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Attention: Mr. B.I. Maduke, Senior Geotechnical Engineer

Gentlemen:

This letter transmits our Interim Geotechnical Report for Design Unit A250
prepared in accordance with our Contract No. 503 agreement dated September 30,
1983 between Converse Consultants, Inc. and Metro Rail Transit Consultants
(MRTC). This interim report provides geotechnical information and recom-
mendations to be used by design firms in preparing designs for Design Unit
AZ250.

In accordance with your letter of May 7, 1984, this is an interim report
because the findings and conclusions may be revised as a result of:

{a) Bechtel's instrumented prototype test pit in the area of the
Wilshire/Fairfax Station,

(b) ongoing construction at the southwest corner of Wilshire and
Fairfax Avenue,

(c) readings from slope indicators installed by CCI.

Tunnel and station construction in "tar sands" will be a first in the USA.

Our study team appreciate the assistance provided by the MRTC staff,
especially Mr. B.I. Maduke Special appreciation is extended to Bruce Smith of
Thurber Consultants, Ltd. for his keen insight into a unique project. HWe also
want to acknowledge the efforts of each member of the Converse team, in
particular James A. Doolittle, Dr. Leonard T. Evans, Jr., and Howard A.
Spellman, Jr.

Respectfully submitted,

Robert M. Pride, Senior Vice President
Converse Consultants, Inc.

HAS: k

General Geotechnical Consultant
Converse Consultants, Inc.

126 Wast Del Mar Boulevard
Pasadena, California 91105
Telephone 213 7950461
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1.0 EXECUTIVE SUMMARY

This report presents the results of our geotechnical investigations and
engineering analyses for the A250 Design Unit of the Southern California Rapid
Transit District's Metro Rail Project in Los Angeles. The A250 Design Unit
consists of the Wilshire/Fairfax Station and about 1.5 miles of tunnel line
connecting the Wilshire/Fairfax Station to the Wilshire/LaBrea Station and the
Beverly/Fairfax Station. The station will be constructed by cut-and-cover
methods and extend in depth up to 95 feet below the existing ground surface.
The 1lines extending from the ends of the station will be constructed by
tunnelling methods and will have a variable depth of cover above the crowns of
stacked and non-stacked tunnels. Construction will occur in mixed soil and
rock conditions with high groundwater. For about one mile of the Tine the
tunnel (and station) will encounter tar impregnated soils and rock in the
vicinity of the LaBrea tar pits.

The planned construction includes tunnelling and an open excavation far deeper

into the tar impregnated soils than ever attempted in Los Angeles. The

behavioral characteristics of the tar impregnated soils at such depths and

possible construction problems are unknown at this time. An dinstrumented,

prototype test pit has been planned in the immediate vicinity of the Wilshire/-
Fairfax Station. In addition, a nearby construction project extending about

70 feet below grade, which will bottom in tar sands, is currently being

observed. Based on the results of observations of these two projects, this

report is subject to modification regarding construction methods.

1.1 STATION

The subsurface conditions at the station consist of 20 to 45 feet of alluvium,
primarily of silts, clays, clayey sands and silty sands. Underlying the
alluvium the explorations encountered the San Pedro Sand formation varying
generally in thickness from 55 to 65 feet; however, near the southeast end of
the station the thickness of the formation increases to 115 feet. The San
Pedro Sand formation dis 1in turn underlain by interbedded siltstone and
claystone of the Fernando formation; groundwater was estimated to be within
about 10 feet of the ground surface at the station and the piezometric water
head at the southeast end of the station was measured at about the present
ground surface.

Station construction will consist of an excavation approximately 950 feet
long, 40 to 115 feet wide and up to 95 feet deep. The excavation will extend
through the alluvium, some of which is impregnated with tar, and will extend
to near the bottom or slightly below the tar impregnated San Pedro Sand
formation, except possibly at the southeast end of the station.

Temporary support of the station excavation will be either a soldier pile and
wood Tagging or slurry wall system with internal bracing or external tieback
systems. Successful installation of-solider piles, tieback anchors or slurry
wall panels will require precautions to maintain the stability of the
excavations within the tar impregnated soils. Lateral pressures and other
guidelines for design of temporary support systems are provided in the report.
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Dewatering of the non-tar bearing alluvium overlying the site will be general-
1y unnecessary as these soils are relatively impervious. Dewatering of the
tar bearing soils is not considered practical; however, depressurization of
these so0ils will result in a significant improvement of the behavioral charac-
teristics.

The undisturbed fine grained tar silts and the Fernando formation will ade-
guately support the deep portion of the permanent station structure. Piles
are recommended for the shallow mezzanine wings. Design lateral pressures for
the permanent structure are outlined in the text of the report.

1.2 TUNNELS AND CROSSPASSAGES

Tunnelling media for the 1.5 mile bore consists of tar bearing San Pedro
sands, non-tar bearing alluvial soils and interbedded siltstone, claystone and
sandstone bedrock of the Fernandec formation.

The entire length of the tunnel occurs below the groundwater level. Water
levels, in large part, are near the ground surface.

The entire tunnel line is judged to be gassy, requiring an above normal
ventilation system and emergency backup system.

For about one mile the primary tunneling media will be tar bearing sand which
we believe will be viscous in an unconfined state. Mixed face conditions will
occur periodically, such as old alluvium above and San Pedro sand below, as
well as San Pedro Sand above and Fernando formation below. In our opinion,
construction methods for driving the tunnel in this media should be with a
fully shielded tunneling machine such as an earth pressure balanced shield or
bentonite slurry shield. Advance freezing or depressurizing the tar sands
would fmprove behavior of the tar sands, but we believe these methods would be
impractical.

Cross passages between tunnels at Stations 549+45 and 556+62 will encounter
saturated interlayered horizons of cohesive and cohesionless-like soils. The
cross passages should be excavated by hand and/or mechanical excavation
equipment, anticipating full face and crown support.

1.3 UNDERPINNING

Guidelines for assessing the need for underpinning of buildings adjacent to
the Station construction are discussed in the report. Detailed analyses to
identify and recommend which buildings and/or facilities shall be underpinned
will be carried out by the section designer for this Design Unit.

1.4 SEISMIC CONSIDERATIONS
Analysis of the gradational characteristics and in-situ relative density of

the granular soils indicate that liquefaction of such soils during a maximum
design earthquake has a Tow probability.

Design procedures and criteria for underground structures under earthquake
loading conditions are defined in the SCRTD report entitled "Guidelines for

-2- CCWESAIGRC



Seismic Design of Underground Structures" dated March 1984. Seismological
conditions which may impact the project and the operating and maximum design
earthquakes which may be anticipated in the Los Angeles area are discussed in
the "Seismological Investigation and Design Criteria" report dated May, 1983
prepared by Converse, et al for SCRTD. The 1984 report complements and
suppiements the 1983 report. Site specific static and dynamic properties for
materials in design unit A250 are given in the report.

CCHESAIGRC
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2.0 TINTRODUCTION

This report presents the results of a geotechnical investigation for Design
Unit A250. The unit consists of Wilshire/Fairfax Station, and about 1.5 miles
of subsurface track line proceeding from the west end of the Wilshire/lLaBrea
Station to the south end of the Beverly/Fairfax crossover structure. The work
performed for this report includes borings, laboratory tests, engineering
analysis, and the development of recommendations and specifications for design
and construction of the included station and tunnel. This Design Unit is a
part of the 18.6-mile long Metro Rail Project (see Drawing 1, Vicinity Map).

Additional geotechnical information on the Metro Rail Project is included in
the following reports, some of which may pertain to Design Unit A250.

° "Geotechnical Investigation Report, Metro Rail Project", Volume I -
Report, and Volume II - Appendices, prepared by Converse Ward Davis
Dixon, Earth Sciences Associates and Geo/Resource Consultants, submitted
to RTD in November 1981. This report presents general geologic and
geotechnical data for the entire project. The report also comments on
tunneling and shoring experience and practices in the Los Angeles area.

° "Seismological Investigation & Design Criteria Metro Rail Project”,
prepared by Converse Consultants, Lindvall Richter & Associates, Earth
Sciences Associates and Geo/Resource Consultants, submitted to RTD in May
1983. This report presents the results of a seismological investigation.

° "Geologic Aspects of Tunneling in the Los Angeles Area" (USGS Map No.
MF866, 1977), prepared by the U.S. Geological Survey in cooperation with
the U.S. Department of Transportation. This publication includes a
compilation of geotechnical data in the general vicinity of the proposed
Metro Rail Project and this Design Unit.

° "Rapid Transit System Backbone Route", Volume IV, Book 1, 2 and 3,
prepared by Kaiser Engineers, June, 1962 for the Los Angeles Metropolitan
Transit Authority. This report presents the results of a Test Boring
Program for the Wilshire Corridor and logs of borings.

The design concepts discussed in this report are based on CBD to North
Hollywood Line Plans, Drawings AP-16AAA-C-142 to AP-16AAA-C-150, dated July
1983; Preliminary Site Plans, Plans and Sections for the Wilshire/Fairfax
Station, Drawings A-42, A-43, A-44, A-45A and A-45B dated November 1983; and
CBD to North Hollywood Line Profile, Drawings SK-250-1A and SK-250-2A dated
November 1983.

CCWESAIGRC
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3.0 SITE AND PROJECT DESCRIPTION
3.1 GENERAL

The existing ground surface Elevations along the alignment vary between
approximately 197 feet on the east end and to about 165 feet at the
Wilshire/Fairfax Station rising again to about Elevation 182 at the Beverly/
Fairfax crossover structure. The variation in elevation along the alignment
resulted from the general south-southwest gradient of the site area combined
with the direction change of the aligment at Wilshire/Fairfax Station.

A1l thorcughfares are paved and underlain by a variety of sensitive utilities
and drainage facilities. Development along the A250 alignment includes
high-rise structures, multi-family residential structures and single-family
residential areas.

The construction features about 1.5 miles of twin bore tunnels, beyond the
Station location, having an outside diameter of approximately 19 feet. The
minimum depth of cover is approximately 30 feet, and the maximum depth of
cover approaches 70 feet. The Station structure is located near the Wilshire
Boulevard and Fairfax Avenue intersection. The depth to Station structure
invert is approximately 95 feet.

There is no vent structure within A250; however, there will be cross passages
located at Stations 549+45 and 556+52.

3.2 WILSHIRE/FAIRFAX STATION

The Wilshire/Fairfax station will be located beneath the existing May Company
Budget Store and parking facilities (both a parking structure and surface
parking) as shown on Orawing 4. Demolition of the Budget Store and a major
portion of the existing parking structure will be required for construction.
Other structures in the site area include the May Company department store to
the southwest and the Los Angeles County Museum to the east. Development to
the north and northwest of the site is residential. Existing ground surface
elevations at the site range from about Elevation 165 feet at the southeast
end to about Elevation 169 feet at the northwest end.

The Wilshire/Fairfax Station will be a reinforced concrete structure about 950
feet long and about 40 to 115 feet in width {(outside wall dimension). The
station is planned to be about 95 feet deep with two {(upper and 1lower)
platforms to accommodate the "stacked" rails planned at this location. The
lTower rail will be at about Elevation 78 feet and the upper rail at about
Elevation 108 feet. In addition, a mezzanine level 1is planned above the
platforms at about Elevation 128 feet. The width of the mezzanine level {90+
feet) will be greater than that of the platform areas below (60 feet) and will
"overhang” the platforms on the west side of the structure. The top of the
station will range from about 20 to 25 feet below the ground surface. After
the station is completed, fill will be placed above the structure to the
ground surface. Two entrances are planned from the ground surface to the
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mezzanine Jlevel. One entrance will be located at the southeast end of the
station near the intersection of Wilshire and Ogden, the other entrance will
be at the northern end of the platform area near Fairfax Avenue. Ancilliary
areas are planned at both the southeast and northwest ends of the station.
Design loads for this station structure were not available at the time of this
report.

3.3 TUNNEL ALIGNMENT

As shown on Drawings 2 and 3 the tunnel Tline in Design Unit A250 is about 1.5
miles long (excluding the station structure). The tunnel Tine consists of
twin adjacent tunnels extending west from the west end of the Wilshire/LaBrea
Station to approximately station 482+00. At this point the southern tunnel
begins a grade and alignment change which is completed at about staticn 496+00
placing it below the other tunnel in a “"stacked" configuration. The tunnels
enter and exit the Wilshire/Fairfax station in the "stacked" configuration.
North of the station the lower tunnel grade rises to reach the grade of the
upper tunnel at about station 549+00. From that point the twin tunnels
continue along the same gradient northward to the the southern end of the
Fairfax/Beverly crossover structure.

CCUESAIGRC
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4.0 FIELD EXPLORATION AND LABORATORY TESTING
4.1 GENERAL

The information presented in this report is based primarily on the field and
laboratory investigations performed in 1981, 1983 and 1984. This information
was derived from field reconnaissance, borings, geologic reports and maps,
ground water measurements, field gas measurements, field geophysical surveys,
ground water quality tests, and laboratory tests on soil and rock samples.
Geotechnical report references listed in Appendix H were utilized to comple-
ment and supplement the more recent information. Technical considerations
presented in Appendix F include discussions on shoring practices in the Los
Angeles area, seismicially induced earth pressures, liquefaction evaluation
methods and previous tunnelling experience. Guidelines for earthwork are
discussed in Appendix G.

4.2 BORINGS

For the A250 investigation, 24 borings were drilled along the alignment and at
the station site. Fifteen rotary wash borings and two mansize auger borings
were drilled along the alignment; seven rotary wash borings were drilled at
the station site. The station was moved and deepened about 30 feet during the
early part of the drilling program, and several holes had already been drilled
to shallower depths. Subsurface data from two rotary wash borings from the
Wilshire/La Brea Station {Design Unit A245) and three borings from the
Beverly/Fairfax Station (Design Unit A275) are also included in this report.
The location of the borings are shown on Drawings 2, 3 and 4 and the logs of
the borings are provided in Appendix A. Also included in Appendix A are two
borings previously drilled by Woodward Clyde Associates along the alignment.

Ground water levels were recorded in the 22 borings listed in Table 5-6. In
addition pneumatic piezometeric transducers were installed in Borings 19-2,
19-3 and 20-1. Section 5.5 presents a summary of ground water and piezometric
levels measured at these Tocations.

In 1962, Kaiser Engineers drilled 9 borings within the Design Unit A250 tunnel
alignment section: Borings 34 to 42, inclusive. These borings were spaced
about 500 feet apart and ranged from 50 to 80 feet deep at the locations shown
on Drawings 2 and 3. The 9 Kaiser borings were used to interpret the depth of
soil overlying the bedrock, but they were not used to evaluate ground water
conditions. The Kaiser Boring Logs can be examined at the Southern California
Rapid Transit District office in Vol. 4, Books 2 and 3, entitled "Test Boring
Program" prepared for the Los Angeles Metropolitan Transit Authority, dJune
1962.

Another source of boring information is the U.S. Geological Survey paper,
"Geologic Aspects of Tunneling in the Los Angeles Area" (USGS Map No. MF-866,
1977). The foundation investigation borings included in the USGS report are
not shown on our drawings and were not used because, in large part, they were
too shallow for proper interpretation of subsurface conditions along the
proposed grade of the Metro Rail tunnel.
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4.3 GEOPHYSICAL MEASUREMENTS

Downhole and crosshole compression and shear wave velocity surveys were
performed in Borings CEG-18 and CEG-20 which were drilled during the initial
1981 investigation (see Drawings 2 and 3 for locations). In addition seven
seismic refraction lines were recorded in the vicinity of Hancock Park located
just east of the Wilshire/Fairfax station. Appendix B summarizes the field.
survey procedures as well as the results of the velocity measurements.

4.4 GEOTECHNICAL LABORATORY TESTING

The laboratory program developed to test representative scil and rock samples
consisted of classification tests, bitumen content tests, consclidation tests,
triaxial compression tests, dynamic triaxial tests, resonant column tests,
unconfined compression tests, direct shear tests, and permeability tests.

Appendix C summarizes the testing procedures and presents detailed results of
the 1983 program and summarizes the results of the 1981 laboratory program.

4.5 WATER QUALITY ANALYSES

Chemical analyses were performed and selected parameters were evaluated for
water samples obtained in Borings CEG 19, 21, and 22. The chemical analyses
and results of these tests are presented in Appendix D.

4.6 GAS ANALYSES

Sulphur and petroleum odors were noted at various depths in nearly all of the
borings drilled in Design Unit A250. In the vicinity of the Wilshire/Fairfax
station thick deposits of tar impregnated soils were encountered at depths as
shallow as 12 feet. During the 1981 investigation gas chromatography analyses
were performed in Borings CEG-19, CEG-21, and CEG-22. The results of the 1981
tests are presented in Appendix E.
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5.0 SUBSURFACE CONDITIONS
5.1 GENERAL

During the field programs conducted for this and the 1981 investigations, the
contact between the 01d and Young Alluvium was difficult to identify since the
soils in these two deposits can be very similar. While the Young and 0ld
Alluvium may be geologically different, our interpretation of the field and
laboratory test data suggests that they do not differ significantly from an
engineering standpoint. For the purposes of this report, Young and 0l1d
Alluvium have not been differentiated and are simply referred to as Alluvium.

Generalized geologic sections showing the major units encountered in the A250
Design Unit section are shown on Drawings 2 and 3, The following major scil
and rock units have been identified.

¢ Alluvium
San Pedro Sand
° Fernando Bedrock

A more complete description of these materials is given in the following
sections.

5.2 ALLUVIUM

Alluvial soils were encountered from the surface to depths of up to 80 feet
along this section of the proposed 1ine. The Alluvium consists predominantly
of interbedded silty clays, sandy clays and clayey sands and silts. Dis-
continuous lenses and seams of clean sands and silty sands (often water-
bearing) are also present at intermediate depths within the Alluvium. It
should be noted that, where the Alluvium is underlain by tar bearing San Pedro
Sands, the lower 5 to 15 feet of the Alluvium is often impregnated with tar.

Standard Penetration Test (SPT) results and laboratory test results indicate
that the Alluvium is generally stiff to very stiff, and granular layers are
dense to very dense. Since these soils are generally silty and clayey in
nature, both drained (effective) and undrained (total) strength parameters
have been developed from results of direct shear and triaxial compression
tests. The recommended strength parameters for this so0il unit were selected
based primarily on the results of tests performed on samples within this
design unit, although strength test results obtained from other nearby design
units were also considered for the non tar bearing Alluvium. The strength
parameters adopted are given in Table 5-1.

TABLE 5-1
STRENGTH PARAMETERS FOR ALLUVIUM
c} g' c 4
Type (psf) (degrees) (p2f) {deglees)
Non tar bearing 0 35 1000 17
Tar bearing .0 35 2000 20
-9-
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Permeability tests performed on samples of non tar impregnated Alluvium
obtained from other design units;indicatg that these soils can have a per-
meability ranging from about 107~ to 10 = cm/sec. However, since the soils
were found to be interbedded and lenticular, slightly higher permeabilities
are recommended for design. The presence of tar in the fine-grained Alluvium
has only a minor effect on its effective strength and deformation properties.
However, it does result in a reduction in the apparent permeability of the
material (as defined in conventional civil engineering practice) because of
the bitumen content.

5.3 SAN PEDRO SANDS
5.3.1 General

The Alluvium is underlain by the San Pedro Sands which are of Lower Pleis-
tocene Age, and which are believed toc have originated as a beach deposit. The
surface of the San Pedro Sands was subjected to erosion when the overlying
altuvial material was deposited, and hence the contact between the two soil
units is highly variable. In this design section, the top of the San Pedro
Sands was found to range from 15 to 65 feet below present grade. The San
Pedro Sands consist predominantly of a clean, poorly graded fine sand.
Petrographic analysis on a limited number of samples indicates the sands are
composed of over 95% quartz. Lenses or Tlayers of silty sands, silt and
occasionally silty clay are present within the sands. Gravel seams are
common, and boulders were encountered at some locations. In particular, a
relatively large zone of gravel and boulders was located at the southeast end
of the Wilshire/Fairfax Station, immediately above the bedrock, in what
appears to be an old erosion channel. Concretions, consisting of hard
cemented gravel or sands, have also been encountered within this soil unit.

The San Pedro Sands in the vicinity of the La Brea tar pits were found to
contain a significant amount of bitumen, between approximately station 488+00
to station 545+00. Within the tar bearing sands, occasional fJsolated
concretions consisting of solidified, hard bitumen have been observed.
Occasional pockets of free bitumen, several feet in thickness (areal extent
unknown), have also been reported. Occasional seams which contain free gas
(as opposed to solution gas within the bitumen) were observed in several
boreholes. Tar bearing sand is defined as a sand with the pore fluid
containing 25% or more bitumen.

The non tar bearing (water bearing) San Pedro Sands at tunnel grade are
between about staticns 480+00 to 488+00 and again, between about stations
545+00 to 566+00.

Standard penetration tests carried out within the San Pedro Sands within this
design unit indicate that the sand in its in-situ state is very dense. No
significant difference in penetration resistance was found between the tar
bearing and water bearing sands. Standard penetration resistance was found to
range from 75 to 150 blows per foot, with an average resistance on the order
of 100 blows per foot. It has been concluded that the in-situ penetration
resistance is not affected significantly by the presence of the bitumen in the
sands.

-10-
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Within the station area, the lower few feet of the San Pedro Sand formation
consisted of stiff silts and clays which were impregnated with tar. These
soils appear to be guite similar to the underlying bedrock.

5.3.2 Strength Parameters

The strength parameters for both tar bearing and water bearing San Pedro Sands
were determined. In the case of the tar sands, the strength parameters were
determined on samples taken from the vicinity of the Wilshire/Fairfax Station.
The peak, effective strength parameters were determined in triaxial tests, in
direct shear tests and from insitu pressuremeter tests. The results are
presented in Table 5-2.

The strength parameters of the water bearing San Pedro Sands were determined
on samples taken from the vicinity of the Wilshire/LaBrea, the Wilshire/
Western and the Wilshire/Normandie Stations. The strength parameters of these
samples were measured in triaxial tests and in direct shear tests. These test
results are presented in Table 5-3.

It is of interest to compare the results obtained from the tar bearing and
water bearing San Pedro Sands as shown in Table 5-4:

TABLE 5-4

AVERAGE EFFECTIVE
ANGLE OF |NTERNAL FRICTION*

(decrees) NUMBER
TEST Tar Cearing Water Bearing OF TESTS
Direct Shear 19.9 32.9 7
Triaxial 36.9 38.6 2
Pressuremeter 42.4 = 7

*Does not include tar bearing silts.

Based on the results obtained in the direct shear tests, the measured angle of
friction is seen to be significantly lower in the water bearing San Pedro
Sands as compared to the tar sands. This apparent difference could be because
the direct shear tests in tar sand were run too quickly and either the tar
sand did not drain (and hence generated negative pore pressures) or the high
viscosity of the bitumen contributed to the strength during the relatively
fast rates of testing. The results from the triaxial tests compare very
favorably. In general, strength data as measured in triaxial tests are more
reliable than data obtained from direct shear tests, since the samples are
less disturbed and the triaxial results will not be as sensitive to the rate
of testing because the triaxial tests are undrained with pore pressure
measurement. The pressuremeter tests gave the highest angle of friction for
the tar sands. This could be because the pressuremeter test involves the
least amount of sample disturbance, or because the rate of strain in the
pressuremeter is relatively fast, resulting in the generation of negative pore
pressures and an apparent higher strength.

-1i-
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TABLE 5-2
STRENGTH PARAMETERS
TAR BEARINC SAN PEDRO SANDS

WiLSHIRE/FAIRFAX STATION

MULTI-STAGE TRIAXIAL TESTS

STRENCTH**
PARAMETERS s ol f;“ﬁg“? ATE  WATER  BITUMEN  BULK
TEST ODEPTH c' a 1 "3 max 1773 'max CONTENT  CONTENT  DENSITY
HOLE  {ft})  (psf) (degrees) (%) (%) (%) (%) (pef)
19-4 86.3*% 0 39.0 21.6 2.4 5.6 8.2 8.8 17.5 123.4
19-5 61.0 0 37.2 17.6 4.9 6.0 7.0 5.6 18.7 125.9
19-5 62.0 ¥ 36.6 14.2 1.8 7.6 8.8 7.7 18.7 123.0
*Tar bearing silt in San Pedro Sand Formation.
**Strengths are for (01-03)max and are lower than for (61/03)max failure eriteria.
tStrain values for all three stages.
DIRECT SHEAR TESTS
SAMPLE
TEST DEPTH c! gf TEMPERATURE
HOLE  {ft) {psf) (degrees) {°F)
19-4 28 0 37 72
19-5 38" 0 37 72
19-5 53 0 38 72
19-5 95!"-c 0 41 72
19-7 43 0 37 72
201 53 0 43 72
20-1 73 0 30 72
201 103" 0 49 72
201 43 0 46.7 120
201 43 0 47.4 72
*Tar bearing silt in San Pedro Sand Formation.
PRESSUREMETER TESTS
TEST DEPTH c! 6!
HOLE {ft) {psf) {degrees}
19-8P 39.5 0 28
19-8P 48.0 ¢ 63
19-8P 50.5 0 46
19~8F 63.5 0 52
19-9¢ 18.0 0 46
19-9P  25.0 0 36
19-9P  60.0 0 26
-12-
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TABLE 5-3
STRENGTH PARAMETERS
WATER BEARING SAN PEDRO SANDS

MULTI-STAGE TRIAXIAL TESTS

TEST DEPTH c! ' STRAINT
HOLE  {ft) (psf)  {degrees) (%)

15-2  79.5 0 35.8 1.5 4.0 6.8
15-3  76.5 0 41.2 2.5 3.4 4.8
8-2 68.5 0 38.7

+Strain at maximum (O 1/03) for three stages.

DIRECT SHEAR TESTS

TEST  DEPTH c! g’
HOLE  (ft) (psf) {deqrees)
14-2  74.0 0 35.0
14-3 58.0 0 30.2
14-3 62.0 0 30.2
15-1 66.5 0 35.0
15-4 79.4 0 0.9
15-5  71.3 0 31.7
18-1 72.0 0 31.0
18-3 &3.0 0 29.5
~13-
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The conclusion drawn from the foregoing test results is that, from a practical
point of view, there is no significant difference between the strength param-
eters of the tar bearing and water bearing San Pedro Sands when in a confined
state.

5.3.3 Effect of Temperature on Strength

The effect which temperature has on the peak angle of internal friction of the
tar sands was assessed by undertaking drained direct shear tests on Six
samples taken from the same core. These results are inciuded on Table 5-2.
An average peak effective angle of friction of 46.7° was measured on the
samples tested at about 120°F, whiTe the average of the samples tested at
about 72°F was found to he 47.4°., The relatively minor difference in the
values most likely reflects a difference in texture between the samples tested
rather than a change in strength as a result of temperature. :

5.3.4 Creep Behavior

In Table 5-4 the average effective stress angles of internal friction (6) are
listed for various testing procedures. It was noted that ¢ decreased for the
tar bearing sands as a function of the testing rate. In order to investigate
this phenomenon, a number of constant load direct shear (creep) tests were
carried out on tar bearing San Pedro Sands to assess whether the samples would
creep under long-time loads. The tests were run at a room temperature of
about 72°. In the context of this report, creep is defined as a reduction in
the effective strength parameters of the material. Loads were appiied in
increments and held constant after each increment until the failure load was
reached.

Typical test results in the form of time versus deformation plots are given in
Appendix C.

Based on the results in Table 5-4, the angle of internal friction of the tar
sands is in excess of 36°. On this basis and assuming no effective cohesion,
the available shearing resistance should be at least 72% of the effective
normal stress. In all of the creep tests performed, at shearing loads of 70%
to 75% of the normal stress, the measurable deformation of the samples was
small or negligible. For one test, a shear 1oad equal to the normal load held
with no strain for at least 16 hours and then failed abruptly. See Appendix
cC.

On the basis of these test results, it has been concluded that the tar sands
do not exhibit creep behavior in a confined state at shear loads of about 70%
or less of the normal load, or an effective peak strength angle of internal
friction of 35° {in a confined state).

5.3.5 Angle of Friction on Steel

Direct shear tests were undertaken to determine the angle of friction between
a smooth mild steel plate and the San Pedro Sands. The following results were
obtained:

-14-
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ANGLE OF FRICTION
ON MILD-STEEL

(degrees )
Water bearing sand 4,5
Tar bearing sand 22.5

These results are typical for the angle of friction between mild steel and
quartz sands. The difference between the results obtained with the tar
bearing and water bearing sands is, most Tikely, caused by differences in
texture between the samples tested.

5.3.6 Deformation Parameters

The maximum Shear Modulus for the sands were calculated from the shear wave
velocity. The following values were obtained:

SHEAR WAVE VELOCITY

HoLE EEE35H1fEF__éE%%%GEE__Aﬁ?'ﬁEﬂ' CALCUATED Cnax
HOLE SOIL DESCRIPTION T ERAGE {psi}

18 Water Bearing San Pedro Sands 966 1326 1146 35,400

20 Tar Bearing San Pedro Sands 1225 1021 1123 34,000

The calculated values for the maximum Shear Modulus of the water and tar
bearing sands are in close agreement. The values are also in close agreement
with values measured by others on conventional, dense, water bearing sands. A
value of 35,000 psi has been recommended for design in both tar bearing and
water bearing San Pedro Sands when functioning in a confined state.

Variation in Shear Modulus (G) with strain for the tar bearing San Pedro Sands
was also investigated. Shear Modulus was calculated at various strains from
the triaxial and pressuremeter data. The results have been plotted on Figure
5-1. The continuous curve shown on Figure 5-1 for saturated granular soils
was obtained from published test data. It is clear that the variation in
shear modulus for the tar bearing San Pedro Sands is in close agreement with
the data for conventional sands.

Hysteretic damping of the tar bearing sand could not be established as we have
no experimental data. It can be expected that the damping characteristics of
the tar sand will be the same or greater than water bearing sand. For most
conventional dynamic analyses, it will be conservative (safe) to use the same
damping curve for the tar sand as has been recommended for the water bearing
sand as shown on Figure 5-2.

-15-
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5.3.7 Permeability

Permeability (as defined in conventional civil engineering practice) of the
tar bearing San Pedro Sands was calculated from test data obtained in a
convggtiona1 cg@;o]idation test. The permeability was found to range from
1x10°° to 1x107° cm/sec. This permeability is significantly Tower than the
measured permeability of water bearing San Pedrf Sands, as measured at other
locations, which were found to range from 1x10 ~ to 1x107~ cm/sec. It can be
demonstrated that the apparent difference in permeability is due entirely to
the presence of the bitumen Bitumen viscosity of the tar in the sand sample
was found to be about 1x10° centipoise at room temperature a million times
higher than the viscosity of water. Since permeability is inversely pro-
portional to viscosity, it is not surprising that the calculated permeability
of the tar sands was about one-millionth of the permeability of the water
bearing San Pedro Sands. Thus, the true permeability of the tar sands (which
depends only on porosity) is the same for both the tar bearing and water
bearing sands.

5.3.8 FEffect of Bitumen on Behavior of the Tar Sands

The available data indicate that the soil skeleton of the tar bearing San
Pedro Sands does not differ significantly from the soil skeleton of the water
bearing sands. Differences in behavior of the two materials can be traced
almost entirely to the properties of the bitumen contained in the tar bearing
deposits. It may be useful to explain the effect of the -bitumen on the
behavior of the tar sand.

As total load is removed from conventional materials which have a low per-
meability, the pressure in the water becomes negative, the intergranular
stress remains constant and the sample exhibits an apparent unconfined
strength (cohesion).

when the total Joad is removed from tar sands, a complex series of events
takes place as gas comes out of solution from the bitumen and water as a
result of the drop in confining pressure. As a result, the intergranular
stresses in the tar sand drop to very low values and the unconfined (but
impervious) sand exhibits a very low strength. The result of the presence of
the gas in the bitumen is that in an undisturbed, confined state, the bearing
capacity of the tar sands will be essentially the same as conventional water
bearing sands. However, if an open excavation is made into the tar sands, the
material will tend to flow into the excavation, not because it is loose or has
a low strength in its original in-situ stress state, but because it has a high
initial in situ fluid pressure. If the fluid pressure were reduced prior to
excavation, the tar sands would remain as stable as a water bearing sand
deposit which has been properly dewatered.

5.4 FERNANDO BEDROCK

The bedrock which underlies this design unit is of Upper Miocene age. The
surface of the bedrock is an erosional unconformity, therefore, its elevation
is highly variable. In our opinion, based on the geologic history, the upper
5 to 10 feet of the bedrock is weathered and may contain filled vertical frac-
tures, although this has not been confirmed.

-18-~
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The bedrock consists primarily of well stratified, locally folded, weak
interbedded claystone, siltstone and sandstone. Local hard cemented sandstone
layers, ranging from less than 1 inch to more than 3 feet in thickness, may be
encountered. It is estimated that these hard zones comprise considerably less
than 1% of the formation in Design Unit A250.

The undrained shear strength of the bedrock was found to range from 2000 to
3200 psf, with an average value of 2500 psf. The strength of the rock can be
expected to increase with depth and, therefore, a modest undrained friction
angle of 20° is recommended.

Bedrock elastic properties were selected based on consideration of field
performance data, laboratory test data and published information combined with
engineering judgement.

5.5 GROUND WATER

The minimum depth to ground water below the ground surface is 8 feet near
Station 566+00 at the south end of the Beverly/Fairfax Station. The maximum
depth to ground water is reported to be 25 feet at several locations along the
tunnel Tine.

Pneumatic piezometers were installed in Borings 19-2, 19-3 and 20-1 to provide
data on the piezometric surface (pressure head). Pressure transducer readings
were supplemented by rising water observed at a boring that bottomed in the
San Pedro Sands drilled at the California Federal Savings and Loan building
and was dry when drilled in 1959 then subsequently filled to a few feet above
the surrounding ground surface (personal communication, L.T. Evans, Jr.,
1984). Such may have been the case had Boring 18A been left open. Based on
the above information, the piezometric surface is believed to be at or above
the ground surface from about Station 497400 to 520+50 (see Table 5«5 and
Drawings 2 and 3).

TABLE 5-5
P1EZOMETRIC SURFACE
{Pressure Surface)

BUR THG ELEVATTON

No. (ft) REMARKS

CAL FED  unknown 2 feet above ground surface - estimated
18A 195 2 feet above ground surface - estimated
19 190 3 feet above ground surface - estimated
19-2 177 3 feet above ground surface - pneumatic piezometer
19-3 163 3 feet below ground surface - pneumatic piezometer
20-1 157 12 feet below ground surface - pneumatic_piezometer

Table 5-6 presents ground water levels and fluctuations measured in piezom-
eters and man-sized borings within the limits of A250.

-19-
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TABLE 5-6
GROUND WATER OBSERVATI0ON WELL DATA

BOR1NG

CROUND WATER ELEVATION?

1977

1981 1982 1983

1984

18

179

18-1

181

177

181

wC-6

181

18A

1507

19

173 190

19-2

177¢

19A

seap

20A

dry

19-3

163¢

20

1480

20-1

157¢

wC-7

136

141

20~k

155

21

145

22

144 146

20-10

167

23-4

175°

23-3

177

23-2

179

23B

181

23

179 178

23-1

180°

2 Rounded to the nearest foot.

g No piezometer installed; water level measured during drilling.

€ piezometric surface from pressure transducer readings.

g Destroyed.
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The ground water observations indicate that the near surface alluvium and the
underlying bedrock are relatively impervious agquicludes. The San Pedro Sands
are an aquifer which is sandwiched between these two formations. Artesian
pressures occur in the San Pedro Sands in the vicinity of the Wilshire/Fairfax
Station because of a general rise in topography to the north of this site.

We believe that water seepage 1into the tunnel excavation from fresh,
unfaulted, slightly fractured, fine-grained bedrock of the Fernando Formation
will Tikely by of small amounts; i.e., dripping conditions.

Ground water inflows from saturated, non-tar bearing, alluvial and San Pedro
Sand materials in the entire segment of this tunnel are likely to be sig-
nificant with attendant caving problems. For instance, flowing ground was
observed in the San Pedro Sand at depths of 43 to 50 feet (bottom of hole) in
man-sized auger Boring 18A, accompanied by ground water inflow.

Mineral analyses of the alluvial ground water from Borings 21, 22 and 23
(Drawing 3) indicate the total dissolved solids (TDS) are less than 1000 parts
per million (ppm). This is considered good quality water compared to mineral
analyses of ground water originating from bedrock. For example, ground water
originating from the bedrock in Boring 19, is a sodium chloride-type water
containing a TDS of 15,425 ppm (probably Connate water from the Salt Lake 0Qi7
Field). For details on corrosion, refer to the "Corrosion Control Final
Report" dated June 30, 1983 for SCRTD by Professional Services Group, Inc.},
Waters Consultants Division. The mineral analyses for ground water from
Borings 19, 21, 22 and 23 are in Appendix C.

5.5 O0IL, GAS AND FAULTS

0i1 (tar) was encountered in all test holes drilled into the San Pedro Sands,
between approximately Stations 488+00 and 547+00. A major portion of the
tunnels and the entire Wilshire/Fairfax Station will be located in this zone.

The 01l is contained primarily within the San Pedro Sands; however, the lower
5 to 10 feet of the overlying Alluvium were often found to contain Significant
quantities of hydrocarbons in the pore fluids. In addition, the underlying
bedrock also contains bitumen, within fractures as well as being uniformly
distributed within the pore spaces of the intact rock. The depth of bitumen
saturation within the bedrock is not known. However, information from deep
borings made for this study at other locations along the alignment suggests
the rock in this area contains oil to depths of over 200 feet. 0il wells that
produced, or are still producing, in the underlying Salt Lake 0il Field
confirm this.

Bitumen was extracted from samples of the tar sand and the following prop-
erties were measured:

DYNAMIC VISCOSITY
{centipoise)
TEMPERATURE Tamples From  GLamples From

°C . Tar Sand Tar Silt
30 950,000 360,000
36 86,000 35,000
45 10,000 5,000
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For comparison, the dynamic viscosity of pure water at 22°C would be about 1
centipoise. It is of interest to note that the less viscous bitumen was
extracted from the silt sample, which has a lower permeability than the sand.

The bitumen and water contents of the sand and silt samples were calculated
and the following results were obtained:

SAMPLE FROM  SAMPLE FROM

TAR SAND TAR SILT
E(SVLTEEE:eE‘:gElESIy 50i1) 18.7 >
T8ty motght dry sof1) i 57
TOTAL FLUID CONTENT 931 26.2

(% by weight drv soil)

Based on the measured total fluid content and the bulk densities of the in
situ soil, we conclude that, in general, there is no free gas within the tar
sand at the in situ fluid pressures. Gas would, of course, be expected to be
in solution and come out of solution if the fluid pressures were lowered.

Pockets which contain significant quantities of free gas have been encountered
in some test holes. This gas will be under pressure and can be released if
encountered in excavations for either the station or the tunnels. The
guantities of gas which may be encountered in such zones is difficuit to
predict; however, it is expected that the gas would be limited in guantity and
should drain from the formation after several hours or days. Contingency
plans, such as providing equipment to flare the gas, should be developed for
dealing with gas from such zones.

Gas solubility tests and gas composition analyses were not carried out, as it
is understood that such work is being carried out by others.

The tunnel alignment for Design Unit A250 will cross the projected traces of
the 6th Street and 3rd Street faults (Drawings 2 and 3). Both faults are
judged to be inactive. The inactive rating is based on the absence of these
faults on published fault maps such as:

0 Fault Rupture Study Areas, Active and Potentially Active Faults,
Plate 1, Los Angeles City's (March 1975) Seismic Safety Plan

0 Hollywood Quadrangle, Special Studies Zone Map, California Division
of Mines and Geology (1976)

0 Geologic Map of California,-Los Angeles Sheet, California Division
of Mines and Geology (1969)

0 Fault Map of California, California Division of Mines and Geology
(1975) '
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The near-surface locations of these fault zones are not well defined. The
impiications on tunnel construction are described in Section 7.7.

5.7 IN-SITU STRESS MEASUREMENTS

In-situ stresses were measured in the vicinity of the Wilshire/Fairfax Station
using a self boring pressuremeter. The results were quite variable and
inconclusive. In our Jjudgement, an dinsufficient quantity of tests were
performed to develop reliable in-situ horizontal stress values. The high
values obtained are not consistent with the known geologic history, nor are
they consistent with foundation engineering experience in the Los Angeles
area.

5.8 RECOMMENDED ENGINEERING PARAMETERS

For purposes of our engineering evaluations, we have grouped the subsurface
materials encountered within this project into three general subsurface units.
These subsurface units are Alluvium, San Pedro Sand and Fernando Bedrock. The
soil units have been further subdivided into tar bearing and non tar bearing
soils. Table 5-7 presents static engineering parameters used in our analyses.

Dynamic soil parameters required for input into the various types of analyses
recommended in the seismic design criteria report are presented in Table 5-8.
These include values of dynamic Young's modulus, dynamic constrained modulus,
and dynamic shear modulus at Tow strain levels.
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TABLE 5-7
MATER| AL PARAMETERS SELECTED FOR STATIC DESIGN

ALLUVIUM SAN FERNANDO SAND

— FERNANDO
MATERIAL PROPERTY Non Tar Bearing Tar Bearing Non Tar Bearing Tar Sand Tar Siit BEDROCK
Bulk Density (pcf} 130 130 130 130 120 120
Effective Stress Strength
g' (degrees) 35 35 35 35 35 35
c' (psf) 0 0 0 0 0 0
Total Stress Strength
¢ (degrees) 17 20 = - 20 20
¢ (psf) 1000 2000 O = 2000 2000
Unconf ined Compressive Strength (psf) 2000 = = = 5000
Permeability (cm/sec) 100 to 1005 10%te10? 10Zto10% 108t 10° 10°te 10’ 10° o107
Secant Modulus (psf) 2000, * - - 4800, * 1750, % 3x10°4400 o *
Poisson's Ratio 0.45 0.45 0.45 0.45 0.45 0.45

* g ., is the effective overburden pressure (psf) equal to effective density times overburden depth. Moist density should be used to
dftermine G, above the water table and submerged density (saturated density minus water density) used for the effective density of

soils below'the water table.
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TASLE 5-8
RECOMMENDED DYNAM!C MATERIAL PARAMETERS FOR USE IN DESIGN

max

ALLUVIUM SAN PEDRO SANDS FERNANDO

Non Tar Bearing Tar Bearing Non Tar Bearing Tar Sand Tar Silg CEOROCK

Average Compression Wave Velocity, V, (ft/sec) 4000 4000 5500 4500 5000 5000
Average Shear Wave Velecity, Vs (ft/sec) 1100 1100 1150 1100 1200 1200
Poisson's Ratio 0.45 0.45 0.45 0.45 0.45 0.45
Young's Modulus, E, {psi) 85000 85000 100000 100000 100000 100000
Constrained Modulus, E, {psi) 00000 500000 800000 500000 650000 650000
Shear Modulus, G___, (psi) 30000 30000 35000 35000 35000 35000
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6.0 GEOTECHNICAL EVALUATION - WILSHIRE/FAIRFAX STATION
6.1 GENERAL

The planned construction of the Wilshire/Fairfax Station will include an
excavation far deeper into the tar sands than attempted previously. The
behavioral characteristics of the tar sands and possible construction problems
are currently being observed at a nearby construction site at Wilshire Boule-
vard and Fairfax Avenue. In addition, it is planned to observe the con-
struction at a proposed instrumented test pit in the immediate vicinity of the
proposed station. Thus, the observations regarding behavior and construction
problems noted 'in this report are subject to modification based on the
experience gained from observation of the above projects.

A plan and profile of the Wilshire/Fairfax Station are presented in Drawings 4
and 5, respectively. These drawings show the proposed layout for the station
and the stratigraphy at the site.

The station will be roughly 950 feet long, 40 to 65 feet wide and will extend
to a depth of about 95 feet below existing grade.

The mezzanine level at each end of the station will be wider than the lower
portions of the station. The floor slab for the wider portions of the mezza-
nine level will be placed about 40 feet below existing grade, or 15 to 20 feet
below the top of tar bearing material.

The tunnels will enter and exit the station, one above the other, as indicated
on Drawing 5,

Excavation for the station will be carried through roughly 20 to 30 feet of
non-tar bearing alluvium. The alluvium consists predominantly of a stiff
silty clay which is relatively impervious. Occasional silt and sand layers
will be encountered within the alluvium, the latter of which may contain free
water. The water table in the alluvium was estimated to vary from 5 to 10
feet below existing grade, and may be higher following prolonged periods of
rainfall.

Non-tar bearing alluvium is underlain by O to 20 feet of tar bearing alluvium
which in turn is underlain by 55 to 60 feet of tar bearing sands of the San
Pedro Formation. The tar bearing San Pedro Sands are dense in-situ to very
dense. Occasional lenses or layers of silt or silty clay are present within
the sands. Pore fluid within the tar sand consists of water, gas and bitumen.
While occasional pockets of free gas may be present within the tar sand, it is
believed that at the in-situ fluid pressure, most of the gas is present as
solution gas within the bitumen and water. Fluid pressure within the tar sand
at the station location was found to be eguivalent to a water pressure head
located at a depth of 2 to 10 feet below existing grade. Since this pressure
is s1ightly higher than the measured water table in the overlying alluvium, it
is apparent that the overlying fine-grained alluvium is acting as an aquiclude
and, as a result, there is a slight artesian pressure in the tar sands.

Tar sands are generally underlain at a depth of 75 to 95 feet by stiff tar
silts and clays or by the Fernando formation bedrock. The surface of the
bedrock is seen to vary moderately over the majority of the station site. At
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the southeast end of the station, the bedrock surface dips down to a depth of
about 135 feet below grade as shown on Drawing 5. This dip in the bedrock
surface is believed to be an old erosion channel. It should be noted that the
erosion channel has been infilled with relatively coarse gravel and occasional
boulders which are tar bearing. Should the deep erosion channel extend to
within the areas of the station, serious problems may be expected in construc-
tion of any shoring system. Prior to construction, the depth to rock should
be determined at the southeast end of the station. If the surface of rock is
found to be significantly deeper than in the remainder of the station, it may
be advisable to re-site the station slightly to the northwest along the
alignment.

The bedrock consists of very stiff siltstone and claystone. Bitumen is
present within the pores of the bedrock. The upper 5 to 10 feet of the
bedrock is weathered and is expected to contain relatively tight fractures.
The bedrock is relatively water-tight; however, some minor seepage of water or
bitumen can be expected from fractures, which will tend to open up once the
overlying materials have been excavated.

6.2 EXCAVATION FLUID DEPRESSURIZATION

The act of depressurization, as defined in this report, is to reduce the pore
pressure at any given point within a soil mass so that the pressure head at
that point is equal to or less than the unit weight of water times the dis-
tance between the ground surface and that point.

Dewatering of the non-tar bearing alluvium overlying the site is generally
unnecessary since these soils are relatively impervious. It can be expected
that water-bearing seams of silt or sand will be encountered within the
alluvium. These lenses or seams are expected to be of limited extent and can
be drained into sumps within the base of the excavation. Care will be
required during excavation to prevent the loss of ground from these water-
bearing seams.

As mentioned earlier, the fluid pressures within the tar sand are slightly
artesian. If these fluid pressures could be reduced prior to excavation, the
stability of the tar sand would be greatly increased.

It is not known if it is practical to depressurize the tar sand using con-
ventional techniques such as pumping from wells. While it is possible to
install well casing into the tar sand and bail the tar and water which
collects in the well, the radius of drawdown around the well is expected to be
only a few feet. This is because of the low permeability of the tar sand
combined with the presence of gas in solution which will come out of solution
within the bitumen and water. As the fluid pressure is reduced in the
formation, the solution gas comes out of solution and tends to maintain the
original in-situ fluid pressure. Another concern with respect to
depressurization is whether the wells can be installed such that the formation
sand will not flow into the well. These sands will not only plug off the
wells, so they cannot be bailed, but will also result in loss of ground around
the well. While gravel packing can be used around the outside of the well
casing to overcome this problem, the installation cost of a large number of
such wells may be very large.
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The concerns with regard to depressurization are such that they can only be
resolved by installing a test well and undertaking a depressurization test in
the tar sand. Since depressurization will result in a very significant
improvement in the behavior of the tar sand adjacent to the excavation,
particularly in the case of a soldier pile shoring system, it is recommended
that such testing be given further consideration.

6.3 UNDERPINNING
6.3.1 General

The need to underpin and the appropriate type of underpinning for specific
buildings located adjacent to the proposed excavation depends on many factors
related to both engineering and economics and cannot be generalized. Thus
each structure needs to be evaluated separately. To aid the designers in
evaluating underpinning requirements, this Section presents general geotech-
nical underpinning guidelines.

Figure 6-1 presents guidelines for assessing when underpinning needs to be
considered in the area of the station excavation. Economic and other con-
siderations beyond the scope of this investigation should be considered in any
final decisions regarding underpinning.

A more conservatively designed shoring wall could be constructed which may
sufficiently reduce ground movements and eliminate the need to underpin.

Several of the commonly used methods for underpinning, including conventional
jacked piles and hand-dug pits or piers, are not considered feasible at this
station due to the presence of the tar sands. Underpinning methods which are
considered as practical are discussed in 6.3.2.

6.3.2 Underpinning/Support Methods

Several underpinning/support methods are considered feasible including:

° Slant Drilled Piles: This method consists of placing a steel pile in a
shaft (generally 12- to 24-inch diameter) drilled from the side of the
foundation. The shaft is drilled at a small angle or slant under the
foundation and then back-reamed to provide a vertical slot below the
foundation. A steel pile is placed under the foundation, and the shaft
ijs filled with concrete. The actual connection to the footing can be
made by shimming or "drypack" concrete. Pre-loading could be accom-
plished using jacks and shims similar to jacked piles. In weak soils or
in ground subject to sloughing, this method can result in settlement if
there is loss of ground into the drilled hole.

Piles Bottoming in Tar Sands: This method consists of drilling a pile
excavation into the tar sands. Drilling mud will be required. The shaft
is drilled at a small angle or slant under the foundation and then is
back-reamed to provide a vertical slot below the foundation. If a
friction pile is desired, a steel cage or H section is placed and the
pile excavation filled with tremie concrete. For an end bearing pile, a
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closed end steel pipe is placed in the excavation and filled with con-
. crete. For either type of pile, it will be necessary to seat the pile by
jacking the pile.

Piles Bottoming in Fernando Formation: This method is somewhat similar
to that given above except the piles penetrate into the underlying rock
and higher capacities can be obtained. Essentially, a pile excavation is
drilled to the top of the rock formation using drilling mud, an open-end
steel pipe is inserted in the hole, and the drilling is continued to the
required depth. The drilling mud should not be bailed out as this would
create a large imbalance in the fluid pressure in the top of the rock
formation, resulting in tar seeping from the rock. Concrete is then
tremied into the excavation.

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

. 6.3.3 Design Criteria

Figure 6-2 1illustrates the procedures for determining the geometry of the
support zones and the total capac1ty of the underpinning pile. No support
should be allowed within the "no support" zone shown on Figure 6-2. Two types
of underpinning piles have been considered:

1. poured-in-place concrete friction piles
2. concrete-filled steel pipe end bearing piles.

For either type, it will be necessary to jack the pile to develop the desired
capacity.

For underpinning friction piles bottoming in the tar sand formation, where the
frictional resistance occurs from soil on concrete contact, the allowable pile
capacity is given by the following relationship:

= 10d (K2 - Hy2) (6.1)
Where:
P = axial load in pounds
d = pile diameter in feet
H = depth from ground surface to pile tip in feet
HN = depth to bottom of no support zone in feet.
. Where a steel pipe is inserted in the pile excavation and filled with con-

crete, the softening of the sidewall and Tlack of contact between the steel
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pipe and surrounding soil will severely limit the side friction. End bearing
in the tar sand will develop as the pile is loaded and the soils below the
pile tip reconsolidate. The end bearing capacity is given by the following
relationship:

P =700 - d2 - H (6.2)
Where:
P = axial load in pounds
d = pile diameter in feet
H = depth from ground surface to pile tip in feet.

For pipe piles extending to rock and drilled out in the rock, an allowable end
bearing pressure of 16 ksf may be used provided the pile bottoms at least 5
pile diameters into the rock. In addition, a frictional resistance of 1.5 ksf
may be assumed for the portion of the pile embedded in rock. No frictional
resistance is assumed between the steel pipe and the tar sands.

6.3.4 Underpinning Performance

Underpinning is not a guarantee that the structure will be totally free from
either settlement or lateral movement. Some settlement may occur during the
underpinning process. Additional vertical and/or lateral movement may occur
during the construction of the main excavation, depending on the performance
of both the shoring and underpinning elements.

6.3.5 Underpinning Instrumentation

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

Where a group of three or more piles is used to underpin a foundation element,
load relaxation of previously installed piles can occur. Methods should be
implemented to evaluate this problem and re-load piles if necessary.

6.4 TEMPORARY EXCAVATIONS

6.4.1 General

We understand that the excavation system for the Wilshire/Fairfax Station will
be chosen and designed by the contractor in accordance with specified criteria

and subject to the review and acceptance by the Metro Rail Construction
Manager.
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In our opinion, the contractor may propose either a soldier pile wall or a
slurry wall to support the sides of the excavation. In either case, the wall
could be supported either by tiebacks or with internal bracing.

The discussion and design criteria presented in this section pertain to these
shoring methods. Other shoring support systems may also be appropriate and
may be considered by the contractor.

6.4.2 Soldier Pile and Lagging Support Systems

6.4.2.1

Construction Aspects: A soldier pile and lagging shoring system
consisting of soldier piles installed in predrilled holes is a
common method of shoring deep excavations in the Los Angeles area.
However, soldier pile walls have been used in only a few instances
to support excavations in the tar sands; and, in these cases, the
depth of excavation into the tar sands was limited to roughly 15
feet or less.

A number of construction difficulties can be anticipated with the
use of soldier pile walls in tar sand, particularly considering the
depth of the proposed excavation.

It is conventional practice in the Los Angeles area to install
soldier piles in predrilled holes and backfill the holes with
concrete. At this site, the soldier piles will have to be placed to
a depth of over 100 feet, through 50 to 80 feet of tar sand. It is
expected that the walls of the holes will close in and/or slough
during excavation and after completion of the boring, particularly
in the highly tar impregnated horizons. Hence, placement of con-
crete by tremie methods may not produce a satisfactory pile
installation capable of supporting the theoretical loads given in
Figure 6-4. It may be necessary to install temporary casing in the
holes in order to ensure the concrete can be placed at the base of
the piles. Alternatively, a slurry could be used in the pile holes
to reduce sloughing. Theoretically, & heavy oil field type slurry
may Timit the closing of the holes, but the efficiency of such a
procedure has not been verified in ‘practice in tar sand type
materials under discussion here.

Trafficability for construction equipment on the tar sand is
expected to be a problem. While the tar sand in its in-situ,
confined state is dense and has a relatively high angle of friction,
it also has a high in-situ fluid pressure. As the tar sand is
unloaded by excavation, the confining stresses are reduced; however,
the fluid pressure is maintained at a relatively high value as a
result of gas coming out of solution from the bitumen. As a result,
the tar sand swells and becomes loose and has a lower strength in
the upper 2 to 5 feet below the base of excavation. The thickness
of the loose zone is expected to become greater as the depth of
excavation increases.

Based on past observations of other projects bottoming in tar sands,
it is anticipated that wheeled vehicles will not be able to operate
on the surface of the tar sand. If it is necessary to operate
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6.4.2.2

wheeled vehicles inside the excavation, it will be necessary to
place 2 to 3 feet of gravel over the tar sand. Light tracked
vehicles should be able to operate on the surface of the tar sand.
However, it 1is anticipated that as the depth of excavation
increases, tracked vehicles will also have difficulty. Depending on
circumstances of -the work, it would be preferable to use draglines
or a clam shell to excavate the tar sands from outside the exca-
vation.

Another concern with respect to the use of soldier pile walls in the
tar sand is loss of ground. As the depth of excavation increases,
the tar sand will tend to flow out from between the soldier piles
before the lagging can be placed. The amount of ground lost from
behind the wall will depend on the depth of tar sand exposed, the
distance between the soldier piles, and the speed with which the
lagging is placed. To limit or prevent such behavior, the lagging
should be installed immediately to the excavated level.

We anticipate that ventilation of the excavation will be a major
requirement for safe conduct of the work. The excavation will be
deep and relatively narrow, and heavier gases may accumulate at the
base of the excavation.

Shoring Design Criteria: This section provides design criteria for
a soldier pile and wood lagging shoring system. The soldier piles
are assumed to consist of steel WF or H sections installed in
predrilled circular holes. It is assumed that the drilled shaft
will be filled with concrete in such a manner as to provide the end
and shaft areas assumed in the design calculations.

The design criteria presented in this section are based on experi-
ence with soldier pile walls in the Los Angeles area as well as in
other areas of the United States, modified to reflect the unique
properties of the tar sands. It should be recognized, however, that
the use of soldier pile walls to depths of 100 feet in the tar sands
is unprecedented, and the behavioral characteristics of the tar
sands at such depths are unknown.

° Design Wall Pressures: The recommended lateral earth pressure
diagrams for the design of soldier pile walls are presented in
Figure 6-3. Appendix D.2 provides technical support for the
recommended seismic pressures of Figure 6-3f.

The full loading diagram above the bottom of excavation should
be used to determine the design loads on tieback anchors and
the required depth of embedment of the soldier piles.

Construction Surcharge: Since construction equipment will be
operating near the edge of the excavation, the loads imposed by
the equipment must be considered in the design of the wall. A
pressure distribytion due to construction equipment for con-
ventional equipment is presented in Figure 6-3(d). If the
excavation is to be carried out by a dragline or clamshell, the
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6.4.2.3

loads imposed by this equipment should be evaluated and, if
necessary, the construction surcharge given in Figure 6-3(d)
should be increased.

° Depth of Pile Embedment: The embedment depth of the soldier
pile below the Towest anticipated excavation depth must be
sufficient to satisfy both the lateral and vertical loads under
static and dynamic loading conditicns.

The required depth of embedment to satisfy vertical loading
should be computed based on the allowable vertical capacities
shown on Figure 6-4.

The required depth of embedment to satisfy lateral loads should
be computed based on the net allowable passive resistance
(total passive resistance of the soldier pile minus the active
earth pressure below the excavation). Due to arching effects,
it is recommended that the effective pile diameter be assumed
equal to 1.5 pile diameters or half of the pile spacing, which-
ever is less. Figure 6-5 indicates the recommended method to
compute net passive resistance.

Pile Spacing and Lagging: The optimum pile spacing depends on
many factors including soil type, soil loads, member sizes and
costs. Based on present knowledge, we believe the pile spacing
should be 1imited to about 8 feet and that continuous lagging
be placed to prevent loss of ground between soldier piles.
Continuous lagging may not be necessary in the upper fine-
grained soils. The contractor should Timit the temporary
exposed soil height to less than 2 feet to control loss of
ground, particularly in the tar sand. The exposed height may
have to be reduced to less than this at greater depths within
the tar sand.

Intermediate Stages of Construction: The designer of the
shoring system must check the stability of the soldier pile
wall at intermediate stages of construction. The intermediate
states of construction may be critical., since the passive
resistance of the tar sand below the intermediate base of the
excavation will be significantly Tlower than the passive
resistance which can be achieved in the bedrock.

Tiebacks: The soTdier pile wall may be supported by tiebacks.
Tiebacks have an advantage over internal bracing in that their use
produces an open excavation which can significantly simplify the
excavation procedure and construction of the permanent structure.

There are numerous types of tieback anchors available including
Jarge diameter straight shaft friction anchors, belled anchors, high
pressure grouted anchors, high pressure regroutable anchors, and
others. Generally, in the Los Angeles area, high capacity straight
shaft or belled anchors have been used in soils which are stable and
dewatered. It is doubtful if belled anchors will remain stable in
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the tar sands, and difficulties are also expected in the tar sands
with straight shafted holes, particularly at greater depths. There
is no experience record to date with the installation of tieback
anchors in tar sands below a depth of about 50 feet below the ground
surface. If straight shafted anchors are used, it is expected that
they will have to be installed in slurry filled holes or through
large diameter hollow stem augers.

As noted earlier, trafficability on the tar sands is expected to be
poor, and it will be necessary to place 2 or 3 feet of gravel over
the tar sand to permit the drill rig to install the anchors at each
level,

The anchor capacity which can be achieved in the tar sand 1is
uncertain, since it will depend on the method of drilling the hole
and the behavior of the walls of the hole and the installion of the
anchors. In view of the large number of tieback anchors which will
be used at this station, it is recommended that & variety of tieback
anchors be 1installed and tested well in advance of construction.
Such tests may be carried out in vertical holes at the existing
ground surface. For these tests, the anchors should be placed
within the tar sand at depths of between 60 to 90 feet below the
surface.

For preliminary design purposes, the capacity of drilled straight
shaft friction anchors can be calculated from the following equa-
tion:

P = «DLq (6.3)

Where:

P denotes the allowable anchor design load in pounds,

D denotes the anchor diameter in feet,

L denctes the anchor length beyond no Toad zone in feet, and
q denotes the soil adhesion in psf.

The following values for design adhesion are recommended for pre-
liminary design.

DESIGN ADHESION

MATERIAL q {psf)
Bedrock . . . . .. 750
Tar Sand . . . . .. 10d =600
Alluvium (no tar) . . . . . . 15d + 330 5600
Where:
d = the average depth of the anchor in feet beyond the no-load

zone; measured vertically from the ground surface. See
Figure 6-6.
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Figure 6-6 gives criteria for determination of reguired anchor
lengths. At each end of the station, the excavation for the widened
mezzanine level will result in very low overburden stresses for
anchors installed below mezzanine level. As a result, the anchor
capacity for anchors installed below the mezzanine level will be
less than predicted using the design values recommended above. One
method of mitigating such effects is shown in Figure 6-6(b}.

The anchors may be installed at a suitable angle below the hori-
zontal. Structural concrete should be placed in the lower porticn
of the anchor up to the limit of the no-load zone. Placement of the
anchor grout should be done by pumping the concrete through a tremie
pipe extending to the bottom of the shaft. The anchor shaft between
the no-load zone and the face of the shoring must be backfilled with
a sand slurry or equivalent, after concrete placement. Alterna-
tively, special bond breakers can be applied to the strands or bars
in the no-load zone and the entire shaft filled with concrete.
After placement of the structural concrete immediate filling of the
remainder of the hole should reduce the possibility of the tar sand
squeezing inward and displacing the structural concrete.

It is expected that the holes drilled for the tieback anchors will
slough in the tar sand. The contractor should be required to use a
drilling method which minimizes sloughing and caving of the holes.
Uncontrolled caving not only causes installation problems but could
result in surface subsidence and settlement of overlying buildings
due to loss of ground. To minimize caving, casing could be
installed as the hole is advanced but must be pulled as the concrete
is poured. Alternatively, the hole could be filled with slurry or a
large diameter hollow stem auger could be used.

It is recommended that each tieback anchor be test loaded to 150% of
the design load and then locked off at the design load. At 150% of
the design load, the anchor deflection should not exceed 0.1 inches
over a 15-minute period. In addition, 5% to 10% of the anchors
should be loaded tested to 200% of the design load and then locked
off at the design load. At 200% of design load the anchor deflec-
tions should not exceed 0.15 inches over a 15-minute period. The
rate of deflection should consistently decrease during the test
period. If the rate of deflection does not decrease the test should
not be considered satisfactory.

In the Los Angeles area, it is generally a requirement that the load
on tiebacks be released once the permanent wall struts have been
placed. For walls which are poured directly against the soldier
pile walls, a window needs to be left in the concrete to permit
access to the tieback bolts so that the load can be released. The
windows are then filled with concrete. The foregoing procedure is
not recommended for the Wilshire/Fairfax Station as it is not
believed practical to seal the windows effectively to prevent tar or
gas from seeping through the concrete openings.
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6.4.2.4

6.4.2.5

Internal Bracing: The soldier pile wall could be supported with
internal bracing rather than with tiebacks. The use of internal
bracing has a number of disadvantages compared to tiebacks, in that
it is more difficult to carry out the excavation and form the walls
of the station with the bracing inside the excavation. On the other
hand, the use of dinternal bracing eliminates many of the diffi-
culties associated with the installation of tieback anchors in the
tar sand.

The contractor should not be allowed to extend the excavation an
excessive distance below the lowest strut level prior to installing
the next strut level. The maximum vertical distance depends on
several specific details such as the design of the wall and the
allowable ground movement. These details cannot be generalized.
However, as a guideline, the vertical distance between struts should
not exceed 8 to 12 feet in the tar sand materials.

In addition, the contractor should not be allowed to extend the
excavation more than 3 feet below the designated support level
before placing the next level of struts.

To remove slack and Timit ground movement, the struts should be
preloaded. A preload equal to 50% of the design load is normally
desirable. The shoring design, preload procedures, and monitoring/
maintenance procedures must provide for the effects of temperature
changes to maintain the shoring support.

Ground Movements: The ground movements associated with an excavation
supported by a soldier pile wall depend on many factors including
the sequence of excavation, vertical distance between supports,
support system loads, distance between soldier piles, and the height
of soil left exposed prior to placing the lagging.

The distribution and magnitude of ground movements are, therefore,
difficult to predict. Based on shoring performance data for exca-
vations in the Los Angeles area combined with an assessment of the
probable behavior of the tar sands, we estimate that the ground
movements associated with properly designed and carefully con-
structed soldier pile shoring systems will be as follows:

° For a soldier pile wall with tieback anchors, the maximum
horizontal wall deflection will equal about 0.1% to 0.2% of the
excavation depth. The maximum horizontal movement should occur
near the top of the wall and decrease with depth. The maximum
vertical movement behind the wall should be equal to about 50%
to 100% of the maximum horizontal movement and will probably
occur at a distance behind the wall equal to about 25% to 50%
of the excavation depth.

° For a soldier pile wall with internal bracing, the maximum
horizontal movement will be similar to that anticipated with
tiebacks. However, the maximum horizontal movement will
probably occur near the bottom of the excavation decreasing to
about 25% of the maximum at the surface.
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The above listed ground movements are based on experience in non tar
bearing soils. There is no experience record on excavations of the
depth planned for this project in tar bearing sands.

6.4.3 Slurry Trench Wall Support Systems

6.4.3.1

6.4.3.2

General: A slurry wall installation would normally involve the
excavation of a narrow trench or slot to full depth along the wall
1ine in short panels typically 10 to 20 feet long. The excavating
is carried out in the wet using special excavating tools with trench
support being provided by a fluid pressure of a specifically
designed bentonite slurry. Trench stability is normally evaluated
based on experience and test sections. Once a trench is excavated,
the usual practice is to lower a reinforcing cage and place tremie
concrete which displaces the slurry mixture. Alternately, precast
panels can be placed. With precast panels, special additives are
mixed with the slurry to produce a stiff clay material between the
precast panel and the native ground. The slurry wall technique
produces a relatively stiff and reasonably water-tight, continuous
wall which can provide the temporary excavation support and may
become a part of the permanent wall. As with soldier pile walls,
internal bracing or tiebacks may be used to support such walls
during construction period.

A properly designed and constructed wall will generally result in
less ground movement as compared to a conventional soldier pile
shoring system. This will be particularly true for the proposed
excavation in tar sand where loss of ground due to the tar sand
flowing below the lagging of a soldier pile wall is expected to be
significantly greater than that which occurs in conventional soils.
Use of slurry walls does not, however, eliminate potential problems
associated with ground movements. Poor construction procedures
particularly associated with poor slurry control and wide wall
sections can result in excessive ground movement during construction
of the panels. Since the use of a slurry trench wall in the tar
sands is unprecedented, the mud density required to ensure the
stability of the walls of the trench will have to be established by
trial and adjustment.

The slurry trench wall offers an advantage in that it can probably
accommodate a wider range of unforeseen problems such as the
presence of gas-bearing zones, boulders and other obstructions which
can present serjous problems to the use of conventional soldier pile
shoring.

The slurry trench wall generally requires a greater working area for
construction. Areas must be provided for mixing and storing the
mud.

STurry Wall Design Criteria: The earth pressures developed on a
slurry wall system will be larger than those for a soldier pile and
lagging wall due to the greater rigidity of the slurry wall system,
The design earth pressures given in Figure 6-7 may be used for the
design of the slurry walls. As indicated on Figure 6-7, since the
slurry wall will be essentially water-tight, the wall must be
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SOIL AND WATER PRESSURES
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6.4.3.3

designed to resist the in-situ fluid pressure as well as the effec-
tive soil pressure. The stability of the wall must also be checked
at various stages, since critical design loadings may occur during
construction.

Ls]

Depth of Embedment: The slurry wall must be embedded suffi-

cientlTy below the maximum depth of the excavation to support
applied vertical loads (dead loads, deck loads, and tieback
vertical loads) as well as to develop sufficient passive
resistance. Figure 6-5 illustrates the recommended method of
calculating passive resistance. The total passive pressure
should be based on consideration of both the triangular and
trapezoidal pressure distributions, and the Jlower resultant
force should be used. Net passive pressure should be deter-
mined as the difference between the total passive pressure and
the sum of the active and hydrostatic pressure. Figure 6-8
indicates the allowable vertical 1loads on slurry walls for
different embedment depths. The recommended vertical capaci-
ties include both end bearing and side friction (below the
Jevel of the maximum excavation depth).

Slurry Composition: An unsuitable bentonite slurry may lead to

excessive viscosity for pumping, or flocculation and attendant
loss of fluid resulting in instability of the excavated face.
Some factors which affect the slurry are pH; contamination by
salt, iron, calcium or organics. In particular, there is
concern as to the effect which the presence of hydrocarbons
from the tar sand will have on the properties and behavior of a
slurry. The 1iquid hydrocarbons may be miscible with the
slurry. If not, they should be skimmed from the settling tanks
and disposed. It can be expected that gas will be liberated
from the slurry as it is pumped to the surface and confining
pressures are reduced. In addition to possibly being explosive
and/or toxic to workmen, the gas may collect in the pumps
causing them to cavitate. If a slurry wall is to be used, the
foregoing concerns must be investigated in further detail.

Panel Length: In areas immediately adjacent to existing

footings, a panel section should not be adjacent to more than
half the length of the footing. The intent is to ensure that
major isolated exterior footings straddle the wall panels.
This would minimize potential movements during the installation
phase of the wall.

Existing Basement Voids: Voids from old basements could be

encountered which could Tead to loss of mud. In these areas,
the voids would have to be filled, the section sealed off, or
the top of the slurry section lowered below the void.

Tiebacks: The comments and recommendations given for tiebacks for
soldier pile walls also apply to the slurry trench wall.
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6.4.3.4 Internal Bracing: The comments and recommendations given earlier
for internal bracing for soldier pile walls also apply to the slurry
trench wall.

6.4.3.5 Ground Movement: The ground movements which will occur using a
slurry trench wall will depend on a number of factors including the
loads applied to temporary tiebacks or bracing and the sequence of
construction. In general, the ground movements associated with a
properly designed and constructed slurry trench wall can be expected
to be less than those which occur with the soldier pile wall.

6.5 SUPPORT OF TEMPORARY DECKING

Temporary street decking may require center support piles. These piles would
have to extend below the maximum proposed excavation Tlevel for support. At
these depths, the piles would be founded within the Fernando Formation. These
materials are suitable for supporting pile loads.

Concrete piles drilled into rock (using drilling mud) and filled with tremie
concrete or conventional driven piles may be considered. For the concrete
piles, it would be advisable to set a steel casing to the top of rock to
reduce the possibility of hole squeezing. Driven piles will require pre-
drilling to rock in order to insert the pile section.

Vertical capacities for drilled concrete piles are given in Figure 6-4. For
stee] .piles predrilled through the tar sands and then driven in the rock,
cleaned out and filled with concrete, an end bearing capacity of 18 ksf may be
used provided the pile penetrates at least 10 feet into rock. Adhesion
between the steel pile and rock may be assumed as:

f = 680 + 182 psf (6.4)
Where:
f = shearing resistance between rock and pile, psf
Z = depth of penetration into rock below the bottom of excavation,

feet.

6.6 CONSTRUCTION OBSERVATION

In our opinion the proposed Wilshire/Fairfax Station excavation should be
instrumented to reduce liability by documenting its performance, to confirm
design assumptions, to identify problems before they become critical, and to
obtain data valuable for future designs.

We recommend the following program of observations:
° Preconstruction Survey: A qualified civil engineer should complete a

visual inspection and comprehensive photographic record of all streets
and structures adjacent to the site prior to construction. This will
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provide data to minimize the risks associated with claims against the
owner/contractor. If substantial cracks are noted in the existing
structures, they should be measured and periodically remeasured during
construction.

Surface Survey Control: It is recommended that several locations around
the excavation and on any nearby structures be surveyed prior to any
construction activity and then periodically resurveyed to monitor poten-
tial vertical and horizontal movement to the nearest 0.01 feet. In
addition, survey markers should be established at the top of the shoring
at intervals of not more than 25 feet.

Tiltmeters: Tiltmeters are used to monitor the verticality of buildings
adjacent to the excavation and can provide a forewarning of distress.
Normally ceramic plates are glued to the building walls and read using a
portable tiltmeter containing the same type of tilt sensor used 1in
inclinometers. It is recommended that a few tiltmeters be placed on the
exterior walls of buildings which are located within the underpinning
zone defined on Figure 6-1. Baseline readings should be made prior to
all construction activity, and subsequent readings should be made at
intervals through to the end of construction.

IncTinometers: It is recommended that several inclinometers be installed
and monitored around the station excavation. Inclinometers should be
Jocated on each side of the excavation. The casing could be installed
within the soldier pile holes or in separate holes immediately adjacent
to the shoring wall; however, the bottom of the inclinometer casings must
extend at least 30 feet below the base of excavation. Baseline readings
of the inclinometers should be made shortly after installation. Sub-
sequent readings should be made at selected intervals throughout con-
struction,

Heave Monitoring: The magnitude of the total ground heave should be
measured. 1his information will be valuable in determining the ground
response to load change and as an indirect check on the magnitude of the
predicted settlement of the station structure.

We recommend that heave gages be installed in the bedrock along the
longitudinal centerline of the excavation on about 200 foot centers. The
devices could consist of conical steel points installed in boreholes.
The top of the points should be at least 1 foot below the bottom of the
final excavation to protect them from damage during excavation.

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

Convergence Measurements: We recommend the use of tape extensometers to
measure the convergence between points at opposite faces of the excava-
tion during various stages of excavation. These measurements provide
inexpensive data to supplement the inclinometer and survey information.
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Strut Loads: If internal bracing is used, we recommend that the loads on
at least four struts at each support level be monitored during construc-
tion through the use of load cells or strain gauges. These measurements
provide data on support loads and a forewarning of unexpected Toad
increases.

Tieback Loads: If tiebacks are used to support the shoring, it is
recommended that load cells be installed on selected tiebacks so that
loads on these tiebacks can be readily monitored on a routine basis
throughout construction. These data are required to confirm the behavior
of the tar sand during construction.

Lagging Inspection: It is recommended that the behavior of the lagging
within the tar sand be visually inspected during construction in order to
provide a qualitative indication of the pressure acting against the
lagging. These inspections should include penetration resistance tests
behind the lagging at selected locations to establish the zone of dis-
turbance of the tar sand behind the wall.

Piezometers: It is recommended that a number of pneumatic piezometers be
installed at selected locations around the excavation. The data from the
piezometers provide valuable information regarding the fluid pressures in
the tar sand and are essential to confirm design assumptions, particu-
larly during the early stages of construction.

Thermister Strings: Increases in ground temperature may cause increases
in the fluid pressure within the tar sand, with a corresponding reduction
in the strength of the material. It is recommended that thermister
strings be installed with the pneumatic piezometers so that the relation-
ship between ground temperatures and fluid pressures can be monitored
during construction.

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

The frequency of the readings should be increased if unusual behavior is
observed.

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

6.7 EXCAVATION HEAVE AND SETTLEMENT OF THE STATION STRUCTURE

The proposed station excavation will substantially change the ground stresses
below and adjacent to the excavation. The proposed 95 to 100 foot deep exca-
vation will decrease the total vertical ground stresses by about 12,000 psf.
Stress reduction caused by the excavation will result in rebound or heave of
the bedrock below the excavation. The station structure and subseguent back-
filling will reload the bedrock. We estimate that the net station loads will
be about 6000 psf. Thus, even though the weight of the excavated soil exceeds
the weight of the final structure, the structure will experience some ground
settlement due to elastic recompression.

The test boring information indicates that the base of the station will bottom
either in the stiff tar silts or in bedrock, except possibly at the southeast
end of the station. In a few locations, it may be necessary to subexcavate
tar sand which is present in dips in the bedrock or stiff tar silt surface and
backfill with compacted gravel. It is estimated that, provided all tar sand
js removed down to bedrock or the stiff tar silt, the maximum heave at the
center of the excavation will be in the order of 2 inches. Due to the dense
and hard consistency of the underlying material, the majority of the deforma-
tion will be elastic rebound. Therefore, most of the heave will occur as the
excavation is carried out.

It is expected that the imposed loads from the structure and backfill will
induce settlements on the order of 1 to 1 1/2 inches. Again, these settle-
ments are expected to be the result of elastic recompression of the bedrock
and, therefore, are expected to occur during construction. Due to the long,
narrow shape of the imposed load, the theoretical differential settlement 1is
relatively small, on the order of 0.5 inches over the width of the structure.
This correlates to an angular rotation of about 1:7C0.

The preceding elastic movements are based on a uniform foundation bearing
pressure which could result only from a uniformly loaded and perfectly flex-
jble structure. In reality, the station structure will be quite stiff., Thus,
the actual differential settlement will be less than that assumed for an
assumed flexible foundation. The anticipated heave and structural differ-
ential settlements could be estimated more accurately through the use of a
finite element deformation analysis which would more correctly model soil-
structure interaction. Such an analysis is beyond the scope of the present
study but should be considered once the design of the station has proceeded to
a more advanced stage.

It is understood that the mezzanine level at each end of the station will be
widened such that approximately 45 to 55 feet of tar sand will remain below
the widened portion of the mezzanine floor slab. The tar sand below both
these areas is competent in its confined state, and if these portions of the
station were structurally separated from the balance of the station, it would
be possible to place these portions on a mat foundation bearing on the tar
sand. However, it is anticipated that the tar sand will heave significantly
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more than the bedrock on excavation, and may settle significantly more on
reloading. Hence, significant differential movements will occur if these
wider portions of the mezzanine are founded on the tar sands. The differ-
ential settlements may result in vertical cracking and loss of water, gas and
0il tightness of the proposed structure.

6.8 FOUNDATION SYSTEMS

6.8.1 Main Station

The main station will consist of two parts:

a. A 40-foot wide section extending about 90 to 95 feet below grade
bearing on either the tar silts or rock.

b. Side wings varying in width up to about 75 feet which bottom at the
mezzanine level about 40 feet below grade bearing on a thick horizon
of tar impregnated soils.

It is understood that the deep portion of the proposed A250 Station will be
supported on thick base slabs which will function as massive mat foundations.
We estimate that the net mat foundation bearing pressures will be about 1000
to 2000 psf. In our opinion, this portion of the station can be adequately
supported on a mat foundations bearing on tar silts or rock.

From a construction standpoint, any tar-impregnated sands left in place below
the bottom of the mat excavation may be incompetent to support foundations.
Based on Section A-A', Drawing 5, it appears that the stiff tar silts and
clays will be encountered at the final base of the excavation except possibly
near the two ends of the station. In order to provide a suitable working
surface for personnel and equipment, at lTeast 2 feet of the tar-soaked soils
should be removed and replaced with a compacted fill of clean granular soils.
For improved settlement characteristics, all of the tar sands should be
removed down to the Fernando Formation or stiff tar silts and clays.

If the mezzanine wings were supported on mat foundations, the expected differ-
ential settlement between the mats supported on tar sands and the mat for the
deep portion of the station would not be compatible. Further, the Tlateral
surcharge on the adjacent deep station exterior wall caused by the vertical
load of the mezzanine plus backfill would be large. Accordingly, piles are
_recommended for the support of the mezzanine wings.
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The vertical pile capacities given in Figure 6-4 for drilled concrete piles
may be used for design of piling for the mezzanine wings. As an alternate,
steel piles predrilled to rock and then driven may be designed for an end
bearing of 18 ksf and the following frictional resistance:

f = 1700 + 18-Z psf (6.5)
Where:
f = shearing resistance between rock and pile, psf
Z = depth of penetration into rock below the bottom of excavation,

feet.

6.8.2 Support of Surface Structures

Surface structures can be generally supported on conventional spread footings
founded on undisturbed stiff natural soils. If suitable natural soils do not
exist at the surface structure site, footings may be founded on a zone of
properly compacted structural fill (see Appendix E}. Allowable bearing
pressures and estimated total settlements of spread footings bearing on the
natural alluvium or compacted structural fill can be determined based on
Figures 6-9 and 6-10. These figures are based on analytical procedures and
experience in the Los Angeles area but are generally conservative due to lack
of detailed information on structural loadings and site conditions at the
surface structure location. Detailed site specific studies should be per-
formed to provide final design recommendations for specific structures.

A1l spread footing foundations should be founded at least 2 feet below the
lowest adjacent final grade and should be at least 2 feet wide. The bearing
values shown on Figures 6-9 and €-10 are for full dead load and frequently
applied 1ive load. For transient loads, including seismic and wind loads, the
bearing values can be increased by 33%. Differential settlements between
adjacent footings should be estimated as 1/2 of the average total settlements
or the difference in the estimated total settlements shown on Figures 6-9 and
6-10, whichever is larger.

For design, resistance to lateral loads on surface structures can be assumed
to be provided by passive earth pressure and friction acting on the founda-
tions. An allowable passive pressure of 300 psf/ft may be used for the sides
of footings poured neat against dense or stiff alluvium or properly compacted
fi11. The maximum passive pressure should not exceed 3000 psf. Frictional
resistance at the base of foundations should be determined using a frictional
coefficient of 0.35 with dead load forces.

6.9 STATIC LOADS ON STATION STRUCTURE
6.9.1 GENERAL

The design criteria for earth and fluid loads on the completed structure are
shown schematically on Figure 6-11.
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1) Applicable only to footings on a layer of properly compacted granular fill
at least one footing width thick,

2) D = depth below the lowest adjacent final grade.

NOTE:

3) /\ = total footing settlement

4) For seismic design, bearing pressures may be increases 33%.
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The loads which must be considered in design include the fluid pressures and
effective horizontal earth pressures, which act on the walls; the overburden
pressure acting on the roof of the structure; and the net bearing pressure and
fluid pressure which act on the base of the structure. Loads imposed at the
ground surface must also be considered. In addition, the uplift of the
structure due to buoyancy should also be checked.

The foregoing loads are discussed in more detail in the following sections and
design values have been provided, where appropriate.

6.9.2 FLUID PRESSURES

As mentioned earlier, the fluid pressure measured in the tar sand is equiva-
lent to a head of water which, at the station location, is near the existing
ground surface.

It is recommended a design ground water level elevation equal to the existing
ground surface be used for hydrostatic design features of the completed
station. Permanent dewatering of the station area is not recommended because
the water and bitumen which would accumulate in the drainage system would give
off gases which are possibly hazardous. In addition, the bitumen would have
to be disposed of in a special manner. The fluid pressure can be calculated
from the formula:

Pe = 62.4 h (6.6)
Where
Pf denotes the pressure {psf) at depth hw’ and

hw denotes the depth (feet) below ground surface.

6.9.3 EFFECTIVE HORIZONTAL EARTH PRESSURE

The effective horizontal earth pressure acting on the walls of the structure,
which should be added to the fluid pressure, can be calculated from the
following formula:

(6.7)

Where

Ph denotes the effective horizontal earth pressure (psf) at depth
hs’

hS denotes the depth (feet) below finished ground surface,

v' denotes the buoyant unit weight (62 pcf) of the soil, and

k denotes the ratio of the horizontal to vertical effective soil
stresses.
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The value for k is affected by many factors including the method and sequence
of construction, the rigidity of the finished structure, and the long-term
behavior of the soil.

1f the station is constructed using a soldier pile wall and lagging support
system and the permanent concrete walls are cast against the soldier pile
wall, then the effective horizontal earth pressure acting after construction
will be approximately equal to the earth pressure acting against the soldier
pile wall, provided the tiebacks are released after the permanent horizontal
bracing has been placed. In this case, the value for k can be expected to
range from 0.3 in the short term to 0.5 in the Jong term. The horizontal
stresses tend to increase over the long term due to the effects of vibration,
earthquakes and other phenomena.

Where a soldier pile and lagging support system penetrates through the tar
sand, there is, in theory at least, no reason to believe that the value for k
will increase in the long term to a value greater than about 0.5. However,
there are few documented case histories of permanent structures in tar sand
formations and, therefore, there remains a possibility that k may approach the
in-situ value which existed in the formation prior to construction (k_). It
js our opinion that the value of k will probably not exceed 0.5 and ?s very
unlikely to exceed 1.0 over the 1ife of this structure.

If the station walls are constructed using the slurry trench method, then the
value for k at the end of construction could range from a minimum of 0.5 to a
probable maximum of 1.0. The value for k will be very dependent in this case
on the method used to support the station walls, as excavation proceeds inside
the station. If rigid internal bracing is used and the bracing is jacked into
place, then the earth pressure acting on the walls will be high. If a more
flexible bracirg system is used, or if the vertical distance between hori-
zontal struts is increased {resulting in a less rigid overall structure), then
wall pressures will be reduced. The increase in k which will occur over the
life of the structure if slurry wall construction is used is also difficult to
predict; however, it is considered unlikely that the value will exceed 1.5.

It is recommended that the final design wall pressures for this station be
established in discussions between the structural designer and the geo-
technical consultants in order to ensure that the final design is not overly
conservative. For example, at this time, it would appear that a reasonable
approach would be to design the structure with a relatively high structural
factor of safety for the Tower bound values of the horizontal effective earth
pressure, and to use a relatively low factor of safety for the upper bound
estimate of the Tong term horizontal effective earth pressure.

For purposes of preliminary design, a value of k=1 is recommended.
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6.9.4 OVERBURDEN PRESSURE

. For design purposes, the pressure acting on the roof of the structure should
be calculated from the following formula:

P. = 125 hC (6.8}

P_ denotes the pressure {psf) acting on the roof of the structure,
and

h  denotes the distance {feet) from ground surface to the roof of the
structure. .

It should be noted that there is no need to add fluid pressure acting on the
roof of the structures if equation 6.8 is used.

6.9.5 SURCHARGE LOADS

Surcharge loads from existing buildings, which are adjacent to the station and
not underpinned, must be added to the horizontal design earth pressure loads.
The horizontal surcharge loads can be calculated using the method recommended
earlier for temporary walls.

. Vertical surcharge loads due to surface traffic, etc. should also be included
in roof design. In addition, consideration should be given to loads imposed
by earthmoving equipment during backfill operations.

6.9.6 PRESSURES ON BASE OF STRUCTURE

The total pressure acting on the base stab will be equal to the total weight
of the structure {(including live and dead loads), plus the weight of the
overburden pressure acting on the roof of the structure, plus design surcharge
loads, minus the fluid pressure acting on the base. The maximum fluid pres-
sure acting on the base of the structure can be calculated from equation 6.6,
once the elevation of the base slab has been established.

In practice, the total pressure calculated in this way will be greater than
the actual pressure which acts on the base of the station, because of skin
friction acting on the walls of the station. However, for design purposes, it
is recommended that skin friction on the walls be neglected.

6.9.7 BUOYANCY

Uplift of the structure due to buoyancy should be checked. Due to the depth
of the station and the high phreatic surface, it may be necessary to provide
means to mitigate a possible buoyance problem.
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6.10 LIQUEFACTION POTENTIAL

The generalized subsurface cross section has been described in Section 5.0 and
is shown in Drawing 5.

As the sands at this station are impregnated with tar and are relatively
dense, the natural soils encountered would not be subject to significant
1iquefaction during the operating design earthquake. This conclusion is based
on the effect of the bitumen on the permeability and viscosity of the pore
fluid. :

6.11 EARTHWORK CRITERIA

Site development is expected to consist primarily of excavation for the sub-
terranean structure but will also include general site preparation, foundation
preparation for near surface structures, slab subgrade preparation, and back-
fi11 for subterranean walls and footings and utility trenches. Recommenda-
tions for major temporary excavations are presented in Section 6.4. Suggested
guidelines for site preparation, minor construction excavations, structural
fi11, foundation preparation, subgrade preparation, site drainage, and utility
trench backfill are presented in Appendix G. Recommended specifications for
compaction of fill are also presented in Appendix G. Construction specifica-
tions should clearly establish the responsibilities of the contractor for
construction safety in accordance with CALOSHA requirements.

It will be desirable at the Wilshire/Fairfax Station to provide a relatively
impervious fill zone of fine-grained soils at least 10 feet thick above the
buried structure. Such a barrier will aid in preventing future tar seeps
penetrating to the ground surface because of the artesian pressure in the San
Pedro Sands.

Excavated fine-grained alluvium free of tar may be re-used as compacted fill
barrier, provided it is moisture-conditioned to near the optimum moisture
content and is then compacted to the required density. At present, much of
the upper alluvium is nearly saturated and may require drying.

6.12 PAVEMENT SECTION

Minimum flexible pavement sections for assumed Traffic Index (TI) values of
5.0, 7.0 and 9.0, and a subgrade R-value of 40 were developed using CALTRANS
design method. Pavement sections provided below include the recommended
thickness of compacted subgrade, base course and asphaltic concrete for the
three Traffic Index values.
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THICKNESS (in inches)

ASSUMED A.C. with
TRAFFIC Base Course Full Depth  Compacted

INDEX Base Asphaltic Subgrade
(T1) A.C. Course Concrete (R 240)
5.0 2.0 6.5 4.5 24.0
7.0 3.0 8.5 7.0 36.0
9.0 4.0 11.0 9.5 36.0

We understand that the City of Los Angeles requires a minimum pavement section
along major streets (such as Wilshire Boulevard) consisting of & inches of
asphaltic concrete over 12 inches of base course. Therefore, the City of Los
Angeles should be consulted regarding final selection of the replacement
pavement sections.

Subgrade soil preparation should include processing of any disturbed subgrade
areas, and excavation and replacement as required to provide a properly
compacted subgrade of select granular material ("R" Value z40) to the depths
indicated above. Subgrade fill compaction should be performed in accordance
with recommended specifications presented in Appendix G.

Base course material should be Type II aggregate base conforming with Section
26-1.023 of CALTRANS' Standard Specifications (1978).

6.13 SUPPLEMENTARY INVESTIGATIONS

Based on the available data and the current design concepts, the following
supplementary geotechnical investigations are recommended;

° Current Construction: A high rise building is currently being con-
structed at Wilshire Boulevard and Fairfax Avenue. This structure will
require an excavation to a total depth of 60 feet, with the base of
excavation varying from 20 to 30 feet below the top of the tar sand. It
is recommended that a program of observations be undertaken during
excavation in order to provide data which can be used to confirm the pre-
dicted behavior of the tar sand as well as to provide a better indication
of construction difficulties.

° Test Shaft: It is understood that a test shaft at the proposed site is
planned in order to provide data which can be used for design and to
predict the behavior of the tar sand during construction of the station.
The test shaft should be fully instrumented and monitored.

Test Borings: Consideration should be given to drilling additional
borings at the sites of any proposed at-grade ancillary structures near
the station. At least one additional test boring should be drilled at
the southeast end of the station, after the existing structure has been
demolished, in order to establish the depth to bedrock at that location.
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Borehole Convergence Test: It is recommended that a borehole convergence
test be conducted to assess the rate and magnitude of borehole con-
vergence which can occur in a slurry filled hole in the tar sand. The
data are required in order to assess the stability of holes for tieback
anchors, as well as to provide a better indication of convergence and
loss of ground associated with the construction of slurry trench walls in
the tar sand.

Depressurization Test: It is recommended that a depressurization test be
undertaken to determine whether or not it is practical to stabilize the
tar sands by reducing the in-situ fluid pressure by bailing from wells
prior to excavation. The data from such a test would provide an indi-
cation as to whether or not depressurization to any significant distance
from an open excavation is possible. The test would involve the drilling
and installation of a well and bailing out any fluid which collects
inside. Pneumatic piezometers should be installed at distances of about
5, 10 and 15 feet from the well so that the radius of fluid pressure
drawdown can be measured with time.

Tieback Load Tests: If tiebacks are to be used to support the excavation
shoring, 1t 1s recommended that load tests be carried out in vertical
holes from the existing ground surface, in order to establish design
loads for tiebacks in tar sand at depth. These tests should be completed
well in advance of construction.

Slurry Investigation: If a slurry wall is used for the construction of
“the station, a detailed investigation should be undertaken to establish a
suitable type of slurry for use in the tar sand. The investigation
should be aimed at resolving the potential difficulties described earlier
in this report.

Deformation Analysis: Once the design of the structure has proceeded to
a more advanced stage and the construction procedure has been definitely
established, it may be worthwhile to carry out a more comprehensive
deformation analysis of the excavation and station structure in order to
optimize the design and provide a more precise means of assessing
observed construction behavior. The analysis could be undertaken using
recently developed finite element computer program which incorporates the
unique properties of the tar sard into the solution.

Observation Well Monitoring: The ground water observation wells and
pneumatic piezometers should be read several times a year until project
construction and more frequently during construction, if possible. These
data will aid in confirming the recommended maximum design fluid pres-
sures. They will also provide valuable data to the contractor in deter-
mining his construction schedule and procedures.

Review Final Design Plans and Specifications: A qualified geotechnical
engineer should be consulted during the development of the final design
concepts and should complete a detailed review of the geotechnical
aspects of the plans and specifications.
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Shoring Design Review: Assuming that the shoring system is designed by
the contractor, a qualified geotechnical engineer should review the
proposed system in detail, including a review of engineering computa-
tions. This review would not be a certification of the contractor's plan
but rather an independent review made to ensure the owner's interests are
met.

Construction Observations: A qualified geotechnical engineer should be
on site full time during installation of the shoring system, preparation
of foundation bearing surfaces, and placement of structural backfills.
The geotechnical engineer should also be available for consultation to
review the shoring monitoring data and respond to any specific geo-
technical problems that occur.

-62-
CCUESAIGRC



Section 7.0
Geotechnical Evaluation = Tunnels

CCHESAIGRC



7.0 GEOTECHNICAL EVALUATION - TUNNELS
7.1 GENERAL

The major soil and rock units which will be encountered along the proposed
tunnel alignment are shown on Drawings 2 and 3, and described in Sections 5.2,
5.3 and 5.4. These major units are:

° AlTuvium (A./A,): consisting primarily of fine-grained, stiff siit and
silty clays. Uccasional water bearing siit and sand seams are present in
this soil unit.

San Pedro Sands (SP): consisting predominateiy of a sand filled with
Bitumen ("tar sand") and a clean, fine sand not filled with tar. Several
silt and silty clay layers are present in this unit. Gravel and cobbles
were occasionally encountered in some lTocations.

Fernando Bedrock {C): consisting predominately of siltstone and clay-
stone. 1he unweathered bedrock is fractured and fissured and has an
unconfined compressive strength ranging from 28 to 44 psi. Occasional
thin layers of very hard sandstone, on the order of 5,000 to 15,000 psi
in unconfined compressive strength may alsc be present within the
bedrock.

The fluid pressures {piezometric pressures} as measured along the tunnel
alignment are shown on Drawing 2 and 3 and range from 3 feet above ground
surface at Boring 19-2 to 12 feet below the present ground surface at Boring
20-1. It should be noted that, in the area east of the Wilshire/Fairfax
Station, the fluid pressures as measured in the San Pedro Sands were found to
be siightly artesian; i.e. the fluid pressure rises about 3 feet above the
surrounding ground surface.

The approximate Timits of the area where the San Pedro Sands are believed to
be tar bearing, rather than water bearing, at tunnel grade, are between
Station 488+00 and 545+00 (Drawings 2 and 3%. It will be noted that most of
the tunnelling to be undertaken in this design section is located within this
zone. Within this zone, most of the bedrock (within the depth of exploration)
and the lower portions of the alluvium were also found to contain tar.

Very hard cemented layers and/or nodules of unknown dimensions were occa-
sionally encountered in the San Pedro Sand at tunnel grade as in Borings 18-1,
20-7 and 20-8. A very hard, vitreous, brittle nodule of tar, about 5 feet in
diameter, was encountered in the San Pedro tar sands during pile driving for
the Cal F§d building (Drawing 2} in 1960 (personal communication, L.T. Evans,
Jdr., 1984}.

Occasional pockets and/or lenses of very sticky, viscous tar accompanied by
100% Lower Explosive Limit (LEL) gas should be anticipated; for example, as in
Boring 19-3. Gasses coming out of solution caused soil to expand, and
extruded from the sampling tube as in Boring 19-2 at 55 feet, Boring 20-1 at
36 feet, and 20-10 at 83 feet. Locally, gas encountered during drilling
created a froth in the drill fluid, such as the noxious sulfurous gas in
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Borings 19-4 and 20-10. At Boring 18A (Station 498+40)}, 100% LEL gas readings
were detected from the explosimeter.

Concrete tiebacks were encountered in Boring 20A (Station 523+00) at a depth
of 30 feet below the ground surface. The boring is located 150 feet south of
the tunnel centerline {Drawing 3). Construction records should be kept for
all operations along the tunnel line and Wilshire/Fairfax Station.

Between approximately Station 545+00 and the Fairfax/Beverly Station, both
tunnels will be excavated in alternating Tayers of cohesive and cohesjonless-
like alluvial soils.

7.2 STRATIGRAPHIC, GROUND WATER AND TUNNELLING CONDITIONS

The following describes the varying stratigraphic horizons, tar, gas, ground
water and tunnelling conditions encountered in borings between cut-and-cover
stations. The ground water level is consistently above the crown of the
tunnels the entire length.

7.2.1 Station 480+00 and Station 490+00 (1,000 feet, Drawing 2)

The tunnels between the LaBrea Station and Station 490+00 will encounter
saturated, non-tar bearing alluvium, consisting of cohesive and cohesionless-
1ike soils (Drawing 2). Ground water levels range from 12 feet above the
tunnel crown at Boring 18-1 to 24 feet at Boring WC-6. Stiff alluvial silts
and clays should be encountered at tunnel grade (Figure 7-1). However, the
tunnel invert may only be 5 feet above the San Pedro Sand. The San Pedro Sand
may be under significant hydrostatic pressure, and a blow-out at the tunnel
invert should not be overlooked.

7.2.2 Station 490400 and Station 524+00 (3,400 feet, Drawings 2 and 3)

At Station 490+00, the tunnels begin to diverge vertically, the "L" track
dropping below the "R" track. The primary tunnelling media will be San Pedro
sands and Fernando bedrock materials; the former of which is judged to be
viscous in an unconfined state while both are judged to be gassy. The ground
water level is approximately at ground surface throughout this Tlength of
alignment.

Between Stations 495+50 and 524+00, the "L" track tunnel will encounter mixed
face conditions, pass entirely into the Fernando formation and emerge out of
the Fernando into the San Pedro tar sands in a mixed face condition before
terminating entirely in tar sands at the east end of the station. Variations
in the bedrock surface may result in mixed face conditions in the area of the
crown between Stations 501+00 and 518+00. The "L" track emerges out of the
Fernando formation at approximately Station 518+00 passing through a mixed
face condition entirely into San Pedro tar sands before terminating at the
east end of the Wilshire/Fairfax Station directly below the "R" track tunnel.
The "L" track tunnel passes over a buried channel {the longitudinal limits of
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which are not completely defined at this time) at approximately Station
523+00, containing some 50 feet of tar bearing sands and gravels. The tunnel
jnvert on each side of the channel may be supported on rock, and some differ-
ential settlement may result in this length of the line.

Between Stations 495450 and 524+00, the "R" track tunnel will pass through tar
impregnated San Pedro sands in its entirety except that the invert may pass in
and out of Fernando bedrock materials between Stations 505+00 and 513+00.

Figures 7-2, 7-3 and 7-4 are transverse sections showing the relationship
between the variable soil stratigraphy and vertical tunnel alignment.

7.2.3 Station 534+00 and Station 566+00 (3,200 feet, Drawing 3)

The stacked tunnels emerge from the north end of the station in tar impreg-
nated sands. Within approximately 500 feet, both tunnels pass out of tar
impregnated soils. The "R" track tunnel passes into tar free old alluvium
within a distance of approximately 200 feet encountering mixed face conditions
throughout this length. The "L" track tunnel passes into tar free San Pedro
sands within a distance of approximately 500 feet rising through the San Pedro
sands to parallel the "R" track tunnel at approximately Station 550+00. Both
tunnels continue northward through old alluvial soils terminating at the south
end of the Fairfax/Beverly Station. Mixed face conditions of old alluvium
above and San Pedro sand below are anticipated between Stations 545+00 and
552+00. The entire length of the tunnels in this segment occurs below the
ground water level, the potential hydrostatic head at the crown varying
between 60 feet at Station 534+00 and 15 feet at Station 562+00.

Figures 7-5, 7-6 and 7-7 show transverse sections relating the variable soil
stratigraphy with the vertical tunnel alignment.

7.3 METHODS OF CONSTRUCTION

It is understood that the contractor will be responsible for selecting the
method of tunnel construction, which is tailored to meet the design and
scheduling criteria established by RTD. However, a few general comments with
regard to the method of construction using a fully shielded tunnelling machine
may be useful.

The following general methods of driving the proposed tunnels with a fully
shielded tunnelling machine in Design Unit A250 have been examined because of
the anticipated viscous behavior of tar sand materials in an unconfined state.
The behavior of the tar sands will be better understood after Bechtel's
prototype test pit is completed at the Wilshire/Fairfax station. Perhaps when
all the results are in, the old fashioned hand method may be the best in
certain materials. The tunneling methods considered are:

Earth Pressure Balanced Shield
® Bentonite Slurry Shield.
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Both these methods should minimize ground instability and reduce the need for:

® freezing
© depressurizing.

Advance freezing of the tar sands will not result in a significant improvement
in the strength and stability of these materials unless the ground tempera-
tures can be reduced below roughly -50°C. At this temperature, tunnelling is
not considered practical because workability and excavatability of materials
js very difficult, and miners may not be abie to tolerate these temperatures.

The behavior of the tar sands could be improved if the fluid pressures can be
reduced. At this time, however, it is not known whether or not it is prac-
tical to depressurize the tar sands because advance depressurization would
require bailing bitumen from numerous closely spaced depressurization wells.
If spacing on a 10-foot grid along the line is required, depressurization
wells would be prohibitive.

Several types of fully shielded tunnel machines are available. Since it is
essential to minimize surface settlements due to loss of ground, it would be
desirable to use either an earth pressure balanced type of machine or a
bentonite slurry faced machine. Such equipment has been developed in both
Germany and Japan and has been used on several projects to date, including a
constructed section of the San Francisco Sewer Project in 1979.

The Japanese earth pressure balance machine is essentially a closed face wheel
cutting machine which fully supports the working face and is ideally suited
for soft silty clays and clays which are relatively impervious and exhibit
some cohesion. The excavated material extrudes through a slotted head and
jnto an auger chamber. The earth pressure at the face is kept at near the
in-situ stress state by jacking the assembly against the face to the required
pressure. Loss of ground due to inflow of material at the working face can,
therefore, be controlled. Cuttings are normally fed to a conveyor belt system
behind the working face and moved to the surface. The temporary or permanent
tunnel 1ining is assembled inside the tail of the machine. In most applica-
tions, the lining consists of segmented precast concrete or steel liner plate.
Once the machine advances beyond each lining section, the space between the
outside of the lining and the ground is filled with grout.

The Japanese designed slurry faced tunnel machine is similar in operation to
the earth pressure balanced type described above except that a slurry chamber
is placed behind the wheel cutting machine. This machine is more suitable to
tunnelling in silts or sands which are relatively pervious. Cuttings are
mixed with the slurry and are then pumped to the surface. With this machine,
the effective earth pressure is balanced by the horizontal pressure on the
cutter and the formation fluid pressures are-balanced by the pressure in the
slurry. The machine offers control over both soil and fluid pressure and
hence can minimize loss of ground.
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The German bentonite slurry shield machine is similar to the Japanese machine
in that a separate chamber at the face, containing bentonite slurry, supports
not only the face but also the walls. However, the German machine cuts the
soil using a moveable boom and cutter head which operates inside the slurry
chamber. The pressure in the slurry chamber is maintained at a value which
counter balances both the soil and formation fluid pressures. An advantage of
the German machine over the Japanese machine is that the German machine can
more readily deal with obstacles such as cobbles or boulders which may be
encountered within the formation.

In our opinion, either the Japanese or German slurry faced tunnel machines
offer the best method of driving the tunnels within the water and tar bearing
formations within this design section. The German type machine may have the
edge because of the moveable boom. The use of the Japanese earth pressure
balanced machine may result in loss of ground due to inflow of soil from the
water bearing sands. In addition, if the Japanese machine was used in the tar
sands, both solution gas and free gas from gas bearing seams would Tikely flow
into the work area, and, because of the high fluid pressures within the tar
sand, some sand may run into the tunnel at the working face, resulting in loss
of ground.

7.4 CONSTRUCTION ASPECTS

The following concerns related to the construction of the tunnels are based on
the assumption that the tunnels will be driven using either a dJapanese or
German slurry faced tunnel machine.

At this time, it is not known where the access shaft for the tunnels will be
established; however, it is assumed it will be located at one or all of the
stations. If the tunnel portals are established at the Wilshire/LaBrea
Station, the water bearing sands at the portal can be dewatered so that the
machine can be Tlaunched, If the tunnel portals are established at the
Wilshire/Fairfax Station, some difficulties will be encountered in Taunching
the machine unless the tar sands at the portal can be stabilized by depres-
surization or other means. If the machine is to be Tlaunched from the
Wilshire/Fairfax Station, it is recormended that depressurization tests be
undertaken in the tar sands to assess the feasibility of stabilizing the tar
sand at the portal by this method.

Handling of the tar sands is generally a difficult task; however, with the
slurry faced tunneling methods, most of these difficulties are avoided since
the tar sand will simply be pumped to the surface as a slurry. There is some
concern, however as to whether or not a suitable slurry can be developed in
the tar sands. An unsuitable slurry may Jlead to excessive viscosity for
pumping, or flocculation and attendant loss of fluid, resulting in instability
of the working face and loss of ground. The Tiquid hydrocarbons ‘may be
miscible with the slturry or they may have to be skimmed from the settling
tanks and disposed of. It can be expected that gas will be liberated from the
slurry as it is pumped to the surface and its pressure is reduced. In addi-
tion to being highly explosive and toxic to workmen, this gas may collect in
the slurry pumps, causing them to cavitate.
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Gas zones are not expected to be a major difficulty if the slurry faced
tunnelling method is used, because the formation pressure will be maintained
at the working face so the gas should not flow unimpeded into the tunnel.
Some gas will accumulate into the tunnel, however, and ventilation within the
tunnel will be essential during construction in order to provide complete
removal of any gasses. The ventilation capacity required will probably be
greatly in excess of normal tunnelling operations, and requirements for standy
equipment should be very stringent.

The sands which collect in the settling tanks will have to be disposed of in a
landfill that is appropriate to accept these materials. The sands from water
bearing formations will be contaminated with drilling mud and will most likely
be unsuitable as fill. The sands from the tar sands will be contaminated with
both drilling mud and bitumen.

Cobbles, boulders and other obstacles will occasionally be encountered during
tunnelling within the San Pedro Sands. These obstructions can cause diffi-
culties within the slurry faced tunnel machine, and particularly with the full
faced Japanese machine. Contingency plans should be developed in the event
such obstructions are encountered.

Skin friction will act on the outside of the shell of the tunnel boring
machine. The skin friction will be roughly the same in both the water and tar
bearing formations. Preliminary tests indicate an angle of friction between
the San Pedro Sands and smooth, mild steel is about 22° to 25°. The total
friction forces on the skin of the machine can be calculated based on the
effective soil pressure at the centerline of the tunnel. Friction forces
between the alluvial soils and bedrock should be determined by testing.

The San Pedro Sands in their in-situ state are dense to very dense sands and
consist dominantly of quartz minerals. It can be expected that cutterwear in
both the water and tar bearin