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S.0 EXECUTIVE SUMMARY

S.1 _ Proposed Project
This report presents the results of a prehmlnary geotechnical mvestlgatnon by Converse

Consultants West (CCW) for the proposed Los Angeles Metro Rail Mid-City Segment.
The Mid-City Segment consists of the Crenshaw/Olympic and Pico/San Vicente Stations
and about 2.3 miles of underground tunnel line. The Mid-City Segment extends from the
Wilshire/Western Station westerly along Wilshire Boulevard then turns in a southwesterly
direction along Crenshaw Boulevard to the Crenshaw/Olympic Station. The line
continues along Crenshaw Boulevard then proceeds west along Pico to the interim
terminal at the Pico/San Vicente Station (Figure S.1).

The stations will be constructed by cut-and-cover methods and extend in depth up to 85
feet below the existing ground surface. The underground tunnel line between the Stations
will be constructed by tunnelling methods and will have variable depths of cover above
the crowns of the single track tunnels varying from about 30 feet to 95 feet. Construction
will occur predominantly in old alluvium and San Pedro Sand having variable groundwater
and gas conditions.

S.2 _Crenshaw/Olympic Station

The subsurface conditions at the Crenshaw/Olympic station generally consists of 70 to
85 feet of alluvium and San Pedro sand overlying siltstone and claystone of the Fernando
Formation. The alluvium consists. primarily of 40 to 50 feet of randomly alternating layers
of silts, clays, clayey sands, silty sands and sand. Underlying the alluvium the
explorations encountered the San Pedro sand and gravel layer varying in thickness
between 30 to 35 feet. The San Pedro sand is in turn underlain by interbedded siltstone
and claystone of the Fernando Formation. Groundwater was encountered within the
alluvium at depths of 18 to 20 feet below the existing ground surface.

Localized areas of soil and groundwater contamination have been reported and were
encountered in the vicinity of the Chevron service station located on the southwest corner
of Crenshaw and Olympic Boulevards. Petroleum hydrocarbons were detected in the
Boring MC-5 drilled on Crenshaw Boulevard near the service station.

Natural gases were encountered at shallow depth at the Crenshaw/Olympic Station.
Methane and hydrogen sulfide gases were detected in nearly all of the borings drilled for
the subway station. Hazardous and explosive levels of gas emissions were detected at
the open top of the hollow-stem auger during drilling and monitoring well installation at
several of the boring locations.

91-31-208-01 S-1
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Station construction on Crenshaw Boulevard will consist of an excavation approximately
715 feet long, 60 to 70 feet wide and up to 70 feet deep. A station entrance structure is
located on the southwest corner of Olympic and Crenshaw Boulevards. The
Crenshaw/Olympic Station excavation occurs entirely within alluvial soils and San Pedro

sand.

Temporary support of the Station excavations will be either flexible or rigid type vertical
wall systems with internal bracing or external tieback systems. Successful installation of
tiebacks will require certain precautions to maintain the stability of excavations below
groundwater elevations. Lateral pressures and other guidelines for design of temporary
support systems are provide in the report.

Certain fractions of the alluvium are more pervious than other fractions. Therefore,
exterior and/or interior dewatering installations are anticipated to be necessary to control
groundwater seepage and loss of ground along the excavation faces and to maintain the

- stability of the bottom of the excavations.

The undisturbed San Pedro sand will adequately support the permanent reinforced
concrete Station structure. "Design lateral pressures for permanent structures under
varying earth and hydrostatic loading conditions are outlined in the text of the report.
Station design and construction will be complicated by the presence of shallow
groundwater, natural gases, and localized areas of soil and groundwater contamination.
Special design and construction provisions including construction dewatering,
waterproofing, corrosion and gas control measures would be required.

S.3  Pico/San Vicente Station

The subsurface conditions at the Pico/San Vicente Station generally consists of alluvium
with depths greater than maximum depth of exploration (110 feet). The alluvium consists
primarily of 40 to 70 feet of randomly alternating layers of silts, clays, clayey sands, silty
sands and sand. Underlying the alluvium the explorations encountered the San Pedro
sand and gravel layer. The contact between the San Pedro sand and underlying
Fernando Formation was greater than the maximum depth of exploration. Groundwater
was encountered within the alluvium. Localized perched groundwater zones were
encountered 20 feet below existing surface during drilling. Static groundwater level was
measured about 65 feet below existing surface in monitoring well MC-15.

The soils exploration program for the Pico/San Vicente Station was not completed at the
time this report was prepared. Permission to conduct field exploration had not been
received from the owner and tenant of the Builder's Emporium property located at
4650 Pico Boulevard.

Natural gases were encountered at shallow depth at the Pico/San Vicente Station.
Methane and hydrogen sulfide gases were detected in nearly all of the borings drilled for
the station. Hazardous and explosive levels of gas emissions were detected at the open
top of the hollow-stem auger during driling of Boring MC-21 located just west of the
station.

91-31-208-01 , S-3
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The proposed station location is presently occupied by a number of buildings and
structures including the Builder’s Discount department store, the RTD Terminal 40 bus
station and the Builder’s Emporium retail store. The proposed station location is also
crossed by an existing 11-foot by 9.5-foot storm drain and 69-inch diameter sanitary
sewer, which would need to be supported in place or relocated.

Station construction will consist of demolition of existing buildings and excavations
approximately 950 feet long, 60 to 70 feet wide, and up to 85 feet deep. The Pico/San
Vicente Station excavation occurs entirely within the alluvial type soils and San Pedro
sand.

Temporary support of the Station excavations will be either flexible or rigid type vertical
wall systems with internal bracing or external tieback systems. Successful installation of
tiebacks will require certain precautions to maintain the stability of excavations below
groundwater elevations. Lateral pressures and other guidelines for design of temporary
support systems are provide in the report.

Certain fractions of the alluvium are more pervious than other fractions. Therefore,
exterior and/or interior dewatering installations are anticipated to be necessary to control
groundwater seepage and loss of ground along the excavation faces and to maintain the
stability of the bottom of the excavations.

The undisturbed San Pedro sand will adequately support the permanent reinforced
concrete Station structure. Design lateral pressures for permanent structures under
varying earth and hydrostatic loading conditions are outlined in the text of the report.
Station design and construction will be complicated by the presence of existing structures,
shallow groundwater and natural gases. Special design and construction provisions
including construction dewatering, waterproofing, corrosion and gas control measures
would be required.

S.4 Tunnels and Cross Passages
The majority of the Mid-City tunne! alignment will pass through horizons of differing

alluvium sediments. The invert of the tunnels will penetrate the San Pedro sands ,
underlying the alluvium, for a significant length of the alignment. Groundwater levels
encountered in the soil borings lie above the proposed tunnel grades. Therefore, some
flowing ground conditions at the face are likely, and the potential for blow-outs at the
invert should be anticipated. It is, therefore, anticipated that construction shield tunnelling
methods will require means for the utilization of polling and/or breast boarding techniques
to maintain stability of the face. In addition, surface and/or local subsurface dewatering
measures will be required to control seepage inflows and to provide for the stability of the
soils at the face and invert of the tunnels along certain portions of the tunnel alignment.

Hazardous and explosive levels of natural gases were encountered in soil borings drilled
along tunnel alignments beneath Crenshaw and Pico Boulevards. Methane and hydrogen
sulfide gases were detected in soil borings drilled along these routes. Naturally occurring
tar sands were encountered in Borings MC-2 and MC-3 at depths below 70 feet. The
petroleum bearing sediments were discolored, sticky and had a strong petroleum odor.

91-31-208-01 | S-4
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The limits and extent of the tar sands between and beyond soil borings MC-2 and MC-3
is not known.

Localized areas of near surface soil and groundwater contamination have been reported.
A former gasoline station site located on the southwest corner of Wilshire Boulevard and
Wilton Place is currently undergoing site remediation for hydrocarbon contamination.

A sand layer containing petroleum hydrocarbons was encountered in Boring MC-9 at a
depth of about 15 feet. The limits and extent of this petroleum contaminated layer is not
known. For further information on hazardous materials and estimated cost for abatement,
see Converse Environmental West's, September 1992, “Environmental Assessment
Report".

S.5  Underpinning
Guidelines for assessing the need for underpinning of buildings adjacent to the Station

construction and along the tunnel alignments are discussed in the report. Detailed
analyses to identify and recommend which buildings and/or facilities shall be underpinned
will be carried out by the project design team.

S.6  Seismic Considerations

Analysis of the gradational characteristics and in-situ relative density of the granular soils
indicate that liquefaction of such soils during a maximum design earthquake has a low
probability. Soil borings containing potentially liquefiable sediments were identified for the
Maximum Design Earthquake (MDE) and Operating Design Earthquake (ODE) using
Standard Penetration Test "N" values.

Design procedures and criteria for underground structures under earthquake loading
conditions are defined in the SCRTD report entitled "Guidelines for Seismic Design of
Underground Structures” dated March 1984. Seismological conditions which may impact
the project and the operating and maximum design earthquakes which may be anticipated
in the Los Angeles area are described in the SCRTD report entitled "Seismological
Investigations and Design Criteria" dated May, 1983. This report complements and
supplements the 1983 and 1984 reports. Site specific static and dynamic properties for
materials in the Mid-City Segment are given in the report.

S.7  Work Scope Exclusions

This study did not include evaluations of the potential for soil and/or groundwater
contamination or natural gas potential along the proposed Mid-City Segment alignment.
Information pertaining to the potential for soil and groundwater contamination is presented
in a separate report by Converse Environmental West, September 1992. Information
pertaining to evaluation of potential gas conditions along the proposed alignment is
presented in a separate final report by Engineering-Science, Inc. dated August 1992.

91-31-208-01 S-5
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1.0

1.1

INTRODUCTION

Project Summary

This report presents results of a preliminary geotechnical investigation by Converse
Consultants West (CCW) for the 2.3-mile two-station underground Metro Rail Mid-
City Segment. The Mid-City Segment consists of the Crenshaw/Olympic Station,
Pico/San Vicente Station, and about 2.3 miles of subsurface track line (Figure 1).
The line extends from the Wilshire/Western Station (Station 373 + 53.14) westerly
under Wilshire Boulevard, then turns in a southwesterly direction along Crenshaw
Boulevard to Crenshaw/Olympic Station. The line continues southwesterly along
Crenshaw Boulevard then proceeds west along Pico Boulevard and continues west
to the interim terminal at the Pico/San Vicente Station (Station 478 + 58.74).

The purpose of the preliminary investigation was to evaluate and better define
subsurface sail, bedrock and groundwater conditions along the Mid-City Segment.
The work performed for this report includes soil borings, laboratory tests,
engineering analysis, and development of preliminary recommendations for design
and construction of the proposed stations and tunnels.

This report was written specifically for design of the proposed project described
herein and intended for use by Parsons Brinckerhoff Quade & Douglas, Inc. and
associated design professionals in developing plans and specifications. Since this
report is intended for use by the designer(s), it should be recognized that it is
impossible to include all construction details in this report at this phase in the
project. Additional consultation may be prudent to interpret these findings for
contractors or possibly refine these recommendations based upon the final design
and actual conditions encountered during construction.

1.2 Previous Reports

Additional geotechnical information for portions of the Mid-City Segment along
Wilshire Boulevard are included in previous reports for the Metro Rail Project. A
number of design changes and modifications have been made to the tunnel
alignments, tunnel grades, station locations, and service structures locations since
publication of the previous reports which span a period of 30 years. Care should
be exercised in extrapolating subsurface conditions and geotechnical information
between or beyond the original design locations described and shown in each
report.

Previous reports which contain supplemental geotechnical information applicable
to the Mid-City Segment include:

o “*Geotechnical Report, Metro Rail Project, Design Unit A220" _
Prepared by Converse Consultants, Inc., Earth Sciences Associates, and Geo/Resource
Consultants
Dated March 1984
CCl Project No. 83-1140

o "Geotechnical Report, Metro Rail Project, Design Unit 240"
Prepared by Converse Consultants, Inc., Earth Sciences Associates, and Geo/Resource
Consultants
Dated April 1984
CCI Project No. 83-1101

91-31-208-01 i1
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. "Draft Report of Man-Size Borings, Metro Rail Project"
Prepared by Converse Consultants, Inc.
Dated August 29, 1983
CCl Project No. 83-110-22

. "Geotechnical Investigation Report, Volumes | and I
Prepared by Converse Ward Davis Dixon, Earth Sciences Associates, Geo/Resource
Consultants
Dated November 1981
CWDD Project No. 80-1280

° "Test Boring Logs", Volume IV, Book 3
Prepared by Kaiser Engineers
Dated 1962

1.3 Previous Borings

Borings drilled for the previous investigations and utilized in this report for
interpretation of subsurface conditions for portions of the Mid-City Segment along
Wilshire Boulevard are listed in Table 1-1. Copies of the boring log summaries are
presented in Appendix A.

TABLE 1-1

BORINGS PERFORMED FOR PREVIOUS INVESTIGATIONS

15 (CEG 15) 1981: January 26 - 28 Design Unit A220

15A 1983: November 8 Design Unit A220/Man-Sized Boring

15-1 1983: September 22 - 23 Design Unit A220

15-2 1983: September 21 - 22 Design Unit A220

15-3 1983: September 28 Design Unit A220

16 (CEG 16) 1981: January 20 - 27 Design Units A220/A240

16A 1983: February 22 | Design Units A220/A240/Man-Sized

Boring B

16-5 1983: October 3 - 4 Design Units A220/A240

16-6 1983: October 23 - 24 Design Units A220/A240

WC-59 . 1962: Marcl; 23 Kaiser Engineers - Volume IV

WC-60 1962: March 22 Kaiser Engineers - Volume IV

WC-61 1962: March 21 Kaiser Engineers - Volume IV

WC-62 1962: March 19 Kaiser Engineers - Volume IV

WC-63 1962: March 16 Kaiser Engineers - Volume IV | ]I

WC-64 1962: March 20 Kaiser Engineers - Volume IV "
91-31-208-01 1-2
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2.0

WORK SCOPE

This preliminary geotechnical investigation included subsurface exploration, soil and
sedimentary bedrock sampling, laboratory testing, engineering and geologic analyses and
preparation of this report. Each of these tasks were governed in large part by the
requirements and unit quantities agreed upon in our April 6, 1992 Contract for Preliminary
Engineering and Final Supplemental Environmental Impact Statement/Report of the Metro
Rail Mid-City Segment with Parsons, Brinckerhoff, Quade & Douglas, Inc. The scope of
work included the following tasks:

i

Research and review of available geologic and geotechnical mformatnon and
documents.

Drilling of 17 exploratory soil borings to depths ranging between 80 and 110 feet
below street surface grades. Permission to drill 4 of these borings on Builder’s
Emporium property had not been obtained at the time this report was prepared.
The borings were advanced using hollow-stem auger and rotary wash drilling
methods equipped for soil and sedimentary rock sampling. Locations of these
borings are shown on Drawings 1, 2 and 3.

Continuously logging the subsurface conditions as encountered in the exploratory
borings at the time of drilling. Boring log summaries are presented in Appendix A.

Obtaining relatively undisturbed samples of the subsurface materials from borings
at about 5-foot intervals near tunnel grades for laboratory testing. Samples were
obtained using a California drive sampler and splitspoon (SPT) sampler to achieve
maximum recovery. Recovered samples were carefully handled and stored in
containers for transport to the laboratory for testing and analysis.

Conducting laboratory tests on selected soil samples obtained from the test
borings. These tests included unconsolidated, unconfined compression tests,
moisture-density determinations, shear strength tests, Atterberg limits, and grain-
size distribution. Results of the laboratory tests are presented in Appendix B.

Conducting chemical analysis on soil samples obtained from selected borings,
groundwater samples obtained from monitoring wells in boring MC-1 and MC-4 to
evaluate water quality. Groundwater samples were analyzed for chloride, nitrates,
sulfate, pH, CAM metals, and petroleum hydrocarbons. Results of the laboratory
tests are presented in Appendix C.

Preparation of this report which presents the resuits of our field exploration,
laboratory testing, and preliminary recommendations for design and construction
of the proposed stations and tunnels.

This study did not include evaluation of the potential for soil and/or groundwater
contamination or natural gas potential along the proposed Mid-City Segment alignment.

91-31-208-01 2-1
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Information pertaining to the potential for soil and groundwater contamination is presented
in a separate report by Converse Environmental West. Information pertaining to
evaluation of potential gas conditions along the proposed alignment is presented in a
separate final report by Engineering-Science dated August 1992.
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3.0 PROJECT DESCRIPTION

3.1 General

The proposed Metro Rail Mid-City Segment consists of the Crenshaw/Olympic Station,
the Pico/San Vicente Station, and about 2.3 miles of subsurface tunnel line. The line
extends from the Metro Red Line Wilshire/Western Station westerly under Wilshire
Boulevard, then turns in a southwesterly direction along Crenshaw Boulevard to the
Crenshaw/Olympic Station. The line continues along Crenshaw Boulevard then proceeds
west along Pico Boulevard and continues west to the interim terminal at the Pico/San
Vicente Station (Drawings 1, 2, and 3).

The existing ground surface elevations along the proposed segment vary between
approximately 214 feet near Wilshire and Crenshaw Boulevards to approximately 135 feet
at the Pico/San Vicente Station. Local ground surface variations in the form of broad
swales or channel features occurs where the alignment crosses the former Ballona Creek
and its related drainage tributaries. Such topographic features infer the location of former
southwest trending drainage courses which gradually incised younger channel features
into the old alluvium. Topographic expression of these channel features is still somewhat
visible although they have been obscured by extensive residentiai and commercial
development along the Mid-City Segment.

The Mid-City segment extends from the Wilshire/Western Station, currently under
construction, westerly under Wilshire Boulevard for approximately 2,300 feet. The Wilshire
corridor is highly developed on both sides with low, medium and high rise commercial
buildings. The alignment turns southwest along Crenshaw Boulevard beneath a number
of multi-story office and apartment buildings. The segment along Crenshaw Boulevard
consists primarily of low-rise, mixed commercial, office and residential structures. The
alignment proceeds west along Pico Boulevard beneath a number of residential structures
and strip commercial areas characterized primarily by low-rise buildings.

No mid-tunnel vent or emergency exit structures are planned at this time.

3.2 Crenshaw/Olympic Station

The proposed Crenshaw/Olympic Station is a center platform station located beneath
Crenshaw Boulevard just south of Olympic Boulevard (Drawings 4 and 5). The station
excavation would extend south of Country Club Drive from Station 428+91 to Station
436+06. The existing ground surface along Crenshaw Boulevard varies from
Elevation 159 feet near Olympic Boulevard to Elevation 156 feet near Country Ciub Drive.
A number of low-rise, mixed commercial, office and retail buildings are located on both
sides of Crenshaw Boulevard.

The Crenshaw/Olympic Station will be a reinforced concrete box structure about 715 feet
long and 60 to 70 feet wide (outside wall dimensions). The station has been planned with
one entrance on the southwest corner of Olympic and Crenshaw Boulevards. Patrons
would use stairs, escalators and a handicapped elevator to enter a passageway leading
to a mezzanine level and lower train access platform. Ancillary space is proposed at each
end of the station. The top of rail varies about Elevation 100 feet at the north end of the
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station to about Elevation 95 feet at the south end of the station. The bottom of the
station structure is located between Elevation 92 feet and Elevation 86 feet. This is
approximately 66 feet below existing grade at the north end of the station and 70 feet
below existing grade at the south end of the station. After the station is constructed
approximately 20 to 25 feet of fill will be placed above the cut-and-cover station structure.
Design loads for the Crenshaw/Olympic structure were not available at the time of this

report.

3.3 Pico/San Vicente Station

The proposed Pico/San Vicente Station is a center platform station located south of Pico
Boulevard between San Vicente Boulevard and Muirfield Road (Drawings 6 and 7). The
proposed station site is presently developed. Existing buildings and structures now
occupying the site include the Builder’s Discount retail store and garden center, the RTD
Terminal 40 bus facility, and the Builder's Emporium retail store. The Builder's Discount
store was formerly a Sears Department store built in the late 1930s with a basement
level. Existing ground surface along the proposed site varies from Elevation 141 feet at

- the east to Elevation 136 feet at the west end.

The Pico/San Vicente Station will be a reinforced concrete box structure about 949 feet
long and approximately 60 to 70 feet wide (outside wall dimensions). The station platform
is about 450 feet long with a double track cross over about 499 feet long located along
the east side of the station. Three station entrances are planned, one to serve the west
mezzanine level and two to serve the east mezzanine level. One of the easterly entrances
would be situated near the centrally located bus transfer center. Access to the station’s
mezzanine and train platform levels would be provided by stairs, escalators and elevators.

Ancillary space is proposed at each end of the station. The top of rail varies from about
Elevation 66 feet at the east end of the double track crossover to about Elevation 63 feet
at the west end of the station. The bottom of the station structure is located between
Elevation 58 feet and Elevation 55 feet. This is approximately 84 feet below existing grade
at the east end of the double track crossover and 81 feet below existing grade at the
west end of the station. After the station is constructed approximately 34 to 37 feet of fill
will be placed above the cut and cover station structure. Construction will be complicated
by an 11-foot by 9.5-foot buried storm drain and 69-inch diameter sanitary sewer which
cross diagonally above the proposed station location and would have to be supported
in place. Design loads for the Pico/San Vicente Station were not available at the time of

this report.

3.4 Tunnel Alignment

As shown on Drawings 1, 2 and 3, the tunnel line for the Mid-City Segment is about 2.3
miles long starting at the Wilshire/Western Station (Station 373+53) and ending at the
Pico/San Vicente Station (Station 478+09). The tunnel lines consist of twin bore tunnels
having an outside diameter of approximately 21 feet. The minimum depth of cover above
the proposed tunnel crown is approximately 30.feet and the maximum depth of cover
approaches 95 feet. A total of 13 cross passages are planned for emergency egress
between tunnels at approximately 750 foot spacing.
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The Mid-City tunnel alignment will pass beneath existing buildings and residential
structures where it turns southwest from Wilshire Boulevard to Crenshaw Boulevard
(Station 395+00 to 407 +00), then again as it turns west from Crenshaw Boulevard to
Pico Boulevard (Station 445+ 00 to 463+00), and as it approaches the interim terminus
at the Pico/San Vincente Station. (Station 473+00 to 478+09).

The turn from Wilshire Boulevard to Crenshaw Boulevard will pass beneath a number of
multi-story office and apartment buildings. The proposed tunnel crown is located about
55 to 65 feet below ground surface along this portion of the alignment, (Drawing 1).

The turn from Crenshaw Boulevard to Pico Boulevard will pass beneath a number of
apartment buildings and older residential structures considered to be of historic value.
The proposed tunnel crown is located about 70 to 90 feet below ground surface along
this portion of the alignment, (Drawing 2).

The tunnel approach to the east end of Pico/San Vicente Station and track cross-over
passes beneath two commercial buildings and a public swimming center located on the
south side of Pico Boulevard west of West Boulevard. The proposed tunnel crown is
located about 60 to 80 feet below ground surface along this portion of the alignment,

(Drawing 3).

91-31-208-01 3-3

@ Printed On Recycled Paper Converse Consultants West




40 FIELD EXPLORATION AND LABORATORY TESTING

4.1 Drilling and Sampling of Borings

Locations of 17 of 21 exploratory borings drilled and sampled to evaluate subsurface

conditions along the Mid-City Segment are shown on the Plan and Profile Drawing 1, 2,
and 3. The boring numbers, locations, surface elevations, total depths and dates drilled
are shown in Table 4-1.

SUMMARY OF MID-CITY (MC) SOIL BORINGS

TABLE 4-1

Station | Surface Remarks |  “Date’
Number Elevation ' et |l Drilled
=] (feet) T o
MC-1 Wilshire Bivd. and Wiiton Place 387+25 187 70.5 Converted to 06/01-02/92
monitoring well
MC-2 730 Crenshaw Bivd. 407 +10 203 90 Converted to 06/03-04/92
monitoring well
MC-3 882 Crenshaw Blvd. 418+92 190 100 Backilled 06/10/92
MC4 Crenshaw and Olympic Blvds. | 426+59 . 160 80 Converted to 06/08/92
I monitoring well 06/23/92
MC-5 Crenshaw and Olympic Bivds. 429+55 159 100 Backfilled 06/30/92 to
I 07/06/92
MC-6 Crenshaw Bivd. south of 431+00 158 91.5 Backfilled 06/05/92
Olympic Blvd. 06/24/92
MC-7 Crenshaw Bivd. south of 432+58 158 100.5 Backfilled 06/26/92
Olympic Bivd.
MC-8 Crenshaw Blvd. and Country 433+72 156 815 Converted to 05/28-29/92
Club Drive monitoring well
MC-9 Crenshaw Blvd. south of 438+62 158 100 Backfilled 06/29/92
Country Club Drive
MC-10 1191 Crenshaw Bivd. 447+10 175 100 Backfilled 06/09/92
MC-11 Victoria Ave. north of Pico 455+50 179 101.5 Converted to 05/26-27/92
Boulevard monitoring well
MC-12 Pico Bivd. and Windsor Bivd. 462+75 180 100 Backfilled 06/03/92
MC-13 Pico Bivd. east of West Bivd. 471+02 165 101.5 Converted to 06/5-8/92
monitoring well
MC-14 Builders Discount Truck Alley 476+87 143 1125 Backfilled 07-08-92
MC-15 | - Builders Discount Garden 480+50 139.5 1025 Converted to 07/09-13/92
Center monitoring well
“ MC-16 RTD Terminal 40 Bus Facility 482+50 1375 102 Backfilied 06/29-30/92
MC-17 Builder's Emporium Permission to drill on private property was not obtained.
East Parking Lot
MC-18 Builder's Emporium Permission to drill on private property was not obtained.
Central Parking Lot
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N ™ “(feet) .| - (feet) .. ] Pt

MC-19 Builder's Emporium Permission to drill on private property was not obtained.

West Parking Lot
MC-20 Builder's Emporium Permission to drill on private property was not obtained.
West Parking Lot
MC-21 Pico and San Vicente Bivds. 492+50+ 134 55 Backdilled 05/29/92

Note: Boring Station location, elevation, and depth based on 1 inch = 40 feet Mid-City Segment Plan and Profile Drawings,
undated.

Exploratory borings MC-1, MC-2, MC-3, MC-4, MC-5, MC-8, MC-8, MC-10, MC-11, MC-
12, MC-13, MC-14, MC-15 and MC-21 were drilled using a CME 75 hollow-stem auger
drilling machine equipped with 8-inch and 10-inch diameter flight augers. After coring
through the surface pavement and concrete, each boring was probed with a hand-auger
in the upper 8 feet to check for buried utilities or substructures. Soil sampling within this
near surface interval was limited to visual classification of auger cuttings and grab
samples.

Exploratory borings MC-6, MC-7 and MC-16 were drilled with a Failing 750 rotary wash
driling machine. Rotary wash driling methods were used to control hazardous and
explosive gas emissions from the borings by filling the hole with drilling fluids. After coring
through the surface pavement and concrete, each boring was probed with a hand-auger
in the upper 8 feet to check for buried utilities or substructures. Soil sampling within this
near surface interval was limited to visual classification of auger cuttings and grab
samples. The drilling fluid tub was set and the boring advanced using rotary wash drilling
methods.

Soils encountered in the borings were continuously logged by a geologist and classified
in the field by visual examination in accordance with the Unified Soil Classification System.
Field descriptions have been modified, where appropriate, to reflect laboratory test resuits.
Boring log summaries are presented in Appendix A.

Relatively undisturbed samples of the subsurface soils and Fernando Formation were
obtained at 5-foot intervals near tunnel grades using a California drive-sampler and a

splitspoon (SPT) sampler.

Samples of the soils and Fernando Formation were obtained in the borings using a
California drive sampler (2.4-inch inside diameter, 3-inch outside diameter) lined with
sample rings. This steel sampler was driven into the bottom of the borehole with
successive 30-inch drops of a 140-pound driving weight. Blow counts were recorded for
each 6-inch interval of penetration or fraction thereof up to 12 inches. Blow counts are
shown on the boring log sheets in the column labeled "Blows (6")". Sampler penetration
and blow counts were limited in materials with high sampling resistance (gravels and
dense soils) to minimize disturbance to the samples. The recovered soil and bedrock
samples were retained in brass rings (2.4 inches in diameter, 1.0 inch in height). The
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lower portion of the sample was retained and carefully sealed in waterproof plastic
containers for shipment to the laboratory.

Standard penetration tests (SPT) were performed at frequent intervals in the soil strata of
each of the borings. The SPT sampler was driven into the bottom of the borehole with
successive 30-inch drops of a 140-pound drive weight at the surface. An automatic drive
hammer, rotating cat head with two rope wraps and a hydraulically driven winch with steel
cable was used to provide the lifting apparatus. Blow counts were recorded for each 6-
inch interval of penetration or fraction thereof up to 18 inches or refusal. Blow counts are
shown on the boring log sheets in the column labeled "Blows (6")".

The “standard" refusal blow count cutoffs of standard penetration test include the
following:

° A total of 50 blow was applied during one of the three 6-inch incremehts,
° A total of 100 blows was applied,

° There was no observed advance of the sampler during application of 10
successive blows of the hammer.

The number of hammer blows needed to drive the sampler often went well above the
"standard" refusal blow count cutoffs. After sampling, the SPT sampler was disassembled
and the recovered contents were visually classified and logged. The sample was then
retained in plastic bag for shipment to the laboratory.

At the completion of drilling and sampling, the holes were backfilled with water-activated
bentonite chips or pressure grouted with a tremie pipe to the bottom of the boring. The
following day the boring was backfiled and tamped with bentonite chips and mortar mix
to the surface subgrade. The hole was then capped with concrete the thickness of the
existing street or sidewalk surface.

Monitoring wells were installed in borings MC-1, MC-2, MC-4, MC-8, MC-11, MC-13 and
MC-15. Borings MC-1, MC-2, MC-4, MC-8, MC-11 and MC-13 were reamed with 10-inch
diameter hollow-stem augers to permit installation of 4-inch diameter, flush threaded,
Schedule 40 PVC casing. Boring MC-15 monitoring well was constructed of 2-inch
diameter, flush threaded, Schedule 40 PVC casing installed with 8-inch diameter hollow-
stem augers. Solid and machine-slotted screen depth intervals are shown on the boring
logs in Appendix A. The annulus between the well casing and well bore was backfilled
with No. 30 Lone Star sand. A traffic rated hole cover was then concreted in-place over
each monitoring well flush with the existing street or planter surface.

Static water level readings were periodically made during field explbration to monitor
groundwater levels.

Monitoring well MC-1 and monitoring well MC-4 were developed to obtain representative
water samples for chemical analysis and to determine the depth to groundwater.
Locations of these monitoring wells are shown on Drawings 1 and 2. The water level
within the well was permitted to recover prior to sampling and measurement of the water
level. The well was then recapped and the cover replaced for further use.
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4.2 Geotechnical Laboratory Testing

Geotechnical laboratory tests were conducted on representative soil and Fernando
Formation samples for the purpose of classification and determination of their physical
properties and engineering characteristics. Selected samples recovered from each of the
borings were tested in the laboratory to verify field classifications, determine grain-size
distribution, moisture content, dry density, permeability, shear strengths and
compressibility /swelling characteristics of the underlying earth materials. A description
and resuits of the various laboratory tests conducted during this investigation for
classification and engineering purposes is presented in Appendix B.

4.3 _ Chemical Analysis

Two soil samples were selected from borings MC-2 and MC-9 for laboratory analysis. The
soil samples were observed to have a petroleum hydrocarbon odor and were discolored.
The sample from Boring MC-2 was a tar sand sample recovered from a depth of 69 to
70 feet. The sample from Boring MC-9 was sampled from a near-surface soil layer
containing significant levels of petroleum hydrocarbons. The two samples were analyzed
for total recoverable petroleum hydrocarbons (TRPH) by EPA Method 418.1. Analytical
results indicated high levels of petroleum hydrocarbons were detected in both samples.
Table 4-2 summarizes the concentrations of total recoverable hydrocarbons detected in
borings MC-2 and MC-9. Laboratory test reports are presented in Appendix C.

TABLE 4-2

SUMMARY OF DETECTED TOTAL RECOVERABLE PETROLEUM HYDROCARBONS

EPA METHOD 418.1

Groundwater Samples
Laboratory analysis of the groundwater samples collected from monitoring wells in

borings MC-1 and MC-4 were analyzed for EPA Test Method 80156G /8020 ppb Total
Volatile and ‘Aromatic Hydrocarbons, CAC Metals, Chloride, Nitrate, pH, Sulfide and
Sulfate-Detection limits for each compound tested are shown on the laboratory test
reports in Appendix C.

Laboratory analysis of the groundwater samples indicated non-detectable concentrations
for EPA Test Method 8015G /8020 ppb. CAC metals analysis revealed detected levels of
Barium in low concentrations.

The water quality was generally poor and potentially corrosive. Groundwater samples
obtained from boring MC-1 contained a sulfate content of 540 mg/l and a chloride
content of 130 mg/l. Samplés from boring MC-4 contained a sulfate content of 200 mg/!
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and chloride content of 210 mg/l. These concentrations exceed allowable limits for
discharge into storm drains per City of Los Angeles Sanitation Bureau and the California
Regional Water Quality Board, Los Angeles Region. Groundwater discharge from
construction dewatering would require treatment to meet all the applicable standards,
conditions and requirements imposed by the City of Los Angeles Sanitation Bureau and
the California Regional Water Quality Board, Los Angeles Region. Regulatory
requirements are generally imposed on a case-by-case basis specific to conditions of
each particular project site.

A sulfate content of about 150 mg/! is generally regarded as deleteriously reactive to
concrete lining requiring sulfate resistant concrete and appropriate corrosion protection.

A chloride content of about 200 mg/! is generally regarded as moderately corrosive and
wouid require appropriate corrosion mitigation measures.
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The total anchor capacity can be est'imated by:
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See also Section 6.4.4.4
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no-load zone. Placement of the anchor grout should be done by pumping
the concrete through a tremie or pipe extending to the bottom of the shaft.
The anchor shaft between the no-load zone and the face of the shoring
must be backfiled with a sand slurry or equivalent after concrete
placement. Alternatively, special bond breakers can be applied to the
strands or bars in the no-load zone and the entire shaft filled with concrete.

For tieback anchor installations, the contractor should be required to use
a method which will minimize loss of ground due to caving. Significant
caving problems are not expected during installation of the majority of the
anchors. However, caving from sand layers with the alluvium should be
expected due to vibration from the drilling equipment and/or groundwater
effects. Caving not only causes installation problems but results in surface
subsidence and settlement of overlying buildings. To minimize caving,
casing should be installed as the hole is advanced but must be pulled as
the concrete is poured. Alternatively, the hole may be maintained full of
slurry or a hollow stem auger could be used.

It is recommended that each tieback anchor be test-loaded to 150% of the
design load and then locked off at the design load. At 150% of the design
load, the anchor elongation should not exceed 0.1 inches over a 15-minute
period. In addition, 5% to 10% of the anchors should be test-loaded to
200% of the design load and then locked off at the design load. At 200%
of design load the anchor elongation should not exceed 0.15 inches over
a 15-minute period. The rate of elongation should consistently decrease
and become nearly zero or zero within the test period. If the rate of
elongation does not decrease and/or does not become zero (or nearly
zero), the test should not be considered satisfactory.

6.4.5 Anticipated Ground Movements: The ground movements associated with
a shored excavation depend on many factors including the contractors procedures
and schedule, and therefore, the distribution and magnitude of ground movements
are difficult to predict. Based on shoring performance data for documented
excavations combined with our engineering judgement, we estimate that the
ground movements associated with properly designed and carefully constructed
shoring systems will be as follows:

® Conventional Wall With Tieback Anchors: The maximum horizontal wall
deflection will range between about 0.1% to 0.2% of the excavation depth.
The maximum horizontal movement should occur near the top of the wall
and decrease with depth. The maximum settlement behind the wall should
be equal to about 50% to 100% of the maximum horizontal movement and
will probably occur at a distance behind the wall equal to about 25% to 50%
of the excavation depth.
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. Conventional Wall With Internal Bracing: The magnitude of the maximum
ground movement will be similar to that anticipated for tiebacks. However,
the maximum horizontal movement will probably occur near the bottom of
the excavation decreasing to about 25% of the maximum at the surface.

o Conservative Wall With Tiebacks: We believe that the higher design
' pressure presented for conservative walls will reduce ground movements
and limit the maximum horizontal and vertical movements to about 0.1% of

the excavation depth.

° Conservative Wall With Internal Bfacing: Similar to that described above for
the conservative tieback supported wall.

6.5 Support of Temporary Decking

If temporary street decking requires center support piles, the piles should extend below
the maximum proposed excavation level. At these depths, the piles would be founded
within the San Pedro layer or the weathered bedrock. These materials are suitable for

supporting such pile loads.

Since the shoring contractor will probably install soldier piles to support the excavation,
we believe that he may use similar piles to support the center decking. Accordingly, we
evaluated the allowable loads on these types of piles for several typical diameters. The
recommended allowable design loads are shown on Figure 6-11. These values include
both end bearing and shatt friction.

6.6 Instrumentation of the Excavation

In our opinion the proposed station excavations should be instrumented to reduce liability
(by having documentation of performance), to validate design and  construction
requirements, to identify problems before they become critical, and to supplement
previous data which in conjunction with the new data can be valuable for future designs.

We recommend the following instrumentation program:

° Preconstruction Survey: A qualified civil engineer should complete a visual and
photographic log of all streets and structures adjacent to the sites prior to
construction. This will minimize the risks associated with claims against the
owner/contractor. If substantial cracks are noted in the existing structures, they
should be measured and periodically remeasured during the construction period.

. Surface Survey Control: it is recommended that several locations around the
excavations and on any nearby structures be surveyed prior to any construction
activity and then periodically to monitor potential vertical and horizontal movement
to the nearest 0.01 feet. In addition, survey markers should be placed at the top
of piles. Marker spacing should be no more than every fourth pile or 25 feet,
whichever is less.
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ALLOWABLE SINGLE PILE VERTICAL DOWNWARD CAPACITY, KIPS
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Tiltmeters: tiltmeters are used to monitor the verticality of buildings adjacent to
the excavation and can provide a forewarning of distress. Normally, ceramic plates
are glued to the building walls and read using a portable tiltmeter containing the
same type of tilt sensors used in inclinometers. It is recommended that a few
titmeters be placed on the exterior walls of buildings which are located within the
underpinning zones defined on Figure 6-1. Baseline readings should be made
prior to all construction activity, and subsequent readings should be made at
several excavation/construction stages through the end of construction.

Inclinometers: It is recommended that several inclinometers be installed and
monitored around the station excavation. Inclinometers should be located on each
side of the excavation. The casing could be installed within the soldier pile holes
or in separate holes immediately adjacent to the shoring wall. Baseline readings
of the inclinometers should be made immediately upon installation. Subsequent
readings should be made at regular time intervals during excavation and
construction.

Heave Monitoring: The magnitude of the total ground heave should be measured.
This information will be valuable in determining the ground response to load
change and as in indirect check on the magnitude of the predicted settlement of
the station structure.

We recommend that heave gages be installed prior to construction along the
longitudinal centerline of the excavation on about 200-foot centers. The devices
could consist of conical steel points, installed in a borehole, and monitored with a
probing rod that mates with the top of the conical point. The borehole should be
filled with a thick colored slurry to maintain an open hole and allow for easy hole
location. The top of the points should be at least 2 feet below the bottom of the
final excavation to protect them from equipment, yet allow for easy access should
the hole collapses.

The points should be installed and surveyed prior to starting excavation. Once the
excavation begins, readings should be taken at about two-week intervals until the
excavation is completed and all heave has stopped.

Convergence Measurements: We recommend the use of tape extensometers to
measure the convergence between points at opposite faces of the excavation
during various stages of excavation. These measurements provide inexpensive
data to supplement the inclinometer and survey information.

Measurements of Strut Loads: If internal bracing is used, we recommend that the
loads on at least four struts at each support level be monitored periodically during
the construction period. These measurements provide data on support loads and
a forewarning of load reductions which would result in excessive ground
movements. There are several methods to obtain these data. A commonly used
method involves vibrating wire strain gages mounted on studs welded to the struts.
For full measurements of maximum stresses, a minimum of three gages is needed
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on a pipe strut and four on a wide flange strut. However, two gages are often
used to simplify the installation and monitoring effort with acceptable results. There
should be a means of measuring the strut temperature at the time of the. strain
readings. '

t

° Frequency of Readings: An appropriate frequency of instrumentation readings
depends on many factors including the construction progress, the results of the
instrumentation readings (i.e., if any unusual readings are obtained), costs, and
other factors which cannot be generalized. The devices should be installed and
initial readings should be taken as early as possible. Readings should then be
taken as frequently as necessary to determine the behavior being monitored. For
ground movements this should be no greater than one to two-week intervals
during the major excavation phases of the work. Strut load measurements should
be more frequent, possibly even daily, when significant construction activity is
occurring near the strut (such as excavation, placement of another level of struts,
etc.).

In our opinion, it is important that the installation and measurement of the instrumentation
devices be under the direction and control of the Engineer. Experience has shown when
the instrumentation program has been included in the bid package as a furnish and install
item, the quality of the work has often been inadequate such that the data are
questionable. By defining Support Work (Contractor) and Specialist Work (Engineer) in
the bid documents, LACTC could allow the contractor to provide support to the Engineer
in installing the instrumentation.

6.7 Excavation Heave and Settlement of the Station Structures

The proposed excavations will substantially change the ground stresses below and
adjacent to the excavations. The proposed 70-foot excavation at Crenshaw/Olympic
Station will decrease the effective vertical ground stresses by about 5,300 psf. The
proposed 85-foot deep excavation at Pico/San Vicente station will result in a reduction
of effective vertical ground stresses of about 6,800 psf. Stress reduction caused by the
excavation will result in rebound or heave of materials below the excavations. This
response is not due to the occurrence of any type of swelling soils or high hydraulic
gradients but simply an elastic response to stress unloading. Since the excavations will
be open for an extended period, the elastic heave is expected to be completed prior to
construction of the stations. The station structures and subsequent backfilling will reload
the soil. We estimate that the net Station loads will be about 2,000 to 4,000 psf. This
load will cause the ground to reconsolidate or settle. Thus, even though the weight of the
excavated soil exceeds the weight of the final structure, the structure will experience some
settlement due to recompression of the elastic heave.

We estimate that the maximum rebound at the center of both excavations will range
between about 2 to 4 inches. We also believe that the majority of this heave will occur
as the excavation is being performed. Due to the high density of the San Pedro Sand,
the majority of the deformation is expected to be elastic rebound. These values agree
well with observed behavior in similar excavations in the Los Angeles area (Evans, 1968).
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It is estimated that the expected imposed loads from the structures and backfill will induce
settlements of approximately 1 to 2-1/2 inches. Due to the long, narrow shape of the
imposed load, the theoretical differential settlement is relatively small, approximately 1/3
inch over the width of the structures. This correlates to an angular rotation of only about

1:1,100.

The above estimates assume a uniform foundation bearing pressure which could resuilt
only from a uniformly loaded and perfectly flexible structure. We understand that the
Stations will be structurally quite stiff. Thus the actual differential settiement will be less
than the theoretical settlement of a flexible foundation.

6.8

Foundation Systems

6.8.1 Main Stations: Itis understood that the proposed stations will be supported

on thick base slabs which will function as massive mat foundations. We estimate
that the net mat foundation bearing pressures will range between about 2,000 to
4,000 psf. In our opinion the stations can be adequately supported on mat
foundations bearing on undisturbed soil subgrade materials. Section 6.7 presents
estimated settlements for the proposed station structures.

6.8.2 Support of New Surface Structures: New surface structures can be

generally supported on conventional spread footings founded on undisturbed stiff
or dense natural soils. If suitable natural soils do not exist at the surface structure
site, footings may be founded on a zone of properly compacted structural fill (see
Appendix D). Allowable bearing pressures and estimated total settlements of
spread footings bearing on the natural soils or compacted fill can be determined
based on Figures 6-12 and 6-13. These figures are based on analytical

‘procedures and experience in the Los Angeles area but are generally conservative

due to lack of detailed information on structural loadings and site-specific
conditions at the surface structure location. Detailed site-specific studies
should be performed to provide final design recommendations for specific
structures.

All spread footing foundations should be founded at least 2 feet below the lowest
adjacent final grade and should be at least 2 feet wide. The bearing values shown
on Figures 6-12 and 6-13 are for full dead load and frequently applied live loads.
For transient loads, including seismic and wind loads, the bearing values may be
increased by 33%. Differential settlements between adjacent footings should be
estimated as 1/2 of the average total settlements or the difference in the estimated
total settlements shown on Figures 6-12 and 6-13, whichever is larger.

For design, resistance to lateral loads for surface structures may be assumed to
be provided by passive éarth pressure and friction acting on the foundations. An
allowable passive pressure of 350 psf/ft may be used for the sides of footings
poured neat against dense or stiff natural soils or properly compacted fill.
Frictional resistance at the base of foundations should be determined using a
frictional coefficient of 0.4 with dead load forces.
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6.9 Permanent Groundwater Provisions

We understand that the stations will be designed to be water-tight and to resist the full
permanent hydrostatic pressures. We recommend that full waterproofing be carried at
least 5 feet above the maximum groundwater levels shown in the geologic cross sections.
Thus, the entire station structures will require waterproofing because of the high
groundwater condition.

6.10 Loads on Slab and Walls

6.10.1 Hydrostatic Pressures: The existing groundwater levels as measured at the
boring locations were at about Elevation 140 feet at the Crenshaw/Olympic site
and about Elevation 75 feet to 100 feet at the Pico/San Vicente site. It is
recommended that the following groundwater levels be assumed for determining
hydrostatic pressures:

“Location

Crenshaw/Olympic 150 "
Pico/San Vicente 105 JJ

6.10.2 Permanent Static Earth Pressures: Figure 6-14 presents lateral earth
pressure diagrams recommended for design of permanent subsurface walls.

Vertical earth pressures on the roof should be assumed to be due to the full moist
and/or saturated weight of overburden soil plus surcharge. A total unit weight of
130 pcf may be used

6.10.3 Surcharge Loads: Lateral surcharge loads from existing -buildings not
underpinned must be added to the lateral design earth pressure loads. The lateral
surcharge loads are identical to those recommended for temporary walls.
Procedures for computing these are presented on Figure 6-7. Vertical surcharge
loads due to surface traffic, etc. should also be included in roof design. In
addition, consideration should be given to loads imposed by earthmoving
equipment during backfill operations.

6.11 Seismic Considerations: Design procedures and criteria for underground

structures under earthquake loading conditions are defined in the Southern California
Rapid Transit District (SCRTD) report entitled "Guidelines for Design of Underground
Structures”, dated March, 1984. Evaluations of the seismological conditions which may
impact the project and the probable maximum credible earthquakes which may be
anticipated in the Los Angeles area are described in the SCRTD report entitled
"Seismological Investigation and Design Criteria", dated May, 1983, prepared by Converse

-Consultants, et al. The 1984 report complements and supplements the 1983 report.
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Dynamic Material Properties: Values of apparent wave propagation velocities for use in
traveling wave analyses have been previously recommended in the May, 1983,
Seismological Investigation and Design Criteria Report. Other dynamic soil parameters
required for input into the various types of analyses recommended in the seismic design
criteria report are also given. These include values of dynamic Youngs’' modulus,
dynamic constrained modulus, and dynamic shear modulus at low strain levels.

Average values of compression wave velocity and shear wave velocity based on
interpretation of limited downhole geophysical surveys performed in Borings CEG-14 and,
CEG-15 and other borings in similar materials during the 1981 investigation (Converse,
Ward, Davis, Dixon, et al) are presented in Table 6-1. These velocities have been used
together with the corresponding values of density and Poisson's ratio to establish moduli
at low strain levels. Computed moduli for the various geologic units present at the station
sites, are tabulated in Table 6-1.

TABLE 6-1

RECOMMENDED DYNAMIC MATERIAL PROPERTIES FOR USE IN DESIGN

Average Compression Wave velocity, v, (ft/sec) moist 4,000
) saturated | 5,000 5,000
Average Shear Wave Velocity, v, (ft/sec) 950 960 1,300
*Poisson’s Ratio 0.40 0.35 0.35
**Young's Modulus, E, (psi) moist 207,000 530,000
saturated 185,000 185,000
=**Shear Modulus, G, (Psi) 25,000 | 25,000 45,000
* For saturated alluvium, use value of 0.45.
L All modulus values are for low strain levels (107%).

The variation of dynamic shear modulus, expressed as the ratio of G/G_,,, with the level
of shear strain is presented in Figure 6-15 for the various geologic units. Similar
relationships for soil hysteretic damping are presented in Figure 6-16.

91-31-208-01 6-32




SHEAR STRAIN, %

.......

1.4

1.2 H

1.0

0.8

0.6 | H

NORMALIZED MODULUS, GIGn""I

X

RECOMMENDED DYNAMIC SHEAR MODULUS RELATIONSHIPS

METRO RAIL MID-CITY SEGMENT

Project No.

91-31-208-01"

D

<7

Converse Consultants West

Figure No.

6-15




o
9]
(@)
N
s o+ |,
z S ©
ol T e 7T
_O wpr.g e ©
: I
X 7))
z
1, |8
[
<
wal
w
-l oL =
O
Z
R A
sI O |=
. E|<
: |8
: g 18
+loe @ |[=
i M A alaad
b < (7]
A o m E )
(1]
Qf = =
1°T4 a O .m
w
c
I wi @ o
Ql & .....w...
Zl o 0
Hl4| oe w ] c
s [ o)
S O
=1 5 o
Ol < prs
(=15 Qf « P
ot wy o >
% ‘NIVHLS HV3IHS = (&)




__ . = Lo oo

Liguefaction Potential: The generalized subsurface cross section has been described in
Section 5.0 and is shown in Drawings 1 through 3. The groundwater level has a
downward gradient from the Wilshire/Western station to a low area at about Wilshire
Boulevard and Van Ness Avenue. West of Van Ness and around the curve into
Crenshaw Boulevard the water elevation rises about 10 feet.

Starting from boring MC-2 the groundwater level continues to drop all the way on the
alignment to the Pico/San Vicente station. The tunnel is below the groundwater level
throughout the entire project. The soils below groundwater consist of the recent and old
alluvium and the San Pedro Sands.

Our liquefaction evaluation is based on procedures published by Seed et al., (1985) which
utilizes Standard Penetration Test N values and sieve analysis results to evaluate
liquefaction potential in sandy soils. Clayey soils are generally considered non-liquefiable,
but there are correlations between classification tests (Atterberg Limits, moisture content,
and grain size distribution) and liquefaction potential of clayey soils. Index property tests
of the clayey alluvium compared with index properties of soils vulnerable to liquefaction
indicated the fine-grained soils to be non-liquefiable.

Published correlations of SPT data and liquefaction potential have historically been made
for granular soils. Measured SPT "N" values in the San Pedro Sands were all greater than
30 to 100 blows (refusal) and, therefore, these materials are considered to have a very
low liquefaction potential even under the MDE. '

Corrected "N" values (normalized to 2 ksf overburden pressure) for 49 SPT tests in
saturated granular alluvium ranged from 11 to refusal. Determination of dynamic strength
was based on an M7.5 earthquake event.

Eleven of the SPT N values were low enough to indicate liquefaction was likely with the
MDE; however, with the lessor shaking involved with the ODE only 4 of the N values
indicated liquefaction was likely and only two of those were at station sites. The results
of the analysis are presented in Table 6-2.
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LIQUEFACTION POTENTIAL OF SELEE?‘EIISESSI;'? N VALUES/MID-CITY SOIL BORINGS
Boring Depth of SPT Liquefaction Likely . "
L (tes) ODE . MDE . |
MC-1 26 X ]’
31 X
36 X
: 41 X
| . x
| MC-5 21 X X f
26 X
MC-7 22 X
MC-9 21 X
u 26 X |
|| ~_MC-15 37 X ||

Based on the boring logs and the Table 6-2 results, it can be inferred that liquefaction-
prone layers or zones are relatively thin in boring MC-1 at about 61 feet of depth, and in
borings MC-5, MC-7, and MC-15. It should particularly be noted that sands run into the
hollow stem auger during drilling boring MC-1 within the zone about 61 feet of depth,
despite this zone is between soils with higher blow counts. Since the stations will extend
to depths greater than the potentially liquefiable zones, and these zones are relatively thin,
and the soils above the station roof will be removed and replaced, there should be little
impact on the stations due to liquefaction. Liquefaction effects are not expected to affect

- more the station structures than other structures within the region of the project.

6.12 Earthwork Criteria

Site development is expected to consist primarily of excavation for the subterranean
structure but will also include general site preparation, foundation preparation for near
surface structures, slab subgrade preparation, and backfill for subterranean walls and
footings and utility trenches. Recommendations for major temporary excavations and
dewatering are presented in Sections 6.2 and 6.4. Suggested guidelines for site
preparation, subgrade preparation, site drainage, and utility trench backfill are presented
in Appendix D. Recommended specifications for compaction of fill are also presented in
Appendix D. Construction specifications should clearly establish the responsibilities of the
contractor for construction safety in accordance with CALOSHA requirements.

Excavated granular alluvium (sand, silty sand, gravelly sand, sandy gravel) are considered
suitable for re-use as compacted fill, provided it is at a suitable moisture content and can
be placed and compacted to the required density. The excavated existing fills, and fine-
grained soils are not considered suitable because these fine-grained materials will make
compaction difficult and could lead to fill settlement problems after construction. |If the
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granular alluvium materials cannot be stockpiled, imported granular soils could be used
for fill, subject to approval by the geotechnical engineer.
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70 TUNNEL ALIGNMENT - GEOTECHNICAL EVALUATION AND TUNNELING
CONDITIONS ,

In general, construction of the Mid-City Segment tunnels will involve approximately 1.8 mi.
of tunneling in two reaches: 1) between the Wilshire/Western station and
Crenshaw/Olympic station (1.0 mi), and 2) between the Crenshaw/Olympic station and
Pico/San Vicente station (0.8 mi). Tunneling is expected to be in alluvium and San Pedro
Sand below the groundwater table. These materials are described in sections 5.2 and
5.3 of this report and are shown in profile on Drawings 1-3. Groundwater quality
information is given in section 5.4.1. The average depth of ground cover above the
crown is around 65 feet, varying between a minimum of 30 feet in the vicinity of station
386+00 and a maximum of 95 feet in the vicinity of station 465+00. Following is a brief
description of the anticipated subsurface conditions along each reach with emphasis on
stratigraphy, groundwater, gas and other tunneling conditions.

7.1 Stratigraphy, Groundwater, Gas and Tunneling Conditions

7.1.1 Station 373+53 to 428+ 30 (5.477 feet - Drawings 1 and 2): It is anticipated
the tunnels between Wilshire/Western and Crenshaw/Olympic stations will
encounter mixed face conditions consisting of alluvium and San Pedro Sand (see
Figure 7-1). Mixed face herein is defined as two materials differing in tunneling
properties; i.e., alluvium which stands well and Sand Pedro Sands which tends to
cave/run. The location of the contact between these two soil types will vary from
invert to crown, but should be exposed in the heading along the entire reach
except in the vicinity of boring MC-4 (station 426+ 50) where the heading will be
entirely in San Pedro Sand (see Figure 7-3). Alluvium in this reach of the tunnel
is expected to consist primarily of silty sand and silt with lesser amounts of sand
and gravel. '

The San Pedro Sand consists primarily of cohesionless sand with discontinuous
lenses of silty sand, silt, and gravel. This is the unit which elsewhere forms the
famous LaBrea Tar Sands. The San Pedro Sand is very dense with uncorrected
N-values typically greater than 50. Although dense, this non-cohesive sand is likely
to cave during excavation above the water table and run during excavation below
the water table. The depth of soil cover varies from about 38 feet to 65 feet.

Between stations 390+00 - 403+00 and 423+00 - 428+30 the inverts of the
tunnels are within approximately 10 feet of the contact between San Pedro Sand
and the underlying Fernando Formation. The location of the contact is based
on interpolation between exploratory borings, and should be considered
approximate. It is possible that portions of the tunnel headings may encounter the
Fernando Formation below the spring line. The Fernando consists of massive to
laminated siltstone and claystone with lesser amounts of sandstone. Bedding dips
from 20° to 45" dip orientation is unknown. For strength and other
characteristics, see Section 5.3.4.
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1

The groundwater level varies from approximately 34 feet to 10 feet above the
crown. Flowing ground conditions are likely to be encountered along this entire
reach. In addition, stratigraphic horizons within either the alluvium or San Pedro
Sand may be under significant hydrostatic pressure, creating the potential for
blow-outs in the tunnels.

In borings MC-2 and MC-3, located near stations 407 + 10 and 419+ 00, natural tar
sands were encountered about 70 feet below surface grade, near the tunnel invert
elevation (see Figure 7-2). The sands had a strong petroleum odor and were
discolored by the tar. Analytical tests on recovered samples detected high levels
of petroleum hydrocarbons. Organic Vapor Analyzer (OVA) readings taken in the
field during drilling, were as high as 1,500-10,000 ppm methane gas (see Figure
7-2). The exact vertical and lateral extent of the gas and tar sands are unknown.
A list of naturally occurring gasses and tar sands encountered in the exploratory
borings is presented in Table 7-1. Natural tar sand muck excavated during
tunneling may require disposal at a landfill approved for hazardous materials; a
costly procedure. More specific information on gas is contained in Engineering-
Science’s August 1992 "Final Report Subsurface Gas Investigation Metro Rail Red
Line Mid-City Segment".

7.1.2 Station 434+40 to 478+30 (4,390 feet - Drawings 2 and 3): Tunneling
between Crenshaw/Olympic and Pico/San Vicente stations is expected to be
similar to the Wilshire/Western and Crenshaw/Olympic reach. Mixed-face
conditions involving alluvium and San Pedro Sand are also anticipated in this
reach. The alluvium/San Pedro contact will be exposed at various locations within
the heading along this entire reach except in the vicinity of Boring MC-9 (station
438 +70) where the heading will be entirely in alluvium (see Figure 7-4). Alluvium
will consist primarily of silt with lesser amounts of silty sand and sand. The San
Pedro Sand is as previously described. The depth of soil cover varies
approximately from 46 feet to 95 feet.

The groundwater level varies approximately from 30 feet to 6 feet above the crown
except in the vicinity of borings MC-10 and MC-14 (stations 447 + 05 and 477 +65)
where groundwater levels were recorded between crown and springline elevations.
Again, running ground conditions are likely to be encountered and stratigraphic
horizons within the San Pedro Sand may be under significant hydrostatic pressure.

OVA readings recorded in many of the borings along this reach of the alignment
indicated numerous zones of moderate to high concentrations of methane gas.
Locally, methane concentrations exceeded 10,000 ppm. Weak to strong “rotten
egg" odors indicative of hydrogen sulfide gas were also common (see Figure 7-5).
In boring MC-6 (Station 431+00), located about midway in the Crenshaw/Olympic
station, hollow stem auger drilling was terminated at a depth of 50 feet because
of discharges of methane and hydrogen sulfide gasses through the top of the
auger stem. Ambient air measurements around the drill site indicated oxygen
depletion with a lower explosive limit instrument reading of 100% (>5% methane
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Table 7-1 Naturally Occurring Gasses and Tar Sands Detected in Exploratory Borings

i " DEPTHTO DEPTH TO
.METHANE | ' HYDROGEN TAR .| INVERT °
_(CHy) | SULFIDE (HS) SAND | o Rt

MC-2 70+ - —-— 75 OVA readings to 10,000+ ppm.

MC-3 78+ —-_— 78'+ 82’ OVA readings from 75 to 1,500 ppm.
Tar present as dark brown biobs and
horizontal layers. .

MC-5 20'+ 45'+ —-_— 70 Gasoline floating on water table at 20",
OVA readings to 10,000+ ppm.

MC-6 15’+ 45'+ -— 70 Hollow stem drilling terminated at 50’ due
to high volume discharges of methane and
H,S from top of augers.

MC-7 e §6'+ =i 70 Moderate to strong H,S odor.

MC-8 50'-60’ —-— —— 70 Strong petroleum odor.

MC-9 15’ 70'+ —-— 70 Strong petroleum odor at 15’. Slight to
moderate H,S odor 70'+.

MC-10 85'+ 90'+ —-— "95’ OVA readings from 80 to 200 ppm.
Ambient air reading at drill rig at 91’
indicated 32% lel, 43 ppm HZS, and
O,depletion.

MC-12 - 4r ——- 113 H,S odor at 41", "

MC-13 —-_— -— —— 103’ Moderate to strong H,S odor at drill rig
during monitoring well installation.

MC-14 65'+ 65'-75’ -— 80’ OVA readings from 100 to 5,000 ppm.
Weak to moderate H,S odor at 65’75
and strong odor while pulling augers.

MC-15 — —-—— —_— 83’ Weak to moderate HyS odor while pulling
augers.

MC-16 -— §5° 60’ 82’ H,S and petroleum odors around 55'.
Natural petroleum inclusions at 60'.

MC-21 20'+ 20'+ —— (4 Boring terminated due to high volume
discharges of methane and H,S from top
of augers. Ambient air readings at drill
rig indicated 100% lel, 245 ppm H,S, and
02 depletion.
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concentration), and a hydrogen sulfide concentration of 240 ppm. Similar
conditions were encountered in boring MC-21, located in the vicinity of station
492+50. There is a high probability of encountering natural gas under pressure
along this reach of the alignment. Concentrations and levels of pressure are
discussed in Engineering-Science’s August 1992 report on Subsurface Gas.

7.1.3 Faulting: The Las Cienegas and associated minor faults cross well below
tunnel invert between stations 450+00 and 490+ 00, based on mapping by the
California Division of Oil and Gas (see Figure 5-1). These fauits are the structural
traps that form the Las Cienegas Oil Field. Cross sections prepared by the
Division of QOil and Gas indicate that the faults are truncated within the Fernando
Formation approximately 1,500 feet below ground surface. This coincides with the
boundary between the upper and lower Pliocene, roughly 3.4 million years ago.
These faults do not intersect the tunnel grade and will not impact tunnel
construction. These faults are Pre-Quaternary in age and are not active faults
based on State of California criteria. The definition of an active fault in California
is a fault that has "had surface displacement within Holocene time (about the last
11,000 years").

7.1.4 Conclusions and Recommendations: The anticipated soil conditions
between the Wilshire/Western and Crenshaw/Olympic stations and the
Crenshaw/Olympic and Pico/San Vicente stations are suitable for use of soft
ground tunneling techniques utilizing a shield with hand and/or mechanical
excavation equipment. Tunneling without a shield is not advised. Means should
be provided for fore polling and/or breast boarding support techniques down to
the springline to maintain stability of the face, prevent loss of ground, and avoid
surface settlement along the alignment. An array of surface and subsurface
monuments should be installed and monitored to detect ground movements during
construction. We believe the entire tunnel is below the permanent groundwater
table. Control of seepage may require installation of a dewatering system in
advance of the heading for both reaches of the alignment. Preliminary analysis of
the subsoils indicates that a dewatering system should be successful, although site
specific pump tests are recommended prior to design of the dewatering system(s).
Further, construction dewatering can not be designed on present boring data.
Thus, about 5§ additional borings are recommended for this purpose at locations
between Stations 440+00 - 447+00 and Stations 465+00 - 478+00. The four
proposed borings for the Pico-San Vicente Station; i.e., MC-17, MC-18, MC-19 and
MC-20, should also be drilled. They were not drilled for this study because permits
could not be obtained from the owner of the private property.

Hydrostatic pressures should be monitored to prevent excess pressure build up
and blow-outs. Grouting of the San Pedro Sand is considered feasible utilizing
chemical and/or cement injection methods. Even though grouting of the alluvium
may be more difficult, due to its heterogeneous makeup and significant silt and
clay content, it was successfully done at Commercial Street in MOS-1.
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Methane and hydrogen sulfide (H,S) gas will be encountered during tunneling (and
cut-and-cover station in excavations) necessitating special design and construction
procedures by designers/contractors. Removal of hydrogen sulfide from the
tunnel ventilating exhaust, as well as removal from the groundwater, will be
required. Even low hydrogen sulfide emissions into the atmosphere would
probably cause objectionable (rotten egg") odors in the immediate vicinity of the
discharge (Engineering-Science, 1992). The City of Los Angeles Department of
Sanitation requires zero parts per million (O ppm) discharge of sulfur into their
sewer system. Thus groundwater discharge will require treatment similar to H,S
water in the vicinity of Union Station. The subsurface combustible gas and
hydrogen sulfide concentrations along the Mid-City Segment of the Red Line are
equal to, or greater than, those found along Wilshire Boulevard west of Crenshaw
(Engineering-Science, 1992). For further conclusions and recommendations on
gas along the alignment, please refer to Engineering Science’s August 1992, "Final
Report Subsurface Gas Investigation'and Converse Environmental West's
September 1992 "Environmental Assessment Report".

Groundwater should be tested for the presence of desulfurizing bacteria. If steel
is allowed to contact the H,S-laden groundwater, corrosion will occur at the poles
of the galvanic cells set up on the surface of the steel. The anodes of the cells will
be depolarized by the bacteria; i.e., the hydrogen ions will be removed from the
anodes. The corrosion process will accelerate tremendously by destroying any
exposed steel in a very few years.

Appropriate ventilation should be provided for control of large volume inflows of
naturally occurring volatile and highly toxic gasses including methane and
hydrogen sulfide. A magnetometer probe should be advanced in front of the
headings to detect abandoned well casings, etc.

. Magnetometer Survey: The tunnel crosses the Las Cienegas Oil Field
(Pacific Electric Area) thus we recommend a magnetometer survey to help
improve underground safety. The survey consists of drilling magnetometer
survey exploratory holes from the face, installing casing, conducting location
survey of the drilled exploratory hole, performing the magnetometer surveys
about 200 feet ahead of the tunnel face to locate possible abandoned oil
well casings, and testing the exploratory hole for the presence of gas.

. Geotechnical Instrumentation: To assure early detection of ground and
structure movement, we also recommend installation and monitoring of the
following geotechnical instruments and groundwater monitoring devices:

1) Borehole extensometers

2) Tape extensometers

3) Deep benchmarks

4) Building settlement reference points, within 100 feet of the centerline
of the tunnels
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5) Ground surface settlement reference points, within 100 feet of the
centerline of the tunnels
6) Groundwater observation wells

7.2 Cross Passages

A total of 13 cross passages are planned between Wilshire/Western and Pico/San
Vicente stations. These passages are located between the two tunnel bores at stations
380+00, 387+50, 395+00, 401+50, 409+00, 416+50, 424+00, 440+00, 447+50,
455+50, 460+50, 467+50, and 475+00. Geologic conditions at these passages are
similar to those previously described for the two tunnel reaches. Materials that will be
encountered include alluvium and San Pedro Sand. The cross passages will be located
below the water table in areas with a high probability of encountering natural gas.
Excavation of the passages with hand or mechanical equipment will require support down
to the springline and groundwater control to maintain the stability of the passages along
with adequate ventilation to assure a healthy and safe working environment.

7.3 Design For Earthquakes

Design procedures and criteria for underground structures under earthquake loading
conditions are defined in the Southern California Rapid Transit District (SCRTD) report
titled "Guidelines for Design of Underground Structures®, dated March, 1984. Evaluations
of the seismologic conditions which may impact the project and the probable and
maximum credible earthquakes, which may be anticipated in the Los Angeles area, are
described in Converse’s report to SCRTD titled "Seismological Investigation and Design
Criteria", dated May, 1983. The 1984 report complements and supplements the 1983
report. The tunnel is not known to cross any active faults. In our opinion, the tunnel
does not need to be designed for fault rupture across the tunnel alignment.
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5.0 SUBSURFACE CONDITIONS

5.1 Regional Geologic Framework

The Los Angeles basin is an elongate northwest-trending alluviated coastal plain bounded
on the north by the Santa Monica Mountains and the Elysian, Repetto, and Puente Hills
and on the east and southeast by the Santa Ana Mountains and San Joaquin Hills
(Yerkes, et al, 1965). The lowland plain slopes gently south or seaward and is interrupted
by a line of low hills and mesas extending from Newport Bay northwest to Beverly Hills.
The basin is underlain by a major structural depression that has seen nearly continuous
marine deposition since the middle Miocene (Lamar, 1970). The basin is notable for its
great structural relief and complexity and for prolific oil production (Johnson, 1966;
Yerkes, et al, 1965)..

Faulting in the basin is dominated by two major, convergent systems: 1) Northwest-
trending, high angle strike slip faults associated with the northern terminus of the
Peninsular ranges, and 2) East-trending, low angle reverse or reverse-oblique faults
associated with the transverse ranges (Yerkes, et al., 1965; Davis, et al., 1989; Crook, et

al., 1987). Both are Quaternary systems, and both have at least one fault zone with
recorded historic actlvuty (Jennings, 1975; Ziony and Jones, 1989; Hauksson and Jones,
1989).

5.2  Local Geologic Setting

The sequence of geologic materials underlying the Mid-City Segment consists of fill,
younger and older alluvium, San Pedro sand, and Fernando Formation bedrock. The
areal distribution of materials is shown on Drawings 1-3 which also show geologic profiles
along the alignment. Detailed plans and profiles of the proposed stations are shown on
Drawings 4 through 7. Following is a brief dnscussmn of the geologic materials with
emphasis on their engineering characteristics.

5.3  Earth Materials

5.3.1 Artificial Fill: Fill soils were encountered in each of the exploratory borings.
The borings were drilled from street surface grades and encountered between 4
to 15 feet of fill soils. These fill soils are believed associated with numerous utility
trench backfills, substructure backfills, basement backfills, and street subgrades
at the boring locations. Locations of fills are not shown on the plan and profile
drawings. A limited amount of information concerning depths, extent, and
variability of fills exists making accurate interpolation or extrapolation of fills beyond
the immediate boring vicinity difficult to impossible.

Fill soils encountered typically consisted of dark brown to black, sandy clay or silt.
The soil is generally moist to the touch and firm with uncorrected N-values
between 6 and 9. Wood or brick fragments are common.

A number of high-rise office buildings with basement structures are located on both
sides of Wilshire Boulevard along the beginning of the Mid-City Segment alignment.
Deeper fill soils associated with basement and substructure backfills are expected
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to be encountered during excavation of the Mid-City Segment and should be
anticipated.

A number of buildings with shoring systems and tie-back anchors left in place are
expected to exist along the proposed Mid-City Alignment. These buried structures
should be anticipated when excavating.

5.3.2 Younger and Older Alluvium: Alluvial soils underlie the Mid-CJity Segment

in variable thickness from 45 to 85 feet deep. The alluvium consists of layers of
sand, silty sand, and clayey sand randomly alternating with layers of silt and clay
(see the profiles). The layers vary from several feet to 45 feet thick and may be
laterally continuous for hundreds of feet. The consistency of the fine-grained soils
varies from stiff to hard with uncorrected N-values from 10 to well over 30. The
compactness of the sandy layers varies from medium dense to very dense with N-
values from around 15 to 50+. The color varies from brown to black and blue-
green to gray.

Local ground surface variations in the form of small arroyos or channel features
occur where the alignment crosses the former Ballona Creek and its related
drainage tributaries. The topographic expression of these channel features is still
somewhat visible although they have been obscured by extensive development
along the Mid-City Segment. Such topographic features infer the location of former
southwest trending drainage courses which have gradually dissected the old
alluvial deposits. These arroyos and channel features are roughly located between
Stations 381+00 to 391+ 50, Stations 424 +00 to 441+00, and Station 475+00 to
the end of the subject alignment. While geologically different, the two alluvial soil
types are indistinguishable in the subsurface borings, and for engineering
purposes will simply be referred to as alluvium.

5.3.3 San Pedro Sand: San Pedro Sand unconformably underlies the alluvium

and is present along the entire alignment. It is between 25 to 50 feet thick and
consists primarily of sand with lesser amounts of silty sand, gravel, and local silt
layers. It is laminated to massive and locally contains organic fragments. The
sand is very dense with N-values typically greater than 50. The color varies from
blue-green to gray and black.

Tar sands were encountered in borings MC-2 and MC-3 at depths ranging
between 69 to 77 feet below surface grades. Analytical tests performed on
recovered samples detected high levels of petroleum hydrocarbons. The soils
had a strong petroleum odor and were darkly discolored by the natural petroleum
and tar. The lateral extent and depths of tar sands between and beyond the
boring locations could not be determined. Excavated materials within the Mid-City
Segment may contain petroleum hydrocarbons which may require disposal at a
facility for disposal or recycling of hazardous waste.

5.3.4 Fernando Formation: Sandy siltstone and claystone of the Fernando
Formation unconformably underlies the San Pedro Sand at depths between 65 and
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90 feet starting from station 370+00 to station 430+50. Past station 430+50
depth to bedrock increases beyond the depth of exploration. The
siltstone\claystone is massive to laminated and locally weathered. N-values were
variable from 27-to 50+. The color varies from dark-gray to black.

The Fernando Formation is locally recognized and often referred to as "bedrock”
in various publications, maps, and at places within this report. It is generally
categorized as a "soft rock" or "soft-ground” tunneling material with the exception
of hard, cemented beds and nodules. Soft rock is a very subjective categorization
in between the more familiar and commonly understood categories of soil and
bedrock.

5.4  Groundwater .

To determine depth to groundwater along the proposed alignment, seven borings were
converted to piezometers. Groundwater information was also coliected in the majority of
the remaining borings during drilling. Table 5-1 lists groundwater levels as measured in
the piezometers. Groundwater levels were determined by periodically measuring the
depth to water within the piezometers after well installation until the water depth stabilized
and yielded constant readings during the monitoring period.

Groundwater levels beneath the project site are subject to seasonal and long-term
variations and fluctuations resulting from precipitation, infitration and groundwater
spreading, recharge and pumping activities.

Table 5-1

Groundwater Levels Measured on 7-14-92.

MC-1 Wilton /Wilshire 387+25 187 219 165.1
MC-2 Crenshaw/ 407 +10 203 29.9 1731
North 8th

MC-4 " Crenshaw/ 426+59 160 21.8 138.2
North Olympic

MC-8 Crenshaw/ 433+72 156 18 138
Country Club

MC-11 Victoria/Pico 455+50 179 78.6 100.4

MC-13 Pico/West 471402 165 65.3 99.7 1'

MC-15 Builder's Discount 482+50 139.5 64.1 754
(Pico/Rimpau)

It is important to note that groundwater levels are based on static water level
measurements. Other data, including in-situ moisture tests and field observations made
during drilling, suggest that localized perched groundwater zones exist above the static
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groundwater levels presented in Table 5-1. Perched groundwater conditions were
observed to occur in granular sediments underlain by less permeable fine grain
sediments. (Drawings 1, 2 and 3.) The continuity, lateral extent, and volume of
groundwater that may be present within the perched zones is not known, but should be
considered as significant. Additional monitoring wells and groundwater pump tests would
be necessary to better define hydraulic parameters and characteristics of the alluvial
sediments underlying the Mid-City Segment.

In general, depth to groundwater between stations 370+ 00 and 440+ 50 varies from 18
to 30 feet below surface grade. Past station 440+ 50 the depth to groundwater increases
to 64 to 79 feet. Several perched zones have been identified in this area, but apparently
these are local and discontinuous.

5.4.1 Groundwater Quality: Organic analyses performed on water samples
collected from borings MC-1 and MC-4 indicated non detectable levels of total fuel
hydrocarbons, benzenes, toluene, and xylenes (see Appendix B). Chemical
analyses on the same samples are given below.

Table 5-2 Chemical analyses of groundwater samples.

“(ppm) - | -(ppm) «.(ppm) . - UNOG - wiNL D
MC-1 540 nd 7.2 130 23 nd
MC4 220 nd 7.3 210 3.6 nd

ND = Not Detected

In general, groundwater quality is poor compared to drinking water standards. The
measured concentrations of sulfate are generally considered to have a moderate
potential for corrosivity of concrete. The chloride concentrations are considered
to have a low to moderate potential for corrosivity of metals used in constiuction.
The area is located close to existing oil fields and concentrations of chemical
constituents may be widely variable. Local extreme concentrations are possible
due to contamination by oil field brine. :

5.5 Natural Qil and Gas

In relation to its area, the Los Angeles basin was the most prolific of California’s oil-
producing districts and was one of the most prolific in the world (Yerkes, et al., 1965).
Portions of one of the basins oil fields underlie the Mid-City Segment - the Las Cienegas
Field (Figure 5-1). The economic boundaries of the Las Cienegas Field cover
approximately six square miles in a band roughly a mile and a quarter wide extending
from Olympic and La Brea southeast to Adams and Main. The field was discovered in
1961 and has been in continuous production of oil and gas since that time (CDOG, 1991)
Additional discoveries in the mid 60’s expanded the field to its present size.
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Prior to discovery, the area was fully developed for commercial and residential purposes.
Because of this, discovery and production driling were confined to several central
drillsites. Each drillsite has a unique name and is designated as a subarea of the larger
field. The Pacific Electric Drillsite is the only major drillsite in close proximity to the Mid-
City Corridor. It is located south of Pico Boulevard approximately 700 feet west of the
intersection of Pico and San Vicente. This is known as the Pacific Electric Area. Figure 5-
1 is a typical cross section through the Las Cienegas Field.

The Pacific Electric Area taps two producing zones located between 4000 and 4500 feet
below ground surface in sandstone and interbedded shale of the Upper Miocene Puente
Formation (Mefferd, 1970; CDOG, 1991). A water-flood enhanced recovery project has
been active since 1965. In adjacent subareas, gas injection has been employed. Peak
oil production for the Pacific Electric Area was 466,464 bbl in 1962. The field was
discovered after the California Division of Oil and Gas began collecting and maintaining
records on well locations and developed regulations on abandonment procedures.
However it is possible that unrecorded abandoned wells may be located along the
alignment. If one is encountered during construction it should be abandoned in
accordance with project specifications and applicable regulations.

Shallow Gas Encountered During Exploration: Organic Vapor Analyzer (OVA) readings
recorded in many of the borings, indicated numerous zones of moderate to high
concentrations of methane gas. Locally, methane concentrations exceeded 10,000 ppm.
Weak to strong "rotten egg" odors indicative of hydrogen sulfide gas were also common.
In boring MC-6 hollow stem auger drilling was terminated at a depth of 50 feet because
of discharges of hazardous and explosive levels of methane and hydrogen sulfide gases
through the top of the auger stem. Ambient air measurements around the drill site
indicated oxygen depletion with a lower explosive limit of 100%, and a hydrogen sulfide
concentration of 240 ppm. Similar conditions were encountered in boring MC-21. There
is a high potential for shallow natural gas along the entire Mid-City Segment alignment.

5.6 Seismicity

5.6.1 Regional Seismicity: The Los Angeles Basin is situated at the boundary of
two convergent crustal plates-the Pacific and North American. The relative motion
of the two plates produces north-south compression and nearly continuous
deformation along the boundary. The deformation is expressed by a complex grid
of seismically active faults that define two major systems: 1) Northwest-trending
high angle strike slip faults of the San Andreas system projecting from the northern
terminus of the Peninsular Ranges, and 2) East-trending low angle reverse or
reverse-oblique faults bounding the south margin of the Transverse Ranges (Ziony
and Jones, 1989; Yerkes, 1965).
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Figure5-1Typical cross section through Las Cienegas Oil Field (modified after CDOG,
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Faults in group one include the Palos Verdes, Newport-Inglewood, and the
Whittier-Elsinore fault zones. Group two faults include the Santa Monica,
Hollywood, and Sierra Madre fault zones. Since 1800, faults in these two systems
have produced more than 40 damaging earthquakes in southern California (Ziony,
1985). Average rates of late Quaternary slip along these faults provide an index
of their relative activity. The San Andreas fault has a slip rate of several milimeters
per year, but most other faults have rates of about 1 mm/yr or less (Wesnousky,
1986; Ziony, 1985). Details concerning late Quaternary slip rates on most major
faults are poorly known, partly because these faults often splay into a broad zone
of discontinuous segments as they approach the earth's surface. Also, our data
base (roughly 150 yrs) is small compared to the Holocene (0-11,000 years before
present) activity of these faults. Figure 5-2 shows the site location and major
Quaternary faults of the Los Angeles Basin.

" Elysian Park Fold and Thrust Belt

A growing body of geologic and seismologic data supplemented by regional
structural interpretations suggest that Pliocene to modern deformation in the Los
Angeles Basin is partly accommodated by a developing basement-irivolved fold
and thrust belt (Davis, et al., 1989; Hauksson and Jones, 1589). The fold and
thrust belt is expressed at the ground surface by elongate low-lying bedrock ridges
protruding through the basin sediments. The bedrock ridges are underlain by
northwest-trending anticlinoria developing as fault propagation folds. At the core
of these folds are low-angle, blind thrust faults rising off a basal detachment
surface. The regional detachment surface coincides with the observed base of
seismicity at a depth of 10-13 km (7-8 mi) below the basin (Hauksson, 1990).

The Santa Monica Mountains, Elysian Park, and Repetto Hills have recently been
interpreted as a Yault propagated fold associated with a seismically active blind
thrust fault - the Elysian Park thrust -rising off the regional detachment surface
(Davis, et al., 1989; Hauksson and Jones, 1989). The Mid-City Segment is located
at the south margin of the Santa Monica Mountains at the edge of the newly
designated Elysian Park Fold and Thrust Belt (Figure 5-3). The 1987 Whittier
Narrows earthquake has been attributed to the Elysian Park thrust fault (Hauksson,
1990).

Details concerning the Elysian Park thrust are limited because the fault has no
surface expression and has only recently been recognized. Because the fault is
buried, it is not considered a hazard in terms of surface fault rupture. However,
it can generate moderate to strong ground shaking as evidenced by the Whittier
Narrows event. Based on retrodeformable cross sections, Davis calculates a
cumulative slip of 10 km on the portion of the fault under the downtown area
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TABLE 5-3

SEISMIC CHARACTERISTICS OF REGIONAL FAULTS

Fault . | Makimum | * Siip'Rate
Length | Credible ‘| ‘(mm/year) .
(miles) | . Event. e,
* Magnitude)
Elysian Park 0 3+ 60<M<75% | 25-52¢
6.8
Malibu - Santa Monica ~25 39 75 0.4
Hollywood ~3 8 6.5 0.1
Newport -Inglewood ~35 42 7.0 0.5
Raymond ~7 12 6.8 0.2 ~0.37 23-27 “
Palos Verdes ~13 46 7.0 0.3 ~0.32 23-27 Il
Sierra Madre - La Canada ~13.5 8 7.0 3.0 ~0.31 23-27
Sierra Madre - Pasadena ~14 12 7.0 3.0 ~0.30 22-26
Sierra Madre - San Fernando ~16 13 7.0 0.3 ~0.27 21-25
{| San Gabriel ~16.5 83 6.7 0.1 . ~0.24 15- 19
" Whittier ~17 32 6.5 20 ~0.20 13- 17
I Simi - ~18 28 6.5 0.1 ~0.19 13-17 I
Santa Rosa
Sierra Madre - Glendora ~20 16 7.0 3.0 - ~0.23 21-25
Santa Susana ~20 14 6.5 1.0 ~0.16 11-15
San Andreas Central ~34 220 8.0 37.0 ~025 | 25-29
Notes: 2 Closest approach.
b For stiff soil from Seed and Idriss, 1982
: From Bolt, 1977

From Davis, et. al., 1989

Instrumental Earthquake Data (1933 - 1991): Instrumental earthquake data for 59

years from 1933 through 1991, was obtained from the comprehensive listing of the
California Institute of Technology Seismological Laboratory. This data is complete
and accurate and well suited for statistical analysis. It should be recognized that
this 53-year record represents a very short time in Southern California geologic
and seismic history. '

Non-Instrumental Earthquake Data (1800 - 1932): Non-instrumental parthquake

data for 133 years, from 1800 through 1932, was obtained from Wood and Heck
as reviewed by Eppley (1966). This catalog must be regarded as inaccurate and
incomplete in two respects. (1) Many of the smaller, and probably several larger,
earthquakes which have occurred are missing; and (2) maximum Modified Mercalli
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intensities were reported in lieu of instrumental measurements, and corresponding
epicenter locations are very approximate. The main advantage of this catalog is
that it represents a time period about 2 1/4 times as long as the 59-year
instrumental catalog.

occurrence of geologically credible earthquakes events on regional faults at
estimated recurrence intervals. The magnitude recurrence relationships developed
for these faults are approximations based on analyses of limited direct geologic
evidence and regional tectonics. This record is an attempt to account for
thousands of years of geologic evidence including fault locations, lengths and
displacement rates. "

5.6.4 Seismic Risk Analyses: Three probabilistic analyses were performed using
the catalogs described above. Attenuation curves for all three models are based
on Seed and Idriss, 1982. Results are presented in Figure 5-4. The line
represents our judgement as to the occurrences of ground acceleration during an
average 100-year period. Following is a brief discussion of our seismic risk

models.

I Direct Geologic Evidence: A seismic fault model was developed assuming the

Site Region Model (e): The site model was based on methods outlined by Marachi
and Dixon (1972). Calculations were performed corisidering earthquakes of the
instrumental and non-instrumental catalogs occurring within a 100-mile radius of
the site. This model assumes random occurrence of earthquakes and
independence of events and attenuation areas. Results should be regarded as an

. average for the site region.

Local Site Model (s): The local site model assumed the independence of events.
Calculations were performed for earthquakes of the instrumental and
non-instrumental catalogs occurring within 100-mile radius of the site. Results of
this analysis are strongly site dependent.

Fault Model (a): The fault model included the major faults listed in Table 5.6.2.
| Seismic characteristics of the faults were estimated based on direct geologic
_l evidence, and judgment. Earthquakes were assumed to occur uniformly along

known faults at estimated recurrence intervals. Results of this analysis are strongly
site dependent. ’

Ground Motion Parameters: Two earthquakes were selected to represent a
reasonable range of earthquake levels for the West Side Corridor. The definitions
of the different levels and earthquake magnitudes are discussed below. Table 5-4
summarizes the ground motion characteristics of the Maximum Credible and

I Maximum Probable earthquakes.
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Maximum Credible Earthquake (MCE): This is intended to represent the governing
maximum credible ground motion. Selection of the MCE was based on analysis
of ground motion characteristics presented in Table 5-4. A magnitude 6.8
earthquake occurring immediately beneath the West Side Corridor on the Elysian
park Thrust was selected as the MCE and is expected to generate the highest
site-specific ground acceleration.

TABLE 54

SELECTED HORIZONTAL GROUND MOTION PARAMETERS

Richter Magnitude

Maximum Peak Horizontal Ground Acceleration (g)* ~0.60 ~0.27
Duration of Strong Ground Shaking (seconds)** 23 -27 T 21-25
NOTES:

* Based on Seed and Idriss (1982), for stiff soil.

L Based on Bolt (1977).

Maximum Probable Earthquake (MPE): This is defined in California Division of

Mines and Geology (DMG) Note Number 43 as either the earthquake event which
is expected to occur during a 100-year period, or the maximum earthquake that
has occurred during historic time. An example of a Maximum Probable Earthquake
would be a Magnitude 7.5 event epicentered on the San Fernando segment of the
Sierra Madre fault zone approximately 16 mile away.

5.6.5 Secondary Seismic Hazards: The possible secondary effects of seismic
activity include tsunamis, flooding or seiches, landslides, ground rupture, differential
settlement, and liquefaction. @ The potential threat from secondary effects is
summarized in Table 5-5 and discussed below.

Tsunamis: Tsunamis are tidal waves generated by fault displacement or major
ground movement. Given the gesographic location of the West Side Corridor,
tsunamis do not pose a hazard.

Seiches: Seiches are large waves generated in enclosed bodies of water in
response to ground shaking. The waves can top dams or reservoirs and flood
down gradient areas. Review of the Hollywood Topographic Quadrangle
(photorevised in 1981) indicates the Silver Lake and Rowena Reservoirs are located
upgradient of the Mid-City Corridor. Portions of the corridor lie within their
inundation areas as defined by the Los Angeles County Flood and Inundation
Hazards Map (Leighton & Associates, 1990). However, because of the distance
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i ;
‘ ‘l to the reservoirs (~ 4 miles) and the relatively small quantity of flood water that
could be generated from a seiche, the potential for damage is considered very low.

: Il Earthquake Induced Flooding: This is flooding caused by failure of dams or other
: water retaining structures due to earthquakes. Portions of the site lie within the
I inundation zones for the Silver Lake and Rowena Reservoirs. The Mid-City

I Corridor is located in relatively flat terrain. The potential for seismically induced

landslides is considered very low.

Surface Fault Rupture: The site is not located within an Alquist-Priolo Special
Studies Zone. Based on review of existing geologic information, no major surface
faults project towards or through the site. The potential for surface rupture due to
primary fault movement is considered low. :

-

Differential Compaction: Based on review of boring log summaries, the potential
for differential compaction is considered low to moderate for the Mid-City
Alignment. Proposed tunnel lines and stations are to be founded on deeper,
relatively homogenous alluvial soils consisting primarily of dense sands and silty
sand mixtures with varying amounts of gravel. Uppér near surface alluvial
sediments which are submerged by shallow groundwater have an increased

u‘ -

II potential for differential compaction.
'I TABLE 5-5
I POTENTIAL FOR DAMAGE DUE TO SECONDARY EFFECTS OF SEISMICITY
| l I Tsunamis
Seiches Very Low I
l Earthquake Induced Flooding Moderate - Low
1 Landslides Very Low
_' Surface Fault Rupture Low
. Differential Compaction Low - Moderate
i’ Uduefaction Low - Moderate Jl
91 ‘31'208'01 A 5 - 15
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6.0 STATIONS - GEOTECHNICAL EVALUATION AND DESIGN CRITERIA

6.1 General

In general, construction of the Mid-City Segment (MC) stations will involve deep
excavations through alluvium and San Pedro Sand to approximate depths of 70 feet and
85 feet below the ground surface at the Crenshaw/Olympic and Pico/San Vicente
stations, respectively. Alluvium is comprised of alternated layers of stiff fine-grained soils
and dense granular soils. San Pedro Sand is dense to very dense. Construction
requirements are generally similar at both sites. The existence of high groundwater levels
will require either dewatering or tight shoring for the construction excavations. The
permeable San Pedro Sand layer below the alluvium must be dewatered to provide
stability to the excavation. Based on interpreted subsurface exploration data, about two-
thirds of the excavation at the Crenshaw/Olympic station site and one-half of the
excavation at the Pico/San Vicente station site, respectively, will be below the
groundwater level.

If the sites are dewatered, we believe that dewatering-related subsidence of unknown
magnitude will likely occur over an area extending several hundred feet around the
excavations. Considering the potential for general areal subsidence, it is our opinion that
the use of dewatering and underpinning piles should be avoided where possible due to
the potential for "downdrag" on underpinning piles and differential settlements between
underpinned foundations and non-underpinned elements. Downdrag forces are greater
within zones of fine-grained soils than within zones of granular soils. _A conservative
shoring system can be used to minimize or eliminate underpinning by limiting ground
movements adjacent to the shoring to tolerable levels. Also, column pick-up techniques
if used during the construction period generally avoid the need for underpinning.

An alternative to the dewatering and conservative shoring approach to the excavation
would be a tight shoring system such as a slurry-trench diaphragm wall which should be
considered where rock is shallow. Diaphragm walls were used for the construction of
several BART subway stations in San Francisco and at Union Station for the Los Angeles
Metro Rail. The diaphragm wall would be constructed in short segments and can form
a part of the permanent station wall. Such a system would eliminate the need for
dewatering provided it is extended into the bedrock to effectively cut-off groundwater flow
from the alluvial and San Pedro sands. Without dewatering, related subsidence would not
occur, and underpinning would be reduced and used only as necessary without the risk
of "downdrag" on underpinning piles. However, the installation of HDPE membranes is
expected to be more complicated in conjunction with the construction of a slurry-trench
diaphragm wall. Since bedrock at the Crenshaw/Olympic station is close to the station
bottom, the diaphragm wall is a desirable solution. Bedrock at the Pico/San Vicente
station is probably at an impractical depth for diaphragm wall construction.

The permanent station structures will, in essence, be concrete boxes supported on and
retaining the surrounding soils. The subgrade soil at the stations bottom generally will be
San Pedro Sands. This sand is typically dense or very dense and, therefore, no
significant differential settlement of the stations subgrade is expected.

91-31-208-01 6-1
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The following subsections present our further evaluations and recommendations for
design and construction of the Crenshaw/Olympic and Pico/San Vicente Station
structures.

6.2 Excavations Dewatering
6.2.1 General Evaluation: The construction of both the Crenshaw/Olympic and

Pico/San Vicente Stations will require excavations extending approximately 50 feet
below the measured groundwater levels and may require construction dewatering
if tight shoring is not used. The nature of groundwater (perched or permanent) is
addressed in Section 5.4 of this report. The subsurface conditions at both sites
generally consist of alternated layers of fine-grained and granular alluvium overlying
San Pedro Sand. Fernando Formation bedrock underlies the San Pedro Sand to
depths between about 5 and 15 feet below the proposed bottom of the
Crenshaw/Olympic Station, and to an unknown depth below the bottom of our
exploratory borings at the Pico/San Vicente station site. At both sites, relatively
permeable sands of the alluvium and the San Pedro strata will be exposed in the
excavation sidewalls which must be dewatered to provide sidewall stability upon
exposure. The bottom of the excavations will be within the San Pedro.

The dewatering system is required to lower hydraulic gradients within the
permeable sands thus preventing "sand boils" or "blow-out" of the excavation
bottom. Drawdown within the alluvial sand interbeds and the San Pedro is
expected to be faster than within the fine-grained interbeds; thus, complete
drawdown time for the excavation will be affected by the natural occurrence of
~ fine-grained interbeds within the alluvium. Actual drawdown time will also depend
on the dewatering system selected by the contractor. Geologic discontinuities, i.e.,
major variations in the alluvium or San Pedro are expected to cause variations in
the phreatic surface especially during the early stages of dewatering. A drawdown
surface of variable slope may extend 500 feet beyond the excavation. In our
opinion, the best way to evaluate effects of possible subsurface variations in the
drawdown rates and obtain reliable aquifer properties is by pump test(s) with
separate observation test wells (piezometers) in the San Pedro Sand and alluvium
where the degree of hydraulic connection and the probable effect of the
dewatering on the phreatic surface should be directly assessed. The test wells(s)
ideally should approximate characteristics of the dewatering wells. The number
and locations of observation wells should be based on the known subsurface
conditions and locations of areas in which settlement could be critical.

Changes in vertical pressures within the alluvium due to the reduction of buoyant
forces via dewatering are estimated to result in surface settlement within the
expected one year plus construction period. Based on laboratory consolidation
test data for fine-grained soils and as an indication of variation of strain due to load
in sands, total surface settlements due to dewatering could be 1 to 2 inches for
50 feet of drawdown and 1/2 to 1-1/3 inches for 20 feet of drawdown. Actual total
settlements will depend on variations in subsurface conditions and the duration of
construction (dewatering). Assuming uniform subsurface conditions, settlements
due to drawdown should be relatively uniform. Differential settlements are

E = ; <o 3 .
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expected to be about 1/4 inch per 100 feet for locations more than 20 feet from
a dewatering well.

it will be essential that the dewatering wells be properly designed (and installed)
to prevent piping of soil into the wells. Uncontrolled piping into the wells will result
in loss of ground (settlement).

As an alternative to dewatering, tight shoring such as slurry-trench diaphragm wall
construction penetrating into the underlying bedrock may be constructed to
provide an effective groundwater barrier. Seepage will be reduced, but a barrier
will not be provided, if the wall is not tied into bedrock or interlocking steel single
sheeting is used in lieu of the wall. Chemical grout may also be considered to
establish a groundwater cut off within the San Pedro Sands in conjunction with a
soldier pile system. The diaphragm wall appears more feasible and more
economical at the Crenshaw/Olympic station because the bedrock is relatively
shallow below the bottom of the excavation. However, the system of installation
of HDPE membrane will require special consideration. The wall would be
constructed ahead of the excavation, can be left in place, and will reduce or
eliminate the need for underpinning and dewatering. This wall is constructed by
excavating adequately thick slots at appropriate depths, using bentonite slurry of
appropriate density to support the walls of the slot, inserting reinforcement in form
of cages or soldier beams, and placing tremie concrete.

6.2.2 Possible Dewatering System: Local practice in the site vicinity generally has
been to use conventional deep well dewatering systems without apparent
unfavorable subsidence effects. Thus, a system of deep wells should be
considered for site dewatering. Pumping test(s) should be performed prior to
dewatering. A possible dewatering system might consist of the following:

® Deep wells pumping from the San Pedro Sands around the perimeter of the
excavations.
® Vertical drains through the alluvium which penetrate to the San Pedro

Sands. These should be strategically located .to drain known sand zones
within the alluvium.

° Supplementary ditch drains and sumps within the excavation to handle
localized inflows; e.g. from sand layers.

6.2.3 Criteria for Dewatering Systems: It is understood that the contractor will be
responsible for designing, installing, and operating a suitable construction
dewatering system subject to review and acceptance by the Metro Rail
Construction Manager. The dewatering systems at both stations should satisfy the
following criteria:

91-31-208-01 6-3
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6.3

° The system should maintain groundwater levels low enough to provide
stability of the bottom of the excavation against a "blow-out" failure at all
times during construction.

° To adequately draw down the water table, the dewatering system should be
installed and in operation for a sufficient time period prior to when the
excavation reaches the level of the static groundwater level. This period will
depend on the pumping rate of the system and the hydraulic characteristics
of the site.

o The dewatering system should maintain the groundwater levels low enough
to prevent piping of the alluvial soils into the excavation. Inflow seepage
should be reduced to quantities which can be accommodated by a
drain/sump system and which allow excavation and construction to
proceed.

° Dewatering wells must be designed and developed to eliminate loss of
ground from piping of soils near the wells. The well operations should be
constantly monitored for evidence of piping.

° The system should operate continuously. Emergency power and backup
pumps should be required to ensure continual excavation dewatering.

Underpinning

91-31-208-01 . 6-4 -
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6.3.1 Common Underpinnina/Support Methods: We understand that excavations

for the Crenshaw/Olympic Station will be performed near existing buildings that are
expected to require underpinning. At the Pico/San Vicente Station area, most of
the buildings will be demolished. Several methods for underpinning are commonly
used. These include jacked piles, slant drilled piles, and hand-dug pit or pier
underpinning. Another technique which has been used is the "column pick-up"
method which provides a means of jacking up selected columns if settlements
occur. Special care (as practicable) should be taken by the contractor at locations
where groundwater is present. Various underpinning techniques are discussed
below.

° Jacked Piles: These piles generally consist of H-sections or open-end pipe
piles 6 to 18 inches in diameter. The piles are normally placed in 4- to
5-foot long sections by jacking beneath the underpinned footing. Jacked
piles are commonly pre-loaded individually to 150% of the design load and
then locked off. .

o Slant Drilled Piles: This method consists of placing a steel pile in a shaft
(generally 12- to 24-inch diameter) drilled from the side of the foundation.
The shaft is drilled at a small angle or slant under the foundation and then
back-reamed to provide a vertical slot below the foundation. A steel pile is
placed under the foundation, and the shaft is filled with concrete. The
actual connection to the footing can be made by shimming or "drypack”




concrete. Pre-loading could be accomplished using jacks and shims similar
to jacked piles.

° Hand-Dug Pits: This method consists of excavating an approach pit
adjacent to and beneath the footing and advancing square or rectangular
shafts, normally 3 to 5 feet wide, down to the bearing stratum. The shaft
excavations are lagged for the entire depth with the lagging normally left in
place permanently. Reinforcement is placed, and concrete is tremied into
the shaft(s).

° Column Pick-Up: This technique provides a method of releveling specific
structural elements without underpinning in the event that excessive
settlements occur. A structural break is made between the column (or
wall) and its foundation. Special connections are made to transmit loads
around the structural break and jacking, or other means, is used to relevel
the column or wall. After completion of the excavation, a permanent
connection between the building and foundation is re-established. Since
this method does not transfer foundation loads to a lower stratum, both
shoring and permanent walls must be designed for surcharge loads
imposed by the existing structure.

6.3.2 Underpinning Construction: From an engineering standpoint, the need to
underpin is evaluated on the basis of expected ground movements and potential
for structural damage. Figure 6-1 presents general guidelines for evaluating if a
structure may be within the influence zones of the excavation; however, further
evaluation of expected ground movements should be made based upon the type
of shoring proposed.

Dewatering is expected to result in areal subsidence extending for hundreds of feet
beyond excavation limits. Effects of areal subsidence would include downdrag
forces on underpinning piles and possible differential settiement between
underpinning foundations and non-underpinned foundations. If dewatering is
planned, underpinning should be avoided if possible, i.e., with conservative
shoring, or the effects of subsidence on the underpinned structure should be
accommodated in the design of underpinning. The “column pick-up” method
described in 6.3.1 may be better adapted to the condition of areal settlement than
the more conventional underpinning methods.

6.3.3 Design Criteria: Figures 6-2 thorough 6-6 present design criteria for jacked
piles and slant drilled piles-without dragdown loads. Figure 6-2 illustrates the
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NOTES 1. These guidelines are applicable only for stable ground conditions. Other soil

and/or foundation conditions may require further analyses.

2. Settlement due to dewatering also must be considered.

3. For structure foundations bearing in zones A, B, or C, the following guidelines
are presented:

Special Provisions Required for Important Structures:

Underpinning or construction of conservative shoring system (designed to
support lateral loads from building foundations with acceptably-small ground
movements) must be considered.

ZONE Generally No Special Provisions Required:

Properly-designed shoring system generally adequate without underpinning
unless underlain by poor soils or adjacent to especially-sensitive structures.

ZONE © No Special Provisions

UNDERPINNING GUIDELINES

METRO RAIL MID-CITY SEGMENT

Project No.
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PA = p1-Li*p2 L2*Pe
WHERE: *p, =average frictional resistance at hy
*pa=average frictional resistance at ha
**Pg =end resistance
* See Figure 6-3 through 6-6 for values of p;y and P2. ¢
** For alluvium use Pg values given on Figure 6-3 through 6-6.
For San Pedro Sands or weathered bedrock use Pg= KBAT(kips)

- |50 for jacked piles }
WHERE K=124 for c ast-in-place piles (Kips/sq.ft./tt.diameter)

B =pile diamater (ft.)
Ay=plle tip area (ft2)

UNDERPINNING - DESIGN CAPACITY CRITERIA
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procedures for determining the geometry of the support zones. No support should
be allowed within any existing fill soils encountered or within the "no support" zone
shown on Figure 6-2. Figures 6-3- and 6-4 present design parameters for
underpinning based on the expected subsurface conditions at the
Crenshaw/Olympic station. Figures 6-5 and 6-6 present underpinning design data
for conditions at the Pico/San Vicente station.

If jetting or other methods which remove soil ahead of the pile are used, no shaft
frictional resistance should be allowed. To ensure proper end bearing, jetting must
not be used for the final 5 feet of penetration. Because the fine-grained subsurface
soils are stiff and the granular subsurface soils are dense,no pile group reduction
factor is necessary.

Total capacity of hand-dug, lagged piers should be limited to end bearing only and
must extend below the "no support" line shown in Figure 6-2. All piers are
assumed to be 36-inch square or larger in section. For design, an allowable
bearing pressure of 7 ksf may be used for piers which bear on firm or stiff
undisturbed alluvium and penetrate at least 10 feet below the ground surface. For
piers which penetrate at least 5 feet into the San Pedro sand or weathered
bedrock, an allowable bearing pressure of 20 ksf may be used. These values
apply only if the bearing surface is observed to be adequate and approved by a
qualified geotechnical engineer or engineering geologist.

Subsurface subsidence due to dewatering and lateral ground movements adjacent
to the excavation are discussed in Sections 6.2.1 and 6.4.5, respectively. The
capability of the existing structure and underpinning system to sustain these
movements should be evaluated. If dewatering is planned, the effects of downdrag
due to surface subsidence should be included in underpinning design. For
computation of downdrag loads, the following procedure may be used:

1. The upper 3/4 of alluvium thickness (including soils within the "no load"
zone) should be assumed to be the downdrag zone. The alluvium
thickness may be estimated from Drawings 4 through 7 and should not
include the San Pedro Sands.

2 No positive (upward) frictional resistance should be used in the downdrag
zone, instead a negative (downward) frictional load equal to twice the
allowable frictional resistance within the zone (as determined from Figures
6-3 through 6-6). should be added to the design load.

The negative frictional load is based on full soil strength (safety factor = 1.0)
while the positive allowable frictional resistance is based on a safety factor
of 2.0.

6.3.4 Underpinning Performance: Underpinning does not guarantee that the
structure will be totally free from either settlement or lateral movement. Some

+ settlement may occur during the underpinning process. Additional vertical and/or
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6.4

lateral movement may occur during the construction of the main excavation,
depending on the performance of both the shoring and the underpinning elements.
Effects of subsidence may result in differential settiements between underpinning
elements and non-underpinning elements.

6.3.5 Underpinning Instrumentation: Prior to construction, elevation reference
points should be established on each foundation element to be underpinned. The
points should be monitored on a regular basis consistent with the construction
progress (readings may be required daily). Maximum allowable movements should
be established for each element by the engineer prior to underpinning. If it
appears that these limits may be exceeded, immediate measures should be taken
such as restressing underpinning elements, adding more supports or changing
installation procedures.

Where a group of three or more jacked piles is used to underpin a foundation

element, load relaxation of previously installed piles can occur. Methods should
be implemented to evaluate this problem and re-load piles if necessary.

Temporary Excavations

6.4.1 General: The required Crenshaw/Olympic and Pico/San Vicente station
excavations will extend approximately to 70 and 85 feet, respectively, below the
existing ground surface and about 50 feet below the groundwater level. A primary
consideration in the selection of the shoring system should be the dewatering-
caused differential settlements of underpinned structures, as discussed in Sections
6.1 and 6.2. These potential settlements could be mitigated by a conservatively
designed shoring system which could minimize underpinning or by a “tight" shoring
system which could eliminate the need for site dewatering, and because it is rigid
enough, it could also minimize underpinning. There are several currently used
shoring methods which include soldier piles and lagging, slurry-trench diaphragm
wall construction ("tight shoring") and sheet piles. Bracing systems are generally
either tieback anchors or internal bracing. We understand that the excavation
system will be chosen and designed by the contractor in accordance with specified
criteria and subject to review and acceptance by the Metro Rail Construction
Manager.

The fine-grained alluvial soils at the site will generally be favorable for construction
of shoring systems. However, caving may occur within the zones of granular
alluvium and within the San Pedro Sands. In addition, gravel and cobble zones
may be encountered, especially within the lower layers of San Pedro Sand.

Considering local construction practice, we feel that a soldier pile and lagging
shoring system with tiebacks and/or internal bracing is the most probable shoring
system to be used at this site by the contractor. The following discussions and
recommendations are, therefore, directed to a soldier pile wall system. However,
other shoring systems such as the slurry-trench diaphragm wall or sheet piles may
be considered by the contractor, and further recommendations can be provided
for their design, if required.

91-31-208-01 6-13
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6.4.2 Soldier Pile Shoring Systems: A soldier pile and lagging shoring system

consisting of soldier piles installed in predrilled holes is a common method of
shoring deep excavations in the Los Angeles area.  Both conventional and
conservative soldier pile shoring systems may be used at these sites. The
conservative wall should be designed for higher soil loads to reduce ground
movements behind the wall.

Soldier piles have been installed in the Los Angeles area in soils similar to those
encountered at the propose station sites. In granular soils, particularly below the
groundwater table, caving can be a problem. The contractor should recognize that
caving conditions will be encountered during construction of soldier piles or other
drilled shaft elements. However, the volume and extent of caving cannot be
predicted with certainty.

Granular soil layers within the alluvium at the site will require support between
soldier piles to eliminate loss of ground, especially in the presence of adverse
hydraulic gradients. Typically, wooden lagging is used although precast concrete
or steel panels may also be used.

6.4.3 Shoring Design Criteria: This section provides design criteria for both

conventional and conservative soldier pile shoring systems consisting of soldier
piles and wooden lagging supported by tiebacks or internal bracing. The criteria
are limited to soldier pile walls. The soldier piles are assumed to consist of steel
W or H-sections installed in predrilled circular shafts. It is assumed that the drilled

.shatft will be filled with concrete. Thus, for computing the allowable soil loads, the

piles were assumed to have circular concrete sections.

The Crenshaw/Olympic station shoring will penetrate the Fernando bedrock which
was observed to be massive but highly weathered to the depths of our borings.
It is our opinion that passive bedrock resistance will be affected by the weathering;
therefore reduced values of passive resistance are recommended. Also, the
portion of the vertical capacity of shoring piles within the weathered bedrock zone

will be assumed to be the same as that portion of the capacity within the San

Pedro sand.
Specific shoring design criteria include:

® Design Wall Pressure: Figure 6-7a presents conventional and conservative
lateral earth pressures on temporary shoring for a braced wall condition.
Figure 6-7b presents earth pressures for cantilevered shoring while Figures
6-7c and 6-7d present earth pressures for -building and construction
surcharges. We recommend that cantilevered shoring not be used for
vertical cuts exceeding 15 feet in height. Figure 6-7e also includes the
case of a partial slope cut. The full loading diagram above the bottom of
excavation should be used to determine the design loads on tieback
anchors and the required depth of embedment of the soldier piles. For
computing design stresses in the soldier piles, the computed values can be
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multiplied by 0.8. For sizing lagging, the earth pressures can be reduced
by a factor of 0.5.

Depth of Pile Embedment: The embedment depth of soldier piles below the
lowest anticipated excavation depth must be sufficient to satisfy both the
lateral and vertical loads.

The required depth of embedment to satisfy vertical loading should be
computed based on the allowable vertical loads shown on Figure 6-8. It
should be noted that all piles should penetrate at least 5 feet into the San
Pedro bearing stratum or weathered bedrock. This figure shows vertical
capacity which includes the full end-bearing. Proper cleanout of the pile
excavations is assumed.

The imposed lateral load on the pile should be computed based on the
earth pressure diagrams of Figure 6-7 minus the support from tiebacks or
internal bracing. The required depth of embedment to satisfy lateral loads
should be computed based on the net allowable passive resistance (total
passive resistance of the soldier pile minus the active earth pressure below
the excavation). Due to arching effects, it is recommended that the
effective pile diameter be assumed equal to 1.5 pile diameters or half of the
pile spacing, whichever is less. Figure 6-9 indicates the recommended
method to compute net passive resistance. Figure 6-9 should be used for
piles penetrating San Pedro Sand and/or weathered bedrock.

Pile Spacing and Lagging: The optimum pile spacing depends on many
factors including soil type, soil loads, member sizes and costs. At the
station sites the subsurface soils encountered consisted of alternated alluvial
layers of fine-grained and granular soils overlying San Pedro Sand. The
granular alluvial soils will be subject to ravelling and sloughing. Thus, it is
recommended that the pile spacing be limited to about 6 feet and that
continuous lagging be placed to minimize ravelling of soils and loss of
ground between soldier piles. The contractor should limit the temporary
unshored height of sandy soil to less than 3 feet to control
ravelling problems, especially in the dewatered zone.

Excavation Stability: As part of the shoring design, stability calculations

should be performed to verify that the shoring/tieback system has an
adequate safety factor against deep-seated failure.
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Recommended Unit Pressures

Pc] = 35 psf/ft
Pc|2 =19 psf/ft N W AN T 7 AN/ \V/ A\ aa N ~aa\y
P ;=350 psf/ft (San Pedro Sand or
PY weathered bedrock) \
4 \\ Pa]
\ v
ZANVZANSIT/ZAN 0 NIV N
Ppl
1 ol 4 Paz

" WHERE: Pp =Total allowable unit passive pressure
Pa =Unit active pressure

NOTES: 1) The site is assumed to be dewatered.
2) Available passive pressure =Total passive - Active

3) Available passive pressure can be assumed to act on 1.5 pile diameters
or 1/2 the pile spacing, whichever is less. '

4) Active pressure.Pa2 is for evaluation of available passive pressure.
Lateral shoring pressures are presented on Figure 6-7.

SOLDIER PILE PASSIVE RESISTANCE
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6.4.4 Internal Bracing and Tiebacks

6.4.4.1 General: Tiebacks and/or internal bracing may both be suitable to

support the temporary shoring wall for the proposed excavation. Obtaining
permission to install tiebacks under adjacent properties and encountering
obstructions from adjacent below-grade structures (such as basements)
can affect the feasibility of tiebacks. In this case, internal bracing may be
more attractive to the contractor than tiebacks.

-6.4.4.2 Performance: Based on available field data there does not appear

to be a significant difference between the maximum ground movements of
properly designed and carefully constructed tieback walls or internally
braced walls. However, there is a difference in the distribution of the
ground movements which is not expected to affect shoring system stability.
Prestressing of both tiebacks and struts is essential to remove slack and
minimize ground movements.

6.4.4.3 Internal Bracing: The contractor should not be allowed to extend

the excavation an excessive distance below the lowest strut level prior to
installing the next strut level. The maximum vertical distance depends on
several specific details such as the design of the wall and the allowable
ground movement. These details cannot be generalized. However, as a
guideline, we recommend consideration of the following maximum allowable
vertical distances between struts:

° Conventional Shoring System: 12 feet
& Conservative Shoring System: 8 feet

In addition, the contractor should not be allowed to extend the excavation
more than 3 feet below a designated support level before placing the
corresponding struts. The contractor may be allowed to excavate a trench
within the excavation to facilitate construction operations provided the
trench is at least 15 feet horizontally from the shoring and does not extend
more than 6 feet below the designated support level.

To remove slack and limit ground movement, the struts should be
preloaded. Preloading consists of jacking two auxiliary struts against
opposite wales until no appreciable movement is noted. A permanent strut
is then inserted between the auxiliary struts and wedged tightly before the
jacks are released. Preloads to about 50% of the design load are possible.
The shoring design, preload procedures, and monitoring/maintenance
procedures must provide for the effects of temperature changes to maintain
a stable shoring system.

6.4.4.4 Tieback Anchors: There are numerous types of tieback anchors

R Printed On Recycled Paper

available including large diameter straight shaft friction anchors, belled
anchors, high pressure grouted anchors, high pressure regroutable
anchors, and others. Generally, in the Los Angeles area, high capacity
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straight shaft or belled anchors have been used where construction
conditions are favorable.

Tieback anchor capacity can be determined only in the field based on
anchor load tests. For estimating purposes, we recommend that the
estimated capacity of drilled straight shaft friction anchors be computed
based on the following equation:

P = nDLq
Where:
allowable anchor design load in pounds
anchor diameter in feet

-anchor length beyond no load zone in feet
soil adhesion in psf.

Qr-rgo

wnonu

The design adhesion value (q) can be determined by:
q = 20d < 750 psf

Where:

o
]

average depth (in feet) of the anchor beyond
the no-load zone or theoretical failure wedge
measured vertically from the ground surface.

Figure 6-10 illustrates the tieback anchor parameters.

Allowable anchor capacity/length relationships for tieback types other than
straight shaft friction anchors cannot be generalized. Design parameters
for anchors such as high pressure grouted anchors and high pressure
regroutable anchors must be based on experience in the field and on the
results of test anchors. ‘

For design purposes, it should be assumed that the potential wedge of
failure behind the shored excavation is determined by a plane drawn at 35°
with the vertical through the bottom of the excavation. Only the frictional
resistance developed beyond the no-load zone should be assumed
effective in resisting lateral loads.

The anchors may be installed at angles generally between 20°. and 50°
below the horizontal. Based on specific site conditions, these limits could
be expanded to avoid underground obstructions. Structural concrete
should be placed in the lower portion of the anchor up to the limit of the
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APPENDIX A
BORING LOG SUMMARIES
BY
CONVERSE CONSULTANTS WEST
METRO RAIL MID-CITY SEGMENT
AUGUST 1992
PREPARED FOR

PARSONS, BRINCKERHOFF, QUADE & DOUGLAS, INC.
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MAJCR CIVISICNS SYMBCLS TrPCAL NAMES
Gw ‘:? Weil graded jraveis, jravel-sand mutures
Clean gravels with o
GRAVELS limle of no fnes — =
2 GP t - Poorly graced graveis, gravel-sand mixtures
% More than hart ——
coarse fraction - —
o § Is larger than Siity gravets, pcorly graced gravel-sand silt mortures
8‘ g No. 4 sieve Gravels with Over
nc 12% fnes P
8 2 Clayey gravels, poorly graced gravel-sand-clay mixtures
zT
35
o Weil graced sands, graveily sancs
ac Clean sands wih
< 2 SANDS Ittle or no fines
8 s Poorly graced sancs, gravelly sancs
£ Mare than halt
o coarse fraction . |
2| s smatler than 07| siry sancs. poorly graced sand-siit mixtures
No. 4 sieve Sancs with over 12% s
fines
sC %/ Clayey sancs, poorly graced sanc-c'ay mixtures
Z
ML | | ’ Inorganic silts and very fine sands, rock flour, sidty or
clayey fine sands, or ci.yey silts with slight plasticity
SILTS AND CLAYS

Uqguid limit less than 50

Inorganic clays of low to mecium glasticity, graveily
clays, sandy clays, silty clays, lean clays

Organic clays and organic silty clays of low plasicity

SILTS AND CLAYS

Liquid limit greater than S0

FINE GRAINED SOILS
» half Is smaller than No. 200 sleve

Inorganic silts, micacecus or ciatcmaceous fine, sandy
or silty soils, elastic silts

Inorganic clays of high clasticity, fat clays

Crganic clays of mecium to high plasticity, organic silts

HIGHLY ORGANIC SCILS

Peat and other highly crzanic soils

SAMPLE TYPE TEST TYPE -
(Results shown in Appendix B) g

: o)

I]] STANDARD PENETRATION TEST, CLASSIFICATION

Split barrel sampler in accordance with Plasticit .

- y pi
ASTM D1586-84 Standard Test Method Grain Size Analysis ma
Sand Equivalent SE

. DRIVE SAMPLE, 2.42-inch inside diameter driven :"“'"f G':"d"’ e
with 140-Ib. weight, 30-Inch drop (ASTM D 3550-84)  choie 00 170m -

STRENGTH

. . Pocket Penetrometer P

BULK SAMPLE, loose cuttings from exploration Direct Shear ds
Uncontined Compression ue

Triaxial Compression tx

R-value # R

CONSOLIDATION c
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| Log of Boring No. MC-1

l Date Drilled: 6/1/92 Logged by: __APM (MAA) _ Checked by: MBS
Equipment; 8" Hollow Stem Auger Driving Weight and Drop: 140 Ib / 30 in
]' Ground Surface Elevation;___187 feet Depth to Water:_Static water level 21.9’ on 7/14/92
b
II ” SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ 1.
This log is part of the report prepared by Converse for this N 0
I project and should be read together with the report. This v 3 é
- summary applies only at the location of the boring and z w |- a
i ~ S may differ at other locations and may change at the time ‘Q % ; E
o o4 I of drilling. Subsurface conditions may differ at other w O |+ [O~ x
l E & o locations and may change at this location with the passage a - 3 ﬂ )_“d é
1 @xo of time. The data presented is a simplification of actual 14 o Ji10 |lza >
Q od conditions encountered. a n mi|E (v o
II | 6-inch thick ASPHALT PAVEMENT g
SILTY CLAY (CH); trace fine to coarse
!l - sand, plastic, dark brown
'l .“..." ]| SAND (SP); fine to medium sand, some
E - 5 A '_.f.j;.:j silt, trace fine gravel, medium brown
l' i s Ic-1 10
_ L 10 4:="=1 SAND (SW): fine to coarse sand, trace 13
; e == ilt, light ’
' - = silt, light brown ISPT-Z 5
L 6
== 6
. -  oem
il peritgin
[ fr SILTY SAND (SM); fine to medium
sand, pockets of silt, medium brown
C-3 7
11
ISPT-4 i
SILT (ML); sandy, fine sand, trace coarse 8
sand, micaceous, light gray
C-5 7 |28 | 96
7
'spr-e :
X Static water level on 6/18/92, 7/14/92 10
at 21.9 below surface
C-7 8
10
Project No. ) Drawing No.
Converse Consultants West ,
91-31-208-01 A-2




|
l ~ Log of Boring No. MC-1

' Date Drilled: 6/1/92 Logged by:__ APM (MAA) Checked by: MBS
Equipment;__ 8" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
I. Ground Surface Elevation;__ 187 feet Depth to Water:_Static water level 21.9’ on 7/14/92
I SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~le.
This log is part of the report prepared by Converse for this N | 0]
o project and should be read together with the report. This v |3 E
“ summary applies only at the location of the boring and 1s w |- a
» a may differ at other locations and may change at the time Q g ; E
T b o of drilling. Subsurface conditions may differ at other w 0| b DC [/ 4
? l E & o locations and may change at this location with the passage a - g ﬂ >0 é
w X o of time. The data presented is a simplification of actual 14 o 41 0 X 2
o OJ conditions encountered. o n @ | £ [av o
; N SILTY SAND (SM); fine to medium 6
l : sand, bluish gray SPT-8 9
i 12
i' [ very fine to fine sand, some silt,
i micaceous, dark gra
! BTy Ic-9 8 |27 98
l - 30 - 12
‘ 8
| ISPT-IO 9
il g
- fine to coarse sand, trace coarse, 1/4"-thick
ll R lenses of silt, dark gray
| Ic-u 12 |19 [111
- 4§ 12
_.l8
I I SPT-12 9
p 12
1
1 IC-—13 36
W 40 S 29
10
o ISPT—M 14
| i
- 3
ll [ 1) 1c-15 15
- 45 - SILT (ML), trace clay and gravel, dark 4 8
.I gray Ispr-m 2
{ B 5
| SAND (SP); fine to medium, dark gray, 6
I ALay SAN PERDO SAND,sampler wet
[ L C=17 10
| 20
; @ . Project No. Drawing No.
Converse Consultants West
91-31-208-01 A-3




l Date Drilled:

' Ground Surface Elevation;_ 187 feet

!
i
i
i

Log of Boring No. MC-1

6/1/92 Logged by:___APM (MAA)

Equipment:___8" Hollow Stem Auger

Driving Weight and Drop:

Checked by:
140 1b / 30 in

MBS

Depth to Water: Static water level 21.9’ on 7/14/92

i'
‘l

L
i"
L

a

91-31-208-01

SUMMARY OF SUBSURFACE CONDITIONS SAMPLES Al
This log is part of the report prepared by Converse for this N e n
2 project and should be read together with the report. This v oS3 é
«- summary applies only at the location of the boring and z w |+ q
> 8 may differ at other locations and may change at the time (\e % g E
X I of drilling. Subsurface conditions may differ at other w | F |[D~ o
E % o locations and may change at this location with the passage a - g ﬂ )_t &
w @xo of time. The data presented is a simplification of actual 14 o J | o |xa >
Q oJ conditions encountered. Q n o | £ |Oov o
©: 1.1 SAND (SP); (continued), SAN PEDRO 13
SAND, very fine to fine sand, trace SPT-18 22
silt, wet 30
28
40
Six inch lense of fine to coarse SAND Ispr-zo gg
40
18
| with a more SILT (SP-SM)
10 Sands running
SPT-22|1) into hollow
20 stem auger,
SPT sampling
only
8
SPT-23(20
20
FERNANDO FORMATION
SILTSTONE-CLAYSTONE, highly
weathered, thinly bedded, dark gray
14
SPT-24{17
25
End of boring at 70.5 feet
Groundwater encountered at 47 feet during
drilling
Installed 4" dia. PVC Monitoring Well:
0-15’ blank casing; 15’-63" slotted
casing, 65-70 blank casing, Backfilled
anular space with #30 sand from 9'-71";
Project No. Drawing No.
Converse Consultants West A-4




i Log of Boring No. MC-1

Date Drilled: 6/1/92 Logged by:___APM (MAA) Checked by: MBS
Equipment;__ 8" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
' Ground Surface Elevation,___187 feet Depth to Water: Static water level 21.9’ on 7/14/92

SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ 1.

t This log is part of the report prepared by Converse for this N [ "

o project and should be read together with the report. This v |3 é

(% summary applies only at the location of the boring and z w |- a

~ 8 may differ at other locations and may change at the time ‘Q g ; E

. I I of drilling. Subsurface conditions may differ at other w | DO~ o

) l E % o locations and may change at this location with the passage a - g ﬂ )_% &‘

' w X o of time. The data presented is a simplification of actual x o J| o jxa 2

o oJ conditions encountered. a 1z o] X |Ov o

Bentonite seal 2°-9’; concrete and traffic

l cover 0-2’

91-31-208-01 A-S5
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| Log of Boring No. MC-2

' Date Drilled: 6/3/92 Logg'ed by:___ APM (MAA) Checked by: MBS
Equipment.___ 6" Hollow Stem Auger Driving Weight and Drop: 140 Ib / 30 in
i. Ground Surface Elevation;___203 feet Depth to Water:_Static water level 29.9’ on 7/14/92
SUMMARY OF SUBSURFACE CONDITIONS SAMPLES P
This log is part of the report prepared by Converse for this N n
l . 5 project and should be read together with the report. This ~ |3 ﬁ:‘
[N summary applies only at the location of the boring and z w |+ a
~ 3 may differ at other locations and may change at the time 'Q % g E
i T I of drilling. Subsurface conditions may differ at other w Ol k- |OAa [
| I E % o locations and may change at this location with the passage a - g ﬂ >-‘l-l }
{ w X o of time. The data presented is a simplification of actual x a Jlo |jza >
=] g Jd conditions encountered. Qo 0 o) £ [Ov o
l 8-inch thick ASPHALT PAVEMENT
- - % CLAY (CL); sandy, fine to medium,
t PR plastic, dark brown ' : /J
l ] | SILTY SAND (SM); with some clay, fine
! S ST to medium sand, trace fine to medium
I 111 \ gravel, medium brown /_
; - 5 41| |
i SILT (ML), sandy, fine to medium, little
Il clay, light brown B-1
Il [ e C-1 12
L 10 4 -1 | : 22
) 1.1t 12 No OVA
\l [ -] SPT-2 |/ reading
| ' 17
i
- 1 i ray, compact
Bl 1 y
W[ 15 ]| SILTY SAND (SM); gray = No OVA
i ¥ SPT-4 |q reading
12
SAND (SP-SM); fine to medium, with
silt, trace gravel, gray IC—S 12
18
SPT-6 | 3 reading
14
Taly 16
24
Project No. Drawing No.
Converse Consultants West
91-31-208-01 A-6




l Log of Boring No. MC-2

i' Date Drilled: 6/3/92 Logged by:___APM (MAA) _ Checked by: MBS
Equipment:___ 6" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
Il Ground Surface Elevation; 203 feet Depth to Water: Static_water level 29.9’ on 7/14/92
" SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ |
This log is part of the report prepared by Converse for this N i )
2 project and should be read together with the report. This N ] f!‘
“ summary applies only at the location of the boring and z [T a
) v 3 may differ at other locations and may change at the time Q % ; ﬁ
b o I of drilling. Subsurface conditions may differ at other tw w{kF= |DA 74
. E % @ | locations and may change at this location with the passage a - g 3 )_t <\:
i xo of time. The data presented is a simplification of actual 14 o 4]0 |xa >
Q o conditions encountered. Q 0 m|E |Qv =)
l 8-inch thick ASPHALT PAVEMENT
b / CLAY (CL); sandy, fine to medium,
A .
; T\ plastic, dark brown Ya
'! .
' SILTY SAND (SM); with some clay, fine
. : to medium sand, trace fine to medium
l _ \ gravel, medium brown /_
- - 5 -
I SILT (ML); sandy, fine to medium, little
l' clay, light brown B-1
u C-1 12
. L 10 4] | | , 22
417 12 No OVA
. 1.0 SPT-2 15 reading
L 17
gray, compact IC_3 10
l - 15 Fhik| SILTY SAND (SM); gray ;0 No OVA
N 1o SPT-4 8 reading
[ 2
m i SAND (SP-SM); fine to medium, with
OF L silt, trace gravel, gray IC—S 12
- - 3 -:: . 18
B 581 i No OVA
i 1L 14
' C-17 16
g 24
@ Project No. Drawing No.
ki Converse Consultants West
91-31-208-01 A-7




. ‘ Log of Boring No. MC-2

!l Date Drilled: 6/3/92 Logged by: __ APM (MAA) Checked by: MBS
Equipment:_ 6" Hollow Stem Auger Driving Weight and Drop: 140 Ib / 30 in
‘I Ground Surface Elevation;__ 203 feet Depth to Water:_Static water level 29.9’ on 7/14/92
' SUMMARY OF SUBSURFACE CONDITIONS SAMPLES N
ll This log is part of the report prepared by Converse for this N |- 0
o project and should be read together with the report. This v |3 é
[ summary applies only at the location of the boring and = w i~ a
~ S may differ at other locations and may change at the time ‘Q g ; E
! p o X of drilling. Subsurface conditions may differ at other w o] kF |2~ x
:. E % o . locations and may change at this location with the passage a - g ﬂ >_t }
w x o of time. The data presented is a simplification of actual 14 o J]10 jegal >
o oJd conditions encountered. (=] (] o | £ |av °
; “:1Fl:| SAND (SP-SM); (continued) 11 OVA 60-70
l i . 1]|| sreenish gray SPT-8 ||, ppm
AL 13 Background
i * 2L 60 ppm
3 i ; : 3
' T: ;7] SILTY SAND (SM); fine to coarse, fine _
i N ¢ to medium gravel, light yellowish
‘n | R brown IC'9 16
R+ 30 — 1= Static water level on 7/14/92 ‘;-8 OVA 60 ppm
1 : 29 feet bglow surface ISPT-IO 11 Background
I. P 14 60 ppm
ll ~“}{|| SAND (SP-SMy; fine to medium, little to
i 1 some silt, yellowish brown Ic-11 16 120 |110
- 35 40 ] . 20
: _ ~EE » 15 OVA 60 ppm
l ! R SPT-12},¢ Background
) T 37 60 ppm
Ic-13 17
o OVA 60
10 ppm
ISPT'14 13 Background
. . 14 60 ppm
SILT (ML); sandy, very fine to fine, )
dark gray
IC—lS 9 |23 |104
13
8
ISPT—16 9
11
C-17 12
28
Project No. ' . Drawing No.

Converse Consultants West
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Log of Boring No. MC-2

Date Drilled: 6/3/92 Logged by:__APM (MAA) Checked by: MBS
Equipment;__ 6" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
I' Ground Surface Elevation___203 feet Depth to Water: _Static water level 29.9’ on 7/14/92
SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ .
This log is part of the report prepared by Converse for this N | o
o project and should be read togetherwith the report. This v |3 é
“ summary applies only at the locatiae of the boring and s w i a
~ S may differ at other locations and rmay change at the time ‘Q g ; E
T I of drilling. Subsurface conditions may differ at other w 0|k DA x
E & o locations and may change at this lomtion with the passage a - g ﬂ )_% é
w o of time. The data presented is a simplification of actual 14 o J] 0O |lxa >
=) gJ conditions encountered. o 7] 0| £ |Ov o
111 6 OVA 70 ppm
i "+, SAND (SP), fine to medium, dark gray SPT-18(,, Background
e ‘ 24 60 ppm
[ C-19 9 No recovery
L 55 S 8 running sands
i 11 SILT (ML), sandy, with some clay, very ‘ISpT-20 10 OVA 60 ppm
s compact, greenish gray 17 Background
1 1| : 22 60 ppm
I . IC-21 19 [ 19 |112
L 60 | . 16
1. 11
| 1 ISPT 22 12
I o+ 17
i 1.1 Ic-23 22
- 65 HIE same as above, well cementad 80 SPT refusal
A 1| SPT-24 26 High Sampling
1.1 75 Resistance
i 1.1 OVA 110 ppm
| 1 Background
1.0 100 ppm
i IE hc-zs 12
- 70 H..°...-.:| SAND (SP); fine to medium sand, strong 28 ik, 156D
e smell of oil, TAR sand, grayish black SPT-26 15 0 OAOO -
] " color, SAN PEDRO SAND 23 ’ ppm
P83 28 Background
- :.:_:;';i 110 ppm
| High sampling
k A resistance
ey Jc-27 13 {107
@ . - Project No. Drawing No.
Converse Consultants West
91-31-208-01 A-9




; . Date Drilled:

]' Ground Surface Elevation: 203 feet

Log of Boring No. MC-2

APM (MAA)

Equipment: 6" Hollow Stem Auger

6/3/92 Logged by:

Driving Weight and Drop:

MBS

Checked by:
140 1b / 30 in

Depth to Water: Static_water level 29.9’ on 7/14/92

10
SPT-32}14
30

SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ |
This log is part of the report prepared by Converse for this N | )
o project and should be read together with the report. This | v (3 §
S summary applies only at the location of the boring and z w |~ q-
~ 3 may differ at other locations and may change at the time Q g ; E
b I of drilling. Subsurface conditions may differ at other w 0| F DA x
E & o locations and may change at this location with the passage a - g ,‘ﬂ >.t é
1] xo of time. The data presented is a simplification of actual +4 18 4| 0 |ga 2
o oJ conditions encountered. o » m | £ |Qv o
.1 -] SAND (SP); (continued), SAN PEDRO 25 SPT Refusal
SAND SPT-28(48 High Sampling
80 Resistance
OVA +10,000
Background
100 ppm
Ic-29 20
40
15 OYA
SPT-30(,¢ +10,000 ppm
40

Mo recovery
running sands
sands coming
up hollow
stem auger
OVA

+10,000 ppm

End of boring at 89 feet
Static water level at 29.9 feet on 7-14-92
Installed 4" dia. Monitoring Well:
0-15" blank casing;
15'-85’ slotted casing;
85'-90" blank casing
Backfilled annular space with #30 sand
from 9°-90°; Bentonite seal 2°-9’;
concrete and traffic cover 0-2°

P = Pocket Penetrometer
OVA readings in ppm

Converse Consultants West

Project No.

91-31-208-01

Drawing No.

A-10
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1

Log of Boring No. MC-3

. Date Drilled: 6/10/92 Logged by: GSB Checked by: MBS
Equipment.___ 8" Hollow Stem Auger Driving Weight and Drop: 140 Ib / 30 in
Il Ground Surface Elevation; 190 feet Depth to Water: 27.5 feet )
I l SUMMARY OF SUBSURFACE CONDITIONS SAMPLES A~
This log is part of the report prepared by Converse for this N |- "
: o project and should be read together with the report. This > |13 §
(= summary applies only at the location of the boring and "3 w |- q
~ 3 may differ at other locations and may change at the time ‘Q % "z‘ E
‘ I e of drilling. Subsurface conditions may differ at other w | k= D~ T4
' E % o locations and may change at this location with the passage a - 3 ,“.2 >% E
w X o of time. The data presented is a simplification of actual 14 o J) 0O |jza >
o CJd conditions encountered. o n o | E |Ov (=]
g Nemabe 2 1/2-inch thick ASPHALT PAVEMENT Hand Augered
:l T [\ over 7-inch thick CONCRETE SLAB /" to 8 feet
S /| SILTY SAND (SM); medium to coarse Saz‘:‘ nd
' Hu ot sand, light brown grou
o.r =2 ppm
l S
B T T B L S T LT :
é 1:.5.0)| SILTY SAND (SM); fine to medium C-1 35 OVA 2 ppm
Bt | A sand, trace clay, light gray to red brown 30 Poor Recovery
i ST & 25
1. SPT-1
|l |-
l - 15 T contains crude horizontal layering. Layer IC_2 70 OVA 3 ppm
| | P expossed by color variations, orange 20
I brown stringers and lenses present |25
5 SR & SPT-2 Y
1k 2 Flowing Sands
P - ] 30
i e _::__ SAND (SW); coarse, light gray to red
g = o] brown
' 1°.5.2:| SILTY SAND (SM); medium to coarse C-3 }1(:; PO%)/: I}ecover y
- sand, trace clay, scattered gravel present s ppm
X : SPT-3 35
SILT (ML), with little clay, trace coarse
50
s . sand A
m SAND (SW); fine to medium, trace silt,
A laminated in yellow, grayv and white
m Project No. Drawing No.
Converse Consultants West
! A 91-31-208-01 A-11




o B o

——
' Log of Boring No. MC-3
!| Date Drilled: 6/10/92 Logged by: GSB Checked by: MBS
Equipment:_ 8" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
" Ground Surface Elevation;___190 feet Depth to Water: 27.5 feet
I ' SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ |
This log is part of the report prepared by Converse for this X j 0
o project and should be read together with the report. This ~ =3 §
- summary applies only at the location of the boring and =z w |- a
~ S may differ at other locations and may change at the time ’Q g ; E
T I of drilling. Subsurface conditions may differ at other w ®w |k D~ x
l E & o locations and may change at this location with the passage a - g 2 >t‘, }
w X0 of time. The data presented is a simplification of actual 14 o J 10 [ >
o oJd conditions encountered. o 0 m|E [Qv o
e horizontal layers C-4 35 -JOVA T ppm
’.' i :__';- == SAND (SW); (continued) 50
[ = —"__“ contains scattered gravel, no layering SPT-4 17
| - s P observable; contains silty portions, 25
! pe ' Y hi llow b 35 Sampler Wet
" ! _-—-:_ ; white to ye ow prown at 27'5 feet
| ="="| INTERBEDDED SILTY CLAYEY SAND
! [ == (SC-sM)
! - 30 4= =] predominantly coarse sand *
' = L] P y C-5 36 {17 {110[ OVA 3 ppm
S e s
= s |15
Il ] IS"DT 3 125
| = 35
B ==
| T
i B 35 e 3
l SILT (ML); with some clay, trace C-6 31 OVA 3 ppm
: - medium to coarse sand, dark green to 50
blue green SPT-6 i
' i slightly decreased clay content ; ;
. = 48 C-7 36 OVA 2 ppm
N : 36
l .=~ SAND (SW); medium to coarse, scattered 11
: [ =] subrounded gravel light brown SPT-7 15,
. i = ] 30
S
- 45 e 2
1 - == C-8 31 OVA 2 ppm
X = wm " ) 46
i SILT (ML); with little clay, trace fine to SPT-8 §é
l medium sand dark gray to gray green 50
m Project No. Drawing No.
: Converse Consultants West
: 91-31-208-01 A-12




Log of Boring No. MC-3

I Date Drilled: 6/10/92 Logged by: GSB Checked by: MBS
Equipment:___ 8" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
I' Ground Surface Elevation;___190 feet Depth to Water: 27.5 feet
l. SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ .
This log is part of the report prepared by Converse for this N |- n
b project and should be read together with the report. This v |3 §
s summary applies only at the location of the boring and = w |- a
v 3 may differ at other locations and may change at the time ‘e % g E
h o I of drilling. Subsurface conditions may differ at other W | F |3~ [v4
l ’E % o locations and may change at this location with the passage a - g ,"_3 )_ﬁ é
w X o of time. The data presented is a simplification of actual [+ 4 [ 410 |[a D>
a oJd conditions encountered. o 7] | £ |Oov °
5 SILT (ML); (continued) C-9 17 | 19 OVA 3 ppm
: 5 decreasing clay content, decreasing medium 45
sand, increasing fine sand 12
i ISPT-9 16
' I 20
' - 55 :
1 . C-10 2
I 1 | |1 SILT (ML), sandy, fine sand, dark gray 43 OVA 30 ppm
]|\ to gray green 21
| . SPT-10 24
SILTY SAND (SM); fine sand, scattered 34
Il coarse sand, dark green to gray green
L 60 -
l increasing medium sand, decreasing fine IC'll 43 |24 [102| OYA 30 ppm
- sand ' 30 : :
30 High Sampling
L SPT-115, Resistance
l SPT Refusal
= _ 12 18 |21 |103| OVA 4 ppm
! SILT (ML), sandy, fine sand, trace clay, 50
] dark gray to gray green /— 26 High Sampling
! SPT-12|5, Resistance
SILT (ML); trace fine sand, contains thin SPT Refusal
. i horizontal undulating laminate. ,
- 10 s
‘ 2%2%; SILT (CL-ML); with some clay, trace C-13 2(5) 31 | 92| OVA 35 ppm
' ;ééé; fine to medium sand
% % /5
%% 7
I ;//%5
)
i D9%:
i i
m Project No. Drawing No.
: Converse Consultants West
! 91-31-208-01 A-13




Log of Boring No. MC-3

Date Drilled: 6/10/92 Logged by: Checked by: MBS
Equipment;__ 8" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
Ground Surface Elevation.___ 190 feet Depth to Water: 27.5 feet
SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ e
This log is part of the report prepared by Converse for this N | (7]
b project and should be read together with the report. This v |3 é
- summary applies only at the location of the boring and : w |- q
~ 3 may differ at other locations and may change at the time ° (e % g E
I o o of drilling. Subsurface conditions may differ at other w 0| = I3~ o
E & o locations and may change at this location with the passage a - g 3 ).t, E
w o of time. The data presented is a simplification of actual 14 o J | o |z >
0 oJd conditions encountered. o 0 m| E |Ov o
Hole drilled to 76 feet to try to loosen High Sampling
: . sampler and hammer, No SPT taken at 32 Resistance
170 71 feet, No drive sample at 75 feet SPT Refusal
S \ SPT-13|5¢
— - \SILTY SAND (SM); fine to medium,
e \ light gray, SAN PEDRO SAND
TAR SAND (SP); fine to medium sand, OVA 450 ppm
dark brown natural petroleum in void 16 |17 [112| High Sampling
Sy spaces L. 50 Resistance
.01 :| tar present as dark brown globs within 25 SPT Refusal
R cleaner sand portions SPT-14 50
-+, :| tar zones present as sub-horizontal layers OYA 500 ppm
‘AT from approximately 1/4" to 3" in
LR thickness
|| SILTY SAND (SM); fine to medium, no ‘;(5) OVA 800 ppm
T \_ tar staining in sample, gray Va SPT-15[57 High Sampling
: = T\ Tar-rich zone voids completely filled with 50 ?l:'?slt{aer}iesal
P \ natural petroleum
I .| SILTY SAND (SM); continued, thin tar
R RN lenses present, gray
{:: ]| fine sand, increasing silt content, oily sheen Ic-16 40 OVA 1,500
: present in sample 47 ppm
j : SPT-16[35 High Sampling
y 30 50 Resistance
i SR SPT Refusal
//. 7 / y 6
,ééé FERNANDO FORMATION: SILTSTONE SPT-17|10
é%%% AND CLAYSTONE; gray, sandy (8
o
;ééé OVA 75 ppm
-
% -
5// ////2 lc 18 gg SPT Refusal
Project No. Drawing No.
Converse Consultants West
91-31-208-01 A-14




l Date Drilled: 6/10/92 Logged by: GSB Checked by:

Log of Boring No. MC-3

MBS

Equipment:___ 8" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in

Il Ground Surface Elevation;____190 feet Depth to Water: 27.5 feet

o on om o= N

3

DEPTH (ft)

SUMMARY OF SUBSURFACE CONDITIONS SAMPLES
This log is part of the report prepared by Converse for this
project and should be read together with the report. This
summary applies only at the location of the boring and
may differ at other locations and may change at the time
of drilling. Subsurface conditions may differ at other
locations and may change at this location with the passage
of time. The data presented is a simplification of actual
conditions encountered.

GRAPHIC

LoaG

DRIVE

SPT

BLOWS /6"
MOISTURE (%)
DRY UNIT uWT.
(pcf)

OVA/REMARKS

End of boring at 100 feet

Groundwater encountered at 27.5 feet

Natural tar sands encountered at 87.5 feet

Hole sloughed to 57 feet when augers were
pulled

Boring backfilled with bentonite pellets and
portland cement

OVA readings in ppm

&

Project No.

Converse Consultants West
' 91-31-208-01

Drawing No.

A-15




Log of Boring No. MC-4

' Date Drilled: 6/8/92 Logged by: __APM (MAA) __ Checked by: MBS
Equipment:___ 8" Hollow Stem_Auger Driving Weight and Drop: 140 1b / 30 in
II Ground Surface Elevation,__ 160 feet Depth to Water: Static water level 21.8° on 7/14/92
u SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ 1.
This log is part of the report prepared by Converse for this NI 7))
2 project and should be read together with the report. This v {3 E
S summary applies only at the location of the boring and z w |+ a
~ 3 may differ at other locations and may change at the time 'e g ; ﬁ
! T I of drilling. Subsurface conditions may differ at other w (0] = |2~ [74
' E % o locations and may change at this location with the passage a - g ﬂ )_‘6 }:
w o of time. The data presented is a simplification of actual ¢4 o J 10 |[xa >
) aJ conditions encountered. o 0 m| £ |Ov o
SILT (ML); with little to some medium
' K sand, trace fine roots, dark brown
1.
[ T - B-1
B | :])| SILTY SAND (SM); trace clay, grayish
i brown
. i | C-1 8
- 10 1| : 21
' s spT-2 |8
i ) SRR 7
I | g § 9
' A [5 1 C-3 6
- 15 e 0
= =| SAND (SW); fine to coarse, little silt, SPT-4 |j0
T e grayish brown 19
S e
e
' [ o Ic-s 9 |22 {104
[ 20 - ."."..":| SAND/SILTY SAND (SP/SM); fine to 10
' o very fine with occasional thin sandy silt SPT-6 2
i RIS layers, gray, WET 3
i .o|¥ Static water level at 21.8 feet on 4
l e 7/14/92
i o C-7 20
34
m Project No. Drawing No.
Converse Consultants West
; 91-31-208-01 A-16




' Date Drilled:

ll Ground Surface Elevation:___160 feet

i
'|

Equipment:

Log of Boring No. MC-4

6/8/92 Logged by:  APM (MAA)

8" Hollow Stem Auger

Driving Weight and Drop:

Checked by:
140 Ib / 30 in

MBS

Depth to Water:_Static water level 21.8’ on 7/14/92

SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ |
This log is part of the report prepared by Converse for this N |- "
2 project and should be read together with the report. This A a‘:
[ summary applies only at the location of the boring and = w |- q
> e may differ at other locations and may change at the time 4 g% ﬁ
I T of drilling. Subsurface conditions may differ at other w |k [DA [14
E & o locations and may change at this location with the passage a - g ﬂ )_‘,j é
w X o of time. The data presented is a simplification of actual @ [/ J| 0 jxa >
=) oJ conditions encountered. o 1) @] £ |ov o
: 7 -] SAND (SP), (continued) 12
SPT-8
17
22
fine to medium, dark gray
I c-9 20
30 28
SAND (SP-SMY); fine to very fine, with SPT-10/8
silt, dark gray 15
_ 26
IC,-l 1 13
35 20
12
ISPT- 1255
36
C-13 11
L 40 13
SILT (ML); sandy, very fine sand, trace ISPT-M :;
mica, dark gray
17
| IC—lS 18
| 45 26 . .
—— 25 ng!l Sampling
i SAND (SP-SM); fine to medium, with silt ~|50 Sy
and little mica, dark gray, SAN 100 SPT Refusal
PEDRO SAND
[ L G 17 29
. .: 1 38
m Project No. Drawing No.
Converse Consultants West ;
91-31-208-01 A-17
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l Date Drilled:

Equipment:

Log of Boring No. MC-4

6/8/92 Logged by:  APM (MAA)

8" Hollow Stem Auger

ll Ground Surface Elevation;___160 feet

Driving Weight and Drop:

Checked by:

MBS

140 1b / 30 in

Depth to Water: Static water level 21.8’ on 7/14/92

ll SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ |-
This log is part of the report prepared by Converse for this N |- 0
o project and should be read together with the report. This v |3 E
- summary applies only at the location of the boring and : w |- a
y ~ 3 may differ at other locations and may change at the time ‘{ % ; ﬁ
l o I of drilling. Subsurface conditions may differ at other w g ‘l;-, b=’ C I{
: E_' % o locations and may change at this location with the passage a = ol wm |>0 <
w xo of time. The data presented is a simplification of actual 14 o 4]0 (kA =
o oJ conditions encountered. ) 2 @ | x [Gv O
; TI11{ SAND (SP-SM) (continued) 24
'l 1 SPT-18
33
| 41
i
gl [ EEAL lc-19 25
-l 411 _ " 195
55 = trace silt, light gray 27 High Sampling
L SPT-20|-, Resistance
u 120 SPT Refusal
-
ll [ Ic-59 35
L 60 - 55
11
l I SPT-22(|,
| 17
j SAND (SP-SM); fine to very fine, with ’
. - silt, some mica, dark gray IC_23 55
&5 55 . .
18 High Sampling
I SPT-24|,, Resistance
l 64 SPT Refusal
[ Ic-zs 30
L 70 - 60
1 _ ISPT-26 i;
i FERNANDO FORMATION: SANDY 15
' SILTSTONE, gray
[ C-27 21
A 40
m Project No. Drawing No.
Converse Consultants West
91-31-208-01 A-18




l Log of Boring No. MC-4

' Date Drilled: 6/8/92 Logged by: __ APM (MAA) Checked by: MBS

Equipment: 8" Hollow Stem Auger Driving Weight and Drop: 140 Ib / 30 in

Il Ground Surface Elevation;__ 160 feet Depth to Water: Static water level 21.8° on 7/14/92

ll SUMMARY OF SUBSURFACE CONDITIONS SAMPLES
This log is part of the report prepared by Converse for this
project and should be read together with the report. This

summary applies only at the location of the boring and

may differ at other locations and may change at the time
of drilling. Subsurface conditions may differ at other
locations and may change at this location with the passage
of time. The data presented is a simplification of actual
conditions encountered.

DRY UNIT WT.
(pef)

DEPTH (ft)
GRAPHIC

LOG

DRIVE

SPT
BLows/6"
MOISTURE (%)
OVA/REMARKS

FERNANDO FORMATION: (continued) 12
SPT-28

End of boring at 76.5 feet

Installed 4" dia. PYC Monitoring Well
0’-15’ Blank casing
15°-75" Slotted casing
75°-80" Blank casing

Backfilled annular space with #30 sand
Bentonite seal from 2’-10’
Concrete and traffic cover 0’-2’

Project No. Drawing No.

@ Converse Consultants West

91-31-208-01 A-19
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Log of Boring No. MC-5

Date Drilled: 6/30/92 Logged by: GSB Checked by: MBS
Equipment: 8" Hollow Stem Auger Driving Weight and Drop: 140 Ib / 30 in
E )
Ground Surface Elevation__ 159 feet Depth to Water: ) 19.5 feet
SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ e
This log is part of the report prepared by Converse for this N |- 0]
b project and should be read together with the report. This v 3 E
[ summary applies only at the location of the boring and z w |+ a
= 8 may differ at other locations and may change at the time Q % g E
I X of drilling. Subsurface conditions may differ at other w n|F |OA~ ©
'n'_ % o) locations and may change at this location with the passage ,?. - g a ).t }
[T} @xo of time. The data presented is a simplification of actual 14 o J 0 |z 2
o oJd conditions encountered. o 0 m | E |jaOv O
4-inch thick CONCRETE Va
! OVA
FILL: SILT (ML); sandy, with medium background
- sand, dark brown = 2 ppm
4
B 7
7 CLAY (CL); some silt, contains white C-1 8 OVA 3 ppm
- 5 / stringers, dark brown g
| ISPT-l 4
. / 8
g % CLAYEY SAND (8C) d t e C-2 | 7o OVA 30
7, ' , meaium to coarse - 1 A ppm
L 10 //,% . sand, green gray 2
- SILT (ML); with trace coarse sand, lSPT'2 5
mottled, light brown to red brown .
I Ic-3 7 |32 | 92| OVA 300 ppm
- 15 light brown to light green gray ;0
SPT-3 5
i 6
[ ' :' 1 :|XSAND (SP); medium to coarse sand, C-4 16 OVA 4,000
- 90 4 50 gasoline odor, free product on water 20 ppm
SPT-4 9 Free product
i j':,?_.: 7 on water,
i ] 5 strong gaso-
SILT (ML), trace medium sand, gray line odor
: green
i PE ] C-5 12 OVA 300 ppm
-l SAND (SP); medium to coarse, green 15
m Project No. Drawing No.
Converse Consultants West
91-31-208-01 A-20




I Log of Boring No. MC-5

Date Drilled: 6/30/92 Logged by: GSB Checked by: MBS
Equipment:___8" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
. Ground Surface Elevation;__ 159 feet Depth to Water: 19.5 feet
SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ 1.
This log is part of the report prepared by Converse for this N |- n
. b project and should be read together with the report. This v 3 E
- summary applies only at the location of the boring and = T a
. ~ 3 may differ at other locations and may change at the time Q g ; ﬁ
b o I of drilling. Subsurface conditions may differ at other w O |k |2~ (4
I E % o locations and may change at this location with the passage a - g ﬂ )_‘5 . }
w xo of time. The data presented is a simplification of actual 14 a J ] 0 jxa >
o O J conditions encountered. o 0 o | £ |Ov o
: .| SAND (SP); (continued) 3
l i SPT-5 |
SILT (ML); trace fine sand, with some 15
. - clay
| inreasing clay content
Ic-e 5 |30 | 93| OVA 20 ppm
l - 30 11
SPT-6 |/
I 10
. i 11
A
. [ o == C-7 14 |20 |108| OVA 40 ppm
| 35 4= =1 SAND (SW); fine, trace silt, light green 22
| o = 10
l ! P SPT-7 15
=z 20
- i — ]
l e
I 40 SILT (ML), trace fine sand, gray green C-8 }g OVA 8 ppm
10
. i ISPT-8 15
I 20
h I =s = SAND (SW); fine to medium, trace silt C-9 14 OVA >
- 45 =" binder, hydrogen sulfide odor, gas, 26 10,000 ppm
5' "=  SAN PEDRO SAND lSPT'g 25 H,S odor, gas
i - 35
== 50
¥ = =
[ e o OVA >
i Exh 10,000 ppm
I E—— == IC—lO }ig H,S odor
@ Project No. Drawing No.
Converse Consultants West
‘ 91-31-208-01 A-21




I Log of Boring No. MC-5

l Date Drilled: 6/30/92 Logged by: GSB Checked by: MBS
Equipment;___ 8" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
' Ground Surface Elevation:___ 159 feet Depth to Water: 19.5 feet
. SUMMARY OF SUBSURFACE CONDITIONS SAMPLES A |
This log is part of the report prepared by Converse for this N |- )
° project and should be read together with the report. This > (3 &‘
[ summary applies only at the location of the boring and H w i+ d
b S may differ at other locations and may change at the time ‘Q % g 5
I I of drilling. Subsurface conditions may differ at other w O Fr |D~ 4
l '6'_ % ® locations and may change at this location with the passage a - g ﬂ )_t ‘}
w xo of time. The data presented is a simplification of actual 14 o Jd1 0 |EQ >
Q oJd conditions encountered. Q 0 o} E [Ov (=]
o = SAND (SW); (continued) 25 High Sampling
l ! [ SPT-10{,5 Resistance
o 58 SPT Refusal
- s |
l =
. i L Ic-n 25 OVA 3,000
| 55 = 4
53 fo ] PR
! gl SPT-11
=
B E=
F e IC-l2 29 No recovery
- 60 = == 42
re sl fine to medium, light gray 27 HpS odor
[ = SPT-12
[ = 36
oo 57
[ =
l - ___‘_: :z some sand, medium to coarse gravel C-13 36 OVA 9,500
L 65 70 ppm
i 6/30/92 Drilling stopped because of 'SPT—13 ::2
l equipment failure on rig. 48
s Boring backfilled with bentonite pellets and
concrete cap placed on top
i 7/16/92 redrill
[ Cc-14 OVA >
- 70 ~fr— . 10,000 ppm
' -l SILTY SAND (SM); fine sand, dark gray 7/ 6/92
! 21 Drilled out
i SPT-14 10 boring and
' 32 to 70’ and
N 43 started
sampling
[ C-15 8 OVA. >
I FERNANDO FORMATION: SANDY 48 10,000 ppm

91-31-208-01 . A-22

m Project No. Drawing No.
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I Log of Boring No. MC-5

I Date Drilled: 6/30/92 Logged by: GSB Checked by: MBS
Equipment.__ 8" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
m Ground Surface Elevation;___ 159 feet Depth to Water: 19.5 feet
. SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ |
This log is part of the report prepared by Converse for this N |- n
o project and should be read together with the report. This v |3 E
(S summary applies only at the location of the boring and z w (- a
il 3 may differ at other locations and may change at the time ‘Q % g E
I I of drilling. Subsurface conditions may differ at other w Ol F {2~ x
' E & o locations and may change at this location with the passage a - g ,_“?. >_t|‘ }
w x®o of time. The data presented is a simplification of actual 14 o J 10 |za 2
Q o J conditions encountered. o 7] @] £ |Ov o
SILTSTONE, dark gray 10 gas
. i FERNANDO FORMATION: SANDY SPT-15]1¢
SILTSTONE (continued), dark gray 33
[ DAL Gl B C-16 12 OVA >
/1] CLAYEY SILTSTONE; silt, little clay,
l - 80 'ééééé dark gray §6 10,000 ppm
I ééé ISPT-IG '
i 17
.
////’ "
7
L W
.
1.
i aéé éa Ic-n 7 OVA >
g5 _;%é%; 25 10,000 ppm
I ééé%é SPT-17 f 6
GG
////5 18
1
- %%
;%//:
%%
o
S9%%: .
gé%é; decreasing clay ‘ C-18 17 OVA >
99%
- 90 -;//%; 24 10,000 ppm
77 18]
i %éé/ SPT-18,,
l %%% 15
: 7
4%
77
%%%
7
%%é' C-19 8 OVA >
o5 _,ééé 23 10,000 ppm
| ) 8
;ééé; SPT-19|%,
é/é%? 22
75
' %57
%%
Wi
O i OVA >
‘2%, /; increasing clay C-20 10
l O I 10 10,000 ppm
@ Project No. Drawing No.
} Converse Consultants West ' .
g 91-31-208-01 A-23




l Log of Boring No. MC-5

l Date Drilled: 6/30/92 Logged by: GSB Checked by: MBS
Equipment: 8" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
. Ground Surface Elevation;__ 159 feet Depth to Water: 19.5 feet
. ’ SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ |
] ! This log is part of the report prepared by Converse for this X |- [0
b project and should be read togetherwith the report. This v I3 g
(% summary applies only at the locatiomof the boring and z w | a
b 3 may differ at other locations and mag change at the time 'Q 1 % g E
% a I of drilling. Subsurface conditions may differ at other w ik |DA 4
l E % o] locations and may change at this location with the passage a - g ,'2 >‘d c\[
w Xo of time. The data presented is a simplification of actual 14 o 4| 0 |xa >
Q oJd conditions encountered. ) 0 0| X |Ov o
W /7] CLAYEY SILTSTONE, (costinued)
%% ’ SPT-20°
1. f
18
' End of boring at 101.5 feet
Backfilled boring with volchy chips
, Concreted top 1’ of boring flush with
' sidewalk
m Project No. Drawing No.
Converse Consultants West
| 91-31-208-01 A-24
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'

Log of Boring No. MC-6

l Date Drilled: 6/5/92 6/29/92 Logged by: GSB Checked by: MBS
Equipment;___ 8" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
ll Ground Surface Elevation; 158 feet Depth to Water: 17 feet
SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ |.
This log is part of the report prepared by Converse for this N )
] project and should be read together with the report. This - |3 &‘
[ summary applies only at the location of the boring and 3 w |- q
~ 3 may differ at other locations and may change at the time ‘Q g ’2 5
I b = of drilling. Subsurface conditions may differ at other w O ik |9~ x
E & o locations and may change at this location with the passage a - g ﬂ )_t c\[
w [r 4] of time. The data presented is a simplification of actual 14 [ J1 0 |xa >
a gJ conditions encountered. Q (0} @ | £ |Ov )
/ 4-inch thick CONCRETE /] Hand Augered
B to 5’
/ FILL: CLAY (CL); trace medium sand, Background
§ brick and concrete fragments in sample, OV A=3 ppm
| / dark brown
i // Y
7 . C-1 S
77 CLAYEY SAND (SC); medium to coarse 17
i 47 sand, trace silt, mottled, dark brown
L 10 ¥ //4 . zones which appear petroleum rich
% C-2 16 |24 | 99| OVA 15 ppm
- CLAY (CL); trace fine to medium sand, 19
% " contains discontinuous orange brown SPT-1 16
1 1. :7-][\__oxidation staining /] ég
i 1.+ '[| SILTY SAND (SM); medium to coarse
s 'Rl sand, some silt, trace clay
{::7:|:] decreasing coarse sand, increasing fine to
- 15 Tl medium sand C-3 19
i 2 NN 25
= =1 GRAVELLY SAND (SW); fine to coarse 18 OVA 25 ppm
i o =Y : SPT-2
| =" sand quartz sand, poorly sorted, grains 20
=] angular to subrounded, no fines present, 22
i = =] clean sand, petroleum odor, gray to
i = white, wet
=T Flowing
L 20 4= sands
= Ic-4 20 |16 {106
bt ] 6
N T3 s
! T:2]:] SILTY SAND (SM); fine to coarse sand, 30 Natural
some silt, light gray to blue gray petroleum
- ’ odor, gas
mv . « Project No. Drawing No.
Converse Consultants West
91-31-208-01 A-25
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/ ..‘_,- —

Log of Boring No. MC-6

Date Drilled: 6/5/92 6/29/92 Logged by: GSB Checked by: MBS
Equipment:__ 8" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
|l Ground Surface Elevation:__ 158 feet Depth to Water: 17 feet
SUMMARY OF SUBSURFACE CONDITIONS SAMPLES AL
This log is part of the report prepared by Converse for this N | (0]
3 project and should be read together with the report. This v |3 é
- summary applies only at the location of the boring and s w |+~ a
b 8 may differ at other locations and may change at the time ‘Q % "z" 5
e I of drilling. Subsurface conditions may differ at other w O ik O~ @
E % o locations and may change at this location with the passage ,?. . 8 ﬂ ).‘6 }
w o of time. The data presented is a simplification of actual 14 o J| o |z >
=] O J conditions encountered. o ® o | x jav o
SILT (ML); with some clay, trace C-5 17 OVA 150 ppm
— medium sand, some thin laminant, dark 25
=i ] \ green to gray f ISP.I._4 }g
SAND (SW); medium to coarse, gravel, 19
trace silt, light green to gray OVA 80 ppm
SILT (ML); with some clay, trace
- = medium sand, gray hc_6 15 118 (112
23 OVA 150
ppm
SPT-5 |°
12
’ 30
SILTY SAND (SM); fine sand, gray to i
blue gray
[ contains reflective white quartz silt grains IC‘7 ;g 24 1102
P Ispr-a a
OVA 15 ppm
SILT (ML); trace clay, green gray to blue 30
C-8 22
35
[ 45 OVA 150 ppm
I SILTY SAND (SM); fine to medium, SPT-7 149 Natural
little silt, SAN PEDRO SAND petroleum
I odor, gas
I SPT Refusal
'C-9 18 [16 |114
5 60
T methane and hydrogen sulfide gas Hollow stem
| drilling to 50°
terminated due
s g to hazardous
o emissions
m Project No. Drawing No.
Converse Consultants West
91-31-208-01 A-26
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Log of Boring No. MC-6

l Date Drilled: 6/5/92 6/29/92 Logged by: GSB Checked by: MBS
Equipment:_ 8" Hollow Stem_Auger Driving Weight and Drop: 140 1b / 30 in
', Ground Surface Elevation:___158 feet Depth to Water: 17 feet
SUMMARY OF SUBSURFACE CONDITIONS SAMPLES A~ |
This log is part of the report prepared by Converse for this N n
o project and should be read together with the report. This R fz‘
. summary applies only at the location of the boring and : w |+~ a
~ 3 may differ at other locations and may change at the time ‘Q g ; 5
I I of drilling. Subsurface conditions may differ at other w 0| = [D~ @
E & o locations and may change at this location with the passage a . g ﬂ )_‘d }
w xo of time. The data presented is a simplification of actual 14 o J 10 |z 2
Q g conditions encountered. o 0 m| £ [Qv o
6/5/92: Drilling stopped because of C-10
5 hazardous gas emisions from top of
augers. Boring backfilled with
i cement/bentonite/spoils mixture.
i 6/25/92: Drilling resumed with rotary wash
drill rig. Drilling fluid to control gas
i emissions.
e . . C-11 52 Redrilled with
i SAND (SP); fine to medium, poorly 27 Rotary Wash
graded, sugar sands, gray, SAN 40 High sampling
i PEDRO SAND SPT-8 |44 resistance
. . SPT Refusal
q occasional silt layers
F 60 i Ic-12 48 High Sampling
K 50 Resistance
i SPT-9 gg SPT Refusal
- 65 trace small gravel, gray to blackish gray 40 No recovery
s 50
i SPT-10|3,
i 28
- 70 % .
SILTY SAND (SM); fine to medium C-13 g(—; Ufpger.portxon
i sand, gray to blackish gray e
5 closing
i SPT-11 18
! 27
m . Project No. Drawing No.
Converse Consultants West
91-31-208-01 A-27




l - Log of Boring No. MC-6

I Date Drilled: 6/5/92 6/29/92 Logged by: GSB Checked by: MBS
Equipment;___ 8" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
’l Ground Surface Elevation:___ 158 feet Depth to Water: 17 feet
I. SUMMARY OF SUBSURFACE CONDITIONS SAMPLES P :
This log is part of the report prepared by Converse for this N )
o project and should be read together with the report. This v |3 é
[ summary applies only at the location of the boring and z w |+ a
i b g may differ at other locations and may change at the time ‘{ g ; E
; p o I of drilling. Subsurface conditions may differ at other w 0| - DA [
l E & o locations and may change at this location with the passage a - g ﬂ >_‘[, é
: w xo of time. The data presented is a simplification of actual @ o _I 0 | >
o gJd conditions encountered. o ] @ | E [Qv o
. 1 SILTY SAND (SM); (continued) 31 no recovery
l 5 occasional gravel lenses 50
7
= | ISPT—IZ 32
l , 35
‘ Rig chatter
' FERNANDO FORMATION: SANDY
B 80 SILTSTONE, dark gray to blackish C-14 12
gray color ! 15
!
5
I' I ISPT-13 T
! 14
-~ I 85
l SILTSTONE/CLAYSTONE,; trace shell N 7
. fragments, olive gray, weathered -144) ;
1
' - 90 9
, | SPT-15}1>
! . 17
R g End of boring at 91.5 feet
Groundwater not observed with rotary wash
) drilling method
B Backfilled boring
‘ Pressure grouted through drilling rods
g~ to 88'. Injected mixture of 4-501bs. bags
‘ of volclay grout blended with 100
. gallons water.
, Grout observed at surface
' Backfilled top of boring with bentonite
: chips 6/26/92
Backfilled top of boring with 2.5 bags of
' enviroplug chips, tamped, concreted top
of boring flush with sidewalk
@ Project No. Drawing No.
Converse Consultants West
‘ 91-31-208-01 A-28




Log of Boring No. MC-7

I Date Drilled: 6/26/92 Logged by: MBS Checked by: MBS
Equipment: 6" Rotary Wash Driving Weight and Drop: 140 1b / 30 in
|| Ground Surface Elevation;__ 158 feet Depth to Water: 20.5 feet
l SUMMARY OF SUBSURFACE CONDITIONS SAMPLES Al
' This log is part of the report prepared by Converse for this N | 0
o project and should be read together with the report. This v (3 é
[ summary applies only at the location of the boring and z w |~ a
= S may differ at other locations and may change at the time ‘Q g ; uz,
I b o of drilling. Subsurface conditions may differ at other "] ik |D~ 4
' 'E & o locations and may change at this location with the passage a - g ﬂ ),t c\l:
w o of time. The data presented is a simplification of actual 14 o J]1 0o |xa >
Q oJd conditions encountered. = 0 o} E jOv o
; M\1/4-inch thick CONCRETE /] Hand Augered
l 4 to 8 feet
CLAY (CL); sandy, brown to dark brown
I
E gradational contact Ro.ta'ry Wash
Drilling,
- fluid filled
L i o SILTY SAND (SM); with clay, fine to boring
' medium, with silt and clay binder, . .C'l 6
| brown ;
t SPT-1 5
i :
I - gradational contact
- 13 - c-2 15
_ | SAND (SW-SM); with silt, predominantly 30
! fine to medium, some coarse and 10
C occasional gravel, gravels sub-angular, SPT-2 13
moderately clean, light brown 15
- 20 Ty . ) . C-3 14 113 |116
' = light brown to light olive gray, wet I 9
' 6
I ! SPT-3 5
t ional 11 5 _
occasional gravel lenses Slight to
| S EN Moderate Rig
' N Chatter
» m Project No. Drawing No.
Converse Consultants West
91-31-208-01 A-29




' Log of Boring No. MC-7

Date Drilled: 6/26/92 Logged by: MBS Checked by: MBS
Equipment: 6" Rotary Wash Driving Weight and Drop: 140 Ib / 30 in
u, Ground Surface Elevation; 158 feet Depth to Water: 20.5 feet
SUMMARY OF SUBSURFACE CONDITIONS SAMPLES |
This log is part of the report prepared by Converse for this N |k n
ﬂ oy project and should be read together with the report. This v 3 E
[ summary applies only at the location of the boring and z w |- a
~ 8 may differ at other locations and may change at the time ‘Q g g ﬁ
T T of drilling. Subsurface conditions may differ at other w Ok |2~ ['4
I E % o locations and may change at this location with the passage a - g ﬂ >h E
W X o of time. The data presented is a simplification of actual x o J1 0 |z 2
a o J conditions encountered. o 0 0| £ jOv o
11 || SILT (ML), sandy, silt with fine to very C-4 10
. s 11 1 fine sand, varies to silty sand (SM), 8
111 light olive gray, some clay binder-varies lSPT i 7
. i 11,1 e
l i -] 7
' - 30 % ‘ . . C-5 6 Moderate
I CLAY (CL); mixture of clay and silt, 8 rig chatter
trace micaceous, olive gray 4
“ _ SPT-5
5
! ? 6
. [ // Cc-6 13 Disturbed
l s _ / 15 Sample
' SILT (ML); sandy with clay, fine sand, SPT-6 |°
~l i clay binder, olive gray ;
L]
l - 40 - _
| trace organic inclusions grass/root
) 1 - fragments, increasing fine sand 7
) -l SPT-7
o 1.1 10
i 1 ' 11
L 45 47 | | decreasing clay binder, increased fine sand g "
1 ik
11
- - SPT-8 13
! 27
gradational contact
' m Project No. Drawing No.
‘ Converse Consultants West
3 91-31-208-01 - A-30




' | Log of Boring No. MC-7

l Date Drilled: 6/26/92 Logged by: MBS Checked by: MBS
Equipment: 6" Rotary Wash Driving Weight and Drop: 140 1b / 30 in
ll Ground Surface Elevation;__ 158 feet Depth to Water: 20.5 feet
I SUMMARY OF SUBSURFACE CONDITIONS SAMPLES a e
This log is part of the report prepared by Converse for this N = )
l o project and should be read together with the report. This v |3 a:‘
- summary applies only at the location of the boring and s w |+ q
~ 3 may differ at other locations and may change at the time ‘Q g g 5
b I of drilling. Subsurface conditions may differ at other w aO| = {DA [14
I E % ) locations and may change at this location with the passage a - g ﬂ )_t', }
: w X o of time. The data presented is a simplification of actual 14 o Jjlo |z >
) o J conditions encountered. Q 2 0| £ |Ov o
g : -] SAND (SP), fine to medium, poorly C-8 39
l a radl e graded, moderately clean to clean, 50
sample has a slight hydrogen sulfide SPT-9 23
i [ 8l 0y odor, gray to light gray, SAN PEDRO 36
I S A SAND 44
zl ‘ b
) et O 'c-9 38
| . : i 50
g slight to moderate hydrogen sulfide odor, 55 High Sampling
l' i o gray to dark gray SPT-10135 Resistance
40
60 4 :
g i -.:.| fine to medium sand No recovery
' i - E D on ring sample
26 High Sampling
= T ISPT-“ 50 Resistance
%' i SPT Refusal
' - 65 .| sample has a moderate to strong hydrogen 'C-lO 38
i SRR sulfide odor, moderate to clean sands, 50
| ray to dark gra
l | e R SPT-12 39
i 39
el : : C-11 ‘|28 High Samplin
g‘ fine to coarse sand with gravels, dark gray I 56 | s g Rung
i to grayish black, sample has moderate . £sistance
r hydrogen sulfide odor SPT-13 26
1! "
' m ; Project No. Drawing No.
Converse Consultants West
91-31-208-01 A-31




l Log of Boring No. MC-7

Date Drilled: 6/26/92 Logged by: MBS Checked by: MBS
Equipment: 6" Rotary Wash Driving Weight and Drop: 140 1b / 30 in
! Ground Surface Elevation:__ 158 feet Depth to Water: 20.5 feet
SUMMARY OF SUBSURFACE CONDITIONS SAMPLES Al
This log is part of the report prepared by Converse for this N )
M o project and should be read together with the report. This v i3 E[‘
- summary applies only at the location of the boring and H w (- a
> 8 may differ at other locations and may change at the time '{ % ’i' uz,
i I I of drilling. Subsurface conditions may differ at other w 0| = |DA [+ 4
' E & @ locations and may change at .this location with the passage a - _ g ﬂ > B é
w ¢ O of time. The data presented is a simplification of actual 14 o J ] 0o |za >
Q o conditions encountered. o 0 o| & |Ov o
" : -] SAND (SP); (continued) C-12 36 High Sampling
' 8 I.:.:j'::; fine to medium, dark gray to grayish black 50 Resistance
B SPT-14 25 SPT Refusal
I 50
' - .. : .
Sy IC-lS 21 High Sampling
5 P L 50 Resistance
R _ R SPT-15(33
| gravel layer or lense 82°'-84' 15 82'-84°
I AENEE Drill Rig
i Chatter on
- R Gravel Layer
e or lenses
_ 8 s Ic-14 15
l - FERNANDO FORMATION: SANDY 21
’ SILTSTONE, dark gray ISPT_l § ?5
" i 24
' - IC—IS 15
3 27
) i8
.‘ i ISPT—17 31
i 35
1 - 95 -
I - shell fragments, massive IC'16 15
5 30
l JSPT-IS 9
1 m Project No. Drawing No.
Converse Consultants West '
* 91-31-208-01 A-32




Equipment:

l Date Drilled:

Log of Boring No. MC-7

6/26/92 Logged by:

MBS

6" Rotary Wash

I Ground Surface Elevation: 158 feet

Depth to Water:

Driving Weight and Drop:

Checked by:

MBS

140 1b / 30 in

20.5 feet

DEPTH (ft)

SUMMARY OF SUBSURFACE CONDITIONS
This log is part of the report prepared by Converse for this
project and should be read together with the report. This
summary applies only at the location of the boring and
may differ at other locations and may change at the time
of drilling. Subsurface conditions may differ at other
locations and may change at this location with the passage
of time. The data presented is a simplification of actual
conditions encountered.

SAMPLES

DRIVE

SPT

MOISTURE (%)

DRY UNIT WT.
(pcf)

OVA/REMARKS

s

— GRAPHIC
— LOG

SILTSTONE; (continued), sandy

End of boring at 100.5 feet

No groundwater observable with rotary
wash drilling

Backfilled boring pressure grouted hole
through 95° of drill rod, injected 100
gallons of 4 sacks volclay grout mix,
observed flow at top of hole, placed
metal cover

wo| BLOWS /6"

Dt

S

Converse Consultants West

Project No.

91-31-208-01

Drawing No.

A-33




' Log of Boring No. MC-38
l Date Drilled: 5/28/92 Logged by:  APM (MAA) Checked by: MBS
Equipment: 6" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
ll Ground Surface Elevation,___156 feet Depth to Water:_Static water level 18’ on 7/14/92
! SUMMARY OF SUBSURFACE CONDITIONS SAMPLES Al
This log is part of the report prepared by Converse for this N |+ )
o project and should be read together with the report. This v |3 §
- summary applies only at the location of the boring and z w |+ q
~ 8 may differ at other locations and may change at the time (Q g "z" E
h o I of drilling. Subsurface conditions may differ at other w [0 B B b= T x
' E % o locations and may change at this location with the passage a - g ﬂ )_t &
w xo of time. The data presented is a simplification of actual 14 o J 0O |xa >
Q oJ conditions encountered. (=] n m| E |Qv o
10-inch thick ASPHALT PAVEMENT
' 5 : underlain by 3-inch thick GRAVEL
[\ BASE COURSE i
' i CLAY (CL); plastic, trace fine sand and
fine gravel, dark choco-brown
i little coarse sand, trace medium gravel,
' i medium brown
u [ lC-l 14
» 16
3
! SPT-2 5
SILT (ML), sandy, very fine to fine, 6
. ] medium brown
I . : . c-3 | 12
l 12| SILTY SAND (SM); fine to very fine, 10
- 15 T medium brown 4
_ i do SPT-4 6
| =—"-=.] SAND (SW); fine to coarse, occasional silt 7
- = nodules, light brown grading to gray,
o wet
' i =" "i= Static water level at 18 feet on 7/14/92
i = = Ic-s 13
- 20 = :
‘ 8 .::_— —-_; SPT-6 7
i ] 9
- i g Ic-7 18
| l = ] 14
m Project No. Drawing No.
Converse Consultants West
91-31-208-01 A-34
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l Log of Boring No. MC-8
l Date Drilled: 5/28/92 Logged by:_ APM (MAA) Checked by: MBS
Equipment:___6" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
ll Ground Surface Elevation,__ 156 feet Depth to Water:_Static water level 18’ on 7/14/92
' SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ |-
This log is part of the report prepared by Converse for this N |- "
o project and should be read together with the report. This ~ 13 f.:‘
(5 summary applies only at the location of the boring and =z w ok a
~ S may differ at other locations and may change at the time ‘Q g g 5
x I of drilling. Subsurface conditions may differ at other w (0] = |2~ 74
:l E % o locations and may change at this location with the passage a - g ﬂ )_‘,j é
1 O of time. The data presented is a simplification of actual 14 o J1 0 |ega 2
Q o J conditions encountered. a 0 o] £ {Qv o
V / SILTY CLAYEY SAND (SC-SM); fine to 3
' i 7 medium, gray SPT-8 |,
I % 5
- | % : Ic-9 7
' - 30 / SANDY CLAY (CL) layers ;3
I 7 SPT-10| , |
: % I 10
n 3 SILT (ML); with some clay, trace fine 12
sand, gray ‘
u’ [ IC-ll 7
L 35 10
l _ | ISPT-IZ }2
] ‘| SILTY SAND (SM); very fine, gray . 16
l 1o INE | st (ML); sandy, very fine, gray e ' ZO 30 | o4
1. : 10
- 11 [ ISPT-14 13
l _ ) 15
- // |
I | % CLAY (CL); with silt, trace medium
sand, dark gray C-15 13 136 | 87
- 45 - / L5
5
I / 7
[ % C-17 6
7 10
m Project No. Drawing No.
Converse Consultants West
91-31-208-01 A-35
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Log of Boring No. MC-8

Date Drilled: 5/28/92 Logged by:  APM (MAA) Checked by: MBS
Equipment:____ 6" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
Ground Surface Elevation;__ 156 feet Depth to Water:_Static water level 18’ on 7/14/92
SUMMARY OF SUBSURFACE CONDITIONS SAMPLES Al
This log is part of the report prepared by Converse for this N | ]
3 project and should be read together with the report. This i é
- summary applies only at the location of the boring and = W |- a
b ,9‘ may differ at other locations and may change at the time '{ % "z‘ ﬁ
I I of drilling. Subsurface conditions may differ at other w | = |D~ x
E & o locations and may change at this location with the passage a - 8 ﬂ )tﬁ }
W o of time. The data presented is a simplification of actual [14 o 410 |zQ >
o gJd conditions encountered. a " @ | & |av o
: 1. SAND (SP-SM); with silt, fine to 8
medium, dark gray, slight petroleum SPT-18 18
i smell 24
[ L Ic-19 30 | 11 |106
— 55 strong petroleum smell ‘11455
ISPT-—ZO 24
28
C-21 35
- 60 . . 50
fine sand, light gray ISPT'ZZ 26
- 28
_ 36
i ks Ic-23 25
- 65 little silt, trace fine gravel 3§ High Sampling
e 25 !
' SPT-24|¢, Resistance
75 SPT Refusal
SILTY SAND (SM); fine, dark gray
Ic-zs 25
L 70 ..:--| little fine gravel, trace silt 50
R 12
ISPT-26 18
24
ol High Sampling
C-27 45 Resistance
4 50
m Project No. Drawing No.
Converse Consultants West
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. Log of Boring No. MC-8

l Date Drilled: ' 5/28/92 Logged by:___ APM (MAA) Checked by: MBS
Equipment:___ 6" Hollow Stem Auger Driving Weight and Drop: 140 Ib / 30 in
ll Ground Surface Elevation;___156 feet " Depth to Water:_Static_water level 18’ on 7/14/92
l' SUMMARY OF SUBSURFACE CONDITIONS SAMPLES Al
This log is part of the report prepared by Converse for this N |- "
o project and should be read together with the report. This v |3 é
& summary applies only at the location of the boring and = w [+ a
= S may differ at other locations and may change at the time ‘e % g E
I I of drilling. Subsurface conditions may differ at other w 0| k= DA 74
' E_' % o locations and may change at this location with the passage a - g ﬂ )_‘ﬁ }
w o of time. The data presented is a simplification of actual x o J]10 |z =3
a odJd conditions encountered. o ) | £ |Ov o
; [:: ;]| SILTY SAND (SM), fine, micaceous, 10
. ! L dark gray SPT-28},,
i (RO 26
{ |
-} ©: 17| No recovery (dense GRAVELLY SAND
| e (SP) 7) B S 14
1. - 80 32
i 1.:|)| SILTY SAND (SM); wet, dark gray A SPT-30 12
I' L 18
End of boring at 81.5 feet
Installed 4" dia. PVC Monitoring Well;
I' 0-15" blank casing; 15°-75" slotted
casing; 75’-80" blank casing
Backfilled annular space with #30 sand
1 from 9°-80°
I Bentonite chip seal from 2’-9’
Concrete and traffic cover from 0-2’
;:
i
1
i
m Project No. Drawing No.
Converse Consultants West
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' Date Drilled:

' Ground Surface Elevation,__ 158 feet

Log of Boring No. MC-9

6/29/92 Logged by:

GSB

Equipment;___ 8" Hollow Stem Auger

Depth to Water:

Driving Weight and Drop:

Checked by:

MBS

140 1b / 30 in

50 feet

DERPTH (ft)
GRAPHIC
LOG

SUMMARY OF SUBSURFACE CONDITIONS
This log is part of the report prepared by Converse for this
project and should be read together with the report. This
summary applies only at the location of the boring and
may differ at other locations and may change at the time
of drilling. Subsurface conditions may differ at other
locations and may change at this location with the passage
of time. The data presented is a simplification of actual
conditions encountered.

SAMPLES

DRIVE

SPT
BLOWS/6"

DRY UNIT WT.

(pcf)

OVA/REMARKS

|e -
.. °.'

2 1/2-inch thick ASPHALT PAVEMENT

FILL: SILTY SAND (SM); brown

l

\over 10-inch thick CONCRETE A

SILTY CLAYEY SAND (SC-SM); with
some clay, fine to coarse sand, mottled
brown to light brown

CLAYEY SAND (SC); fine to medium,
mottled green to black color

TAR SAND (SP); fine to coarse, sand
stained black by petroleum, abundant

' \ decomposing organic material in /
4

sampler tip

INTERBEDDED SAND (SP) and SILT
(ML); with some clay, medium to
coarse, portions contain tar, dark green

T \ to black
v

SAND (SW-SM); with silt, medium to
coarse, poorly graded, light green,
alternating coarse to very coarse layers,
light brown, wet sampler and sample at
20’~-perched water

C-2

C-3

£5

IMOISTURE (%)

ISPT-l

N N D (0o 0o

W NS W

ISPT-2

ISPT-3

o N \C 0 (S I 5 S -8

ISPT-4

AN OApP— W

— N

0

14

105

Contains
concrete
fragments

Strong
petroleum
odor present

Sand in SPT
tip wet

Converse Consultants Wes;

Project No.

91-31-208-01

Drawing No.
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Log of Boring No. MC-9

l Date Drilled: 6/29/92 Logged by: GSB Checked by: MBS
Equipment:___ 8" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
Il Ground Surface Elevation;__ 158 feet Depth to Water: 50 feet
SUMMARY OF SUBSURFACE CONDITIONS SAMPLES _r :
This log is part of the report prepared by Converse for this N |- )
o, project and should be read together with the report. This v |3 §
- summary applies only at the location of the boring and ] w (- q
~ 3 may differ at other locations and may change at the time '{ % E 5
p o I of drilling. Subsurface conditions may differ at other w Ol ¥+ |DA [4
E & o locations and may change at this location with the passage a - 8 ﬂ )_3 }
w ] of time. The data presented is a simplification of actual 14 o J1 0 |xo >
0 oJ conditions encountered. a 0 o | E |Qv o
I: 00 SAND (SW-SM); (continued) 4
scattered silty sand layers, wet sample SPT-5 1o
i 8
! Ic-s 26
L 30 4[5 0 26
_ — SPT-6 ||
SILT (ML); contains 1"-2"-thick fine
sand, green to gray green 15
C-17 15 {24 |101
- 35 ++—= - : 24 :
:.*. 1 :|gSAND (SP); medium to coarse, trace fine, spT-7 |11 Partial
-~ light brown gray, wet sample ¥a 13 recovery
15 flowing sands
] SILT (ML), sandy, some fine, gray
s - T
e e C-8 14
P _-_-S_;SAND (SW); fine, gray green 25
R — 14
i __l:‘__l-_'_l__ SILT (ML); with some clay, green ] 20
! = = SAND (SW); fine, gray green SPT-8 |27
S e
=
I SILT (ML), trace fine to medium sand, C-9 5 [27] 97
- 45 —L{.\  green gray Va 13
e . . spT-9 |17
i -.'| SAND (SP); fine to medium, trace coarse, 25
! green gray 39
i P C-10 16 Sample wet
[ 1 TIwSILT (ML), scatiered gravel, green gray 28 Groundwater
m = ' Project No. Drawing No.
Converse Consultants West
91-31-208-01 A-39
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Log of Boring No. MC-9

' Date Drilled: 6/29/92 Logged by: GSB Checked by: MBS
Equipment;___ 8" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
Ground Surface Elevation,__ 158 feet Depth to Water: 50 feet
u SUMMARY OF SUBSURFACE CONDITIONS SAMPLES A~ e
This log is part of the report prepared by Converse for this N |- )
o project and should be read together with the report. This v |3 é
-~ summary applies only at the location of the boring and s w i a
~ 3 may differ at other locations and may change at the time ‘Q g g E
I I of drilling. Subsurface conditions may differ at other w |k |OAa x
l E & o locations and may change at this location with the passage a - g ,(2 )_t }
w x o of time. The data presented is a simplification of actual [14 o J|l o |jxa >
Q ___(9 - _|'yeonditions encount.ered. i ] i Q 2 @m| £ |Ov (=]
= —-:- ~“SAND (SW);"fm"e to mec!num, increasing " 12 Wet sands
B =s = coarse, 2"-3"-thick silt layers present, Bead 7] absarvad i
_:_— —=:‘ green gray, wet sample 25 sample rings
' SILT (ML), little fine sand, green gray C-11 9
—- 55 16
10
| ISPT-ll 2
l i 33
H [ % C-12 10
L 60 % CLAY (CL); with some silt, trace fine 15
sand, dark green to brown black 9 sampler wet
| SPT-12 1
_ % 15
' / Jo-» 13
l - 65 / 21
12
" / Jor-u:
I / 13
: a i / contains abundant dark brown decomposing IC-1‘4 5
! ) organic matter in a clayey silt matrix 8
: / color becomes dark brown to red brown, 5
X 4 . . 7 SPT-14
A abundant organic material, decomposing 20 Slight hydro-
| \ odor present 30 gen sulfide
l } . odor present
- 7| SAND (SP); medium to coarse, gray to
- brown, SAN PEDRO SAND
B | T == _ ] C-15 25
te=—. i x] SAND (SW): fine, trace medium to coarse 48
@ Project No. Drawing No.
g Converse Consultants West
: ' 91-31-208-01 A-40
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Log of Boring No. MC-9

' Date Drilled: 6/29/92 Logged by: Checked by: MBS
Equipment;_ 8" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
l' Ground Surface Elevation.___158 feet Depth to Water: 50 feet
SUMMARY OF SUBSURFACE CONDITIONS SAMPLES Al
This log is part of the report prepared by Converse for this N |- n
o project and should be read together with the report. This v |3 X
- summary applies only at the location of the boring and z w |+ %
~ 8 may differ at other locations and may change at the time ‘Q g ; E
b I of drilling. Subsurface conditions may differ at other w o]+ |DA [14
E % o locations and may change at this location with the passage a - g ,“_’. > ‘6 é
w o of time. The data presented is a simplification of actual 14 o- J | 0 jexa >
=) ad conditions encountered. a 0 m{ £ |Qv o
= =1 SAND (SW); (continued) 25
= === fine, trace medium to coarse, light gray SPT-15/55
= =] 2
=
::' "_—'-: scattered coarse-grained lenses present IC‘16 ; g
80 = 5 moderate
o SPT-16 11 hydro-
s o 23 gen sulfide
s odor in SPT
? 3 _?___ sample
T
=
o gravelly and cobbly layer at 85 feet 37 Slight hydro-
85 i = 75 gen sulfide
;:- -f‘ ISPT-17 22 odor
e 30
o= 40
e
e
=
_:: i fine, trace silt, light gray 22 Slight hydro-
90 == i) 54 gen odor
o 5
e SPT-18|.,.
= I 2
e =
==
e e
== 45 No sample
O
95 e ] 54 recovery
i 26 at 95’
_.___: =] ISPT 19 26
e 50
e
+ P
m' . Project No. Drawing No.
Converse Consultants West ‘
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fl Log of Boring No. MC-9

' Date Drilled: 6/29/92 Logged by: GSB Checked by: MBS
Equipment.___ 8" Hollow Stem Auger Driving Weight and Drop: 140 Ib / 30 in
" Ground Surface Elevation; 158 feet Depth to Water: 50 feet
l SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ o
This log is part of the report prepared by Converse for this N | [4)

I 5 project and should be read together with the report. This v |3 £

[ summary applies only at the location of the boring and : w |+~ a

~ 3 may differ at other locations and may change at the time Q g g 5
. o I of drilling. Subsurface conditions may differ at other w | = |2~ 74
I E % o locations and may change at this location with the passage a - g ﬂ >_‘,j é
: w xo of time. The data presented is a simplification of actual 14 Q 410 |z >

Q o J conditions encountered. o n @ | £ |Ov o

15 .| No sample
‘ End of boring at 100 feet SPT-20|37 recovery
‘ Groundwater encountered at 50°, sloughed 49 at 100’
to 37°
‘. Boring backfilled with 12 bags of
! enviroplug medium bentonite pellets.
Chips activated with clean water
!I 3 feet of concrete provided in upper
portion of boring to grade
1
v m Project No. Drawing No.
Converse Consultants West
91-31-208-01 A-42




Log of Boring No. MC-10

l Date Drilled: 6/9/92 Logged by: GSB Checked by: MBS
Equipment;___ 8" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
Il Ground Surface Elevation;___175 feet Depth to Water: 60 feet
' SUMMARY OF SUBSURFACE CONDITIONS SAMPLES A |
I This log is part of the report prepared by Converse for this N - 0
o project and should be read together with the report. This v 3 E
.- summary applies only at the location of the boring and z w |+ a
~ 2 may differ at other locations and may change at the time 'Q g '2 E
I I of drilling. Subsurface conditions may differ at other w ol |3~ 74
l E_’ & o locations and may change at this location with the passage a - g ,“_’, >t c\:
w o of time. The data presented is a simplification of actual 14 o J]l o |lea >
) oJ conditions encountered. Q. 0 @m| £ [av o
e B 3-inch thick ASPHALT PAVEMENT
l | T 1 over 6 1/2-inch thick CONCRETE Background
1o \ over l-inch thick GRAVELLY / OVA=2 ppm
l I SAND road base Hand Augered
[ 15| SILTY SAND (SM); fine to medium, Eifeaat
i P with scattered coarse sand, little silt,
: ::;': slightly micaceous, brown to orange
- e t R brown
n I Drilling Begins
S S TV S SEE I . . -
l 13| increasing silt, sand predominantly fine C-1 ;(1) OVA 4 ppm
) 15
\ s : ISPT-I 18
I : frii); 20
l - 15 9 ‘| decreasing silt, fine to medium sand, lc-z 35 OVA 3 ppm
ol 1o contains black micaceous minerals 35
¢ RN - 19
-l SR & Bt ISPT’2 26
I ( 34
i i : .| fine sand, little silt, contains orange brown
= 40 0 silty sand nodules, gre a
‘ 20 -t SIS, ERERESEs RESRERS Ic-3 33 OVA 4 ppm
: | | O | 50
- ¢ \bKNDTSW)—mW; T S 11 ray |
. 7 - SPT-3 |19
I CLAY (CL); with some silt, contains
s white discontinuous stringers, trace 15
/ medium sand, green gray to gray
1 0
Project No. Drawing No.
. 91-31-208-01 A-43
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,I Log of Boring No. MC-10

l Date Drilled: 6/9/92 Logged by: GSB Checked by: MBS
Equipment.__ 8" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
'l Ground Surface Elevation___175 feet Depth to Water: 60 feet
SUMMARY OF SUBSURFACE CONDITIONS SAMPLES Al
' This log is part of the report prepared by Converse for this N |- )
l o project and should be read together with the report. This > |3 é
.- summary applies only at the location of the boring and : w |+ q
~ 3 may differ at other locations and may change at the time (Q % g ﬁ
] I X of drilling. Subsurface conditions may differ at other w O [~ (13
{l E & o locations and may change at this location with the passage a - g ﬂ ).‘6 }
i w X o of time. The data presented is a simplification of actual x o J10 |z 2
o o conditions encountered. o 1z 0} x jav (=)
SILT (ML); with some clay, trace C-4 34 OVA 4 ppm
‘l s medium to coarse sand, green gray to 50
j gray 15
| ISPT-4 21
l i increasing coarse sand content 35
]
' = . C-5 31 OVA 3 ppm
- ] SILT (ML), sandy, medium to coarse, 48
mottled light brown to brown in 15
ll | portions SPT-5 |5
| 30
L 35 41| -|. || increasing coarse sand
I : C-6 22 OVA 3 ppm
- 4 50 . s
j 7| sILTY SAND (sM); fine to coarse, Sprg 193 Sligh ssnipling
] N predominantly coarse, some fine to 50 EP'}S r;_ce 1
. | medium, little silt, contains scattered BENEA
il subangular to subrounded gravel, green
i 1) gray to gray
l 40 T _ -7 23 OVA 3 ppm
i o SAND (SW); predominantly coarse, trace 50
T silt, subrounded gravel (scattered), trace 24 Flowing sands
. s e o micaceous minerals present, green to SPT-7 50 . .
o gray Hngh sampling
- o resistance
F =
=
] C-8 45 OVA 4 ppm
' | fam— . 50
: SILT (ML); with some clay, trace fine SPT-8 22
- ] 30 .
I e =T sand, green to gray 35 Perched water
: at 47 feet
: SAND (SW); fine to medium sand, trace
'l i silt, green to gray, wet
m Project No. Drawing No.
Converse Consultants West
; 91-31-208-01 A-44
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Log of Boring No. MC-10

l Date Drilled: 6/9/92 Logged by: GSB Checked by: MBS
Equipment:___ 8" Hollow Stem Auger Driving Weight and Drop: 140 Ib / 30 in
' .Ground Surface Elevation;___175 feet Depth to Water: 60 feet
SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ .
This log is part of the report prepared by Converse for this N |- )
o project and should be read together with the report. This v |3 §
[N summary applies only at the location of the boring and =z w |- a
v o may differ at other locations and may change at the time elE g &
I I of drilling. Subsurface conditions may differ at other w Ol F |3~ 4
E & o locations and may change at this location with the passage a - 3 ﬂ ),‘6 }
w xo of time. The data presented is a simplification of actual x o J |0 jxa >
o oJ conditions encountered. o 7} @ | £ |av o
-1 \SILT (ML); with some clay, trace C-9 23 OVA 3 ppm
E medium sand 50 . .
26 High sampling
s SILTY SAND (SM); fine to medium, SPT-9 |59 resistance
i contains some quartz silt grains, gray to SPT refusal
green
SILT (ML), abundant reflective quartz
- 55 \ - silt grains present, gray to green /‘Ic_lo 35 |29 | 95
i SILT (ML); with some clay, trace lg
X medium sand, gray to green SPT-10 25
. 5
- SILT (ML), sandy, some medium to 2
coarse sand, gray to green
- 60 X , .
‘|| SILTY SAND (SM); fine to medium, C-11 31 |25 |100| Sampler wet
- little silt, gray to green 50 at 60°,
SPT-11 20 groundwater
F 20 OVA 4 ppm
i SILT (ML) sandy, little medium to 20
coarse sand, green to gray
- 65 41| || trace clay C-12 24 OVA 3 ppm
! 1 40
Il SILTY SAND (SM); fine sand, green to
_ l S = spT-12|17
o gray 14
. _':2-: : 40
i .| \SILT (ML), green to gray
[ | SILTY SAND/SANDY SILT (SM/ML),
- 70 4 ' fine, little silt, green to gray
: micaceous, contains reflective quartz silt IC-13 32 26 | 96| OVA 4 ppm
- ; "?fji grains, green to gray 30 High Sampling
i SPT-13|5, Resistance
| KA SPT Refusal
m Project No. Drawing No.
Converse Consultants West
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Log of Boring No. MC-10
I Date Drilled: 6/9/92 Logged by: GSB Checked by: MBS
Equipment: 8" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
. Ground Surface Elevation;__175 feet Depth to Water: 60 feet
. SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ |.
. This log is part of the report prepared by Converse for this N |- )
o project and should be read together with the report. This v i3 ‘lz‘
& summary applies only at the location of the boring and z w e a
~ S may differ at other locations and may change at the time 'Q % g 5
I I of drilling. Subsurface conditions may differ at other w ol F |3~ x
l E % © locations and may change at this location with the passage a - g ﬂ > t é
w o of time. The data presented is a simplification of actual 14 o J ] 0 jza >
o O conditions encountered. o 0 o E Qv o
I SILTY SAND/SANDY SILT (SM/ML), C-14 65 OVA 5 ppm
(continued) 53
contains scattered coarse sand ISPT-I 4|33
I SILT (ML); sandy, little medium to 40
coarse sand, trace clay, green to gray
i
50 C-15 OVA 3
SILTY SAND (SM); fine to medium, ppm
* 1 scattered coarse sand present, green to High Sampling
1. gray ‘ P SPT-15 Resistance
; SPT Refusal
u SILT (ML), green to gray
85 - - o
I SILT (ML); with some clay, little c-16 | OVA 200 ppm
medium to coarse sand, green to gray
. ISPT—16
' High Sampling
Resistance
0 . _ Cc-17
1 SILTY SAND (SM); medium sand, little
I : silt, gray, SAN PEDRO SAND
Hydrogen
e Sulfide gas
i 1o odor
hydrogen sulfide odor, gas
" 95 7. IC—18 No sample
] : :f:ﬁ': recovered
10 | = oVacto
m Project No. Drawing No.
Converse Consultants West
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| Log of Boring No. MC-10

l Date Drilled: 6/9/92 Logged by: GSB Checked by: MBS
Equipment;___ 8" Hollow Stem Auger Driving Weight and Drop: 140 Ib / 30 in
ll" Ground Surface Elevation;__ 175 feet Depth to Water: 60 feet
SUMMARY OF SUBSURFACE CONDITIONS SAMPLES |
This log is part of the report prepared by Converse for this N | 0
S project and should be read together with the report. This v |3 E
- summary applies only at the location of the boring and : w | a
v 8 may differ at other locations and may change at the time ‘{ g g ﬁ
3 b I of drilling. Subsurface conditions may differ at other w Ot F |OA @
E & @ locations and may change at this location with the passage ,?. - g & > t‘, }
w o of time. The data presented is a simplification of actual [+4 o J |0 |xa 2
Q o conditions encountered. o 0 o | E [Qv o

Perched water zone at 47 feet
Groundwater encountered at 60 feet

, Bacharach gas meter alarm sounded at 91
l feet: 32% LEL, 43 ppm hydrogen

: sulfide, Oxygen depletion. Auger

) flooded with water. No additional

;I readings. Hole advanced to 100".

g Sampled bottom for Environmental and
Geotechnical. Partial recovery in

II Geotechnical sample (no recovery at

I End of broing at 100 feet

95%)

: Water sounder lowered into hole, water
ll level at 80.5 feet, rising
Sloughing in hole below 65-70 feet
Hole closed at.65 feet
zl Boring backfilled with 14 bags of bentonite
pellets and hydrated as backfilling
proceeded. Water added to pellets.
l Pellets placed to within 12" of street
I grade and hydrated. One sack of
quickset concrete dyed black provided
at surface
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l Date Drilled: 5/26/92

]l Ground Surface Elevation;___179 feet

Equipment: 6" Hollow Stem Auger

Log of Boring No. MC-11

Logged by:

ART (MAA)

Driving Weight and Drop:

Checked by:

140 1b / 30 in

MBS

Depth to Water: Static water level 78.6° on 7/14/92

SUMMARY OF SUBSURFACE CONDITIONS SAMPLES Al
This log is part of the report prepared by Converse for this N |- 0
a project and should be read together with the report. This v |3 &‘
& summary applies only at the location of the boring and = W j- T
= 3 may differ at other locations and may change at the time ‘Q % ; E
I I of drilling. Subsurface conditions may differ at other w 0w )| - |2~ x
E & o Jocations and may change at this location with the passage a - 8 a )_t <\:
w xo of time. The data presented is a simplification of actual x a Jd ] 0 |z >
Q oJ conditions encountered. o n @ | £ |Oov o
": -] SAND (SP), fine, little silt, trace fine
! TR roots, reddish brown.
L /'/./)- Vﬁ
4 ’
s Eé%é? SILTY CLAY (CL/ML); trace fine sand,
éééé; grayish brown
s
] /z
%
- 9%%:
297
i %%
2%??3 SAND (SP); fine, little siit, brown
. W
i1 [ SILT (ML), with some clay, dark C-1 17
L 10 45 \  greenish-brown 32
pET . 1
: SAND (SP); fine to medium, grayish ISPT'2 12
brown 14
[ . . C-3 7
SILT (ML), trace fine sand, grayish 13
- 15 brown 6
( SPT-4 10
| 13
[ Ic-s 12
- 20 - ;4
i lSPT-6 10
i 13
I C-7 8
21
m Project No. Drawing No.
Converse Consultants West
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l Log of Boring No. MC-11

' Date Drilled: 5/26/92 Logged by: ART (MAA) Checked by: MBS
Equipment;___ 6" Hollow Stem_Auger Driving Weight and Drop: 140 Ib / 30 in
|I Ground Surface Elevation; 179 feet Depth to Water: Static water level 78.6° on 7/14/92
' SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~l.
This log is part of the report prepared by Converse for this N |- 1)
l o project and should be read together with the report. This v |3 l:x[
. summary applies only at the location of the boring and z T g a
> 8 may differ at other locations and may change at the time ‘Q % ; ﬁ
‘ X I of drilling. Subsurface conditions may differ at other w | k- |2~ x
AI E % o locations and may change at this location with the passage a - 8 ﬂ ).ﬁ é
1 w xo of time. The data presented is a simplification of actual x o 4| 0 jxa >
a g conditions encountered. . o 0 m| X |[Ov o
SILT (ML), (continued) 9
I i 1/4" lens of fine sand, trace fine gravel SPT-8 |1,
i 15
l _
l i lC—9 14
i - 30 very fine sandy silt, compact "
&~
I _ ISPT-IO T
l . 18
-
'l [ Ic-n 10
- 35 - 30
' i ISPT-IZ 3
| 17
I Ic-13 20
L 40 - 24
9
L ISPT-14 10
1! 7
CLAY (CL); with silt, compact, dark
' i gray )
I Ic-15 13
L 45 - 20
. 11
I i ISPT—16 5
i 14
[ C-17 16
28
v m Project No. Drawing No.
Converse Consultants West
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Log of Boring No. MC-11

Date Drilled: 5/26/92 Logged by: ART (MAA) Checked by: MBS
Equipment: 6" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
Ground Surface Elevation;___ 179 feet Depth to Water:_Static water level 78.6° on_7/14/92
SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ .
This log is part of the report prepared by Converse for this N | 0
° project and should be read together with the report. This v |3 é
[ summary applies only at the location of the boring and s w |- L d
> 3 may differ at other locations and may change at the time ‘Q % g E
I I of drilling. Subsurface conditions may differ at other w Ol k= |2~ 74
e & o locations and may change at this location with the passage o - g a > t é
w xo of time. The data presented is a simplification of actual 14 o 4|0 |xa >
o oJ conditions encountered. o 0 o | £ |Qv o
SILT (ML); with some clay (continued) 10
SPT-18
11
15
.= -==1 SAND (SW); fine to coarse, well graded,
oot P little fine gravel, dark greenish brown
o : ‘IC-19 25
- 55 = e 20
== . ISPT—20 E
1.1 SILTY SAND (SM); very fine to fine,
micaceous, dark greenish gray 30
IC-21 16
- 60 - 24
15
ISPT-22 18
18
Ic-23 17 |31 | 93
- 65 30
18
i ISPT—24 g5
16
SAND (SP-SM); very fine to fine, with
i silt, dark gray
Ic-zs 28 | 8 (110
- 70 - 44
17
ISPT-26 14
s 32
SAND (SP); very fine to fine, micaceous,
o L dark gray C-27 24
m Project No. Drawing No.
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Date Drilled:

Log of Boring No. MC-11

5/26/92 Logged by: ART (MAA)

Equipment:

6" Hollow Stem Auger

Ground Surface Elevation; 179 feet

Driving Weight and Drop:

Checked by:

MBS

140 Ib / 30 in

Depth to Water: Static water level 78.6° on 7/14/92

SUMMARY OF SUBSURFACE CONDITIONS SAMPLES A
This log is part of the report prepared by Converse for this N | 0
2 project and should be read together with the report. This v |3 E
(8 summary applies only at the location of the boring and s [T | a
+ 3 may differ at other locations and may change at the time Q % g E
X I of drilling. Subsurface conditions may differ at other w w|lF |DA~ 4
E & o loca.tions and may change at _thia l.ocation w_ith the passage ,?. - g ﬂ )_‘G é
w xo of time. The data presented is a simplification of actual x o J[ 0 |ga =3
o oJ conditions encountered. a 2 | |jQov o
c: -] SAND (SP); (continued) 9
i Y SPT-28|]
L% 25
i 07/ SILTY CLAY (CL-ML); with sand,
2?%?2 =  micaceous, dark gray
[ 2%/%5 78.6' Static water level on 6/18/92, IC'29 22 |21 (108
%% 27
Z%% 7/14/92
D5 8
i éééé SPT-30| |,
Z%%:
T 12
-
%%
N
1957
s ’
s
ééé lc-31 20
- 85 G 33
é%é spT-32|13
! %% 17
.
- 122
-::.:1 SAND (SP), fine to medium, micaceous,
i iy dark gray Ic-33 13
- 90 i 26
: ALK SPT-34|12
SILT (ML), sandy, compact, gray 18
[ Ic-35 50
- 95 - g(_)
d
i 38
B
[ . IC-37 %(5)
m ‘ Project No. Drawing No.
Converse Consultants West
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l Log of Boring No. MC-11

l Date Drilled: 5/26/92 Logged by: ART (MAA) Checked by: MBS

Equipment.___ 6" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in

II Ground Surface Elevation;__ 179 feet Depth to Water:_Static water level 78.6’ on 7/14/92

I SUMMARY OF SUBSURFACE CONDITIONS SAMPLES
' This log is part of the report prepared by Converse for this
summary applies only at the location of the boring and
may differ at other locations and may change at the time
; of drilling. Subsurface conditions may differ at other
‘ locations and may change at this location with the passage
of time. The data presented is a simplification of actual
conditions encountered.

DRY UNIT WT.
(pcf)

MOISTURE (%)
OVA/REMARKS

DEPTH (ft)
GRAPHIC
LOG

DRIVE

SPT

project and should be read together with the report. This
-1 | SILT (ML); sandy, (continued)
' 1] SPT-38

I =t b
N oo o | BLOWS/6"

l End of boring at 101.5 feet
‘ Installed 4" dia. PVC Monitoring Well,
0-25" blank casing; 15'-75" slotted
I casing; 25’-95" blank casing
| Backfilled annular space with #30 sand
from 19°-100’
d Bentonite chip seal from 2°’-9’
Il Concrete and traffic cover from 0-2°

91-31-208-01 A-52
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l Log of Boring No. MC-12

| ' Date Drilled: 6/3/92 Logged by: GSB Checked by: MBS

Equipment;___ 8" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in

! l Ground Surface Elevation;___180 feet Depth to Water: 77 feet

This log is part of the report prepared by Converse for this
project and should be read together with the report. This
summary applies only at the location of the boring and
may differ at other locations and may change at the time
of drilling. Subsurface conditions may differ at other
locations and may change at this location with the passage
of time. The data presented is a simplification of actual
conditions encountered.

|
l l SUMMARY OF SUBSURFACE CONDITIONS SAMPLES

DEPTH (ft)
GRAPHIC

LoaG

DRIVE

SPT

BLOWS /6"
MOISTURE (%)
DRY UNIT WT.
(pcf)
OVA/REMARKS

2-inch thick ASPHALT PAVEMENT Hand Augered
| T over 4-inch thick CONCRETE SLAB /| to 6

! 1 Background

P 1..]:} SILTY SAND (SM); fine to medium, OVA 5 ppm
il ; # some small gray to greenish clayey
| 150 portions, red brown

' ' Hollow Stem
l - | I Drilling

begins at 6’

[ PG o ; -1
ll -1 SAND (SP); fine, little to trace silt, clean & ;g s e
9 sand, gray to light brown
- 10
l T[] SILTY SAND (SM); fine to coarse, trace C-2 ;3
-t SRR clay, mottled, scattered white medium
! : sand, dark micaceous minerals, some SPT-1 8 OVA 10 ppm
l i i : white quartz-rich coarse sand lenses gg
i R
! ) AR
;l [ : OVA 10 ppm
= c-3 19
SAND (SW); medium to coarse, some A 42
" subrounded gravel, clean sand 18 Sand is wet
alternating orange brown and light SPT-2 21 on SPT tip
: ¥ brown layers, white orange brown to : 36 | Flowing sands
' light brown, wet sample-perched water : - '
Ic-4 | - |30 OVA 8 ppm
contains 4-6-inch thick layers of light gray ;-8
to green grey silty clay SPT-3 20
56
Project No. Drawing No.

onverse Consultants West
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Log of Boring No. MC-12

l Date Drilled: 6/3/92 Logged by: GSB Checked by: MBS
Equipment;_ 8" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
Ground Surface Elevation: 180 feet Depth to Water: 77 feet
SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ 1.
This log is part of the report prepared by Converse for this N |- n
o project and should be read together with the report. This v |3 E
[ summary applies only at the location of the boring and = w [+ a
~ 2 may differ at other locations and may change at the time ‘Q % g uz.l
I p o of drilling. Subsurface conditions may differ at other w | F |9~ @
'n'_ % o locations and may change at this location with the passage a - g 2 )_‘,_', <\[
] ¥ o of time. The data presented is a simplification of actual 14 o J 0 |za >
o oJ conditions encountered. o n m|E |Ov (=]
.= =1 SAND (SW); (continued) C-5 44 OVA 9 ppm
"= ==1 coarse sand, contains some subrounded to 56 . .
B rounded gravel, gravel is predominantly spT-4 |30 High Sampling
- gt 2 quartz, yellow brown 50 Resistance
e = SPT Refusal
= =
=
L 30 _:_—_1 —'-_'" OVA 10 ppm
[ = IC'6 35. Geotech
- = ] 70 sample:
o ] 35 no recovery
L= .| 6-inch thick fine sand layer, clean, well 50 switched to
! == sorted SPT-5 |50. split spoon
=T and resampled
=] SPT taken
35 1= = at 32
= Zm| fine to medium, well sorted, contains IC'7 50 OVA 15 ppm
g micaceous fractions, gray to light gray 20 High Sampling
e 100 Resistance
X - : SPT-6 |100
'?'_"-;: = scattered coarse white quartz sand present
L =
- EE
P
- 40 == C-8 100
| i 100
1: 71| SILTY SAND (SM); very fine sand, 40- Hydrogen
- contains discontinuous sub horizontal SPT-7 |50 sulfide odor
thin black stringers or lenses, sands are 80 OVA 10 ppm
] laminated with alternating orange High Sampling
] brown gray and dark gray layers Resistance
SPT Refusal
- 45
SILT (ML), with some clay, contains C-9 :;g SOIV: 10 ppm
i shiny polished clay surfaces, reflective 18 1N g
| quartz silt grains present, massive, no SPT-8 34 organic odor
distinct layering within core sample, 0
- dark green to brown and black 3
m Project No. Drawing No.
Converse Consultants West
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Log of Boring No. MC-12

' Date Drilled: 6/3/92 Logged by: GSB Checked by: MBS
Equipment;___ 8" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
Ground Surface Elevation;___180 feet Depth to Water: 77 feet
SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ |,
This log is part of the report prepared by Converse for this X |- 0
a project and should be read together with the report. This v |3 E
- summary applies only at the location of the boring and s [T ¥ a
~ 3 may differ at other locations and may change at the time ‘Q % g 5
I I of drilling. Subsurface conditions may differ at other w W]+ |[DA 74
E % o locations and may change at this location with the passage a - g ﬂ )_‘d é
w xo of time. The data presented is a simplification of actual 14 a Jd 10 | >
(=] o Jd conditions encountered. =] Z m|E |av o
SILT (ML), trace fine sand and clay, C-10 35 OVA 15 ppm
i contains reflective white quartz silt, 100 . .
well sorted sand, dark green to gray SPT-9 21 H‘S!‘ Sampling
i black and blue gray 36 Resistance
70 SPT Refusal
83 R ) ) c-11 39 OVA 15 ppm
] 1.:-f| SILTY SAND (SM); fine to medium, well 85
{ Ity sorted, dark green and blue gray 50 High Sampling
. 1.0 SPT-10{ ¢ Resistance
: ;::j'; 160 SPT Refusal
L 60 -t , _ .
| == SAND (SW); medium to coarse, contains - 183 OVA 11 ppm
i : “ T some subrounded gravel, no fine :‘5 High Sampling
i ; , \ fn;:ctxon present, dark green to blue [ lsp—r_“ 85 = —
| I e SPT Refusal
i "1 SILTY SAND (SM); fine sand, well
- sorted, gray green
el C-13 50 OVA 11 ppm
s 105 )
SILT (ML); trace medium sand, gray 49 High Sampling
s +H green Ve SPT-12}60 Resistance
: SPT Refusal
i SILTY SAND (SM); sand is fine, gray
| green
- 70 , C-14 60 OVA 10 ppm
" SILT (ML); trace clay, trace medium =5 pp
[ o .[x__sand, green gray vl wet material
I i ) ) at 71 feet
7.} SAND (SP); fine sand, some reflective
- Sy e quartz silt grains present, green gray,
& J ) ) ¢ ’ wet
m Project No. Drawing No.
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l Date Drilled:

Log of Boring No. MC-12

6/3/92 Logged by: GSB Checked by: MBS
Equipment;___8" Hollow Stem Auger ‘Driving Weight and Drop: 140 Ib / 30 in
’ Ground Surface Elevation;__ 180 feet Depth to Water: 77 feet
SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ |s
This log is part of the report prepared by Converse for this N ")
b project and should be read together with the report. This v 3 é
- summary applies only at the location of the boring and z w |+~ [
~ 8 may differ at other locations and may change at the time ‘{ g ; uzj
p I of drilling. Subsurface conditions may differ at other w (0 B =T (T4
E & o locations and may change at this location with the passage a - g ﬂ > t é
w Xo of time. The data presented is a simplification of actual 14 18 J| o |xa D
o oJd conditions encountered. Q [ m| £ [Ov o
“:: | SAND (SP) (continued) C-15 24 OVYA 20 ppm
s - 80
e 35 SPT Refusal
| SN 4 SPT-13 80
|| SILTY SAND (SM); fine sand, contains g';’;’"f‘i‘:ta‘e’
abundan; reflective quartz silt grains, Erdiratmeital
1 R Breen gray sampling
s N3 SE] - . : . stoped at 75°
80 ERI fine to medium, little silt, green gray lc_l6 60 | 24 Mateiials and
s 90 sampler wet
RVIEL High Sampling
i ISPT 14 50 Resistance
I SPT Refusal
~ 85 " "
SILT (ML); trace medium sand, contains C-17 20
- reflective quartz silt grains, green gray 4(5)
i ISPT-IS 60
= B IC—18 60 [30 | 94
[ 0 High Sampli
-140 18 ampling
I ISPT'16 55 Resistance
SPT Refusal
- 95 A 45
C-29
| ] ;
42 High Sampling
| SPT-1758 Resistance
SPT Refusal
[ C-20 18
36
@ Project No. Drawing No.
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l Log of Boring No. MC-12

l Date Drilled: 6/3/92 Logged by: GSB Checked by: MBS
Equipment: 8" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
E " Ground Surface Elevation;___180 feet Depth to Water: 77 feet
3 SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ .
This log is part of the report prepared by Converse for this N e N
o project and should be read together with the report. This ~ 13 g
[ summary applies only at the location of the boring and = w |- a
= 3 may differ at other locations and may change at the time Q % ; uz.l
I I of drilling. Subsurface conditions may differ at other w |+ (D~ @
’D-. & o locations and may change at this location with the passage a - g ﬂ )_‘d . é
w o of time. The data presented is a simplification of actual 14 1 J ]l o |za 2
o O conditions encountered. o n m| ¥ |Qv o

End of boring at 100 feet

Groundwater encountered at 77 feet

Environmental sampling to 75 feet

Geotech sampling to 100 feet

Boring backfilled with Enviroplug medium
bentonite pellets, water added to boring
approximately every 5 bags

Placed black concrete at surface
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' Log of Boring No. MC-13

91-31-208-01 A-58

l Date Drilled: 6/5/92 Logged by: _ APM (MAA) Checked by: MBS
Equipment:___ 6" Hollow Stem Auger Driving Weight and Drop: 140 Ib / 30 in
'l Ground Surface Elevation:___165 feet Depth to Water:_Static water level 65’ on 7/14/92
ll SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ |
This log is part of the report prepared by Converse for this N )
3 project and should be read together with the report. This = 13 é
[ summary applies only at the location of the boring and H w |~ a
; ~ S may differ at other locations and may change at the time ‘Q g 'i‘ E
: p o T of drilling. Subsurface conditions may differ at other w vl k= |23~ o
"l E & o locations and may change at this location with the passage a - g ﬂ )_t', &
w X o of time. The data presented is a simplification of actual 14 a J | O |zo >
' o oJ conditions encountered. Q 0 m| E |Ov o
; 10-inch thick ASPHALT PAVEMENT
g »>> 8 over 2-inch thick BASE course /.
; i SILT (ML); with some clay,
l i greenish-gray
' SILT (ML); very fine sand, dark brown Background
; 5 OVA 7 ppm
1.
ll 1
II | Ic-1 12
: - 10 S 15
l very fine to fine sand, compact, with sy |6 OVA 7 ppm
i - streaks of bright yellow orange iron €10
_ oxide, brownish gray 15
V [ 1. )| SILTY SAND (SM); fine to coarse, with
m | SRR ¥ iron oxide streaks, brownish gray IC_3 16
. L 15 25
1Ly 19 OVA 7 ppm
: : SR SPT-4
x U 12
1! :
. | SAND (SP); fine to medium, little silt,
e 8 trace fine to medium gravel, light IC-S 15
L o'y 1 brown 25
] 20 8 OVA 8 ppm
SPT-6
5 13
l i 16
I I g -3 12
16
@ Project No. . Drawing No.
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Log of Boring No. MC-13

l Date Drilled: 6/5/92 Logged by:  APM (MAA) Checked by: MBS
Equipment;___ 6" Hollow Stem Auger Driving Weight and Drop: 140 Ib / 30 in
' Ground Surface Elevation;___165 feet Depth to Water:_Static water level 65’ on 7/14/92
SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ |
This log is part of the report prepared by Converse for this N e 0
o project and should be read together with the report. This v |3 é
[ summary applies only at the location of the boring and = w - a
= ,‘:’. may differ at other locations and may change at the time Q % g uz‘
I X of drilling. Subsurface conditions may differ at other w 0|+ [D~ 4
E % o locations and may change at this location with the passage a - g ﬂ )_‘5 é
w @xo of time. The data presented is a simplification of actual 14 o J]1 0O |jxa 2
o oJ conditions encountered. o o o|x jOv o
SILT (ML), sandy, very fine sand, 8 OVA 7 ppm
I : occasional thin layer of silt, greenish SPT-8 |/,
11 gray 17
] 11 IC—9 - 12
» 41 16
30 S 9 OVA 10 ppm
I e , . SPT-10s
)| SAND (SP); fine to medium, trace silt,
i bluish gray e 23
- 11 SILT (ML), sandy, fine to medium sand,
11 trace medium gravel, gray
11 Ic-u 13
- 4. G 18
35 1 - 11 OVA 10 ppm
i 11 SPT-12
| 16
i 1 20
i 1-1. Ic-13 14
= 411 18
40 1| ) 13 OVA 7 ppm
I 1. SPT-14
. . 17
IRE 22
I " {T]| SAND (SP-SM); very fine to fine sand, C-15 15
L 45 4 1] ith silt, dark 23
45 o 2 with si ark gray 2 |ova 10 ppm
SN 14
S 17
[ o ‘ C-17 30
St 40
m Project No. Drawing No.
Converse Consultants West
91-31-208-01 A-59




Log of Boring No. MC-13

l Date Drilled: 6/5/92 Logged by:___APM (MAA) Checked by: MBS
Equipment; 6" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
' Ground Surface Elevation,___165 feet Depth to Water:_Static water level 65’ on 7/14/92
SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ |
This log is part of the report prepared by Converse for this N |- 0n
o project and should be read together with the report. This ~ 3 é
- summary applies only at the location of the boring and z w |+ L d
~ 8 may differ at other locations and may change at the time "Q % ; 5
I p ot of drilling. Subsurface conditions may differ at other w O |- DO~ x
E & o locations and may change at this location with the passage ,?. - g ﬁ ).t é
w Xo of time. The data presented is a simplification of actual [14 o J}lo |za >
Q G J conditions encountered. Q 0 o | |Ov o
R SAND (SP-SM) 14 OVA 10 ppm
fine to medium sand, some silt SPT-18 20
24
35
5 s o o 50+
53 alternating thin layer of fine sand and silt s OVA 12 ppm
SPT-20 20
28
SILT (ML); with layers of very fine to
fine sand, dark gray 20
60 30
30 OVA 10 ppm
SPT-22| (s High Sampling
T : 90 Resistance
1211 SILTY SAND (SM); fine to medium, SPT Refusal
: trace shells, dark gray
BRI R\, 4 . .
65 S I Static water level on 6/18/92, 7/14/92 %g OVA 10 ppm
i B at 65.3 feet SPT-24 20
s 24
o 16
R 26
&l 1.0 ‘ 10 OVA 7 ppm
_ | AT SPT-26, ,
i “1{.+[| SILTY SAND (SM); micaceous, some 22
e aes nodules of hard cemented silt, dark
s {ER N gray
i ; c-21 18 |21
R 33
m Project No. Drawing No.
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l Log of Boring No. MC-13

l Date Drilled: 6/5/92 Logged by: __APM (MAA) Checked by: MBS
Equipment:____ 6" Hollow Stem Auger Driving Weight and Drop: 140 Ib / 30 in
Ground Surface Elevation__ 165 feet Depth to Water:_Static water level 65’ on 7/14/92
g SUMMARY OF SUBSURFACE CONDITIONS SAMPLES 1.
g This log is part of the report prepared by Converse for this N n
= project and should be read together with the report. This v |3 x
- summary applies only at the location of the boring and s w |- a
~ 3 may differ at other locations and may change at the time ‘Q g ; E
' I I of drilling. Subsurface conditions may differ at other w | k= |3~ 4
i E & o locations and may change at this location with the passage a - g ,“_‘. >.‘6 &‘
w xo of time. The data presented is a simplification of actual 44 o J 10 |ga >
aQ oJd conditions encountered. (=] 7 @ | £ |av o
1: | SILTY SAND (SM), (continued) OVA 7 ppm
l i spT-2814
' 15
i 20
l i T SILT (ML); sandy, moderately cemented,
. 5 11t occasional thin layers of fine sand, dark
l I e~ lc-29 11 {33 ] 91
- 80 | || 18
- . » 7
i SPT-30 10
i e
=T L C-31 17
L g5 40 SAND (SP); fine to medium, trace to 5p0-5"1 . .
I SR little silt, dark gray, SAN PEDRO 24 High Sampling
I P SAND SPT-32140 Resistance
l [ Ic-33 40
L 90 50+ . .
. 32 High Sampling |
S SPT-34 :
X THe e , ~2%145 Resistance
l R 65 SPT Refusal
Ic-35 33
L High S li
24 18 ampling
SPT-36|4, Resistance
55 SPT Refusal
C-37 40
60
Project No. Drawing No.
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l Date Drilled:

' Ground Surface Elevation;__ 165 feet

Log of Boring No. MC-13

Checked by:

MBS

6/5/92 Logged by:  APM (MAA)

Equipment;___ 6" Hollow Stem Auger

Driving Weight and Drop:

140 1b / 30 in

Depth to Water:_Static water level 65 on 7/14/92

DERPTH (ft)

“{LoG

SUMMARY OF SUBSURFACE CONDITIONS
This log is part of the report prepared by Converse for this
project and should be read together with the report. This
summary applies only at the location of the boring and
may differ at other locations and may change at the time
of drilling. Subsurface conditions may differ at other
locations and may change at this location with the passage
of time. The data presented is a simplification of actual
conditions encountered.

SAMPLES

DRIVE

DRY UNIT WT.

MOXISTURE (%)
(pcf)

SPT
BLOWS/6"

OVA/REMARKS

| GRAPHIC

SAND (SP) (continued)

SPT-38

W
wm O

End of boring at 101.5 feet

Installed 4" dia. PVC Monitoring Well;
0-20" blank casing; 20’-95" slotted
casing; 95'-100° blank casing

Backfilled annular space with #30 sand
from 19°-100°

Bentonite chip seal from 2’-9’

Concrete and traffic cover from 0-2’

Moderate to strong hydrogen sulfide gas
odor emissions observed at surface
during monitoring well installation

High Sampling
Resistance
SPT Refusal m

Converse Consultants West

Project No.

91-31-208-01

Drawing No.

A-62




l Log of Boring No. MC-14

I Date Drilled: 7/8/92 Logged by: DSS Checked by: MBS
Equipment: 8" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
lI Ground Surface Elevation;___143 feet Depth to Water: 31.2 feet
n SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ .
This log is part of the report prepared by Converse for this N |+ »
o project and should be read together with the report. This el §
[ summary applies only at the location of the boring and z w o a
] » 3 may differ at other locations and may change at the time ‘Q % ’i‘ ﬁ
b o I of drilling. Subsurface conditions may differ at other w 0| = |2~ 74
I E % a locations and may change at this location with the passage a - g ﬂ >.t <\:
w xo of time. The data presented is a simplification of actual 14 o J o xn 2
a oJ conditions encountered. (] 0] o | £ |av o
I " 5-inch thick ASPHALT PAVEMENT |
/ FILL: CLAY (CL); sandy, wood
| - / fragments, dark brown
I - 5 */ silty, with trace sand, dark brown to
- / black C-1 rLsh Background
' 2 OVA 3-4 ppm
- |
“ i ; 7/ ‘ :
L 10 - / INTERBEDDED CLAY (CL) and SAND
l / (SP); with some silt, dark brown C-2 3
[ ‘ OVA 3-4 ppm
X / ISPT-2 Z HE
| % :
1. / - 5
/ 8
l i / weakly vesicular (pin-hole voids) 3 OVA 5 ppm
1 _ SPT-3 |
' i / 5
- 20 /// C-4 7
‘ 7////// CLAY (CL) with INTERBEDS OF SAND &
] (SP); with some silt, dark brown to 7 OVA 5.5 ppm
black ~ SPT-4
i 10
l A % 10 .
I .
m Project No. Drawing No.
Converse Consultants West
@ 91-31-208-01 A-63




I Log of Boring No. MC-14

l Date Drilled: 7/8/92 Logged by: DSS Checked by: MBS
» Equipment:_ 8" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
._ Ground Surface Elevation;__ 143 feet Depth to Water: 31.2 feet
t SUMMARY OF SUBSURFACE CONDITIONS SAMPLES PO
3 This log is part of the report prepared by Converse for this N - ]
5 3 project and should be read together with the report. This v |3 E
- summary applies only at the location of the boring and = w (- q
~ 8 may differ at other locations and may change at the time '{ g ; uz_,
o I of drilling. Subsurface conditions may differ at other w o |k |DA 74
' E % o locations and may change at this location with the passage a - g ﬂ )_t é
w xo of time. The data presented is a simplification of actual x o J | 0 jega >
o oJ conditions encountered. o 0 o | £ |ov o
I .:: .1 SAND (SP); medium, brown C-5 11 ] 6 |107
L 15
A ) 11 OVA 19 ppm
; - few thin silty clay interbeds (2-inch thick) SET~3 19
l' i T : 29
l - 30 medium to coarse, brown IC_6 24
A s . 50
¥ wet sample-perched water 16 OVA 8 ppm
SPT-6
i 12
i 12
- = 35 o -.‘~..' - - C 7
I SILT (ML); trace fine sand, interbedded - 16 Water appears
- with SAND (SP), blue green 2 perched on
SPT-7 20 silt layer
; - 24 OVA 8 ppm
l i 32
l - 40 - 'c-s 10
g [ ¥ OVA 8
ppm
I spT-8 |41 |
I ‘ 15
“ : 18
- 45 g C-9 17
i SAND (SP)/SILT (ML) INTERBEDS; silt 39
_ I layers are 1/16-inch thick to 1-inch 15 OVA 35-40
S | thick with planar contacts, SPT-9 18 ppm
l subhorizontal color varies from blue 18
L green to black
@ . Project No. . Drawing No.
Converse Consultants West
: 91-31-208-01 A-64




Log of Boring No. MC-14
I Date Drilled: 7/8/92 Logged by: DSS Checked by: MBS
Equipment:___ 8" Hollow Stem Auger Driving Weight and Drop: 140 Ib / 30 in
I Ground Surface Elevation;_ 143 feet Depth to Water: 31.2 feet
SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ 1.
This log is part of the report prepared by Converse for this N |- ")
9 project and should be read together with the report. This v |3 é
- summary applies only at the location of the boring and H [T q
~ S may differ at other locations and may change at the time Q % ; E
I I of drilling. Subsurface conditions may differ at other w ok DA 4
E & ) locations and may change at this location with the passage a - g ﬂ >_‘d }
w @ o of time. The data presented is a simplification of actual 14 a J1 0 | >
o oJ conditions encountered. a n o | £ [av o
:: - SAND (SP)/SILT (ML), (continued) C-10 18
s - 3 34
Z';::j 25 OVA 7 ppm
- ISPT-]O 36
i -} primarily sand (SP) but few silt (ML) 48
interbeds
- 55 * Ic-n 39
- FE] : 64 OVA 6
o 25 ppm
| :.::::.:. ISPT-ll 30 -
| : B ? : ’ 40
- 60
1. || SILT (ML) WITH SAND (SP) C-12 9
- 1°1. INTERBEDS; trace carbonized stem 36 OVA 6
1-1. fragments, bedding is 1/16-inch to spT-12/%0 Ridh & pprp
i I E 5-inch thick with sharp but wavy gg R;Eistazt‘::lep ng
| | contacts, blue green to gray SPT Refusal
L 65 41|
g C-13 50 Weak Hydrogen|
5 1 98 - 75 sulfide odor,
Al SAND (SP) with SILT (ML) INTERBEDS SPT-13 23 gas
i Fa “T7034 OVA 850 ppm
I o 50
- 70 i , C-14 23 Increasin
-/l SAND (SP), fine to medium, gray to 35 8
- Al black, SAN PEDRO SAND Hydrogen
R SPT-14 12 sulfide
8 SN 26 odor, gas
A e 35 OVA 3,500
s ppm
SPT refusal
m Project No. Drawing No.
Converse Consultants West
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' Log of Boring No. MC-14

' Date Drilled: 7/8/92 Logged by: Checked by: MBS
Equipment:___ 8" Hollow Stem Auger Driving Weight and Drop: 140 b / 30 in
’ Ground Surface Elevation___143 feet Depth to Water: 31.2 feet
; SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ |
: This log is part of the report prepared by Converse for this N = (5]
o project and should be read together with the report. This ~ |3 %
- summary applies only at the location of the boring and z w |+ a
= o may differ at other locations and may change at the time o1& 2 ﬁ
I I of drilling. Subsurface conditions may differ at other w 0| k- |2~ x
l E & o locations and may change at this location with the passage a - g 2 )_% }
w o of time. The data presented is a simplification of actual 14 8 <4 |0 |l >
Q g conditions encountered. o n @ | £ [Ov °
‘ . -] SAND (SP); (continued) =] 32 High sampling
- 62 resistance
» SPT-15 30 OVA 250 ppm
_ 54 SPT Refusal
l X 63 High sampling
resistance
' - 80 medium to coarse with trace fine gravel 13 SPT Refusal
i ' 32 High sampling
27 resistance
' a ISPT 16 70 OVA 100 ppm
100
. - 85 - 30
' L 100
1| INTERBEDDED SAND (SP) and SILTY SPT-17| 00 oL refusal
‘I i o SAND (SM); medium sand, massive to 65 resgistancep g
‘ | R Rk finely laminated (1/16"-1/2"), gray to
black OVA 600 ppm
| ;
. - 42
i .1 SAND (SP), fine, finely laminated, 17 OVA 400 ppm
YL T 4 : s SPT-18
. RS et laminations are roughly horizontal, gray 30
Gt to black 42
= . weakly vesicular with increasing moisture
95 co)rluent B 18 SPT refusal
: 5 32 High sampling
15 resistance
- SPT-1915% OVA 1,000
l‘ i 58 ppm
m. ' Project No. _ Drawing No.
Converse Consultants West
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' Date Drilled:

!

Log of Boring No. MC-14

7/8/92 Logged by: DSS Checked by: MBS
Equipment:.___8" Hollow Stem Auger Driving Weight and Drop: 140 1b / 30 in
a Ground Surface Elevation:__143 feet Depth to Water: 31.2 feet.
SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ .
This log is part of the report prepared by Converse for this N |+ ”n
o project and should be read together with the report. This v |3 g
“- summary applies only at the location of the boring and =z w |- a
~ 9‘ may differ at other locations and may change at the time Q % ; E
I I of drilling. Subsurface conditions may differ at other w [0 I o =P [4
E & o locations and may change at this location with the passage ,?, - g ﬂ > B &
w @xo of time. The data presented is a simplification of actual 4 o - o |jxa >
o cJd conditions encountered. o " m| ¥ |av o
c: . SAND (SP); fine to medium, laminated, C-20 20 - | SPT refusal
gray to black 32 High sampling
/ 25 resistance
s Is"T’20 40 OVA 1,000
72 ppm
! 35
40 SPT refusal
I SPT-21| High sampling
100 resistance
- OVA 500 ppm
L1040 , 4 "
.| trace coarse sand, fine gravel, gray to black [JC-22 0 SPT refusal
s 70 High sampling
38 resistance
L PRI e, OVA 5,000
pm f
End of boring at 112.5 feet
Groundwater encountered at 31.2 feet
Strong hydrogen sulfide odor while pulling
augers-gas
Hole caved to 35 feet below ground surface
Backfilled with bentonite chips and set
concrete cap 7/8/92
m Project No. Drawing No.
Converse Consultants West
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' Date Drilled: 7/9/92 Logged by:

II Ground Surface Elevation; _139.5 feet

o SR |
e s e

Equipment: 8" Hollow Stem Auger

Log of Boring No. MC-15

DSS

Driving Weight and Drop:

Checked by:

MBS

140 1b / 30 in

Depth to Water: Static water level 64.1° on 7/14/92

DEPTH (ft)

SUMMARY OF SUBSURFACE CONDITIONS
This log is part of the report prepared by Converse for this
project and should be read together with the report. This
summary applies only at the location of the boring and
may differ at other locations and may change at the time
of drilling. Subsurface conditions may differ at other
locations and may change at this location with the passage
of time. The data presented is a simplification of actual
conditions encountered.

GRAPHIC
LoG

SAMPLES

DRIVE

SPT
BLOWS/6"

MOXISTURE (%)

DRY UNIT WT.

(pcf)

OVA/REMARKS

|_6-inch thick ASPHALT PAVEMENT

FILL: CLAY (CL); with some silt, with
small wood fragments, black

locally with thin sand interbeds, dark
brown

CLAY (CL); interbedded sand, dark
brown to black

=

-

Ic-s

SAND (SP); fine grained with trace clay
binder, black to gray

W WK &

ISPT- 1

SPT-2

WV H WO W

Hh WP O

ISPT- 3

SPT-4

O N -

27

95

OVA
Background
4-5 ppm

OVA 4 ppm

OVA 3-4 ppm

OVA 4 ppm

OVA 4-5 ppm

Converse Consultants West
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Drawing No.
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l Ground Surface Elevation; _139.5 feet

Date Drilled:

Log of Boring No. MC-15

7/9/92 Logged by:

DSS

Equipment.___ 8" Hollow Stem Auger

Driving Weight and Drop:

Checked by:

MBS

140 1b / 30 in

Depth to Water: Static water level 64.1° on 7/14/92

SUMMARY OF SUBSURFACE CONDITIONS SAMPLES ~ .
This log is part of the report prepared by Converse for this N | )
o project and should be read together with the report. This v |3 é
(8 summary applies only at the location of the boring and s w |+ q
ad S may differ at other locations and may change at the time ‘Q % ; ﬁ
I b o of drilling. Subsurface conditions may differ at other Ig 031 “I-, D: ({
E &' o loca.tiom and may change at .this l_ocation w_ith the passage ot - o H [>0 q
1] xo of time. The data presented is a simplification of actual 14 Qo J] 0 |xa >
o oJ conditions encountered. a n @ | £ |Ov o
=1} SILTY SAND (SM) INTERBEDDED with C-5 5 |34 | 87
X b b SAND (SP); locally trace clay binder, 9
7/ \ fine sand, blue gray /— ISPT—S g OVA 5 ppm
/ CLAY (CL); sandy, interbedded with 9
/ sand, blue green to black
- 30 “// C-6 7.
! 2 ~ 10
7 6
| CLAY (CL); with some silt, trace fine SPT-6 |,
/ sand, blue green to black 8
- /% C-7 7 |2
13| SILTY/CLAYEY SAND (SC-SM) ) 5199
s S EIE wet sample at 36.5’-perched water 10
| SPT-7 |3
[ : 5: .| SAND (§P); with trace clay binder, fine, 7 OVA readings
i A o blue green to black 12 below wers
taken 7/10/92
. OVA 4-5 ppm
- 40 o ‘
Ic-s 13 |21 |107| OVA 4-5 ppm
5 e 17
T el 9
I B SPT-8 |,
| 32
i Ic-9 10
i I-:‘ﬁ:f silty clay interbeds 13 OVA 4-5
o 10 ppm_
. :': ;": SPT-9 25
i 252, 31
i silty sand interbeds
mA 4 7 Project No. Drawing No.
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' Log of Boring No. MC—15

' Date Drilled: 7/9/92 Logged by: DSS Checked by: MBS
Equipment:___ 8" Hollow Stem Auger Driving Weight and Drop: 140 Ib / 30 in
! Ground Surface Elevation:__139.5 feet Depth to Water: Static water level 64.1' on 7/14/92
g SUMMARY OF SUBSURFACE CONDITIONS SAMPLES A~
This log is part of the report prepared by Converse for this N | 0
o project and should be read together with the report. This v |3 g
(= summary applies only at the location of the boring and = W |- a
~ 3 may differ at other locations and may change at the time ‘Q g '2 E
5 I I of drilling. Subsurface conditions may differ at other w ik [D~ [4
' ’6_’ % o loca_tiom and may change at .this l_ocat?on w_ith the passage ,?‘ - g ﬂ )_t é
w @ o of time. The data presentdd is a simplification of actual 14 o J |0 jga >
a oJd conditions encountered. (=} 0 @ | £ |Qv o
I .11 | SAND (SP); (continued) C-10 14 |30 | 94
i . . 3 .'- 23
7 CLAY (CL); with some silt, trace fine SPT-10 9 OVA 3-4 ppm
l i / sand, mottled, gray to tan 14
/ 15
' - 93 VQ C-11 22
i %%% SILTY CLAY (CL-MLY); trace dark %9
Z¢é¢2 brown organic fragments-stems, gray to 10 OVA 3-4 ppm
. i GAY: tan SPT-11
'%%%: 15
% 19
L O
‘%44
: B
i
- 60 ks .
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