 

- j - SM FILL 
- SIL TY SAND; Brown, moist, very fine to very coa.ne, fill -

I - material. -
- - I 5- . SIL TY SAND; Gray mottled with brown, moist, loose, fine to_ -
- very fine . - 1 D 3 12" /12" 5.2 102 19 .9 I 5.2 
- · - - 5 I - - SM A3 
- - I 
- · - ! - -
- (Set ca.sing to 8- 1/2 feet. Start rotary wash with drag bit . ) -
- . -- -

10- · - -- - 2 s 7 ll"/18" 8.5 6.8 
5 - TOP OF PUENTE FORMATION. - - 6 - - Tpw ' 

CLAYEY SILTSTONE; Gray, moist, stiff, moderately plastic ,_ -- bedding not apparent, massive oxidized(moderately -
- weathered) , poorly cemented. -
- -- -

15 - -- CLAYE Y SILTSTONE; Gray mottled with brown, moist, very- Tpw 3 D 8 12· / 12" 12 .0 110 18 .~ 8.6 
- stiff, very massive, bedding not apparent, - - 11 - oxidized(moderately weathered) . -
- -
- -- -- -- -
- -

20- - -- CLAYEY SILTSTONE; Pale olive and yellowish brown, mois t ,- Tpw ◄ s 9 18"/18" 14.0 13 .0 
- hard, moderately plastic, oxidii;ed(moderately - 14 - we athered), with some fine to coan,e sand . - - 20 - -- -
- -
- -- -- -

25 - -- Same as above . Slightly sandy . - Tpw 5 D '24 12" / 12" 16.0 13 .0 - - - 35 - -- -
- -- -- -
- -
- .=i IC' I. , ••• ,i_;i,: __ ' 

-
~n -

I 
I 

I 
I 

i 

' 
' 

' 

I 
I 

; 
I 

: 

' 



~-1 
FIGURE A-25. LOG OF BORING LPE-7 

E The Earth Technology 
._ CorporaJion 

Project N-: METRO RAIL MOS-2 ALIGNMENT - LOS ANGELES 

Project NU!t>er-: 88-429 I aor-ehole NUlb!r-: LPE-7 I Sheet 2 of-=a= 
C u Samoles I~ 

.c;; r5' ::J 
... a ◄ I. 

3..i ? ,.. ::,,.. • .i 5 e en ■ -4 8'~ • ! <t E :::J.,t II- L C 'L a. t. !: Description 
0 ..... .a 0 C • ::> a. L •◄ U _.1 ■ ;- Cit en•• ---tC e :I -4 ::J :> •• f◄ -4 :::)-4 u a ::::, ::J ... ma 0 0 a. a • a. • .i ~~ c~ Jo O ◄ • z 0 u 

...., 
~ .... •◄ a u 

'" e : C ~CJ~ 

- \ ' Tpw 6 s 11 1s· /1s• 20.0 
131 - CLAYEY SILT(STONE); Pale yellow, moi1t, hard, - 17 

- moderately weathered, fine to coaru 1and, moderuely : - 24 -
- plueic finu . Bedding ii iiradational, generally -
- hori&0ntal, indistinct . -
- - I - -
- -

35- . -
-. SANDY SILT(STONE); Grayish brown, moiat, hard, mottled - Tpw 7 D 20 9"/12· 18.0 13.0 
- brown and gray, hard a.nd near vertical bedding in tip, - - 37 - very fine aand to 1ilty dayey sand in top 3 rings, : I - : 
- : oxidil:ed and weathered, poorly cemented. -
- · -
- · (Sandier at 38-1/2 feet.) -
-. I -

13~, 

- . -
40- : (Clayey at 39-1/2 feet.) - -

- SANDY SILT(STONE); Pale olive and yellowish brown, - Tpw 8 s 17 18·/18· 20.0 
- : moiat, hard, low to medium plasticity, thin sea.nui of - 25 
- · very fine silty sand, more soil-like than p revious - - 33 - · -

11 - · sample. -
- . -
-. -
- : -

"·' 
- -

45 - · - -
-: SANDY SlLT(STONE); Mottled gray and brown, moiat, hard,- Tpw 9 D 32 1r /12· 12 .0 95 28 .5 
- : with pockets of brown silty sand, horizontal bedding at - - 58 I - · top of sample . - I 
- · -

I 

- - - i I - . -
- : - I 

I I - - I 

- - I 

so - • I ' - - I 

7.1 - · SANDY SILT(STONE); Mott led gray and brown, moist, hard,- Tpw 10 S 28 1s·/18" 7.2 I 

- . with seams of silty sand(stone) . Dip approximately 10 - 50/5" -- deg. - - ? I 

- . -
- - I 

I - · -
- -
-· -
- . - ! 55 - -

7.0, - CLAYEY SILT(STONE); Mottled gray and brown, moist, - Tpw 11 D 42 12" /12" 7.3 92 31.l 
- hard, well bedded, moderately weathered . Dip 10 deg. - ,__ 

65 
- -
- -
- -
- -

I - -
- -
- -

60 - -- CLAYEY SILT(STONE); Olive gray, moist, hard , massive, - Tpw 12 S 34 10" / 12· 7.4 
';' .0, - indistinctly bedded, mica.ceous , slight ly plastic, fresh - - 50/5 .5" 

- with minor b rown layers and very fine sand poorly -
- -
- cemented . -
- (Driller reports loosing a lo t of fluid from 25 feet le.,el.) -
- - I - -
- -

65 - -
- CLAYEY SILTSTONE; Dark olive, hard, mic::i.ceous, slightly - Tpf 13 ..D. 68 8" / 8" 8 .2 108 20 . l ';' .Q 
- plastic, becoming harder, slightly cemented , mas~iv e, - 32 /r 

I - indistinctly bedded, fresh. -
- -
- (Switched to rock bit :i.t 67 feet .) -
- -
- -
- -
- -

-,,n 
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FIGURE A-25. LOG OF BORING LPE-7 
Project Name: METRO RAIL MOS-2 ALIGNMENT - LOS ANGELES 

I 
I 

Project Nuit>er: 88-429 I Borehole Nurber: LPE-7 
C IJ 

.C,.. I :I ... 0 ... .;: 
3 .... 

.... .jJ .c IJ Ill • -i IJ+I .! ~ 0 • .., 0 ·-C 0 C 
Q.. 16,1 0 Description Ill ■ ■ ,... C e :J .... J 
• • 1-◄-◄ 
C ~ .J 0 

:::, .... u 0:::, J ... mo 
o-i • z 0 

fl- c:, 

- CLAYEY SILTSTONE; Dark to medium CRY, moiat, very - Tpf 14 p Puth 

I 
- 1tiff, thinly huninated, micaceou1, !rah, no fracture , - 350p1i - no joint■ . Dip 5 to 10 dee. -
- -- - ---
- BORING TERMINATED AT 72-1/2 FEET. INSTALLED A -

I - PIEZOMETER. -
- -
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APPENDIX B 

RESULTS OF SOIL MECHANICS LABORATORY TEST PROGRAM 

Th1s appendix presents the results of soil mechanics laboratory tests performed 
on selected representat1ve soil samples. A description of the soil mechanics 
laboratory test program and test procedures has been provided in Section 3.2. 
In this appendix, test results are presented in tables and figures as follows: 

Table or Figure 

Table B-1 

Table B-2 

Table B-3 

Table B-4 

Table B-5 

Table B-6 

Table B-7 

Tab l e B-8 

Table B-9 

Table B-10 

Figures B-1 through B-34 

Figures B-35 through B-55 

Figures B-56 through B-73 

Figures B-74 through B-76 

Figures B-77 t hrough B-79 

Test Results 

Dry Dens i ty, Moisture Content and 
Calculated Void Ratio 

Grain Size Analysis 

Atterberg Limits 

Specific Gravity 

Unconfined Compression Tests 

Direct Shear Tests 

Triaxial Tests 

Permeabi l ity Determination 

• Engineering Properties of All Geologic 
Units - Surrmary of Laboratory Test Results 

Engineering Properties of All Geologic 
Units - Su1Tmary of SPT Correlations 

Grain Size Distribution Curves 

Unconfined Compression Test Results 

Direct Shear Test Results 

Triaxial Test Results 

Consolidation Test Results 
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I TABLE B-1. SlNCARY OF DRY DENSITY. MOISTURE CONTENT AND CALCULATED VOID RATIO 
Page 1 of 3 

I 
I 

uses Dry Moisture 
Boring Saq>le(a) Depth Classt- Genera 1 So 11 Geologic Oenstty Content Calculated 

No. No. (Feet) f1catton Classtftcation Unit (PCF) (%) Votd Ratto 

I PII-25 0-2 10-11 Sandy Stlt(stone) Tpo 91.4 32.0 0.68 
PII-25 D-4 20-21 Clayey Stlt(stone) Tpo 94.4 28.0 0.79 

I PII-25 0-6 30-31 Clayey Sfltstone Tpf 98.6 25.0 0.71 
PII-25 D-10 50-51 S11ty Claystone Tpf 101.5 22.0 0.66 
PII-25 P-13 65-67.5 Si 1 ty Cl aystone Tpf 107.9 18.0 0.56 
PII-25 0-14 70-71 Sf 1 ty Cl aystone Tpf 102.3 21.0 0.58 

I Pil-27 0-2 10-11 Clayey S11t(stone) Tpo 93.2 29.0 0.81 
Pil-27 0-4 20-21 Clayey Stlt(stone) Tpw 88.5 34.0 0.69 
PII-27 0-6 30-31 Silty Claystone Tpf 99.9 24.0 0.69 

I PII-27 P-9 45-47.5 Clayey Siltstone Tpf 100.2 23.0 0.68 
PII-27 D-10 50-51 S11ty Claystone Tpf 96.9 25.0 0.74 
Pil-27 D-12 60-61 Clayey Siltstone Tpf 103.7 17.0 0.63 

I 
PII-27 P-13 65-67.5 Clayey Siltstone Tpf 104.9 20.0 0.61 
Pil-27 0-16 80-81 Clayey Siltstone Tpf 96.9 27.0 0.74 
PII-27 0-18 90-91 Siltstone Tpf 95.6 22.0 0.76 
PII-28 0-3 15-16 Silty Clay(stone) Tpo 85.6 40.0 0.97 

I PII-28 0-5 25-26 S11t(stone) Tpo 97.4 25.0 0.73 
PII-28 P-8 40-42.5 Clayey Siltstone Tpf 101.5 22.0 0.66 
PII-28 0-11 55-56 Clayey Siltstone Tpf 101.5 23.0 0.66 

I Pil -29 0-4 20-21 Clayey S11t(stone) Tpo 91.0 32.1 0.85 
Pll-29 P-7 35-37.5 Silty Clay(stone) Tpo 96.6 25.6 0.75 
PII-29 0-12 60-61 Sflty Claystone/ Tpf 104.2 17.7 0.62 

I 
Clayey Sfltstone 

PII-30 0-3 15-16 Clayey S11t(stone) Tpo 87.3 35.0 0.93 
PII-30 D-5 25-26 Clayey S1lt(stone) Tpo 90.0 32.0 0.87 
PII-30 P-6 30-32.5 Silty Clay(stone) Tpo 96.9 26.0 0.74 

I PII-30 D-7 35-36 S1lty Clay(stone) Tpo 90.0 31.0 0.88 
PII-30 D-9 45-46 S11ty Claystone Tpf 98.7 32.0 0. 71 
PI I-30 D-11 55-56 S11ty Claystone Tpf 99.7 26.0 0.69 

I 
PII-31 D-3 15-16 Silty Clay(stone) Tpo 92.8 31.0 0.82 
PII-31 D-5 25-26 Clayey S1lt(stone) Tpo 92.3 25.0 0.83 
PII-31 0-7 35-36 Clayey S11t(stone) Tpo 95.2 27.0 0.77 
Pll-31 P-10 50-52.5 Clayey Siltstone Tpf 107 .2 19.0 0.57 

I PII-32 0-2 10-11 Clayey S1lt(stone) Tpo 97.6 27.0 0. 74 
Pil-32 0-4 20-21 Clayey S1lt(stone) Tpo 91.8 34.0 0.84 
PII-32 0-6 30-31 Clayey S1lt(stone) Tpo 97.8 25.0 0.72 

I Pll-32 0-8 40-41 S11ty Ctaystone Tpf 98.3 24.0 0. 71 
PII-32 0-10 50-51 S11ty Claystone/ Tpf 101.2 22.0 0.67 

Clayey S11tstone 

I 
PII-32 P-11 55-57.5 Clayey S11tstone Tpf 104.4 20.0 0.62 
PII-32 0-12 60-61 Clayey S11tstone Tpf 79.9 42.0 1.11 
PII-33 0-3 15-16 Clayey S1lt(stone) Tpo 93.1 30.0 0.81 

I Notes: (a) 0 - Orfve Sal!l>les 
P - Thin Wall Tube (Pitcher) Sal!l>les 

I 
I 



I 
TABLE B-1. SlMIARY OF DRY DENSITY, t«>ISTURE CONTENT AND CALCULATED VOID RATIO I Page 2 of 3 

I uses Ory Moisture 
Boring Sample(a) Depth Class1- General So11 Geologic Density Content Calculated 

No. No. (Feet) f1catfon Class1f1cat1on Un1t (PCF) ('.t) Vo1d Rat1o I 
PII-33 0-5 25-26 Sflty Clay(stone) Tpo 85 .0 43.0 0.98 I PrI-33 P-6 30-32.5 Clayey S11t(stone) Tpo 96.5 25.0 0.75 
PII-33 D-7 35-36 Clayey Sflt(stone)/ Tpo 93.3 27.0 0.81 

Silty Clay(stone) 

I Pil-33 D-9 45-46 S11 ty Claystone Tpf 96.4 26.0 0.71 
PII-33 D-11 55-56 Silty Claystone Tpf 96.8 25.0 0.74 
PII-34 D-2 10-11 S11ty Clay(stone) Tpw 93.2 30.0 0.81 
PII-34 0-4 20-21 , - Clayey SI lt( stone) Tpo 96.5 25.0 0.75 I PII-34 P-7 35-37.5 S11ty Clay(stone) Tpo 101.6 22.0 0.66 
PII-34 D-10 50-51 Clayey Siltstone/ Tpf 99.7 24.0 0.70 

S11 ty Clays tone 

I Pil-34 P-12 60-62.S S1 ltstone Tpf 137.9 3.8 0.22 
PII-34 P-13 65-67.5 Clayey Siltstone Tpf 114.9 15.0 0.47 
Pil-34 D-14 70-71 Clayey Siltstone Tpf 92.5 31.0 0.82 
PII-34 D-16 80-81 Clayey Siltstone Tpf 91.0 32.0 0.85 I PII-35 D-1 5-6 Silty Clay(stone) Tpw 98.6 22.0 0.71 
PII-35 D-3 15-16 S11ty Clay(stone) Tpw 84.S 39.0 1.00 
PII-35 D-5 25-26 S11ty Clay(stone) Tpo 87.8 33.0 0.92 

I PII-35 D-7 35-36 S11ty Clay(stone) Tpo 85.3 34.0 0.98 
PII-35 D-9 45-46 Clayey Stlt(stone) Tpo 89.9 29.0 0.87 
PII-35 P-10 50-52.5 S 11 t( stone) Tpo 89.6 31.0 0.88 
PII-35 0- 11 55-56 Clayey Stlt(stone)/ Tpo 84.7 36.0 0.99 I Silty Clay(stone) 
PII-35 0-13 65-66 Clayey Siltstone/ Tpf 96.6 23.0 0.75 

S 11 ty Cl aystone I PII-35 0-15 75-76 Clayey Siltstone/ Tpf 97.2 24.0 0.74 
Silty Claystone 

PII-36 D-8 40-41 Clayey Silt(stone) Tpo 92 .8 31.0 0.82 

I PII-36A 0-4 60-61 Clayey Siltstone Tpf 92.0 29.0 0.83 
PII-36A 0-6 70-71 Clayey Siltstone Tpo 103.3 21.0 0.63 
PII-38 0-1 5-6 Cl Sandy Clay A4 109.1 16.0 0.54 
PII-38 0-3 15-16 Clayey Sand(stone) Tpw 111.7 16.0 0.51 I PII-38 0-5 25-26 Clayey Sand(stone) Tpo 113 .8 18.0 0.48 
PII-38 0-7 35-36 Sandy Clay(stone) Tpo 112.6 17.0 a.so 
PII-38 0-9 45-46 Clayey Stlt(stone) Tpo 89.0 28.0 0.89 I PII-38 P-10 50-52.5 Clayey S11t(stone) Tpo 90.8 30.0 0.86 
PII-38 0-11 55-56 Clayey S 11 t( stone)/ Tpo 91.7 30.0 0.46 

Silty Clay(stone) 

I PII-38 0-13 65-66 Silty Clay(stone) Tpo 96.8 26.0 0.74 
Pil-39 0-1 5-6 SM S11ty Sand A3 113. 4 13.0 0. 49 
Pil-39 0-5 25-26 SC Clayey Sand A4 107.7 20.0 0.57 
PII-39 0-7 35-36 SM Silty Sand A3 101.9 25.0 0.74 I PII-39 P-10 50-52.5 Sflty Clay(stone) Tpw 102.9 23.0 0. 64 
PII-39 0-13 65-66 Sflty Clay(stone) Tpo 112.0 18.0 0.51 
PII-39 0-15 75-76 Clayey S11t(stone) Tpo 78.0 39.0 0.73 I 
Notes: (a) 0 - Dr1ve Samples 

I P - Th1n Wall Tube (Pitcher) Samples 



I 
I T~LE B-1. S~Y OF ORY DENSITY. MOI STURE CONTENT AND CALCULATED VOID RATIO 

Page 3 of 3 

I 
uses Ory Moisture 

I Boring Sample(a) Dept h Class1- General Soi 1 Geologi c Dens1ty Content Calculated 
No. No. (Feet) fication Cl ass i f1 cation Unit (PCF) (%) Void Ratio 

I Plt-39 D-17 86-87 Clayey S11t(stone) Tpf 90.7 31.0 0.86 
Pil-40 D-10 50-51 Silty Clay(stone) Tpo 95.6 28.0 0.57 

I 
PII-40 P-11 55-57.5 Clayey S1lt(stone) Tpo 103.5 22.0 0.63 
Pil-40 D-16 80-81 Clayey Siltstone Tpf 91.0 29.0 0.86 
Pil-41 0-4 10-11 SM Silty Sand A3 112.6 11.0 0.50 
Pil -41 D-6 20-21 SM S1lty Sand A3 109.5 17.0 0.54 

I Pil-41 0-8 30-31 Silty Clay(stone) Tpo 101.9 23.0 0.66 
PII-41 0-10 40-41 Clayey S1lt(stone) Tpo 95.2 26.0 0.77 
PII-41 D-14 60-61 Silty Clay(stone)/ Tpo 96.0 25.0 0.75 

I Clayey S1lt(stone) 
Pil-41 D-16 70-71 Clayey S1ltstone Tpf 74.8 47.0 1.26 
PII-42 D-3 15-16 SM Silty Sand A3 109.3 14.0 0.54 

I 
PII-42 D-5 25- 26 SM S1 lty Sand A3 104.4 21.0 0.62 
PII-42 D-7 35-36 Clayey Silt(stone) Tpo 91.5 27.0 0.84 
PII-42 0-9 45-46 Silty Clay(stone) Tpo 89.0 26.0 0.90 
PII-42 D-11 55-56 Clayey Silt(stone) Tpo 79.8 42 .0 1.11 

I PII -42 D- 13 65-66 Clayey Silt(stone) Tpo 98.7 24.0 0. 71 
PII -42 P-14 70-72.5 Clayey S1lt(stone) Tpf 127.9 11.0 0.32 
PII-43 D-3 15-16 Silty Clay(stone)/ Tpw 91.5 28.0 0.84 

I 
Clayey Silt(stone) 

PII-43 D-5 25-26 Silty Clay(stone/ Tpo 92.5 33.0 0.82 
Clayey S1lt(stone) 

PII-43 D-7 35-36 Clayey Silt(stone) Tpo 95.2 27.0 0. 77 

I PII - 43 P-8 40-42.5 Clayey Sllt(stone) Tpo 90.4 30.0 0.86 
PII-43 D-9 45-46 Clayey Silt(stone) Tpo 91.6 28.0 0.84 
P [ [-43 D-11 55-56 Clayey S11t(stone) Tpo 91.8 29.0 0.84 

I PII - 43 D-13 65-66 Silty Clay(stone) Tpo 99.0 24.0 0. 70 
P[ I- 44 D-2 10-11 SC Clayey Sand A3 111.8 19 .0 0.51 
PII - 44 D-4 20-21 SC Clayey Sand A4 115.2 17.0 0 .. 46 

I 
Pil-44 D-6 30- 31 SC Clayey Sand A4 110.9 19.0 0.52 
PI 1-44 D-8 40-41 CL/SC Sandy Clay/ A4 103.0 24.0 0.62 

Clayey Sand 
PI I -44 D-10 50-51 SM Silty Sand A3 102.l 25.0 0.66 

I Pil-44 D-14 70-71 ML Clayey S11 t A4 104.4 23.0 0.61 
Pl 1-44 D-16 80-81 S11 t(stone) Tpo 81.3 45.0 1.07 
Pil-45 D-2 10-11 SC Clayey Sand A4 115.1 14.0 0.47 

I Pil-45 0-4 20-21 SC Clayey Sand A4 106.7 18.0 0.58 
Pi l- 45 D-6 30-31 Clayey S11t(stone) Tpo 89.2 33.0 0.89 
PII-45 D-8 4D-41 Silty Clay(stone) Tpo 97 .1 26.0 0.74 

I 
Pll-45 D-10 50-51 Clayey S11t(stone) Tpo 99 . 4 25.0 0.70 
PI I-45 0-12 60-61 Clayey Silt(stone) Tpo 96.5 26.0 0.75 

I Notes: (a) D - Drive Samples 
P - Thl n Wall Tube (Pitcher) Samples 

I 



I 
TABLE B-2. SIEVE ANALYSIS RESULTS I 

uses I Boring Sample Depth Classi- General So11 Geologic Percent(b) 
No. No. (a) (Feet) f1cat1on Class1f1cat1on Unit GR SA Fines 

I 
PII-25 D-4 20-21 Clayey S11t(stone) Tpo 0 29 71 
Pll -27 0-4 20-21 S11t(stone) Tpo 0 17 84 I PII-28 S-4 20-21.5 Silty Clay(stone) Tpw 1 26 73 
PII-28 P-8 40-42.5 Clayey Siltstone Tpf 0 28 72 
PII-30 S-2 10-11.5 Clayey S1lt(stone) Tpo 0 14 86 

I Pil - 31 0-3 15-16 Silty Clay(stone) Tpo 0 8 93 
PII-31 D-11 55-56 Clayey Siltstone Tpf 0 12 88 
PII-32 0-8 40-41 Silty Claystone Tpf 0 12 88 
PII - 33 D-5 25-26 Sflty Clay(stone) Tpo 0 6 94 I PlI - 35 S-2 10-11.5 S11ty Sand{stone) Tpw 0 85 15 
Pil-35 D-5 25-26 Silty Clay(stone) Tpo 0 4 96 
PII-35 P-10 50-52.5 Silt(stone) Tpo 0 8 92 I PII-36 D-2 10-11 SM S11ty Sand A3 0 87 13 
Pil-36 S-5 25-26 Silty Clay(stone) Tpw 0 14 86 
PII-36A D-2 50-51 Silty Clay(stone) Tpo 24 20 56 
PII-36A S-7 75-76.5 Clayey S11t(stone)/ Tpf 0 27 74 I Silty Claystone 
PII - 38 D-5 25-26 Clayey Sand(stone) Tpo 0 54 46 
Pil-38 P-10 50-52 . 5 Clayey S11t(stone) Tpo 0 13 88 I Pll-38 0-11 55-56 Clayey Sflt(stone)/ Tpo 0 18 82 

S11ty Clay(stone) 
PII-38 D-13 65-66 Silty Clay(stone) Tpo 0 10 go• 

I PII - 39 D-1 5-6 SM Silty Sand A3 0 67 33 
PII - 39 S-4 20-21.5 SC Clayey Sand A4 0 64 36 
PII-39 0-5 25-26 SC/CL Clayey Sand/ A4 0 50 50 

Sandy Clay I PII-39 D-7 35-36 SM S11 ty Sand A3 0 66 34 
PII-41 D-4 10-11 SM S1l ty Sand A3 0 76 24 
Pil - 42 0-3 15-16 SP-SM Sand-Silty Sand A3 3 86 11 I PII-43 0-1 5-6 Clay(stone) Tpw 0 7 93 
PII-43 0-11 55-56 Clayey Silt(stone) Tpo 0 7 93 
PII-44 D-2 10-11 SC Clayey Sand A3 1 69 30 
PII-44 0-8 40-41 CL/SC Sandy Clay/ A4 0 42 58 I Clayey Sand 
PII-44 D-10 50-51 SM S11ty Sand A3 0 74 26 
Pil -44 S-11 55-56.5 SM Silty Sand A3 2 67 32 I PII-44 D-12 60-61 SP-SM Sand-Silty Sand A3 2 91 6 
PII-45 D-4 20-21 SC Clayey Sand A4 0 75 25 

Notes: (a) D - Drive Samples I 
s - SPT Samples 
p - Thin wall tube (pitcher) samples I (b) GR - Gravel 
SA - Sand 
Fines - Passing 200 sieve I 

I 



I 
I TABLE 8-3. ATTERBERG LIMIT TEST RESULTS 

I General 
Boring Sa~le Depth uses So11 Geologic Liquid Plastic Plasticity 

Ho. No. (a) (Feet) Class. Descr1ptton Un1t L1mft L1m1t Index 

I 
Pil-25 D-10 50-51 S1lty Claystone Tpf 42 20 22 

I PII-25 P-13 65-67.5 S11ty Claystone Tpf 43 18 25 
PII-26 S-4 15-16.5 Silty Clay(stone) Tpo 55 27 28 
PI I-26 S-8 35-36. 5 Silty Claystone Tpf 53 20 33 

I 
PII-26 D-19 90-91 S11ty Claystone Tpf 56 23 33 
PII-27 S-3 15-16 .5 Silty Clay(stone)/ Tpo 47 24 23 

Clayey Silt(stone) 
PI I-28 S-2 10-11. 5 Sflty Clay(stone) Tpw 57 23 34 

I PII-29 P-7 35-37 .5 Sflty Clay(stone) Tpo 57 22 35 
PII-30 0-7 35-36 S11ty Clay(stone) Tpo 54 20 34 
Pil-31 P- 10 50-52.5 S11ty Claystone Tpf 53 20 33 

I 
PII-32 D-8 40-41 S1 lty Cl aystone Tpf 49 18 31 
PII-33 S-2 10-11. 5 CH S11ty Clay A4 65 21 44 
PII-33 D-5 25-26 Silty Clay(stone) Tpo 53 21 32 
Pll-33 D-9 45-46 S1lty Claystone Tpf 44 20 24 

I PII-34 0-2 10-11 Silty Clay(stone) Tpw 57 24 33 
PII-34 P-7 35-37.5 S1lty Clay(stone) Tpo 54 20 34 
PII-35 0- 1 5-6 S11ty Clay(stone) Tpw 43 17 26 

I PII-35 0-5 25-26 S1lty Clay(stone) Tpo 60 22 38 
PII-35 0-11 55-56 Clayey Sflt(stone)/ Tpo 61 26 35 

S11ty Clay(stone) 

I 
PII-36 S-5 25-26.5 S11ty Clay(stone) Tpw 53 21 32 
PII-36A D-2 50-51 Silty Clay(stone) Tpo 66 21 45 
PII-36A S-7 75-76.5 Clayey Sllt(stone)/ Tpf 57 28 29 

Silty Claystone 

I PII-38 D-5 25-26 Clayey Sand(stone) Tpo 36 13 23 
PII - 38 S-8 40-41.5 S11ty Clay(stone) Tpo 65 25 40 
PII-38 D-11 55- 56 Clayey S11t(stone)/ Tpo 57 29 28 

I S11ty Clay(stone) 
PII-38 D-13 65-66 S11ty Clay(stone) Tpo 54 22 32 
PII-38 S-14 70-71. 5 Clayey Siltstone Tpf 63 34 29 
PII-39 D-9 45-46 Silty Clay(stone) Tpw 47 17 30 

I PII-39 S- 12 60-61.5 S1lty Clay(stone) Tpo 43 17 26 
PII-41 D-8 30-31 Silty Clay(stone) Tpo 50 18 32 
PII-41 S-13 55-56 .5 Silty Clay(stone) Tpo 55 23 32 

I PII -42 S-8 40-41. 5 S1lty Clay(stone) Tpo 56 23 33 
PII-43 D-1 5-6 Clay(stone) Tpw 70 24 46 
PII-43 D-13 65-66 S11ty Clay(stone) Tpo 57 22 35 

I 
PII-44 0-8 40-41 CL/SC Sandy Clay/ A4 35 15 20 

Clayey Sand 
PII-44 S-15 75-76 .5 SC Clayey Sand A4 38 16 22 
PII-45 0-8 40-41 Sflty Clay(stone) Tpo 48 20 28 

I 
Notes: (a) D-D r i ve Samples. 

I P-Th1 n Wall Tube (Pitcher} Sa~les. 
S-SPT Samples. 

I 



TABLE B-4. SPECIFIC GRAVITY TEST RESULTS 

Boring 
No. 

PII-32 

PII-33 

Sample Depth 
No. (a) (Feet) 

D-10 50-51 

0-11 55-56 

Notes: (a) D - Drive Samples 

Genera 1 
Soil 

Description 
Geologic 

Unit 

Silty Claystone/ Tpf 
Clayey Siltstone 

Silty Claystone Tpf 

Specific 
Gravity 

2.71 

2.67 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I TABLE B-5. UNCONFINED COMPRESSION TEST RESULTS 

I General Unconfined 
Boring Sample Depth Soil Geologic Compressive 

I No. No.(a) (Feet) Description Unit Strength (ksf) 

I PII-27 P-9 45-47.5 Clayey Siltstone Tpf 18.0 

PII-27 P-13 65-67.5 Clayey Siltstone Tpf 21.3 

I PII-28 P-8 40-42.5 Clayey Silt(stone) Tpo 24.9 

Pll-28 P-11 55-57.5 Clayey Siltstone Tpf 24.8 

I PII-29 P-7 35-37.5 Silty Clay(stone) Tpo 9.34 

I 
PII-30 P-6 30-32.5 Silty Clay{stone) Tpo 9.00 

PII-31 P-10 50-52.5 Clayey Siltstone Tpf 30.5 

I PII-32 P-11 55-57.5 Clayey Siltstone Tpf 14.2 

PII-33 P-6 30-32.5 Clayey S1lt{stone) Tpo 8.53 

I PII-34 P-7 35-37.5 Silty Clay(stone) Tpo 6.00 

PII-34 P-13 65-67.5 Clayey Siltstone Tpf 17. 0 

I PII-35 P-10 50-52.5 Silt(stone) Tpo 4.00 

I PII-35 0-15 75-76 Clayey Siltstone/ Tpf 2.27 
Silty Cl aystone 

I 
PII-38 P-10 50-52.5 Clayey Silt(stone) Tpw 7.64 

PII-38 0-13 65-66 Silty Clay(stone) Tpo 3.32 

I PII-39 P-10 50-52.5 Silty Clay(stone) Tpw 1.87 

PII-40 P-11 55-57.5 Clayey Silt(stone) Tpo 7.29 

I PII-42 P-14 70-72.5 Clayey Silt(stone) Tpf 17.0 

PII-43 P-8 40-42.5 Clayey Silt(stone) Tpo 4 .19 

I PII-43 D-13 65-66 Silty Clay(stone) Tpo 6.60 

I PII-45 0-6 30-31 Clayey Silt(stone) Tpo 4.82 

I 
Notes: (a) 0-Drive Samples 

P-Thin Wall Tube (Pitcher) Samples 

I 



I 
TABLE B-6. DIRECT SHEAR TEST RESULTS I Page 1 of 2 

Estimated I 
Applied Strength Parameters 

I General Normal Shear Fr1ct1on 
Bor i ng Sample Depth son Geologic Stress Stress (PSF) Cohesion Angle 

No. No. (a) {Feet} Descr1et1on Un1t (PSF} Peak Residual (PSF} {Oeg} 

Pr 1-21 D-4 20-21 S11t(stone) Tpo 1,200 1,990 261 265 50 I 
2,400 2,716 2,118 
4,800 6,172 4,015 

I PI I -27 0-10 50-51 Silty Cl aystone Tpf 3,000 4, 578 2,957 3,148 25 
6,000 6,003 5, 816 

12,000 8,863 7,418 I 
Pll-30 0-7 35-36 Silty Clay(stone) Tpo 2,100 1,251 1,203 405 30 

4,200 3,342 2,342 

I 8,400 5,029 4, 928 

PII-32 0-10 50-51 Silty Claystone/ Tpf 3,000 4,037 3, 221 700 45 
Clayey Siltstone 6,000 5,165 4, 795 I 12,000 14,462 6,795 

Pi l -33 0-3 15-16 Clayey S11t(stone) Tpo 900 1,600 1,202 1, 170 36 I 1,800 2,790 1,820 
3,600 3,651 3,541 

PJ I- 33 0- 9 45-46 Silty Claystone Tpf 5, 500 4, 232 3,730 2,690 16 I 11, 000 5,768 5,157 

PII-34 D-2 10-11 Si l ty Cl ay(stone) Tpw 600 1,395 799 625 54 I 1,200 2,382 1,332 
2,400 3,934 1,991 

PII -35 D- 5 25-26 Si lty Clay(stone) Tpo 1,500 1,836 841 980 30 I 
3,000 2,704 1,437 
6,000 1,958 1,943 

I PI I- 35 D- 13 65- 66 Clayey Si l tstone/ Tpf 4,000 4,993 4,226 2,982 26 
Si l ty Cl aystone 8,000 6,841 6, 464 

16,000 10,864 9,815 I 
PII-36 D-8 40-41 Cl ayey Si l t (stone) Tpo 2,500 2,713 1, 469 1, 300 29 

5,000 3,880 2, 390 I 10,000 4,896 3,571 

Notes : (a ) D-Dr1ve Samples I 
I 
I 



I 
I TABLE B-6. DIRECT SHEAR TEST RESULTS 

Page 2 of 2 

I Estimated 
Applied Strength Parameters 

I General Normal Shear Frtctton 
Boring S~le Depth uses Soil Geologic Stress Stress (PSF) Cohesion Angle 

Ho . No. (a) {Feetl Classtficatton Desert et ton Un1t {PSFl Peak Residual {PSFl {D~l 

I PII-38 0-5 25-26 Clayey Sand(stone) Tpo 1,500 1,501 1,064 590 35 
3,000 2,847 2,139 
6,000 4,667 4,305 

I PII-38 D-11 55-56 Clayey Stlt(stone)/ Tpo 3,500 3,002 2,017 1,100 29 
Silty Clay(stone) 7,000 4,902 4,274 

I PII-39 0- 7 35-36 SM s11ty sand A3 2,100 1,607 1,293 490 24 
4,200 2,044 2,044 

I 
8,400 4,279 4,279 

PII-40 D-16 80-81 Clayey Siltstone Tpf 4,000 6,136 5,016 4,500 23 
8,000 7,858 7,514 

I 16,000 9,846 9, 064 

PII -41 D-1 4 60-61 Silty Clay(stone)/ Tpo 3,600 5, 400 3, 647 3,365 24 

I 
Clayey S1 l t(stone) 7,200 6, 042 5,432 

14,400 10,112 8,954 

PlI-43 D-9 45-46 Clayey S11t(stone) Tpo 2,700 2,912 2,662 1,269 33 

I 5, 400 5,009 3,997 
10,800 8,296 7,670 

I PI I-44 D-8 40-41 CL/SC Sandy Clay/ A4 2, 500 1,570 1,066 1,250 32 
Clayey Sand 5,000 4,420 4,420 

10 , 000 7,620 6,959 

I PI I-44 D-10 50-51 SM Silty Sand A3 3,000 1, 320 1,317 0 31 
6,000 2,380 2,194 

12,000 7,150 7,053 

I 
I No t es: (a ) D-Dr1ve Samples 

I 
I 
I 
I 



TABLE 8-7. SlMAA.RY OF TRIAXIAL Cc»,tPRESSION TEST RESULTS 

Boring Sample 
No. No. (a) 

Pil-28 P-8 

PII-34 P-7 

PII-43 P-8 

Depth 
(feet) 

40-42.5 

35-37.5 

40-42.5 

General 
Soil 

Description 

Clayey Siltstone 

Silty Clay(stone) 

Geologic 
Unit 

Tpf 

Tpo 

Clayey Silt(stone) Tpo 

Notes : (a) P: Thin Wall Tube (Pitcher) Samples . 

Effective 
Confining Back 
Pressure 
(ksf) 

2.6 
4.4 

2.6 
5.2 

2.2 
4.3 

Pressure 
(ksf) 

9.9 
13.0 

10.1 
10.1 

8.6 
7.2 

Pore Pressure 
Peak Pore Pressure Res1dual at Residual 
Shear 
(ksf) 

34.2 
40 .2 

16.6 
20.5 

13 .0 
12.8 

at Peak Shear 
(ksf) 

1.0 
3.3 

1.0 
3.2 

-1.6 
1.8 

Shear 
(ksf) 

16.9 
26.1 

13.6 
13.4 

12.7 
11.2 

Shear 
(ksf) 

4. 45 
6.03 

5.98 
8.77 

6.81 
6.55 

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



TABLE B-8. 
I 
I 
I 
I 
I 
I 

LABORATORY -PERMEABILITY TEST RESULTS 

Boring Sample(a) Depth 
No. No. (feet) 

PII-38 P-10 50-52.5 

PII-39 D-5 25-26 

PII-41 D-4 20-21 

I Notes: (a) D: Drive Samples 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

General 
uses So11 
Class. Class1f1cat1on 

Clayey Siltstone 

SC Clayey Sand 

SM S11ty Sand 

Geolog1c Penneabi 11 ty 
Un1t (cm/sec) 

Tpw 1.59 X 10-7 

A4 3.80 X 10-7 

A3 1.35 X 10-S 



TABLE 8-9. ENGIIURIIIG PROPERTIES Of ALL G(Cl.CJlilC UIITS - SINIAIT Of LAIOUTOIY TEST RESULTS 

SHEAR S TRE NGT H P f.RAf,£ TERS UNCONFINED 
CCWRESSIVE f() ISTURE 

FRICTION ANGLE COHESION STRENGTH DRY DENSITY CONTENT PERMEABILITY CAI.OJ LATED YOUNG'S 140DULUS(bl 
( degrees) (k sf) (k sf) (pcf) l (c111/sl VOID Rf.TIO (ksf) 

LOGIC GEOLOGIC uses SOIL 
s.o.(al ERIAL UNIT CLASS IF I CATION RANGE MEAN s.o(a) RANGE MEAN s .o (a) R~GE HEAN s.o(a) RANGE MEN! s.o(a) RANGE MEAN s.o(a) RANGE IEAN s.o.tal RANGE MEAN s.o.(a) RANGE HEAN 

A3 SM, SP-SM, 29- 30 1.0 0- 245 245 101. 9-107.6 4.8 ll.0- 18.0 5. 7 l.35do-6 o.49 - o.s0 0.00 
UVllN SIVML ,SC 31 490 113.4 25.0 o. 74 
1n11lar) 

A4 CL, "-• SC, 32 1250 103.0- 109.1 4.3 14.0- 18.9 3,2 3. 00x10- 7 0.46- 0.55 0.06 
UV llJ4 CL-ML, CH 115.2 24.0 0.62 
ne 
tned) 

NTE Tpw 1.87- 4. 76 2.89 84.5 - 97.1 26 . 3 16.0- 26.3 7.9 l.59x10-7 0.51- 0.74 0.15 
'4.1.TION 7.64 111. 7 39.0 1.00 

NTE Tpo, 1s.o- 31 . 1 0. 9 0.3- 1.8 4 LO 2.27 - 12.0 8.3 74.8- 96.0 6.6 11.0- 27.6 6.6 0.64- 0.86 0.13 570- 1,146 642 
HATION Tpf 47. 0 3.9 JO.O 137.9 47.0 1.17 2,230 

es: (al S.D. - Standard 0ev1atfon. 
(b) Young's Hoculus obtained fro~ trfaxfal test results. 

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



-------------------
TABLE 8-10. OTHER ENGINEERING PARAMETERS Of ALL GEOLOGIC UNITS ESTIMATED USING SPT DATA AND AVAILABLE ~RELATIONS 

SHEAR WAVE 
STANDARD PENETRATION VELOCIY 

RESISTANCE (ft/s) 
GEOLOGIC GEOLOGIC uses soIL 
MATERIAL UNIT CLASSIFICATION RANGE MEAN s.D(d) RANGE MEAN 

OLD A3 SM,SP, 11- 48 30 475- 760 
ALLUVIIM SP-SM, 132 1,226 
(Granular) GM, 

SM/ML 

OLD A4 CL, SC/CL, 11- 34 16 416- 685 
ALLUVIUM ML, SC, 82 1,222 
(Fine CH, OL, 
Grained) ML-CL, ML 

PUENTE Tpw 27- 46 17 521- 746 
FORMATION 96 1,150 
(Weathered) 

PUENTE Tpo/Tpf 11 - 115 65 400- 1,160 
FORMATION 300 1,750 
{Ox1d1zed/ 
Fresh) 

Notes: (a) Based on correlations recommended by Ohta and Goto (1978). 
(b} Based on correlations recommended by Schmertmann (1970). 
(c) Based on correlations recommended by Terzaghi (1955). 
(d) S.D. = Standard Deviation . 

s.D(d) 

189 

160 

151 

265 

DYNAMIC SHEAR STATIC SHEAR 
MODULUs(a) MOOULUs(b} 

(105 X !;!Sf) (105 X esf) 

RANGE MEAH s.D(d) RANGE MEAN s.o(d) 

8- 23 12 0.7- 2.9 1.8 
56 7.9 

6- 18 9.5 0.7- 2.0 0.9 
56 4.9 

10- 22 9 1.6- 2.8 1.0 
49 5.8 

6- 53 23 0.7- 6.9 3.9 
113 18.0 

(e) Estimate based on upper-bound value for hard fine-grained soils, reconvnended by Terzagh1 (1955 ). 

SUBGRAOE MODULus(c) 
(103 x lb/ft3) 

RANGE MEAN s.o(d) 

48- 600 395 
1,000 

150- 480 161 
600 

300- 542 118 
600 

300- 594 45 
·6oo(e) 
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PROJECT NO. : 89-409 = The Earth Technology Vermont/Santa Monica 
__, Corporation Station and Tunnel 

Unconfined 
Compression 
Test Results 

5-90 FIGUREB-42 
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PII -33 P-6 30 - 32.5 PITCHER ~LAYEY SI LT<STONE> 8.53 0.49 
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I 
I 
I PROJECT NO .: 89 - 409 = T he Earth T echnology VermonVSanta Monica 

lliiiiii Corporat ion Station and TunneJ 

I Unconfined 
Compression 
Test Results 

I 5-90 FIGURE B-43 
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PROJECT NO.: 89-409 = The Earth Technology Vermont/Santa Monica 
lliiiiij Corporation Station and Tunnel 

Unconfined 
Compression 
Test Results 
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PROJECT NO .: 89- 409 = The Earth Technology Vermont/Santa Monica 
liiiiii Corporation Station and Tunnel 

I Unconfined 
Compression 
Test Results 

I 5-90 FIGUREB-45 
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PROJECT NO .: 89-409 = The Earth Technology Vermont/Santa Monica 
lliiiiii Corporation Station and Tunnel I 

Unconfined 
Compression I 
Test Results 

5-90 FIGURE B-46 I 
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PROJECT NO .: 89 - 409 = T he Ear th T echnology VermonVSanta Monica 
liiiiiiiir Corporat ion Station and Tunnel 

Unconfi ned 
Compression 
Test Results 

5-90 FIGUREB-47 
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PROJECT NO .: 89-409 = The Ear th Technology Vermont/Santa Monica 
liii Corporation Station and Tunnel I 

Unconfined 
Compression I 
Test Results 

5-90 FIGURE B--48 I 
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PR OJECT NO .: 89- 409 = The Earth T echnology Vermont/Santa Monica 
'-- Corporation 

Station and Tunnel 

Unconfined 
Compression 
Test Results 

5-90 FIGUREB-49 
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Test Results 

5-90 FIGURE B-50 I 
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I PROJECT NO.; 89 -409 = The Earth Technology Vermont/Santa Monica liiiiiiiiii Corporation 

Station and Tunnel 

I Unconfined 
Compression 
Test Results 

I 5-90 FIGURE B-51 
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Test Results 
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PROJECT NO .: 89 - 409 = The Earth Technology VermonUSanta Monica 
.,_ Corporation Station and Tunnel 

I Unconfined 
Com pression 
Test Results 

I 5-90 FIGUREB-53 
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PROJECT NO .: 89~ 409 = The Earth Technology Vermont/Santa Monica 
llliiiiii Corporation 

Station and Tunnel I 
Unconfined 
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Test Results 

5-90 FIGUREB-54 I 
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PROJECT NO .: 89~ 409 = The Eart h Technology VermonVSanta Monica 
lliiiiiiii. Corporation Station and Tunnel 

Unconfined 
Compression 
Test Results 

5-90 FIGURE B-55 
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PROJ ECT NO .: 89 - 409 = The Earth T ech nology VermonUSanta Monica 
iliiiiiii Corporation 

Station and Tunnel 

Direct Shear 
Test Results 

5-90 FIGUREB-56 
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PROJECT NO .: 89-409 = The Earth Technology Vermont/Santa Monica 
liiiiiiiii' Corporat ion Station and Tunnel 

I Direct Shear 
Test Results 

I 5-90 FIGUREB-57 
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PROJECT NO .: 89- 409 = The Earth Technology VermonVSanta Monica 
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Station and Tunnel I 
Direct Shear I 
Test Results 
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P ROJECT NO. : 89 - 409 = The Earth Technology VermonVSanta Monica liiiiii Corporat ion 
Station and Tunnel 

Direct Shear 
Test Results 

5-90 FIGUREB-59 
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PROJECT NO .: 89 - 109 = The Earth Technology Vermont/Santa Monica -.. Corporation 
Station and Tunnel 

Direct Shear 
Test Results 

5-90 FIGUREB-60 
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Test Results 

I 5-90 FIGUREB-61 
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Chemical Laboratory 
Test Results , ___________ _ 
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APPENDIX C 

CHEMICAL LABORATORY TEST RESULTS 

A total of 22 soil and five water samples were selected and transported to CKY 
Environmental Services, Inc. of Torrance, California, for a limited charac­
terization of potential chemical contamination. The resu l ts presented in 
their reports are included in this Appendix. 

C-1 
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Date: 06/06/89 
890543 

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

Attn: Mr. Bill Lu 

Subject: Laboratory Report 

CKYincorporated 
Environmental Services 

Project: Metro II/89-409-03 

Enclosed is the laboratory report for samples received on 
05/18/89. 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. Qf. Analysis 

EPA 418.1 (TRPH) 10 Water 
EPA 8020 (BTEX) 11 Water 
EPA 9038 (Sulfate) 10 Water 
EPA 9030 (Sulfide) 10 Water 
EPA 9040 (pH) 10 Water 

The results are summarized on six pages. 

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

Sincerely, 

----~----E~-Dr. Kam Pang 
Laboratory Director 

3551 Voyager St., Suite 102, Torrance, Calif. 90503 • Telephone (213) 371-0048 



EPA METHOD 418.1 
TOTAL RECOVERABLE PETROLEUM HYDROCARBONS 

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

The Earth Technology 
Metro II/89-409-03 
890543 
Water 

DATE REc•o: 05/18/89 
DATE EXTRACTED:05/24/89 
DATB ANALYZED: 05/25/89 

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

RESULTS DETECTION LIMIT 
SAMPLE ID: CONTROL NO: (mq/L) (mq/L) 

PII-13-Bulk 890543-1 110 1 
PII-20-Bulk 890543-2 600 1 
PII-29A-Bulk 890543-3 34 1 
PII-35-Bulk 890543-4 ND 1 
PII-43-Bulk 890543-5 ND 1 
PII-46B-Bulk 890543-6 ND 1 
Pll-66-Bulk 890543-7 ND 1 
PII-86-Bulk 090543-s· ND 1 
PII-95A-Bulk 890543-9 15 1 
PII-105-Bulk 890543 - 10 110 1 

CKY INC .. ANALYTICAL I.ABORA TORIES. 3551 Vcwsou _,;;, ,;,,;, .. 1m Tnrn .. ,. .. r ll. IYl'-ll'l T.-1 ( ? l'l\'\71 . /Y\dl! 
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EPA METHOD - 8020 
BTEX 

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

The Earth Technology 
Metro II/89-409-03 
890543 
Water 

DATE REC'D: 05/18/89 
DATE EXTRACTED:05/23/89 
DATE ANALYZED: 05/23/89 

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

RESULTS (ppb) 
SAMPLE ID: CONTROL NO: Benz Toluene Et Benz Xyls 

PII-13-Bore Hole 890543-1 ND ND 6.9 11 
Pll-20-Bore Hole 890543-2 350 78 50 2300 
PII-29A-Bore Hole 890543-3 ND ND ND 2.5 
PII-35-Bore Hole 890543-4 ND ND 21 4.5 
PII-43-Bore Hole 890543-5 ND ND 11 16 
PII-46B-Bore Hole 890543-6 ND ND ND ND 
PII-66-Bore Hole 890543-7 ND ND ND ND 
PII-86-Bore Hole 890543-8 ND ND 1. 7 3. 1 
PII-95A-Bore Hole 890543-9 ND ND ND ND 
PII-105-Bore Hole 890543-10 ND ND 4.3 21 
Trip Blank 890543-11 ND ND ND ND 

DETECTION LIMIT 0.5 1 1 1 

CKY INC., ANALYTICAL LABORATORIES. 3551 VovaerSl .. Suilc 102 Torrance. C:A QO'i01 Td. (211\171-~ 



EPA METHOD 9038 
SULFATE 

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

SAMPLE ID: 

PII-13-Bulk 
PII-20-Bulk 
PII-29A-Bulk 
PII-35-Bulk 
PII-43-Bulk 
PII-46B-Bulk 
PII-66-Bulk 
PII-86-Bulk 
PII-95A-Bulk 
PII-105-Bulk 

The Earth Technology 
Metro II/89-409-03 
890543 
Water 

CONTROL ·NO: 

890543-01 
890543-02 
890543-03 
890543-04 
890543-05 
890543-06 
890543-07 
890543-08 
890543-09 
890543-10 

~ r"VV 1-...r~ A. ..._, A. T ,._.,.,.,.,,.... & T T A T"lr'IIT"l A rr"T"l l'T"!C"l _ __ ,. - • 

DATE REC 1 D: 05/18/89 
DATE EXTRACTED:05/22/89 

-DATE ANALYZED: 05/30/89 

RESULTS DETECTION LIMIT 
(aq/L SO!l Caq/L SO!l 

490 10 
690 10 

31 10 
100 10 
150 10 
470 10 
230 10 
320 10 
180 10 
150 10 
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EPA METHOD 9030 
SULFIDE 

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

The Earth Technology 
Metro II/89-409-03 
890543 
Water 

DATE REC'D: 05/18/89 
DATE EXTRACTED:05/24/89 
DATE ANALYZED: 05/24/89 

----------------------------------------------------------------- ---------------------------------------------------------------
RESULTS DETECTION LIMIT 

SAMPLE ID: CONTROL NO: (ppm) (ppm) 

PII-13-Bulk 890543-01 40 1 
PII-20-Bulk 890543-02 7.5 1 
PII-29A-Bulk 890543-03 12 1 
PII-35-Bulk 890543-04 2 1 
PII-43-Bulk 890543-05 ND 1 
PII-46B-Bulk 890543-06 2 1 
PII-66-Bulk 890543-07 ND 1 
PII-86-Bulk 890543-08 ND 1 
PII-95A-Bulk 890543-09 4 1 
PII-105-Bulk 890543-10 • ND 1 
================================·-======-----.:::::====·-===-=-========= 

~ . CKY INC., ANALYTICAL lABORA TORIES, 3SS1 Voyager St, Suite 102. Torrance. CA 90503. Tel. (213)371-0048 



PR - 9040 

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

The Earth Technology 
Metro II/89-409-03 
890543 
Water 

DATB REC'D: 05/18/89 
DATB EXTRACTED:05/24/89 
DATE AHALYZEO: 05/24/89 

------------------------------------------------------------------- ·---------------------·--------------·---------------- - --------

SAMPLE I.O. CONTROL NO. mi 

PII-13-Bulk 890543-01 6.8 
PII-20-Bulk 890543-02 6.8 
PII-29A-Bulk 890543-03 7.0 
PII-35-Bulk 890543-04 6 . 4 
PII-43-Bulk 890543-05 6 . 4 
PII-46B-Bulk 890543-06 6.8 
PII-66-Bulk 890543-07 6.4 
PII-86-Bulk 890543-08 6.4 
PII-95A-Bulk 890543-09 6.8 
PII-105-Bulk 890543-10 6.4 
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CLIENT: 
PROJECT: 
CJtY I.D.: 

QUALITY CONTROL DATA 

The Earth Technology Corp. 
Metro II/89-409-0J 
890543 

-=~==============================~==--=========================== 
METHOD 418.1 
MATRIX: Water 

SAMPLE ID: 890543-09 

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

(ppm) (ppm) 

IR Ref Oil 15 112 97 94 3 

METHOD 8020 
MATRIX: Water 

SAMPLE ID: Water Blank 

SAMPLE AMOUNT DUP. 
COMPOUND RESULTS SPIKr,iQ .l REC. l REC • RPO 

(ppb) (ppb) 

Benzene ND 20 85 80 6 
Toluene ND 20 95 85 11 
Et. Benzene ND 20 70 80 13 
Xylenes .ND 40 103 100 3 

---~-----------------------------------------------------------



Date: 06/13/89 
890554 

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

Attn: Mr. Bill Lu 

Subject: Laboratory Report 

· C K Y incorporated 
Environmental Services 

Project: Metro Rail II/89-4O9-O9 

------------------------------------------------------ ·---------
Enclosed is the laboratory report for samples received on 
05/23/89. The samples were received in coolers with ice and 
intact; the chain-of-custody forms were properly filled out. The 
data reported includes: 

Method &h. Qf Analysis 

EPA 418.1 (TRPH) 53 Soils 
EPA 8020 (BTEX) 53 Soils 
EPA 9039 (Sulfate) 53 Soils 

The results are summarized on eleven pages. 
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Please feel free to call if you have any questions concerning I 
thes_e results. 

Sincerely, 

--~--p_:::,.../2 __ 
Dr. Kam Pang f 
Laboratory Director 

3551 Voyager St., Suite 102, Torrance, Calif. 90503 • Telephone (213) 371-0048 
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EPA METHOD 418.l 
TOTAL RECOVERABLE PETROLEUM HYDROCARBONS 

============= ============-==============··=====·=====--=======-========= 
CLIENT: Earth Technology Corp. 
PROJECT: Metro Rail II/89-409-09 
CONTROL NO: 890554 
MATRIX TYPE: Soil 

DATE REC'D: 05/23/89 
DATE EXTRACTED:05/26/89 
DATE ANALYZED: 06/06/89 

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

RESULTS DETECTION LIMIT 
SAMPLE ID: CONTROL NO: (mq/kq> Cmq/kq> 

PII-13 D-13 890554-1 35,000 5 
PII-25 D-10 890554-2 220 5 
PII-25 D-16 890554-3 150 5 
PII-32A D-10 890554-4 6.0 5 
PII-33 D-9 890554-5 8.0 5 
PII-34 D-6 890554-6 ND 5 
PII-34 D-10 890554-7 ND 5 
PII-35 D-3 890554-8 ND 5 
PII-35 D-9 890554-9 ND 5 
PII-38 D-3 890554-10 ND 5 
PII-38 D-7 890554-11 ND 5 
PII-38 D-13 890554-12 6.0 5 
PII-40 D-2 890554-13 ND 5 
PII-40 D-12 890554-14 ND 5 
PII-41B D-12 890554-15 ND 5 
PII-41B D-18 890554-16 18 5 
PII-42A D-9 890554-17 ND 5 
PII-42A D-13 890554-18 NO 5 
PII-43 D-11 890554-19 ND 5 
PII-44 D-10 890554-20 ND 5 
Pir-·44 D-14 890554-21 ND 5 
PII-45 D-12 890554-22 ND 5 
PII-46B 0-10 890554-23 ND 5 
PII-49B D-2 890554-24 ND 5 
PII-49D D-4 890554-25 ND 5 
PII-49D D-12 890554-26 ND 5 
PII-51 D-8 890554-27 600 5 
PII-51 D-14 890554-28 ND 5 
PII-51 D-18 890554-29 ND 5 
PII-52 D-4 890554-30 ND 5 
PII-52 D-18 890554-31 ND 5 
PII-59B 0-8 890554-32 ND 5 
PII-59D D-8 890554-33 ND 5 
PII-62 D-14 890554-34 ND 5 
PII-74 D-2 890554-36 90 5 
PII-81 0-13 890554-37 ND 5 

~ CKY INC., ANALYTICAL LABORATORIES. 3551 Vovaatr St_ Suite 102. Torrance. CA 90503. Tel. 1213\371-0048 



EPA METHOD 418.1 
TOTAL RECOVERABLE PETROLEUM HYDROCARBONS 

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

Earth Technology Corp. 
Metro Rail II/89-409-09 
890554 
Soil 

DATE REC'D: 05/23/89 
DATE EXTRACTED:05/26/89 
DATE ANALYZED: 06/06/89 

================================================================-
RESULTS DETECTION LIMIT 

SAMPLE ID: CONTROL NO: (mg/kg) (mq/kq} 

PII-83 D-lJ 890554-38 ND 5 
PII-82 D-12 890554-39 ND 5 
PII-84 D-8 890554-40 ND 5 
PII-89 0-6 890554-41 ND 5 
PII-92 D-4 890554-42 ND 5 
PII-92 D-6 890554-43 ND 5 
PII-92 D-12 890554-44 ND 5 
PII-95A D-11 890554-45 ND 5 
PII-97 0-10 890554-46 ND 5 
PII-97 D-16 890554-47 ND 5 
PII-98 D-10 890554-48 ND 5 
PII-lOOA D-11 890554-49 ND 5 
PII-102A D-11 890554-50 NO 5 
PII-104 D-2 890554-51 ND 5 
PII-104 0-11 890554-52 ND 5 
PII-109 0-9 890554-53 ND 5 

I 
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PII-110 0-16 890554-54 ND 5 
================================================================= I 

~ CKY INC., ANALYTICAL LABO RA TORIES, 3551 Vay1ger Si., Suite 102, Torrance, CA 90503. Tel. (213)371-0048 
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EPA METHOD 8020 
BTEX 

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

Earth Technology Corp. 
Metro Rail II/89-409-09 
890554 
Soil 

DATE REC'D: 05/23/ 89 
DATE EXTRACTED:05/24/89 
DATE ANALYZED: 05/24/ 89 

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

SAMPLE I.fil 

PII-13 D-13 
PII-25 D-10 
PII-25 D-16 
PII-32A D-10 
PII-33 D-9 
PII-34 D-6 
PII-34 D-10 
PII-35 D-3 
PII-35 D-9 
PII-38 0-3 
PII-38 D-7 
PII-38 D-13 
PII-40 D-2 
PII-40 D-12 
PII-41B D-12 
PII-41B D-18 
PII-42A D-9 
PII-42A D-13 
PII-43 D-11 
PII-44 D-10 
PII-44 D-14 
PII-45 D-12 
PII-46B 0-10 
PII--49B D-2 
PII-49D D-4 
PII-49D D-12 
PII-51 D-8 
PII-51 D-14 
PII-51 D-18 
PII-52 D-4 
PII-52 D-18 
PII-59B 0-8 
PII-59D D-8 
PII-62 D-14 
PII-74 D-2 
PII-81 D-13 

CONTROL NO: 

890554-1 
890554-2 
890554-3 
890554-4 
890554-5 
890554-6 
890554-7 
890554-8 
890554-9 
890554-10 
890554-11 
890554-12 
890554-13 
890554-14 
890554-15 
890554-16 
890554-17 
890554-18 
890554-19 
890554-20 
890554-21 
890554-22 
890554-23 
890554-24 
890554-25 
890554-26 
890554-27 
890554-28 
890554-29 
890554-30 
890554-31 
890554-32 
890554-33 
890554-34 
890554-36 
890554-37 

DETECTION LIMIT 

50 
18 
54 
36 
ND 
37 
ND 
ND 
ND 
ND 
ND 
13 
ND 

5.4 
5.0 

ND 
ND 
ND 
5.8 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
11 
26 
73 
ND 
14 
ND 
ND 
ND 
ND 
ND 

5 

RESULTS 
Toluene 

330 
170 
340 
320 

29 
400 
210 

25 
17 
28 
16 

180 
25 
39 
41 

380 
33 
31 
40 
25 
19 
18 
28 
ND 
26 
33 
53 

260 
330 

25 
260 

18 
21 
16 
20 
13 

5 

(ug/kg) 
Et Benz Xyls 

110 490 
44 290 

150 570 
120 490 

• 8 . 2 62 
.270 740 

54 360 
ND 36 
ND 27 

5.9 44 
ND 29 
53 350 
72 57 
8.6 64 
8. 4' 69 

20.0 650 
8.2 67 
7. 1 54 
8.4 65 
5.7 39 
4.0 31 

ND 34 
5.8 49 

ND ND 
. ND 37 

6.6 55 
140 620 

72 41 0 
110 480 

17 110 
84 430 
ND 34 
ND 33 
16 76 
5.4 63 

ND 23 

5 5 

~ . CKY INC., ANAL )'TICAL LA.BORA TORIES, 3551 Voyager St~ Suite 102, TorTancc, CA 90503. Tel. {213)371-0048 



EPA METHOD 8020 
BTEX 

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

Earth Technology Corp. 
Metro Rail II/89-409-09 
890554 
Soil 

DATE REC'D: 05/23/89 
DATB EXTRACTED:05/24/89 
DATE ANALYZED: 05/24/89 

==== - ============·========~--=======~-:.--====================== 

RESULTS (Ug/kg) 
SAMPLE ID: CONTROL NO: Benz Toluene Et Benz Xyls 

PII-83 D-13 890554-38 ND 13 ND 32 
PII-82 D-12 890554-39 ND 21 ND 41 
PII-84 D-8 890554-40 ND 13 ND 22 
PII-89 D-6 890554-41 ND 23 · 5 . 1 43 
PII-92 D-4 890554-42 ND 17 8 . 7 50 
PII-92 D-6 890554-43 ND 22 5 . 1 44 
PII-92 D-12 890554-44 ND 20 ND 39 
PII-95A D-11 890554-45 ND 16 5.2 33 
PII-97 0-10 890554-46 ND 19 ND 37 
PII-97 D-16 890554-47 ND ND ND ND 
PII-98 D-10 890554-48 ND 22 6.1 47 
PII-l00A D-11 890554-49 ND 22 ND 33 
PII-102A D-11 890554-50 ND 18 ND 30 
PII-104 D-2 890554-51 6.2 48 17 150 
PII-104 D-11 890554-52 ND 7 ND 17 
PII-109 D-9 890554-53 ND 20 ND 34 
PII-110 D-16 890554-54 ND 7.5 ND 23 

DETECTION LIMIT 5 5 5 5 

G\t CKY INC., ANALYTICAL LABO RA TORIES, 3551 Voyaacr S1~ Suite 101. Torrance. CA 90503. Tel. (213)371-0048 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

EPA METHOD 9038 
SULFATE 

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

Earth Technology Corp. 
Metro Rail II/89-409-09 
890554 
Soil 

DATB REC'D: 05/23/89 
DATB EXTRACTED:05/24/89 
DATB ANALYZED: 05/30/89 

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

RESULTS DETECTION LIMIT 
SAMPLE ID: CONTROL NO: (mg/ltg SO!l (mq/Rg SO!l 

PII-13 D-13 890554-1 270 10 
PII-25 0-10 890554-2 710 10 
PII-25 D-16 890554-3 920 10 
PII-32A 0-10 890554-4 480 10 
PII-33 0-9 890554-5 960 10 
PII-34 0-6 890554-6 68 10 
PII-34 0-10 890554-7 100 10 
PII-35 0-3 890554-8 80 10 
PII-35 D-9 890554-9 60 10 
PII-38 0-3 890554-10 280 10 
PII-38 D-7 890554-11 190 10 
PII-38 D-13 890554-12 43 10 
PII-40 D-2 890554-13 290 10 
PII-40 D-12 890554-14 43 10 
PII-41B D-13 890554-15 53 10 
PII-41B 0-18 890554-16 340 10 
PII-42A 0-9 890554-17 220 10 
PII-42A D-13 890554-18 58 10 
PII-43 0-11 890554-19 130 10 
PII-44 D-10 890554-20 45 10 
PII-44 D-14 890554-21 120 10 
PII~45 D-12 890554-22 120 10 
PII-46B D-10 890554-23 31 10 
PII-49B D-2 890554-24 450 · 10 
PII-490 D-4 890554-25 540 10 
PII-49D 0-12 890554-26 10 10 
PII-51 D-8 890554-27 99 10 
PII-51 D-14 890554-28 12 10 
PII-51 D-18 890554-29 260 10 
PII-52 D-4 890554-30 210 10 
PII-52 0-18 890554-31 240 10 
PII-59B D-8 890554-32 420 10 
PII-590 0-8 890554-33 110 10 
PII-62 D-14 890554-34 250 10 
PII-74 D-2 890554-36 53 10 
PII-81 D-13 890554-37 140 10 

~ CKY INC., ANALYTICAL LABORATORIES, 3.551 Voyagers, .. Suit~ 102, Torrance, CA 90503. Tel. (213)371-0048 



EPA METHOD 9038 
SULFATE 

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

Earth Technology Corp. 
Metro Rail II/89-409-09 
890554 
Soil 

DATE REC'D: 05/23/89 
DATB BXTRACTED:05/24/89 
DATE ANALYZED: 05/30/89 

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

RESULTS DETECTION LIMIT 
SAMPLE ID: CONTROL NO: Cmq/Jtq SO.!l Cmq/Rq SO!l 

PII-83 D-13 890554-38 35 10 
PII-82 D-12 890554-39 39 10 
PII-84 D-8 890554-40 180 10 
PII-89 D-6 890554-41 130 10 
PII-92 D-4 890554-42 47 10 
PII-92 D-6 890554-43 82 10 
PII-92 0-12 890554-44 ND 10 
PII-95A D-11 890554-45 50 10 
PII-97 D-10 890554-46 710 10 
PII-97 D-16 890554-47 31 10 
PII-98 D-10 890554-48 500 10 
PII-lOOA 0-11 890554-49 39 10 
PII-102A D-11 890554-50 68 10 
PII-104 D-2 890554-51 23 10 
PII-104 D-11 890554-52 520 10 
PII-109 D-9 890554-53 45 10 
PII-110 D-16 890554-54 76 10 
=---=--================================-=====~================== 

l, NC.. ANALYTICAL LABORATORIES. 3551 VovaaerSL~uile Hl2. Tnrun.-,. 1.A ()O~"' T .. I l?.1"''171-004Sl 
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CLIENT: 
PROJECT: 
CKY I. D.: 

METHOD 
MATRIX: 

SAMPLE ID: 

COMPOUND 

IR Ref Oil 

METHOD 
MATRIX: 

SAMPLE ID: 

COMPOUND 

IR Ref Oil 

QUALITY CONTROL DATA 

Earth Technology Corporation 
Metro Rail II 
890554 

418.1 
Soil 

890554-10 

SAMPLE AMOUNT 
RESULTS SfIKED .l REC. 

(ppm) (ppm) 

ND 155 111 

418.1 
Soil 

890554-11 

SAMPLF! AMOUNT 
RESULTS SPIKED ! REC. 

(ppm) (ppm) 

ND 155 109 

DUP. 
1 REC . RPO 

109 2 

DUP. 
l REC. RPO 

109 0 

---------------------------------------------------------------------
METHOD 418.1 
MATRIX: Soil 

SAMPLE ID: 890554-34 

SAMPLE AMOUNT DUP. 
~OMPOUNQ RE~ULTS SPIKED .l REC. 1 REC . RPD 

(ppm) (ppm) 

IR Ref Oil ND 200 92 104 12 

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

~ CKY INC., ANALYTICAL LABORATORIES, 3551 VoyagerS1.,Sui1c 102, Torrance, CA 90503. Tel. (213)371-0048 



QUALITY CONTROL DATA 

CLIENT: Earth Technology Corporation 
PROJECT: Metro Rail II 

I 
I 
I 

CKY I.D.: 890554 I 
================================================================-===--
METHOD 418 . l 
MATRIX: Soil 

SAMPLE ID: 890554-44 

SAMPLE AMOUNT 
COMfOUND RESULTS §fIKED 

(ppm) (ppm) 

IR Ref Oil ND 155 

OUP. 
1 ~ 1 REC. 

98 120 

RPO 

22 

I 
I 
I 

METHOD 418.l 
--------------------------------------------------------------------- I 
MATRIX: Soil 

SAMPLE ID: 890554-51 
.. 

SAMPLE AMOUNT DUP. 
COMPOUNQ BESUl.!TS QfIKf,;Q l~ 1~ B.fQ 

(ppm) (ppm) 

IR Ref Oil ND 200 110 96 14 

METHOD 9038 
MATRIX: Soil 

SAMPLB ID: 890554-06 

SAMPLE AMOUNT DUP. 
COMPOUND B&;SUl.!TS SPIKED 1 REC. 1 REC. RPO 

(mg/Kg) (mg/Kg) 

Sulfate 68 500 87 93 6 

~ CKY INC.. ANALYTICAL LABORATORIES. 35Sl Vovur,rSt_Suile 102. Tnrnnc.e. C~<lO"ffi. T.el. m :wrn..mul 
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CLIENT: 
PROJECT: 
CKY I.D.: 

QUALITY CONTROL DATA 

Earth Technology Corporation 
Metro Rail II 
890554 

====================================================================== 
METHOD 9038 
MATRIX: Soil 

SAMPLE IO: 890554-14 

SAMPLE AMOUNT DUP. 
COMPOUND B.6S!Hi1TS SflKED l ~ l REC. RPO 

(mg/Kg) (mg/Kg) 

Sulfate 43 500 95 96 0.2 

METHOD 9038 
MATRIX: Soil 

SAMPLE ID: 890554-38 

SAMPLE AMOUNT DUP. 
COMPOUNQ RESQLTS SflK~D l REC. l REC. RPO 

(mg/Kg) (mg/Kg) 

Sulfate 35 500 98 97 1.0 

---------------------------------------------------------------------
METHOD 9038 
MATRIX: Soil 

SAMPLE ID: 890554-42 

SAMPLE AMOUNT DUP. 
COMPOUNQ RJ:;SQLTS SPJ;KED ! REC. !. REC. - RPO 

(mg/Kg) (mg/Kg) 

Sulfate 47 500 99 93 6 

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

CKY INC., ANALYTICAL LABORATORIES, 35.Sl Va>MP St .. Suite 102, Torrance, CA 90503. Tel. (213)371-0048 



CLIENT: 
PROJECT: 
CltY I.D.: 

QUALITY CONTROL DATA 

Earth Technology Corporation 
Metro Rail II 
890554 

I 
I 
I 

============ =~=~====================================================1 
METHOD 8020 
MATRIX: Soil 

SAMPLE ID: 890554-09 

SAMPLE AMOUNT DUP. 
COMPOUND RESULTS SPIKEQ ! REC. l REC. RPO 

(ppb) {ppb) 

Benzene <5 20 90 90 0 
Toluene 17 20 85 110 26 
Et. Benzene <5 20 80 75 6 
Xylenes 27 40 85 95 11 

------------------------------------------------------:--------
METHOD 8020 
MATRIX: Soil 

SAMPLE ID: 890554-18 

SAMPLE AMOUNT . DUP . 
~QMEOUHQ RESULTS SfIKED 1 ~ .l REC. RPO 

(ppb) (ppb) 

Benzene <5 20 105 90 15 
Toluene 31 20 120 95 20 
Et. Benzene 7.1 20 104 85 20 

I 
I 
I 
I 
I 
I 
-1 
I 

Xylenes 54 40 112 93 6 --------------------------------------------------------------- I 
METHOD 8020 
MATRIX: Soil 

SAMPLE ID: .., 890554-27 

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

(ppb) (ppb) 

Benzene 11 20 90 80 12 
Toluene 53 20 85 90 6 
Et. Benzene 140 20 115 100 14 
Xylenes 620 40 110 88 22 
---------------------------------------------------------------

CKY INC., ANAL ITICAL LABORATORIES. 3551 VOVHUSL ~uif., 10'2. Tnrr,inr,. C'A lln',ll'\ T.-J f?l'\)'\71~ 

I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
1· 

I 
I 
I 
I 
I 
I 
I 
I 
I 

CLIENT: 
PROJECT: 
CKY I .D.: 

QUALITY CONTROL DATA 

Earth Technology Corporation 
Metro Rail II 
890554 

==============·================== ·============- --=======---------------
METHOD 8020 
MATRIX: Soil 

SAMPLE ID: 890554-36 

SAMPLE AMOUNT DUP. 
COMPOUND RESULI§ SPIKED 1 ~ ! REC. RPO 

(ppb) (ppb) 

Benzene ND 20 85 85 0 
Toluene 20 20 120 95 23 
Et. Benzene 5.4 20 83 93 11 
Xylenes 63 40 92 85 8 

METHOD 8020 
MATRIX: Soil 

• 
SAMPLE ID: 890554-45 

SAMPLE AMOUNT DUP. 
COMPOUND RESULIS SPIKf,iQ 1 REC. 1 REC. RPO 

(ppb) (ppb) 

Benzene ND 20 90 100 10 
Toluene 16 20 110 95 14 
Et. Benzene 5.2 20 79 79 0 
Xylenes 33 40 118 108 9 

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

SAMPLE ID: 890.554-54 

SAMPLE AMOUNT DUP. 
COMPOUND RESULIS SPIKEQ ! REC. l REC. RPD 

(ppb) (ppb) 

Benzene ND 20 95 80 17 
Toluene 7.5 20 88 102 15 
Et. Benzene ND 20 80 85 6 
Xylenes 23 40 92 85 8 
---------------------------------------------------------------

CKY INC., ANALYTICAL LABORATORIES, 3SS1 Vayager S< .. Suite 102, Torrance, CA 90503. Tel. (20)371-0048 



Date: 07/05/89 
890554 

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

Attn: Mr. Bill LU 

Subject: Laboratory Report 

C K Y incorporated 
Environmental Services 

Project: Metro Rail II/89-409-09 

------------------------------------------------------~---------
Enclosed is the additional laboratory report for samples received 
on 05/23/89. 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, 2-' Analysis 

EPA 9030 (Sulfide) 53 Soils 

The results are summarized on four pages. 

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

Sincf):!rely, 

---~---P--~-Dr. Kam Pang 
Laboratory Direc r 

3551 Voyager St., Suite 10~, Torrance, Calif. 90503 • Telephone (213) 371-0048 
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CLIENT: 
PROJECT: 
CONTROL NO: 
MATRIX TYPE: 

EPA METHOD 9030 
SULFIDE 

Earth Technology Corp. 
Metro Rail II/89-409-09 
890554 
Soil 

DATE REC'D: 05/23/89 
DATE EXTRACTED:06/29/89 
DATE ANALYZED: 06/30/89 

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

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

PII-13 D-13 890554-1 62 1 
PII-25 D-10 890554-2 7.2 1 
PII-25 D-16 890554-3 12 1 
PII-32A D-10 890554-4 3.7 1 
PII-33 D-9 890554-5 15 1 
PII-34 D-6 890554-6 ND 1 
PII-34 0-10 890554-7 9.2 1 
PII-35 D-3 890554-8 9.2 1 
PII-35 D-9 890554-9 6.8 1 
PII-38 0-3 890554-10 14 1 
PII-38 0-7 890554-11 4.2 1 
PII-38 D-13 890554-12 12 1 
PII-40 0~2 890554-13 6.3 1 
PII-40 D-12 890554-14 ND 1 
PII-41B D-13 890554-15 2.8 1 
PII-41B D-18 890554 - 16 ND 1 
PII-42A 0-9 890554-17 7.8 1 
PI I-42A D-13 890554-18 3.3 1 
PII-43 0-11 890554-19 6.2 1 
PII-44 D-10 890554-20 ND 1 
PII-44 0-14 890554-21 13 1 
PII-45 D-12 890554-22 8.7 1 
PII-46B 0-10 890554-23 11. 2 1 
PII-49B D-2 890554-24 10 1 
PII-490 D-4 890554-25 18 1 
PII-490 D-12 890554-26 14 1 
PII-51 D-8 890554-27 8.2 1 
PII-51 D-14 890554-28 6.7 1 
PII-51 D-18 . 890554-29 12 1 
PII-52 D-4 890554-30 4.2 1 
PII-52 D-18 890554-31 15 1 
PII-59B D-8 890554-32 5.2 1 
PII-590 D-8 890554-33 ND 1 
PII-62 D-14 890554-34 19 1 
PI I-74 D-2 890554-36 ND 1 
PII-81 D-13 890554-37 7.2 1 

~ CKY INC., ANALYTICAL LABO RA TORIES, 3551 Voyager St., Suicc 102, Torrance, CA 90503. Tel. (213)371-0048 



EPA METHOD 9030 
SULFIDE 

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

SAMPLE ID: 

PII-83 D-13 
PII-82 0-12 
PII-84 D-8 
PII-89 D-6 
PII-92 D-4 
PII-92 D-6 
PII-92 D-12 
PII-95A D-11 
PII-97 D-10 
PII-97 D-16 
PII-98 D-10 

Earth Technology Corp. 
Metro Rail II/89-409-09 
890554 
Soil 

CONTROL NO: 

890554-38 
890554-39 
890554-40 
890554-41 
890554-42 
890554-43 
890554-44 
890554-45 
890554-46 
890554-47 
890554-48 

PII-lOOA 0-11· 890554-49 
PII-102A D-11 890554-50 
PII-104 D-? 890554-51. 
PII-104 0-11 890554-52 
PII-109 D-9 890554-53 
PII-110 D-16 890554-54 

DATE REC 1 D: 05/23/89 
DATB EXTRACTED:06/29/89 
DATE ANALYZED: 06/30/89 

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

ND 1 
24 1 
23 1 
2.2 1 
5.7 1 
4.2 1 
1.7 1 

ND 1 
1.2 1 

21 1 
24 1 • 
6.2 1 
6.2 1 
8.7 1 
5.2 1 

12 1 
1.7 1 

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

~ CKY INC., ANALYTICAL LABORATORIES, 3551 Voyager s1., S11itc 102, Torrance, CA 90503. Tel. (213)371-0:>48 
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CLIENT: 
PROJECT: 
CKY I .D.: 

QUALITY CONTROL DATA 

Earth Technology Corporation 
Metro Rail 
890554 

=======================================·============================== 
METHOD 9030 
MATRIX: Soil 

SAMPLE ID: BL 1 SP/SP D 

SAMPLE AMOUNT OUP. 
COMPOUND RESULTS SPIKED l REC. l REC. RPO 

(ppm) (ppm) 

Sulfide Blank 1720 104 107 3 

METHOD 9030 
MATRIX: Soil 

SAMPLE ID: BL 2 SP/SP D 

SAMPLE AMOUNT DUP. 
COMPOUtiD RESULTS SPIK~D l REC. l REC . . RPO 

(ppm) (ppm) 

Sulfide Blank 1720 93 99 6 

METHOD 9030 
MATRIX: Soil 

SAMPLE ID: BL 3 SP/SP D 

SAMPLE AMOUNT DUP. 
COMPOUND RESULTS SPIKED l REC. l REC. _RPO 

(ppm) (ppm) 

Sulfide Blank 1720 102 102 0 
----------------------------------------------------------------

I ~ CKY INC., ANALYTICAL LABO RA TORIES, 3551 Voyager St~ Suite 102, Torrance, CA 90503. Tel. (213)371-0048 



• 

QUALITY CONTROL DATA 

CLIENT: Earth Technology Corporation 
PROJECT: Metro Rail 
CKY I.D.: 890554 

I 
I 
I 

;;;;~;=========;~;~-================================================= I 
MATRIX: Soil 

SAMPLE ID: BL 4 SP/SP D 

SAMPLE AMOUNT DUP. 
COMPOUND RESULTS SPJ;KED l ~ l REC. RPD 

(ppm) (ppm) 

Sulfide · 0 1720 93 93 0 

----------------------------------------------------------------
METHOD 9030 
MATRIX: Soil 

SAMPLE ID: BL 5 SP/SP D 

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

(ppm) (ppm) 

Sulfide 0 1720 93 93 0 

Gy CKY INC., ANALYTICAL LABORATORIES, 3551 Voyager St., Suite 102, Torrance, CA 90.503. Tel. (213)371-0048 
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Date: 07/13/89 
890657 

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

Attn: Mr. Bill Lu 

Subject: Laboratory Report 
Project: Metro Rail 

· C K Y incorporated 
Environmental Services 

Enclosed is the laboratory report for samples received on 
06/27 /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 

EPA 8270 
EPA 8240 (VOC by GC/MS) 
CAM Metals 

• li2...&. 21 Analysis 

12 Soils 
12 Soils 
12 Soils 

The results are summarized on forty pages. 

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

Sincerely, 

_ct;;~ ___ ±!_t __ _ 
Dr. Kam Pang 
Laboratory Dire or 

3551 Voyager St., Suite 102, Torrance, Calif. 90503 • Telephone (213) 371-0048 



EPA METHOD - 8270 
SEMIVOLATILE ORGANICS BY GC/MS 

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

Earth Technology Corp. 
Metro Rail 
PII-25 D-10 
890657-3 

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

06/27/89 
07/02/89 
07/05/89 
Soil 

=====~=~~================================================= ·====== 
RESULTS RESULTS 

PARAMETER {mg/kg) PARAMETER <mg/kg) 

Phenol ND ( 2. 0) Acenaphthene NO ( 2. 0) 

bis(2·chloroethyl)ether ND ( 2. 0 > 2,4-0lnltrophenol NO(lO.O) 
2-Chlorophenol ND C 2. 0 > 4-Nltrophenol ND(lO.O) 
l,3-Dlchlorobenzene ND ( 2. 0) Oibenzofuran ND C 2. 0) 
1,4·Dlchlorobenzene ND C 2. 0 > 2,4-Dlnltrotoluene ND C 2. 0 > 
Benzyl Alcohol ND ( 4 . 0) 2,6·Dlnltrotoluene ND C 2. 0 > 
l,2-Dlchlorobenzene ND < 2 . 0 > Olethylphthalate ND ( 2. 0) 
2·Hethylphenol ND C 2. 0 > 4·Chlorophenyl·phenylether ND ( 2. 0) 
bis(2·chloroisopropyl)ether ND ( 2. 0) Fluorene ND C 2 . 0 > 
4·Methylphenol ND < 2. a> 4-Nitroani line NO(lO.O} 
N·Nitroso·Dl·n·Propylamine ND ( 2. 0) 4,6·Dlnitro·2·Hethylphenol NDC10.0) 
Hexachloroethane ND ( 2 _- 0) N· Nltrosodiphenylamine ND ( 2. 0) 
Nitrobenzene it D ( 2. 0) 4·8ro■ophenyl·phenylether ND ( 2. 0) 
lsophorone ND C 2. 0 > Hexachlorobenzene ND C 2. 0 > 
2-Nitrophenol ND < 2. 0 > Pentachlorophenol ND(10 . 0) 
2,4 · Dimethylphenol NO C 2. 0) Phenanthrene N'D ( 2. 0) 
Benzoic Acid N0(10.0) Anthracene ND ( 2. 0) 
bis·(2·Chloroethoxy)methane NO C 2. 0 ) Di·n-eutylphthatate ND ( 2. 0 > 
2,4·Dichlorophenol NO (2. 0) Fluoranthene ND ( 2. 0) 
1,2,4-Trlchlorobenzene ND C 2. 0 > Pyrene ND ( 2. 0) 

Naphthalene ND C 2. 0 > 8utylbenzylphthalate ND ( 2. 0 > 
4-Chloroanl ine NO C 4. 0) 3 , l'·Dichlorobenzidine ND ( 4 . 0) 
Hexaehlorobutadiene NO ( 2. 0) 8enzo(a)Anth r aeene ND ( 2. 0) 
4-C~loro·3·Hethylphenol NO C 4. 0) bis(2·Ethylhexyl)Phthalate ND ( 2. 0 > 
2·Hethylnaphthalene ND (2.0) Chrysene ND < 2. 0 > 
Hexachlorocyclopentadlene ND ( 2.0) Dl-n-Octyl Phthalate ND ( 2. 0) 
2,4,6-Trlchlorophenol ND ( 2.0) Benzo(b)Fluoranthene ND ( 2. 0 > 
2,4,S·Trichlorophenol ND ( 2.0) Benzo(k)Fluoranthene ND ( 2 . 0 > 
2-Chloronaphthalene NO (2.0) Benzo(a)Pyrene ND ( 2. 0) 
2-Ni troanl l tne ND(10.0) lndeno(t,2,l·cd)Pyrene ND ( 2. 0) 
Dimethyl Phthalate ND C 2. 0 > Dlbenz(a,h)Anthracene NO < 2 . 0 > 
Acenaphthylene ND ( 2. 0) 8enzo(g,h, l}Perylene NO < 2. 0 > 
3-Nitroanillne ND(10.0) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ND 
( ) 

= Not Detected 
= Detection Limit (mg/kl 

CKY INC., ANALYTICAL LABO RA TORIES, 3551 Voyager St., Suite 102, Torrance, CA 90503. Tel. (213)371-0048 

I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

EPA METHOD - 8270 
SEMIVOLATILE ORGANICS BY GC/MS 

CLIENT: 
PROJECT: 
SAMPLE ID: 
CONTROL NO: 

Earth Technology Corp. 
Metro Rail 
PII-35 0-9 
890657-4 

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

06/27/89 
07/02/89 
07/05/89 
Soil 

=::===================~=======================~====-==----==---=--

PARAMETER 

Phenol 
bis(2·chloroethyl)ether 
2 - Chlorophenol 
1,3-Dlchlorobenzene 
1,4-Dlchlorobenzene 
Benzyl Alcohol 
1,2-Dlchlorobenzene 
2 · Hethylphenol 
bis(2-chloroisopropyl)ether 
4·,.ethylphenol 
N·Nitroso·Dl·n · Propylamlne 
Hexechloroethene 
Nit r obenzene 
lsophorone 
2 • N i t r o ptt en o l 
2,4·Dimethylphenol 
Benzoic Acid 
bls-(2-Chloroethoxy)methane 
2,4·Dlchlorophenol 
1,2,4-T ri chlorobenzene 
Naphthalene 
4-Chloroanline 
Hexachlorobutadiene 
4 · Chloro·3 · Hethylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2,4,6-Tr i chlorophenol 
2,4,5-Trichlorophenol 
2-Chloronaphthilene 
2-NI troanl l fne 

Dimethyl Phthalate 
Acenaphthylene 
3-Nitroani I ine 
! Surrogate Recovery: 
2-Fluorophenol 
Phenol-d5 
Nitrobenzene-d5 
2-Fluorobiphenyl 
Terphenyl-ct14 

ltESULTS 

(mg/kg) 

ND (0.1) 

ND (0.1) 
ND (0.1) 
NO (0.1) 

ND (0. 1 ) 

ND (0.2) 
NO (0.1) 
NO (0.1) 
NO (0.1) 
NO (0.1) 
ND (0.1 .) 
NO (O.t) 

ND (0.1) 

ND (0.1) 

ND (0.1) 
NO (0.1) 
NO (0,5) 

NO (0.1) 

ND (0.1) 

ND (0.1) 
ND (0.1) 
ND (0.2) 
ND (0.1) 

NO (0.2) 
ND (0.1) 
NO (0 . 1) 
NO (0.1) 
NO (0.1) 
NO (0 . 1) 

NO (0.5) 

NO (0.1) 
NO (0.1) 
ND (0.5) 

PAUMETER 

Acenaphthene 
2,4 · 0lnitrophenol 
4 · Nitrophenol 
Dibenzofuran 
2,4 - 0lnitrotoluene 
2,6 - Dinitrotoluene 
Diethylphthalate 
4·Chlorophenyl·phenyletrer 
Fluorene 
4 - N f tr o an i l r n e 

4,6-Dinltro·2·Hethylphenol 
N·Nitrosodiphenytamine 
4·Bro~ophenyl-phenylether 
Hexachlorobenzene 
Pentechlorophenol 
Phenanthrene 
Anthracene 
Ol·n·Butylphthalate 
Fluoranthene 
Pyrene 
8utylbenzylphthalate 
3,l•·Olchlorobenzidine 
8enzo(a)Anthracene 
bis(2·Ethylhexyl)Phthalate 
Chrysene 
Dl · n-Octyl Phthalate 
Benzo(b)Fluoranthene 
aenzo(k)Fluoranthene 
Benzo(a)Pyrene 
Indeno(1,2,3 · cd)Pyrene 
Dibenz(a,h)Anthracene 
Benzo(g,h, i)Perylene 

ND = Not Detected 

RESULTS 
(mg/kg) 

ND (0.1) 
NO (0.5) 

NO (0.5) 

NO (0.1) 

ND (0.1) 

NO (0.1) 
NO (0.1) 
NO (0.1) 

NO (0.1) 

NO (0.5) 

NO (0.5) 

ND (0 . 1) 

NO (0.1) 

ND (0.1) 
ND {0.5) 

NO (0.1) 
ND (0.1) 

ND (0.1) 

ND (0 . 1) 
ND (0.1) 
NO (0.1) 

NO (0.2) 
NO (0.1) 
NO (0.1) 
NO (0.1) 
NO (0.1) 
ND (0 . 1) 
ND (0 . 1) 

NO (0 . 1) 

NO (0.1) 
ND (0.1) 
NO (0.1) 

46 
63 
58 
76 

( ) = Detection Limit (mg/kg) 

112 

CKY INC., ANALYTICAL LABO RA TORIES · 
, 3551 Voyager Sr ., Su11e 102, Torrance, CA 90503. Tel. (213)371-0048 



EPA METHOD - 8270 
SEMIVOLATILE ORGANICS BY GC/MS 

CLIENT: 
PROJECT: 
SAMPLE ID: 
CONTROL NO: 

Earth Technology Corp. 
Metro Rail 
PII-42A D-9 
890657-5 

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

06/27/89 
07/02/89 
07/05/89 
Soil 

======== •• ======~==========================~-~================== 

PARAMETER 

Phenol 
bis(2·chloroethyl>ether 
2-Chlorophenol 
1,J·Dichlorobenzene 
1,4·Dichlorobenzene 
Benzyl Alcohol 
1, 2 - Dichlorobenzene 
2-Methylphenol 
bis(2·chlorofsopropyl)ether 
4·MUhylphenol 
N·Nitroso·Dl·n·Propylamine 
He11:achloroethane 
Nitrobenzene 
lsophorone 
2·Nitrophenol 
2,4·Dimethylphenol 
Benzoic Acid 
bis-<2·Chloroetho11:y)methane 
2,4-0ichlorophenol 
l,2,4·Trichlorob enzene 
Naphthalene 
4 · Chloroanline 
Hexachlorobutadlene 
4-C~loro·J·Methylphenol 
2·Methylnaphthalene 
Hexachlorocyclopentadlene 
2,4,6·Trichlorophenol 
2,4,5·Trichlorophenol 
2-Chloronaphthalene 
2·Nltroani lfne 
Dimethyl Phthalate 
Acenaphthylene 
3-Nitroanilfne 

RESULTS 

(1119/kg> 

NO (0.1) 
NO (0.1) 
ND (0.1) 
ND (0.1) 
NO (0 . 1) 
NO (0 . 2) 
ND (0.1) 
ND (0 . 1) 
ND (0.1) 
NO (0.1) 

NO (0.1) 
NO (0.1) 
ND (0.1) 

NO (0.1) 
NO (0.1) 
NO (0.1) 
ND (0.5) 

NO (0.1) 
NO (0.1) 

NO (0.1) 
NO (0 . 1) 
ND (0.2) 
ND (0.1) 

ND (0.2) 

ND (0.1) 
ND (0.1) 
ND (0.1) 
ND (0.1) 
NO (0.1) 

NO (0.5) 

NO (0.1) 

NO (0.1) 
NO (0.5) 

P!RAMETER 

Acenaphthene 
2,4-0initrophenol 
4·Nitrophenol 
Dlbenzofuran 
2,4·Dlnltrotoluene 
2,6 · Dinitrotoluene 
Oiethylphthalate 
4·Chlorophenyl · phenylether 
Fluorene 
4·Nitro ■ nillne 

4,6·Dlnitro·2·Methylph~nol 
N·Nitrosodiphenyla•ine 
4 -Bromophenyl·phenylether 
Hexach lorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Dl·n·Butylphthalate 
Fluoranthene 
Pyrene 
Butylbenzylphthalate 
3,3 1 - Dlchlorobenzidine 
Benzo(a)Anthracene 
bls(2·Ethylhe11:yl)Phthalate 
Chrysene 
Oi·n·Octyl Phthalate 
Benzo(b)Fluoranthene 
Benzo(k)Fluoranthene 
Benzo(a)Pyrene 
lndeno<1,2,3-cd>Pyrene 
Dibenz(a,h)Anthraeene 
Benzo(g,h,i)Perylene 

RESULTS 

cmg/kg) 

ND ( 0 . 1 ) 

ND CO. 5 > 
ND CO. 5) 

ND C O . 1 ) 

ND ( 0 . 1 ) 

ND ( 0. 1 } 

NO CO. 1 ) 
ND CO. 1 > 
ND ( 0 . 1 ) 
ND ( 0 . 5 > 
NO ( 0. 5 > 
NO ( 0 . 1 > 
NO ( 0 . 1 ) 
ND ( 0 . 1 > 
NO ( 0. 5 ) 

ND C 0 • 1 > 
NO ( 0 . 1 ) 

NO ( 0 . , ) 

NO ( 0 . 1 ) 
NO ( 0 . 1 ) 

ND ( 0 . 1 ) 

ND < 0. 2 > 
ND ( 0 . 1 > 
ND ( 0 . 1 ) 

ND ( 0 . , ) 

ND ( 0 . , ) 

NO ( 0 . , ) 

ND ( 0 . , ) 

ND ( 0 . 1 ) 
ND ( 0 . , ) 

ND ( 0 . 1 > 
NO ( 0 . 1 ) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I l Surrogate Recovery: 

2-Fluorophenol 
Phenol-ds 
Nitrobenzene-d5 
2-Fluorobiphenyl 
Terphenyl-d14 

84 
93 
98 

114 
114 

ND 
( ) 

= Not Detected 
= Detection Limit (mg/kg)I 

CKY INC., ANALYTICAL LABO RA TORIES 
, 3551 Voyager St., Suite 102. Torrance, CA 90503. Tel. (213)371-0048 

I 
I 
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I 
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I 
I 
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I 
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I 
I 
I 
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I 
I 

EPA METHOD - 8240 
VOLATILE ORGANICS BY GC/MS 

=========---=============-====---==-====~=-======================== 
CLIENT: 
PROJECT: 
SAMPLE ID: 
CONTROL NO: 

Earth Technology Corp. 
Metro Rail 
PII-25 D-10 
890657-3 

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

06/27/89 
07/03/89 
07/03/89 
Soil 

================================================================= 

PARAMETERS (8240) 

Acetone 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
2-Butanone (MEK) 
Carbon Disulfide 
Carbon Tetrachloride 
Chlorobenzene 
Chlorodibromomethane 
Chloroethane 
2-Chloroethyl vinyl ether 
Chloroform 
Chloromethane 
1~1-Dichloroethane 
1,2-Dichloroethane 
1,1-Dichloroethene 
1,2-Dichloroethene (total) 
1 ,2-Dichloropropane 
cis-1,3-Dichloropropene 
trans-1,3-0ichloropropene 
Ethylbenzene 
2-Hexanone 
Methylene chloride 
4-Methyl-2-pentanone (MIBK) 
styrene 
1,1,2,2-Tetrachloroethane 
Tetrachloroethene 
Toluene 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethene 
Trichlorofluoromethane 
Vinyl Acetate 
Vinyl Chloride 
Xylene (total) 

! Surrogate Recovery: 
1,2 Dichloroethane-d4 
Toluene-d8 
Bromoflurobenzene 

RESULTS 
(ug/Jtq) 

ND 
40 
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 
85 
ND 
ND 
ND 
ND 
ND 
ND 

100 

DETECTION LIMIT 
(Ug/kg) 

200 
10 
10 
10 
50 

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

100 
200 

50 
10 
10 
1.0 
10 
10 
10 
10 
50 

100 
50 
10 

ND= Not Detected 

92 
93 
64 

CKY INC., ANALYTICAL LABO RA TORIES · 
, 3551 Voyager St., Suite 102, Torrance, CA 90503. Tel. (2.13)371-0048 



• 

EPA METHOD - 8240 
VOLATILE ORGANICS BY GC/MS 

=--~==~=== ==~-~ =~======= ===---=============================== 
CLIENT: 
PROJECT: 
SAMPLE ID: 
CONTROL NO: 

Earth Technology corp. 
Metro Rail 
PII-35 D-9 
890657-4 

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

06/27/89 
07/03/89 
07/03/89 
Soil 

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

RESULTS DETECTION LIMIT 
PARAMETERS (8240) (uq/Jcq) (Ug/kg) 

Acetone ND 200 
Benzene NO 10 
Bromodichloromethane ND 10 
Bromoform NO 10 
Bromomethane ND 50 
2-Butanone (MEK) NO 100 
Carbon Disulfide ND 10 
Carbon Tetrachloride ND 10 
Chlorobenzene ND 10 
Chlorodibromomethane ND 10 
Chloroethane ND 50 
2-Chloroethyl vinyl ether ND 10 
Chloroform ND 10 
Chloromethane ND 50 
1,1-Dichloroethane ND 10 
1,2-Dichloroethane ND 10 
1,1-Dichloroethene ND 10 
1,2-Dichloroethene (total) ND 10 
1,2-Dichloropropane ND 10 
cis-1,3-Dichloropropene ND 10 
trans-1,3-Dichloropropene ND 10 
Ethylbenzene ND 10 
2-Hexanone ND 100 
Methylene chloride ND 200 
4-Methyl-2-pentanone (MIBK) ND 50 
Styrene ND 10 
1,1;2,2-Tetrachloroethane ND 10 
Tetrachloroethene ND 10 
Toluene 25 10 
1,1,1-Trichloroethane ND 10 
1,1,2-Trichloroethane ND 10 
Trichloroethene ND 10 
Trichlorofluoromethane ND 50 
Vinyl Acetate ND 100 
Vinyl Chloride ND 50 
Xylene (total) ND 10 

ND = Not Detected 
l Surrogate Recovery: 

1,2 Dichloroethane-d4 97 
Toluene-d8 105 
Bromoflurobenzene 89 

CKY INC., ANALYTICAL L<\BORA TORIES, 3551 Voyager St, Suite 102, Torrance, CA 90503. Tel. (213)371-0048 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

EPA METHOD - 8240 
VOLATILE ORGANICS BY GC/MS 

=======~==~===================================================== 
CLIENT: 
PROJECT: 
SAKPLB ID: 
CONTROL NO: 

Earth Technology Corp. 
Metro Rail 
PII-42A D-9 
890657-5 

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

06/27/89 
07/03/89 
07/03/89 
Soil 

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

PARAMETERS (8240) 

Acetone 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
2-Butanone (MEK) 
Carbon Disulfide 
carbon Tetrachloride 
Chlorobenzene 
Chlorodibromomethane 
Chloroethane 
2-Chloroethyl vinyl ether 
Chloroform 
Chloromethane 
1,1-Dichloroethane 
1,2-Dichloroethane 
1,1-Dichloroethene 
1,2-Dichloroethene (total) 
1,2-Dichloropropane 
cis-1,3-Dichloropropene 
trans-1,3-Dichloropropene 
Ethylbenzene 
2-Hexanone 
Methylene chloride 
4-Methyl-2-pentanone (MIBK) 
Styrene 
l,1~2,2-Tetrachloroethane 
Tetrachloroethene 
Toluene 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethene 
Trichlorofluoromethane 
Vinyl Acetate 
Vinyl Chloride 
Xylene (total) 

! Surrogate Recovery: 
1,2 Dichloroethane-d4 
Toluene-d8 
Bromoflurobenzene 

CKY INC., ANALYTICAL LABORATORIES 
' 

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 
25 
ND 
ND 
ND 
ND 
ND 
NO 
NO 

ND 

90 
102 

86 

DETECTION LIMIT 
(ug/kg} 

200 
10 
10 
10 
50 

100 
10 
10 
10 
10 
50 

I 10 
10 
50 
10 
10 
10 
10 
10 
10 
10 
10 

100 
200 

50 
10 
10 
10 
10 
10 
10 
10 
50 

100 
50 
10 

= Not Detected 

3551 Voyager St., Suite 102, Torrance, CA 90503. Tel. (213)371-0048 



CAM METALS 

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

Earth Technology Corp. 
Metro Rail 
PII-25 D-10 
890657-3 

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

06/27/89 
06/30/89 
07/05/89 
Soil 

·=============== ·====-==============---=====================~-===== 

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

Antimony ND 5.0 
Arsenic 8.9 1.0 
Barium 11 5.0 
Beryllium ND 1.0 
Cadmium 5.3 1.0 
Chromium - Total 14 1.0 
Cobalt 9.5 1.0 
Copper 51 1.0 
Lead 11 1.0 
Mercury ND 0.05 
Molybdenum 2.9 1.0 
Nickel 21 1.0 
Selenium 2.3 1.0 
Silver ND 1.0 
Thallium 8.8 1.0 
Vanadium 21 5.0 
Zinc 70 1.0 

CKY INC., ANALYTICAL LA.BORA TORIES, 3551 Voyager St., Suite 102, Torrance, CA 90503. Tel. (213)371-0048 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
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CAM METALS 

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

Earth Technology Corp. 
Metro Rail 
PII-35 D-9 
890657-4 

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

06/27/89 
06/30/89 
07/05/89 
Soil 

----------------------------------------------------------------------------------------------------------------------------------
RESULTS DETECTION LIMIT 

PARAMETERS (mq/kq> (mq/kq) 

Antimony ND 5.0 
Arsenic 9.4 1.0 
Barium 95 5.0 
Beryllium ND 1.0 
Cadmium 5.4 1.0 
Chromium Total 14 1.0 
Cobalt 7.3 1.0 
Copper 27 1.0 
Lead 9.2 1.0 
Mercury ND 0.05 
Molybdenum 1.2 1.0 
Nickel 25 1.0 
Selenium ND 1.0. 
Silver NO 1.0 
Tnallium 8.1 1.0 
Vanadium 21 5.0 
Zinc 130 1.0 

CKY INC., ANALYTICAL LABORATORIES, 3551 Voyager S1., Suite 102, Torrance, CA 90503. Tel. (213)37HJ048 



CAM METALS 

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

Earth Technology Corp. 
Metro Rail 
PII-42A 0-9 
890657-5 

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

06/27/89 
06/30/89 
07/05/89 
Soil 

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

RESULTS DETECTION LIMIT 
PARAMETERS Cmq/kq) Cmg/kg) 

Antimony ND 5.0 
Arsenic 9.6 1.0 
Barium 100 5.0 
Beryllium ND 1.0 
Cadmium 4.6 1.0 
Chromium - Total 17 1.0 
Cobalt 4.1 1.0 
Copper 27 1.0 
Lead 14 1.0 
Mercury ND 0.05 
Molybdenum 1.8 1.0 
Nickel 17 1.0 
Selenium ND 1.0 
Silver NO 1.0 
Thallium 9.8 1.0 
Vanadium 30 5.0 
Zinc 87 1.0 

CKY INC., ANALYTICAL LABORATORIES, 3551 VoyagerS1.,Sui1e 102, Torrance, CA 90503. Tel. (213)371-0048 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Date: 07/21/89 
890702 

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

Attn: Mr. Mahi Galagoda 

Subject: Laboratory Report 

C K Y incorporated 
Environmental Services 

Project: Metro Rail II 

Enclosed is the laboratory report for samples received on 
07 /05/89. The samples were received in coolers with ice and 
intact; the chain-of-custody forms were properly filled out. The 
data reported includes: 

Method ~ 2f. Analysis 

EPA 418.1 (TRPH) 1 Soil 
EPA 8020 (BTEX) 1 Soil 
EPA 9038 (Sulfate) 1 Soil 
EPA 9030 (Sulfide) 1 Soil 

The results are summarized on seven pages. 

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

sincerely, 

---~--£::1-
Dr. Kam Pang 
Laboratory Directo 

3551 Voyager St. , Suite 102, Torrance, Calif. 90503 • Telephone (213) 371-0048 



EPA METHOD 418.1 
TOTAL RECOVERABLE PETROLEUM HYDROCARBONS 

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

Earth Technology 
Metro Rail II 
890702 
Soil 

DATE REC'D: 07/05/89 
DATE EXTRACTED:07/07/89 
DATE ANALYZED: 07/10/89 

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

SAMPLE ID: 

PII-26 D-13 

CONTROL NO: 

890702-1 

RESULTS 
(mq/JCq) 

30,000 

DETECTION LIMIT 
(mq/Rq) 

5 

===============================~========== ====================== 

CKY [NC., ANALYTICAL LABO RA TORIES, 3551 Voyager St., Suite 102, Torrance. CA 90503. Tel. !213)371 -0048 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 

EPA METHOD - 8020 
BTEX 

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

Earth Technology 
Metro Rail II 
890702 
Soil 

DATE REC'D: 07/05/89 
DATE EXTRACTED:07/13/89 
DATE ANALYZED: 07/13/89 

================================================================= 

SAMPLE ID: 

PII-26 D-13 

CONTROL NO: 

890702-1 

DETECTION LIMIT 

Benz 

ND 

5 

RESULTS (ug/kg) 
Toluene Et Benz 

33 

5 

5.6 

5 

48 

5 

CKY INC., ANALYTICAL LABO RA TORIES 
' 3551 Voyager St~ Suite 102, Torrance, CA 90503. Tel. (213)371-0048 



CLIENT: 
PROJECT: 
CONTROL NO: 
MATRIX TYPE: 

EPA METHOD 9038 
SULFATE 

Earth Technology 
Metro Rail II 
890702 
Soil 

DATE REC'D: 07/05/89 
DATE EXTRACTED:07/17/89 
DATE ANALYZED: 07/19/89 

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

SAMPLE ID: 

PII-26 D-13 

CONTROL NO: 

890702-1 

RESULTS 
(mg/Rq) 

210 

DETECTION LIMIT 
(mq/Rq) 

10 

===~==================== ======================================== 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Ci\,, . CK Y INC., ANAL_YTICAL LABO RA TORIES, "" v.,..,, SI., s,u, 102,T ,. ... ..,, CA 90503. T cl. (213)311-0048 I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 

EPA METHOD 9030 
SULFIDE 

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

Earth Technology 
Metro Rail II 
890702 
Soil 

DATE REC 1 D: 07/05/89 
DATE EXTRJ\CTED:07/14/89 
DATE ANALYZED: 07/14/89 

======~==~=================~===================================== 

SAMPLE ID: 

PII-26 D-13 

CONTROL NO: 

890702-1 

RESULTS 
(mg/Kg) 

5 

DETECTION LIMIT 
(mg/Kg) 

1 

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

CKY INC., ANALYTICAL LABORATORIES, 3551 Voyager St., Suite 102, Torrance, CA 90503. Tel. (2 13)371-0048 



CLIENT: 
PROJECT: 
CKY I.O.: 

I 
I 

QUALITY CONTROL DATA 

Earth Technology Corporation I 
Metro Rail 
890702 I 

===================================================================== 
METHOD 418.1 
MATRIX: Soil 

SAMPLE ID: Blank Spike II 

SAMPLE 
COMPOUND RESULTS 

(ppm) 

IR Ref Oil ND 

AMOUNT 
SPIKED l REC. 

(ppm) 

134 82 

DUP. 
l REC. 

82 

RPO 

0 

I 
I 
I 

METHOD 418.1 
----------------------------------------------------------------- I 
MATRIX: Soil 

SAMPLE ID: 890705-03 

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

(ppm) (ppm) 

IR Ref Oil ND 134 80 78 2 

CKY INC., ANALYTICAL LABO RA TORIES, 3551 Vovaller St .. Suite 102. Torrance. CA 90503. Tel. (213)371-0048 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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CLIENT: 
PROJECT: 
CltY I.D.: 

METHOD 
MATRIX: 

SAMPLE ID: 

COMPOUND 

Benzene 
Toluene 
Et. Benzene 
Xylenes 

QUALITY CONTROL DATA 

Earth Technology Corporation 
Metro Rail 
890702 

8020 
Soil 

890705-1 

SAMPLE AMOUNT 
RESULTS SPIKED l REC. 

(ppb) (ppb) 

ND 20 90 
ND 20 105 
ND 20 80 
ND 40 110 

DUP. 
! REC. 

80 
100 

75 
100 

------------------------------------------------------~-

RPO 

12 
5 
6 

10 

CKY INC., ANALYTICAL LABO RA TORIES, 3551 Voyager St~ Suite 102, Torrance, CA 90503. Tel. (213)371-0048 



CLIENT: 
PROJECT: 
CKY I .D.: 

QUALITY CONTROL DATA 

Earth Technology Corporation 
Metro Rail 
890702 

I 
I 
I 

========================================----------=================== I 
METHOD 9030 
MATRIX: Soil 

SAMPLE ID: 890704-6 

SAMPLE AMOUNT DUP. 
COMPOUND RESU~TS SfIKf;Q 1 REC. 1 REC. RPD 

(ppm) (ppm) 

Sulfide ND 800 98 96 2 

-----------------------------------------------------------------
METHOD 9038 
MATRIX: Soil 

SAMPLE ID: 890554-6 

SAMPLE AMOUNT DUP. 
COMPOUND Rf;SJ.LI.i1T§ SPIKED % REC. .l REC. RPO 

(ppm) (ppm) 

Sulfate 68 500 87 93 6 

CKY INC., ANAL YI'ICAL LABO RA TORIES, 3551 Voyagers, .• Suite: 102, Torrance, CA 90503. Tel. (213)371-0048 
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Date: 07/21/89 
890704 

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

Attn: Mr. Mahi Galagoda 

Subject: Laboratory Report 

C K Y incorporated 
Environmental Services 

Project: Metro Rail II 

----------------------------------------------------------------
Enclosed is the laboratory report for samples r~cei ved on 
07 /06/89. The samples were received in coolers with ice and 
intact; the chain-of-custody forms were properly filled out. The 
data rep~rted includes: 

Method li2..!.. 2.t Analysis 

EPA 418.1 (TRPH) 4 Water 
EPA 8020 (BTEX) 4 Water 
EPA 9038 (Sulfate) 2 Water 
EPA 9030 (Sulfide) 2 Water 
EPA 9040 (pH) 2 Water 

The results are summarized on eight pages. 

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

sincerely, 

---~---2:t-Or. Kam Pang 
Laboratory Director 

3551 Voyager St., Suite 102, Torrance, Calif. 90503 • Telephone (213) 371-0048 



EPA METHOD 418.1 
TOTAL RECOVERABLE PETROLEUM HYDROCARBONS 

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

Earth Technology 
Metro Rail II 
890704 
Water 

DATE REC'D: 07/06/89 
DATE EXTRACTEO:07/07/89 
DATE ANALYZED: 07/10/89 

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

RESULTS DETECTION LIMIT 
SAMPLE ID: CONTROL NO: Cmq/L) (mg/L) 

PII-58B Blank 890704-1 ND 1 
PII-58B Bulk 890704-3 ND 1 
PII-26A Blank 890704-4 ND 1 
PII-26A Bulk 890704-6 ND 1 
======================================================-========== 

CKY INC., ANALYTICAL lABORA TORIES, 3551 Voyager St~ Suite 102, Torrance, CA 90503. Tel. (213)371-0048 
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EPA METHOD - 8020 
BTEX 

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

Earth Technology 
Metro Rail II 
890704 
Water 

DATE REC 1 D: 07/06/89 
DATE EXTRACTED:07/13/89 
DATE ANALYZED: 07/13/89 

========~~========·==================================== ======== === 

RESULTS (ug/L) 
SAMPLE ID: CONTROL NO: Benz Toluene Et Benz Xyls 

PII-58B Blank 890704-1 ND ND ND ND 
PII-58B 890704-2 ND ND ND ND 
PII-26A Blank 890704-4 NO ND ND ND 
PII-26A 890704-5 ND ND ND ND 

DETECTION LIMIT 0.5 1 1 l 

CKY INC., ANALYTICAL LABORATORIES, 3551 Voyager s1~ Suite 102, Torrance, CA 90503. Tel. (213)371-0048 



EPA METHOD 9038 
SULFATE 

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

Earth Technology 
Metro Rail II 
890704 
Water 

DATE REC'D: 07/06/89 
DATE BXTRACTED:07/18/89 
DATE ANALYZED: 07/19/89 

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

SAMPLE ID: 

PII-58B Bulk 

CONTROL NO: 

890704-3 

RESULTS 
(mq/1) 

1,700 

DETECTION LIMIT 
(mq/1) 

10 

CKY INC., ANALYTICAL LABO RA TORIES, JSSl Voyager St., Sui.tc 102, Torrance. CA 90503. Tel. (213)371-0048 
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EPA METHOD 9030 
SULFIDE 

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

Earth Technology 
Metro Rail II 
890704 
Water 

DATE REC 1 D: 07/06/89 
DATE EXTRACTED:07/14/89 
DATE ANALYZED: 07/14/89 

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

SAMPLE ID: 

PII-58B Bulk 
PII-26A Bulk 

CONTROL NO: 

890704-3 
890704-6 

RESULTS 
(mg/1) 

1.5 
ND 

DETECTION LIMIT 
(mg/1) 

1 
1 

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

CKY INC., ANALYTICAL LABO RA TORIES, 35.51 Voyager S1., Suite 102, Torrance, CA 90503. Tel. (213)371-0048 



EPA METHOD - 9040 - pH 

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

Earth Technology 
Metro Rail II 
890704 
Water 

DATE REC 1 D: 07/06/89 
DATE EXTRACTED:07/19/89 
DATE ANALYZED: 07/20/89 

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

SAMPLE r.o. 

PII-58B Bulk 
PII-26A Bulk 

CONTROL NO. 

890704-3 
890704-6 

.12!! 

7.8 
8.5 

CKY INC .. ANALYTICAL LABORATORJE", 1~~1 Vm••-• c, ~ .. ;,. 1m .,. ______ r• nncn-, ,.._, ,.,,,_~..,, /VIAD 
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CLIENT: 
PROJECT: 
CRY I.D.: 

QUALITY CONTROL DATA 

Earth Technology Corporation 
Metro Rail 
890704 

==========- - --===================--=-===::·==-----===~===---==~======-==== 
METHOD 418.1 
MATRIX: Water 

SAMPLE ID: Blank Spike I 

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

(ppm) (ppm) 

IR Ref Oil ND 134 82 82 0 

METHOD 418.1 
MATRIX: Water 

SAMPLE ID: 890704-03 

SAMPLE AMOUNT DUP . 
COMPOUND RESUL'.IS SPIKEQ 1 REC. .l REC. RPO 

(ppm) (ppm) 

IR Ref Oil ND 256 82 85 2 

CKY INC., ANALYTICAL LABO RA TORIES, 3551 Voyager Sr~ Suire 102, Torrance, CA 90503. Tel. (213)371 -0048 



CLIENT: 
PROJECT: 
CKY I. D.: 

QUALITY CONTROL DATA 

I 
I 

Earth Technology Corporation I 
Metro Rail 
890704 I 

-=================================-----------------------------------
METHOD 8020 
MATRIX: Water 

SAMPLE ID: D.I. Water 

SAMPLE AMOUNT DUP. 
COMPOUND BESUL'.IS SPIKEQ l REC. l REC. RPD 

(ppb) (ppb) 

Benzene ND 20 95 90 5 
Toluene ND 20 100 100 0 
Et. Benzene ND 20 85 80 6 
Xylenes ND 40 105 100 5 

CKY INC., ANALYTICAL LABO RA TORIES, 3551 Voyager S1., Suite 102, Torrance, CA 90503. Tel. (213)371-0048 
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CLIENT: 
PROJECT: 
CKY I. D.: 

QUALITY CONTROL DATA 

Earth Technology Corporation 
Metro Rail 
890704 

-==-====-===========================--=-==--------------------- --------
METHOD 9030 
MATRIX: Water 

SAMPLE ID: 890704-6 

SAMPLE AMOUNT DUP. 
COMPOUND RESULTS SI!IKED .l REC. .l REC. RPD 

(ppm) (ppm) 

Sulfide ND 800 98 96 2 

METHOD 9038 
MATRIX: Water 

SAMPLE ID: 890710-6 

SAMPLE AMOUNT DUP. 
COMPOUND RESULTS SPIKf;D .1 REC. l REC. RPO 

(ppm) (ppm) 

Sulfate 140 40 125 0 30 

CKY INC., ANALYTICAL LABO RA TORIES, 3551 Voyager St., Suite 102, Torrance, CA 90503. Tel. (213)371-0048 



Date: 07/25/89 
890704 

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

Attn: Mr. Mahi Galagoda 

C K Y incorporated 
Environmental Services 

Subject: Additional Laboratory Report 
Project: Metro Rail II 

Enclosed is the additional laboratory report for samples received 
on 07/06/89. The samples were received in coolers wi~h ice and 
intact; the chain-of-custody forms were properly filled out. The 
data reported includes: 

Method H9..L 2! Analysis 
EPA 9038 (Sulfate) ?, Water 

The results are summarized on one page. 

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

Sincerely, 

or. Kam Pang 
Laboratory Director 

3551 Voyager St., Suite 102, Torrance, Calif. 90503 • Telephone (213) 371-0048 
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EPA METHOD 9038 
SULFATE 

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

SAMPLE ID: 

PII-58B Bulk 
PII-26A Bulk 

Earth Technology 
Metro Rail II 
890704 
Water 

CONTROL NO: 

890704-3 
890704-6 

DATE REC'D: 07/06/89 
DATE EXTRACTED:07/18/89 
DATE ANALYZED: 07/19/89 

RESULTS 
(mq/1) 

1,700 
10 

DETECTION LIMIT 
(mq/1) 

10 
10 

====================================~============================ 

CKY INC., ANALYTICAL LABORATORIES, 3551 Voyager St., Suite 102, Torra11ce, CA 90.503. Tel. (:Z.13)371-0048 
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Cana Panatramater Tasting 
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APPENDIX D 

Equipment 

The Cone Penetrometer Test (CPT) equipment consists of a cone assembly mounted 
at the end of a series of hollow sounding rods. A set of hydraulic rams is 
used to push the cone and rods into the so il , while a cont i nuous record of 
cone and friction resistance versus depth is obtained in both analog and 
digital form. A special ly designed all wheel dr i ve truck is used to transport 
and house the test equipment and to provide a 20 ton reaction to the thrust of 
the hydraulic rams. Other CPT modular systems are available for limited 
access areas. 

The cone penetrometer assembly (Figure 0-1) consists of a conical tip and a 
cy l indrical friction sleeve. The conical tip has a 60° apex angle and a 
projected cross-sectional area of 15 square centimeters; the cylindrical 
friction sleeve has a surface area of 200 square centimeters. Both the 
conical tip and the cylindrical friction sleeve have outer diameters of about 
4.37 centimeters. 

The interior of the cone penetrometer is instrumented with strain· gauges that 
al low simultaneous measurement of cone tip .and friction sleeve resistance 
during penetration. Continuous electr i c s ignals from the strain gauges are 
transmitted by a cable in the sounding rods to analog and digital data recor­
ders in the CPT truck. The continuous analog record i ngs of subsurface soil 
resistance may be evaluated and used in the field i f required. 

Data Reduction 

CPT data reduction involves inputting field data recordings into Earth 
Technology Western•s in-house computer and subsequently computer processing 
this information. Computer plots of the reduced CPT data are presented in 
this report. The individual sounding plots include the continuous cone and 
friction resistance measured i n the fie ld and the calculated frict i on ratio 
(friction resistance divided by cone resistance in percent) versus depth. 

D-1 
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CPT-Soil Behavior Types 

The calculated friction ratio (CPT friction sleeve resistance divided by cone 
end bearing) is used as an indicator of soil type. Granular soils typically 
have low friction ratios {Typically below 2 percent) and high cone resistance, 
while cohesive or organ i c soils have high friction ratios (typically more than 
4 percent) and low cone resistance. Mixtures of granular and cohesive soils 
have intermediate combinations of cone resistance and friction ratio. These 
cone resistance - friction ratio relationships have been used to identify soil 
types, as described in the fol l owing section. 

CPT-Soil Behavior Types were evaluated by computer processing of CPT sounding 
logs. Essentially, the computer program estimates Soil Behavior Types by 
tracking the cont i nuous cone tip resistance and friction ratio through a 
classification chart. The CPT data is averaged over a vertical distance of 
six inches to smooth nonuniformities. The Soil Behavior Type is then eva­
luated at a series of specif i ed depths. 

The Soil Behavior Types tabulations are only representative of the response of 
the soil to the large shear deformations imposed during cone penetration. 

This is not necessarily a prediction of grain size distribution. However, it 
has been found that Soil Behavior Types agree generally well with soil types 
defined in accordance with grain size distribution methods such as used in the 
Unified Soil Cl assification system. 

D-3 
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APPENDIX E 

EARTHWORK RECOMMENDATIONS 

Earthwork and site preparation activities will encompass clearing and 
grubbing, subgrade preparat i on for pavements and structural support, 
excavation for foundation and utility line re locations and fill placement. 
The following guide l ines are reconmended for earthwork associated with the 
Vermont/Santa Monica Station. 

Clearing and Grubbing 

Fill material, trash and any vegetation should be removed from the site area 
to be graded. Existing aspha l t pavement may be crushed (if economically 
justified) for reuse in fills. Subsurface conditions at the site may differ 
f rom t hose observed i n the borings and. therefore, a qualif i ed geotechnical 
engineer should inspect and approve the prepared graded area prior to the 
pl acement of fill. 

Excavations 

Minor excavations at the site will include those for utility lines and near-· 
surface foundations. Major excavations will be for the main station housing 
the ra i l facilities. Reconmendat i ons for major temporary excavations are 
presented in Section 5.1.3 of this report. Temporary shallow excavations to a 
depth of 5 feet can be expected to remain stab le wi th nea r vertical slopes for 
short periods. Temporary excavations deeper than 5 feet should be shored or 
sloped back. Sloped excavations shou ld not be steeper than 1: 1 (hor i zonta l to 
vertica l ) in fine-grained alluvium and fresh/oxidized Puente Formation 
bedrock (in areas where bedding planes either para l lel or dip away from the 
side of the excavation opening), and 1½:1 (horizontal to vertical) in granular 
al luv i um and hi gh ly weathered Puente Formation bedrock (Unit Tpw). If the 
bedding planes dip onto the excavation opening, reconmended slopes should be 
modified according to the dip angle observed in the fie ld. 

E-1 



Fill Materials and Placements 

Fill materials may consist of excavated onsite granular soils or approved 
granular soils free from expansive materials, debris, organic contaminants or 
rock fragments larger than 6 1nches. The existing asphalt pavement may be 
crushed and blended with granular soils for reuse in fills. 

The following specifications are recornnended for fill placments. All work 
shall be performed under the overall supervision of an experienced 
geotechnical engineer. 

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

o Exposed soil 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 D1557 

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 
procedure 01557. Granular fill material shall be moisture 
conditioned to within plus or minus 2 percent of the optimum 
moisture content, either by drying or wetting, prior to 
compaction 

o A geotechnical engineer or an experienced soils technician shall 
observe fill placement and compaction and conduct inplace field 
density tests on the compacted fill to check the adequacy of 
compaction. If the dry density of the compacted layer is less 
than 90 percent of the maximum dry density, soils shall be 
moisture conditioned as necessary and recompacted until 90 
percent of the maximum dry density is 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. 

E-2 
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Subgrade Preparation 

Concrete slabs located at Puente Formation bedrock may be placed directly on 
undisturbed materials. The subgrade should be proof rolled to detect soft or 
disturbed areas, and, if detected, such areas should be excavated and replaced 
with structural fill. If ex1sting fill soils are encountered at near surface 
subgrade, they should be removed completely to at least 5 feet from the 
foundation area and replaced with properly compacted fill. In f1ne-grained 
alluvium, exposed subgrade should be excavated at least 2 feet below the 
design grade and replaced with proper ly compacted f111. In granular alluv i um, 
exposed subgrade should be approved by a geotechnical engineer, and, if 
disturbed, should be scarified to a minimum of 6 inches and recompacted. All 
fill placements and compactions should be performed as reconmended 1n 11 F111 
Materials and Placements." 

Site Drainage 

Adequate positive drainage should be provided away from the surface structures 
to prevent water from ponding and to reduce water percolation into subso11s. 
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 
relat1vely impervious clayey soils. -

E-3 
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