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Gentlemen:

This letter transmits ten copies of our draft report covering the geotechxiical investigation‘
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report has been issued initially in draft form for your review and comment prior to final
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We look forward to discussing this report with you.
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SECTION 1
EXECUTIVE SUMMARY

Page 1.1

This report presents the results of the geotechnical investigation performed for the proposed El

Segundo Segment of the Norwalk-El Segundo Rail Transit Project.

The findings and conclusions developed during this investigation .are presented herein. The first

part of the report presents the text which includes data analyses, interpretative information,

conclusions, and recommendations for design. The Appendices, which follow, contain the detailed

results of field and laboratory programs, and provide information that supports the conclusions and

recommendations presented in the main text.

i/
We previously performed a preliminary geotechnical investigation in order to establish general / 3\

conditions along the alignment. Information and data developed as a result of that study have been

reviewed and considered in preparing this report, and the prior field exploration and laboratory test

data have been incorporated herein. Also, applicable excerpts from that report have been included

herein for easy reference. We also previously performed an environmental audit to evaluate the

potential for subsurface soil or ground water contamination along the alignment. A summary of

this environmental audit has been included for reference.

The proposed El Segundo Segment will extend from the Century Freeway near Aviation Boulevard

to Compton Boulevard. This section is referred to as the Baseline Route, which is elevated for a

large portion of its total length. There are five stations planned along the segment: Aviation

Boulevard Station, Mariposa Avenue Station, El Segundo Boulevard Station, Douglas Street Station,

and the Compton Boulevard Station. A yard and shops area is planned at the south end of the

alignment.

A review of published literature indicates that no known active or potentially active faults cross

the alignment. Accordingly, the possibility of surface rupture along the alignment due to faulting
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is considered remote. The possibility of liquefaction occurring within the underlying deposits is also

ADE-88044 ‘Page 1.2

considered remote. Although the area could be subject to severe ground shaking in the event of ‘
a major earthquake, this hazard is common to Southern California and the effects of the shaking J

can be mitigated by proper structural design and proper construction.

Fill soils occur along part of the aligriment; the fill soils are generally shallow, but local deep

deposits could occur. Native materials generally consist of moderately firm but expansive clay, ——

—
underlain by dense and firm sands and silty sand with clay and silt. The sand deposits have very ] 1
little cohesion. Ground water is relatively deep beneath the alignment. Resistivity testing indicates -“"<
that the soils along the alignment range from mildly corrosive to corrosive. \ \

A portion of the alignment extends within the limits of the El Segundo Oil Field where there has
been extensive oil production activities in the past. There may be some potential for encountering

contaminated soils during construction. There is also a known environmental problem at the

Kramer and Company site in El Segundo; explorations at this site have not been performed.

| !
Foundation support for the aerial structures (rail guideways and elevated stations) and the_/ ’
Rosecrans Avenue/Aviation Boulevard Bridge may utilize drilled cast-in-place reinforced concrete
piles. Some difficulties could be encountered in the construction of the piles due to caving. If the [ _— 1
grading recommendations are followed, the proposed at-grade structures may be supported on
spread footings. The footings should be underlain by at least three feet of properly compacted fill. —

The on-site soils, except for debris and clay, may be used as fill material.

The successful completion of the studies herein reported was made possible by the splendid
cooperation of many individuals and organizations. We wish to extend our sincere thanks to all

those who in any manner aided in the work. We are grateful to the staffs of the Los Angeles

County Transportation Commission (LACTC) and the Transit Consultants of Southern California -
(TRANSCAL) for their assistance during the project. The counsel of Mr. Deepak Shah of
TRANSCAL is especially appreciated.

<
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SECTION 2 |
INTRODUCTION | ] )

2.1 PURPOSE OF INVESTIGATION

The purpose of this geotechnical investigation was to determine and evaluate the geotechnical

conditions along the proposed El Segundo Segment with regard to their possible effects on the

design and construction of the planned project.

22 SCOPE OF WORK

The scope of work for this investigation included the following major tasks:

o Drilling and sampling
o Laboratory testing
o Resistivity studies
o Geologic studies ,
o Environmental audit g
o Engineering analyses i
pheerne SRS —
o Seismic engineering studies
¥
o Preparation of geotechnical report . —
o Management, progress reports, and meetings. II
'?1
L } ¥
The scope of the investigation was planned in collaboration with Mr. Deepak Shah of Transit j
Consultants of Southern California. —!
2.3 EXPLORATION AND TESTING l ‘
Field exploration consisted of subsurface drilling, logging, and sampling. The purpose of the field ;
investigation was to develop a comprehensive understanding of the subsurface conditions along the B

L]
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_project route, and to establish the physical properties of the various soil types to be encountered.

The results of the field explorations are presented in Appendix A.

Laboratory tests were performed on representative soil samples in order to define the engineering

properties of the various earth materials encountered. The tests performed included: moisture and

density determinations, direct shear tests, consolidation tests, compaction and California Bearing

Ratio tests, Expansion Index tests, and mechanical analyses. The laboratory test results are

presented in Appendix B .

Downhole seismic surveys were performed in two of the borings to determine the propagation
velocities of compressional and shear waves through the subsurface soils. The results are presented
in Appendix C. The seismicity of the region surrounding the El Segundo segment was determined
from a computer search of a magnetic tape catalog of earthquakes. The computer scan is presented
in Appendix D. Resistivity tests were performed to evaluate the corrosion potential of the soils.

This task was performed by M. J. Schiff & Associates; the results are presented in Appendix E.

2.4 LIMITATIONS OF INVESTIGATION

Our professional services have been performed using that degree of care and skill ordinarily

exercised, under similar circumstances, by reputable geotechnical engineers and geologists practicing -—--__—_—_—lr
in this or similar localities. No other warranty, expressed or implied, is made as to the professional 1
advice included in this report. This report has been prepared for Transit Consultants of Southern | 1
California and their design consultants to be used solely in the design of the proposed rail transit ‘
project and related facilities. The report has not been prepared for use by other parties, and may | |
not contain sufficient information for purposes of other parties or other uses. |

As mentioned, our preliminary evaluation included an environmental audit to evaluate the potential
for subsurface soil or ground water contamination. Specific chemical tests to determine the
presence and concentrations of hydrocarbon or other forms of contamination were not performed

on any of the soil samples with the exception of OVA monitoring.

l
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_2.5: INSPECTION OF BORING SAMPLES

)

Soil samples recovered from the borings and remaining after laboratory testing are stored at the
~laboratory of the Los Angeles Office of LeRoy Crandall and Associates located at 900 Grand
Central Avenue, Glendale, California 91201.

2.6 PREVIOUS INVESTIGATIONS

We previously performed a preliminary geotechnical investigation in order to establish general
conditions along the alignment. The results were presented in our report dated November 29, 1988
(our-Job No. ADE-88044). Information and data developed as a result of that study have been

reviewed and considered in preparing this report. The prior field exploration and laboratory test |

data have been incorporated herein. Also, applicable excerpts from that report have been included
herein for easy reference. |
R
The results of an environmental audit of prior and current land use to determine the potential for | \
) 1
soil contamination were presented in our report dated August 25, 1988; our Job No. F-88044-4. ,/ \
: : / .
Information regarding the adjacent Century Freeway (Interstate 105) project was furnished by the b
State of California Department of Transportation (CALTRANS).
-
I |
|
R
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SECTION 3 —
PROJECT DESCRIPTION

3.1 GENERAL DESCRIPTION 1
The proposed El Segundo Segment of the Norwalk-El Segundo Rail Transit Project will run from | b
)

the Century Freeway near Aviation Boulevard at the north end of the alignment to near Compton’

Boulevard at the south end of the alignment. The proposed alignment of the entire Norwalk-El

Segundo Rail Transit Project is shown on Plate 3.1, System Map. The El Segundo Segment is \ 'l
shown in more detail on Plate 3.2, Map of El Segundo Segment. This section is referred to as the

Baseline Route, which is elevated for a large portion of its total length.

There are five stations planned along this segment of the rail transit project: Aviation Boulevard
Station, Mariposa Avenue Station, El Segundo Boulevard Station, Douglas Street Station, and

Compton Boulevard Station. The stations will provide both pedestrian and handicapped access, fare

collection, seating, shelter, and security. All stations will include shuttle bus stops and passengef

drop-off areas. Three of the stations (Aviation Boulevard, Douglas Street, and- Compton

p— |
Boulevard) will provide small park-and-ride facilities. There is also a rail yard and shop area in
Hawthorne at the south‘end of the segment. —|
3.2 EL SEGUNDO SEGMENT ALIGNMENT AND STATIONS |

The rail transit alignment for El Segundo Segment diverges from the Century Freeway segment
about 1,800 feet east of Aviation Boulevard. The elevated aerial alignment continues westward ——————
from the Century Freeway (Interstate 105) to the Aviation Boulevard Station, which is about 500 '
feet cast of Aviation Boulevard. The Aviation Boulevard Station is an aerial station platform. The

alignment continues west, past the station to the Aviation Wye, which will connect to the future

Coast Line to the north. |

—q" |
N | |




. aerial structure, parallel to the ATSF mainline.
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& i

- After leaving the Aviation Wye, the route continues westward on an aerial structure and turns — ]

southwesterly upon crossing Douglas Street. The alignment turns south after crossing Nash Street
]
and proceeds above grade on the west side of Nash Street as it enters the Mariposa Avenue

Station.

The Mariposa Avenue Station is an above-grade station located south of the intersection of

Mariposa Avenue and Nash Street. The line continues south from the Mariposa Avenue Station

N
and continues along the west side of Nash Street. After crossing Grand Avenue, the alignment | ’ )
]

diagonally crosses the intersection of El Segundo Boulevard and Nash Street to the El Segundo | —

Boulevard Station. '
o
The El Segundo Boulevard Station is an aerial station which overhangs both El Segundo Boulevard
and the Hughes EDSG Facility parking lot. It includes an off-street shuttle van facility and a drop- \
off area. The line continues southward on an aerial structure from the El Segundo Boulevard /\\
Lo
/ \

Station along the eastern edge of the Hughes property and crosses the Southern Pacific Railroad

freight rail spur and a vacant building on the H. Kramer and Company property. The alignment / ; A9

continues south on the aerial structure, running through the Southern California Edison Companyvj ‘H :

right-of-way. The alignment turns southeasterly to pass over and run parallel to the south side of

the Atchison Topeka and Santa Fe (ATSF) Railroad Los Angeles Harbor tracks before entering | ——}

[
e

the Douglas Street Station. ;

I B
»
The Douglas Street Station is an aerial station located in an area interrupted by the ATSF mainline ;J

tracks. Access to the station from the south is from a drop-off area at the end of the cul-de-sac

using stairs and an elevator; access from the north is from a drop-off area under the Southern

California Edison right-of-way using stairs. A small parking lot is planned on the Southernt

California Edison right-of-way. As the line leaves the aerial station, it continues southward on an

The alignment will diagonally cross the intersection of Rosecrans Avenue and Aviation Boulevard
on a new bridge structure west of the existing ATSF railroad truss bridge. The span length may

be as long(as 270 fegt to accommodate future widening of the Rosecrans/Aviation intersection.

J/0
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4%// 5//1

@r crossing the intersection of Rosecrans Avenue and Aviation Boulevard, the alignment

‘]

descends to grade and uses the ATSF right-of-way to the Compton Boulevard Station.

The Compton Boulevard Station will be at-grade with side platforms. A parking lot will be located
either east of the railroad or on U.S. Air Force property east of the yard and shops site. South
of the Compton Boulevard Station, the alignment turns west into the Hawthorne Yard and Shops

area. The future Torrance mainline segment would continue to the south.

3.3 YARD AND SHOPS AREA

The Hawthorne Yard and Shops would serve the following operations: vehicle dispatch, storage,

interior and exterior cleaning, running repair, daily and periodic inspection, testing, and blowdown.
A vehicle maintenance building, operations building, and other facilities will be built to

accommodate such operations. X

The proposed Hawthorne Rail Yard would be on approximately 9.4 acres of land located at 14714

Aviation Boulevard that was owned by the State of California. The site, which is relatively level,

is bordered by Aviation Boulevard on the west, U. S. Air Force property on the south and east,u_i‘

and a Southern California Edison utility right-of-way on the north. It would permit direct access
from the Compton Boulevard Station on the north, with a possible future southern exit to the

future Torrance mainline extension of the rail transit project.
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SECTION 4 —
GEOLOGY

)

SN

4.1 PHYSICAL SETTING
The proposed El Segundo Segment of the Norwalk-El Segundo Rail Transit Project will be located f “"‘)“\

within the Los Angeles Basin at the northerly end of the Peninsular Ranges geomorphic province. . [ A

This geomorphic province trends northwest, reflecting the dominant trend of major fold belts and “"”‘*ﬂ

fault zones in the Southern California region.
—

The most promiﬁent physiographic feature along the alignment, the El Segundo Sandhills, consists

of a coastal belt of dunes and sandhills extending south from Ballona Gap to the Palos Verdes Hills f‘!’,_\

(a distance of about 112 miles) and inland, or eastward, from three to five miles (Poland et al., / \

1959). The sandhills are subdivided into two distinct elements. One element is adjacent to the f J—

coast and is comprised largely of active, or recent, dunes. The recent dunes are between one-Z/ _

third to one-half mile wide, with a maximum elevation of 185 feet above sea level.

The second element constitutes the main part of the sandhills, consisting of stabilized ancient, or [—

older dunes. The older dune sand attains a maximum height of about 245 feet above sea level.

Weathering and associated stabilizing processes have removed all but the gross features of dune

topography in the older dune sand area (California Department of Water Resources, 1961).

The major geologic structural feature in the area is the Newport-Inglewood Fault Zone which is

e

reflected at the surface by the nearby Baldwin Hills. At its closest point, the Newport-Inglewood

Fault Zone is about 2.8 miles northeast of the alignment.

The relationship of the rail transit alignment to regional and local geologic features is shown on _j
Plate 4.1, Regional Geology, and Plate 4.2, Local Geology, respectively. The alignment is shown

in relation to major fault zones and earthquake epicenters on Plate 4.3, Regional Seismicity.

—<j
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4.2 GEOLOGIC MATERIALS —

The alignment will extend across areas partially mantled by late Pleistocene age (older) dune sands

-

and by continental deposits of the late Pleistocene Lakewood Formation. Where present, the older

dune sands directly overlie the Lakewood Formation. As observed in our exploratory borings, the

older dune sand consists of fine to medium sand initially deposited as offshore bars and later *~——
reworked by wind and stream action (Poland et al., 1959). The older dune sand is estimated to

attain a maximum depth of about 100 feet in the area. ——,

The Lakewood Formation consists primarily of sand, with discontinuous lenses of silt and clay. | ——

These deposits extend to depths of about 200 feet beneath the alignment and unconformably

overlie marine silt and clay of the early Pleistocene San Pedro Formation. The San Pedro
Formation, attaining a maximum of thickness of 200 feet, is underlain by approximately 26,000 feet
of Tertiary marine and non-marine sedimentary rocks. The Tertiary units, in turn, are underlain

by basement rocks believed to be primarily Catalina Schist.

[ . e . .
A thin cover of artificial fill materials is present along some of the alignment.

43 GROUND WATER

The proposed transit alignment is located within Township 3 South, Range 14 West, Sections 7, 18, [ —
and 20, within the West Coast Hydrologic Subarea of the Coastal Plain of Los Angeles County ey
Hydrologic Subunit. Water level measurements by the Los Angeles County Flood Control District

indicate that the ground water elevation in the area has historically been at or below sea level »(this

would correspond to a water level depth generally about 100 feet beneath the alignment). The -
highest recorded water level in the area over the past 50 years was about 14 feet above sea lf:velL_::‘_;__:w_:I

in 1973, obtained in a well situated about one-half mile west of the south end of the alignment

(near the intersection of Scpulvéda Boulevard and Rosecrans Avenue).

Data compiled by the Los Angeles County Flood Control District in the fall of 1985 indicate the

water level beneath the alignment had varied between five feet above sea level (at the northerly

—Q
s
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‘end) to about five feet below sea level (at the southerly end). Accordingly, the depth to ground —ﬁ\

water ranged, at that time, from 95 feet to 85 feet, respectively.

Perched ground water, at a depth of about 50 feet below ground surface, has been reported for
the area near the intersection of Rosecrans Avenue and Aviation Boulevard. Water was measured _____/
at a depth of 73 feet in one of the borings drilled near this intersection; details of the boring are

discussed in Section 6.

4.4 GEOLOGIC HAZARDS
4.4.1 General

The geologic hazards along the alignment are essentially limited to those caused by earthquakes.

The major cause of damage from earthquakes is the result of shaking from earthquake waves.

Damage due to actual displacement or fault movement beneath a structure is much less frequent. —\\
F

V ]
fy
4.4.2 Faults ’——\

The numerous faults in Southern California include active, potentially active, and inactive faults./ f \\E
The criteria for these major groups, as established by the Association of Engineering Geologists
(1973), are presented in Table 4.1. Table 4.2 presents a listing of active faults in Southern
California with the anticipated magnitude of a maximum credible earthquake of each fault. Table
4.3 provides a similar listing for potentially active faults. No faults or fault associated features were by

observed in the vicinity of the alignment during our reconnaissance of the area.

No known active faults pass beneath the alignment nor does the alignment extend into or through
an established Alquist-Priolo Special Studies Zone. In our opinion, there is little probability of
quist-Pri peci n our opi pr ility of —

surface fault rupture occurring beneath the El Segundo Segment alignment.

Nearby faults include the active Newport-Inglewood Fault Zone and the potentially active

Charnock, Overland, and Palos Verdes Faults. Other significant faults include the active San _l
Andreas and Malibu Coast Fault Zones. '

-—Q'
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'with the Alquist-Priolo Special Studies Zone Act of 1972. This category includes such faults as the
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TABLE 4.1 ' e
CRITERIA FOR CLASSIFICATION OF FAULTS WITH
REGARD TO SEISMIC ACTIVITY
(Modified from Association of Engineering Geologists, ')
Geology and Earthquake Hazards, 1973) —

A. Active Faults: (See Table 4.2)

| —/
These faults have shown historical activity or have been included in the State of California’s fault N
rupture studies zones as established by the California Division of Mines and Geology in accordance }

San Andreas, San Jacinto, and Newport-Inglewood. u
B. Potentialiy Active Faults: (See Table 4.3) L

These faults are those, based on available data, along which no known historical ground surface
ruptures or earthquakes have occurred. These faults, however, show strong indications of geo-
logically recent activity. Potentially active faults can be placed in two subgroups that are based on
the boldness or sharpness of their topographlc features and the estimates related to recency of
activity. These subgroups are:

1. Subgroup One - High Potential Z/

a. Offsets affecting the Holocene deposits (age less than 10 - 11,000 years).

b. A ground water barrier or anomaly occurring along the fault within the
Holocene deposits.

c. Earthquake epicenters (generally from small earthquakes occurring close to
the fault). .

d. Strong geomorphic expression of fault origin features (e.g.A faceted spurs,
offset ridges or stream valleys or similar features, especially where Holocene

topography appears to have been modified).
2. Subgroup Two - Low Potential

This subgroup is the same as l-a, b, or d above, with the exception that the indications of
fault movement can be only determined in Pleistocene deposits (less than 1,000,000 years

ago). |

C. Inactive Faults:
These faults are without recognized Holocene or Pleistocene offset or activity.
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TABLE 4.2
MAJOR NAMED FAULTS CONSIDERED TO BE ACTIVE (a)
IN SOUTHERN CALIFORNIA
Date of Maximum Known Fault =
Fault Latest Major Credible Length (f)
(in alphabetical order) Activity Earthquake (Miles)
Big Pine : 1852 7.5 (b) - 47 }
Coyote Creek 1968 7.2 (c) 50 /
Elsinore 1910 7.5 (b) 120
Garlock (d) 1 - 1.75(b) 170
Malibu Coast 1973 7.0 (c) 30
Manix 1947 6.25(b) 15
More Ranch (d) 7.5 (b) 34
Newport-Inglewood 1933 7.0 (b) 39
Raymond (e) 6.6 (c) - 15
San Andreas Zone 1857 8.25(b) 200+
San Cayetano (e) 6.75(c) 32
San Fernando Zone 1971 6.5 (b) 8
San Gabriel (@ 7.5 (c) 80
San Jacinto Zone 1968 7.5 (b) 112 —]
Superstition Hills _ 1987 ‘ 7.0 (b) 22
White Wolf 1952 7.75(b) 60 —
Whittier 1987(?) 7.1 (c) 30
-

(a) Historic movement (1769 present).
(b) Greensfelder, C.D.M.G. Map Sheet 23, 1974.
(c) Mark (1977) Length-Magnitude relationship. —
(d) Intermittent creep. - i
(e) Zoned by the State Geologist for the Alquist-Priolo Program. :
() Based on Division of Mines and Geology "Fault Map of California, "

Map No. 1 (1975)

=
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TABLE 4.3
MAJOR NAMED FAULTS CONSIDERED TO BE POTENTIALLY ACTIVE (a)
IN SOUTHERN CALIFORNIA
Maximum Fault
Fault Credible Length (d)
(in alphabetical order) Earthquake (Miles)
Calico-Newberry 7.25(b) 60
Charnock 6.6 (¢) 13
*Chino . 6.7 (c) 18 | —
Cucamonga 6.5 (b) 20 ) ﬂ
*Duarte 6.3 (c) 60 L L
Northridge Hills 6.5 (b) 12
Norwalk 6.4 (c) 20
Oakridge 7.5 (b) 35 / ,'J
*Qverland 6.2 (c) 6 / i’
Ozena 713 (c) 47 J
Palos Verdes 7.0 (b) 30 /'—\3
/

Pinto Mountain 7.5 (b) 42
*San Jose 6.5 (c) - 17
Santa Cruz Island 72 (c) 50 —
Santa Monica-Hollywood 6.8 (c) 17 -
Santa Susana 6.5 (b) 10 —
Santa Ynez 7.5 (b) 100
Sierra Madre 7.5 (b) 55
Sierra Nevada 8.25(b) 118 N
*Verdugo 6.8 (c) 12

- 3

(a) Pleistocene deposits disrupted.

(b) Greensfelder, C.D.M.G. Map Sheet 23, 1974.

(c) Mark (1977) Length-Magnitude relationship.

(d) Based on Division of Mines and Geology "Fault Map of California,"
Map No. 1 (1975). |

* Low Potential per A.E.G. definition. '
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4.4.2.1 Newport-Inglewood Fault Zone

The closest known active fault is the Inglewood Fault of the Newport-Inglewood Fault Zone,
located about 2.8 miles northeast of the alignment at its closest point. The fault zone, or uplift as
it is sometimes called, is composed of a series of discontinuous northwest trending en echelon faults
extending from the southern edge of the Santa Monica Mountains southeastward to the area

offshore of Newport Beach.

The Newport-Inglewood uplift is reflected at the surface by a line of geomorphically young
anticlinal hills and mesas formed by the folding and faulting of a thick sequence of Pleistocene and
Tertiary sedimentary rocks (Barrows, 1974). The magnitude 6.3 Long Beach earthquake of 1933

occurred on the Newport-Inglewood Fault Zone. Other faults comprising the fault zone include

established until recently. Fault trenching conducted in 1985 and 1986 on South Winter Mesa in
the Malibu area of Los Angeles County exposed several faults disrupting Tertiary and Pleistocene
units, and one fault offsetting colluvial deposits estimated to be 6,000 years old (Fall et al., 1987).
The observed faults, named the Winter Mesa Faults, are believed to be splays of the nearby Malibu
Coast Fault; accordingly, the Holocene faulting on the Winter Mesa Faults is considered

representative of active faulting along the Malibu Coast Fault Zone.

4.4.2.3 San Andreas Fault Zone

The active San Andreas Fault Zone is California’s most prominent structural feature, trending in

a general northwest direction for almost the entire length of the state. In Southern California, the

-Q
s

) )

I

the Potrero, Avalon-Compton, Cherry Hill, Pickler, Northeast Flank, and Reservoir. Hill-Seal Beach f_\

Faults. / \\
AR

4.4.2.2 Malibu Coast Fault Zone U““\&

The Malibu Coast Fault Zone, located about 11 miles northwest of the rail transit project, is an

east-west trending, north-dipping reverse fault extending westward from Santa Monica to offshore

of Point Mugu. Although some seismologists and geologists attribute movement of the fault to the [ —

February 21, 1973 Point Mugu earthquake, Holocene activity on the fault had not been positively '_::}
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San Andreas Fault Zone extends from the Mexican border to the Transverse Mountain Ranges
west of Tejon Pass, for a length of approximately 280 miles. At its closest point, the San Andreas
Fault Zone is approximately 45 miles north-northeast of the alignment. Along this segment of the
fault zone there is no single traceable fault line; rather, the fault is composed of several branches
including the Banning Fault and the Mission Creek Fault. The July 8, 1986 North Palm Springs
earthquake was believed to have occurred on the Banning Fauit. Preliminary data indicate that this
earthquake, oécurring at 2:21 a.m., registered a magnitude of 5.9 on the Richter scale with the

epicenter located approximately 12 miles northwest of Palm Springs.

4.4.2.4 Charnock Fault

The potentially active Charnock Fault is located 0.9 miles northeast of the alignment at its closest

point. The Charnock Fault trends northwest-southeast, subparallel to the trend of the Newport-
Inglewood Fault Zone and the Overland Fault. Differential water levels occur in the San Pedro
Formation across the fault and therefore it is concluded that the fault has experienced some

movement during early Pleistocene time (approximately 500,000 to 2 million years ago).

4.4.2.5 Overland Fault
The Overland Fault is located 3.7 miles north of the alignment. The Overland Fault trends

northwest and lies between the Charnock and Newport-Inglewood Fault Zones. The fault extends
from the northwest flank of the Baldwin Hills to Santa Monica Boulevard in the vicinity of
Overland Avenue. Displacement on the fault is believed to be vertical, with an offset of about

30 feet. Water levels in the Pleistocene age sediments\ indicate that the fault is an effective barrier

to ground water movement and that Pleistocene material has been offset.

4.4.2.6 Palos Verdes Fault

The potentially active Palos Verdes Fault is approximately 3.5 miles west-southwest, and offshore,

of the alignment. This fault is traceable in the subsurface along the northern flank of the Palos
Verdes Hills. Zielbaure et al. (1962) report that early Pleistocene age San Pedro Formation beds

are sharply upward along the fault trace but, on land, the fault does not cut material younger than

=
=
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‘middle Pleistocene. Offshore data, consisting of acoustic and reflection profiles, show offsets in the |

least 36 aftershocks between June 21 and July 16, 1920 followed the main shock.
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base of Holocene material, suggesting very youthful movement along the Palos Verdes Fault. \

4.4.3 Seismicity

The seismicity of the region surrounding the El Segundo segment of the rail transit project was t——

determined from a computer search of a magnetic tape catalog of earthquakes. The catalog of
earthquakes included those with a Richter magnitude greater than 4.0, within a radius of 100 ——

kilometers from the center of the El Segundo Segment, compiled by the California Institute of ‘_)
Technology for the period 1932 to 1987, and those earthquakes for the period 1812 to 1931
compiled by Richter and the U.S. National Oceanic and Atmospheric Administration (NOAA). ‘j

The computer printout of the earthquakes is presented in Appendix D. The earthquake recurrence =
curve based on that information is presented on Plate 4.4, Recurrence Curve. The search indicates

that 303 earthquakes of Richter Magnitude 4.0 and greater have been recorded within 100

kilometers (62 miles) from the center of the alignment during the period from 1932 to 1987.

The information listed for each earthquake found in the computer scan in Appendix D includes
date and time in Greenwich Civil Time (GCT), location of the epicenter in latitude and longitude,
quality of epicentral determination (Q), depth in kilometers, and magnitude. Where a depth of 0.0
is given, the solution was based on an assumed 16-kilometer focal depth. The explanation of the

letter code for the quality factor of the data is presented on the first page of the scan. l

The epicenter of the June 21, 1920 Inglewood earthquéke was located about 2.7 miles north of the

alignment. This earthquake, which occurred at 6:47 p.m., had an estimated Richter magnitude of
49 and the intensity, described as a very strong shock, was estimated as 8”2 on the Rossi-Forel
S———

intensity scale. No evidence of surface rupture was found. Damage to structures was sustained in

the vicinity of the Inglewood City Hall along Commercial Street (now called La Brea Avenue). At

The epicenter of the March 11, 1933 Long Beach earthquake, magnitude 6.3; was located about
31 miles southeast of the south end of the alignment. This earthquake, although of only moderate

magnitude, ranks as one of the major disasters in the history of Southern California. The majority

—q
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of damage was suffered by structures now considered substandard construction and/or located on

filled or saturated ground.

The epicenter of the February 9, 1971 San Fernando earthquake, with a magnitude of 6.5, was
about 34 miles north of the alignment. Surface rupture occurred on the Sylmar and Tujunga Faults

which are segments of the larger San Fernando Fault Zone.

The epicenter of the October 1, 1987 Whittier Narrows earthquake was situated about 20 miles

east-northeast of the alignment. This earthquake registered a magnitude of 5.9 and was followed

e

by numerous aftershocks including a magnitude 5.3 quake on October 4, 1987.

The location of the alignment in relation to known active and potentially active faults indicates that

the alignment is not exposed to greater than normal seismic risk relative to other areas within the [/
{
Coastal Plain of Los Angeles County. /
-
o
4.4.4 Liquefaction and Seismically Induced Settlement /_,!

The evaluation of the liquefaction potential of the soils along the alignment involved an estimation

of the potential loss of shear strength of the saturated cohesionless soils during earthquakes that —
may affect the project. Significant factors which may affect liquefaction include the soil types,
—

particle size and gradation, water level, relative density, confining pressure, intensity of shaking, and

duration of shaking. Studies indicate that the liquefaction potential is the greatest where the

ground water level is shallow and loose fine sands occur within a depth of 40 to 50 feet. The ||
liquefaction potential increases as the acceleration and duration of ground shakihg increase.
I
Based on the available published data and our previous and current borings, both of which indicate . l
a great depth to ground water, we see little or no potential for liquefaction occurring along the

alignment.

Seismically induced differential settlement is also not considered a potential problem.

--G
-




ADE-88044 ' Page 4.11

,._\W\\
44.5 Stability j
The alignment extends across relatively flat-lying ground with no potential for either landsliding or L.

lurching (movement at right angles to a slope during strong earthquake shaking). Additionally, the
alignment is not known to be on or in the path of any existing or potential landslides. ﬁ—w

4.4.6 Flooding , : S
The alignment does not extend across a flood hazard area as designated by the Federal Emergency ‘n

L

Management Agency.

4.4.7 Tsunamis and Seiches

The alignment is at elevations of about 100 feet to 80 feet above mean sea level and. located about

two miles east-northeast of the Pacific Ocean. The risk of damage from earthquake generated sea

waves, called tsunamis, need not be considered.

The alignment is not located downslope of any large bodies of water that could adversely affect the

alignment in the event of earthquake induced failures or seiches (oscillations due to earthquake [ —]
shaking).

—
4.4.8 Subsidence LJ

Most of the alignment is situated over the El Segundo Oil Field and several oil wells have been-
drilled in close proximity to the proposed alignment. Subsidence associated with petroleum
production has been identified in some of the oil fields in the Los Angeles Basin, including the
nearby Playa Del Rey Oil Field located about 3.6 miles northwest of the alignment (Castle and '

Yerkes, 1976); however, subsidence has not been observed in the El Segundo Oil Field. In recent

years, oil field subsidence has been mitigated by the injection of fluids. Consequently, the potential

for future subsidence within the El Segundo Oil Field is considered low.

—Q
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4.49 Ground Shaking

Movements on any of the above described active and potentially active faults could cause ground
shaking in the vicinity of the alignment. The relationship between the magnitude of an earthquake
and the subsequent duration of strong shaking has been investigated by Bolt (1973). The
relationship is presented in Table 4.4. The period of strong shaking is defined as that period of

time when the acceleration of the ground due to seismic waves is in excess of 0.05g.

BRACKETED DURATION AS A FUNCTION OF MAGNITUDE
AND DISTANCE TO SOURCE
(after Bolt, 1973)

TABLE

4.4

Bracketed Duration (seconds)

Distance to Magnitude

Source (km) 5.5 6.0 6.5 7.0 7.5 8.0 8.5
10 8 12 19 26 31 34 35
25 4 9 15 24 28 30 32
50 2 3 10 22 26 28 29
75 1 1 5 10 14 16 17
100 0 0 1 4 S 6 7
125 0 0 1 2 2 3 3
150 0 0 0 1 2 2 3
175 0 0 0 0 1 2 2
200 0 0 0’ 0 0 1 2

n
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SECTION 5
SUMMARY OF ENVIRONMENTAL AUDIT

5.1 PREVIOUS STUDY

An environmental audit of the El Segundo Segment was previously conducted to evaluate

subsurface soil or ground water contamination along the alignment. The report of environmental

audit was submitted on August 25, 1988. This section summarizes the findings of the environmental |

audit; for additional details, the August 25, 1988 report should be referred to.

5.2 EL SEGUNDO OIL FIELD

The proposed rail transit project traverses the El Segundo Oil Field between a point just south of

Mariposa Avenue and a point north of where the alignment joins the ATSF mainline tracks. There
are several abandoned oil and gas wells near the proposed alignment within the oil field limits. If
wells are located on the alignment, the State of California Division of Oil and Gas should be
notified prior to construction so they can make a determination if any of the abandoned wells
would need to be reabandoned to meet current requirements. Permanent structures built |over

abandoned gas or oil wells may require a venting system be installed to reduce the potential for

methane gas accumulation.

It should be anticipated that oil field products, such as oil saturated soil and drilling muds, could
be encountered in the subsurface soil within the limits of the oil field. Naturally occur|ring
petroleum in soils is generally not considered a hazardous waste; however, chemical testing of the

soil may be required to verify chemical constituents and appropriate disposal.

5.3 LANDFILLS

Based on the information available from the County of Los Angeles Department of Health Services

¥

(DHS) regarding solid waste disposal sites near the alignment, the closest such site is located near

the intersection of 156th Street and Inglewood Boulevard. The distance from this site to| the
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nearest point on the alignment is roughly three-quarters of a mile to the southeast. Accordingly, |

it is unlikely to have any environmental impact on the project.

Our site reconnaissance noted a trashy area within the Southern California Edison Company
property near Isis Avenue and 146th Street. This area is immediately adjacent to a waste disposal
transfer site. The DHS was also aware of a former solid waste transfer facility at the site of the
existing fire station at El Segundo Boulevard and Nash Street. Within the fenced area of the
present waste handling operator, there are drums of hydraulic oil, presumably for the disposal
trucks. Both areas may encounter solid waste and/or oily soils beneath the subsurface due to

possible past disposal practices.

5.4 COMMERCIAL AND INDUSTRIAL SOURCES

The proposed alignment will pass near several light to heavy industrial businesses, which probably
constitute the greatest environmental concern to the project. Of immediate concern is the Kramer
and Company ("Kramer") site, located at 1 Chapman Way in El Segundo, which has been identified
by the United States Environmental Protection Agency (EPA) as constituting an endangerment to
public health or welfare or the environment. The full impact of this site on the light rail project
is 'currently unknown since the site has not yet been fully investigated. The EPA has issued an
order on June 7, 1988 to Kramer that immediate removal action be taken to contain and pre\‘rent
the release and potential release of hazardous substances, pollutants or contaminants from the
facility. If the remediation measures are completed prior to construction of the rail transit project,

it is likely that construction would not be significantly affected. However, documents from the EPA

A
/=

in(”iicate that Kramer had filed a Petition for Reorganization under Chapter 11 of the Bankruptcy -

Code in December 1985. The reorganization of Kramer may delay the ordered remediation and,

as of the writing of this report, that work has not commenced.

Another industrial concern is the Allied Chemical plant southwest of the Kramer property. It

appears, based on conversations with the El Segundo Fire Department, that the Allied Chemical

site may have significant subsurface contamination. The alignment is greater than 2,000 feet from

the Allied Chemical Plant, however, and it appears unlikely that the alignment would be affected.

i —
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As our prior environmental audit report indicates, there are numerous businesses near the

alignment that have underground fuel tanks and/or store hazardous materials on their respective

premises. In each of these businesses, there is a possibility of future or past release of stored
materials. If such a release occurred in these areas, then it is possible that the subsurface l f /

conditions beneath the alignment could be affected. Wiy gt

The proposed alignment will pass near several fuel pipelines. Some of these lines parallel the [T~

ATSF Los Angeles Harbor mainline tracks and there are many pipelines at the intersection of

fuel lines have leaked in the past, which could require special soil handling and disposal during I

Aviation Boulevard and Rosecrans Avenue. There is some potential that one or several of these ~m

construction. These pipelines, as well as the other utility lines, will have to be accurately located i~

. prior to construction of the rail project.

f
Several known contaminated sites, as reported by various public safety agencies, are identified on / f "\
L\

the March 1988 State of California Office of Permit Assistance (OPA) list. These sites were
approximately shown in the environmental audit report based on the address given for the OPA /
-

lisuting. Some of these listed sites may have been mitigated.

Other areas of environmental concern identified during the site reconnaissance and our in-house ’_:
review include: 1) the Southern California Edison Company Power Generation Plant located near

the south end of the alignment (possible PCBs), and 2) the Chevron property (known as Section l ‘
18) between Sepulveda Boulevard and the Hughes EDSG Facility (oily soil and chlorinated LJ
hydrocarbons in the ground water) and possible oil/tar stained soils near the intersection of Hughes

Way and Sepulveda Boulevard.

Historical aerial photographs indicate a possible waste disposal operation in the vicinity of the
present Hughes EDSG site. It is possible, although unlikely, that the subsurface soils beneath the

alignment in the vicinity of the facility could have been affected by this operation. The historical

acrial photographs also indicate that possible hazardous waste storage occurred at least through

1949 along the existing railroad tracks south of the current Hughes facility near Douglas Street.

1 -
=




- have accidentally released hazardous substances. It should be noted that no widespread areas of
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The last item of environmental concern is the railroad right-of-way itself. It appears from the aerial
photographs that the existing tracks have been present since at least 1946. The railroad tracks

serve a highly industrial area, and there is a possibility that rail cars traveling along the line may

stained soil along the alignment were noted during our walk-over or photo review, however, and | '~

this possibility seems remote.

Ground water contamination should not affect the proposed alignment. Ground water occurs at U
depths in excess of 70 feet in the area and should not be encountered during construction | '—’

operations if limited to shallower depths.
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. The borings were drilled to depths of 5 to 100 feet, for a total of 3,360 lineal feet of drilling. The
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SECTION 6

FIELD EXPLORATION AND
LABORATORY TESTING

)

C

6.1 FIELD EXPLORATION PROGRAM

The field exploration program was performed in accordance with the statement of work described

ry

O

in the limited notice to proceed from TRANSCAL dated May 31, 1988 and subsequent notice to
proceed for the final geotechnical investigation dated October 27, 1988. ‘

A detailed description of the drilling exploration program, boring logs, and downhole seismic

surveys is presented in Appendices A through C. A
f

6.1.1 Borings
A total of 67 borings were drilled at the locations shown on Plates 6.1 through 6.15. The locations

and depths of borings were initially agreed upon by TRANSCAL and Crandall and were modified™

as necessary to avoid underground utilities and overhead power lines. The logs of the borings are

presented in Appendix A. ! ,
[

drilling was performed between August 8 and August 12, 1988 and between December 1, 1988 and | {

January 19, 1989. A summary of the boring locations and depihs is presented in Table 6-1. -

The soils encountered were logged by our field representatives, and both undisturbed and bulk

samples were obtained for laboratory inspection and testing. Undisturbed samples were obtamed -

with the Crandall sampler at depth intervals of about five feet and at major changes m soil

' stratigraphy. Detailed descriptions of the field exploration procedures are presented in Appendix A.
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TABLE 6.1
g SUMMARY OF BORINGS

Boring  Plate Boring Dirilling Equipment

No. No. Depth Type Location

1 A-1 75 Bucket/Rotary Wash Nash St. South of Mariposa Ave.

2 A-2 75 Bucket Hughes EDSG Facility

3 A-3 60 Bucket Hughes EDSG Facility

4 A-4 100 Rotary Wash Rosecrans Ave. & Aviation Blvd

S A-5 100 Rotary Wash Rosecrans Ave. & Aviation Blvd

6 - A-6 30 Bucket Yard and Shops Area

7 (Boring eliminated from drilling program)

8 A-7 75 Bucket CALTRANS I-105 Right of Way ||

9 (Boring eliminated from drilling program)

10 A-8 60 Bucket CALTRANS I-105 Right of Way

11 A-9 61 Rotary Wash Between Aviation Blvd & Lapham St.

12 A-10 61 Rotary Wash ATSF Right of Way

13 A-11 76 Rotary Wash Aviation Blvd & Imperial Hwy

14 A-12 61 Rotary Wash Aviation Blvd & Imperial Hwy L—
15 A-13 61 Rotary Wash ATSF Right of Way ! \
16 A-14 61 Rotary Wash ATSF Right of Way Z /_...___\‘ \
17 A-15 76 Rotary Wash ATSF Right of Way

18 A-16 61 Rotary Wash ATSF Right of Way

19 A-17 61 Rotary Wash ATSF Right of Way

20 A-18 61 Rotary Wash ATSF Right of Way

21 A-19 61 Rotary Wash Rockwell Int’l

22 A-20 76 Rotary Wash Rockwell Int’l .

23 A-21 61 Rotary Wash Nash St. & Maple St. ) T
24 A-22 61 Rotary Wash Nash St. Betwn Maple Ave. & Mariposa Ave.;

25 A-23 61 Rotary Wash Nash St. Betwn Maple Ave. & Mariposa Ave.;

26 A-24 61 Rotary Wash Nash St. Betwn Maple Ave. & Mariposa Ave. .

27 A-25 60 Bucket Nash St. Betwn Mariposa Ave. & Grand Ave.

28 - A-26 61 Rotary Wash Nash St. Betwn Mariposa Ave. & Grand Ave.,

29 A-27 61 Rotary Wash Nash St. Betwn Mariposa Ave. & Grand Ave.——"""}
30 A-28 76 Rotary Wash Nash St. & Grand Ave.

31 A-29 61 Rotary Wash Nash St. Betwn Grand Ave. & El Segundo Blvd

32 A-30 61 Rotary Wash Nash St. Betwn Grand Ave. & El Segundo Bivd

33 A-31 76 Rotary Wash Nash St. Betwn Grand Ave. & El Segundo Bivd

34 A-32 60 Bucket Nash St. & El Segundo Blvd v

35 A-33 70 Bucket Hughes EDSG Facility .

36 A-34 61 Rotary Wash Hughes EDSG Facility

37 A-35 61 Rotary Wash Hughes EDSG Facility

—<]
-
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TABLE 6.1
SUMMARY OF BORINGS
(Continued)

Boring  Plate Boring Drilling Equipment
No. No. Depth Type Location
38 A-36 61 Rotary Wash Hughes EDSG Facility
39 A-37 61 Rotary Wash Hughes EDSG Facility
40 A-38 60 Bucket SPTC Right of Way
41 (Kramer Property - status unknown)
42 (Kramer Property - status unknown)
43 A-39 61 Rotary Wash ATSF Right of Way
44 - A-40 61 Rotary Wash ATSF Right of Way
45 A-41 61 Rotary Wash ATSF Right of Way
46 A-42 61 Rotary Wash ATSF Right of Way
47 A-43 76 Rotary Wash ATSF Right of Way
48 A-44 61 Rotary Wash ATSF Right of Way
49 A-45 5 Hand Auger SCE East of Douglas St.

& So. of Alaska Ave.
50 A-46 30 Bucket SCE East of Douglas St.

& So. of Alaska Ave.
51 A-47 5 Hand Auger SCE East of Douglas St.

& So. of Alaska Ave.
52 A-48 61 Rotary Wash ATSF Right of Way
53 A-49 50 Bucket Aviation Blvd & Rosecrans Ave.
54 A-50 40 Bucket Aviation Blvd & Rosecrans Ave.
55 A-51 21 Bucket ATSF Right of Way
56 A-52 20 Bucket ATSF Right of Way
57 A-53 21 Bucket ATSF Right of Way .
58 A-54 20 Bucket ATSF Right of Way
59 A-55 6 Bucket SCE Edast of Isis St. & So. of 146 St.
60 A-56 6 Bucket SCE East of Isis St. & So. of 146 St.
61 A-57 8 Hand Auger SCE East of Isis St. & So. of 146 St.
62 A-58 30 Bucket Yard and Shops Area
63 A-59 30 Bucket Yard and Shops Area
64 A-60 30 Bucket Yard and Shops Area
65 A-61 30 Bucket Yard and Shops Area
66 A-62 30 Bucket Yard and Shops Area
67 A-63 10 Bucket Yard and Shops Area
68 A-64 10 Bucket Yard and Shops Area
69 A-65 10 Bucket Yard and Shops Area
70 A-66 10 Bucket Yard and Shops Area
71 A-67 10 Bucket Yard and Shops Area
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6.1.2 Dirilling Contractors and Equipment

The drilling was performed with rotary wash-type and bucket auger-type drilling equipment. The
rotary wash borings were drilled by A&W Dirilling Company utilizing a Mahew 1000 drilling rig

operated by a two-man crew. The auger borings were drilled by the C&L Dirilling Company,
utilizing a bucket-type rig operated by a two-man crew. Three of the borings were drilled by hand

auger-type drilling equipment with a two-man Crandall crew. TN

6.1.3 Soil Classification

The soils were classified using the Unified Soil Classification System. The field soil classifications

were verified by visual inspection in the laboratory by staff engineers and further verified (as

necessary) by laboratory tests.

/
6.2 DOWNHOLE SEISMIC SURVEYS / ,"\
Downbhole seismic surveys were performed at two locations (Borings 4 and 22) to determine the /’ L____\,\

propagation velocities of the compression waves (P waves) and shear waves (S waves). The test ¥ \ .

,“__g{

procedures and results are presented in Appendix C.

6.3 LABORATORY TESTING PROGRAM

Each soil sample was first visually observed in the laboratory to verify the sample description and —

classification assigned by the field personnel. A laboratory testing program was then developed that E

would provide the soil parameters required in performing various engineering analyses. The various -j

tests performed include the following:

Moisture Content/Dry Density
Direct Shear '
Consolidation

Compaction

California Bearing Ratio
Expansion Index -
Particle Size Distribution

© o0 o0QC0oCO0OO0
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The test procedures and results are presented in Appendix B. The field moisture content and dry —

density of the undisturbed soil samples are shown to the left of the boring logs presented in ’ \\\
Appendix A. I )
l
: il
6.4 SOIL CORROSIVITY TESTING ___//.f'

Field and laboratory tests to evaluate the soil corrosivity characteristics at selected locations along

the rail transit project alignment. The soil corrosivity testing was performed by M. J. Schiff &

Associates under a subcontract. ’

Field resiétivity testing was performed at five locations along the alignment. The Wenner Four Pin }\

method was utilized for various pin spacings. The electrical resistivity of selected soil samples was | LA

determined in the laboratory to provide additional data. The soils along the rail transit project
range from mildly corrosive to corrosive. Specific details and recommendations regarding soil ; \
]

corrosivity are presented in Appendix E, Resistivity Testing. I

/i
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Subsurface Conditions
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SECTION 7
SUBSURFACE CONDITIONS

7.1 SUBSURFACE INVESTIGATIONS

As described in Section 6, a total of 67 borings were drilled as part of the geotechnical investiga-

tion. Six of these borings were drilled as part of the preliminary geotechnical investigation for the
rail transit project. In addition, a review of existing geotechnical data from 35 previous projects
in the nearby vicinity of the rail transit project was performed as part of the preliminary

geotechnical investigation.

Geotechnical information from the Century Freeway (Interstate 105) Project was also made
available by the State of California Department of Transportation (CALTRANS). The pertinent
data are for the eastern portion of the Airport Viaduct as identified by CALTRANS.

7.2 SUMMARY OF SOIL CONDITIONS

7.2.1 Fill Materials
Fill soils were encountered to depths of 1/2 to 15 feet in 44 of the 67 borings drilled. Typically,

the thickness of the fill soils was generally shallow ranging up to about 5 feet. The materials found
within the fill consisted of élay, silt, silty sand, and sand. Varying amounts of gravel and debris were
found within the fill soils. Typically, the clay fill soils were encountered more within the northern
portion of the rail alignment and the silty sand and sand soils were encountered more in the

southern portion.

7.2.2 Natural Soils

As mentioned in Section 4, the rail transit alignment extends across areas mantled by deposits of

late Pleistocene age dune sands and by continental deposits of the late Pleistocene Lakewood

Formation.
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The near surface natural soils were found to contain significant amounts of clay, especially in the

northern portion of the alignment from the Century Segment terminus to the Hughes EDSG
Facility and within the Hawthorne Yard and Shops Area. The clay soils ranged in consistency from
moderately soft to moderately stiff. These clay soils would become weaker in strength with an
increase in the moisture content. In addition, the clay soils exhibit a high potential for expansion
and would tend to shrink or swell with changes in moisture content. Where the clays were not
encountered near the surface, the upper soils generally consisted of silts and silty sands. Whereas
these soils were generally moderatély firm at present moisture content, some of the soils would

become weaker in strength and more compressible with an increase in moisture content.
The deeper natural soils consisted primarily of sand and silty sand with some lesser amounts of silt,

clayey sand, and clay. Silt, clayey sand, and clay soils were more pronounced in areas where the

Lakewood Formation was encountered. The deeper natural soils were generally firm and dense.

7.2.3 Potential for Subsurface Contamination

7.2.3.1 Field Observations
The potential for subsurface contamination was discussed in the Report of Environmental Audit,/ / \

dated August 25, 1988. A portion of the alignment traverses the El Segundo Oil Field and
numerous oil and gas wells, both producing and abandoned, have been identified in the near
vicinity. As such, hydrocarbon contamination of some of the soils should be expected along this

portion of the alignment.

Hydrocarbon odors were noted during the drilling of the exploration borings. Obvious hydrocarbon
odors were noticed in shallow soil samples obtained in seven of the borings (Borings 25, 26, 37, 38,
39, 43, and 52). Specific chemical tests to determine the presence and concentrations of
hydrocarbon or other forms of contamination were not performed on any of the soil samples with

the exception of OVA monitoring as described in the following section.
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It should be noted that many of the exploration borings were drilled with rotary wash-type drilling
equipment which utilized drilling mud in the drilling process. This type of drilling process would

make it more difficult to detect hydrocarbon odors during drilling.

7.2.3.2 OVA Sample Monitoring

Soil samples from our borings were monitored for the possible presence of volatile organic

constituents (VOGCs). The samples were analyzed in our laboratory using either one of the

following organic vapor analyzer (OVA) instruments: 1) a Photo Vac Tip II detector, 2) an HNu ‘ mj H
detector, and 3) a Foxboro Century 128 GC detector. A

In general, the majority of the samples analyzed did not register any elevated levels of VOCs. : ﬂ
There were, however, six borings which had one or two soils samples with VOCs in excess of 20 A

ppm. Two of these six borings had one or two samples with VOCs in excess of 100 ppm.

Low to moderate VOC readings were found in the samples obtained at 1'% feet (26 ppm) and at / \\
3% feet (24 ppm) from Boring 52; at 5% feet (86 ppm) and at 34% feet (22 ppm) from Boring 54; | ——

/
at 7% feet (30 ppm) from Boring 62, and at 7% feet (20 ppm) from Boring 64. Higher i_."

concentrations were found in Boring 38 at 2V feet (550 ppm) and at 4%2 feet (130 ppm), and in

Boring 36 at 55% feet (250 ppm). —

The borings which were found to have soil samples with low to moderate VOC readings were | ——

generally located near the intersection of Rosecrans Avenue and Aviation Boulevard. The borings

which had soil samples with higher concentrations of VOCs were located within the Hughes EDSG

complex.

- ——
7.3 SUMMARY OF WATER CONDITIONS-

The exploration borings were drilled with three types of equipment: bucket auger-type, rotary

wash-type, and hand auger. Because drilling mud was used in the rotary wash drilling operations,

it was more difficult to determine water conditions in the borings drilled with this type of —

equipment. Due to time restrictions for drilling and the need for timely backfilling of the borings,
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water level determinations could not be made in many of the rotary wash borings. A piezometer

was installed in Boring S5, however.

Water seepage was encountered in four of the borings drilled with bucket auger or hand auger

equipment. Shallow water seepage was encountered at the Hughes EDSG Facility at depths of 3

to 9 feet in Boring 3, and at a depth of 13 feet in Boring 40; these seepages were probably due
to irrigation of landscaped areas at the EDSG Facility. Deeper water seepage was encountered in
Borings 8 and 10 at depths of 72 and 54 feet, respectively. Water was measured at a depth of 722 !
feet in Boring 8, located at the Aviation Boulevard Station location. Water was also measured in :
Boring 35, located at the El Segundo Boulevard Station site, at a depth of 68 feet; the water

appears to perched on top of a relatively impermeable layer.

Water was measured in the piezometer casing installed in Boring 5 at a depth of 73 feet. Boring 5
is located near the southeast corner of the intersection of Rosecrans Avenue and Aviation

Boulevard.

Although the water level was not determined in most of the rotary wash borings, a review of theAf /

moisture contents of the soil samples strongly suggest that the true water table was not
encountered. However, elevated moisture contents of the finer grained soils such as silts and clays
do suggest the possibility of perched water within the coarser sands and silty sands on top of the
less permeable silts and clays in a few of the borings, especially in the northern part of the

alignment.
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SECTION 8
RECOMMENDATIONS - AERIAL STRUCTURES

8.1 GENERAL
Y
It is anticipated that aerial structures (rail guideways and elevated stations) will be supported spans \ "'
' ,
typically about 100 feet in length and that a single column may be utilized. Consequently, loads ! —/
: R
are estimated to be on the order of 1,000 to perhaps 3,000 kips. w\;\
L

Although the deeper sands and silty sand are relatively dense and firm, the anticipated loads could

result in significant settlement of the aerial structures. To provide foundation support with /_.\

minimum settlement, drilled cast-in-place friction piling may be used. Friction piling would also "‘\
provide resistance to seismic loads. This type of foundation system has been utilized for support / [}
of the CALTRANS-designed Century Freeway project and for the elevated roadway at the Los -’f/'_——-!‘—\
Angeles International Airport, as well as for support of some of the aerial structures of the Long’ /

Beach-Los Angeles Rail Transit Project.

[p—
8.2 DRILLED PILE DESIGN l
8.2.1 General o
Because of the soil conditions and general lack of water, drilled cast-in-place concrete piling may J
be used. Either groups of piles or single large diameter concrete piles may be used. For
foundation design, the aerial structure alignment has been divided into the following five sections
M

where the soil conditions are similar.

Section 1: Aviation Boulevard to Nash Street
Borings 8 and 10 through 21.

Section 2: Along Nash Street to El Segundo Boulevard
Borings 1 and 22 through 32

Section 3: El Segundo Boulevard to Edge of Kramer Property
Borings 33 through 40

|
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Section 4: South Edgé of Kramer Property to Douglas Station
Borings 43 through 48

Section 35: Rosecrans and Aviation Bridge
Borings 4, 5, 52, 53, and 54

‘\_\

822 Section 1 Aviation Boulevard to Nash Street

8.2.2.1 Capacities

The downward and upward capacities of 4-, 6-, and 8-foot-diameter drilled piles are presented on

UU—_

Plate 8.1, Drilled Pile Capacities. Dead plus live load capacities are shown; a one-third increase

*——--"'/

may be used for wind or seismic loads. The dead pluS live capacities are allowable capacities; a
factor of safety of 2 was used to determine the allowable capacities. If piles in groups are required,

the piles should be spaced not less than 2% diameters on centers so that group action need not be

.,

=)

o

considered. / \\\

8.2.2.2 Lateral Loads / j
Lateral loads may be resisted by the piles. It may be assumed that the soils adjacent to a singlcb'

6-foot-diameter pile, at least 40 feet long, can resist horizontal loads imposed at the top of the pile
of 120 kips. This capacity has been determined for an allowable lateral deflection of one-fourth

inch at the top of the pile. For an allowable lateral deflection of one-half inch at the top of the

Il

pile, the lateral capacity may be increased to 240 kips. The lateral resistance of other sizes of piles

may be assumed to be proportional to the diameter. The lateral modulus of subgrade reaction may

be assumed to be 750 kips per cubic foot. |

The passive resistance of the soils against the pile caps may be assumed to be equal to the pressure[— ]

developed by a fluid with a density of 250 pounds per cubic foot.

.
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8.2.2.3 Settlement

The estimated settlements of the proposed aerial structures, supported on drilled piling, are as

follows:
Imposed Load (kips) Settlement (inches)
1,000 1-1/4
2,000 1-3/4
3,000 2

8.2.3 Section 2 Along Nash Street to El Segundo Boulevard

8.2.3.1 Capacities

The downward and upward capacities of 4-, 6-, and 8-foot-diameter drilled piles are presented on
Plate 8.2, Drilled Pile Capacities. Dead plus live load capacities are shown; a one-third increase

may be used for wind or seismic loads. The dead plus live capacities are allowable capacities; a 4./ ’f_\
AR
{

!
factor of safety of 2 was used to determine the allowable capacities. If piles in groups are required, }r‘

—~

the piles should be spaced not less than 2%2 diameters on centers so that group action need not be /

considered. ' . U

8.2.3.2 Lateral Loads —
Lateral loads may be resisted by the piles. It may be assumed that the soils adjacent to a single !

6-foot-diameter pile, at least 40 feet long, can resist horizontal loads imposed at the top of the pile | 7]

of 150 kips. This capacity has been determined for an allowable lateral deflection of one-fourth

inch at the top of the pile. For an allowable lateral deflection of one-half inch at the top of the ||
pile, the lateral capacity may be increased to 300 kips. The lateral resistance of other sizes of piles
may be assumed to be proportional to the diameter. The lateral modulus of subgrade reaction may—————

be assumed to be 1,000 kips per cubic foot.

The passive resistance of the soils against the pile caps may be assumed to be equal to the pressure

developed by a fluid with a density of 250 pounds per cubic foot.

—Q
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8.2.3.3 Settlement -
The estimated settlements of the proposed aerial structures, supported on drilled piling, are as E%
follows:
[
Imposed Load (kips) Settlement (inches) /
1,000 1
2,000 1-172
3,000 1-3/4 : —_ ’\\‘
E )/f
8.2.4 Section 3 El Segundo Boulevard to Edge of Kramer Property "‘i\

8.2.4.1 Capacities

The downward and upward capacities of 4-, 6-, and 8-foot-diameter drilled piles are presented on

Plate 8.3, Drilled Pile Capacities. Dead plus live load capacities are shown; a one-third increase /
f
may be used for wind or seismic loads. The dead plus live capacities are allowable capacities; a

factor of safety of 2 was used to determine the allowable capacities. If piles in groups are required, / g
i/
f

the piles should be spaced not less than 2% diameters on centers so that group action need not be /

considered.

8.2.4.2 Lateral Loads
Lateral loads may be resisted by the piles. It may be assumed that the soils adjacent to a single | 3

6-foot-diameter pile, at least 40 feet long, can resist horizontal loads imposed at the top of the pile

of 150 kips. This capacity has been determined for an allowable lateral deflection of one-fourth
inch at the top of the pile. For an allowable lateral deflection of one-half inch at the top of the
pile, the lateral capacity may be increased to 300 kips. The lateral resistance of other sizes of piles————
may be assumed to be proportional to the diameter. The lateral modulus of subgrade reaction may .

be assumed to be 1,000 kips per cubic foot.

The passive resistance of the soils against the pile caps may be assumed to be equal to the pressure -

developed by a fluid with a density of 250 pounds per cubic foot.

=
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8.2.4.3 Settlement A P
The estimated settlements of the proposed aerial structures, supported on drilled piling, are as N\
follows:
: f
Imposed Load (kips) Settlement (inches) /f
1,000 3/4
2,000 1-1/4
3,000 _ 1-1/2 .j\]
2 /
8.2.5 Section 4 South Edge of Kramer Property to Douglas Station —“\

8.2.5.1 Capacities

The downward and upward capacities of 4-, 6-, and 8-foot-diameter drilled piles are presented on

Plate 8.4, Drilled Pile Capacities. Dead plus live load capacities are shown; a one-third increase

/
i
may be used for wind or seismic loads. The dead plus live capacities are allowable capacities; a / " \
—

factor of safety of 2 was used to determine the allowable capacities. If piles in groups are required, ;|
the piles should be spaced not less than 2%2 diameters on centers so that group action need not be[ j' B
considered.

1
82.5.2 Lateral Loads ’
Lateral loads may be resisted by the piles. It may be assumed that the soils adjacent to a single | |

6-foot-diameter pile, at least 40 feet long, can resist horizontal loads imposed at the top of the pile

of 150 kips. This capacity has been determined for an allowable lateral deflection of one-fourth
inch at the top of the pile. For an allowable lateral deflection of one-half inch at the top of the
pile, the lateral capacity may be increased to 300 kips. The lateral resistance of other sizes of piles==——=———y
may be assumed to be proportional to the diameter. The lateral modulus of subgrade reaction may

be assumed to be 1,000 kips per cubic foot.

The passive resistance of the soils against the pile caps may be assumed to be equal to the pressure

developed by a fluid with a density of 250 pounds per cubic foot.

b
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8.2.5.3 Settlement

The estimated settlements of the proposed aerial structures, supported on drilled piling, are as

follows:
Imposed Load (kips) Settlement (inches)
1,000 3/4
2,000 , 1-1/4
3,000 1-12

8.2.6 Section 5 Rosecrans and Aviation Bridge
The proposed. bridge will span the intersection of Rosecrans Avenue and ‘Aviation Boulevard and

will extend at least 270 feet over the intersection to allow for future widening. There are numerous

8.2.6.1 Capacities

utility lines in the area, including oil and gas pipelines. / \

The downward and upward capacities of 4-, 6-, and 8-foot-diameter drilled piles are presented on“
Plate 8.5, Drilled Pile Capacities. Dead plus live load capacities are shown; a one-third increase
may be used for wind or seismic loads. The dead plus live capacities are allowable capacities; a
factor of safety of 2 was used to determine the allowable capacities. If piles in groups are required,
the piles should be spaced not less than 2'2 diameters on centers so that group action need not be

considered.

8.2.6.2 Lateral Loads

Lateral loads may be resisted by the piles. It may be assumed that the soils adjacent to a single

6-foot-diameter pile, at least 40 feet long, can resist horizontal loads imposed at the top of the pile
of 150 kips. This capacity Has been determined for an allowable lateral deflection of one-fourth
inch at the top of the pile. For an allowable lateral deflection of one-half inch at the top of the
pile, the lateral capacity may be increased to 300 kips. The lateral resistance of other sizes of piles
may be assumed to be proportional to the diameter. The lateral modulus of subgrade reaction may

be assumed to be 1,000 kips per cubic foot.
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The passive resistance of the soils against the pile caps may be assumed to be equal to the pressure

developed by a fluid with a density of 250 pounds per cubic foot.

The estimated settlements of the proposed bridge, supported on drilled piling, are as follows:

8.2.6.3 Settlement _._,/
T

Imposed Load (kips) Settlement (inches) ’ ) |
1,000 3/4 - i
2,000 1-1/4
3,000 1-112
5,000 1-3/4 ' .

83 PILE INSTALILIATION

The El Segundo Segment is located within areas mantled by older dune sand deposits and the

Pleistocene Lakewood Formation. There are significant amounts of sandy soils within these two | ¢
geologic formations. As a result of caving one of the borings drilled for this investigation with -'f ,fv \_&
bucket auger-type drilling equipment was terminated. A significant percentage of prior borings f

drilled by our firm for other projects in the vicinity with bucket auger-type drilling equipment also

experienced significant caving. f

The bucket auger exploration borings were drilled typically with relatively small diameter equipment,
ranging from 16 to 24 inches in diameter. It should l;e noted that the caving potential increases J
as the diameter of the excavation increases. The sandy soils are relatively cohesionless, and may
be held together by small capillary tension forces. If allowed to dry, the soils would lose that
capillary tension and would be more likely to cave. The use of high speed drilling equipment would '

also cause disturbance of the soils, increasing the likelihood of caving.

Ground water may be shallower towards the southern portion of the El Segundo segment; however, |

zones of perched water were encountered towards the northern portion and the possibility exists

=
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that perched water could occur on top of less permeable soils. The presence of water would also

increase the likelihood of caving.

It should be anticipated that significant caving and sloughing may occur during excavation of the
large diameter drilled piles above the ground water table, and particularly below the water, unless
positive steps are taken to support the sides of the hole. Special techniques will likely be needed
to satisfactorily install the piles. The use of casing has been observed on the nearby Interstate 105

project to install large diameter piles.

Only competent drilling contractors with demonstrated experience in the installafion of drilled cast-
in-placé large diaméter piles using drilling mud and casing in similar circumstances should be
considered for the pile work. The drilling system should be equipped to include the use of casing
and drilling mud to prevent shaft caving during drilling and placing of concrete. The equipment
should provide for the introduction of drilling mud of sufficient specific gravity to retain the shaft
sides, and continuous pumping for retrieval of the mud concurrent with concrete placement. The
pressure head of mud in the shaft should be sufficient to maintain a stable bottom during all

construction operations.

The contractor should provide the equipment necessary to check the bearing, dimensions and

alignment of each drilled shaft.

Drilling should be performed in a sequence such that no adjacent pile closer than five pile

diameters on center is drilled sooner than eight hours after placement of the concrete.

Care should be exercised during placement of the reinforcement steel to minimize disturbance and

caving of the sides of any uncased portions of the drilled shaft.

Concrete should be pumped through a tremie pipe extending to the bottom of the shaft with the
pipe being at least eight feet below the surface of the concrete at all times during placement. The

discharge end of the tremie should be constructed so that it is watertight against intrusion from the

4
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outside and so that-it will readily discharge concrete. The tremie pipe should be supported so that

“it can be raised and lowered rapidly should it become necessary to cut off or retard the flow.

Casing should be pulled as the concrete is placed; the bottom of the casing, however, should be
maintained at least three feet below the surface of the concrete at all times. The discharge pipe
should be kept full of concrete during the entire placing operation and should not be removed from
the concrete until all of the concrete is placed and fresh concrete appears at the top of the pile.
The volume of concrete pumped into the hole should be recorded and compared to the design

volume.

8.4 BRIDGE RETAINING WAILLS

For design of the bridge retaining walls, where the backfill is level or nearly level, it may be

assumed that drained backfill soils will exert an active lateral earth pressure equal to that developed
by a fluid with a density of 35 pounds per cubic foot. Where the earth slopes upward at 2:1, an

equivalent fluid pressure of 53 pounds per cubic foot should be used.

The retaining wall structures may be supported on spread footings established in the undisturbed

I
[\

f
/ \\
natural soils. The footings should be established at least five feet below the lowest adjacent grade’—j

and at least five feet below existing grade and may be designed to impose a maximum pressure of

6,000 pounds per square foot. A one-third increase may be used for wind and seismic loads.

A retained earth embankment with a maximum height of 27 feet will be built. The retained earth
embankment is estimated to settle about three inches under the centerline of the embankment.
The imposed load and the settlement caused by the retained earth embankment would impact

underground utilities and structures underlying the embankment and could also impact nearby at-

[——1

grade structures. The underlying soils are primarily granular; accordingly, the majority of settlementt—, —

should occur as the embankment fill is placed.

=
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8.5 SEISMIC CRITERIA
8.5.1 Input to CALTRANS Seismic Criteria for Bridges

The proposed bridge will be designed in accordance with the bridge design criteria of the State of

California Department of Transportation (CALTRANS). The geotechnical information needed for
the CALTRANS criteria is the depth to rock and the expected peak bedrock acceleration. Based t———-/

on a review of the soils and geologic data (Section 4.2), the depth to rock is greater than 150 feet.

The expected peak bedrock acceleration is 0.7g, based on the proximity of the Charnock and

Newport-Inglewqod Faults.

8.5.2 Effect of Strong Ground Shaking on Pile Foundations

It should be anticipated that following a major earthquake some lateral movement of large diameter
pile foundations at the ground surface will occur, especially if pile caps are not used. However,
because of the rigidity and mass of the foundations, the lateral movement would not be expected
to be great. As the soils are predominantly granular in nature, we do not believe that significant
voids would develop between the soils and the piles weuld=develop after én earthquake. Minor

voids should not significantly affect the vertical or lateral load capacities of the foundations.

There is the possibility of some clay soils in the upper 10 feet below the ground surface in some

areas and voids could develop in these soils with a resulting temporary loss of load carrying capacity

in shear. This could reduce the vertical capacities of the piles; however, the lateral capacities

should not be affected significantly. The contribution of the upper soils to the vertical pile
capacities is relatively small compared to deeper depths; consequently, the overall capacities of the
piles should not be significantly affected. We believe that in time, these voids would eventually
close and the load carrying capacity of these soils would be restored. As a conservative estimate,
the upper five feet of vertical pile capacity could be neglected for design purposes where clay soils

are present in the upper soils.

=
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After any major seismic event, it is recommended that an inspection of all pile foundations be
made and if any voids in the upper soils are found, the voids should be filled by pressure grouting

as soon as possible.

Lateral movement of the elevated structures would not only occur from earthquake excitation but
also from repeated wind, temperature, and vehicle (centrifugal, acceleration, deceleration, and
impact) loading. It is our opinion that the repeated lateral movements from these sources would

be within the elastic range of the soil and that these effects need not be considered.

m
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SECTION 9

RECOMMENDATIONS
AT-GRADE TRACKBED AND STRUCTURES

9.1 COMPTON AVENUE STATION .

9.1.1 Foundation Support

9.1.1.1 General
Borings 55 to 61 were drilled in the area of the Compton Avenue Station. Fill soils, %2 and 7 feet

in thickness, were encountered in two of the seven borings. Deeper fill deposits may exist between

boring locations.

The upper natural soils consist of silt and clay, underlain by sand and silty sand. The upper natural

soils are moderately firm but would become weaker when wet. The soils become firmer with depth.

We recommend that the existing fill soils and upper natural soils be excavated and replaced as
properly compacted fill and that any required additional fill be properly compacted. If the grading
recommendations are followed, the proposed station structure may be supported on spread footings
established in properly compacted fill. Footings should be underlain by at least three feet of

properly compacted fill.

9.1.1.2 Bearing Value

Spread footings established in properly compacted fill may be designed to impose an allowable

pressure of 2,000 pounds per square foot. A one-third increase in the bearing value may be used
for wind or seismic loads. Exterior footings should extend at least two feet below the adjacent
exterior grade. Interior footings may be established at a depth of two feet below the top of the
adjacent floor slab. Since the recommended bearing value is a net value, ‘the weight of the
concrete within the footings may be taken as 50 pounds per cubic foot, and the weight of soil

backfill may be neglected when computing the imposed downward foundation loadings.




-

_compacted fill; footings should be underlain by at least [trt{ree feet of compacted fill.
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If desired, loading dock walls, minor retaining walls, and free standing walls may be supported on

shallower footings using a lesser bearing value. Footings for such light loads established in properly [— A

compacted fill and extending at least 1Yz feet below the lowest adjacent grade may be designed to ! \
impose a pressure of 1,500 pounds per square foot. . , ’ ‘

| ] . ‘
9.1.1.3 Settlement
The settlement of the proposed station, supported on spread footings in the manner recommended,
will depend on the magnitude of the structural loads, but should be within acceptable limits if the ' )
loads are not excessive. Settlement analyses should be performed prior to construction. | /

I |

9.1.1.4 Lateral Loads ' »

Lateral loads may be resisted by soil friction and by the passive resistance of the soils. A

coefficient of friction of 0.4 may be used between footings or the floor slab and the supporting

soils. The passive resistance of the properly compacted fill against footings may be assumed to be ‘/”;;;\
equal to the pressure developed by a fluid with a density of 250 pounds per cubic foot. A one- d\\
third increase in the passive value may be used for wind or seismic loads. The frictional resistance L
and the passive resistance of the soils may be combined without reduction in determining the total{_{ \__=

lateral resistance.

9.1.1.5 Footing Observation

To verify the presence of firm compacted fill soils at design elevations, all footing excavations ]

should be observed by experienced personnei. Footing excavations should be cleaned of any

loosened soils before placing steel or concrete.

9.2 GRADING )
To provide improved support for spread footings, for concrete slabs, and for paving, the existing
fill soils and disturbed natural soils should be excavated, the underlying natural soils should be’

reworked, and all required fill should be properly compacted. To provide support for spread

footings, the upper natural soils beneath the footings should be excavated and replaced a$ properly

/71)/ éc A/ﬂfd//c%
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After clearing the site, all existing fill soils should be excavated from the building area and areas

to be paved. The soils beneath footings should be excavated to a depth of at least three feet below | ™,

the planned footing bottoms; these excavations should extend at least four feet beyond the footings

in plan. The exposed soils should be carefully observed to verify the removal of all unsuitable soils.

/
Next, the upper six inches of exposed soils should be scarified to a depth of six inches and rolled | —=
with heavy compaction equipment. The upper six inches of exposed soils should be compacted to
at least 90% of the maximum density obtainable by the ASTM Designation DI557-78 method of | ™~
compaction. __/)/
- TN,
All required fill should be placed in loose lifts not more than eight inches in thickness, and _} ]

compacted to at least 90%. The moisture content of the soils at the time of compaction should

vary no more than 2% above or below optimum moisture content.

The on-site soils, less any debris or organic matter within the existing fill deposits, may be used in

required fills. Any required imported fill material should consist of relatively non-expansive soils.

The expansion index of the import material should be less than 35. The material should contain[_/ \d

sufficient fines (binder material) so as to result in a stable subgrade.

The excavation and reworking of the upper soils and the compaction of all required fill should be

observed and tested by a competent geotechnical firm. Any required imported fill material should

be approved for use prior to importing. ~ . : J

9.1.3 CONCRETE SLAB SUPPORT

~ If the subgrade is prepared as recommended, concrete slabs may be supported on grade. The——y

required thickness and reinforcing of the slabs would depend on the imposed loadings as well as
the structural characteristics of the concrete. For design of concrete slabs, a modulus of subgrade
reaction (k) of 150 pounds per cubic inch may be used for the compacted subgrade. Joints in the

slabs should be keyed or dowelled to prevent differential movements at the joints.
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9.2 DOUGILAS STREET STATION UNDERPASS ——\

9.2.1 Foundation Support )

The proposed underpass structures may be supported on spread footings established in the natural )

soils. If the above grading recommendations are followed and if inspection of the footing /
b

excavations is performed, footings may be established in either properly compacted fill or the firm Rl

natural soils. Spread footings may be designed to impose an allowable bearing pressure of 2,000

pounds per square foot at a depth of at least two feet below the lowest adjacent grade.

The passive resistance of the soils may be assumed to be 250 pounds per cubic foot. A coefficient

of friction of 0.4 may be used between the bottom of the footings and the supporting soils.

9.2.2 Walls Below Grade

For design of the underpass walls where the surface of the backfill is level, it may be assumed that ;\\
/
{

the soils will exert a lateral pressure equal to that developed by a fluid with a density of 30 pounds / /
per cubic foot.
/]

Backfill adjacent to the walls should be mechanically compacted to at least 90% of the maximum

density obtainable by the ASTM Designation DI557-78 method of compaction. The"}éé()mmended

be provided. Relatively non-expansive soils should be used for backfill adjacent to the walls.

lateral earth pressure is for properly drained backfill; weep holes or other means of drainage should '
I

9.3 TRACKS ON GRADE

9.3.1 Track Support
To provide uniform support for tracks on grade, the upper soils should be excavated so as to permit ————

the placement of at least one foot of properly compacted subgrade fill beneath the sub-ballast.

If grading is performed as recommended herein, tracks on grade may be supported by the

conventional system consisting of ties, ballast, and sub-ballast established on firm natural soils or -

properly compacted fill.

-—Q
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The track may also be supported on concrete ties and reinforced concrete leveling course over an
asphaltic concrete course and a subbase. There are other track support options that may be
considered, if desired, such as in-place compaction of the subgrade soils, use of geotextile fabric,

soil cement, and others.

The allowable bearing value of the compacted subgrade soils may be assumed to be ds per

square inch. 4
| /&/’/ / z '7 = ]

9.3.2 Grading 2 W 7@,, A

After completion of excavation to permit placement of at least one foot of compacted subgrade fill
beneath sub-ballast, the exposed soils should be proof-rolled with heavy compaction equipment to
detect any soft subgrade areas which, if encountered, should be removed. The upper six inches of
exposed soils should be scarified and then rolled with suitable compaction equipment. The upper
six inches of exposed soils should be compacted to at least 90% of the maximum density obtainable
by the ASTM Designation D1557-78 method of compaction. All required fill should be placed in

loose lifts not more than eight inches in thickness and compacted to at least 90%.

The on-site soils, except for debris and clay, may be used as fill material. All imported fill should
consist of relatively non-expansive soils with sufficient fines (binder) to be relatively impermeable

when compacted and result in a stable subgrade. The expansion index of the select material should

be less than 35.

9.4 PARK-AND-RIDE AREAS

9.4.1 Soil Properties for Pavement Design

California Bearing Ratio tests were performed on selected samples to provide data for pavement"————]

design. The results are summarized in Table 9.1, Summary of CBR Test Data.




ADE-88044 9.6
Table 9.1
Summary of CBR Test Data
Boring No. CBR
Station and Depth Soil Type 90%* 95%*
Aviation Blvd. @1 -4 Siity Clay = &
El Segundo Blvd. 35 @ 2’ -5  Fill - Clay 1 2
and Silty Sand
Douglas Street 49 @2 -4 Silty and 1 2
and Sandy Clay
51@0-2 Fill - Silty 20 38
Sand
Compton Blvd. 59 @ 1’ -3  Sandy Silt 9 47
61 @0-2 Fill - Silty 13 28
Sand -

* Percent compaction based on ASTM Designation D1557-78 method of
compaction. )

9.4.2 Design Criteria

9.42.1 Grading

To provide support for paving, the subgrade soils should be propérly prepared. Compaction of the
subgrade to at least 90% of the maximum dry density obtainable, including trench backfills, will be
important for paving support. The preparation of the subgrade should be done immediately prior
to the placement of the base course. Proper drainage of the paved areas should be provided since

this will reduce moisture infiltration into the subgrade and increase the life of the paving.

e
-
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Existing fill soils should be excavated to a depth of at least one foot below the planned subgrade
level in areas to be paved with asphaltic paving. After excavating as recommended, the exposed
soils should vbe proof-rolled to determine the presence of any unsuitable deposits, and additional
excavation performed if necessary to remove all unsuitable deposits. Next, the upper six inches of

exposed soils should be scarified to a depth of six inches and rolled with heavy compaction equip-

ment. The upper six inches of exposed soils should be compacted to at least 90% of the maximum

density obtainable by the ASTM Designation DI557-78 method of compaction.

All required fill should be placed in loose lifts not more than eight inches in thickness, and
compacted to at least 90%. The moisture content of the soils at the time of compaction should

vary no more than 2% above or below optimum moisture content.

The on-site soils, less any debris or organic matter within the existing fill deposits, may be used in
required fills. Any required imported fill material should consist of relatively non-expansive soils.
The expansion index 6f the import material should be less than 35. The material should contain
sufficient fines (binder material) so as to result in a stable subgrade. Imported fill material to be /

' f

used beneath asphaltic paving should have a CBR value of at least 15 when compacted to 90%. f |

The excavation and reworking of the upper soils and the compaction of all required fill should be

T
observed and tested by a competent geotechnical firm. Any required imported fill material should
be approved for use prior to importing. —
9.4.22 Asphaltic Paving 0
To provide data for design of asphaltic paving, California Bearing Ratio tests were performed on
samples of the upper soils. The results of the CBR tests are presented in Table 9.1. —
The required paving thickness and base thickness will depend on the anticipated wheel loads and
volume of traffic (Traffic Index). Assumed Traffic Indexes and the corresponding paving sections
are presented in Table 9.2, Recommended Paving Sections. | s

=
|
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Table 9.2 )
Recommended Paving Sections

Thickness (In.)

Traffic Asphaltic Base

Station Index Concrete Course
Aviation Blvd. 5 * *
6 * *
7 * *
. 8 * *
El Segundo Blvd. 5 4 8
6 5 11
7 6 13
8 7 15
Douglas Street 5 4 8
6 5 11
7 6 13
8 7 15
Compton Blvd. 5 3 4
: 6 4 5
T 4 8
8 3 o

Careful inspection is recommended to verify that the recommended thicknesses or greater are

achieved and that proper construction procedures are used.

9.423 Base Course
The base course should meet the specifications for Class 2 Aggregate Base as defined in Section-

26 of the State of California, Department of Transportation, Standard Specifications, dated

- January, 198]. The base course should be compacted to at least 95%.

o
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SECTION 10

RECOMMENDATIONS
YARD AND SHOPS AREA |

B

I
L—

There are existing fill soils present at the site and the demolition and removal of the existing !

10.1 FOUNDATION SUPPORT ‘ | . i —_—
10.1.1. General . ' ; )
3

S
facilities will result in disturbance of the upper soils. The upper natural soils consist primarily of ; u
clay with lesser amounts of silty sand and clayey sand. The deeper soils consist of sand. The upper
natural soils are moderately firm but would become weaker when wet. The soils become firmer

with depth. The clay soils are expansive and would swell and shrink with changes in the moisture

content.

FE2
We recommend that the existing fill soils and upper natural soils be excavated and compacted and f / --—\\ \
that any required additional fill be properly compacted. If the grading recommendations areu -
followed, the proposed buildings may be supported on spread footings established in properly

compacted fill. Footings should be underlain by at least three feet of properly compacted fill. [

To provide uniform support for tracks on grade, the upper soils should be excavated so as to permit

the placement of at least one foot of properly compacted subgrade fill beneath the sub-ballast. The B
recommendations for Tracks on Grade in Section 9 would be applicable to the tracks on grade in

the Yard and Shops area.
IR

10.1.2 Bearing Value

Spread footings established in properly compacted fill may be designed to impose an allowable

pressure of 2,000 pounds per square foot. A one-third increase in the bearing value may be used

for wind or seismic loads. Exterior footings should extend at least two feet below the adjacent

—Q
S
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exterior grade. Interior footings may be established at a depth of two feet below the top of the

adjacent floor slab. Since the recommended bearing value is a net value, the weight of the
concrete within the footings may be taken as 50 pounds per cubic foot, and the weight of soil

backfill may be neglected when computing the imposed downward foundation loadings.

If desired, loading dock walls, minor retaining walls, and free standing walls may be supported on —

shallower footings using a lesser bearing value. Footings for such light loads established in properly
compacted fill and extending at least 1% feet below the lowest adjacent grade may be designed to

impose a pressure of 1,500 pounds per square foot.

10.1.3 Settlement
The settlement of the proposed buildings, supported on spread footings in the manner recom-
mended, will depend on the magnitude of the structural loads, but should be within acceptable

limits if the loads are not excessive. Settlement analyses should be performed prior to construc-

tion. / /
’ ¥
10.1.4 Lateral Loads ' / L
A

Lateral loads may be resisted by soil friction and by the passive resistance of the soils.

coefficient of friction of 0.4 may be used between footings or the floor slabs and the supporting
soils. The passive resistance of the properly compacted fill against footings may be assumed to be
equal to the pressure developed by a fluid with a density of 250 pounds per cubic foot. A one-
third increase in the passive value may be used for wind or seismic loads. The frictional resistance
and the passive resistance of the soils may be combined without reduction in determining the total

lateral resistance.

10.1.5 Footing Observation

To verify the presence of firm compacted fill soils at design elevations, all footing excavations
should be observed by experienced personnel. Footing excavations should be cleaned of any

loosened soils before placing steel or concrete.

=
=
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10.2 GRADING

To provide improved support for spread footings, for concrete slabs, and for paving, the existing
fill soils and disturbed natural soils should be excavated, the underlying natural soils should be
reworked, and all required fill should be properly compacted. To provide support for spread
footings, the upper natural soils beneath the footings should be excavated and replaced as properly
compacted fill; footings should be underlain by at least three feet of compacted fill. The upper clay
soils are somewhat expansive; at least the upper one foot of compacted fill beneath the floor slabs

and beneath any adjacent concrete walks and slabs should consist of relatively non-expansive soils.

After clearing the site, all existing fill soils should be excavated from the building areas and areas
to be péved. Disturbed natural soils within the building areas should also be excavated. The upper
soils should be excavated as necessary to allow the placement of at least one foot of relatively non-
expansive material beneath the floor slab, beneath concrete paving, and beneath adjacent concrete
walks and slabs. The soils beneath the footings should be excavated to a depth of at least three
feet below the planned footing bottoms; these excavations should extend at least four feet beyond

the footings in plan.

The soils should be carefully inspected to verify the removal of all unsuitable deposits. Next, the
exposed natural soils should be scarified to a depth of at least six inches, brought to optimum
moisture content, and rolled with heavy compaction equipment. The upper six inches of exposed
natural soils should be compacted to at least 90% of the maximum density obtainable by the ASTM

Designation D1557-78 method of compaction.

Depending on the moisture content, it may be necessary to allow the surface to dry slightly prior

r‘*"‘""""' i

to compacting. If the exposed soils are too wet and soft to achieve the recommended compaction,i—— 1

it may be necessary to place a layer of coarse gravel or a geotextile fabric over the exposed soils -

to provide a base for the compaction of the required fill.

=
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All required fill should be placed in loose lifts not more than eight inches in thickness and

compacted to at least 90%. The moisture content of the on-site clayey soils at the time of } ——
compaction should be brought to between 2% and 4% over optimum moisture content. Relatively
non-expansive soils should be compacted at a moisture content varying no more than 2% below or |

above optimum moisture content. ;

The on-site soils, less any debris or organic matter within the existing fill, may be used in required
fills. Due to their expansive characteristics, however, the on-site clayey soils should not be placed ,
within one foot of subgrade level in the building area or beneath adjacent concrete walks and slabs.
Any required imported fill and at least the upper one foot of fill should consist of relatively non-

expansive soils. The Expansion Index of any impbrted material should be less than 35. Imported

fill should contain sufficient fines (binder material) so as to be relatively impermeable when

compacted and result in a stable subgrade.

be approved for use prior to importing. / i

10.3 FLOOR SLAB SUPPORT

If the subgrade is prepared as recommended, floor slabs may be supported on gfade. As previously

recommended, at least the upper one foot of fill beneath the building floor slabs, beneath concrete

paving, and beneath adjacent concrete slabs and walks should consist of relatively non-expansive

and predominantly granular soils.

Th ired thickn d reinforcing of the slab: Idd d on the i d loadi 1l

e requir ickness and reinforcing of the slabs would depend on the imposed loadings as well
as the structural characteristics of the concrete. For design of concrete slabs, a modulus of
subgrade reaction (k) of 100 pounds per cubic inch may be used for the compacted subgrade.

Joints in the slabs should be keyed or dowelled to prevent differential movements at the joints.

Consideration should be given to including reinforcing steel in the concrete to control cracking due

to changes in temperature and shrinkage of the concrete.

)
g
W
(¢}
3
a
=)
=2
a
[ gl
2
g
g
o
8
2
.
a
¢}
=
[
9,2}
@
o
[ongl
€]
(e}
=
=
2.
£
=
e
3
g
[}
o
-0
E.
-
o
(o
5
S
o
=
¢
a
=
=
=
&
=]
2
w
<)
)
E,
(=N

m




ADE-88044 10.5

If a floor covering that would be critically affected by moisture, such as vinyl, is to be used in any
area, the floor slabs in such areas should be supported on a four-inch-thick layer of gravel or on
an impermeable membrane as a capillary break. A suggested gradation for the gravel layer would
be as presented below:
Sieve Size Percent Passing
3/4" 90 - 100
No. 4 0-10

No. 100 0-3 —
If a membrane is used, a low-slump concrete should be used to minimize possible curling of the )

slabs. The concrete slabs should be allowed to cure properly before placing vinyl or other moisture- ”’“m

sensitive floor covering.

104 WALLS BELOW GRADE
For design of the loading dock walls or retaining walls where the surface of the backfill is level, it ‘?ix

may be assumed that the soils will exert a lateral pressure equal to that developed by a fluid with ?/ \
el

N !/

Backfill adjacent to the walls should be mechanically compacted to at least 90% of the maximum

a density of 30 pounds per cubic foot. Q ; \X

density obtainable by the ASTM Designation D1557-78 method of compaction. The recommended
lateral earth pressure is for properly drained backfill; weep holes or other means of drainage should

be provided. Relatively non-expansive soils should be used for backfill adjacent to the walls. —

10.5 PAVING | |

10.5.1 Soil Properties for Pavement Design

design. The results are summarized in Table 10.1, Summary of CBR Test Data.

-Q
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Table 10.1
Summary of CBR Test Data

Boring No. CBR
and Depth Soil Type 0%* 95%*

63@4 to6 Fill-Silty Clay 1 2

and Silty Clay

* Percent compaction based on ASTM Designation D1557-78
1 method of compaction.

10.5.2 Asphaltic Paving

The required paving thickness and base thickness will depend on the anticipated wheel loads and

volume of traffic (Traffic Index). Assumed Traffic Indexes and the corresponding paving sections
are presented in Table 10.2, Recommended Paving Sections. The paving sections are based on the |

Flexible Pavement Structural Section Design Guide for California Cities and Counties, Third 3{/

Careful inspection is recommended to verify that the recommended thicknesses or greater are

achieved and that proper construction procedures are used.

==

o

Edition.
Table 10.2 —
Recommended Paving Sections e
—
Thickness (In.)

Traffic Asphaltic Base

Index Concrete Course _J
5 4 8
6 2 i C— 1
7 6 13
8 7 15

69 @ 1’to3 Fill - Silty Sand 9 20 [
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10.5.3 Base Course

The base course should meet the specifications for Class 2 Aggregate Base as defined in Section
26 of the State of California, Department of Transportation, Standard Specifications, dated

January, 1981. The base course should be compacted to at least 95%.
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APPENDIX A
FIELD EXPLORATION PROGRAM

The field explorations consisted of subsurface drilling, sampling, and testing. Sixty-seven exploration
borings were drilled to depths ranging from 5 to 100 feet below the existing grade. Of those
borings, Borings 1 through 6 were drilled during the - preliminary geotechnical investigation.
Originally, seventy-one borings were planned. Borings 7 and 9 were deleted from the drilling
program because of available information from the State of California Department of Transporta-
tion (CALTRANS) for the adjacent Century Freeway (Interstate 105) project. Borings 41 and 42,
which were to be located on the H. Kramer and Company property, were not drilled due to the

environmental conditions that exist on the site.

The majority of the borings were drilled using 16-, 17-, 18-, and 24-inch-diameter bucket-type
drilling equipment and/or 5-inch-diameter rotary wash-type equipment. Raveling and caving of the
bucket borings occurred during drilling, as indicated on the boring logs. Drilling mud was used with
the rotary wash-type equipment to prevent caving. Casing was used in the upper four feet of
Boring 14, to prevent caving within a gravel fill. Borings 49, 51, and 61 were drilled using 8-inch-

diameter hand auger equipment.

After completion of Borings 4 and 22, PVC casings were installed in the borings to permit measure-
ments of compressional and shear wave velocities by downhole seismic surveys. After completion
of Boring 5, a PVC pipe with the lower portion perforated was installed in the boring to permit

future measurement of the water level.

Each of the borings was backfilled upon completion of drilling. The borings were logged
continuously during the drilling. Undisturbed samples were obtained with the Crandall sampler at

depth intervals of about five feet and at major changes in soil stratigraphy. The Crandall sampler

.‘\—\_«_.___-,_"
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is a brass ring-lined 3.188 inch (outside diameter) tube that is driven with a kelly bar. The inside
diameter of the sampler is 2.625 inches. Bulk samples of the upper soils were obtained to permit

the performance of laboratory compaction and other tests.

The logs of the borings are presented on Plates A-1 through A-67; the depths at which undisturbed
samples were obtained are indicated to the left of the boring logs. The energy required to drive
the Crandall sampler twelve inches is indicated on the logs. The energy is determined based on

the following relationship:

E = WBS where: W = Driving Weight = 400 to 1950 pounds
B B = Number of Blows of Driving Weight
S = Stroke of Driving Weight = 1 to 1% feet
P = Penetration of LC&A Sampler = 1 foot

- The soils are classified in accordance with the Unified Soil Classification System described on Plate

A-68.
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Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

8/19/88

DATE
It is not warranted to be representative of subsurface conditions at other locations and times.

ADEF- 88044-7

JOB

: | _ == 15 o BORING 1
z | £ L2125\
o = 2&|z 5|z &|u| oATE DRILLED: August 9 & 12, 1988
< a g > =) iu’, w<1a@| EQUIPMENT USED: 18" - Diameter Bucket (0" to 56
i - selzs E £12 5" - Diameter Rotary Wash (to 75"
w o o 2 ELEVATION 104"
4] CL| FILL- SANDY CLAY - some Sit, pieces of concrete and
l/ asphalt, mottled greyish brown
194 | 112 3 /
100 11181 115 5 l% Traces of organic matter
- 5 IV CL SILTY CLAY - dark brown
13.0 | 116 7 /
)
11.8 | 103 7 SC] CLAYEY SAND - fine, brown
05— Lenses of Silty Sand
10 13.9 » 105 7 é
7
10 SM SILTY SAND - fine, some Clay, brown
104 | 124 10 RiH
90 HE
- 15 i
128 | 115 10 CLAYEY SAND - fine, brown
5 SAND - fine to medium, some Gravel, light brown
L 50 20 | 102 10
80
Fine
P 26 | 991 13
751
L 56 251104 | 9
* Elevations refer to datum of Plan and Profile
drawings provided by TRANSCAL.
704 1
H 7
L 35 6.2 | 100 13
65 | SAND and SILTY SAND : fine, light brown
i
L AfO 6.0 96 12

{CONTINUED ON FOLLOWING PLATE)

LOG OF BORING

3 \

LeROY CRANDALL AND ASSOCIATES
' PLATE. A-11

H
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dmh
Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

OE. _DMom . WP

dmh

AKH

F.T.

8/19/88

DATE

JOB  ADEF-88044-7

DR.

It is not warranted to be representative of subsurface conditions at other locations and times.

DATE DRILLED:
EQUIPMENT USED: 18" - Diameter Bucket (0'to 56')

BORING 1 (Continued)

August 9 & 12, 1988

5" - Diameter Rotary Wash (to 75)

= =z -5 s
z | £ 3 b
Q PrZlz2s1Z3lo
= = »elu3dlu.ely
< o 1588123 |z
> ] O ° >~ ® w = =
Ll a ER|zL|2E]=
w “1a™ g w
T
60 -
L 45 471101 ] 10
55—
- 33| 104 | 18
507
L 55 2.7 1 112 14
45
L. &6 169 110 | 54
40—
L a5 a7zs| 84| o
35-.
L. i 210) 981 21 | fTT ML
30
. 244 | 93 | 12 | o
NOTE:

SAND - fine, light brown

Fine to-medium, about 10% Gravel

(TERMINATED BUCKET BORING DUE TO HEAVY CAVING.
BORING CONTINUED WITH ROTARY WASH EQUIPMENT).

About 20% Gravel

SILTY CLAY - greyish brown

CLAYEY SILT - grey

SANDY SILT - grey
Lenses of Clayey Sit

Bucket Boring; Water not encountered. Heavy caving
from 17" to 22’ and below 47" (to 3' in diameter). Terminated
boring due to heavy caving.

Botary Wash Boring: Drilling mud used in drilling process.

Water level not established.

LOG OF BORING

LeROY CRANDALL AND ASSOCIATES

PLATE A-1.2
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CHKD __ 4.

dmh
Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

OE._DM bm  W.P.

dmh

DR.

AKH

F.T.

8/19/88

DATE

JOB __ ADEF- 88044-7.

It is not warranted to be representative of subsurface conditions at other locations and times.

) > 5
2| . N ERERE BORING 2
= £ [ hal BTES
2l = PZ|Z 5|2 a|u| DATE DRILED:  Augusts, 1988
< o 2-5]1a2| u*¥]|2] EQUIPMENT USED: 18- Diameter Bucket
= w Qelx>gls 2=
w a =812 FEl<
w a o 12 ELEVATION 101
160 1 H [ SM FILL - SILTY SAND - fine, some Clay, brown
101|114 | s | ®HE
8.1} 110 5 1 L E
5 H b
95 1alme| s | HHE
' el SP FILL - SAND and SILTY SAND - fine, brown
T Ef
121|112 | 5 | My :
HH
10 LS
90 9.8 | 114 4 RTHTASM]  SILTY SAND - fine, light brown
H E
5 43071 5 | g
85 4
20 16.1 1 108 13 T
80 HHE
. 58] 104 12 SAND and SILTY SAND - fine, light brown
75
30 - 9.9 | 101 14
Ly Lenses of Sand
69 |-100 18 SAND - fine, light brown -
35
65
Few Cobbles
40 17| 91 12 j o Fine to medium
(CONTINUED ON FOLLOWING PLATE)

LOG OF BORING

LeROY CRANDALL AND ASSOCIATES
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CHKD

dmh

OE._DM pamy W.P.

dmh

F.T. __AKH DR.

8/23/88

DATE
Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

JOB

It is not warranted to be representative of subsurface conditions at other locations and times.

= > .
2| _ ol -5 s BORING 3
=z £ c3|G5E15£]9
21 < PZ|2s|22|n| DATE DRLLED:  Augustsa g, 1988
< b= 2-15%8 $ %171 EQUIPMENT USED: 18" - Diameter Bucket
> i @] o 1> @ S 1=
B = =2l Ll g E|=
| _ a o |¥| ELEVATION 98
:if,}ifr:, SP] FILL- SAND and SILTY SAND - fine, brown
124 | 115 | 5 | KHE
95 - H
i Traces of Clay, pieces of asphalt
131 | 114 7 lfﬁ{-'f‘! bk :
it
8 131 | 119 4 .y CL FILL - SANDY CLAY - pieces of asphalt, bvro,wn
THEISM]  FILL - SILTY SAND - fine, some Clay, brown
90 - 166 | 115 2 | K :
10
123 | 120 3 SC| CLAYEY SAND - fine, light greyish brown
85
i5 137 1 117 7
80 ~
SAND and SILTY SAND - fine, light brown
20 59 | 101 7
75
o5 6.0 | 103 8
70
- 58 1103 | 13
65
a5 591100 | 19
SAND - fine and medium, light brown
60 -
40 661 96 | 8 | g
(CONTINUED ON FOLLOWING PLATE)

LOG OF BORING

LeROY CRANDALL AND ASSOCIATES

. PLATE A-3.1
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dmh .

OE._DM pm_  W.P.

dmh

DR.

AKH

F.T.

8/23/88

DATE

Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

JOB __ ADEF- 88044-7

It is not warranted to be representative of subsurface conditions at other locations and times.

= s -15 s BORING 3 (Continued)
z | £ 1525 E|S
o1 £ P2|Z 5|2 2lul DATE DRLLED:  Augusts s, 1988
< | = 25|oS|w¥|Z| EQUIPMENT USED: 18"- Diameter Bucket
o | & =Rl 2£)2 :
w “ia™ g w
14 SM SILTY SAND - fine, light brown
55
e 3l o7 1 12 | fihi
50 - ARl _ ‘
SAND and SILTY SAND - fine, few Gravel, light brown
L 5 90| o1 | 13
\
45
Some Gravel
e 85! 95 | 10
40
60 7.6 1 101 12

NOTE: Small amount of water seepage encountered at 3' to 9'.
Raveling from 8'to 9' and 18' to 30' (to 2' in diameter).

LOG OF BORING

LeROY CRANDALL AND ASSOCIATES

PLATE A-3.2
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dmh

O.E._DM DM  W.P.

dmh

DR.
Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

AKH

F.T.

8/23/88

DATE

JOB  ADEF-88044-7

It is not warranted to be representative of subsurface conditions at other locations and times.

= == I s BORING 4 (Continued)
z | € £x152| 5[0
2l = 22|2 5|2 2g|u| DATE DRILLED:  August 12,1988
< | E 7 FoR $ ¥%|zZ| EQUIPMENT USED: 5" - Diameter Rotary Wash
o | W Selzdlz<l2
o e E=-Tad - 1%
a5l 4s 123 | 99| 43
304 50 10.6 07 43 SILTY SAND - fine, light brown
SAND - fine to medium, light brown
251 &5 185) 110 77
201 o 174 | 106 | 60
SAND and SILTY SAND - fine, light brown
151 es 165 | 100 | 60
Bl 70 246 | 92 | 54
o . 223 | 98| 43
A 240 | 96| 30 | WIHH

(CONTINUED ON FOLLOWING PLATE)
LOG OF BORING

LeROY CRANDALL AND ASSOCIATES
' ’ PLATE A-4.2
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OE._DM bm WP

dmh

DR.

AKH

8/23/88 F.T.

DATE

ADEF- 88044-7

Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

JOB

It is not warranted to be representative of subsurface conditions at other locations and times.

= — > . BORING 4 (Continued)
= | = wglE=]2 28
5 £ N Al IR b
= | = PZ|Z 5|2 2|u] DATE DRILLED:  August12, 1988
< a o1af| u*|a&] EQUIPMENT USED: 5"-Diameter Rotary Wash
il Selzé|z2)E
i e~ S5 o
Y. I 244 | 97| a3
15 o5 245 | o8 | 43 | 4.
! Fine to medium
_-20_. 100 229 104 43 I;.- o

LOG OF BORING

NOTE: Drilling mud used in drilling process. Mud removed after
completion of drilling. Water level not established.
Installed 100’ of 2"-diameter PVC pipe for downhole
seismic survey. Annular space backfilled with gravel.

LeROY CRANDALL AND ASSOCIATES
' ' PLATE A-43




i = | _ ol 15 s BORING 5
=z ) cElg=|E5Z20190
o 22|z 5|z 2gla| OATE DRILLED:  August 11, 1988
= E 2] SlwWwaslw a ] = .
= o Z=sles1u¥|Z] EQUIPMENT USED: 5"- Diameter Rotary Wash
> w O b v = b z
L a |1=2 |2z
— = -]
w o o w ELEVATION 80
l g SM FILL - SILTY SAND - fine, some Gravel and Cobbles,
| reddish brown
75|13 ]| 7 . .
HH ] SM SILTY SAND - fine, brown
| - B 57 { 108 2 R
= 1§
- B 75+ 5 il
I O |< g7 |17 | 7 s
[0} B
©
© .
£l |2 M1]120| o
l b 8 SANDY CLAY - brown
a 1581 704 10
z |§E 156 | 116 | 10
w2
I sle e
Qo2
= £.9 SILTY SAND - fine, about 10% Gravel and Cobbles,
ol |88 brown
Jo 2 1361 118 18
w = b 65 b 15
cl82
& o
l s
155 SAND - medium, about 20% Gravel, Tight brown
=l NE=
© E'g
l ] 28| so1 20 86 | 118 | 21
a §,8
a5
c
i [&:
Zl|2%s
= Fine to medium, about 10% Gravel
YIES| 551 o5 141|113 ] 18 -
A1e s ; .
6 e
l Hle o
w g 3
% g_ 19.4 99 36
N
(1838
§ g2 50— 30 129 | 122 | 60 Medium
L
, I o8
: [
F—J & g SAND and SILTY SAND - fine, light brown
O
- kR
I o2
E=] 54 11.0| 101 | 30
3l e
l =S E
@
u
wi
Q 4
I s0-L 40 104 | 101 | 27
8 (CONTINUED ON FOLLOWING PLATE)
S ' :
LOG OF BORING .
5 ' LeROY CRANDALL AND ASSOCIATES
PLATE A-5.1.
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Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

OE._DM om WP

dmh

DR.

F.T. __AKH

8/23/88

DATE
It is not warranted to be representative of subsurface conditions at other locations and times.

ADEF- 88044-7

JOB

= — >~ |. BORING 5 (Continued)
z | £ 23 e e
2| = PZ|Z2 5|2 2|w| DATE DRILLED:  August 11, 1988
< ke Qo102 u=lE EQUIPMENT USED: 5" - Diameter Rotary Wash
o |4 Se|x8|z<)z
a e =t - I
354 45 11241 105| 45
Thin layer of Gravel
Some Gravel and Cobbles
25 1 e 144 | 114 | 45 Medium to coarse
20 4 60 16.6 | 101 30
SAND - fine to medium, light brown
15 1 65 143 99 45 |
101 7 27| o | a9 SAND and SILTY SAND - fine, light brown
5 4 75 233 96 60
oL g 25| 97| 60 | g

(CONTINUED ON FOLLOWING PLATE)

LOG OF BORING LeROY CRANDALL AND ASSOCIATES
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PLATE A-52




CHKD __ z&£

dmh
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dmh

DR.

AKH

F.T.

8/23/88

DATE

ADEF- 88044-7

JOB

Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

It is not warranted to be representative of subsurface conditions at other locations and times.

DATE DRILLED:
EQUIPMENT USED: 5" - Diameter Rotary Wash

BORING 5 (Continued)

August 11, 1988

£ sl 8-l
z | € £3|IG5Z|E2]9
< o =Sl lwuxla
m |y SN FHI ENIE
= e =t - &
L
1Y
HHE
iKY
54 gs 232 ]| 9 | 54 J-1-I:1-I:
1M
i
THF
-104 g0 242 951 36 J;!;E!ZE{
e e 2781 9 | 36
L. 204 100 201 ] 107 | 77

LOG OF BORING

NOTE:

Drilling mud used in drilling process. Mud removed after
completion-of drilling. Installed 100’ of 2" - diameter PVC
pipe (bottom 50" perforated to permit future water level
measurements). Water level measured at 73' on 8/23/88.

LeROY CRANDALL AND ASSOCIATES

PLATE A-53




O.E. DM bm_W.P. _dmh CHKD &

dmh

DR.

AKH

F.T.

8/23/88

DATE

ADEF- 88044-7

JOB

Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

It is not warranted to be representative of subsurface conditions at other locations and times.

=s . > .
£ ke =
o E = L% e % 2lu| DATE DRILLED: August 10, 1988
< o 25|osS|wx]|zZ] EQUIPMENT USED: 18" - Diameter Bucket
w a 22lzL | EE]=
w Q a w ELEVATION 71
M 6" Asphaltic Paving - 6" Base Course
70 P ok SP FILL - SAND and SILTY SAND - fine, pieces of concrete,
34 1 110 3 iR SM few Gravel, light brown
i
Sel Wl 2 70| sy oLy - darkbrown
- 5
65 241 [ 101 | 1
0.1 o1 3 Some Sand, brown
L 10 327 ] 89 3 Greyish brown
60 -
, Y.
153 | 120 s ‘7/ CL SANDY CLAY - brown
SILTY SAND - fine, about 10% Gravel, brown
~ 15
55 29 1109 15 SAND - fine, about 10% Gravel, light brown
Lenses of Gravel
20 29 | 117 17
50
L o5 48 | 106 24 Few Gravel
45
a0 5.8 ] 101 19

LOG OF BORING

NOTE: Water not encountered. Raveling from 16 to 24’ (to
2' in diameter).

LeROY' CRANDALL AND ASSOCIATES

PLATE A-6
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DM

CHKD

OE.SKosZ WP Ip

Ip

DR.

BG

F.T.

1/4/89

DATE

ADEF- 88044-7

JOB

Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

It is not warranted to be representative of subsurface conditions at other locations and times.

DATE DRILLED:

BORING 8 (Continued)

January 19, 1989

EQUIPMENT USED: 24" - Diameter Bucket 0to 24’

18" - Diameter Bucket 24'to 74'

slz~la-lo
5| € %i T e
() - =
el z 2 FEI R
> a a8l lw¥]a
8418 S=|zd|z<)3
w e k=T - %)
ML
50
// cL
45 - 490} 71 4 /
- %
| 5 424) 80| s /
1] SM
40- ‘SP
- 95| 102 | 27
35—
- 42 | 103 | 27
30-.
L o5 189 | 105 | 28 :
cL
25—
L o5 37| 8| 6
ML
20 112 WY
75 57| 104 | 30 .wl

CLAYEY SILT - light grey and brown

SILTY CLAY - greyish brown

SILTY SAND - fine, reddish brown

SAND - fine, light brown
Layer of Silty Clay

Fine to medium

-~

Grey

SILTY CLAY - sulfur odor, few shells, grey

CLAYEY SILT - grey

SILTY SAND - fine, light greyish brown

NOTE: Water level measured at a depth of 72-1/2' 5 minutes after

completion of drilling. Caving from 24'to 27" (to 3"in
diameter).

LOG OF BORING

LeROY CRANDALL AND ASSOCIATES

PLATE A- 7.2
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}

R S i

- > ;
=z o wglE=|2=]8 BORING 10
o] £ o a¥Flu]a
= 22|22 5|2 &|u| DATEDRILLED: January 19, 1989
< = ollus|lusia : -
a [ o5l lwuX|T EQUIPMENT USED: 24" - Diameter Bucket 0 to16'
418 s2lz2|2E|2 18" - Diameter Bucket 16'to 60'
aQ & [¥#] ELEVATON 94
Layers of Asphaltic Paving and Base Course
'Y FILL - CLAY and SAND - dark brown
Q 242 121 3 SILTY CLAY - black
ald 90
X § 5 217105 | 6 Dark brown
(&)
.i Grey ,
.(-U‘ 1
©
oll2 16.1 | 118 | 12
W 85
2y
al® o ~ 10
s E
Zlo= 266 | 94 6 '
' EE: ‘
b =8 J ML] CLAYEY SILT - some Sand, brownish grey
xilc o
o285 | s0- 150 | 101 4
ko]
] E-fre - 15
olg 2
&2 204 | 109 | 10
25 ’ / CL| SILTY CLAY -brown
%5 /
2| ™7 /
128 - 20 231102 | 6 /
1] . ]
& 5 8 %
©=
32 F SAND - fine, light brown
23| n- ,
- 4.0
§ .‘E L o5 104 | 12
'_- n C
T
g §§ *7 31103 | 16 !
Qlles - 30 : ,
25
D = |-
ju g g [-o0r .
<O: P 5 / SILTY CLAY - greyish brown
o2| 60+
== _ 35 342) 89| 5 /
~ . {
i 7
H /
3 /
3 | = 7
L 40 21| 94] 12 smi SILTY SAND - fine to medium, brown
@ (CONTINUED ON FOLLOWING PLATE)
Q .
LOG OF BORING
LeROY CRANDALL AND ASSOCIATES

PLATE A-8.1
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Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

It is not warranted to be representative of subsurface conditions at other locations and times.

= > .
i’ - wzlz=|E82ls BORING 12
= ke &
2| =z PZ|Zs|22|u] DATE DRILLED:  December21, 1988
< a L1082l Lu=IZ&| EQUIPMENT USED: . 5 - Diameter Rotary Wash
= i Qel>=2ls =
o | a S R R b
w o Q (2] ELEVATION 95 .
jo’ CL| FILL - SILTY CLAY - some Sand, Gravel and Cobbles,
/ black
174 | 100 | 4 ‘
o 234| 98| 2 A
CL SILTY CLAY - dark brownish grey
271 98 4 A
ML CLAYEY SILT - brown and grey
851 10 . 6| 87| 5| 4
249 98 4
80—+ 15 .
157 | 115 11 SILTY CLAY - light brown
SAND - fine, light brown
751 20 -
12.9 | 111 27 -~
70 4+ 25
‘ 16.8 | 106 34
65+ 30 - Light greyish brown
18.1 1 106 41
60-1+ 35
3841 80 10 SILTY CLAY - grey
R R T MOl SANDY SILT - brown

(CONTINUED ON FOLLOWING PLATE)
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Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

F.T. BG DR.

1/3/89

DATE

ADEF-88044-7

JOB

It is not warranted to be representative of subsurface conditions at other locations and times.

DATE DRILLED:

BORING 13 (Continued)

December 22, 1988

EQUIPMENT USED: 5" - Diameter Rotary Wash

SANDY SILT - grey

SILTY CLAY - grey

SILTY SAND - fine, brown

SAND and SILTY SAND - fine, light brown

Fine to medium, grey

SILTY CLAY - grey

Layer of Silty Sand

NOTE: Drilling mud used in drilling process. Water level not

£ SENERE
z | € L2152 | 58
=zl [55|ag|z8
3 R B PRI BRI E
o a 22l zE|=
wi (=} a (/5]
/
04| 91| 6 | N o
4
50+ 45 ] CcL
87| 82| s %
45—+ 50
66| 87| 11 /
1114 SM
40 55 4
1390 | 9 | 54
35 60
101 | 103 | 34
30 -+~ 85
140 | 103 | 41
254 70
37| 80| a4
204+ 75
56| 8 | 13
L—.15-~L 80

LOG OF BORING

established.

LeROY CRANDALL AND ASSOCIATES

PLATE A-11.2
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- S >= 4
i’ = w3 %;_‘ §2§ BORING 15
I 2l = P5|2 5|2 28|u| DATE DRILLED:  December 29, 1988
; < a €s|oS|wu=|z| EQUIPMENT USED: 5" - Diameter Rotary Wash
o | & =xlze|2£)2
@ “18T| S T |o| ELevaTon 92
l : LI} ML] FILL - SANDY SILT - brown
5.0 & Layer of Gravel
3 90 1421 1181 6 ML] CLAYEY SILT - brown
l a9l . 7 CL| SILTY CLAY - dark brown
3
e % / Brown
l 5 -g —- 5 /
o 7
5 85 135 121 14 SC CLAYEY SAND - medium, some Silt, brown
= ) ’ .
=
RlE
o . C g
o |8 é L 10 253 | 99 7 L SILTY CLAY - brown
z 5= - |
w O
I % 85| 80 7
22| 181100 ]| s ML]| CLAYEY SILT- brown
¥ = ,;
(7]
I
wi = o - =
Rk g 109 | 112 1 SILTY SAND - fine, brown
% [+]
I o ®| 754
£ SAND - fine to medium, light brown
£l |s .©
gl =3
S8
o 2 o .
Sl=8 94| 108 | 34
Q=
S| 70 -
c
oL
i
3les
£2
< e} 'ﬁ e 25
o IS 156 | 107 | 34
. (7))
wfc @
S5 857
° Qo -
I - § 2 Layer of Clay
al |
o |82
- g3 — 30
2 € 16.2| 106 34
g g
n © 60 —
Els2
I -
- 0
° 2
= - 35 ‘
'\ .o
3lle 214|105 | 2a SILTY CLAY - greyish brown
l =4 E= 55 —
«Q
th
l <
- 40
s (CONTINUED ON FOLLOWING PLATE)
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Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

O.E.

Ip

DR.

BG

F.T.

1/4/89

DATE

JOB __ ADEF-88044-7

It is not warranted to be representative of subsurface conditions at other locations and times.

— >- "
z | 2 " ERERE BORING 16
o £ o*¥lus
£ | = Pslzslz2 w| DATEDRILLED: December 28, 1988
> o a5l lwx|z| EQUIPMENTUSED: 5"-Diameter Rotary Wash
w L Qelx=gls2l1=
0 o =2l FEl=
OT1S |9| ELEVATON 98 -
HHH SM[  SILTY SAND - fine, brown
95 90 126 | 14 | BIH¢
r 484
5 149 110 | 14 | gHE
1211123 | 41 | MHE
90 i
| 0 721100 | 14 | g}
- 64l 108 | 17 i SAND and SILTY SAND - fine, light brown
15
10.2 | 116 16 Some Clay
80
20
69 | 106 | 20
75
25
109 9% | 27
| s
70— '
30 SAND - fine, light brown
183] 103| 34
65—
35
316 | 93| 17 SILTY CLAY - greyish brown
60
40

(CONTINUED ON FOLLOWING PLATE)
LOG OF BORING

LeROY CRANDALL AND ASSOCIATES

PLATE A- 141
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PLATE A-172
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Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

il BN N @ BN . EE BN BN B N

CHKD__ bm

dmh

dmh

DR.

BG

F.T.

1/3/89

DATE

JoB ADEF-88044-7 -

it is not warranted to be representative of subsurface conditions at other locations and times.

= > .
=] . w3z =B ]g BORING 22
= i hal BTES ,
S| = PZlzs|22 u| DATE DRILLED: January 4, 1989
< & g 51235 u*|g&] FEQUIPMENT USED: 5" - Diameter Rotary Wash
W wi =1z 81=£]=
- [a] sjlc= Fealed BsY
(T, a a 12 ELEVATION 103
4" Asphaltic Paving - 7" Base Course - 5" Asphaltic Paving
70] 118 | 30 SILTY SAND - fine, brown
100
' 107 | 124 | 20
. CLAYEY SILT - brown
289 | 88 8
95 — 121 | 118 | 14 SR
SAND - fine, some Silt, light brown
10
58 | 105 17
90
88108 | 30
15 SILTY CLAY - grey
19.1 ] 110 8
85
20 CLAYEY SAND - fine, brown
84 ] 116 | 21 '
. SAND - fine, light brown
25
19.6 | 104 27
75
30 Fine to medium
189 | 104 44
70
35
151 | 106 | 44
65 - XAk ‘Fine to coarse, some Gravel and Cobbles
&
40 =

(CONTINUED ON FOLLOWING PLATE)

LeROY CRANDALL AND ASSOCIATES

LOG OF BORING

PLATE A-2041
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BORING 22 (Continued)

DATE DRILLED: January 4, 1989
EQUIPMENT USED: 5" - Diameter Rotary Wash

N ATFAIATAPA PR

SM

CVCTCTCYCTY

I £ zlz-le-|s
z | 2 L2l5Z|EE|0
I = T E%‘ G312 81w
~ (2 BORCH Bl P
S| g 08|23 |wllE
w8 =x|zLlZ2£E|2
w a e w
l 127 | 121 | 41
‘m &
oy 60—
®
oI
4 K 45
'O.E w4] 8| 5
» o
T
o
£ |2 55 ,
Rl |
e g g
a ls 8 50
z|sE 112 101 | 34
o]
I§ 85
g )
| o |88 %07
o N
| ui 12 55
| o822 1287 119 | 51
; g o
L[
£ 0
i < '(B‘.(S 457
P
% |E 8 1351 122| 47
Q
c 2
c
o0
o 2 40 —
Io 8 -
@mljc ©
€2
g < 65
.15 < 126 | 109 | 44
Hleo 9
wls8
=a
I '8§ 35—
ol 18 :
g ® 0
00—‘
“11€3 7
5 2 128 107] 27 | &
88 !
2 a“%
B s 2
< |35 | 30
a 5’5,
17
- 75
Sl 57| 116 | 47
3|3 -
8 =
o 25 —
w
(@]
<
I 80
m
o]
l'?

LOG

NOTE:  Drilling mud used in drilling process. Mud removed to a
depth of 75' after completion of drilling. Water level not
established. Installed 2" PVC pipe for downhole survey.

OF BORING

SILTY CLAY - light brown

SILTY SAND - fine, brown

SAND - fine to medium, greyish brown

Few Gravel

Medium to coarse

Layer of Silty Clay

SILTY SAND - fine, brown

LeROY CRANDALL AND ASSOCIATES

PLATE A-202




N wilz §’> g BORING 23
o = o ¥ &
' El = PZ|Z 5|2 2lul opaEDRILLED:  December 13, 1988
> a Lolal w ¥ T EQUIPMENT USED: 5" - Diameter Rotary Wash
: w ] Q >21=>£1=
~ o =X|xc21z=zE|=
w ~ =1
a a 2 ELEVATION 104
l -__ 13" Asphaltic Paving
11 SM SILTY SAND - fine, brown
,§ 691122 | 16 | KlF
o 41 Lenses of Clay
als 100 H H T
X 8 | ¢ 711 119 | 14 il
l G |2 HHH
o} L ELE
: ki 6.7 | 112 | 11 R Light brown
o] s
I % 95 - HHE
& g g L 10 951 119 ] 15 | wlH}t Reddish brown
z|sE il
T2 |
NiE it
‘ \g > & 86| 112 | 16 ||
[=gt] b
xI8g| 1 -
Mo 2 L 45 SILTY CLAY - greyish brown
w g =
olge 224 105 | 12
Qo
m -t
o ©
W
i e g% g5 - SAND - fine, greyish brown
CcC Cc .
1 PHI
; 15 8 78| 105 | 18
Qc
: 3] 8
% ) c
g e
Q
| Q §§ 80—
-‘o: 'g —~ 25
.o <€ 216 99 47
1 '_: » 3
' L1859
S8
c © .
I 2183 | 754
JlER 30
-3 € 17.7 | 110 4 Grey
l 2s
: o
n ©
al8¢c
= 70 -
l 22 SAND and SILTY SAND - fine to medium, grey
ool F= 134 | 14| 6t
38 )
o o]
b
Q 65 '
L-¢
I - 40
8 (CONTINUED ON FOLLOWING PLATE)
Q
‘ LOG OF BORING
I LeROY CRANDALL AND ASSOCIATES

PLATE A-211




ol
Els
L —d ~ A
=) E ol
m . S 7] e
= e olS
o [ < [a
=) G <
c - i $ 5
QR 8 : 2
&) = a o
S [} z
2% g z
3 [} m c m. m
N & 2 o X
28 5 £ 5
59 € = s
S 15 2 3 £ 3|
— o0 9] ] ©
[ B » £ > 8 2
o) Qw =] % 0 S
o 2 5 = m ES m
53 e 5 3 $ 8 =
M _M n oo o
cw it
a= i (01]
T o .
< m b4
o ety O
Pt o o
R
'007 I1dWVS o
(a/sdpt-"4) & - -
ADHINT 3AHa | B 3 ~ 8 ®
(ynorsq) | o 0 ~ © -
ALISNIaAHG | + 2 = s = 7
(mhpjo%) | @ @ o © o )
JdnUSION | = € @ B =
(‘W) HLd3a 2 3 10 3 9
1 1 1 |
¥ 1 1 1 nw
NOILVAT3 3 B 3 2 =4
*selj} pue suoljeoo| Jeylo je mcow_ncoo oomr:mn:m JO eAljelUGSEIde) Bq O} PBjUBLIEM JOU S| |
"peieslipul sjep ey} Je pue uoleso| Bulioq oyoeds sy} je Auo seldde uoaiey UMOYS SUDIPULD eoeuNnsqns Jo Boj ey : 810N

Wa  QyHO 4 ‘dM T FF s 'T0 d  'Ha og 14 88/9t/2L  3LvA  s-vpogg-43gy  GoOf




Dm

CHKD

OE.SK £ W.P. Ip

Ip

DR.

BG

F.T.

12/16/88

DATE

ADEF- 88044-7

JOB

Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

it is not warranted to be representative of subsurface conditions at other locations and times.

z | = wo|z 2|85y BORING 24
o £ o as|H£]9
= PZ|Z 5|2 &|w| DATEDRILLED:  December 12 & 13, 1988
a o % s1a g w -:? T EQUIPMENT USED: 5" - Diameter Rotary Wash
D | & =2|zL]|2E|
a o |9} ELEVATION 102
13" Asphaltic Paving
100 - 71| 126 13 FILL - SILTY SAND and SAND - fine to medium, brown
71] 114 14
5
95 09 | 122 17 SILTY SAND - fine, some Clay, brown
- 123 | 115 14 CLAYEY SAND - fine to medium, reddish brown
90
127 | 118 17
15
127 1 112 16
85 SAND - fine to medium, brown
20
731 114 27
80 -
25
194 | 102 | 47
75 —
Few Gravel
30
11.3 | 126 47
70 ~ Fine to coarse, light brown
35
‘ 169 | 106 74
65 =
40 90052

(CONTINUED ON FOLLOWING PLATE)
LOG OF BORING

LeROY CRANDALL AND ASSOCIATES

PLATE A-221




PLATE A-222
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12/16/88

DATE

ADEF- 88044-7

JoB

Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

It is not warranted to be representative of subsurface conditions at other locations and times.

z | - wilzz]Eols BORING 25
o £ o a=|5E19
£l = P&|Z 5|2 &|u| DATEDRILLED:  December 12, 1988
> N ‘g 5122 u¥|g&] EQUIPMENTUSED: 5"- Diameter Rotary Wash
= I E
- ST 5 T|9] Eevation 100
12" Asphaltic Paving
/ CL SILTY CLAY -dark grey
237 | 104 4 % Slight hydrocarbon odor
174 | 114 5 A
SC CLAYEY SAND - fine to medium, brown

90~ 10 125 | 111 7 .

135 | 117 14
85 4- 15 SP-§  SAND - fine, light brown

10.7 | 112 11

Some Gravel
80 -1- 20
90 | 111 34 Fine to medium
Some Gravel and Cobbles
BT 175 | 111 a7 v Medium to coarse
’ ::} SW] SAND - well graded, some Gravel and Cobbles, greyish
: brown
70 4+ 30
92 | 124 41
65 1 35
!

60 -L 40 <] SP|  SAND - medium, light brown

(CONTINUED ON FOLLOWING PLATE)

LOG OF BORING

LeROY CRANDALL AND ASSOCIATES

PLATE A-23.1
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JOB

Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

It is not warranted to be representative of subsurface conditions at other locations and times.

= > . :
=] . w2z -|B]g BORING 26
£ a* =
2| = P&lZ2 ;|2 2la| DATE DRILED:  Decembers, 1988
< e Leolol Xl@| EQUIPMENT USED: 5" - Diameter Rotary Wash
° w
> w Qoelx>gls s
t a =g |zl zEl=
w a a |¥ ELEVATION 100
14" Asphaltic Paving .
o Thin fabric material beneath asphaltic paving
156 | 105 7 % SC FILL - CLAYEY SAND - some Gravel, slight hydrocarbon
CL -L odor, grey :
SILTY CLAY - dark grey
208 | 104 3 Slight hydrocarbon odor
951+ §
259 98 3 % Brown and grey
/ Layer of Sandy Clay, brown
8l 4 156 | 118 | 9 %
7 |
242 ] 102 8 %
R SAND - fine to medium, some Gravel, brown
85 -1 15 |
52| 108 13 - Few Cobbles [
|
80 -+ 20
193] 107 | 37
SAND and SILTY SAND - fine to codrse, brown
75+ 25
135 108 | 20
Some Gravel and Cobbles
70 4+ 30
84 | 131 74 About 30% Gravel and Cobbles
i
651 35
127} 120 | 81
60 - 40

. R
(CONTINUED ON FOLLOWING PLATE)

LOG OF BORING

\ ! >
LeROY CRANDALL AND ASSOCIATES

PLATE A-241
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DR.

F.T.

12/14/88

DATE

ADEF-88044-7

JOB

Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

It is not warranted to be representative of subsurface conditions at other locations and times.

= > .
=] w2z |8 BORING 27
= a ¥ &
o = PE|E s ‘uéj 2lu| DATE DRILLED: December 8, 1988
< 3 25122 | ux|Z] EQUIPMENT USED: 17" - Diameter Bucket
> T, Qelx=gls s
w ) =L EEl=
o 0 a v ELEVATION 102
5" Asphaltic Paving - 8" Base Course
100 FILL - SILTY CLAY - some Sand, dark greyish brown
124 | 116 5
- 5
(ABANDONED WATER PIPE ALONG SIDE OF BORING)
95 — 19.7 | 107 2 SILTY CLAY - brown and grey :
70 | 104 5 CLAYEY SAND - fine, light brown
~ 10 1 Layer of Silty Sand
90 — i
871 o7 10 Cemented pieces
- ° 3z 1o | 13 SAND - fine, light brown
85 —
Some Gravel
L 50 24 1123 | 14
80 - )
About 10% Gravel (to 2" in size),
a6 | 104 18 Greyish brown
- 25
75 Few Gravel
L a0 40 ] 110 | 10
70 —
L 35 32 1 110 9 Light brown
65 <
L 40 941 96 | 10

(CONTINUED ON FOLLOWING PLATE)

LOG OF BORING

LeROY CRANDALL AND ASSOCIATES

PLATE A-25.1
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JOB __ ADEF-88044-7 DATE 12/14/88 F.T. FH DR. Ip OE._SKo4 WP.__ |p CHKD __pm
Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.
It is not warranted to be representative of subsurface conditions at other locations and times.
2 a o a ELEVATION (ft.)
1 1 ] 1
T T T
3 a & & DEPTH (ft.)
MOISTURE
g & ﬁ (% of dry wt.)
_. - = DRY DENSITY
S 8 3 & (Ibs./cu. ft.)
N a = 5 o DRIVE ENERGY
— © - (ft.-kips/ft.)
o SAMPLE LOC
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Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.
It is not warranted to be representative of subsurface conditions at other locations and times.

5 I @ & @ | ELEVATION (i)
i 1 1 1 1
1 1 I T
& 3 & 3 & DEPTH (it.)

. o = = = | MoisTURE
© o =) o o (% of dry wt.)
= 5 s & - | DAY DENSITY
& & o 2 o | (bs.seu. f)
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Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

DR.

FH

DATE 12//8/88 _F.T.

ADEF-88044-7

JOB

It is not warranted to be representative of subsurface conditions at other locations and times.

£ | _ wzlz =8 ls BORING 29
z £ o a1 E£]10
2| = PZ|Z25]|22lu] DATE DRILED:  December7, 1988
< a 8“5 a<| . ¥|z2| EQUIPMENT USED: 5" - Diameter Rotary Wash
o | & =2|z8|2£|2
i | o =i
| a & |o| ELEVATION 103
4" Asphaltic Paving - 7" Base Course
SC FiLL - CLAYEY SAND - fine to medium, brown
93124 | 8
100
17.1 | 110 3
CL SILTY CLAY - dark grey
- 5
218 | 101 3
959 Light brown
_ 10 289 | 94| 2
SC] CLAYEY SAND - fine to medium, brown
90 -1 103 | 118 8
~ 15
152 | 118 | 11 Fine
85 -
- 20 -
821111 | 16 SP] SAND - fine to medium, light brown
GRAVEL - some Cobbles, Sand matrix, light brown
80 -
- 25
219| 103 | 34
75 =
Some shells
~ 30
97| 98 | 65
70
- 35 . .
187 a3 65 SAND - fine to medium, few Gravel, brown
65 -
- 40

(CONTINUED: oN FOLLOWING PLATE)
LOG OF BORING

LeROY CRANDALL AND ASSOCIATES
' PLATE A-271
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Note : The'log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

FH

ADEF-88044-7

JOB

Sl Bl I I BN IR BE BN D B BN B IR B TN B B B .
DR.

i

DATE 12//8/88 __ F.T.

it is not warranted to be representative of subsurface conditions at other locations and times.

=3 AR BORING 30
= .1-_-; ' B = £
2| = PZ|2 5|2 2|a| OATE DRILLED:  Decembers, 1988
< & Le1a2| L¥|a&] EQUIPMENT USED: 5" - Diameter Rotary Wash
> & [®) s a YIS
s | fal 2Rz EEI=
w o & |¥| ELEVATION 104
oo 4" Asphaltic Paving - 9" Base Course
[~ SP FILL - SAND - fine to medium, some Silt, pieces of wood,
68 | 128 | 17 | W] dark brow
100 - _c Organic odor
. 81 | 116 8 SHE
% CL SILTY CLAY - some Sand and rootlets, dark grey
178 107 | 3 %
10 % Brown
14.8 | 115 6
L il SM SILTY SAND - fine, brown
90 HE
15 ’ ’
150|105 9 | M} Light reddish brown
85 HH E
20 HH
120 | 108 §{ 14 | KKt
80 - 513
25 H §
13.7 _1 14 16 aci-] SP SAND and SILTY SAND - fine, few Gravel, brown
{HH sm
HHE
75 T
30 sl
116]109| 45 | & ?
HHE
[-:&2 Few Cobbles
1HE
70 1At
35 : HHE
' 165 | 104 | 45 ‘ffﬁ’
()
P
65 7 f{.&
40 n.'.:'.

(CONTINUED ON FOLLOWING PLATE)
LOG OF BORING

LeROY CRANDALL AND ASSOCIATES
' PLATE A-28.1
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Note : The log of subsurtace conditions shown hereon applies only at the specific boring location and at the date indicated.

DR.

FH

DATE 12//8/88_ F.T.

ADEF-88044-7

JOB

It is not warranted to be representative of subsurface conditions at other locations and times.

= —- > : '
=12 w3z o|olg BORING 31
= o ¥ =
o | £ PZ|Z2 512 a|u| oatE oRLLED:  Decembers, 1988
< o g 5122l u*|g]| EQUIPMENT USED: 5"-Diameter Rotary Wash
L ol =81 =12
| o S
w & o w ELEVATION 103
RN 5" Asphaltic Paving - 7" Base Course
SM FILL - SILTY SAND - fine to medium, dark brown
82 | 121 5
Ll SC]  FILL - CLAYEY SAND - fine to medium, some rootlets,
141121 | 3 P ‘
- 5 SILTY CLAY - brown
189 | 111 6
95
L 40 123 | 120 8 CLAYEY SAND - fine to medium, reddish brown
SAND'- fine to medium, light brown
90 165 | 107 6
- 15 -
8.0 | 101 10 SILTY SAND - fine, light brown
85 11
- 20 HH |
19.7 99 22 RlHE
r bl ¢
80 il
- 25 i :
' 164 | 108 | 45 | WH
1 H18 Few Gravel
75 - HHE
13 |
- 30 il
188 98 37 RiiL
70 HH |
g f.
vl SP SAND and SILTY SAND - fine, light brown
- 35 LY SM i
162 | 108 | 37 | WM}
1y o Gravel
] “R.:i-tj ew rave
Eg
Lk
L 40 .

(CONTINUED. ON FOLLOWING PLATE)
LOG OF BORING

LeROY CRANDALL AND ASSOCIATES
' PLATE A-291
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Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

It is not warranted to be representative of subsurface conditions at other locations and times.

) =l -5 -] BORING 31 (Continued)
= e el 1=l = bs!
£ o a¥rlusla
3 - PE&|% 5|Z &lu] DATE DRILLED:  Decembers, 1988 ‘
< = 2 B w X T EQUIPMENT USED: 5" - Diameter Rotary Wash
' a =tleLlzEl=
wl o a w
141 | 12| 37 | MHE
60 ] SP|  SAND - fine to medium, light brown
45 f
99 (106 | 61 | K
: Some Gravel
55 —
50 ‘
sl % | a1 i S| SAND and SILTY SAND - fine, light brown
B, ; Layer of Gravel
50 ~
55 1HE o
11.0| 103 | 41 | Ko Few Cobbles
45 —
60
215 ]| 105 61
NOTE: Drilling mud used in drilling process. Water level not
40 established.
65

LOG OF BORING

LeROY CRANDALL AND ASSOCIATES
) PLATE A-29.2
1




PLATE A-30.1
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Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

it is not warranted to be representative of subsurface conditions at other locations and times.

= | _ oz -15 s BORING 34
z | £ S R
8 = P = Z 5|3 &|wu| DATE DRILLED: December 1, 1988
<>t a ‘é’ sla £ w < o EQUIPMENT USED: 17" - Diameter Bucket
o w selZd|=2£)2 : '
a (@] cle= | <
| o o 2 ELEVATION 102
SM 1 2" Asphaltic Paving :
¢ FILL - SILTY SAND - fine to medium, few Gravel, dark
100 - 12.3 114 3 beWﬂ -
SC CLAYEY SAND - medium, reddish brown
5 12.7 | 119 6
Fine to medium
95
16.0 | 118 8
7 CL §J SANDY CLAY - light brown
10
2671 98 8
90 — SC CLAYEY SAND - fine to medium, light brown
100 | o4 8 ‘ fHl SM SILTY SAND - fine, light brown
15 ' i3
- 62| o7 | 10 | MM Light reddish-brown
20 5.6 96 10 .: H T
r abd
80 H b
o5 34| 99| 13 | #HF
. SAND - fine to medium, light brown
30 57 1 100 11
70
a5 10.7 97 10
65 —
. 36 | 108 12 ‘1 H Eﬂ SM SILTY SAND - fine, light brown

(CONTINUED ON FOLLOWING PLATE)

LOG OF BORING

_ LeROY CRANDALL AND ASSOCIATES

PLATE A-321
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Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.
It is not warranted to be representative of subsurface conditions at other locations and times.
i g b 3 ELEVATION (ft.)
] | 1 1
T I T
3 o ' A & DEPTH (ft.)
- = oo i MOISTURE
&) ~ =] o (% of dry wt.)
— DRY DENSITY
(o] O
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Note : The log of subsurface conditions shown hereon applies only at the specific boring location and.at the date indicated.

DR.

BG

DATE 12//8/88 F.T.

ADEF-88044-7

JoB

It is not warranted to be representative of subsurface conditions at other locations and times.

DATE DRILLED:
EQUIPMENT USED: 5" - Diameter Rotary Wash

BORING 36 (Continued)

December 2, 1988

£ sl -1 ~lo
[ = 2l EIGE By b
<C a - s [ R4 o.
| @ Qel=g|5 )3
w Q = o\o (2 sl o] ~ i:, <[
T « g =T -
189 | 103 41
8§51 45
126 | 100 34
50— 50
115 ] 106 37
45~ 55
141 107 41
40 4+ 60
16.1 106 {>100 il
NOTE:
- 35—+ 65

LOG OF BORING

Medium to coarse

SAND and SILTY SAND - fine, brown

SAND - medium to coarse, brown

Some Gravel

Grey

Drilling mud used in drilling process. Water level
not established. '

LeROY CRANDALL AND ASSOCIATES‘

PLATE A-34.2
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DR.

FH

F.T.

12//8/88

DATE

ADEF-88044-7

JOB

Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

It is not warranted to be representative of subsurface conditions at other locations and times.

g _ w3 e é’*% BORING 37
= aFlu s
21z PZ|Z 3|2 &|w| DATE DRILLED:  December 6, 1988
< = g s|laS|w=|2] EQUPMENT USED: 5" - Diameter Rotary Wash
w cl>=81> 1=
! o =R || El=
w a a %) ELEVATION 100
i 4" Asphatltic Paving - 8" Base Course
91 | 114 6 SM FILL - SILTY SAND - fine to medium, datk brown
189|100 | 5 Some Clay
g5 5 SC CLAYEY SAND - fine to medium, dark brown
184 | 109 4 Hydrocarbon odor
149 | 114 3
CL SILTY CLAY - brown
90 ¢+ 10 ./
201 | 107 3 / Some Sand and streaks of caliche
277| 95| 4 l%
851 15 ///
HH T SILTY SAND - fine to medium, light reddish brown
9.9 97 3 KiH[
HH b
80 + 20 1§
187 99 20 1y
754 25 HH b
193 90 | 34 | MK
SAND - fine to medium, light greyish brown
704+ 30
10.1 | 107 30
]l’]l’] SP] SAND and SILTY SAND - fine, light brown
651+ 35 el SM
207 8| 25 | MMM
HH 1
THH
g
60 -1 40 L)

LOG OF BORING

LeROY CRANDALL AND ASSOCIATES

PLATE A-35.1




PLATE A-35.2
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(CONTINUED ON FOLLOWING PLATE)

LOG OF BORING

LeROY CRANDALL AND ASSOCIATES

PLATE A-38.1
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I = . WSl ~ & A BORING 43
: S =0l B ) I
o £ o n*=-lux|3
= PE&|Z5|zZ&|u] DATEDRILLED: December 14, 1988
> o L2518l u=|Z] EQUIPMENT USED: 5" - Diameter Rotary Wash
T ai B P A -
o o 2212l EE|=
[a] & |©| ELEVATION 88
l 12" Base Course
6.1 | 100 10 SILTY SAND - fine to medium, slight hydrocarbon odor,
2 - brown
, I pS 85
8 SILTY CLAY -b
[ B .
2|8 . 204 | 104| 3 rown
I°f:
[0
§ 174 | 112 5 Some Sand
o|l2 | 804 ’ s ‘
' b= SAND and SILTY SAND - fine, light brown
NE ¢ - 76| 101 | 12
; s E
| ik
— o0
SS 75 - 153 | 100 14
52
17
cl82 116 | 115 | 27
% 5]
0 ® ,
£ 0 SAND - fine to medium, brown
[lzss| 70
a i
[ =
I a8 20
|28 ' 113 | 107 | 35
Q
= B
. c
l 83| es-
O
el
g2 25
l 5 € 100] 115 | 34
= Q
| ° 2| 604
! l =83
| S[8 L SAND and SILTY SAND - fine to medium, light brown
' JIET 30
| qls e 75| 100 | 30
| l 2s
: g 2
| o g8
Els 2 55
< <] B i o)
o8¢ Y
0 - — '.. '-.'
! l [ = 35 i]=I;]:I§1
: e 135 108 | 34 lj:,t:i}j
Ik 111
l o [1FLF
% 50— m“ Some Gravel
< i
l 40 ..,
o ' (CONTINUED ON FOLLOWING PLATE)
r y
LOG OF BORING
I LeROY CRANDALL AND ASSOCIATES
. PLATE A-39.1
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12/16/88

DATE

. ADEF- 88044-7

JOB

Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

It is not warranted to be representative of subsurface conditions at other locations and times.

— > .
= | 2 wilz=|Ele BORING 44
£ R =
£ |z PZ|z 5|2 2|u| patEDRILED: December 15, 1988
S e L2ola8|u*|Z] EQUIPMENTUSED: 5" - Diameter Rotary Wash
Wl w Q2l>g8]l5 s
= o I B I b
1] < Slc
& o o] ELEVATION 85
2.1 5P FILL - SAND - fine, some Gravel, light brown
{1 SP| SAND - fine to medium, light brown
218 | 103 2 CL{ SILTY CLAY -dark brown
804+ 5 Some Sand
169 | 112 3 Light brown
CLAYEY SAND - fine, light brown
11.7 | 110 7
SAND and SILTY SAND - fine, light brown
75 4 10
83 ] 98 3
79 | 103 16
70 1+ 15
8.7 | 105 24
SAND - fine to medium, brown
65 -+ 20 .
164 92 47
60 - 25
9.8 97 41
55 4+ a9 SILTY SAND - fine, light brown
100 95 34
Layer of Sand, fine to coarse
50 +- 35 SSESIS
125 | 107 | 34 | M}
sl it

(CONTINUED ON FOLLOWING PLATE)
LOG OF BORING

.. LeROY CRANDALL AND ASSOCIATES

PLATE A- 401




PLATE A-40.2
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DATE
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Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

It is not warranted to be representative of subsurface conditions at other locations and times.

- ~ wole - éﬁd BORING 45
g | £ 4 R R
el = 25|13 3| = &|u| DATEDRILLED: December 15, 1988
> o 212 | 0=|Z] EQUIPMENTUSED: 5" - Diameter Rotary Wash
w w (@] > 0 S =
i a =2z E|EE|=
6718 |#| ELEVATION 85
7] SP FILL - SAND - fine, some Silt and Gravel, brown
46| 122 | 17 i
f SM SILTY SAND - fine, dark brown
112|120 6 | ¥
801+ 5 Some Clay
19| 123 | 13 Brown
SC CLAYEY SAND - fine, reddish brown
751 10 152 | 111 | 11
139 | 114 | 17 /
704 15 é = —
145 | 110 ] 27 *.!..F.!._El Sti] SANDand SILTY SAND - fine, light brown
o
1
TEE
: i
T 122 | 116 S
3| M
i
Y
L
60 25 LELE
132 89| 30 | MIHE
11}
LFLE
;];l;]:.t
FTETISM]  SILTY SAND - fine, light brown
551 30 1 EE
101 ] 106 | 30 | ®{HE
50+ 35 It
138 97| 30 | MH
1l
a5 L 40 1L
LOG OF BORING

.. LeROY CRANDALL AND ASSOCIATES

PLATE A- 411




PLATE A- 412
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Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.
It is not warranted to be representative of subsutface conditions at other locations and times.
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Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

It is not warranted to be representative of subsurface conditions at other locations and times.

: | _ EEEAERE BORING 53
z | € S e
- EZ|Z:|Z &|=] DATE DRILLED:  December5, 1988
< o 85|03 |w*|&Z| EQUIPMENT USED: 17" -Diameter Bucket
i w ' P =
a (=) =8 |2 T i<
w o o 2 ELEVATION 77
SM 3" Asphaltic Paving
SILTY SAND - fine to medium, dark brown
75— g2 |103]| 2
219 | 14| 4 TL| SILTY CLAY - some Sand, dark brown
S
1671116 8 CL| SANDY CLAY - brown
70—
20.0 } 109 1
SC CLAYEY SAND - fine to medium, brown
10 1
58 | 110 11
65 — Some Gravel
SAND - fine to medium, about10% Gravel, light brown
36§ 109 16
15 ‘
60 — 20| 109 | 14
About 25% Gravel
20 22 | 121 22
55 —
o5 50 | 102 11 Some Silt
50
30 4.8 g5 11 -
45 —
35 5.1 96 11
40 —
Few Gravel
40 8.8 96 11 A3

(CONTINUED oN FOLLOWING PLATE)
LOG OF BORING

. LeROY CRANDALL AND ASSOCIATES

PLATE A-49.1




LeROY CRANDALL AND ASSOCIATES
PLATE A-49.2

BORING 53 (Continued)

December 5, 1988
17" - Diameter Bucket

Medium to coarse, greyish brown
Water not encountered. No caving

Fine

NOTE:

DATE DRILLED:
EQUIPMENT USED:
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Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.
It is'not warranted to be representative of subsurface conditions at other locations and times.
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Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

It is not warranted to be representative of subsurface conditions at other locations and times.

BORING 62

LLED: December 7, 1988

EQUIPMENT USED: 24 " - Diameter Bucket 0 to10'

17" - Diameter Bucket 10" to 30"

ELEVATION 70

SC L
CL

£ sz -l -ls
z | € c:l52| 5|0
e | = PE|& 3|5 &|wu| paEDOR
= ol E e IS
T = =x|zL]|2E|
w (] O 1]
132|121 s
1771112 | 3
65— 5
220| 110] 8
217 104| 8
SC
60— 10
8o | 116 | 11
55 15 64| 114 | 16
ol e 20| 110 | 18
45— 25 26 | 102 | 13
L 401 50 49 ] 100 | 14

NOTE:

2" Asphaltic Paving

CLAYEY SAND - fine to medium, brown

SANDY CLAY - brown

CLAYEY SAND - fine, brown

SILTY SAND - fine, brown

SAND - fine, about 20% Gravel (to 1-1/2" in size), light
brown

Some Gravel

About 30% Gravel
Light grey

Some Silt, fine, light brown

Water not encountered. Caving from 12 to 15’ (to 2-1/2' in
diameter)

LOG OF BORING

LeROY CRANDALL AND ASSOCIATES

PLATE A-58




Nl I U I N A I E IBE B D T S BN Bl B b M w
F.T

CHKD _ &o4x

s)

O.E. SKJI&Z_ W.P.

Ip

DR.

12/14/88

DATE

ADEF-88044-7

Note :* The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

JOB

It is not warranted to be representative of subsurface conditions at other locations and times.

= | _ ol 15 e BORING 63
z | € g2lg=| 5|0
8 = = .S‘ &3 Z 21w DATE DRILLED: December 6, 1988
< & g i3] L=I|Z2| EQUIPMENT USED: 17" - Diameter Bucket
w | & =x|E2|2£|2
1 ~ =l
w a a » ELEVATION 71
70 2" Asphaltic Paving - 8" Base Course
n SM FILL - SILTY SAND - fine to medium, dark brown
219 | 106 2
CL FILL - SILTY CLAY - black
230 | 104 3
5
65 — 223 | 104 3 Dark brown
CL SILTY CLAY - dark brown
3 296 | 90 2
10
60 - 211 | 107 5 Brown
SAND and CLAYEY SAND - fine to medium, brown
15 4.7 | 111 14
55 A SAND - fine to medium, about 25% Gravel, light brown
Few Gravel
20 48 | 101 16
50
o 52| 100 | 19
45
54
40 106 13

LOG OF BORING

NOTE:

Water not encountered. No caving.

LeROY CRANDALL AND ASSOCIATES

PLATE A-59
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Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

It is not warranted to be representative of subsurface conditions at other locations and times.

| _ oz 15 s BORING 64
z | 2 2IEE :
Q = EZ|z sz &|u] DATE DRILLED: December 7, 1988
< o g s8] Lu>|Z] EQUIPMENT USED: 24"- Diameter Bucket Oto 10°
i L =21z 8 E £12 17" - Diameter Bucket 10' to 30'
i ol a %) ELEVATION 70
sMm1 1-1/2" Asphaltic Egving
FILL - SILTY SAND - dark brown
224 104 2 CL | SILTY CLAY - dark brown
Some Sand
180 | 110 3
651 5
174 | 108 5
15.1 | 113 6 A
SC CLAYEY SAND - fine, light brown
60+ 10
69 | 107 8
7
[t SAND - fine, some Silt, light brown
About 25% Gravel (to 1" in size)
s5s 15 241 129 | 14
Few Gravel
504 20 68 | 110 | 13
454 25 65| 99 | 16
/
L 401 39 81] 95 | 1 Fine to medium

NOTE: Water not encountered. Céving from 13'to 18" (to 2-1/2'in
diameter).

LOG OF BORING

LeROY CRANDALL AND ASSOCIATES

PLATE A-60
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Note : The log of subsurface conditions shown hereon applies only at the specific boring location and at the date indicated.

DR.

F.T.

12/14/88

DATE

JOB

ADEF-88044-7

It is not warranted to be representative of subsurface conditions at other locations and times.

NOTE:

2 AR BORING 66
z | £ cE|5E|S£E]I9
o = > R .
2| = EZ|Z 5|2 &|u]| DATE DRILLED:  December 6, 1988
< = 2-1a6% ¥|a| EQUIPMENT USED: 17" - Diameter Bucket
> O ° o | Wy
w | 3 =x|zd]2E]|2
] = = o
m o & || ELEVATION 70
H 4" Asphaltic Paving - 4" Base Course
% CL| FILL- SILTY CLAY - some Sand, dark greyish brown
223 | 100 2 %
21.9 | 101 3 //
651+ 5
7 CL] SILTY CLAY - brown
219 | 102 3 %
o
142 | 121 6 CL SANDY CLAY - brown
60T 10 ” y .
SC CLAYEY SAND - fine to medium, brown
105 11| s '
554 15 7.0 | 110 6
i SAND - fine to medium, light brown
N i ,
°° SW] SAND - well graded, about 25% Gravel, (to 1-1/2" in size),
50~ 20 10 1123 | 18 .°b greyish brown
9.5
:.',u‘.?_ -
0 ﬂ‘ Few Cobbles
451 25 30 1 108 19 h About 15% Gravel
gy O
28y SAND - fine to medium, light brown
| a5 24 |1 105 | 14

Water not encountered. Caving from 13'to 24' (to 2-1/2"in
diameter).

LOG OF BORING

LeROY CRANDALL AND ASSOCIATES

PLATE A-62
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|

MAJOR DIVISIONS TYPICAL NAMES
Well graded gravels, gravel-sand mixiures,
CLEAN little or no fines.
GRAVELS
(Littte or no fines ) Poorly graded gravels or gravel-sand mixtures,
’ {ittle or no fines.
GRAVELS %
(More than 50 % of o
coarse fraction is 3 2
LARGER than the F: kY GM | Silty gravels, gravel-sand - silt mixtures.
No. 4 sieve size) GRAVELS 3
WITH FINES
COARSE (grpfrienc;:)ble amt. ¢} GC | Clayey gravels, gravel-sand-clay mixtures,
GRAINED
SOILS
(More than ?_%:RAG‘E)f SW Well graded sands, gravelly sands, little or
material is R no fines .
than No. 200 sieve CLEAN SANDS
sizs) {Little or no fines ) )
sp Poorly graded sands or gravelly sands, little
SANDS or no fines.
(More than 50 % of
coarse fraction is 5
zl:Aqu;iEesem:ix;et)he SANDS 1 K] SM | Sitty sonds, sand-silt mixtures.
' WITH FINES [ors
(ﬁ?p:ienc::ble amt. P67 SC | Clayey sands, sand-clay mixtures.
Ve I( -
Inorganic silts and very fine sands, rock flour,
ML silty or_clayey fine sands or clayey silts
with slight plasticity.
SILTS AND CLAYS / Inorganic clays of low to medium plasticity,
(Liquid limit LESS than 50) / CL gpesliy g Wy oy, iy e, (e
g .
FINE : oL Og:;\'iicc"syilts and organic silty clays of low
GRAINED ’
SOILS SIS
(More than 50% of . N AR MH | tnorganic sitts, micaceous or diatomaceous
u;‘ater;::l goséMALLBR q : : fine sandy or silty soils, elastic sills.
than No. sieve
size) : 00
SILTS AND CLAYS . . .
(Liquid timit GREATER than 56) A CH inorganic clays of high plasticity, fat clays.
L L L
777 . . : _
]/IQ OH Organic clays of medium to high plasticity,
227 organic silts.
lI L
Al
HIGHLY ORGANIC SOILS -] Pt | Peat and other highly organic soits.
AL L d

BOUNDARY CLASSIFICATIONS: Soils posseésinq characteristics of two groups are designated by
combinations of group symbols.

PARTICLE StZE LIMITS
. 'SAND GRAVEL !
SILT OR CLAY COBBLES| BOULDERS
FINE I MEDIUM Icoanse FINE COARSE 1
: 1
NO. 200 NO. 40 NO.10 NO.4 L 3in. (12in)

u. Ss. STANDARD SIEVE SIZE

UNIFIED SOIL CLASSIFICATION SYSTEM

Reference :

The Unified Soil Classification System, Corps of
Engineers, U.S. Army Technical Memorandum No. 3-357,
Vol. t, March, 1953. (Revised April, [960)
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APPENDIX B
LABORATORY TESTING

B.1 GENERAL
The laboratory program included testing of undisturbed samples, as well as tests on bulk materials.
. The undisturbed samples were placed in plastic bags and stored in sealed cans until ready for use,

and the bulk samples were stored in plastic bags.

The first phase of the testing program consisted of determining the classification of the soils. The

primary classifications were made by making a visual inspection. Representative samples were then

SN C

selected for more specific studies to determine pertinent shear strength and consolidation /

* —
-

parameters, as well as other soil properties.

T

B.2 MOISTURE CONTENT !

Moisture contents of the soil samples were determined by first weighing the material at natural

oven-dried sample, and calculating the moisture content. Natural water contents were determined
on the undisturbed samples shortly after the samples arrived at the laboratory. The results of the

moisture content, drying it in an oven at a temperature of about 230°F, weighing the completely s
p—
tests are shown to the left of the boring logs presented in Appendix A.

B.3 DRY DENSITY

Dry density was determined by carefully measuring a ring sample of the soil with a known volume, [~ ]

weighing the sample after it had been oven-dried, and calculating the unit weight. Results of the

dry density determinations are presented to the left of the boring logs.

=~
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B.4 DIRECT SHEAR TESTS

Direct shear tests were performed on selected undisturbed samples. The tests were performed at

field and increased moisture contents and at surcharge pressures equal to the existing overburden

pressures. Selected samples were tested at an increased surcharge pressure to provide more

complete data. Remolded samples, compacted to 90% at optimum moisture content, were prepared |

for direct shear tests; these samples were tested at optimum and increased moisture contents and

at different surcharge pressures. All of the samples were tested at a constant strain of 0.05 inches _\)

per minute. The yield-point values determined from the direct shear tests are presented on Plates

B-1.1 through B-1.6, Direct Shear Test Data.

B.5 CONSOLIDATION TESTS

Undisturbed samples were tested in consolidometers to determine the consolidation characteristics

of the soils. Vertical loads were instantaneously applied in increments, and the rate of vertical
consolidation was measured for each increment. Each load was allowed to consolidate the sample
for at least 12 hours before a new incrément was added. Water was added to selected samples
during the tests to illustrate the effect of moisture on the compressibility; the other samples were
tested at field moisture content. Three remolded samples (compacted to 90% at optimum moisture
content) were also tested. The results of the consolidation tests are presented on Plates B-2.1

through B-2.48, Consolidation Test Data.

B.6 COMPACTION AND CB.R. TESTS

The optimum moisture content and maximum dry density of the soils were determined by

performing compaction tests on 10 samples. The tests were performed in accordance with the -

ASTM Designation D1557-78 method of compaction. This method of compaction utilizes a 1/30

cubic-foot mold, in which each of five layers of soil is compacted by 25 blows of a 10-pound

hammer falling 18 inches.

After completion of the compaction tests, California Bearing Ratio tests were performed on eight
of the samples in accordance with the ASTM Designation D1883-73 method. The results of the
compaction and California Bearing Ratio tests are presented on Plates B-3.1 through B-3.4,

Compaction and C.B.R. Test Data.

L
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B.7 EXPANSION INDEX TEST DATA

The Expansion Index of the soils was determined by testing five samples in accordance with the
Uniform Building Code Standard No. 29-2 method. The results of the tests are shown on
Plates B-4.1 through B-4.2, Expansion Index Test Data. '

B.8 MECHANICAL ANALYSES

To determine the particle size distribution of the soils and to aid in classifying the soils, mechanical

analyses were performed on seventeen samples. The results of the mechanical analyses are

.presented on Plates B-5.1 though B-5.5, Particle Size Distribution.
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