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1.0 INTRODUCTION

1.1  GENERAL

This report presents the results of a geotechnical investigation performed for an
approximately 14,000-foot long section of the proposed Segment 3 of the Metro Red Line

crossing the Santa Monica Mountains.
12 BACKGROUND AND PROJECT DESCRIPTION

The proposed Metro Red Line Segment 3 alignment 1s shown in Figure 1-1. It starts at the
proposed Hollywood/Vine Station, continues west along Hollywood Boulevard and then
north off of La Brea Avenue, enters and passes through the Santa Monica Mountains, to
the proposed Universal City Station, continues north fo]lowir;g Lankershim Boulevard to the
proposed North Hollywood Station located in the San Fernando Valley. Geotechnical
investigations have been completed for the segments between Hollywood/Vine Station and
the foot of the Santa Monica Mountains on the southern side (Earth Technology, 1990,
1991, and 1992) and between the foot of the Santa Monica Mountains on the north side and
North Hollywood Station {Converse Consultants and others, 1981, 1983, 1984a and 1984b,
and 1993). The segment investigated in this report lies between the soil/rock interface at
the foot of the Santa Monica Mountains on the southern side, and the foot of the Santa
Monica Mountains on the north side near the intersection of Lankershim and Cahuenga

Boulevards.

The Red Line Segment facilities along the investigated segment will consist of side-by-side
twin tunnels, one set (2) of air-ventilation shafts, and underground chambers. Each of the
" tunnels will have a finished inside diameter of 17 feet 10 inches. The shafts will have a
finished diameter of approximately 12 feet and will be located in the vicinity of Borings
SM-4, SM-35, or SM-6. The location of the underground chambers has to be determined,
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but they are expected to be in the vicinity of the ventilation shafts. The location of Borings
SM-4, SM-5 and SM-6 and the stationing aiong the alignment are shown in Plate 2 which

is included in Section 3.0.

It is anticipated that excavation of the tunnel will be performed by tunnel boring machines
(TBM) with a partial shield to protect tunneling personnel and to provide temporary support

of the tunnel crown until rock bolting and/or other support can be applied.

13  OBJECTIVE AND SCOPE

The primary objective of the geotechnical investigation was to evaluate subsurface soil, rock,

and groundwater conditions for design and construction of the tunnels and shafts.

The scope of this investigation consisted of the following:

1. Review of available literature, reports, and project files including the reports and
construction documents of the nearby Los Angeles City Sewer Tunnel and
Metropolitan Water District (MWD) Hollywood Tunnel.

2. Surface geologic mapping along the tunnel alignment, analyses of available aerial
photographs and remote sensing imagery, and preparation of 1" = 200’ scale geologic
maps along the alignment.

3. Overall planning for the field exploration program which consisted of:
0 Developing field procedures and preparing a field manual
0 Planning the field investigation program
0 Obtaining permits and clearing utilities at investigation locations
0 Coordinating with Los Angeles City agencies and utility companies
0 Coordinating with representatives of Engineering Management Consultant

(EMC) and related agencies.
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4. Field exploration and testing program, including:

0 Drilling, coring, logging, and photographing of rock cores from 18 borings
(SM-1, SM-1A through SM-1D, and SM-2 through SM-14).

-

0 Geophysical wireline logging at six boring locations.
o} Hydraulic packer testing in ten borings.
0 Installing groundwater monitoring wells and collecting groundwater sampies.
0 Installing and monitoring vibrating-wire piezometers.
5. Geotechnical laboratory testing of selected soil and rock samples to assess index and

engineering properties.

6. Chemical laboratory testing on groundwater samples to assess their chemical
characteristics.

7. Other laboratory analyses consisting of X-ray diffraction, thin section analyses, and
micropalentology.

8. Preparation of this report documenting the results of this investigation.

14 REPORT ORGANIZATION

The report is presented in two volumes; Volume I contains main text and Volume II

- contains Appendices. The report organization in Volume I is as follows:

060793 RPT/A2-2050-01 1-3



The details and results of a literature review are presented in Section 2 which includes a
summary of the available tunneling data in the project area. Section 3 provides a description
of the field exploration program, including geologic mapping, drilling and coring, packer
testing, geophysical logging, and installing monitoring wells and vibrating-wire piezometers.
Relevant regional and site geologic conditions are detailed in Section 4. The evaluation of
the results of the field packer tests, geophysical wireline logging and geotechnical, chemical
and other (x-ray diffraction, micropaleontology and thin section analysis) laboratory analyses
are presented in Section 5. Section 6 describes geotechnical characterization of the bedrock
materials. Anticipated ground behavior along the tunne] alignment and at the proposed
shaft location are presented in Section 7. Section 8 provides a list of references. In each

section the text is presented continuously, followed by tables, figures and plates.

Volume II contains eight appendices which present the boring logs and the details of the
field and laboratory tests results and analyses.
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2.0 LITERATURE REVIEW

2.1 GENERAL

Available publications and documents were obtained and reviewed to provide an initial
understanding of the subsurface conditions along the tunnel alignment. This initial review
was important to enable us to identify deficiencies in the database that needed to be
addressed, and to effectively plan the subsurface exploration program. In general, sources
of data included federal, state and local government agencies; papers in professional
journals; aerial photographs from various sources, and Metro Rail project files. Earth
Technology contacted Caltrans District 7 Geology Department and Caltrans Bridge
Maintenance Department (May 5 and May 6, 1993, respectively) to inquire about
geotechnical data for the Hollywood Freeway overcrossing at Lankershim Boulevard;

however, Caltrans indicated that no data were available for this structure.

22  SUMMARY OF LITERATURE

The geologic maps of the eastern Santa Monica Mountains published by the Association of
Engineering Geologist (AEG), Southern California Section (1982) served as the geologic
base for this project. Geologic information from this set of maps was compiled onto 1" =
200" topographic strip maps. The AEG maps are based on data compiled by the Bureau of
Engineering, Department of Public Works, City of Los Angeles, which involved extensive
field mapping as well as review of pertinent literature. The maps illustrate the surficial
distribution of geologic units and structural features such as faults and folds, and the

orientation of bedrock discontinuities such as bedding, foliation, and joint planes.

‘ Additional surficial geologic mapping data and descriptions of the geologic units and

structural features in the vicinity of the tunnel alignment, were obtained from reports and
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maps prepared by various investigators including Hoots (1930), Durrell (1954), Colburn
(1973), Weber (1980), Colburn and Novak (1989), and Dibblee (1982 and 1991).

Review of the preconstruction exploration data and as-built construction records for the La
Cienega and San Fernando Valley Relief Sewer Tunnel (Los Angeles Sewer Tunnel,
Department of Public Works, City of Los Angeles, 1954 - 1955) and the as-built construction
records for the Metropolitan Water District (MWD) Hollywood Tunnel (MWD, 1942),
provided data on the subsurface geologic and groundwater conditions encountered by these
tunnels and general information on the response of the subsurface materials to excavation,
methods of excavation and support, construction difficuities, and rates of advance. Since
these tunnels were constructed in the same geologic environment and encountered
essentially the same geologic units as the planned Metro Red Line tunnel alignment, the as-
built records provide a representative portrayal of underground conditions. Qur analyses
of these data are discussed in Section 2.3. The locations of the preconstruction exploratory
borings for the sewer tunnel as well as the locations of the two existing tunnels (Los Angeles

Sewer Tunnel and MWD Hollywood Tunnel) are shown in Figure 2-1.

Previous geotechnical investigations have been conducted by various consultants for the
Metro Rail Project. Converse Consultants in association with Earth Sciences Associates and
Geo/Resource Consultants (1981 and 1984c¢) conducted geotechnical investigations along the
original 3-mile long tunnel alignment through the Santa Monica Mountains. That alignment
was located directly west of and roughly paraliel to the Hollywood Freeway (U.S. 101). The
extreme northern end of the original tunnel alignment nearly coincides with the alignment
studied during the current project. The purpose of their investigations was to provide
geotechnical information to be used by engineers in preparing designs for the tunnel and to
aid potential construction contractors. The investigations included a total of 31 exploratory
borings of which 19 were core borings. Additional work included geophysical measurements,
"oil and gas analysis, water quality analysis, rock petrographic analysis, and a suite of
geotechnical laboratory tests. The geologic units encountered during exploration activities

for these investigations included, middle Topanga Formation basalt, upper Topanga
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Formation sandstone and conglomerate, and upper Topanga Formation interbedded

siltstone, claystone, and sandstone.

Converse Consultants (1984a, 1984b, and 1989) also conducted geotechnical investigations
for the proposed Universal City Station and the tunnel segment extending to the north.

In 1989, Earth Technology drilled two borings (R-8 and R-9 shown in Plate 2 in Section 3.0)
located at the northern side of the Santa Monica Mountains. These borings were drilled to
provide subsurface data on the bedrock and groundwater conditions in this area. Earth
Technology {1993) also performed an extensive subsurface exploration program to provide
information on the Hollywood fault-zone. A total of 29 borings were drilled to delineate
the location, width, and geometry of the fault zone and to provide subsurface information
needed to describe the fault-controlled transition from alluvium to bedrock for tunnel
construction. The subsurface data collected by Earth Technology was used by Dr. Kerry
Sieh (1993) in his evaluation which included the latest age of fault activity, anticipated style
of faulting, amount of displacement per earthquake event, recurrence interval, and

appropriate design earthquake magnitude associated with the fault zone.
23  SUMMARY OF AVAILABLE TUNNELING DATA IN PROJECT AREA

23.1 General

For tunneling and underground chamber excavations, ground conditions have a major impact
on cost of construction and method(s) of excavation. Accurate portrayal of rock strength,
deformation characteristics, anticipated loads, geologic structure, and groundwater conditions
helps the construction contractor anticipate conditions and plan the excavation appropriately.
Such information comes from geological and geotechnical subsurface investigations as well
as case-history information. Knowledge of the ground conditions by prospective contractors
allows for less variation in bidding, fewer contingencies, and tighter controls on costs of

construction. This portion of the report is, therefore, devoted to describing ground
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conditions of past tunnel excavations in the vicinity of Segment 3 of the Metro Rail Red
Line. From those case histories, the underground conditions along the Red Line alignment

can be portrayed with greater confidence.

Significant data are available ﬁom pre-construction exploration and as-built records for the
La Cienega and San Fernando Valley Relief Sewer (Los Angeles Sewer Tunnel) and MWD
Water Tunnel (MWD Hollywood Tunnel), both excavated through the Santa Monica
Mountains. The Los Angeles Sewer Tunnel was excavated in 1953/1954 from two tunnel
headings, one on the south side of the Santa Monica Mountains at Sierra Bonita (Wattles
Park, west of the Metro Rail) and one at the north side near Universal Studios for a
combined 14,414 feet of tunnel. The proposed Metro Rail alignment crosses beneath the
Los Angeles Sewer Tunnel by about 70 feet near Station 674+00. Because the Los Angeles
Sewer Tunnel alignment is so close to the proposed Metro Rail alignment, it traverses the
same geologic terrain and should provide a good portrayal of ground conditions to be
interpreted from the as-built tunneling records. In addition, the MWD Hollywood Tunnel
(completed in 1941) crosses the proposed Metro Rail Alignment but approximately 300 feet
above it at elevation 775. The MWD tunnel is 3,739 feet-long and traverses the basalt and
part of the Topanga Formation. A geology report and as-built conditions of the MWD
Hollywood Tunnel are described in reports by Buwalda, J.P. (1940) and J.F. Shea Company
(1942) respectively. Pertinent data from those reports are included here.

23.2 Los Angeles Sewer Tunnel
23.2.1 General

The Los Angeles Sewer Tunnel was excavated by conventional drill and blast techniques with
an approximate 7 foot tunnel for a finished 6-foot diameter sewer tunnel. The
‘preconstruction geology and hydrogeology of the Los Angeles Sewer Tunne] are described
in a report by Ruscardon Engineers (July 20, 1953) titled "The Los Angeles Sewer Tunnel

through the Santa Monica Mountains". Seven test holes were cored to help describe the
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subsurface conditions. Locations of these borings and static water levels are shown on the
sewer tunnel profile (Plate 1). Ruscardon Engineers (1953) described the rock units from
south to north as granite, conglomerate, sandstone, basait, sandstone, conglomerate,
sandstone, and bedded sandstone, and sandy shale. In general, the formation contacts and

bedding dip steeply northeast.

Ruscardon Engineers anticipated that the highest water inflows while driving the tunnel
would come from the conglomerates and sandstones (Chico, Simi, Las Virgenes, and Lower
Topanga Formations) between the granitics and basalt and from fractures in the basalt. The
maximum flow of water was estimated to be 1,000 to 1,500 gallons per minute (gpm). This
was partly inferred from water flows encountered in the MWD Hollywood Tunnel based on
maximum report=d flow rates from basalt and also on their interpretation of the geology.
They also reported that extremely heavy ground should not be found in the granite,
conglomerate or sandstone if no water is encountered. In the bedded sandstones and sandy
~ shales, only occasional support was anticipated. In general, 4" H-Beams set on 5-foot
centers were anticipated as sufficient support for most sections. At the far north end of the
tunnel where dry alluvial sand and gravel were expected, 4" H-Beams set on 2.5 foot centers
could be used if the material provided to be heavy. Actual conditions varied slightly from
the Ruscardon report.

2322 Geologic Conditions

The actual geologic conditions and supports required for driving the tunnel are presented
in a series of field notes and project file notes held in the archives of the Los Angeles City
Department of Public Works and assembled under the heading "Geotechnical Data,
Department of Public Works, Relief Sewer, Santa Monica Mountains." These documents
had been retrieved from archives and were referenced as Campbell (1955) "Geologic Notes
and Log of Los Angeles City Sewer Tunnel” by Converse Consultants (1981). Those field
notes and project files are summarized in Plate 1. In Plate 1, the data include geologic

contacts as recorded in the tunnel, zones of high water flows at the tunnel heading in gpm,
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measured water flow from the south portal in gallons per day (gpd), quantity of water
~ pumped from the North portal locations of special supports for heavy ground, and spacings
between rib supports.

The tunnel was excavated from both south and north portals using conventional drill and
blast techniques. Two logs of tunnel excavation were prepared at the time of construction
by Department of Public Works personnel; one log from the south portal between Station
351+03 and Station 432+53.6 where the southern heading met the northern heading, and
the second log from the north portal at Station 495+16.65. Each of these logs consists of
two components, the Tunnel Geology (i.e., strikes and dips, and lithology) and Record of
Structural Conditions (i.e. support types, rib spacing, spilling, lagging, timber quantities, and

crown rock profile).

Based on the tunne] geology data, the following rock types and lengths of tunnel section

~ were encountered from south portal to north portai:

Granite and/or granodiorite: 4,770 feet
Conglomerate (clasts up to 8"): 1,040 feet
Sandstone (and mudstone): 488 feet
Basalt (and agglomerate): 1,289 feet
Conglomerate (clasts up to 24"); 699 feet
Sandstone: 1,042 feet
Sandstone and shale: 4,348 feet
Alluvium: 339 feet
Sandstone and shaie: 399 feet

Each of these geologic units has unique characteristics which affected the tunnel excavation
and support differently. These conditions are described according to each lithologic unit

from south to north.
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The granitic rock was expected to require little support for tunnel construction, however,
one area of fault gouge, shearing, and hydrothermal alternation was encountered that
required "Type V" support for "very heavy" or "squeezing” ground conditions in over 200 feet
of tunnel length. The contractor used 13-pound steel ribs set at 1.5- to 2-foot spacings. The
location of this condition is shown in Plate 1 (Stations 391472 to 394+00). The geologic
log indicates many randomly oriented fault planes, but many of them are nearly horizontal.
It appears that the tunnel encountered a large shear zone that intersected the tunnel at a
very low angle causing caving of the tunnel roof until the tunnel heading passed through the
zone. An area of heavy ground that was expected was near the tunnel south portal where
it appears the excavation encountered the Hollywood fault at the foot of the mountain front.
A gouge and breccia zone with fragments of granitic rock was encountered from Station
352420 to 354+44. In this tunnel reach, the contractor placed Type I (heavy ground)
supports at 2.5-foot spacing. Other areas of the tunnel also required Type I support for
heavy ground at eight locations within the granitic rock. This is likely reflective of the
general blocky nature of the rock with a nearly random pattern of discontinuities. The
orientation of all shears, joints and foliation from the Geologic Record are illustrated as
polar plots on the stereo nets in Plate 1. We divided the granitic rock data somewhat
arbitrarily at Station 375400 to illustrate structural differences between the northern part
of the granitic rocks and the southern part nearest the Hollywood fault zone. Within the
southern part of the granitic rock, there appears to be a bias of low angle (dips of 20 and
50 degrees) shears, joints, and foliation planes dipping to the north and north-northeast.
Discontinuities in the northern part of the granitic rock are nearly random but indicate a
nearly horizontal set of shears in combination with nearly vertical east-west, north-south and
northeast-trending shears and joints. The combination of these discontinuity orientations

likely created a blocky condition requiring the "heavy" ground support reported.

The conglomeratic rock and sandstone (some mudstone) between the granitic rocks and
"basalt provided relatively stable conditions for tunneling. Although a highly brecciated zone
was reported near the basal contact of the conglomerate and granitic rocks, no special tunnel

support was indicated for that reach. Geologic structure summarized on the stereo net plots
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(Plate 1) indicates that bedding strikes northwest and dips 60 to 70 degrees into the tunnel
heading. Most shears also maintained the same general orientations as the bedding planes.

A nearly vertical set of shears also was indicated trending northeast-southwest.

The basalt appeared to providé quite favorable tunneling conditions. Although many shears
exist, many appear to be healed or "cured” often with calcite or zeolite infillings up to 1/4
inch thick. No special tunnel supports were used by the contractor and the rate of tunnel
excavation was approximately 185 feet per week compared to approximately 125 feet per
week within the granitic rock. Orientations of shears encountered in the basalt are plotted
on a stereo net (Plate 1). Those data indicate predominantly, nearly vertical shears trending

east-west, northwest-southeast, and east-northeast.

The conglomerates overlying the basalt appear to interfinger with layers of basalt in a
conformable depositional contact. The conglomerates angi the overlying sandstones tend to
~ be massive enough to have provided good tunneling conditions requiring no special support.
On the contrary, the interbedded sandstone and shale appear to have been less stable than
expected where Types I (heavy ground), IV (softened subgrade), and V (very heavy ground)
supports were necessary. The extra support does not correlate well with where the

significant shear zones were noted (Plate 1).

Based on the geologic descriptions for the Los Angeles Sewer Tunnel excavation, the
sandstone and shale bedding ranges from thin to massive but is predominantly thin bedded
shale near the northermn end of the tunnel where most "heavy" ground conditions were
encountered. Since the tunnel was excavated toward the south in this reach, the bedding

was consistently dipping into the tunnel from its heading.

Bedding is striking approximately 60 to 70 degrees northwest and dipping from 35 to 70
degrees northeast into the tunnel. This likely caused blocks of rock to fall into the tunnel
from the heading due to the general abundance of sheared bedding planes especially within
the shaie.
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From Station 489+20.4 to Station 491+30.5 the contractor used Type V (very heavy ground)
and Type VI (very heavy alluvial ground) tunnel supports. Seven alluvial dewatering wells
had to be installed due to unanticipated shallow groundwater. Ruscardon Engineers (1953)
had indicated dry alluvium in the preconstruction document. During the dewatering process
for construction through the alluvium, an average of 95,000 gpd was pumped for the month
of July 1954, About 50 feet of alluvium overburden was above the crown of the tunnel.
Between Stations 491+17.9 and 491+25, the tunnel "caved to surface”. This may have been
a running ground condition that allowed progressive failure to the ground surface. Type VI
supports had to be used with "tight" spilling to keep the excavation open. Within the
adjacent weathered bedrock, Type V support was utilized.

23.23 Groundwater Conditions

Groundwater was encountered in all of the geologic formations during tunneling. Ruscardon
Engineers estimated that water flow could be between 1,000 and 1,500 gallons per minute
(gpm) within the conglomerate, sand, and basalt just north of the granitic rock. They also
estimated that the granitic rock would not produce much water. These estimates appear to
have been based on packer testing, occurrence of groundwater in test holes, and geologic
structure, which had been interpreted to trap water between the granitic and basaltic rocks.
The preconstruction data from test holes and the actual flows encountered during
construction are shown in Plate 1. The estimated flow volumes were close to actual but the

occurrence of the flows differed from that predicted by the tunnel engineers.

The conglomerates and sandstone north of the granitic rock produced very little water in the
tunnel, whereas the granitic rocks produced relatively high concentrated flows with some
tunnel sections yielding as much as 350 gpm. One individual flow at Station 386+ 57 yielded
150 gpm. Tunnel sections where high water flows were noted are shown in Plate 1 along
'with the total flow from the south portal as the tunnel heading was advanced. From Plate
1 it can be seen that the total water flow steadily decreased while the tunnel was being

driven through the conglomerates and sandstones north of the granitic rocks.
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The highest water flows were produced from basalt. Plate 1 shows that the total water flow
from the tunnel dramatically increased while the tunnel was being driven through the basalt
and it began decr=asing immediately after leaving the basalt. The maximum weekly flow was
recorded on January 28, 1955 at 1,221,120 gpd with an instantaneous peak of 1,076 gpm that
rapidly diminished within a few hours at the south portal.

The north portal produced far less water than the south portal. The tunnel excavation at
the north portal generally yielded less than 100,000 gpd which was pumped from a sump.
The tunnel section was entircly within the sandstones and shales north of the basalt.

Generally, flows were limited to seeps from the walls and ceiling of the tunnel.

In all cases the water flow from geologic formations penetrated by the Los Angeles Sewer
Tunnel peaked as the tunnel was advanced through the producing rock but rapidly declined
as water drained from the formation. This is illustrated in Plate 1 which shows flows
peaking in zones of high flow and then declining rapidly. This' tendency continued after the
two tunnel headings met on February 21, 1955. Figure 2-2 illustrates the general decline in
water flow until about 60 days after measurements started. The flow stabilized at just over

400,000 gpd untl measurements ceased in August 1955,

Chemical test results including minerals, pH, and conductance were reported for water
samples collected during construction of the Los Angeles Sewer Tunnel. Table 2-1 presents
the test results with corresponding station locations of tunnel headings. Samples 1843 and
764 are water derived from the granodiorite. Sample 1061 was taken after the tunnel
heading had penetrated conglomerates and sandstones of the Chico and Lower Topanga
formations. Samples 1420 and 1421 were taken five days before the north and south tunnel
headings met, and represent the overall water quality information of the south tunnel versus
the north tunnel, respectively. Sample 765 was taken from water produced while the north

‘tunnel was entirely within the Upper Topanga Formation.

060793 RPT/92-2050-01 2-10



In general the Los Angeles Sewer Tunnel water quality data reflect the same trends as those
for the groundwater obtained during this investigation. The samples from the granodiorite
and volcanic rocks have lower hardness, lower calcium, lower potassium and lower specific
conductance than samples from the sedimentary rock units. This is consistent with the
marine origin of rock Samples 1061, 1421 and 765. In general, the sedimentary rocks have
higher concentrations of soluble salts and yield water with higher total dissolved solids
(TDS) and other minerals.

233 MWD Hollywood Tunnel

The MWD Hollywood Tunnel was constructed between June 6, 1940 and May 22, 1941, as
part of the MWD distribution for Colorado River water to Beverly Hills, Santa Monica and
West Los Angeles. The South Portal was located in Nichols Canyon at elevation 770.34
(Inv.), and the North Portal was located at elevation 775.00 (Inv.) near Oakshire Drive. The
tunne] excavation was conducted by the drill and blast method resulting in a 7-foot wide
opening that was finished with a 6-foot diameter concrete lining. The total length between
the portals was 3,739 feet.

A preconstruction geology report was prepared by John P. Buwalda (1940) titled "Geology
of the Hollywood Tunnel". Buwalda indicated that the southern reach of the tunnel would
encounter conglomerate (with up to 12-inch boulders). The middle reach would be
excavated in basalt that is not columnar but rather massive. North of the basalt, the tunnel
would penetrate sandstone with some shale and conglomerate. Very little water was

anticipated.

The actual geologic materials encountered during excavation are as follows from south to

north for the Hollywood Tunnel:

Conglomerate (600 ft) and sandstone (250 ft): 850 feet
Basalt: 2,100 feet
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Conglomerate (650 ft) and sandstone (100 ft): 750 feet

The southern conglomerate and sandstone require little tunnel support, but some delays in
drilling were caused by the "hard diorite boulders” some up to 12 inches in diameter. The
sandstone and basalt stood wél] without supports. Only in areas where the basalt was
sheared or crushed was support needed, otherwise the basait provided the most favorable

excavating conditions.

North of the basalt, the conglomerate tended to air slake where exposed in the tunnel. No
major faults were reported in the tunnel. The supports used in the tunnel consisted of 7.7
pound I-beams set at 1 to 8-foot centers. For the entire tunnel length, there were 1,643 feet
needing support and 2,089 feet that stood unsupported. Most of the supports were needed

in the weathered zones of conglomerate and where shales were interbedded.

The amount of water encountered in the tunnel exceeded what was expected prior to
construction. With only 400 feet maximum of overburden, water flows at the tunnel
elevation were not expected to be a construction factor but ended up being a cause for delay
in project completion. The north portal water was pumped from near the tunnel heading
and never exceeded 50 gpm. The south portal water flow peaked at 600 gpm (864,000 gpd)
for a few hours and decreased to a sustained flow of approximately 250 gpm (360,000 gpd).
After completing tunnel excavation, the water flow from the entire tunnel diminished to 100
gpm after two months. A direct impact of rain recharge was noted after heavy rains in

March 1941, when the flow increased to 250 gpm for a period of time.

Excavation rates using drilling and blast methods averaged 17.4 feet per day with three eight-
hour work shifts. The most rapid excavation was 33 feet per day with three work shifts.
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TABLE 2-1. REPORTED LABORATORY CHEMICAL TEST RESULTS OF GROUNDWATER SAMPLES
FROM LOS ANGELES SEWER TUNNEL DISCHARGE WATER

Analyte

Sample No. 1843

Sample No. 764

Sample No. 1061

Sample No. 1420

Sample No. 1421

Sample No. 765

g£L-¢

Sta. 369 + 82 Sta. 394 + 593 Sta. 411 + 51 Sta. 427 + 32 Sta. 434 + 4 Sta. 464 + 34.5

TOTAL HARDNESS as Cakium Carbonate (mg/L) 281 298 437 102 250 987
ALKALINITY as Calcium Carbonate (mg/L) 239 281 340 301 303 344
CALCIUM (mg/L) 68 37 116 19 46 116
MAGNESIUM (mg/L) 27 50 36 13 34 170
SODIUM (mg/L) 23 46 86 126 " 80 120
POTASSIUM (mg/L) 6 0 2.5 2 2 5

CHLORIDE (mg/L) 33 60 44 18 21 62
SULFATE (mg/L) 38 50 213 64 118 781
NITRATE (mg/L) 0 NA NA NA NA NA
SILICA {mg/L) 25 30 55 66 48 24
IRON (mg/L) <001 0.06 108 <0.01 0.10 0.15
BORON (mg/L) 0.07 0.16 0.10 029 0.23 0.21
FLUORIDE (mg/L) 0.05 040 0.20 0.40 0.40 0.50
SPECIFIC CONDUCTANCE (umho/cm) 611 702 1096 715 792 1934
TEMPERATURE ("C) 23 NA 22 19 20 NA
pH (pH units) 735 8.11 7.88 8.30 8.0 8.01

NOTES:  Units - mg/L = milligrams per liter

umho/cm = micro mhos per centimeter

NA = not analyzed
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3.0 FIELD EXPLORATION AND LABORATORY TESTING

31 GENERAL

This section provides a description of the field exploration program as well as laboratory
testing performed during this investigation. The field exploration program consisted of field
geologic mapping, drilling and coring of 15 borings, geophysical wireline logging, hydraulic
packer testing, installation and development of monitoring wells, groundwater sampling, and
installation and monitoring of vibrating-wire piezometers. The laboratory program consisted

of geomechanical, chemical, and other testing.
3.2 GEOLOGIC MAPPING
3.2.1 Purpose

The purpose of the geologic mapping was to map and characterize the surficial geologic
conditions exposed along the tunnel alignment. Since the existing geologic maps illustrate
the regional geology at a scale too large to provide sufficient definition, detailed site-specific
geologic mapping was conducted to focus on the tunneling aspects of the geologic units
exposed along the tunnel alignment. Geologic mapping is essential for understanding the
structural relationships between geologic units and rock discontinuities that may be present
at depth. The elements of the geologic mapping consisted of compiling available geologic
data from existing reports, reviewing available aerial photographs, and mapping exposed
geology in the field.

3.2.2 Existing Geologic Reports

The AEG's (1982) and Dibblee's (1991) geologic maps of the Santa Monica Mountains

served as the initial geologic database for the entire alignment. Geologic data from these
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maps were photographically enlarged and compiled onto the 200-scale topographic strip
map. In addition, the compiled data included detailed geologic mapping by Colburn and
Novak (1989) of the Paleocene rocks exposed in the northern part of Runyon Canyon Park.
Subsurface geologic data from the Los Angeles Sewer Tunnel and MWD Hollywood Tunnel
as-built records provided an understanding of the distribution, physical conditions, and
construction characteristics of the geologic units in the subsurface. These data in
conjunction with the compiled surficial geology, were used to interpret the subsurface
geology along the tunnel alignment and to help select optimal boring locations for the field
exploration program.

3.2.3 Aerial Photography Interpretation

Stereo-paired aerial photographs providing coverage of the tunnel alignment were obtained

and interpreted. The aerial photographs interpreted and their sources are listed below:

Source Date Flight Frame Scale

UCSB 1928-1929 C300 K40, K41, 1 Inch = 1,500 feet
K69-K72

UCSB 4-3-71 2755 21-25, 21-26, 1 Inch = 900 feet
22-20, 22-21,
23-15, 23-16,
23-17, 24-27,
24-28

PB/DMIM 7-25-88 4-3 through 4-19 1 Inch = 300 feet

Geologic data interpreted from the aerial photographs were limited due to the extensive
urban development apparent on the recent photographs (1971 and 1988). The Runyon
Canyon Park area is mostly undeveloped terrain; however, thick vegetation and residual soil
tend to obscure the geology. The older set of photographs (1928-1929) predates the
‘development of the Hollywood Hills with the exception of the extensive road network.
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32.4 Field Geologic Mapping

Field geologic mapping was performed to evaluate and refine the office compiled data. The
office compiled data were checked in the field for consistency with conditions observed by
our field geologists. Field mapping was conducted from July 13 to July 15, 1992, and
encompassed a strip approximately 1,000 feet wide centered along the tunnel alignment.
Because of the extensive development along most of the alignment, the geologists relied on
scattered road cut exposures to record and plot geologic data. Within Runyon Canyon Park,
geologic observations were made along traverses of ridge lines, canyon bottoms and trails,

as well as road cuts.

At each outcrop, the lithology and structure of the rocks were noted. Measurements were
made with a Brunton compass to record the orientations (strike and dip) of rock
discontinuities such as bedding partings, joints, shears, faults, and contacts between different
~ lithologic units. Rock discontinuity descriptions included discontinuity type, surface texture,

width, nature of coatings or infilling, distribution or spacing, and continuity.

The results of our field geologic mapping program are presented in Section 4.2. The
distribution of the geologic units and mapped structural features are illustrated in the
Geologic Plan and Profile, Plate 2.

33  FIELD INVESTIGATION PROGRAM

A field investigation program was performed following completion of the geologic mapping
and included the following:

Planning, permitting, and coordination

Drilling, coring, and logging of 15 borings along the alignment
Geophysical wireline logging

Hydraulic packer testing

"¢ © © ©

Monitoring well installation, development, and sampling
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O

Vibrating-wire piezometer installation and monitoring

33.1 Planning, Permitting and Coordination

The following planning, permitting, and coordination efforts were performed prior to and

during the field exploration and testing program:

332

Coordinating with Rail Construction Corporation (RCC) personnel and
residents affected by the field work to minimize disturbance and inconvenience
to the pubilic.

Coordinating with Los Angeles City Department of Recreation and Parks and
obtaining permission to drill at five boring locations in Runyon Canyon Park.

Obtaining permits from City of Los Angeles and West Los Angeles
Engineering Department for drilling in the right-of-way of public streets and
roads.

Coordinating with utility companies to ensure clearance of underground
utilities at the boring locations.

Obtaining storage/staging yards to store equipment, supplies, and drummed
drill cuttings.

Providing necessary traffic control and coordination during field exploration

- program.

Drilling, Coring, and Logging

A total of 18 boiings were drilled. Fifteen borings were cored using rotary wash wireline

techniques and viéually logged. The remaining three borings were drilled by hollow-stem

auger. The locations of these borings are shown in Plate 2. All of the borings generally

extended to about 40 feet below the tunnel invert elevation (except SM-4, which was

extended to 21 feet below the tunnel invert). The borings were located at the centerline to

335 feet from the centerline of the right tunnei track (AR). A detailed summary of the

borings showing locations, elevations, total depth, and subsurface rock types encountered is

presenfed in Table 3-1.
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Several drilling and sampling methods were utilized. Borings SM-1, SM-1A, SM-1B, SM-12
and SM-13 were initially advanced within unconsolidated sediments by a Christensen 94 mm
core barrel wireline system. The system was set up as a "punch system" which positions the
sampler tip ahead of the core bit to avoid washing out the sample by the circulating drilling
fluid (water). Borings SM-3 and SM-11 were initially drilled through unconsolidated
deposits using a hollow-stem auger, with continuous drive samples obtained using standard
split-spoon samplers. Rotary wash wireline techniques were then used for rock coring in the
borings. Borings SM-1C, SM-1D, and SM-14 were drilled entirely by hollow-stem auger with
saraples being collected by a standard California drive sampler. Borings SM-1C and SM-1D

were sampled continuously and Boring SM-14 was sampled at 5-foot intervals.

The rock coring was accomplished using an HQ drill rod with impregnated, surface-set or
Stratapax” (bit with synthetic diamond cutting elements) drill bits. Bentonite drilling mud
and/or easy mud (clear biodegradable polymer mud) and air were used in rock coring.

- Coring/sampling was completed using an HQ size double tube core barrel.

Borings were drilled using a core barrel with a 5-foot long split inner tube (ie., core
diameter of about 2.4 inches). Individual coring runs were limited to a maximum of 5 feet
per run. Upon achieving the maximum run length or when the core barrel became blocked,
the core barrel was lifted from the boring via the wireline system. The core was then
carefully removed from the split inner barrel and placed in core boxes equipped with vertical
separators. The core barrel was reassembled and returned to the boring to resume the next
coring run. Most cores were HQ size (core 2.4 inches in diameter); however, N-size cores
(diameter = 1;875") were obtained below the depths of 456.7 and 512 feet in Borings SM-5
and SM-7, respectively. For these two borings, HQ-rods were unabie to advance and NQ-
wireline coring technique and equipment could be used through the inner opening of the
HQ-drill rod to complete these borings. Table 3-2 provides a summary of drilling methods,
bits, and drill rigs used in this investigation.
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The cores were examined and logged by an experienced geologist in accordance with the
field guidelines specifically prepared for this project and under direct supervision of an
experienced Certified Engineering Geologist (CEG). Items for logging included general
project/boring data, drilling equipment and method, lithic description, depth and run
number, drilling rate, rock quality designation, core recovery, discontinuity frequency and
a suite of structural/discontinuity characteristics that were intended to facilitate the
classification of the encountered rock masses. The boring logs are presented in Appendix
A (Volume II).

After coring, hydraulic packer testing (Section 3.3.3), and geophysical wireline logging
(Section 3.3.4), all the borings, except Borings SM-1, SM-1A, SM-1B, SM-1C, SM-1D,
SM-11, and SM-14, were left open with surface casing in place for future inspection and
testing purposes. To protect these borings from damage, each of these open borings was
covered with a metal protection box with lock provisions and installed flush with the ground
surface. Because artesian groundwater conditions were cncoﬁntercd in Boring SM-11, it was
grouted closed after completion of field work. Borings SM-1B, SM-1C and SM-1D were
grouted closed after completion, since they were located very close to Borings SM-1 and
SM-1A. Borings SM-1, SM-1A, and SM-14 were converted to groundwater monitoring wells
as detailed in Section 3.3.5. | |

The cores were sequentially arranged in the core boxes in accordance with the depths of
cores and core runs. Each core box was clearly labelled with boring number, box number,
core run numbers, depth intervals covered by the core runs, project name and number, date,
and drilling subcontractors. This information was placed on the inside and outside of the
cover lid, one end, and the front side of the core box. After a core box was full and
completely labelled, it was shipped to a nearby field storage warchouse; subsequently the
core boxes were shipped to Earth Technology's Huntington Beach Laboratory, California.
All the above field activities were supervised and performed by experienced geologists under

constant supervision and coordination of a CEG.
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After their arrival in the field storage warehouse, all cores were further cleaned and
photographed. A photo album containing the core photographs were presented under
separate cover for record keeping and future examination purposes. The cores were further
examined to edit and check the field logs. Selected cores were removed for laboratory
testing,

After completion of drilling, the locations of the borings were surveyed by a licensed land
surveyor. The coordinates and elevation of each boring are included on the borings logs
contained in Appendix A. The results of the survey were used to plot the locations of the
borings on Plate 2 and to determine the elevations of geologic contacts at the boring

locations.
3.3.3 Hydraulic Packer Testing

A series of hydraulic packer tests were performed to estimate the hydraulic conductivity of
the in situ rock masses along the tunne] alignment. A total of 22 tests were performed in
10 borings at selected zones near or within the tunnel envelope or at selected highly
fractured zones to help estimate near upper bound hydraulic conductivity. The 22 tests
included 16 single packer and six double packer tests. The details of equipment, test setup,
procedures, and results and analyses of individual hydraulic packer tests are presented in
Appendix B. A summary of the test results and their evaluation are presented in Section
5.1.1.

3.3.4 Geophysical Wireline Logging
Geophysical wireline logging was done In six borings (SM-2, SM-4, SM-6, SM-8, SM-10 and
SM-12). The logging consisted of sonic velocity and electric logs. The geophysical wireline

"data measured in situ physical properties of subsurface materials. The data primarily

respond to bulk rock conditions and are especially sensitive to the effects of fractures and
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shear zones in the rock matrix. Survey results represent in situ properties that can be

compared with data obtained from visible inspection of the rock core and laboratory testing.
Two complementary wireline techniques were used:

0 Sonic Velocity Log - This technique measures sonic waves (compressional and
shear) propagation in the formation to semi-quantitatively assess rock quality
and tube wave propagation along the formation wall to determine fracture

locations.

4] Electric Log - This technique measures several electrical properties between

boring fluid and the formation to help qualitatively assess rock quality.

Appendix C presents the instrumentation and procedures used to collect and interpret the
~ wireline data. The field logs are also included in Appendix C. The results are discussed
in Section 5.1.2.

33.5 Groundwater Monitoring Wells

During this investigation, a total of six groundwater monitoring wells were installed. Three
borings (SM-1, SM-1A, and SM-14) were converted into monitoring wells. The remaining
three wells SM-3A, SM-6A, and SM-9A were installed adjacent to Borings SM-3, SM-6 and
SM-9 in boreholes that were drilled with compressed air. These monitoring wells were
installed in first encountered water to provide groundwater level data along the alignment
and to obtain water samples for chemical analyses. The boring diameters for Monitoring
Wells SM-1 and SM-1A were about 4 inches while the boring diameter for Monitoring Well
SM-14 was about 8 inches, The boring diameters for Monitoring Wells SM-3A, SM-6A, and
SM-9A were about 6 inches. Design, installation procedures, and well construction diagrams
for these monitoring wells are included in Appendix D. A brief description is provided

below.
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After completion of drilling, tap water was used to flush the boring to remove cuttings or
remove and thin the drilling fluid as appropriate prior to well installation. About 2 to 4 feet
of No. 2/12 Monterey sand backfill was placed at the bottom of the boring prior to
installing the well-casing assembly. The well casing assembly consisted of a selected length
of slotted polyvinyl chioride (PVC) well screen (with slot sizes of 0.01 inch and 0.02 inch)
connected to solid PVC casing (1" or 2" diameter) at the top. After insertion of the PVC
casing assembly, backfill sand was placed to about 1 to 5 feet (for Monitoring Well SM-1,
it was 13 feet above the slotted screen) above the slotted screen section. Bentonite pellets
and/or chips were then poured to form a bentonite seal layer of approximately 3 to 12 feet
thick. After the bentonite was allowed to hydrate (about 45 minutes), cement/bentonite
grout was pumped by tremie to near ground surface below the top cap of the PVC casing
assembly. At completion, a metal traffic box was installed flush with the ground surface at
each monitoring well location except Monitoring Well SM-6A where a locking monument
cover was installed. Monitoring well installation diagrams of the six wells are also presented
in Appendix D. Two monitoring wells, R-8 and R-9, were installed in 1989. Schematic well
diagrams for R-8 and R-9 are also included in Appendix D.

33.6 Groundwater Level Monitoring

Groundwater levels along the alignment were monitored using an electronic water-level
indicator in the six monitoring wells installed during this investigation (i.e., SM-1, SM-1A,
SM-3A, SM-6A, SM-9A, and SM-14), two previously-installed monitoring wells (R-8 and R-
9) and eight of the open borings (SM-2, SM-4, SM-5, SM-7, SM-8, SM-10, SM-12 and
SM-13). Groundwater level monitoring data are summarized in Table 3-3 and are

graphically depicted on the geologic profile (Plate 2).

* 060T93.RPT/A2.2050-01 39



3.7 Groundwater Sampling

Four monitoring wells (SM-3A, SM-6A, SM-9A and R-8) were developed first, and
groundwater samples were then obtained for chemical analyses. The details of well

development and groundwater sampling are presented in Appendix D.

3.3.8 Vibrating-Wire Piezometers

Vibrating-wire piezometers were installed in selected borings to provide true hydrostatic
pressure information in situ at critical depths for use in tunnel design. The instruments were
installed and sealed at different depths in Borings SM-4, SM-5 and SM-6. Two depth
intervals were chosen in each of the borings for monitoring. The lower monitoring interval
was selected to encompass the tunnel zone with the piezometer tip placed approximately at
the elevation of the tunnel crown. The upper interval was selected to monitor water
pressures in a zone of highly fractured rock. Bedrock units being monitored included
plutonic rocks (SM-4 and SM-6), Chico Formation conglomerate (SM-6), and Topanga
Formation basalt (SM-9).

The vibrating-wire piezometers were installed in previously drilled 4-inch diameter coreholes
in June 1993. Prior to installation, the drilled depth of the borings was confirmed by
lowering a water-level sounder to the bottom of the boring. Volclay grout was pumped
through a tremie pipe to seal the bottom of the boring and brought up to the base of the
lower monitoring interval. After allowing the grout to set up for a minimum of 12 hours,
the vibrating-wire piezometer was lowered to a predetermined depth. A sand pocket was
formed around the piezometer by placing No. 1/20 Monterey sand through the tremie pipe.
Volclay grout was pumped through the tremie pipe to create a seal above the sand pocket,
and it was brought up to the base of the upper monitoring interval. The upper piezometer
and surrounding sand pocket were installed, as before, after allowing the grout to set up for

a minimum of 12 hours. The remainder of the boring above the upper sand pocket was
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sealed with volclay grout. Vibrating-wire piezometer installation details are illustrated in

Figure 3-1.
3.3.9 Vibrating-Wire Piezometer Monitoring

Hydrostatic pressures are being periodically monitored by six vibrating-wire piezometers
installed in Borings SM-4, SM-6 and SM-9. Each of these borings has two piezometers
installed to monitor two separate depth intervals. Vibrating-wire piezometer monitoring

data are summarized in Table 3-4.
34 LABORATORY TESTING

The laboratory testing consisted of geomechanical laboratory testing of soil samples and rock
cores, chemical laboratory testing of groundwater samples, and other laboratory analyses of

rock cores (x-ray diffraction, thin section analyses, and micropalentology).
34.1 Geomechanical Laboratory Testing

A geotechnical laboratory test program was developed and performed on selected soil and
rock core samples. The purposes of testing were to provide data for soil and rock
classification and to assess relevant physical and engineering properties of the rocks

encountered along the tunnel alignment.

Emphasis of soil testing was placed on basic index properties for classification purposes. In
addition to basic index properties, emphasis of rock testing was also placed on assessing
strength, Young's modulus, swelling, slake durability, and hardness (drillability)

characteristics for design and construction consideration.
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The following sections provide a description of the scope and test procedures of the test
program. A more detailed description of test procedures and results of individual tests are

presented in Appendix E.
34.1.1 Soil Testing

A series of index property tests including 15 grain size analyses and 21 Atterberg Limits were
performed on selected soil samples. Grain size analyses and Atfterberg Limits were
performed in accordance with the test methods and procedures specified in American
Saociety for Testing Materials (ASTM) D422-63 and D4318-84, respectively. Grain size

distribution curves are included in Appendix E.
34.1.2 Rock Testing

A series of rock tests were performed on selected rock core samples. All tests were
performed in general accordance with applicable methods specified by ASTM, suggested by
International Society of Rock Mechanics (ISRM). Samples tested under uniaxial
compression were not saturated but were tested at existing moisture contents of the core in
the core boxes. Point load tests were conducted on rock core after twelve hours of
saturation. The test program and test standards are presented in Table 3-5. A summary of

the test results and their evaluation are presented in Section 5.2.1,
342 Chemical Laboratory Testing

Chemical analytical laboratory testing of groundwater samples was performed to obtain
groundwater quality data on the Santa Monica Mountains alignment. We understand that
these data will be used by Parsons Dillingham (PD), Construction Management Consultant
(CMC) to obtain a National Pollutant Discharge Elimination System {NPDES) permit from
the California Regional Water Quality Control Board - Los Angeles Region (CRWQCB)

to discharge groundwater encountered during tunnel construction.
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Groundwater samples from Monitoring Wells SM-3A, SM-6A, SM-9A, and R-8 were
collected after the wells were developed and purged. The well development and
groundwater sample collection procedures are described in Appendix D. The groundwater
samples were analyzed for volatile organic compounds, total recoverable petroleum
hydrocarbons, gasoline hydrocarbons, general water quality parameters, EPA priority
pollutants, and other anatyses specified by the CRWQCB. The list of analyses is presented
in Table 3-6. A summary of the chemical test resuits and their evaluation are presented in
Section 5.2.2. The detailed chemical analyses test results are presented in Appendix F. We
understand that the results will be evaluated by the CMC before applying for an NPDES

permit.

During driiling of Boring SM-11, an artesian condition was observed. A groundwater sample
was obtained and analyzed for volatile organic compounds, semivolatile organic compounds,
selected metals, TDS, suifide, specific conductance, and pH. The test results are
summarized in Table F-2 of Appendix F.

3.43 Other Laboratory Analyses

Other laboratory analyses of the rock core samples consisted of x-ray diffraction, thin section
analyses, and micropalentology. Brief descriptions of these analyses are outlined in the
following paragraphs. Summaries of the results of the various laboratory analyses and their

evaluation are presented in Section 5.2.3. The detailed results are presented in Appendix G.

3431 X-Ray Diffraction

As part of the tunnel zone characterization program, 30 x-ray diffraction analyses were
conducted on the various rock units occurring along the tunnel alignment to evaluate the
mineralogy of selected samples. The samples submitted for analyses were taken from the

tunnel envelope that extends 20 feet above the tunnel crown to approximately 20 feet below
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the tunnel invert. The analyses were done on nine granitic sampies, three Chico Formation
conglomerate samples, four Lower Topanga Formation sandstone and conglomerate samples,
two Middle Topanga Formation basalt breccia samples, and ten Upper Topanga Formation
sandstone and shale samples. These analyses were conducted by University of Utah
Research Institute, Earth Science Laboratory (UURI) for Science Applications International
Corporation. Results are tabulated in Table 5-7. In order to verify the UURI results,
duplicate samples of Topanga Formation basalt breccia were submitted to Dr. Robert E.
Winchell of California State University, Long Beach for verification purposes. A copy of
Dr. Winchell's results is included in Appendix G.

3.43.2 Thin Section Analyses

Thin sections of representative rock core samples were analyzed microscopically. The
microscopic analyses were conducted to provide additional data on the mineralogical
~ composition of the various rock types present along the tunnel alignment. In addition to the
rocks mineralogical makeup, the type of cementing agent, alteration and weathering
products, and micro-structural or features associated with tectonic strain, were analyzed.
The analyses were conducted on selected rock cores obtained from Borings SM-3, SM-4,
SM-5, SM-7, SM-8, SM-9 and SM-11. A total of 22 thin sections were examined and
described, and the results are summarized in Section 5.2.3. Detailed descriptions of each

thin section are presented in Appendix G.
3433 Micropaleontology

Micropaleontologic analyses were conducted on samples of claystone/clay gouge material
obtained from Borings SM-1 and B-8 drilled within the Hollywood fault zone. Boring SM-1
is located on La Brea Avenue on the south side of the Santa Monica Mountains. Boring
'B-8 was drilled along Camino Palmero about 1,200 feet west of La Brea Avenue. The
analyses were done in order to identify the age of the material and its provenance. The

samples from Borings SM-1 and B-8 were sent to Micropaleo Consultants, Inc. in Encinitas,
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California for microfossil and pollen identification. The evaluation of the results is

presented in Section 5.2.3. The results of their analyses are presented in Appendix G.
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Page 1of 2

TABLE 3-1. SUMMARY OF BORINGS

13

Boring No. Location Approximate | Approximats Approximate Elevations Total
Station Along| Offset From | Ground| Tunnel] Tunne! | Depth of Lithology
Center Line of{ Canter Line of| Surface] Crown ] Invert | Boring
AR Track AR Trackm
{feet) {feet) {featy | (fest) {faet)
SM -1 1850 La Brea Avenue 827+95 335AT. 485 a7 327 199 | D~ 45" Aliwium; 4%5'—95' Granodixite;
95'—116' Puante Formation Claystone; 118'— 189" Alluvium
SM-1A 1851 La Brea Avenue 620+ 60 320RT 492 348 az2s 180 | 0-7 Alluvium; 7'~ 180" Granodiarite .
SM-18 1850 La Br sa Avenue 628+ 10 MOAT. 487 348 J2e 170 | 0-29' Alluvium; 29'-104' Granodiorite;
104'~125' Puenls Farmation Claystone; 125°' - 143 Granodicrite;
1423~ 170’ Allidum
SM-1C 1850 La Brea Avanue 827+ 40 A20AT. 421 a7 27 76 | 0—48' Allwvium; 48 -59' Granodirite: 59—-63 Alluviumn; 83—-66' Granodiorile;
86—78" Alluvium
SM-1D 1850 La Br sa Avenue a27+15 J30AT. 478 J48 326 48 | 0-34' Allwvium; 34 -42' Granodirite; 42—46 Alfuvium
SM-2 Runyon Canyon Park B374+30 130LT. 720 350 a0 431 | 04" All; 4’ -431* Granodiorita
SM-3 Runyon Canyon Park 845+ 05 8OLT. 608 3as0 330 394 | 010" Allwvium; 10'—394" Granodiarite
SM-4 Runyon Canyon Park 662+ 60 TOLT. 960 ars ass 626 0—12' Fill; 12’ -826' Granodiorite
SM-5 Runyon Canyon Park 672+10 130LT. 1228 396 ars 890 | 0— 439" “Chice” Farmaiton Conglomerate;
439’ —550' "Chicd” Formation Conglomerate with Sheared and Brecclated Zones;
558' -€90' Granodixite
SM-6 Runyon Canyon Park 677+50 B0RT. 1180 408 388 830 | 07 Fl, 7'—720' Chico" Farmation Conglome ate with Intervals of Sandstons;
720' - 727" “Chico" Formation Claysione; 727 —630° Granodiorile
SM-~-7 2649 La Cuesla Driva 586 + 40 228.T. 1100 428 408 739 | 0—47' Las Vi ginis Sandstone; 47'—275° Simi Conglomerate;
275' - 739" "Chicd” Formation Conglomeraie with Intervals of Sandslone
SM-8B 7404 Mulhotiand Drive 496+ 35 ORT. 1175 450 430 788 | 0-9 All; o ~55' Topanga Farmaton Basak Breccia;
55'-398' Topanga Formafion Basalk; 398°—567 Topanga Farmasion Basak Breccia;
587"~ 788’ Topanga Famation Sandsiona with Cotglomerate
EM-9 Muhotiand Dxive/ 709450 170LT. 1112 479 459 693 | 0-8 Attuvium; 8'— 211’ Topanga Formation Basahl Bveccla:
Wood ow Wilson Drive 211'—315' Topanga Farmation Basalt; 315 —893' Topanga Formation Basalt Breccia
SM-10 Mulholland Drivef 21+70 190LT, 1147 505 485 703| 0~ 709 Topanga Fumalon Conglomerate and Sandstone

Fioye Drive
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TABLE 3-1. SUMMARY OF BORINGS

"Paga2of 2

[+
Approximaia Elevations

Boring No. Location Approximate | Approximata Total
Station Along | Offset From | Ground| Tunnel| Tunnel{ Dapth o Lithology
Center Line of{ Center Line of] Surface] Crown | Wnvert [ Boring
AR Track AR Trackm
{teet) {feet) (fest) LD {faat)
SM-~11 3600 Multiview Crive 734 +60 A0LT. 778 528 508 307 | 0—-8 Alluviumn; 8-307' Topanga Formation Sandstone and Shale
SM-12 |3773 Fradonia {rive 742+ 40 230LT. 671 525 505 207 | 0—10" Alluvium; 10°-207' Topanga Formabon Shale and Sandstore
SM-13  [Lankershim Boudevar o/ 758+ 05 10LT. 590 s21 501 130 [0~ 15 Altyvlum; 15’ -130° Topanga Farmation Shala and Sandstone
Cahuenga Bouevard
SM-14 |Lankesrshim Boulevard/ 758405 A0AT. 580 520 500 58 |0-51' Alluvium; 51'-58" Topanga Famafon Sandstons and Shale
. Hollywood Freaway
Noles: {1) AT = Fight, LT = Left

(2) Elovations refer to Los Angeles Cly Engineers Datum — 1675 Adjustment



TABLE 3-2. SUMMARY OF DRILLING METHODS AND EQUIPMENT (1 of 2)

Boring Bits Drilling Rig
SM-1 Christensen core to 70'; Mobile B-53
Surface set diamond to T.D.®
SM-1A Christensen core to 25.5" Mobile B-53
Surface set diamond to T.D.
SM-1B Christensen core to 507; Mobile B-53
Surface set diamond to T.D.
SM-1C Hollow-stem auger to T.D. Failing F-10
SM-1D Hollow-stem auger to T.D. Failing F-10
SM-2 Stratapax to 200' with air; Ingersol-Rand 300
Diamond impreg® to T.D. and Mobile B-80
SM-3 Stratapax to 10 Mobile B-53
Diamond impreg. to T.D.
SM+4 Surface set diamond to 2654 Mobile B-80
Stratapax to 291';
Surface set diamond to 583",
Diamond impreg. to T.D.
SM-5 Diamond impreg. to T.D,; Longyear 38
HQ to 456.7; NQ to T.D.
SM-6 Geoset (tungsten carbide) to 307, Longyear 38
Diamond impreg. to T.D.
SM-7 Auger to 4 Mobile B-53
Stratapax to 30";
Diamond tmpreg. to T.D.;
HQ to 512, then NQ to T.D.
SM-8 Diamond impreg. to 100" Longyear 38
Surface set to T.D.
SM-9 Stratapax to 63.5" Mobile B-80
Diamond impreg. to 137;
Stratapax to 1454
Surface set diarnond to 149",
Stratapax to 265"
Surface set diamond to 300
Geoset (tungsten carbide) to T.D.
050493, TBLA2-2050-01 3-18




TABLE 3-2. SUMMARY OF DRILLING METHODS AND EQUIPMENT (2 of 2)

Boring Bits Driiling Rig
SM-10 Diamond impreg. to T.D. Mobile B-80
SM-11 Hollow-stem auger to 23.5, Mobile B-53

Diamond impreg. to T.D.

SM-12 Christensen core to 13'; Mobile B-53
Diamond impreg. to T.D.

SM-13 Christensen core to 40'; Mobile B-53
Diamond impreg. to T.D.

SM-14 Hollow-stem auger to T.D. Acker D2

Notes: (1) T.D. = Total Depth
(2) Impreg. = Impregnated bit
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TABLE 3-3. SUMMARY OF GROUNDWATER LEVEL DATA

Monitoring Date of Depth of Ground Surface Depth to Elevation of
Woelt No. instaliation Well/Boring (feet) | Elsvation {fest) Water Lavel {feel) Groundwater Level {feef)
Nov 82 March 93 Nov 92 March 93

SM-1 Nov 92 199 (WELL) 485 Dry Dry - -

SM-1A Nov 92 180 (WELL) 492 16 13 478 479
SM-2 Oct 92 431 (BORING) 720 198 188 522 532
SM-3A Nov 92 95 (WELL) 686 43 12 643 674
SM-4 Oct 92 626 (BORING) 960 97{ 72 (June 93] 863| 888 (June 93)
SM--5 Dec 92 890 (BORING) 1226 - 72 - 1154
SM-6A Nov 92 127 (WELL) 1180 76 50 1104 1130
SM-7 Sep 92 739 {BORING) 1100 156 137 944 963
SM-8 Sep 92 787.5 (BORING) 175 141 87 1034 1088
SM-9A Nov 92 152 (WELL) 1112 106 96 1006 1016
SM-10 Nov 92 703 (BORING) 1147 84 63 1063 1084
SM-11 Oct 92 307 {BORING) 778 o +3 - 781 -

SM-12 Oct 92 206 (BORING) 671 26 21 645 650
SM-13 Nov 92 130 (BORING) 590 12 10 578 580
SM-14 June 93 §5.5 (WELL) 580 - 7 (June 93) - 573 (June 93)
R-8 May 89 201 (WELL) 665 18 13 647 652
R-9 May 89 139 (WELL) 605 - 10 - 595

NOTE: Water in Boring SM—11 flowad to the ground surface and siabitized overnight in the stickup of drill pipe a1 3 feet



TABLE 3-4. SUMMARY OF VIBRATING-WIRE PIEZOMETER DATA

Static Groundwater

Lpper Piczometer

Lower Piezometer

Boring | Ground Surface Date of Level
No. Elevation () lastallation Depth/Elevation™ Tip Installation Lithology Depth of Instrument Reading™ Tip Instaliation Lithology Depth of Instrument } Reading'™
{f Depth/Elevation Below Static (psi) Depth/Elevalion Below Static (psi)
(1} Groundwater Level () Groundwater Level
(f/psi)™ (Arpsiy®

1 SM-4 960 693 73/887 268/692 granodiotits 195/85 106 585/378 granodiorite 512222 221
SM-6 1,180 6-93 63/1117 300/880 conglomerate 2374103 108 71409 granodiorile 708/307 268

l SM-9 1,112 6-93 9441018 310/802 basalt breccia 216/94 119 633/479 basalt breccia 5194234 232

(1} Measurement immediately prior to insiallation

(2 2.307 feer = 1 psi
(3) Measurement made on June 12, 1993

1Tt
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TABLE 3-5. SUMMARY OF ROCK TEST PROGRAM AND PROCEDURES

Test Type No. of Tests Test Standard®
Bulk Specific Gravity 51 ASTM C97-83
Bulk Density 101 ISRM (Brown, 1981)
Moisture Content ASTM D2216-80
Uniaxial Compression with 106 ISRM (Brown, 1981}
and without Stress-Strain
Measurements
Slake Durability 15 ASTM D4644-87
Swell Pressure 2 ISRM (Brown, 1981)
Modified Taber Abrasion 24 Acceptable Method Used
Hardness in Engineering Practice
Note: (1) Refer to Appendix E for a description of these test procedures.

06109 TBL/92-2050-01 3.22



TABLE 3-6. LIST OF CHEMICAL ANALYSES FOR GROUNDWATER SAMPLES (1ol 2)

Analyts Requested Field
Number Analyte EPA Test Detection Limit Preservatives Filter Container Storage
Methoed {ppb)
1 Purgeable 624 51020 Cool 4°C No # Two - 40 ml glass 7 days @
Volatile Organic Compounds 0.008% Na,50,0, ™
2 Semivolaiite Organic Compounds 625 5 10 50 Cool 4°C No Two - 1 liter glass 7 vays
3 Total Petroleum Hydrocarbons 418.1 500 H,80, to No @ One - 1 liter glass 28 days
pH <2
Cool 4°C
4 Oit & Grease 413.1or 500 H,50, to pH <2 No One - 1 liter glass 28 days
4112 Cool 4°C
5 Total Fuel Hydrocarbons, 8015 LUFT Gasoline 20 Cool 4°C No Twao - 40 mi plass 14 days
Gasoline and Dicsel Diesel 200
3 CCR Title 22 Metals SW-B46 or 1/2 the MCL HNO, 1o pH <2 Yes ¥ One - 1 liter plastic 6 months
ICP-MS
7 Chromium VI T196 10 Cool 4°'C Yes & One - 500 m! liter plastic 24 hours
8 Aquatic Toxicity NA N/A Cool4°C No One - 5 gallon plastic 24 hours
9 Biological Oxygen Demand (BOD) 405.1 5,000 Cool4'C No © One - 500 ml glass 48 hours
0 Chemical Oxygen Demand (COD) Hach Kit 20,000 Cocl 4°C No One - 400 m! glass 28 days
11 Nonfilterable Residues 160.2 1,000 1o Cool 4°C No One - 1 liter 7 days
Total Suspended Solids (TSS) 5,000 plastic or glass
12 Sentleable Sclids (S8) 160.5 1,000 to 5,000 Codl 4°C No One - 1 liter 2 days
plastic or glass
13 Turbidity 180.1 1,000 to Cool 4'C No One - 100 ml plastic 48 hours
5,000
14 Fifterable Residues - 160.1 10,000 Cool 4°C No One - 1 liter 7 days
Total Dissolved Sotids (TDS) plastic or glass
15 Chloride 3253 10,000 None No One - 100 ml plastic 28 days
16 Sulfide 3762 100 ZnCO,CH, & NaOH No One - 500 ml plastic 7 days
to
pH > 9-Cool4°C
17 Suffate 37151 10,000 Cool 4°C No One - 500 ml plastic 28 days

061093.TBL/92-2050-01
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TABLE 3-6. LIST OF CHEMICAL ANALYSES FOlll GROUNDWATER SAMPLES (2 of 2)

Analyte Requested Field
Number Anzlyte EPA Test Detection Limit Preservatives Filter Container Storage
Method (ppb)
18 Nitrite 300 100 Cool 4°C Nao One - 100 mi plastic 28 days
H,50, to pH <2
19 Nitrate 300 100 H,S0, to pH <2 No One - 100 m] plastic 28 days
Cool 4°C
20 Specific Conductance 120.1 N/A Cool 4°C No One - 500 mi plastic 28 days
2 pH 150.1 N/A None No One - 100 m] glass Immediately
Notes: - (1} Should only be used in presence of residual chlorine
(2) CRWQCHS recommends 7 day storage time for EPA 624
{3}  Field filter with 0.45 micron filter
(4) 24 hour gravity scitie of solids in the laboratory prior to analysis
($)  Filier sample in laboratory prior to analysis using centrifugation
(6) Laboratory filiration prior to analysis

061091. TBL/92-2050-01
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4.0 GEOLOGIC CONDITIONS

4,1 REGIONAL SETTING
4.1.1 Geologic Setting

The proposed subway tunnel will pass through the eastern portion of the Santa Monica
Mountains, between the Hollywood area in the Los Angeles Basin to the south, and the
Universal City area in the San Fernando Valley to the north (Figure 4-1). Except for about
800 feet of its northern end in the San Fernando Valley, the proposed alignment is entirely

beneath the steep terrain of the mountains,

The Santa Monica Mountains are an east-west trending range that extends about 50 miles
~ along the Southern California coast, from the Osmard Plain to the narrows of the Los
Angeles River at Glendale. The range is a maximum of about 13 miles wide and reaches
an elevation of over 3,000 feet near its western end, but it is only about 3 miles wide near

the study area and elevations rarely exceed 1,500 feet.

The Santa Monica Mountains and San Fernando Valley are within the Transverse Range
physiographic province in Southern California. The southern margin of the Santa Monica
Mountains is considered to be on the border of the province, with the Los Angeles Basin
and San Gabriel Valley separating the Transverse Ranges from the northwest-trending

Peninsular Ranges.

The general geology and structure of the mountains is that of a large complexly faulted east-
west trending anticline that has a core of metamorphic and plutonic basement rocks and a
partial cover of overlying sedimentary and volcanic strata. The oldest rocks in the range are
slates and phyliites of the Late Jurassic Santa Monica Formation and younger Cretaceous

plutonic rocks. Bedrock of Late Cretaceous and Tertiary ages are exposed along the north
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flank of the Santa Monica Mountains, and include units of both sedimentary and volcamc
origin. The succession of rocks is not continuous with several unconformities interrupting
the sequence. Erosion of the exposed bedrock formations has resuited in alluvial fans

projecting from the main canyons out onto the adjacent basin floors.

North-south compression within the Transverse Ranges folded the plutonic, sedimentary and
volcanic bedrock formations into an anticlinal structure that has since had its south limb
truncated by fauiting. Faulting has caused rocks of the northern limb of the anticline to
partially override bedrock and alluvial deposits to the south along the north-dipping
Hollywood fauit zone. Late Pleistocene age alluvial units and possibly Holocene alluvium
have been displaced along the Hollywood fault, indicating that the same structural processes
active in the past are continuing today.

4.1.2 Tectonic Setting

The greater Los Angeles area occupies the juncture between two major intersecting fault
systems, the east-west trending fault system, associated with the Transverse Ranges and the
northwest-southwest-trending San Andreas system, which dominates the structural fabric of
California. Development of the Los Angeles Basin and bordering mountain ranges is
controlled by the two structural features.

The Transverse Ranges are domin.ated by range-bounding faults that display reverse
displacement (thrust faults). Major active and potentially active faults associated with this
system are the Sierra Madre-Cucamonga, Raymond, Hollywood, Santa Monica and Malibu
Coast faults (Figure 4-2). The Hollywood fault, in the site area, forms the boundary
between the Peninsular Ranges to the south and the Transverse Ranges to the north. The
Santa Monica Mountains are a product of uplift along the Hollywood and Santa Monica
faults, which occur along the south flank of the range.
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The faults of the San Andreas system are characterized by right-lateral-slip faults that trend
to the northwest. Major components of the system in Southern California include the San
facinto, Whittier-Elsinore, Newport-Inglewood, and Palos Verdes fault zones. The recent
1992 Landers earthquake occurred in the Mojave Desert along the Johnson Valiey, Camp
Rock and Emerson faults which are also associated with the San Andreas system (Figure 4-
2). Based on analysis of the 1987 Whittier Narrows earthquake, investigators find that deep
beneath the alluvial basins and low hills of the region are a system of north-dipping reverse
faults (blind thrusts) that underlic large portions of the central Los Angeles Basin and
adjacent uplands. These faults generally do not rupture the ground surface but are
commonly associated with folding expressed at the ground surface. Many of the surrounding
upland hills consist of folds, often anticlines that may have buried blind thrusts beneath
them. The Whittier Narrows earthquake of 1987 is believed to be associated with a blind
thrust.

- 4.13 Seismicity

The project site is located in an area having relatively high seismic potential and has
experienced shaking from numerous large earthquakes in historical time. Two regionally
intersecting, major, active fault systems generate earthquakes. These are including the
northwest-trending San Andreas system and the east-west-trending faults associated with the
Transverse Ranges.

Figure 4-2 shows the known major active and potentially active faults in the greater Los
Angeles area and includes the recently active faults associated with the June 1992 Landers
Earthquake (magnitude 7.5) in San Bernardino County (approximately 105 miles east of the
site).

An earthquake computer search (Blake, 1992) was performed to graphically show where
historic earthquakes (epicenters) have occurred relative to the site. A search radius of 150

miles was made from the approximate mid-point of the tunnel alignment. Earthquakes with
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a magnitude 4 to 7.9 that have occurred since 1800 are shown in Figures 4-3A and 4-3B.
The largest historic earthquake was a magnitude 7.9 (1857 Fort Tejon Earthquake) on the
San Andreas fault located about 116 miles northwest of the project area. The closest
moderate-sized earthquake (magnitude 6.4, 1971) was located 20 miles to the north of the

project site on the San Fernando fauit.

Moderate or major earthquakes (magnitude 5 or above) historically have not occurred along
the Hollywood fault which traverses the tunnel corridor. Numerous small earthquakes have
occurred in proximity to the fault zone, but may or may not be associated with movement
on the feature. The Hollywood fault has ruptured in late Quaternary time and very likely
in Holocene time (past 10,000 years) based on recent studies by Earth Technology (1993)
and Dr. Kerry Sieh (1993). The 1987 Whittier Narrows Earthquake (magnitude 5.9)
occurred on a buried north-dipping fault with no surface expression. The previously
unidentified fault is part of a system of blind thrust faults that underlie the basin between
- Whittier Narrows and the Pacific Ocean.

Earthquakes are expected to periodically occur in the site region during the life of the
project. There is a possibility of direct surface-fault rupture along the Hollywood fault at
the tunnel crossing, though the probability of such an event is considered low, based on
relatively long return periods of displacement (Sieh, 1993). In the event that the Hollywood
fault was to rupture and produce a major earthquake near or within the site area, it is likely
that very strong ground motions could occur locally, and slip of the fault across the tunnel

would be possible.
4.1.4 Hydrogeology

The hydrogeology of the greater Los Angeles area consists of two general types of
groundwater regimes that include bedrock uplands and broad alluvial basins. The bedrock
uplands surrounding most of the basins are generally referred to as being non-water bearing.

Adjacent alluvial basins are considered excellent resources for groundwater, and historically
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have been utilized extensively for domestic and commercial water supply. The study area is
situated almost entirely in the uplands of the Santa Monica Mountains. North of the
mountains lies the San Fernando Valley Basin and to the south is the Central Coastal Plain,
which is divided into four interconnected groundwater basins (Figure 4-4). The valley area
south of the tunnel corridor ié referred to as the Hollywood Basin. The details of the
groundwater regimes associated with the Santa Monica Mountains and adjacent basins are
discussed in Appendix H. Groundwater conditions specific to the project are described in
Section 4.2.4.

42  SITE GEOLOGY
4.2.1 Geologic Units

The tunnels will be driven through eight different bedrock units (formational status) ranging
~in age from Cretaceous to Upper Miocene. These consolidated bedrock units have been
grouped into six tunnel reaches based on lithology and geologic age. Each reach has been
identified by station number and is described below from south to north (oldest to youngest).

Detailed formational descriptions are presented in Appendix H.

Three general rock types will be encountered and include: plutonic (granitics), volcanics
(basalt), and a variety of sedimentary lithologies (conglomerates to siltstone/shale).
Boundaries between each unit or reach include conformable, unconformable, and fault
contacts. All contacts dip at intermediate angles to the north/northeast. Plate 2 shows, in
profile, the succession of the anticipated lithologies along the tunnel alignment. The
stratigraphic sequence of rock units and their relative thicknesses are portrayed in Figure
4-5. Each of these is described below according to tunnel reaches from the south to the
north.
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Reach 1 - Station 629460 to 679+80, Length. 5,020 Feet; Plutonic Rocks. Cretaceous Age

Reach I contains undifferentiated plutonic rocks that consist of granodiorite, quartz diorite,
and quartz monzonite. These plutonic (granitic) rock types are generally massive, weakly
foliated, and medium to coarse grained. Dikes of basalt, felsite, and aplite will be

encountered that range from a few inches to several tens of feet thick at irregular intervals.

_ Infrequent inclusions of gneiss or schist a few inches to a few feet across are expected.

These are typically rich in biotite mica that facilitates partings along schistosity.

The rock is differentially weathered and fractured. In general, the greater the overburden
the less the rock is weathered. Nearly decomposed and intensely sheared and brecciated
granitic rocks are anticipated within and for a few hundred feet north of the Hollywood fault
zone. Borings SM-1, SM-1A, SM-1B and SM-2 indicate that the most weathered rock

occurs nearest the fault. The degree of weathering decreases northward as cover increases.

~ Near the middle of Reach 1, the rock slowly transitions to fresh (unweathered/unaltered).

Sheared zones are anticipated at irregular intervals along the reach and may vary from a few
inches to a few tens of feet wide. Weathering, brecciation, and alteration in these zones

usually intensifies and lowers rock strengths significantly.

Reach 2 - Station 679+80 to 693400, Length 1320 Feet; Chico Formation and Simi
Conglomerate, Late Cretaceous and Paleocene Age

The Chico Formation and Simi Conglomerate consist of thick beds of gravel to cobble
conglomerates and sandstone interbeds, with a few widely-spaced thin claystone/shale layers.
Clasts within the conglomerate beds are rounded and uvsually do not exceed 8 inches and

rarely to 24 inches in diameter.
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The conglomerate is matrix-supported by sandstone and silty sandstone with calcite and
argillaceous cement. Clasts consist of quartzite, and granitic and metavoicanic rock types.

The sandstone is fine- to medium- grained and generally massive and arkosic.

At tunnel elevation, the rock is fresh without apparent alteration. The rock is slightly to
moderately well cemented. Cobbles tend to break out of matrix with minimal to moderate

mechanical effort. Granitic clasts may not easily disintegrate once dislodged.

A sheared zone (fault unnamed) up to about 15-feet wide, forms the contact between the
underlying plutonic rock and the sediments. The zone consists of a brecciated and sheared
rock mass with angular clasts of broken siltstone and other rocks related to the
congiomerate. The contact is abrupt and the rock to either side of the zone is expected to
be altered and sheared.

Reach 3 - Station 693400 to Station 698430, Length 530 F. eei; Las Virgenes Sandstone and
Lower Topanga Formation, Paleocene and Lower Miocene Age

The Las Virgenes and Lower Topanga formations collectively consist of thick massive beds -
of sandstone and conglomeratic sandstone. Three-foot thick conglomerate beds with clasts
to 18-inches diameter may be encountered but are rare. Near the base of this lithologic

assembledge, are possible multicolored mudstone and claystone interbeds.

The rocks are essentially fresh and just slightly hydrothermally altered (chiorite and clay
minerals) at tunnel depth. The sandstone beds are moderately well-cemented with calcite,
and the conglomerate beds generally are weakly cemented and slightly friable. The Las
Virgenes sandstone is an arkosic unit up to 125 feet thick and is poorly cemented. Bedding

is indistinct and massive.
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Reach_4 - Station 698+30 to 716+10, Length 1.780 Feet; Middle Topanga Formation,
Miocene Age

The Middle Topanga Formation consists of a black, very thick sequence of extrusive and
possibly minor intrusive volcanic basalt breccia and basalt flows. The breccia dominates and
is composed of angular basalt fragments up to several inches across in an altered (chlorite)
volcanic fine-grained matrix. Occasional and widely spaced sandstone lenses and layers to
50-feet thick lie conformably within the volcanics, and dip northeast similar to the regional
structural trend.

At tunnel elevation, the rock is unweathered (fresh), but the rock mass appears to have
undergone hydrothermal alteration with alteration of some minerals to chiorite and smectite
group minerals. Many joints, shears, and vesicles are filled with white zeolite, caicite, or
chlorite minerals. The sequence lacks quartz entirely. Iron pyrite has been disseminated

within the rock mass or deposited along some joints locally.

The lack of quartz and the high degree of chemical (hydrothermal) aiteration, have
produced a rock with properties not like most hard intact basalt. The Topanga basalts are
massive, though jointed and sheared, but have low strength and can be mechanically broken

with just moderate effort.

Reach 5 - Station 716+10 to 730+70, Length 1,460 Feet; Upper Topanga Formation
{Massive Sandstone), Upper Miocene Age

Reach 5 contains the lower sandstone sequences of the Upper Topanga Formation. The
base of the Upper Topanga Formation is predominantly conglomerate with rare clasts up
to 24 inches diameter. Nearby tunnels encountered 650 to 700 feet of conglomerate
overlying the basalt. The sandstone is medium-to coarse-grained, massive to thickly bedded, -

and locally contains widely spaced gravel conglomerate zones (lenses). The rock is very
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massive and bedding is indistinct. At tunnel elevations, the rock is unweathered (fresh), not

altered and is moderately cemented with caicite.

As Reach 6 is approached to the north, the rock slowly transitions from coarse to finer

grained materials. Bedding becomes more apparent within the transition.

Reach 6 - Station 730+30 to 761+40, Length 3.070 Feet; Upper Topanga Formation
(Sandstone and Siltstone/Shale) Upper Miocene Age

Interbedded sandstone and siltstone/shale dominate the northern most reach of the tunnel
section. The sandstones are fine to coarse grained, and beds are up to several feet thick.
The siltstone/shale is thinly bedded to laminated with moderately well developed parting
along many bedding planes.

- The rock is fresh (unweathered) at tunnel depth. Cementation is variable ranging from
slight to moderaie. Some sandstone beds are weakly cemented and easily friable. The

siltstone and shales are judged to be slightly expansive.

At the end of Reach 6, lies the east-northeast trending Benedict Canyon fault zone. The
width of the shearing and gouge is unknown at the tunnel. Adjacent to the zone, the
Topanga Formation is sheared and deformed as observed in Boring SM-13. Rock strengths
are anticipated to be low. In the same area, the bedrock overburden is rapidly diminishing
and alluvium is thickening as found in Boring SM-14. Although SM-14 is located 100 feet
south of the alignment, it indicates a trend that the thickest alluvium occurs beneath the
Hollywood Freeway. It is possible that young alluvial materials and groundwater will be

encountered in the tunnel crown beneath the Hollywood Freeway.
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422 Structural Geology

The groSs geologic structure along the tunnel corridor consists of a relatively uncomplicated
faulted asymmetrical anticline. The anticline trends approximately east-west. The tunnel
will traverse omnly the north flank of the structure. Plate 2 depicts the general structural
features (bedding and lithologic contacts) that have moderate northeast inclinations. The
axis of the anticline lies either within the granitic terrain, probably south of Station 670+00,
or has been faulted away at the tunnel and may lie beneath the alluvium south of the

mountain front.

Fauiting was accompanied by uplift and folding of the mountains. The Hollywood fault is
the dominant feature and marks the south side of the mountain. This fault is inclined to the
north at 60 to 70 degrees dispiays vertical displacement, and likely some left-slip movement.
The fault juxtaposes Quaternary-age alluvium to the south against the Cretaceous age
- granitic rocks within the mountain mass. The width of the fault gouge and crushed rock may
be up to 150 feet-wide (horizontal distance), and is judged to form an effective groundwater
barrier, ponding water to the north. The Hollywood fault is known to have been active in
late Quaternary time with the possibility of Holocene movement. The tunnels will penetrate
the fault at the south end of the alignment. Additional information regarding the Hollywood
fauit is discussed in reports by Earth Technology (1993) and Sich (1993).

Many minor and a few more significant faults and shear zones will be crossed by the tunnel.
Though faults have been mapped on the ground surface, their projected intercepts at tunnel
depth can not be determined. The minor zones may be inches to a few feet wide and consist
of several intersecting or closely spaced shears with associated gouge. More significant
faults, if any, may consist of sheared, brecciated and chaotic zones several tens of feet wide

with an abundance of gouge.

The tunnels will cross a shear zone or unnamed fault separating the plutonic rocks and the

Chico Formation (near Station 679+80). The sense or amount of displacement along this
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north-dipping zone are unknown. The zone is about 15 feet wide and consists of fragmented

) bedrock materials contained within clayey gouge.

Another major fault that the tunnel will cross is the Benedict Canyon fault inferred from
literature to be located at the extreme north end of the alignment (near Station 756+ 10).
The actual location of this fault zone is questonable. Based on published data, it is
characterized as a near vertical fault with both vertical and left lateral displacement. The
zone of faulting is likely to be 100 or more feet wide in the tunnel, and consists of sheared
and brecciated sandstone and siltstone/shale materials. An associated sheared zone (AEG,
1982) is also inferred to intersect the tunnel just south of the Benedict Canyon fault (Plate
2). None of the field explorations encountered either of these fault structures.

Bedding along the corridor strikes generally to the northwest and dips to the northeast at
moderate to steep angles. This general trend represents the north flank of the Santa Monica
~ Mountain anticline. Bedding is indistinct (vague) in the coarse grained units of massive
conglomerate and sandstone. The interbedded sandstone and siltstone/shale units display
very pronounced bedding, especially in the north portion of the alignment. Locally, in
Reach 6, reversal in dip and overturning of beds may occur that are related to minor folds
superimposed on the north flank of the anticline. Bedding becomes near vertical adjacent
to the Benedict Canyon fault.

4.23 Rock Mass Discontinuities

Rock mass discontinuities are any defects in the rock mass and include joints, shears,
foliation, and bedding partings. The discontimuities are also differentiated according to the
infilling materials (clay or non-clay). If discontinuities are healed (i.e. cemented together),
the type of cementation (calcite, chlorite, zeolite, quartz) is noted on the boring logs. Very
few patterns were recognized relative to the frequency or orientation of discontinuities at
tunnel depth, especially for joints. Locally, areas of intense rock breakage are described as

brecciated or fractured rock. Table 4-1 characterizes the various types of discontinuities and
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statistically shows ranges for various parameters from the boring data. Table 4-2 summarizes
the rock mass discontinuity data for the tunnel envelope only. Table 4-3 provides an |
éxplanation of the terminology used in Tables 4-1 and 4-2. The descriptive terms used are
defined in Appendix A.

Discontinuities for each tunnel reach are discussed below.

Reach 1 - Station 629+60 to 679+80, Length 5.020 Feet; Plutonic Rocks

Discontinuities in the plutonic rocks consist of joints, shears, and foliation. Joint spacing in
the plutonic rocks varies from moderately close to very close with the highest percentage of
joints spaced between 2 and 8 inches apart. Most of the joints appear in one or two sets,
with a possible random set. Dip angles vary from horizontal to vertical. Surfaces are mostly
planar and are slightly rough. Jointing within the plutonic rocks is expected to be variable,
but there is an indication that spacing between joints is greatest north of Boring SM-3. The
plutonic rocks are weakly foliated with a vaguely north-dipping orientation.

Reach 2 - Station 679480 to 693+00, Length 1320; Chico Formation and Simi
Conglomerates

Massive sandstone and conglomerate units are poorly bedded except along rare thin clayey
or silty beds. Bedding generally dips northward betwecen 40 and 60 degrees. Joints are
commonly closely spaced (2.4 to 8 inches), and surfaces are characteristically planar and
rough. Joint openings are tight or clay filled. Joints occur mostly in two intersecting sets

with a third superimposed random set.
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Reach 3 - Station 693+00 to 698+30, Length 530; Lower Topanga Formation and Las
Yirgenes Sandstone

Sandstones and conglomeratic sandstone beds are generally massive, indistinctly bedded and
dip northward at approximately 50 degrees. Joints are spaced close to moderately close (2.4
to 8 inches, and occasionally to 24 inches apart). Joint surfaces are planar and rough. Joint

openings are tight to slightly weathered.

Reach 4 - Station 698430 to 716+10. Length 1,780 Feet; Middle Topanga Formation

Volcanic rocks of the Middle Topanga Formation are nearly massive in structure. Flow
structure is not apparent, but interbedded sandstone lenses indicate that the volcanic flows
and breccias, at least in part, were deposited over flat-lying beds of the lower Topanga
Formation. Subsequently, the entire formation was tilted by folding to the north roughly 40
- degrees.

At tunnel depth, the volcanic rocks contain at least one systematic set of joints superimposed
by one random set. Joints are spaced close to very close (0.4 to 8 inches). Surfaces are
planar often polished (smooth), and clay coated or filled. Random shearing within the rock

mass is common but most have been healed with chlorite, smectite, zeolites, or calcite.

Reach 5 - Station 716+10 to 730470, Length 1.460 feet: Upper Topanga Formation
(Sandstone)

Reach 5 contains massive sandstone beds with occasional conglomeratic zones. Bedding is
poorly deveioped but generally dips toward the north at about 60 to 65 degrees. Joint
spacing ranges from moderately close to wide (8 inches to 6.6 feet apart). Joint surfaces are

planar and rough. Some joints are healed typically with caicite.
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Reach 6 - Station 730+30 to 761+40. Length 3.070 Feet; Upper Topanga Formation
(Sandstone and Siltstone/Shale)

The bedrock in Reach 6 is poorly indurated and nearly soil-like in engineering properties.
Bedding is very pronounced and generally dips northeast from 50 degrees to near vertical,
although variations due to folding locally exist. Spacing between joints ranges from
moderately close to wide (8 inches to 6.6 feet apart). Joint surfaces are planar and slightly
rough. Fracture openings are filled or coated with clay. Shearing and polished surfaces

along bedding planes are common and are often clay coated.
424 Groundwater Conditions

This section provides a summary of the groundwater conditions along the tunne! alignment.
A detailed discussion of the groundwater conditions is provided in Appendix H.

Groundwater levels measured in the borings vary from 7 to 198 feet below the ground
surface with one boring having a groundwater level above the ground surface related to
artesian conditions (Table 3-3). Field readings from November 1992 and March 1993,
indicate groundwater elevations range from a minimum of 53 feet and 128 feet above the
tunnel crown on the north and south flanks of the mountains to 2 maximum of 758 feet
above the crown near the mountain crest at Boring SM-5. The differences in groundwater
elevation generally form an average gradient that descends to the north at approximately 7
percent and to the south at about 15 percent. The readings in March 1993 indicate that the
groundwater clevations have risen in response to the rains in Southern California during
December 1992, and January and February 1993. The groundwater system in the mountains
rapidly responds to recharge from rainfall. Rapid response to rainfall was also noted in the
Los Angeles Sewer Tunnel as discussed in Section 3.2, This suggests that the near surface
recharge is in hydraulic communication with the groundwater at tunnel depth. To evaluate
the hydrostatic pressure at runnei depth, vibrating wire piezometers were installed in Borings

SM-4, SM-6 and SM-9. At those three locations, the hydrostatic pressures at the tunnel
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crown are approximately equivalent to the static groundwater elevations measured in the
exploratory borings. The zones where hydrostatic pressures are measured are isolated from
the rest of the borings by volclay grout. The readings indicate that continuity exists verticaily
throughout the rock mass, most likely through the frequent rock discontinuities.

Borings SM-1 and SM-1A indicate that the Hollywood fault acts as a barrier to groundwater
flow from the mountains to the alluvial sediments of the Hollywood Basin. The shallow
groundwater depth (Boring SM-1A) measured north of the fauit zone in the hanging wall,
was not present to the south of the fault zone in the footwall (Boring SM-1). The Benedict
Canyon fauit, which is projected across the alignment between Borings SM-13 and SM-14,
and the proposed Universal City Station does not appear to affect the groundwater surface
in that area based on available data.

Within the Santa Monica Mountains, the bedrock formations are expected to yield varying
- amounts of water to the tunnel. The volume of water that could be produced by the rocks,
is dependent on the rock type and rock discontinuities. The water-bearing characteristics
of the bedrock units are largely controlled by secondary permeability (discontinuities},
particularly in the plutonic and volcanic rocks. Primary permeability (intergranular) as well
as secondary permeability (along discontinuities), are associated with the clastic sedimentary
rocks. Artesian conditions were indicated in the sedimentary rocks by Borings SM-10 and
SM-11. These borings encountered bedded sedimentary rock (sandstone and shale) of the
Upper Topanga Formation, suggesting that semi-confined conditions are possibie for these
rocks as primary permeability. Hydraulic conductivities, calculated from packer tests
conducted for the various rock types encountered along the tunnel alignment, are low,
varying from 4.2 x 10 cm/s to 4.6 x 10® cm/s. The results of the packer tests are discussed
in Section 5.1.1.
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TABLE 4-2. (CONTD.) SUMMARY OF ROCK DISCONTINUITIES IN VARIOUS FORMATIONS BASED ON TUNNEL
ENVELOPE (2 OF 2)

Core Rt onaty ROD Joint Spit Chamus e Bpacing Poughnaiy Plynarty Dl o Micniry Fiing Waniharing
™) %
Coumt [ Mia._ | M1 | A, Std Dwv|Count [Min, [Max. JAvg |50 Dav|Deslg |Count |Percont |Deslg [Courd | Pexent | Desig [ Coum | Pextont | Dami Cou | Pexers [Cotlg  [Cown | Pescent | Da Cowmt | Pexant
FORMATION: MIDOLE TOPANGA VOLCAMCE
{ Tl ea] ao] e sl Ta s8] w8  aa] 1A [ W 1 [] 1 F 14 100
1 ¥ TiT [ 1 w 3 FH L [
[ 1 7] 6A [ 3 10 T|m %]
1 [] [ 1 w0 B 1 (1 [
c VT [ 1L 1% o [] [t 0]
C1 4 23l a [
] [ 1 TIRS
X i 7 [
'
Cors Recovery RQD Joinl SetChacierdics fpacing Roughness Plansrty Dlecominuity Filng Westharing
%] Y S
Coun {Min [ Max. [Av 61 Devj Coum [Min. [Max. [Arg [Sd DewiDesig [Cout [Parcurt [Oweip [Cowst [Pewurt [Desig [Coum |Perent JDawg.” [Coum [Puxert | Owsig. {Cowm [Poxom [0 Cova | Paxcant
FORMATION: UPPER TOFANCA |54 NDATONE)
[ a2l m] wo] wol "eea] sz] #7] to0] 0o as3ifa 11 [ [] 20]{vA ] ] 4 100][F 12 100
1 T [] B|A 3 18w [ FOr (i)
] FICT] A 1 asie 3 1L ]
] ™ [} [] [ (o]
3] ¥T ] [+] [ [
ct L ] o
-] ] 7]
o1 Wy
E
F
Cora A oveiy ARD Jont Sai Charcretatica Specing Roughnats Planarty Diecontinudly Filing Waathering
% o]
Courd JMin | Mex_[Avg | Sad Owv]| Caunt [Wun. [Avg | 510 CevfBasig. [Count [Paxcent |Desly [Coud |Pexart |Ceelg |Coum | Pecent |Cesg [Count |Fercent [Desig. [Coum [Paxem [Dewg [Coum | Peren
FORMATION. UPPER TOPANGA (SILTATORE/SHALE]
[ ao] 87 voa] e2] 12] 0] o] ioa] 8 20 A 3 7alu [l D ] 21 o|F [T 3
3] T [y G W 4 T[] 2 ajrw i 25
] Fl ArT] 0 M ED 28 n|F 1] Cf] ] 1 23
bt ] 1Bi™ 8 3|8 ] w|e 1 aiv [~
C [ B 13]8x [ afo [} ]
Gi 1 2[L [ ] =]
1) . w AE
<1 b 2 [
E
F

NOTE: (1) Tunnel envelops comprizes of naction fiorn 20 feal above the unnel crown o 20 feet balow the tunnel invert




Oc-v

TABLE 4-3. EXPLANATION OF TERMINOLOGY .USED IN TABLES 4-1. AND 4-2.
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5.0 DISCUSSION OF FIELD AND LABORATORY TESTING RESULTS

5.1 FIELD TEST RESULTS
5.1.1 Packer Tests

As explained in Section 3.3.3, a total of 22 single and double packer tests were performed
in ten borings. The results of the tests, including locations, relevant rock type in the test
sections, and calculated hydraulic conductivity, are presented in Table 5-1. The test results
grouped by rock types to be encountered along the tunnel alignment, are further
summarized in Table 5-2. An evaluation of the packer test results is as follows:

1. The test data indicate a wide range of hydraulic conductivity for each of the rock
types encountered along the tunnel alignment. Based on the packer tests alone, no
distinction can be drawn between rock types for potential water inflows during tunnel
construction. Based on experience during excavation of the Los Angeles Sewer
Tunnel (Section 2.3), the packer tests are not representative of potential inflow

conditions but indicate the rock mass as a whole has a low permeability.

2. Within plutonic rocks (granodiorite), tests in five borings (SM-1A, SM-2, SM-3, SM-4
and SM-6) indicate hydraulic conductivity ranging from 1.7 x 10* c¢m/s to 4.6 x 10°®
cm/s. Hydraulic conductivities in the plutonic rocks appear to be primarily controlled
by joints and shears, and show a trend of increasing values with a decrease in RQD

{rock quality designation) as anticipated.

3. In all other rock types, except the plutonic rocks, there is no clear relationship
between hydraulic conductivity and RQD.

060793, RPT/972-2050-M '5-1



4. The widest range of hydraulic conductivities occurs within the sedimentary rocks.
The calculated values range from 4.2 x 10 coys to 5.2 x 10° cm/s and lower.

5. Hydraulic conductivities calculated for the basalt ranged from 3.2 x 10” cm/s to 8.0
x 107 cm/s for three tests. As with the granodiorite, the hydraulic conductivities
appear to be controlied by discontinuities in the basalt.

6. The hydraulic conductivities of the Chico Formation (including Simi Conglomerate)
and Lower Topanga Formation, are generally lower than the adjacent plutonic and
basalt/basalt breccia rocks.

5.12 Geophysical Wireline Logging

Wireline sonic velocity logging was performed in six borings (SM-2, SM-4, SM-6, SM-8, SM-
10 and SM-12). Table 5-3 provides an overall summary of interpreted ranges of
compressional wave and shear wave velocities for various geologic units. The results indicate

the following:

1. The plutonic rocks and the Upper Topanga Formation have the widest range
of seismic velocities, This is indicative of the variability of the in situ rock

mass within these two geologic units.

2. The lower section of the Upper Topanga Formation is much stronger and
stiffer than the upper section of the Upper Topanga Formation. This likely
reflects the more homogeneous and cemented nature of the sandstone/
conglomerate of the lower section than the interbedded sandstone/shale of the

upper section of the Upper Topanga Formation.

3. Sonic velocity data from Boring SM-8 yields higher than expected seismic

wave velocity (compressional wave velocity >20,000 ft/sec) in the Middie

060793, RPT/92-2050-01 5-2



Topanga Formation. These high values are not expected based on the very

low strength results from laboratory testing of basalt and basalt breccia.
52. LABORATORY TEST RESULTS
5.2.1 Geomechanical Laboratory Testing

The results of soil testing are summarized in Table 54. The results indicate that the
alluvium encountered south of the Hollywood fault consists of sand, clayey sand, and silty
clay. The overburden above the bedrock in the northern flank of the Santa Monica

Mountains, consists of sand, silty sand, clayey sand, silt, and silty clay.

A summary of the rock test results is presented in Table 5-5. Statistics of the test results
in terms of minimum, maximum, and mean values, and standard deviation, are presented in
- Table 5-6. The following are our observations based on a review of the aforementioned
data:

1. BULK SPECIFIC GRAVITY AND BULK DENSITY - The bulk specific gravity
(BSG) of the rocks range from 2.02 to 2.83. The plutonic rocks and Chico
Formation have BSG higher than 2.4, whereas the BSG for much of the Topanga
Formation (basalts, basalt breccias, conglomerates, and sandstones) is approximately
2.25. The bulk density of the rocks ranges from 119 pounds per cubic foot (pcf) to
178 pcf; and the plutonic rocks and Chico Formation have higher bulk densities,
whereas some of the basaits, conglomerates, and sandstones of the Topanga
Formation have lower densities. As per IAEG (Anon, 1979), grouping of the rocks

into different classes by bulk density is as follows:
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Rock Type Range of Bulk Class Description of
Density (pcf) Densities
Plutonic Rocks 162-178 4 and 5 High to very High
Chico Formation 140-164 3 and 4 Moderate to High
Lower Topanga Fm. 149-154 3 Moderate
Middle Topanga Fm. 128-154 2and 3 Low to Moderate
Upper Topanga Fm. 119-163 2t0 4 Low to High

UNIAXIAL COMPRESSIVE STRENGTH - There is a wide scatter in the uniaxial
compressive strength values of the rock cores tested. This scatter primarily reflects
the high frequency of pre-existing discontinuities in the rock core specimens tested
under laboratory conditions. Generally, the discontinuities are healed but caused
preferential breakage of the core samples. Notes on discontinuities are included in
Table 5-5. The discontinuities included clast-matrix contacts in conglomerates and
basalt breccias, healed joints, shears, and bedding partings. Another factor affecting
rock strength is intensive microshearing (fissuring) within the rock mass that was
recognized in the thin section analysis (Section 5.2.3.2). Using only the test results
from the intact rock (core without discontinuities) and Deere and Miller's (1966) rock
classification system, the rocks can be classified, in general, as follows based on their

intact compressive strength:

Rock Type Description of Strengths
Plutonic Rocks Very Low to High
Chico Formation Very Low to High
Lower Topanga Formation Very Low to Low
Middle Topanga Formation Very Low to Low
Upper Topanga Formation (Ss-Cgl) Very Low to Medium
Upper Topanga Formation (Ss-Sh) Very Low to Low

060793 RPTA2-2050-01
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3. POINT LOAD STRENGTH - Point load strength tests were conducted on 55 core
samples in accordance with the ISRM method for determining point load strength.
The point load tests were conducted to supplement the uniaxial compressive strength
tests because many discontinuities exist in the core, which bias the uniaxial strengths
on the low side. The point load test provides a method of testing both the small
intact segments of core without discontinuities and the individual clasts found in the
conglomerates, which were not tested under uniaxial methods. The results of the
point load strength (normalized for diameter) were used as an indication of rock
strength and for estimating equivalent uniaxial compressive strengths, for comparison

purposes. The results of the tests are presented in Table 5-5.

In general, the point load strengths and estimated uniaxial compressive strengths are
comparable to the intact rock core uniaxial test results for the same rock formations.
The point load tests aiso indicate that the matrix materials of conglomerates and
sandstones are significantly weaker than the conglomerate clasts. The clasts which
typically consist of quartzite or granitic rock composition are similar in strength to
the plutonic rocks in the southern reach of the tunnel.

4, SLAKE DURABILITY - The slake durability tests estimate the resistance to wetting
and drying of a rock sample. The slake durability indices of the rocks encountered
in the tunnel envelope, vary over a wide range due to their different composition.
The degree of slaking for the various rocks, based on the grading system developed
by Franklin and Chandra (1972), can be classified as follows:

Rock Type Range of Slake Durability Amount of Slaking
(%)
Plutonic Rocks 24.5® Very High
Chico Formaton 95.3 - 97.4 Very Low
Lower Topanga Fm. 938 ® Very Low
Middle Topanga Fm. 59.0 - 96.7 Medium to Very Low
Upper Topanga Fm. 1.1-957 Very High to Very Low

™ Only one test was performed.
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3. SWELL PRESSURE - Only one swell pressure test was performed on a sheared
claystone/siltstone, mylonite, sample from Boring SM-5. This test was done in a
clayey section of the boring where the driller reported squeezing ground and difficult
drilling conditions. The swell pressure index of 8.2 psi indicates that the clay has low
swell potential. The clay was not encountered in the tunnel envelope, but was about
300 feet above the tunnel invert at Boring SM-5. It seems unlikely that swelling or

' squeezing clay caused drilling difficulty.

No swell pressure tests were performed on other rock types due to their relatively low

or negligible clay content.
52.2 Chemical Laboratory Testing

The chemical laboratory test results of the groundwater samples collected from four
* monitoring wells, are summarized in Table F-2 of Appendix F. The results of tests for
purgeable volatile organic compounds, semivolatile organic compounds, total recoverable
petroleum hydrocarbons, and oil and grease, yielded sporadic low levels of detection. As
shown in Table F-2, chloroform, bis (2-Ethylhexyl) phthalate, and oil and grease were
detected at relatively low levels in a few monitoring wells. The analytes detected are typical
of petroleum refinery products and are either indicators of near surface groundwater
contamination or contamination of the boring due to the drilling/sampling methods. The

test resuits do not indicate the presence of crude oil in the formations.

During drilling of Boring SM-11, an artesian condition was observed. The driller indicated
it could be water used during drilling. A groundwater sample was obtained and analyzed
for volatile organic compounds, semivolatile organic compounds, selected metals, TDS,
sulfide, specific conductance, and pH. The test results are summarized in Table F-3 of
Appendix F. The relatively high TDS and specific conductance of groundwater from SM-11

are similar to the test results of groundwater samples from R-8 (Table F-2), which are aiso
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from the Topanga Formation. These resuits suggest that the artesian water of SM-11 is

groundwater and not drilling fluids returning from the formation.

In general, the water quality data indicate that water from the plutonic rock and the volcanic
rocks have lower TDS than water from the sedimentary rocks. This likely reflects the

marine origin of the sedimentary rocks, which includes higher availability of soluble minerals.
523 OTHER LABORATORY ANALYSES
5.23.1 X-Ray Diffraction

The x-ray diffraction method offers a means to identify specific minerals that are difficult
to name in a hand specimen. For this project, certain minerals could not be positively
differentiated during field core logging. X-ray diffraction was used to help identify minerals,
~especially a translucent green mineral that appeared in the basait, granodiorite, and
conglomerate between the two igneous rock units. The results of the x-ray diffraction
analyses are presented in Table 5-7. The x-ray diffraction results indicate a high abundance
of vermiculite. This result is somewhat ambiguous because it is inconsistent with the hand
specimen identification and geologic environment. To check the results, duplicate samples
were sent to Dr. Winchell. The anaiysis performed by Dr. Winchell indicates a general clay
mineral (smectite) composition similar to the vermiculite. This is an alteration product

derived from minerals that composed the basalt.
5.23.2 Thin Section Analyses

The results of the thin section analyses are presented in Table 5-8. Generally, the thin
section analysis seems to have provided the most thorough understanding of the mineral
content of the rocks to be encountered by the tunnel alignment. The data indicate intensive
microshearing (fissuring) and chemical (perhaps hydrothermal) alteration of original
minerals. Extensive alteration of minerals to clays and chlorites has occurred essentially in

all rock types south of the upper Topanga Formation including the granodiorites, Cretaceous
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and Paleocene sediments, Lower Topanga Formation and basalts. The thin section analysis
also provides estimates of mineral content including quartz content in the plutonic rocks.

The quartz content of the plutonic rocks ranges from 19 to 33 percent.
5233 Micropaleontology

Microscopic analyses of claystone from Borings SM-1 and B-8 (Earth Technology, 1993)
within the Hollywood fault zone, were conducted to help identify their origin. The results
indicate that a claystone sample obtained from Boring SM-1 contains marine microfossils
of middle to late Miocene age with preference givén to the latter. This would correspond
to the Puente Formation in this area of the Los Angeies Basin. The clay sample from
Boring B-8 was submitted for analyses to check if that clay also could have been derived
from the Puente Formation claystone. The analyses indicated that the sample contains no
definite fossils and is age indeterminate based on the micropaleontology analysis. The
presence of abundant plutonic fragments contained in the clay, its sheared nature, and lack
of microfossils suggest that the material is a fault gouge. The results of micropaleontology

analyses are presented in Appendix G.
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TABLE 5-1. SUMMARY OF PACKER HYDRAULIC CONDUCTIVITY TESTS
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SM-11 LT 778 528 508 1 Single ™m 528 518 -3 50 260 | Sandstone/Shtuione 100 100 ———- Ho Measurable Flow
2 Single 498 483 -3 200 295 | Sendstena/Silstona 100 Té S2E-G8
3 Double 612 sg7 -3 185 181 | Sandstone ] n 42€-04
4 Double 23 607 -3 155 17t | Sandstone/Skistone 29 63 J3E-04
SM-12 230LT, 671 526 503 1 Single 645 524 510 28 147 181 { Sandsione/Sitstone a2 48 20E~05
SM-13 10LT. 390 521 %01 1 Singls 578 518 500 12 75 80 | Sandstond/Shistone ) a3 1.06-08

Note; (1) R0 = Aock Quality Designation




TABLE 5-2. RANGE OF FIELD HYDRAULIC CONDUCTIVITY

Rock Type in the Test Section

Range of RQD in

Range of Hydraulic Conductivity

Topanga

the Test Section (%) (cm/s)
Granite and/or Granodiorite 5-99 46 x10%to 1.7 x 10*
Conglomerate™ . Chico 47 2.9 x 10°¢
Formation
Sandstone or sandstone/ 93 - 100 near impervious® to 4.7 x 107
siltstone - Lower Topanga
Basalt - Middle Topanga 79 - 94 8.0x 107 to 3.2x 10°
Sandstone/Shale - Upper 48 - 100 52x10%t0 4.2x 10"

Notes:

060493 TBL/92-2050-01

5-10

(1) Only one packer test was performed in this rock type.
(2) Near impervious denotes that no measurable flow was observed during packer testing




TABLE 5-3. SUMMARY OF SONIC VELOCITY DATA

Compressional Wave Shear Wave

Geologic Unit Boring Number Velocity (ft/s) Velocity (ft/s)
Plutonic Rocks - SM-2, SM: and SM- 10,400 to 19,000 2,800 to 6,600
Chico Formation SM-6 11,500 1¢ 16,100 4,000 to 5,700
Lower Topanga™® SM-8 18,900 to >20,000 7,700 to 10,000
Middle Topanga® SM-8 >20,000 7,100 1o 8,300
Lower Section of Upper Topanga SM-10 10,300 10 >20,000 4,800 to 7,800
Upper Section of Upper Topanga SM-12 5,800 1o 8,000 3,000 to 4,000

Note: (1) Data were interpreted from sonic velocity logging in Boring SM-8. The interpreted seismic velocity is
inconsistent with the very low strength of the rock,

060493 TBL/52-2050-01 5-11



TABLE 5-4. SUMMARY OF LABORATORY TEST RESULTS FOR SOILS

ék-S

Boring No.| Approximate | Approximate Elevations Sample interval Grain Size Distribution Atterberg Limits Swell
Cffset From | Ground] Tunnel| Tunnel Depth _Elevation uscs Pressure
Center Line of} Surface| Crown| Invert [ From| To | From| To | Classificaton Gravel| Sand | Fines LL Pi
AR Track
ffoet) tieet) flest) | ({fest) ffeet) | (loet) | {feet) | (foot] (%) (%) %) {%) (%) {psl)
sM—1 33SAT, 485 347 a7 60| 100} 4790| 4750 cL 0 a9 81 4 »
gso} 1000; 3%00| 3850 CH 0 5 25 65 41
128.0{ 1300] asro| 3550 SC~SM 1 n 28 26 6
136.0 3490 sC 0 54 48 7 20
155.0| 160.0] 33z00]! 3250 cL 43 57 45 25
SM-1A 320RT. 492 348 328| 13s0| 1430[ 23530| 3490 ct 28 13
1555 1565| a33es| 3358 sC 7 48 a7 a8 20
156.5| 1600 3355| 3320 clL k74 24
1620] 1650] a30o0| 3270 cL 40 25
, 1730 1755] 3190] 3es 8C 5 54 41 23 8
SM-18 340RT. 487 348 azal 1440| 1450| a3430| 20 sP 1 04 a8 12
169.0| 1698 Mso0| 3172 sP 4 95 1 aa 12
SM-4 T0LT. 960 ars 355 0.0 7.0] 9600[ ©530 cL o 25 75 39 24
100/ 110| g¢s00| s490 SM 0 85 15
SM-5 130LT. 1226 396 are| 4510] 4as518] 7Y50| TM4S sP 8 91 1 3y 17 49
SM-11 30LT. 778 528 508 85! 10| 7e95| 7es0 sC 0 70 30 39 19
sM—12 23007, 871 525 505 38 44| e612| 6666 cL 0 46 54 a7 20
6.9 74| ©841| o638 clL 0 45 55 35 19
SM—-13 10LT. 590 521 501 4.1 46| 5859) 5854 cL 40 25
7.3 78| sa27| ss22 ML 27 4
9.0 95 s810| 5805 cL 3 20
14.1 146| s5750] 5754 cL 40 24
150| 200| 5750| sr00 $C 0 54 48 30 8
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TABLE 5-5. SUMMARY OF LABORATORY TEST RESULTS FOR ROCKS

Page 1 of 10
Approximate | Appeoximate Elevations Sample Interval Bukk Buk | Moisturg Uniaxial Compression Point Load Slak e Swell
Borng No| OftsetFom | Ground] Tunnel | Tuonal Depth Elevation Fock Type Spedfic] Denalty] Content Failire Failirg] Young's! Polason's| Stengh]| Estimated Unimdal) Ducsbiily | Fressure
Contor Line of] Surtace! Cown| Inved | Fom| To Femi To {Fo rration) Gravity Made (1) Strasa| Modulue FRatio | Index (2) Compressive
AR Track Strengh{s) ]
fteey) flect) | (foe} | ({iooy | (lowt)| {last) | {leel)} ifoct) {pe) (%) Oiscontinuity) | (ps) [ {ps) (p9) {ps) % ipsi}
M- 1A A20AT. 492 349 aze | 1240)] 124.8] 3s8.0] 34875 | Granodicrite/Gouge 258
1820 185.0| 330.0] 327.0 | Qranadiorite/Gouge 271 245
SM-2 130LT. 720 350 330 ] 2422} 2428 ] 417.7| 477.2 | Granadiorile Axial Splitling 13500 |7.0E +08 0.1%
251.7| 2527 4843 497.1 | Granodiorite 2715 m 02 Shear Plna 10700 L.TEH)B o2
aar.o| 3875 a53.0 | 352.5 | Granodiorite 28 188 08| Conical Failure (Joints) | 1730 |1.1E+08 o.02
05| dse 8| A51.5| 351.2 | Graodioriie 162 05
2820/ 38231 238.0| 337.7 | Granodiorite 27 110 03
354.0( 384 3! 326.0| 325.7 | Granodiorita 17 02
4wa.1) a08.7| 3118 311.3 | Granadiorite Axlal Spliting 15900 (8. TE +06 0.28
-3 €0LT. a8 50 2307 154.5] 1558 S31.5] 53043 Granodiodite 176 04 Anial Splitting (Joinl) | 13100
223.7| 224 8] 462.3| 481.2 | Grancdiorite 283 175 0.2 Axiaf Sphiting 11200 {S.7E+08 0.40
265.1] 2003 | 4200] 419 7 | Grancdinsite 170 02 Axial Splifting 14300
208.0] 205 5| 391.0] 3905 | Granadiorite ShearPlane | 3060
{Jdoinl, caktte healad)
302.7 ] 2053 382.3| 380.7 [ Gianodiorhe 172 0.2 Axia) Splitting 10600
244 2249 3m 8] 381.1 | Granediotite 2.78 75 0.1 Shear Plane{Joints) 12200
32531 3a59| 350.7] 3501 | Granodiorite 270 173 a1 Shear Plane(Join) 10000 {4 4E+08 010
22801 329.0] 346.0] 247.0 | Granadiaria i 0.t Axial Splitting 21200 [8 4E+06 012
A41.0] M1.4] M5.0] 3448 | Granodiotle i72 0.1 Axtal Spliting 17200
34471 345.5] 341.3} 3405 | Granodiorite 27 170 0.3 Conical Failure 14800 |t 2E+07 13
258 5| a59.2] 327.5] 326.8 | Granodiosite 2.7t 169 0z Axig) Sphitting 8600
{doints, catcile haaled)
SM-4 TOLT, &0 375 51 174 78.3] 982.4| 80817 | Granodiolte 187 13 Shear Plane 3850
{Joinl, calcita haalad)
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TAELE 5-5 SUMMARY OF LABORATORY TEST RESULTS FOR ROCKS

Page 2 of 10
Approximale | Approximaie Elevations Sampla intarval Bulkk Bul | Moisius Lniaxiat Comp Point Load Sink e Swoll
BorthgNof Ofset Fom | Ground| Tunnet| Tunnel Dapth Elovation Rock Typa Spadfic| Demnity{ Contany Failsre Faiirel Young's] Poisson’s| Strengh| Eatimated Uniaxtall Durabiiy | Pressure
Cantar Lineof] Sutaca| Cown| inven [ Fom] To | Fom] Ta (Formation) Gravity Mode (1) Stess] Modual  Falip | index{2  Comprewsive
AR Track Snengh(B)
{loat) Geat} | (loel) fleof) | {lesi)] (est)| (leel)| (fesl) | (%) Discontinuily) {ps} | (ps) ips) {psl) (%} {psi
1090| 100.5| 851.0| 850.5 | Qranadiorite Shear Plane 15600
396.0, 198.7 | 544.0) 583.3 | Granodiorita Axial Splitting 18400
' 487 8] 468.0) 4922 4910 Granod /Aphanitic dke{?) 288 168 o4 Axial Splitting 6470 |S.AE+08 0.27
§73.3] 575.0| 386.7 | 38%5.0 | Granodrite 1440 31820
576 0| 879.1 ] 382.0} 3809 | Granodiorite 272 188 >0 Axial Sphitting 22600 19.5E+08 0.15
5§80.4 | 581.7 | 379.6| 3780 | Granodiorite 2.65 189 [ R ] Conlkcal 22900 |1.0E+07 0.15
Sa34 | 5850 378.4] 3750 ) Granodioriie 272 186 0.1 Axial Splitting 20700
5850 | 589.8] 371 4| 370.4 | Grancdiorite 188 o Conical 17400
560.0] 590.0| 370.0 | 389.1 | Granodiile 167 02 &hear Plane 20500
590.8 | 597.0 ] 363 4| 382.4| Granodorite 272 168 02 Conkcal 14000 |8 4E+ 08 0.28
6085 | 6008 | 351.5| 350.4 | Granodiorie 269 187 0.2 Axial Splining 15400 [9.1E +08 0.23
s23.0| 8245] 337.0| 235 5| Granadiortie : 1070 23540
SM-5 130LT. 1220 206 76 | 148.0] 149.% |1078.0 [1078.5 | Sandsiona (Chice) L) 8030
187.8 | 168.4 [1058.2 |105. 8 | canglo. Sandsiona (Chico) Axiat Sphifting 3320
(Clasl Boundasy)
180.3 [ 150.0 j1045.7 |1045.2 | Sandsione {Chico) 68 8008
2048 | 295.0] 931.2| 930.4 | Conglo. Sandsiona {Thico) 2.55 161 04 Conical 5050
{Claat Boundaries)
30523 | 308.0] 920.7] 920.0 | Granitic Clasl (Chico) MH(S’ 14258
52| 159} 910.8] 9103 | Sandsine (Chico) 208 ares
2302 322.0| 8956 | 894.0 | Sandsione (Chico) 238 57
3845 | 388 0! 861.5| 8600 | Conglomerate (Chica) 160 3520
308.1) 398.8| 829.9] 829.4] Sandsiona Clast (Chica) 12003) 2040
400.0] 401.7( 828.0] 824.1 | Sandatone (Chioo} 158 0.3 Thaar Plane 2700
5399 | S41.0| 888.1] 885.0 | Conglomarde {Chico) 4 a8
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TABLE 5-5. SUMMARY OF LABORATORY TEST RESULTS FOR ROCKS

Page 3 of 10
Approximate | Approximata Elevations Sample interval Buik Bulk | Moistrd Uniaxial Complession Point Load Siake Swell
Borng Mol  Oflvat Fom | Ground| Tuensd | Tunnael Dapth Elovation Rock Type Specific| Demity (‘antmif Failure Faiurel Young's] Poisson's| Buengh| Estimated Un Durabilty | Preasura
Canter Linaolf Sudace| Cown| Invet { Fom] To | Fom| To {Formation) Qravity Mode (1} Stress| Modubsd  Ratio | Index { Comprasuive
AR Track Strengh(S)
fleat} (oel) | oot | (leoty | (feeti] (eel}] {leat}! itaeh) Apef | (%) Discontinutty) tpsi) | (pe) {psf) fpoh %) _{psh
551.5| s520| 674.8] 874.0| Conghn. Clay Gouge (Chico) Shear Plane 500
{Clay Shear)
ss32| 5539} 672.8 | 8221 | Congh. Clay Gouge (Chico) 6.2
584 4| 5850 8a1.8| 641.0| Granod./Chibrle alteration Shear Plana 1840 |4 BE+ 05 045
{Jointa}

897.94 | 6987 | 528.1| 527.3 | Granodiotile/dointed 148 1258
7228| 7234 | 5032 5028 | Grancdiorite Conical 1620

(Joints, chiorte knad)
726.3| 727.2| 499.7 | 498.8 | Granodiotile/Waathered 87 1254
78021 770.0| 465.8| 458 0 | Granodiorie 573 12608
828.9 ) 827.4] 390.1] 3988 | Granodiorite Conical 5030 |2.8E+04 0.10

{Jointy

838.3] 837.0( 349.7{ 38%.0] Granodiorile 163 1.t
8347 819.6| 387.3 | 386 .4 | Granodiorte 283 166 12 Shear Plane 10100 [4.7E+08 025
B41.0] 8425 2841 ] 2025 | Granodiorite
B52.5 | as4 4| 3725 | 371.8 | Granodiorita 287 tée 14 No Discemible Plane | 10300
BG4 | BS1.0] 365.8) 365.0 | Granodiorile Shear Plane 320

{Joints, chiorite kned)
g61.4 | 8919 3848 384.1 | Granodiorite 162 10
8853 [ 870.1] 3568.7 | 3558 | Granodiorile/donted a7l a5
ses 5| 887 3] 3395 2387 | Granodinrile 1142 25124

M-8 60RAT. 1180 408 280| s15| S526[t123.5 |1127.4 [ Conglomerala (Chico) 285 180 o7 Conical - 970 |1 AE+0S 044

{Clast Boundaries)
121.3] 1217 |1058.7 11058 3 | Conglomerata {Chico) Conical 6050
159.3| 159.0 [1021.7 |1021.0 | Sandstons Chast {Chico) 19(3 418
2131 234.1] 9488 | 9459 | Granitic Clast {Chico) 492|3L 10824
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TABLE 5-5. SUMMARY OF LABORATORY TEST RESULTS FOR ROCKS

Page 4 af 10
App Approximata Elsvati Sampla intanal Bk Bk | Molskur Linlaxial Compression Point Load 1 Slaka Swaell
Borng No] Otieel From | Ground] Tunnel { Tunnel Dapth Elavation Fock Type Specific| Desmity] Content Faiure Falurd Youngs] Polson's]| Strengh| Estimated Lniuxiall Durabilly | Pressure
Center Linaot] Surace] Cown | tnverd | Fom] To Fom| To {Faramation) Gravity Mode (1) Stress| Moduluy  Rativ | ndex Comprasaive
AR Track Srangh(5)
flect} fleaty | f{foaf) | ffest) | (teat)} {loel) | {loat}] {ool) _tpet} (%) _Discontinuily) (po) | tpsih _ipe) | ()] (%) {ped}
2626} 2838 | 897.4 ] 896.2 | Conglomesate (Chiao) 874
3758 378.9| 804.1] 803.1] Congomerata (Chico) 249 158 03 Conical 002 11 BE+08 0.37
{Clast Boundariaa)
430.1| s40.0] 7409 730.1 | Congb. Sandsne (Chico) 336(4 7392
Quartzis Clast {Chioo) 500{3, 11000
402.5] 492.0] s87.5| 687.0 | Sandetona (Chico) Axial Splitting 6060
§71.2] 572.0 608.8 | £08.0| Sandsbna {Chica) 405(4 8910
Quartzite Clast (Chico) 731(31 18082
591.4| 592.1| 588.8 | 587.0 | Conglo. Sandsiona (Chio) 583 12828
sa7.0| &87.8 ] 480.0] 492.4 | Congomarate {Chico) Shear Plang o
{Ctasi Boundary)
738.0{ 739.0 | 442.0| #41.0] Granodiorite/Waatered 107 2354
7542 755.0| 425.8 ] 425 0 | Granodiorita/Weatherad 197 4334
7735 7741 40085 405.9 | Granodiorite 264 184 26| Shear Plane (Joint7) | 3330 (1.1E+08 0.04
777 8| 178.8| 402.2| 401.4 | Granodiorite 2.57 182 1.0 Axlal Splitling 2030 [4.0E+05 0.95
7025 7834 3975 296.2 | Granadmihe 162 os Conical 4400 (4 6E+ 06 .36
769.3| 700.0 ] 390.7] 2900 | Granodimrita 283 184 09 Conical 210
8006 | B01.0| 379.4 | 3790 Granadiorite
por.0| soee | 372.1| 3711 | Granodiorite/Weathered 81 1342
-7 22T 1100 429 wa| 730| 743]10270 |1025.7 | Sandsone (Simi) 155 0.50 Conical {Joinf) 1270
111.5] 1127 ssas| 887.3] Sandsbone (Simi] 15 0.60 Shear Plang 4580
1817 1821 | 518.3| 9178 ) Qurartiie Clast (TChico) ooe(sﬁ 13232
1es.0| 188.8| 8140 8132 Sandstone {Chico) 4 132
192.4] 193.3 | #07.8 | 908.7 | Sandsone (Chico) 152 1.00 Shear Plane 5870
2685.0| 2000 | 811.0] 810.0 | Sandsione {Chico) 250 152 03 Shaar Plana 4380 [1.4E+06 015
303.2] 304.0] 790.7| 796.0 | Sandsone (Chica) 99 2112
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TABLE 5-5. SUMMARY OF LABORATORY TEST RESULTS FOR ROCKS

Page 5 of 10
Approximata Approsimate Elevaliona Sample intenal Bulk Bulk | Molskrd Uniaxial Comprassion Poinl Load Staks Bwall
Borng Noj  Ofisel Fom | Gound| Tunnal | Tunned Depth Elavation Rock Type Specific] Density| Content Faiira Fallire] Young's] Polsson's| Strengh) Estimated Un Dumabiily | Pressura
Center Linaol] Surtace] Cown | lnvert | Fom| To | Fom| To {Formation) Qravity Made {1} Streas Mo:u.-# Aatio | Indax Compieaahm
AR Track Suenghi(5)
(toat) floaty | ¢ tost) | (featy) fleay] flont)] flest et b ow Discontnoty) | (pah | (poh _ips) {p¥) (%) {psi)

4327 | 4)3.0 | 867.1| 8864 | Sandsione (Chico) 184 0.2 Conical 18108
5657 | sea.8| 534.2| 5334 [ Conglomarale {Chico) 180 on Conlcat 5190

{Clast Boundaries)
590 3 | 501.4 | 508.7 [ 5086 | Conglomerate (Chioa} M T42
6520] sa24 | 4380 437.8 | Conglomerale {Chios)
4726 8733 427.4| 4287 | Conglomerata {Chioo) 258 187 L X 1 Ho Discemible Pans 1800 [9.7E+05 0.50

{Clast Boundarles}
6a15)] Aa20 418.5| 4180 Sandsione {Chioo)
0853 8858 414.7 | 414.2 | Conglmarate (Chico) 140 0.5 | Bhear PL.{Shear. cnlciteQJ 1190 |4.0E +05 0.38
690.5] 7008 400.5| 356.4 | Congiomarate (Chico) 250 187 0.8 Shear Plne 3800

{$heared Surtaca)
7015} 702.0 | 388.5| 398.0 | Conglomerale {Chico)
703.0) 703.7] 2870 3683 | Congrineiate {Chico) 153 0.6 Shear Plane 2430 {1 8E+08 0.10

{Shears)
7040 704.8] 398.0| 3954 | Conglomerate {Chico) 25 50
70471 705.7] 395.3| 304.3| Conglvmarate (Chio} B5.3
706.0) 7088 | 3940} 3932 | Conglamarate (Chico) 243 152 [+ 1] Ghear Plana 280
{Clay Coated Shaais)
7068 | 707.8] 393.2] 382 2| Congbmerata (Chioa) 154 o4 Axial Splitting 3340 1.8E+08 .31
{Shears)
730.3| 731.2] 360.7 | Y69.6 | Conglmarate {Chico) 839 14058
-8 OAT. 1175 450 430 776 70.4|1087.4 |1095.8 | Basall M Topanga) 151 5.1 Conical 4310 W7
{doint)

2106 211.7 | 964.4| 562.3 | Basalt M Topanga) 32 704
217.7 | 2183 | BST.3 | 950.7 | Basah M Topanm) Axial Spitting 4200
271.0] 27241 904.0| 0024 ) Basan (M Topanga) x 440
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TABLE 5-5. SUMMARY OF LABORATORY TEST RESULTS FOR ROCKS

Page & of 10
Approxi Appmo ximale Elovations Sampia Intanal Butk Bk | Moistra Uniaxdal Comp [ FPoint Load | Stake Sweoll
Borg No| Otiset Fom | Ground] T l ] Turnel Deopth Edgvation Fock Type Spacific] Dansity | Content Faiire Failyrd Young's] Polsson's| Stangh| Estimated Uni Durabitly | Pressure
Center Une of] Surfaca| Cown | Invert | Fom| To Fom] To {Formmation) Gravity Mada (1) Skess| Modulus  Ratio | Index | Compraasive
AR Track Strangh (5)
{toot) ooy | tteet) | tests | floetti tloat)] floon! (tesi) e | % Discontimly) s | (o) (s {poh % {psi)
323.8| a24.8f 851.2| 850.2 Basalt M Vopanga} 238 150 17
3255| 3203} 649.5| 8487 | Basalt M Topanga) 248 5458
397.5| 3988 77T.5] 7762 Basall M Topanga) -} T04
453.5| 454.5| 721 8| 7205 | Basaht M Topanga) 128 0o Sheat Plane 2400
4910] 4025 684.0| 8825 | Basalt M Topanga) m 3800
5383 | 540.1] 86367 034.9 | Basal Breccha (M Top.j 257 137 r? 59.0
as4.4| ss5.6| 520.6| 5184 | Sandsbone (L Topanga) ] 182
712.4] 7124} 4826 | 491.8 | Sandsione (L Topanpa)
T21.4| 722.2] 453.8| 452.0 | Sandaione (L Topanga) 2.42 149 [+X] Conical 4820 |1 2E+08 039
13| 7320 4437 ] 443.0] Conglomeratic Sandstona 245 154 08 Axial Sglitting 3230 [2.5E+08 o.24
{L Topanga)
737.1| 737.5{ 437.6| 4375 Sandsine (L Topanga)
741.5| 7426 ] 433 5] 4324 | Sandstone (L Topanga) 241 152 1.8 Axial Splitting 1500 [4.3E+05 0.4
745.0] 7452 ] 430.0 | 429.7 | Conglo. Sandsiona (L Top )
752 5] 753.8] 4228 421.4 ] Sandstone (L Topanga) 152 1.0 | Shear Plane*/Axial Splitti| 3320
7627 | 783 5| 412.3] 411.5 | Sandstone (L Topanga) 2.3 154 28 Sheat Plane 70 |2 4E+05 0.1 238
{dnints)

780.5| 787.5| 288.5| 387.5 | Sandsione (L Topanga) 281 182

SM-6 170LT. 1112 73 459 | 235| 34.3[1078.5 [1077.7 | Basalt Brecci (M Topanga) 27 L)

e25| 835110495 |1048.5 | Basalt Bracc (M Topanga) 134 58 Shoas Plane 3850
1170} 117.8] #95.0| 994.2 | Basall (W Topanga) 154 4.7
151.6| 152.7| 9601 | 958.3 | Basal Brocci (M Topanga} 8 858
1969 197.9] 915.1 | 814.1] Basalt Brecca (M Topanga) 142 58 Shear Plane 830
{Shears. reclile haated)
288.5| 208.2] 825.5] 823.8 | Rasalt Breccl (M Topanga) ] 238
2S.1f 317.0| 7989 | 795.0 | Basakt Brecch {M Topanga} 138 4.7 Axial Spitting {Shears, | 1050 sne
chaclte— chiorke haalad)
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TABLE 5-5. SUMMARY OF LABORATORY TEST RESULTS FOR ROCKS

Page 7 of t0
Approximate | Appeoximate Elevations Sample Intaral Bulk Btk | Moiskure Uniaxial Compression Pabi Load Sigha Swalt
Borng Mo} Oftset Fom | Ground| T | Tonned Depth Elavation Pock Type Spadfic] Cemsity | Content Failure Falurel Young's! Polsson's| Stangh| Estimated Unkudiall Ducabilily | Prasaura
Cantat Lineof| Surtacej Camwn | wved | Fom| To | Fom] To {Formation} Gravity Moda (1) Stress| Moduly Ratio | Indax (7+ Compreseive
AR Track Strengh(s)
{iaat) (foat) floot) | fioal) | (oot} (leaty] (fost)| (oo ipeh {%) Discontinuily) (psi) tpsi) P} %) {psl)
437.7| 4200 | 874.3 | 673.0 | Basah Brecch {M Topanga) 148 is
587.7| 568.3] 544.3| 542.7 | Basall Bracca {M Topanga) 259 E- ]
s755| 577.0] 538.5| 535.0 | Basalt Breccis (M Topanga) M ’ (X Conical 1870
{Sheaar, chiorite healad)
8220 6246} 489.0| 487 4 | Basalt Braccia (M Topanga) 225 148 98] Axdal Splitting (Shear, | $50
clacile— chibrite healed)
ga0f e2es| 466.0| 4854 | Basan Breccia (M Topanga) 836
0927.5] 8280 4845 484.0 | Basal Breccia (M Topanga)
835.7| 838.3| 476.3| 475.7 | Basakt Brecca (M Yopanga) 14 70 Conical 40
{Clast Boundaries)
o44.2) 8452 | 467.6] 4568 | Basalt Braccia (M Topahga) T5.0
sasaf o4t g| 48821 4651 | Basah Bieccia (M Topanga) 227 147 58 Conical (Shear, 430 |2 BE +05 0.45
chiortte - renifla heaisd)
6618 | Be4.| 448.2 | 447.1 ] Basalt Broccia {M Topanga) 142 7.2 Conical 1510
{Clast Boundarias)
672.4| 873.0| 4338 | 4390 Basan Brecca (M Topangal 2m 135 78 Shaar Plane 1040 |5.2E+05 Q.22
SM-10 160LT. 1147 505 465] 460) 48.0[1101.0]1099.0 | Sandstona (U Topanga) 1 FL.]
89.0] 90.011058.0 |1057.0 { Conglo. Sandsone (U Tap.) 13 4.0
1739] 175.0] 9731 | 972.0 ] Cong. Sandsiene (U Top.} 43) 8528
1867 | 187.68] 980.3 | 959.5 ) Sardswone {U Topanga} Axial Spliting 3750
29001 201.3| 857.0} 8557 | Sandstona {U Topanga) 138 25
349.0] 350.0| 708.0] 707.0 | Sandsione (U Top) 140 3064
368.2| 367.2| 780.8] 779.4 ] Sandsione (U Top) 217 A774
4350 437.0] 2.0 710.0 | Congke. Sandsione {U Top ) a2 14 22 Shear Plane 2670 |7.8E+05 0.35
5428 5437 ] o044 | 8023 Conglo. Sandetona {U Top ) 142 20
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TABLE 5-5. SUMMARY OF LABORATORY TEST RESULTS FOR ROCKS

Page 8 of 10
Approximate Approximale Elevatons 8 i Intenal Buk Bk | Molstured Uniaxiat Comprassion Pont Load Slake Swell
Borhg No| Oftsel Fom | Gmound| Tunnel | Tunnal Dapth Elavation Fock Type Spaedific] Cenaity] Contenl] Faiura Failire] Young's! Poisson's| Strengh! Estimated Uniaxiall Durabiliy | Pressura
Centar Lina of] Arface] Cown| invert | FOm| To | Fom] To {Fo rrmtion) Gravity Modae {1} Stresa| Modulus  Ratic | index Comprezsive
AR Track Srangh(s) )
{fest} fleat) | (fmet) | (et | (loeh| {leel)| {loeh)} (fsel) {pch ) Digcontinuily) Jdpsit | (ps) {psl) (psd) (%) _tes)

#000] 601.5] 547.0] 545.% | Granitic Clagt {1t Top.) s22(3) 11484

Cong. Sandsione (U Tap.) 00(4 1900
611.5| 513.0| 5355 523.1 | Sandsione (U Topanga) 143 1.0 Axial Splitling §170
#300| 631.1( 517.0{ 5159 | Sandstona (U Topanga} 222 128 i1 Conical 2830
6350 @35.4] 5120 5t1.8) Sandatons (U Topanga) TA
a40.0| &41.0| S07.0] 506.0 | Crngls. Sandsiona (U Top) 144 34 Shear Plane 5320 |2 5E+08 032
641.5| 8416 ] 5055 ] 5051 | Congl. Sandsionae {U Top)
6439 0450] 5031 | 5020 | Congb. Sandsona (U Top.) 143 21 Axiat Splitting 4810
8450] 640.0| 502.0 | 501.0| Sandsbone (U Topanga) 2.4 138 ar Shaar Plane 3540 (1 9E+ 08 0.29
&550| 650.1 | 402.0] 4509 | Sandsione (U Topanga) 142 1.7 Axial Sqlitting 3840
839.1| 050.5| 487.0 [ 4287.5 | Sandstona (U Topanga)
eeaa| e700! 478.2| 477.0 | Sandsons (U Topangal 2.80 163 23 Conical 13500 |5.4E+08 0.35
g700f a70.7 | 477.0| 478.3 | Qrantic Clast (U Top.} ) 306 8052
678.4| 8778 | 470.4 | 460.4 [ Granitic Ltast (U Top.) Ma(j 17648
870.4| 860.0 | 468.8| 487.0{ Sandaonae (U Top} 181 3982

SM-1t JOLTY. 778 526 sog| 8a7[ e4@]| 714.3] 7132 ] sandsone/Sitisiona (UTap.) 128 52
111.2] 1125 ] 866.8 | 865.5 | Sandaibnse (U Topanga) 284 124 78 Sheat Plane 1io
115.0] 110.7 | 663.0| 861.3] Sandsone (U Topanga) a1 142
16021 1623 0178 8157 | Cong. Sandabbna {UTop) 1 10 95.7
1900 1620] S88.0| 386.0 | Sandstone (U Topanga) 153 3368
212.9| 2148 [ 5651 | 563.4 | Shale/Sandsbne {UTop) 2 484
2175 | 210.7 ] 550.5 | 559.3 | Sandsbbne (U Topanga) 149 24 Shear Plana 1020
{Beddng}

2309] 2379 | 541.1 | 540.1 | Sandsone {U Topanga) 202 1% 78 Axiai Splitting 2260 15.2E+08 9.28
2350 | 238.7| 219.0| 538.3| Sandsiona {U Topanpa)
2425 244.5] 5355| 5335 [ Sandsons (U Topanga) k1] 57 Shaar Plane 4480 [1 VE+06 0.32
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TABLE 5-5. SUMMARY OF LABORATORY TEST RESULTS FOR ROCKS

fage b of 10
Approximate | Approximate Elevations Sampla Intenal Bulk Buk | Moisuure Unlaxial Comprassion Poinl Load | Siakae Swoll
Borhg Nof Offset Fom | Ground| Tunnel| Tuenet Dapth Elavation Rock Type Specific] Danaity Cunlml[ Faiure Faturet Young's| Poisson's| Strengh| Estirmated Uniaxiall Durabiiy | Pressure
Center Lina o] Surface] Cown | Inveit | Fom{ To | Fom] To (Formation) Oravity Made (1) Strass| Modulm  Patio | index Comptessive
AR Track Strangh(s)
(oot} {leat) {teat) {loal) | fteot) | (leetl} ]| (feat)| (ioel) et {'%) Discontinwity} ips) | {ps) {ps) (ps) %) lpsh
2450} 240.0] 533.0 ] 532.0 Sandaone (U Topanga) 127 48 Conical N0
, 2630 | 254.8| 524.2| 823.2] Conp. Sandsona (U Top ) 2.3 t45 A Ehear Plana 4700 |1 5E+08 0.24
2800] 281.1| 516.0] 516.5 | Sandsne (U Topanga) 138 21 Axlal Splitting 070
2750 2780 503.0] 502.0 | Sandsone/Sitsona (U Top) 277 135 19 Conical 140 |4 4E+05 821
{Badding Plane)
3005 301.0] 4775 477.0| Sandsone/Sisbne {U Top ) £ 1254
SM-12 230LT. 671 525 505| a3se) 237.3)] 834.2] 6337 | SandstonesSitsone Shaar Plans 80
{V Topangal {Bedding)
89.6| 90.1| 581 4| 580.6 | Sandsne [U Topanga) Shear Plane 270
g50] ©0.0] 570.0| 675.0 ] Sitsbne (U Topanga) T8 ®r2
103.4| to4.1| 587 6| 5849 | SandsOna/Silaone Shear Plane 50 |6.3E+02 0.27
(U Topanga) (Bedding)
1428 1428 5284 | 527 4 | Sandsbne/Sitsone 124 1128 Conical 230
{U Topanga) {acroas badding)
1517 | 1528 818.3| 51081 | Sandsonae (UTopanga) 220 14 L1 ] Axial Splitting 1760 |S SE+05 0.4
162.11 162.9 | 500.6| S08.1 | Sandsona/Siisona 270 27 101 Shear Plane 140 [3.2E+D4 0y
(U Topanga) {Bedding)
1852 | 166.0| 505.8 ) 505.0 | SandsonasSitsione{U Top ) 128 50| Shear Plane (Bedding) 100 1.3
167.0| 188.0 [ 504.0] 501.0 | Sandsone/Sitsone(U Top.) 128 88 Shaar Plane 100
{Beddng)
174.6] 1758 496.2[ 495 2| Sandsne/Sitisona(l Top.) 272 pE 58 Sheas Plane 20
{Badding)
191.5] 162.0] 476.58 ) 478.0 | Sandswone (U Topanga) 34 792
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TABLE 5-5. SUMMARY OF LABOBATORY TEST RESULTS FOR ROCKS
Page 10 of 10

Approxamalte | Appmaimaie Elevations Sampla intanal Bulk Buk | Moishrs Uniaxial Compression Point Load Stake Swell
Borng No|  Ofiset Foomn | Ground| Tunnel | Tunnel Dapth Elevalion Fock Typa Spacific| Density] Conlent] Faikire Failurel Youngs] Polsson's| Stengh| Eatimated Uniaxiall Durabiliy | Preasute
Center Line ol| Surface] Cown | Invert | Fom| Ta | Fom| Ta (Formation} Gravity Mode (1) Stresa| Modulus  Ratio | Index (q Compressive
AR Track Stengh(S)
{feat) {teat) {feert) (leat) | fleeli] (leati] (featl)]| {leol) tpch (%) Discontinuily) tpsi) {psi) {pei}_ {po} {%} tps) |
SM-1) 10LY. 590 521 801 466 | #48.0| 5431 | 5420 Sandsne/Sinstona (U Top) 11
803 622} 520.7 ]| 527.8 | Sandsbbna/Sihsione (U Top) 2,94 123 7.8 Shear Plane 280 |5.8E+04 D41
{Badding)
451 B88.4| 524.8 | 523 6 | Sandswne/Sitlatna (U Top)) 125 Shear Plane 230
{Bedding)
T 72.¢| 518.6| S17.1 | Sandsionae/Sitlalone (U Top ) 4.1} 118 8.0 Shear Plane 40
{Badding)
79.0| 798| 511.0| 5101 | Sandstone/Siisnae (U Top) 22 128 Shear Plane 120
(Bedding)
#2.5| 83.74 48751 496.3 ] Sandsbne/Siftstone (U Top.) 124 10 Shaar Plane 80
{Baddng)
88.7| €67 4913 4913 | Sandsona/Sitsone (U Top.) 27 124 35 Shear Plana 170 13
(Bedding}
Notes: (1) Three taiire modes were observed. Tiesa includad:

(i} Axial Spliting mode where lailire plnes wara near verical and splitted he samples intD two pieces.
{i) Shear plane mode whare well- defined inclined ke (shear) planes (i.e. at an angle io vartical) were observad.
{iii Conical lailure mode whara cone—shapad ke planes ware observed.

(2} The paint load strength has been oosfacted for size elects as per ISAM Standards.

{3) Point load strength index tor ha sampie clast.

{4) Point load strengh ndax ot he sample ma brix.

{5) E stimated uniaxial compressiva sbengh calcutataed by multiplying Poinl Laad Stengh Index by a lacbrof 22,



TABLE 5-6. SUMMARY OF LABORATORY TEST RESULTS FOR ROCKS IN VARIOUS FORMATIONS

Bulk Bulk | Moisture Uniaxial Compression Peint Load Slake Swell
i Specific | Density [ Content{ Failure Young's Poisson's | Strength Estimatied |Cumbility | Pressum
Gravity Strese Moduius Ratio Index Unisucial
Compressive
ped | %) | * (Ksi) {psi tps) rangth (Ksi) | (%) (psh
FORMATION: GRANODIORITE
COUNT / INTACT 21 a2 R aafz;[ 18/ 19114 10/ 4 10/ 1
MINIMUM 257 182 0.1 1.82 4.0E+05 a.02 57
MAXIMUM 283 178 25 22 50 1.26+07 045 1440
AVERAGE / INTACT 270 188 0.5| 1087 /14.18 S.EE408/B.0E+08| D.21/0.24 518 /581 114721 2450
FORMATION: CHICO (Inciuding Simi)
COUNT / INTACT ? 1 18 214 714 713 14/ 1411 2 1
MINIMUM 2.43 140 0.2 0.28 1.4E+05 0.10 4 953
MAXIMUM 285 184 1.0 18.11 1.8E+08 0.50 731 a7 .4
AVERAGE / INTACT 252 155 05| 4487717 11E+08/ 1BE+ 0.35/024  254.8/254.6 56/54 B8 4 a2
QUARTZITE AND 5.85 1ace
| GRANITIC CLASTS
FORMATION: LOWER TOPANGA
COUNT / INTACT 4 5 5 5/4 472 4f3 2/d 23 1
MINIMUM 2.20 148 0.8 0.97 3AE+05 6,11 34
MAXIMLIM 2.45 154 25 42 25 +08 .43 281
AVERAGE / INTACT 242 152 14| arvaraag 11E+06/0.84E+08]  0.3070.41 158 / 156 3.49/3.4 w8
FORMATION: MIDDLE TOPANGA
COUNT/ INTACT 5 15 5 12/ 2/ 1 271 9/ o/d 5
MINIMUM 275 128 a5 0.04 3.8E+05 0.2 20 58.0
MAXIMUM 2.57 154 100 4.3 S2E+05 0.45 258 98.7
AVERAGE / INTACT 2.38 142 83| 1887287 4 5E+08 / 5.26 + 0.34 / 0.2 96 / od 2117211 75.0
FORMATION: UPPER TOPANGA — SANDS TONES / CONGLOMEPATES
COUNT / INTACT 4 12 12 aid 474 4/ a/ 8/4 1
MINIMUM 2 131 0.25 287 7.8E +05 0.32 90
MAXIMUM 2.80 163 4.00 13.50 5.4E + 04 0.39 803
AVERAGE / INTACT 2.2 142 186 | 5037503 2BE+06/26E+0 035/03%  242.8/242.6 5.34 f 5.24 774
QUARTZITE AND 5.64 12.4
GRANITIC CLASTS
FORMATION: UPPER TOPANGA - SANDSTONES / SHALES
COUNT / INTACT 10 2 22 za.rsl /4 7/ &/4 5/ 5
MINIMUM 2,02 118 19 0.02 9.3E +03 0.24 22 1.1
MAXIMUM 2.77 140 135 479 1.5E +0d 0.40 153 95.7
AVERAGE / INTACT. 2.54 130 88| 1037238 0.5E+06/0.5E+08 0.3470.33 58 / 64 1.49/ 149 <AE:]
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TABLE 5-7. SEMI-QUANTITATIVE X—RAY DIFFRACTION ANALYSIS (1 OF 2)

Approximae Approximate Elevations Sample Intervel Parcentage by Weight
Otisat From
Boring Nol CenterLine of| Ground Turusel Tunnat Depth Etavation Rock Type - i - ; s
AR Track Suriace | Crown rart From To From To g g 3 2 - i * |z 3 % % E i
5 * E E £ g £ g £ ;
tieet) tlaet} ) tieet {foon) feet) tioet) ifoet) 3125 & £|d AEALIE: 3
SM—tA J20AT. 492 348 28 1240 1245 6440 3875 | Granodiorits/Gouge 19] 35 23 3 10 7
1620 1650 30,0 327.0 | Granodioriis/Gouge 257 A 4] 10 4 Tr 2] 14 4 T
SM-2 134T, 720 AS0 330 36710 3815 1530 3525 | Qranodionite 4] 3 2 Tl 18] 12] 11 2
34820 423 1340 337.7 | Granodiortts 24 2 2] 13 21
SM-3 60T, 688 350 a30 153 3359 asar 350.1 | Grancdio e 26] a3z 1 12| 18 |
3447 kILE M3 340.5 | Granodiorite 4 N 1 10 1| 18] 7
SM-4 TAT. 960 s 55 $78.0 e aszo 330.9 | Granadiorite 0| 33 2 3| 25 4 2
5986 5978 824 362 4 [ Grancchorite Tl 40 2 4 9| 17 %
6085 6008 as1s 3504 | Granadiorite Ni I 1 10 41 15 Tr
SM-5 1MLT. 126 396 76 4511 4518 149 7741 | Conglomeratic Sandstone 2| 18 5 15| & 17
5532 2539 grae 6721 | Conglomertic Clay Gouge 291 10 Tr 2 & "} 2
8269 74 3991 358.6 | Oranodiorite 12| 15 Tf 2| 1 30 24
8387 8398 387.3 385 4 | Granadiorite 250 23 11 3T 8| 18 -] a
2604 B61O A58 365.0 | Granodio e 0] 45 8 12 2] 18 4
EM-6 EOAT, 1180 408 88 Tras Tr4 4068 405.8 | Granodiorite 2] 26 1 2 2| ] L]
e 77886 22 401.4 | Granodionits (LB ] 1 1 2] 2 2 2
SM-T 22T 100 428 408 5726 £733 4274 426.7 | Conglomemte 41) 22 15 ] 1 FARRE ]
693.5 TOD8 4005 3994 | Conglomemtic Sandsione 45| 23| 18 2 1 4 ]
706.0 7068 M 393.2 | Conglomarale 45] 18] 13 4 9| 3
SM-8 ORT. 1Hrs 450 430 7214 22 4538 4528 | Sendsione | 28] 20| 20f 1 LY ] 7
™ma mo 4427 4430 | Conglomaretic Saristons asi 24 6| 2 4| Tr 8
7418 7428 4215 432 4 [ Sandatore 36| 12 20 - 4 23
7827 7615 4123 411.5 | Sendsiche 7] 23 11 g] 10 x
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TABLE 5-7. SEMI-QUANTITATIVE X—RAY DIFFRACTION ANALYSIS (2 OF 2)

Approxim ata Appraxdmate Elevations Sampls Interval Paicentaga by Wsight
Cttest From
Boring Mo Centarline of] Oround |  Tunnei Tunnel Dapth Elevation Rock Type . 2 - i i .
ARTwck | Sudece | Crown [ \vert From To From To i i 2 E § o g i + i E g 5
w
| fomg ooty | oey | toot | peot | esty | ooy | ftesg ; Zli|A 3k £33 } 5182
SM-9 17aT. 12 478 459 6357 638.3 4763 475.7 | Basak Breccla Tr t 84 15
6638 664.8 4482 447.1 [ Basah Breccia T F4 87 1
SM-10 1HLT. 1447 505 485 €320 8311 S1T.0 5159 | Conglomarstic Sandsione 2t] 35| 28 2 1 1 H 7 3
8439 6450 5011 5320 | Conglomemtic Sandetone ) 1) = ] 1 2 a 5
asasg 8700 4782 477.0| Sandsions N| 39| & 2 9 1
SM-11 AT 78 528 508 2425 2445 5)5S 5333 [ Sandstone 2 26 2 a 3 4 2
2538 254.8 5242 5232 | Conglomemtic Sanditons 4] 28] 28 2 2 3 Tr 2 ) 3
2750 2760 500.0 5020 | Sandstone 2| 24 12 3 2 [ 1 ]
SM-12 234 T. &71 525 505 517 1529 518.3 S18.1 | Sendetans/Sillsione | ¥ 18 % 8 2 -] 2
16852 1660 5058 5050 | Sandstone/Siltstone My 21} 15| 13 2 ] 4 2
1670 1680 504.0 5020 | Sandstong/Siltsion 7| 2 N 1 1 H 11t ] 17
1746 1758 496.2 495.2 | Sendstone 2 231 N 2 2 " 4 15
SM-13 10T, 590 21 501 60.3 62.2 5297 527.8 | Sandstone/Sitstone 5| 200 14 3 1 7 | 19
T 1249 5189 S17.t | Sandstone/Sillstone I 18] T Tr 5 1 x
057 a8 7 45922 491.3 | Sandstone/Siltstone Ml aal N[ T 8 10 1 20
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6.0 GEOTECHNICAL CHARACTERIZATION
AND ANTICIPATED TUNNELING CONDITIONS

6.1 GENERAL DESCRIPTION AND METHODS

This section provides a geotechnical characterization of various rocks anticipated to be
encountered along the proposed alignment based on data from the current laboratory and
field investigations. The laboratory investigations were conducted on rock core samples
selected from the borings completed for this project. The field data interpretations are
based on the boring logs and in situ field testing within the borings. The geotechnical
parameters from the field and laboratory testing are presented in Section 5.0. Those
geotechnical parameters are the basis for characterizing the in situ rock masses through
which the tunnels will be excavated for anticipating the ground behavior affecting tunneling
- conditions. This section first discusses the geotechnical parameters considered significant
to tunneling, and then applies those parameters to selected tunneling-related rock mass
classification systems. The last part of this section reviews the anticipated tunneling

conditions for each of the rock types grouped in reaches of the tunnel.

A number of rock classification systems have been developed and published for use in
engineering of excavations in rock masses using the basic geotechnical parameters presented
in this report. Four of those classification systerns are reviewed in this section as examples
of how the rocks in the Santa Monica Mountains along the proposed Metro Rail alignment
can be classified according to the different systems. The geotechnical parameters considered
relevant for design and construction of the planned tunnel and shaft facilities include but

are not necessarily limited to the following:

0 Strength, deformation, and index parameters  intact rock cores including

uniaxial compressive strength, point load tests, Young's modulus and Poisson's

060793, RET/H2-2050-01 6-1



ratio, slake durability, swell pressure, abrasive hardness characteristics, and

deformation modulus of the rock mass.

Rock mass parameters derived from field observations include core recovery,
RQD’, and discontinuity characteristics including types, joint sets, joint
spacing, roughness and discontinuity filling, dip, and degree of weathering as
presented on the boring logs. '

Other field-derived parameters that affect rock mass guality include seismic

velocities and hydraulic conductivity characteristics.

The evaluation of the geotechnical parameters in this report is limited to the data from the

tunne] envelope, which is defined as the zone between approximately 20 feet above the

tunnel crown and 20 feet below the tunnel invert. The geotechnical parameters and their

~ applications to the rock mass classification systems have been derived for the geologic

units/rock. types that were encountered in the borings. These include the following as they

occur along the alignment from south to north,

Q © o 0o ©

Plutonic rocks (granodiorite and quartz diorite)

Chico Formation (conglomerate and sandstone)

Lower Topanga Formation (sandstone and conglomerate)
Middle Topanga Formation (basalt and basalt breccia)

Upper Topanga Formation (including a lower section of massive sandstone
and an upper section of interbedded sandstone and shale).

Due to the locations of exploratory borings and geologic structure of the dipping bedding,

suitable samples for testing the Simi Conglomerate and Las Virgenes sandstone were not

obtained or not encountered in the borings. Although these two formational types were not

‘RQD is defined as the ratio {in percent) of the total length of all core pieces exceeding 4 inches to the
total length of rock drilled in each core run.

060793, RPT/32-2050-01 6-2



tested in the laboratory, their properties are believed to be similar in nature to the adjacent
materials due to the similarity in lithology and close stratigraphic association. It is
anticipated that the Simi Conglomerate is most like the Chico Formation, and the Las
Virgenes sandstone is most like the Lower Topanga Formation. In a broad sense, these can

be grouped together with regard to geotechnical parameters.
6.2 LABORATORY GEOTECHNICAL PARAMETERS OF INTACT ROCK CORES

The results of index, strength, and stiffness parameters of the intact rock cores as
determined from the geotechnical testing program, are presented in Table 5-5 and Appendix
E. These parameters include uniaxial compressive strength, point load strength, Young's
modulus and Poisson's ratio, bulk density, moisture content, bulk specific gravity, slake

durability, swell pressure, and deformation modulus.

The ranges of the laboratory test values, maximum and minimum, for rocks in different
geologic units of all tested rock and of the tunnel envelope are provided in Tables 5-6A and
5-6B. For uniaxial compressive strength and point load tests, the average strengths for the
total data set and for intact rock cores (i.c., excluding cores with apparent discontinuities)
only, are both presented. The intact rock core data include those results from tests that did
not fail on pre-existing discontinuities. The strengths of the intact core best represents the
strength of the rock mass for each formation. Plots of the uniaxial compressive strength
versus Young's modulus for all intact core test data and intact core data just from the tunnel
envelope, are shown in Figures 6-1 and 6-2, respectively. The following observations can be
made based on review of the data presented in Tables 5-6A and 5-6B and Figures 6-1 and
6-2:

0 Strength and modulus values as determined from the laboratory test program
show significant data scatter. This scatter may primarily reflect the in situ

variation of the rock mass as shown in Figures 6-1 and 6-2.

060793.RPT/92-2050-01 6-3



0 Tests on samples from the interbedded sandstone and shale in the upper
section of the Upper Topanga Formation indicate second cycle slake durability
indices ranging from 1.1 to 13.1 percent. Thus, these rocks will be extremely
susceptible to slaking. The test results also show that for the rocks in the
basalt and basalt breccia in the Middle Topanga Formation, second cycle slake
durability indices range from about 59 to 97 percent. Thus, those rock types
are medium to low susceptibility to slaking, and may require prompt
protection/support as tunnel excavation proceeds through the basalts. The
Lower Topanga Formation and Chico Formation have second cycle slake
durability indices more than 94 percent and are less susceptible to slaking.
Although no tests were performed on samples of plutonic rocks, these rocks,
except the materials in gouge zones, are also less susceptible to slaking.
Gouge materials from the plutonic rocks visibly swelled and slaked when

placed in water.

0 Relatively lower uniaxial strength values were observed in some tests on
samples from the plutonic rocks, Chico Formation, Lower Topanga
Formation, basalt breccia of the Middle Topanga Formation, and the
interbedded sandstone and shale of the Upper Topanga Formation. The
lower strength values of those rock types are generally attributable to unique
conditions or pre-existing discontinuities within the tested cores, and do not
necessarily represent the typical intact core strength of the formational
material. This is evident from examination of the tested cores and
consideration of the presence of discontinuities that resulted in a preferred
failure. For example, the Chico Formation and Lower Topanga Formation
are held together by varying degrees of cementation of the sandstone or
sandstone matrix of conglomerates. The failure mode of many of these
samples was conical along the interface between clasts and the matrix; very
low strengths (<2,000 psi) were along pre-existing, clay-lined shears (SM-7,

elevation 414 and elevation 394 feet). The low uniaxial compressive strength
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of the basalt breccia results from its composition of basalt fragments floating
in a matrix of chlorite and/or smectite-like minerals (clay). The basalt is
typically highly sheared in a random fashion with healed surfaces being coated
by the low strength chlorite or smectite. Within the Upper Topanga
Formation, distinet bedding planes within the core samples usually controlled
the failure mode. Clay-coated bedding partings within the siltstone or
between the siltstone and sandstone typically failed during the uniaxial
compression testing for samples from Borings SM-12 and SM-13.

The frequency of pre-existing rock core discontinuities has influenced the
laboratory test results of rock strength, biasing the strengths on the lower
bound. To better represent the intact rock strength of each formation, the
tests influenced by discontinuities have been removed from the data set to
estimate the typical intact rock strengths from both uniaxial compression test
data and point load test data as follows:

R — ,
FORMATION TYPICAL UNIAXIAL TYPICAL EQUIVALENT
COMPRESSIVE UNIAXIAL COMPRESSIVE
STRENGTH STRENGTH BASED ON
POINT LOAD STRENGTH
Plutonic Rocks 14,200 pst 21,600 psi
Chico Formation 7,200 psi 5,600 psi
Lower Topanga 3,200 psi 3,500 psi
Middle Topanga 2,900 psi 2,100 psi
Upper Topanga 5,000 psi 5,300 psi
Sandstone/Conglomerate
Upper Topanga 2,500 psi 1,500 psi
Sandstone/Shale
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63 FIELD GEOTECHNICAL PARAMETERS OF THE ROCK MASS

63.1 General

In addition to the geotechnical parameters of intact rock cores discussed above, a number
of field characteristics related to the presence of rock discontinuitics and water are
considered significant for tunnel design and construction. These include, but are not limited

to, the following.

0 Core recovery

0 Rock discontinuity characteristics in terms of RQD and discontinuity
frequency

0 Characteristics of discontinuities such as spacing, roughness, planarity,
discontinuity filling, joint set, dip angle, and weathering.

) Deformation modulus

0 Seismic velocity

) Hydraulic conductivity

These parameters are described in the following subsections.

6.3.2 Core Recovery and RQD

The core recovery, RQD, discontinuity frequency, and descriptions of the rocks encountered

in the borings are presented in the boring logs included in Appendix A.

A statistical summary of these data for both the entire depth of all borings and for the
tunnel envelope only, are presented in Tables 4-1 and 4-2, respectively. Explanations for the
various symbols used in these summary tables are provided in Table 4-3, The core recovery
and RQD data are presented graphically in Plate 3 in order to visually evaluate the trends

among the borings. An examination of these tables and Plate 3 indicates the following:
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1. Core recovery in the Lower, Middle and Upper Topanga Formation is better
than that in the Chico Formation and plutonic rocks. Overall, core recovery
in plutonic rocks appears to be the lowest of all the rock types. Core recovery
in the tunnel envelope is generally better than the overlying rock. This
represents improving rock quality with depth typically.

2, On the basis of data from all borings, RQD values for the plutonic rocks and
Chico Formation are relatively low compared to other geclogic units. This is
due to the extensive degree of jointing, fissuring, and past tectonics that these
rocks have been subjected to, causing fragmentation and weakness of the rock

mass and core.

3. The RQD values within the tunnel envelope with the exception of Boring
SM-7 are higher than the overlying rock. RQD values in Boring SM-7 are
generally low even though recovery is high, apparently due to the poor
cementation of the sandstones and conglomerates relative to the adjacent
Borings SM-6 and SM-8.

4, The discontinuity (joints and bedding partings) characteristics of all rocks as
presented in the boring logs, vary significantly and are indicative of the
heterogeneous nature of the in situ rock masses. This variability of joint
characteristics also indicates that tunneling conditions, in terms of tunnel
support needs and groundwater inflows, etc., will vary from location to

location.

5. The degree of weathering (principally degrees of oxidation at depth) within
the tunnel envelope, is likely to be greatest near the north and south ends of
the tunnel. In the vicinity of the north end, interbedded sandstone/shale in
the upper section of the Upper Topanga Formation is most extensively

weathered near the ground surface. Such materials may be encountered in
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the tunnel envelope where there will be the least overburden north of Boring
SM-13. The plutonic rocks are also extensively weathered near the south edge
of the Santa Monica Mountains at Boring SM-1. The plutonic rocks have
been weathered to a residual soil at the Hollywood fault with decreasing
weathering northward, toward the core of the mountains. Within the tunnel
envelope, the degree of weathering varies from slight weathering of
discontinuity surfaces to moderate weathering (throughout the rock mass but
the rock material is not friable). More detailed definitions of the various
extent of weathering are presented in Table 4-3 and Appendix A.

633 Hydraulic Conductivity

The results of hydraulic packer tests have been presented and summarized in Tables 5-1 and
5-2, respectively. It should be noted that the limited number of packer tests may not
~ represent the highest permeability zones to be encountered during tunnel construction. This
is suggested by the results of the water flows reported during excavation of the MWD
Hollywood Tunnel and Los Angeles Sewer Tunnel described in Section 2.3. Based on the
packer test results, the following observations can be made about hydraulic conductivity

versus the various rock types.

1. A wide range in hydraulic conductivity exists among the tested rock types.
For example, hydraulic conductivity varies by four orders of magnitude in the
Upper Topanga Formation. This is likely due to the primary permeability of
the sedimentary rock being controlled by grain size, fines content (silt and
clay), and degrees of cementation. In contrast, the hydraulic conductivity data
of the plutonic rocks show a general trend of increasing hydraulic conductivity
with decreasing RQD. This is likely due to the hydraulic conductivity of the
plutonic rock being controlled by discontinuities, where increased discontinuity

frequency causes lower RQD.
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2. The two relatively high hydraulic conductivity values in the Upper Topanga
Formation (3.5 x 10* cm/s and 4.2 x 10 cm/s) appear to be associated with
the friable, thinly bedded sandstone and laminated shale, and is due to
primary permeability (intergranular). The two data points are almost

equivalent to the resuits expected in the uncemented fine-grained silty sand.

3. The Middle Topanga Formation (especially in the basalt breccia portion) may
be relatively more permeable than the Chico Formation and Lower Topanga

Formation based on Table 5-1 data.
034 Seismic Velocities

Wireline sonic velocity logging was performed in six borings (SM-2, SM-4, SM-6, SM-8, SM-
10 and SM-12). - Details and results of this logging are presented in Appendix D. Tabie 5-3
provides an overall summary of ranges of compressional wave and shear wave velocities
calculated from seismic data for various geologic units. Based on the results, the following

observations are made:

1. Among all geologic units, the plutonic rocks and the Upper Topanga
Formation have the widest scatters for seismic velocities. This is indicative of

the variability of the in situ rock masses within these two geologic units.

2. As shown in Table 5-3, the lower section (conglomerates and sandstones) of
Upper Topanga Formation, as represented by the sonic velocity data from
Boring SM-10, is much stronger and stiffer than the upper section (siltstones
and sandstones) of the Upper Topanga Formation, as represented by the data
from Boring SM-12. This likely reflects the more homogeneous and cemented

nature of the sandstone/conglomerates of the lower section than the
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interbedded sandstone/shale of the upper section of the Upper Topanga
Formation.

As shown in Table 5-3, interpretation of sonic velocity data from Boring SM-8,
yields exceptionally high seismic wave velocity (compressional wave velocity
>20,000 ft/s) in the Middle Topanga Formation; which are unexpected given
the very low laboratory strength values of basalt and basalt breccia (Table 5-5
and Figures 6-1 and 6-2). A suitable explanation for the data anomaly is
unknown and would require further seismic survey (sonic logging, uphole or

cross-hole geophysical surveys etc.) for any refinement.

Similarly, the interpreted seismic velocity values for the Lower Topanga
Formation are also extremely high relative to what is expected from shear
strength data. These data are also obtained from sonic logging in Boring
SM-8.

INTACT ROCK AND ROCK MASS CLASSIFICATION

There are numerous rock mass classification systems that exist, which consider parameters

and factors important in the design and construction of underground facilities. The

following four available systems were selected for this investigation as examples to classify

the rock mass to be encountered along the tunnel alignment:

o © O ©O

Intact rock classification (Deere and Miller, 1966)

RQD (Deere, 1963)

Geomechanics Rock Mass Rating (RMR) system (Bieniawski, 1979)
Q-system (Barton, 1991)

These systems are not necessarily comparable to one another because they represent

different perspectives of how to classify the intact rock mass. For example, the intact rock
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classification system is based on the strength of intact rock cores and the numerical ratio of
this rock strength to Young's modulus (strain related to stress) of the intact rock cores,
whereas the RQD is a method of quantifying existing rock mass discontinuities based on
core recovery. The RMR system helps to provide guidelines about the stand up time of an
excavation without supports, whereas the Q-system gives a means to decide what type of
long-term rock support may be required for a rock mass with specific characteristics or
geotechnical parameters. Each of these classification systems is described with respect to

the rock types anticipated in the Metro Rail tunnel alignment in the following paragraphs.

6.4.1 Intact Rock Classification

As introduced by Deere and Miller (1966) and as shown in Figures 6-1 and 6-2, this rock
classification system is based on the strength of intact rock cores and the ratio of
compressive strength (o) to Young's modulus. According to this classification system, the
~ rocks in various geologic units encountered along the tunnel alignment can be classified as

follows:

1. Plutonic rocks range from low strength (4 kilograms per square inch (ksi) <
o. <8 ksi), to high strength (16 ksi < o, <32 ksi) with medium to high

modulus ratios.

2. Rocks in the Chico Formation (including the Simi Conglomerate) have a wide
variation of strength with uniaxial compressive strength ranging from 3,000 psi

(very low strength) to as high as 18,000 psi (high strength).
3. The Lower Topanga Formation predominantly ranges from very low strength

(0. <4ksi) to low strength (4ksi < o, < 8ksi) with medium to high modulus

ratios.
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4, The test results show that the massive basalt in the Middle Topanga
Formation has a uniaxial compression strength on the order of 2.4 to 4.3 ksi
(i.e., very low strength rock to lower bound of low strength rock), while basait
breccia is weaker with uniaxial compressive strength ranging from about 0.95

to about 3.8 ksi (i.e. very low strength rocks.)

5. Among all rocks encountered along the tunnel alignment, rocks in the Upper
Topanga Formation exhibit the largest variation in strength with g, ranging
from about 100 psi to more than 13,000 psi (i.e., from sheared rock to
medium strength rocks). In general, the massive sandstone in the lower
section of the Upper Topanga is stronger with g, ranging from about 2,670 to
about 13,500 psi. The interbedded sandstone/shale rocks in the upper section
of Upper Topanga Formation are significantly weaker with ¢ ranging from
about 100 psi to about 1,760 psi (i.e. very low strength rocks). It shouid be
noted that most all of the lowest strength values were derived by failures along

previously sheared bedding planes.

6.4.2 Rock Quality Designation

The boring logs shown in Appendix A, include RQD for a quantitative classification of the
in situ rock masses. The RQD is a percent of intact rock core longer than 4 inches within
each core run. Thus it gives a general quantitative representation of frequency of
discontinuities within the rock mass, without consideration of orientations or patterns of the
discontinuities and other features (i.e., rock strength, groundwater conditions, in situ stress
conditions, etc.) that affect tunneling behavior. Rock mass quality as defined by Deere et
al (1963), in terms of RQD, is classified as follows:
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ROD (%) Rock Ouality

0-25 Very poor
25-50 Poor
50-75 Fair
75-90 ' Good
90 to 100 Excellent

Statistics of RQD for various geologic units encountered along the tunnel alignment, based
both on all RQD data and on the tunnel envelope RQD data, have been tabulated in Tabies
4-1 and 4-2, respectively. The RQD of each core run is shown in Plate 2.

Among all geologic units, rock quality of the plutonic rocks in terms of RQD appears to be
the poorest. This is illustrated in Plate 2, which is a compilation of the RQD data from the
borings. However, RQD values of the plutonic rocks, especially along the tunnel envelope,
appear to increase toward the north direction, apparently reflecting the effects of increasing
" overburden and the greater distance from the Hollywood fault (Plate 2). Within the Chico
Formation, the worst RQD is in Boring SM-7, where the rock was found to be sometimes
poorly cemented, very low strength rock. As shown in Plate 2 and Tables 4-1 and 4-2, the
rock quality in terms of RQD values varies widely for all geologic units encountered along
the tunnel alignment. This variation is a result of localized intense fracturing effects near
sheared zones or chemical alteration, and in sedimentary rock, weak cementation of grains.

Generalized predominant rock quality is as follows for the Metro Rail tunnel:

Generalized Predominant Rock Quality
(as defined by Deere et ai, 1966)

Geologic Urit (Rock Type) All Data within Penetration Within Tunne! Envelope
Depths
Plutonic Rocks Very poor to good Very poor to good (SM-2 and SM-3) fair to
good {SM-4 to SM-6)
Chico Formation {conglomerate and sandstone) Very poor to fair Very poor to poor (SM-7)
Lower Topanga (sandstone, sandstone/siitstone) Good to exccllent Good to excellent (SM-8)
Middie Topanga (basait, basait breccia) Fair 1o excellent Good to excellent {SM-9)
Upper Topanga (sandstone, interbedded Fair to excelient Fair to excelient (SM-10 to SM-13)
sandstone/shale)
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The following observations are made from the RQD data:

'1. The predominantly very poor to good rock quality of plutonic rocks (SM-2
and SM-3) and very poor to fair quality of the Chico Formation, indicate that
tunneling in these rock units may frequently need some support to alleviate
potential stability concerns. However, within the northern half of the
alignment within plutonic rocks (SM-4 through SM-6) in the tunnel envelope,
the RQD ranges from fair to good rock which are indicators of improving
estimated standup time. Similar conditions are likely in the planned area of

the pocket track construction.

2. Based on the RQD criteria alone, the Upper Topanga Formation ranks better
than expected with respect to historical and anticipated tunneling conditions.
For the most part, Upper Topanga is weak rock with a high frequency of
weak bedding planes. Although core recovery is high and RQD is relatively
high, the rock itself is of the lowest strength of those to be encountered in the

tunnel.
6.43 Geomechanics Rock Mass Rating (RMR)

The RMR system was first introduced in 1973, and has undergone several changes
(Bieniawski, 1973, 1974, 1975, 1976, and 1979). The system was devised to provide a means
of estimating standup time for excavations in rock considering, orientations of
discontinuities, as well as geotechnical test data. Descriptions of ratings and classifications
of this system and their associated implications with respect to strength parameters and
tunnel standup time, are shown in Table 6-1 and Figure 6-3. The RMR system uses the

following factors for ratings:

0 Uniaxial compressive strength or point-load strength of intact rock
0 RQD
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0 Spacing of joints

0 Conditions of joints
0 Groundwater in terms of inflow or joint pore pressure, or general groundwater
conditions

o Strike and dip of bedding/discontinuities with respect to tunnel, or foundation
or cut slope.

The factors influencing RMR values were estirmated based on available data and simple
hydraulic analysis in order to estimate inflow rates. Only data within the tunnel envelope
from Borings SM-2 through SM-13 were used. The results of estimated RMR values with
respect to boring locations and geologic units, are shown in Table 6-2. It should be noted
that actual in situ variation of the RMR values in the tunnel envelope should be more than
those shown in Table 6-2, which was solely based on information from borings and available
laboratory test data.

Since strike of bedding is generally northwest and the dip is to the north, a tunnel driven
from the north as currently planned will encounter bedding, dipping out of the tunnel face
into the tunnel. This is particularly true for the upper section of the Upper Topanga
Formation. In the other bedded sedimentary rocks (sandstones and conglomerates), the
bedding is more massive and not as significant a factor. Within the plutonic rocks and the
basalt/basalt breccia, the discontinuities are more random based on borings data and have

no effect on the RMR ratings.

The classification systern shown in Table 6-1 does not account for the slake/durability of the
rocks when exposed to air and water during construction. The slake potential can be taken
into account by applying a slake adjustrment multiplier in accordance with the method
developed by Newman and Bicniawski (1985). Based on the results of laboratory tests
(Appendix E), the slake adjustment multiplier for various geologic units was estimated and
is shown in Table 6-2.
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Based on the estimated RMR values shown in Table 6-2, the following rock mass classes,
_ as defined by Bieniawski (refer to Table 6-1), can be used to describe the rock masses in the

various geologic units of the proposed Metro Rail alignment:

Geologic Unit Estimated Range of Rock | Estimated Average Rock
Mass Classes Mass Class
Plutonic Rocks Classes III to IV (fair to Class III (fair rocks) -
poor rocks) Average RMR = 52
Chico Formation Classes I to IV (very good | Lower bound of Class II1
to poor rocks) (fair rocks) RMR = 42
Lower Topanga Classes II to III (good to Lower Bound of Class 11
fair rocks) (good rocks) - Average
RMR = 61
Middle Topanga Classes III to I'V (fair to Lower Bound of Class III
poor rocks) (fair rocks) - Average
RMR = 43
Lower Section of Upper Class II (good rocks) | Class II (good rocks) -
Topanga Average RMR = 69
Upper Section of Upper Classes II to IV (good to Lower Bound of Class III
Topanga poor rocks) (fair rocks) - Average
RMR = 42

Figures 6-3 provides a general guideline for estimating the standup time for various geologic
units based on RMR rating and unsupported span. It should be noted that this guideline
was originally developed for tunnels constructed by drilling and blasting methods. and is
considered to be somewhat conservative for the planned excavation by TBM. Based on
Figure 6-3 (correction between RMR and standup time as developed by Bieniawski, 1979),

the following observations can be made:
1. Lower bound RMR values for most geologic units in the tunnel envelope,

except the Lower Topanga and the lower section of Upper Topanga

Formations, are in the poor rock mass class (Class IV), that would likely
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require immediate support after excavations of 20-foot diameter Metro Rail
tunnels.

2. Estimated average rock mass classes for all geologic units vary from near
lower bound of fair rocks (Class III} to lower bound of good rocks (Class II).
Based on Figure 6-3, the predominant standup time is in terms of hours to

months.

3. As a comparison, the Los Angeles Sewer Tunnel diameter (7 feet) is shown
on Fig'ure 6-3. In general, the standup time is several hours or more even for
the very minimum estimated RMR values of some rock. This contrasts with
the Metro Rail Tunnel which has a nominal diameter of about 20 feet.

6.4.4 Q-system Classification
The Q-system classification was proposed by Barton et al (1974), based on their evaluation

of a large number of underground excavation case studies. They proposed the use of a Q
index value for determining the tunneling quality of a rock mass. The value of Q is defined

as follows:
_ RQD x Jr x Jw
Jn x Ja x SRF
where: RQD = rock quality designation in percent

Jn = the joint set number

Jr = the joint roughness number
Ja = the joint alteration number
Jw = the water reduction factor

SRF = stress reduction factor.

060791, RPTA2-2050-01 6-17



The descriptions and ratings for the aforementioned six parameters used to describe rock
mass quality Q value are explained in Table 6-3.

The Q-system was used to estimate the tunneling quality and long-term support needs of the
rock masses in various geologic units within the tunnel envelope. The upper section of the
Upper Topanga Formation has thin bedded shale with low second cycle slake durability, and
is susceptibie to slake deterioration. It should be noted that the effect of slake deterioration

can not be taken into account in the Q-system.

As shown in Table 6-3, the determination of the SRF for Q index value requires a detailed
knowledge of the state of stresses. In situ stress conditions in the Santa Monica Mountains
are unknown. Neither were in situ determinations performed in this investigation, nor are
they known to have been performed by others. For this study, we have assumed that the
major principal stress is approximately equal to the effective vertical overburden stress at any
- specific location, which can be computed from densities of the subsurface materials and

groundwater levels.

Barton et al (1974) have defined the following rock mass qualities in accordance to Q-values:

Rock Mass Quality Q-value
Exceptionally Poor Q<001
Extremely Poor 0.01< Q<01
Very Poor 01Q<1
Poor ' 1< Q<4
Fair 4<Q<10
Good : 10 <« Q < 40
Very Good 40 < Q < 100
Extremely Good 100 < Q < 400
Exceptionally Good 400 < Q < 1,000

As shown in Figure 6-4, Barton et al (1986) and Barton (1991) have aiso defined a quantity
of the excavation, termed the "equivalent dimension”, to relate Q-values to the behavior and

support requirements of an underground excavation. The "equivaient dimension" is ¢¥tained
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by dividing span, tunnel diameter or wall height of the excavation by an "excavation support
ratic" (ESR). As recommended by Barton (1976), the numerical value of ESR for major
road/railway tunnels is 1. Thus, for the 20-foot (6.08 meters) diameter Metro Rail Tunnels,
the "equivalent dimension" is 20 feet (6.08 meters), which is represented by a horizontal line

shown in Figure 6-4.

Based on Figure 6-4, which shows the equivalent dimension for the planned Segment 3

tunnels, the minimum required rock support is identified as follows:

Rock Mass Quality Minimum Support Required

0 Exceptionally poor (Q < 0.01) Cast concrete lining

o  Extremely poor (0.001 < Q < 0.1) Cast concrete lining or bolts and
fibercrete

0 Very poor (0.1 < Q < 1) Same as above

4 Poor (1 < Q< 4) Boits and shotcrete to systematic
bolting

o Far (4 < Q < 10) Systematic boiting to spot bolting

0 Good (10 < Q < 40) Spot boilting to no support needed

0 Very good (40 < Q < 100) No support needed

Extremely good (100 < Q < 400)
Exceptionally good (400 < Q < 1,000)

Based on the aforementioned assurnption of in situ stress conditions, available laboratory
data, RQD and joint (discontinuities) characteristics, and groundwater levels above the
tunnel envelope at individual boring locations, Q values for various geologic units were
estimated. The estimated Q values are shown in Table 6-4, in terms of estimated rock mass
quality in accordance to Q values and corresponding statistics of occurrence (number and

percentage of total).

Based on these results, the following observations can be made on the rock mass qualities

within the tunnel envelope:
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1. Plutonic rocks are predominantly exceptionally poor to fair rocks.

2 Chico Formation in Boring SM-7 appears to have the poorest rock mass
quality amongst all geologic units evaluated within the tunnel envelope, In
addition to being significantly fractured and sheared, the poor quality rating
is also due to rock stress problems (i.e., low strength to major principal stress
ratio}. Within the tunnel envelope (SM-7), the rock mass qualities of Chico
Formation are estimated to be mostly exceptionally poor to very poor. Based
on other Chico Formation core data from Borings SM-5 and SM-6, the quality
of Chico Formation elsewhere could be better than that predicted at the
tunnel envelope in Boring SM-7. The poor rock quality at Boring SM-7 may
correspond to localized conditions, and better quality may be encountered

elsewhere.

3. Rock masses in the lower section of the Upper Topanga Formation, appear
to be the most favorable to tunneling; their rock mass qualities predominantly
range from good to extremely good. Rock masses in the Lower Topanga
Formation (predominantly very poor to good) and the upper section of the
Upper Topanga Formation, appear to be the second most favorable.
However, it should be noted that the upper section of the Upper Topanga
Formation is subject to slake deterioration, which cannot be accounted for

by the Q values.

4. Rock mass qualities in the Middle Topanga Formation (basalt and basalt
breccia) are estimated to be predominantly extremely poor to poor. Their low
ratings are primarily due to joint conditions and rock-stress related problems
(i.e., low strength to major principal stress ratio}. The low strength of the
Middle Topanga is postulated to be due to the high chiorite content and

chlorite coatings of discontinuities as described in Section 6.2.

5. Based on the results of estimated Q values in the tunnel envelope, rock

support will likely be needed almost everywhere along the tunnel alignment,
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except in a major portion of the lower section of the Upper Topanga

Formation.

6. For comparison purposes, the equivalent dimension of the Los Angeles Sewer
Tunnel is also plotted on Figure 6-4. The smaller tunnel diameter results in
less support requirements according to the Q-system. In fact, poor to
excellent quality rock, according to the Q-system of evaluation, requires no
support. From Figure 6-4, it appears that the rock support requirements will

be influenced by tunnel diameter in the Metro Rail alignment.

6.4.5 General Comments

A review of the four classification systems in this section are presented as an example for
a gencral understanding of the rock mass characteristics that the Metro Rail tunnels and
shaft will encounter. The systems are not intended for comparisons relative to one another,
but present different ways of interpreting complex ranges of geotechnical parameters in the
context of tunneling conditions. The intact rock classification of Deere and Miller (1966)
gives an understanding of the rock strengths versus the in situ stresses that could affect
tunnel stability. The RQD data (Deere, 1963) provide a general means of interpreting how
frequently discontinuities occur in a rock mass. The later developed systems, RMR and Q-
systems, incorporate much more information and lead to guidelines for estimating standup

time and support requirements, respectively.
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TABLE 6-1. GEOMECHANICS CLASSIFICATION OF JOINTED ROCK MASSES
(AFTER BIENIAWSKI 1979)

‘A. Classification Parameters and iheir Ratings

Parameter Ranees of Values
Point-ioad For this low range
Swength | grenph index >10 MPa 4—10 MP2 1~ MPa 1=2 MPa — umiaxial compres-
_of sive test is preferred
| intact —
rack Uniaxial
material compressive >250 MPa 100—250 MPa 50—100 MPa 25-~50 MPa =25 =5 «<I
strength MPa| MPa| MPa
Rating 15 12 7 4 2 | 0
2 Drill core quality RQD 90 %o {00 % 75 Fa—b0 %y 50 %75 %% 25 430 T <150
Rating 20 17 13 8 3
3 Spacing of discontinuitics >lm 0.6—2m 200--600 mm 60—200 mm <60 mm
Rating 20 15 10 i §
Very rough surface Slightly rough Stighuly rough gllza:kensldcd surtaces >5_$ 21:10:',5';,‘
Condition Not continuous surfaces surfaces Gouge <$ mm 1hick OR
4 of disconnnuities No separation Separadion <1 mm | Separation <1 mm OR Separation >5 mm
Unweathered Stightly weathered | Highly weathered Separation |—3 mm Continuous
wail rack waks walls Continuous
Rating 30 28 20 {1] 0
Inflow per 0 m None L <l i (0—25 25125 4]
tunnd:nﬂ: OR Onlumf min OR itees / min oR litres / min OR litres/min
s G;:'::;d Ratlio mrsme— 0 0,0—0,1 0,1—0.2 0.2—0.% >0,8
e
OR OR QR OR OR
condrzfitons Compleely dry Damp Wet Dripping Flowing
Rating 15 10 7 4 [1]
B. Rating Adjostment for Joint Orienistions
 Strike and dip Very Favourable Fair Unfavourabie very
orienations of joints favourable unfavourabie
Tunneis [} —2 —3 —i0 -i2
Ratings Foundations Q —2 —T —15 —=25
Slopes 0 -5 —25 —~50 —60
C. Rock Mass Classes Determined from Totai Ratings
Rating 100—§1 8061 60—4ai 4021 <0
Class No. 1 11 (1 w \Y
Description Very good rock Good rock Fair rock Poor rock Yerv poor rock
D. Meaning of Rock Mass Clasyes
Class No. 1 1 {1 v A
. 10 years 6 manths | week 10 hours 30 minutes
Average stand-up time for 15 m span for 8 m span for $ m span for 2,5 m span for | m span
{Cohesion of the rock mass >d00 kPa 300—400 kPa 200—300 kPa 100—200 kPa <100 kP21
Friction angle of the rock mass >d5° 35°—a5° 255 =387 15°--25° <i%5°
E. Effect of Discontinuity Strike and Dip Orientations in Tunnelling
Serike perpendicular (o (unnel axis Sthke paratle! Dip
i Drive with dip Drive against dip 1o tuanei aus "0 20"
I pip 45*~90" Dip 20 =45 * Dip 45°—90* Dip 20735 Dip 45 ®=u30° Dip 20° a5 ° of sirike
Iavaﬂ:bk Favourable Fair Unfavourable um'argglhl: Fair Unfavourable
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TABLE 6-2. ESTIMATED RMR VALUES IN THE TUNNEL ENVELOPE

Estimated RMR Values
Boring Location/ Total Minimum Maximum Average Slake Adjustment
Geologic Unit Counts Value Value Multiplier Used in
Rating
SM-2/Plutonic Rocks 17 39 54 4?2 1.0
SM-3/Plutonic Rocks 15 46 69 58 1.0
SM-4/Plutonic Rocks 19 37 79 58 1.0
SM-5/Plutonic Rocks 11 35 62 45 1.0
SM-6/Plutonic Rocks 9 35 67 49 1.0
SM-7/Chico Formation 10 26 82 42 1.15
SM-8/Lower Topanga 14 48 72 61 1.0
SM-9/Middle Topanga 15 34 53 43 0.95
SM-10/Lower Section of 9 65 76 69 09
.Upper Topanga )
SM-11/Upper Section of 12 29 53 43 0.3
Upper Topanga
SM-12/Upper Section of 10 38 46 40 08
Upper Topanga
SM-13/Upper Section of 9 41 48 a4 0.8
Upper Topanga
T R ST — e E e e L LDl
TOTAL FOR: 7 35 79 52 1.0
L2 S o R
L . — . ___ _—____
TOTAL FOR: 31 29 53 4?2 0.8
SM-11 to SM-13/Upper
Section of Upper Topanga
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TABLE 6-3. DESCRIPTIONS AND RATINGS FOR PARAMETERS USED IN Q-SYSTEM (1 OF 2)

(FROM BARTON ET AL. 1974)

monwp =

ammoNwy b

- T

STommUOme B

. Discontinuous joints

. Slickenswded. undulating

. Stickensided planar

ROCK QUALITY DESIGNATION (RQD)
Very poor 0-25
Poor 25-50
Fair 50-73
Good 75-90
Excellent 90100

JOINT SET NUMBER o)

. Massive. no or few joints 0.5-1.0

One joint set

2
. One joint set plus random 3
. Two joint sets 4
6
9

Two joint sets plus random
Three joint sets

. Three join: sets plus random 12
. Four or more joint sets, random. heavily jointed. ‘sugar cube’. etc. 15

Crushed rock, earthiike 20

JOUNT ROUGHNESS NUMBER (Je}

(a) Rock wall contact and
{b) Rock wall contact before $0cms shear

Rough or irregular. undulating
Smooth. unduiating

Rough or irregular. planar
Smooth, planar

=N il SRR

WD

{€) Na rock wail contact when sheared

. Zone containing clay minerais thick cnough to prevent rock wall 1.¢ {nominai)

contact
Sandy, gravelly or crushed zone thick enough to prevent rock wall 1.0 {(nominal)
contact

Nores

(i} Where RQD is reported or measured as
% 10 (including 0) a nominai value of 10
is used to evaluate 2 in Eq. (3.2)

(ii) RQD intervals of 5, .. 100, 95,90, etc.
age sufficiently accurate

Notes
(i) Forintersections use (3.0 x /)
(it) For porais use (2.0 x J,)

Nores

(1) Add 1.0 if the mean spacing of the
relevant joint set is greater than 3m

(1) J. = 0.5 can be used for planar
slickensided joints having lineaiions.
provided the lincations are {avourably
arientated

T om

—

JOINT ALTERATION NUMBER (E8) or (approx. }
(a) Rock wull contact

Tightly heaied. hard. non-softening. impermcable 0.7
filling i.¢. quartz or epidote

Unattered joint walls. surface staining only
Slightty altered join: wails. Non-softening mineral
coatings. sandy particles, clay-free disintegrated
rock etc.

Slity-, or sandy-clay coatings. smail clav-fraction o (20-25"
{non-softeming)

Softening or low friction clay mineral coatings. i.e. 4.0 {8=16")
kaolinie. mica. Also chlorite. tale. gypsum and

graphite etc.. and smail quantities of swelling clavs.

{ Discontinuous coatings. | =2 mm or less in

thickness)

(b)Y Rock wall contact before [0 cm shear

Sandy parucics. clay-free disintegrated rock etc. 4.0 (25-30%)

A

(-}

.0 (25-35%
0 (25~307%)

. Strongly over-consohidated. non-softemng clay 6.0 (16=24%)

mineral fillings { Conttnuous. <5 mm in thickness)

Medium or low over-consolidation. softening, cltay 8.0 {12-16%)
minerat fillings. {Continuous. <5 mm in thickness)

Swelling clav fillings. i.e. montmoniiontte 8.0-12.0 (6-12%
(Continuous. <5 mm in thickness), Value of Ja

depends on percent of sweiling clay-size particles.

and access (O water etc.

(c) Mo rock wall contact when shegred

Note

(1Y Values of (@)r are tntended as an
approximate gwide to the mineralogical
properties of the alteration products. if
present




TABLE 6-3. DESCRIPTIONS AND RATINGS FOR PARAMETERS USED IN Q-SYSTEM (2 OF 2)

(FROM BARTON ET AL. 1974)

K. Zones or bands of disintegrated or crushed rock 6.0.
L. and clay (see G, H. J for description of clay g0
M. condition) 8.0-12.0 (6-24%)
N. Zones or bands of silty or sandy clay. small clay 5.0.
fraction {non-softening)
0O, Thick. continuous zones or bands of clay (sec G, 10.0, 13.0. or (6-24%
P. H.J for description of clay condition) 13.0-20.0
R.
5. JOINT WATER REDUCTION FACTOR (5.} Approx.
water
pressure
(kgem?)
A. Dry excavations or minor inflow. i.e. <5/min 1.0 <1 Notes
locatly (i} Factors C to F are crude estimates.
B. Medium inflow or pressure occasional outwash of .66 1.0-2.5 increase J,, if drainage measures are
joint fillings installed
C. Large inflow or high pressure in competent rock 0.5 2.5-10.0 (1) Special problems caused by ice
with unfilled joints formation are not considered
D. Large inflow or high pressure. considerable 0.33 2.5=10.0
outwash of joint fillings
E. Exccptionally high inflow or water pressure at 0,2-01 >10.0
blasting. decaving with time
F. Exceptionaily high inflow or waicr pressure 0.1-4).05 >10.0
continuing without noticcabie decay
6. STRESS REDUCTION FACTOR (SRF)
{a) Weakness zones interseciing excavation, which muay cuuse Noies
{ousening of rock mass witen junnel is excavared (i) Reduce these values of SRF by 25-30
A, Muitipic uccurrences of weakness zones containing clay or 0.4 if the relevant shear zones only
chemically disintegrated rock, very lpose surrounding rock (any nflugnce but do not intersect the
depth) ) excavation
B. Singlc weakness zones containing clay. or chemicaily disintegrated 3.0
rock {depth of ¢xcavation <5(m}
C. Single weakness zoncs containing ¢iay. or chemically disintegrated 25
rock (depth of excavation 230 m)
D. Multipie shear zones in competent rock (clay free). loose 15
surrounding rock {any depth)
E. Single shear zoncs in competent rock (clav free: (depth of 50
excavation €50m)
F. Singie shear zones in competent rock {clay free) (depth of 2.5
excavation >50m)
G. Logse open joints, heavily jointed or "sugar cube’ etc. {(any depth) 5.0
{b) Competen: rock, rock siress problems .
040, a/a,
H. Low stress. near surface =200 =13 25 (i} For stronely amsotropic siress field {if
J. Medium stress 200-10 13-0.66 1.0 measured) when 3oy 0. 10. reduce
K. High stress. very tight structure 10-3 0.66-0.33 0.5-2.0 g.and o,toV.8o.and 0.80,;
{usually favourable to stability. may when 0,0, U, reduce o, and o, 10
be unfavourable to wail stability) 0.60, where: o, = unconfined
L. Mild rock burst {massive rock) 5-2.5 0.33-0.16 5-10 rompression strength.
M. Heavy rock burst {massive rock) <2.5 <0.16 10-20 a, = tensile strength (point load). o,
{c) Squeezing rock, plastic flow of incompetent rock under influence  (SRF) and a; = major and minor principal
of high rock pressure stresses
N. Mild squeezing rock pressure 5-10
0. Heavysqueezing rock pressure 10-20
(d) Syueezing rock, chemical swelling activity depending on
presence of warer
P. Mild swelling rock pressure 3=10
R. Heavy sweiling rock pressure 10-20
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TABLE 6-4. ESTIMATED ROCK MASS QUALITIES WITHIN TUNNEL ENVELOPE BASED ON Q-SYSTEM

Estimated Hock Mass Quality - Number of Occurrences (percent of total)

Boring Location/ Total Exceptionally Extremaly Very Poor Poor Fair Good Very Good Extremely Good Exceptonally
Geclogic Unit Count Poor Poor 01<Q<1 1<Q<4] 4<Q<10 | 10<Q<40] 40< Q<100 100 < Q < 400 Good
Q< om 001 < Q< 0f 400 < Q < 1,000
SM-2/Plutonic Rocks 17 10 {58%) 1 (6%} 3 (18%) 2 (12%) - 1 (6%} - - -
SM-3/Plutonic Rocks 15 8 (40%) - 2 {(13%) 4 (27%) 3 (20%) - - - -
SM-4/Plutonic Rocks 17 2 (12%) - 1 (6%) 4 (23.5%) 5 {29%) 4 (23.5%) - - 1 (6%)
SM-5/Plutonic Rocks 11 . 5 {45.5) 5 (45.5%) 1 (9%) - - - -
SM-8/Plutonic Rocks 9 - - - 7 (78%) 2 (22%) - . - -
SM-2 to SM-6/Plutanic 69 18 (26%) 1 {1.5%} 11 {16%) 22 (32%) 11 {36%) ' 5 (7%) - - 1 {1.5%)
Rocks
SM-7/Chico Formation 10 5 (50%) 3 (30%) 1 (10%) 1 {10%) - . . -
SM-8/Lower Topanga 14 - - 3 {21%) 4 (29%) 2 (14%) 5 (36%) - - -
SM-9/Middle Topanga 1§ - 2 (13%) 11 (74%) 2 (13%) . - - - -
SM-10/Lower Section of 4 - - - - 1 (25%) 2 {50%) 1 {25%)
Upper Topanga
SM-11/Upper Section of 12 . 4 (33%) 5 (42%) . 3 (25%) - . .
Upper Topanga .
SM-12/Upper Section of 10 - 2 (20%) 1 (10%) 7 {70%)
Upper Topanga
SM-13/Upper Section of 2] 3 {33%) B (673%)
Upper Topanga
SM-11 to SM-13/Upper 31 4 (13%) 10 {32%) 1(3%) 16 (52%)
Section of Upper Topanga
AlljAll Geologic Units 143 23 (16.1%) 6 (4.2%) 30 (21.0%) 38 {26 6%) 15 (10.5%) 27 {8.8%) 2 (1.4%) 1 (0.7%) 1(0.7%)
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7.0 SUBSURFACE CONDITIONS SUMMARY AND
CONSTRUCTION CONSIDERATIONS

7.1 OVERVIEW

This section provides a summary of relevant geologic and geotechnical conditions, as well
as a number of construction considerations that may significantly affect the construction of
the proposed Metro Red Line, Segment 3 tunnels and ventilation shafts. As described in
Section 1.0, the portion of the Segment 3 alignment addressed in this report extends from
the foot of the Santa Monica Mountains on the southern side, immediately north of the
Hollywood fault zone through the mountains, to the foot of the Santa Monica Mountains

on the north side, near the intersection of Lankershim and Cahuenga Boulevards.

In addition to the data obtained from this investigation and the results of geologic and
geotechnical characterizations of various geologic units to be encountered in the planned
tunnel! alignment (Sections 4.0, 5.0, and 6.0), the anticipated subsurface conditions and

construction considerations presented in this section were also based on the following:

1. Previous experience and performance of the Los Angeles Sewer Tunnel and
the MWD Hollywood Tunnel (detailed in Section 2.3) in the Santa Monica
Mountains and in the vicinity of the planned tunnel alignment.

2 Engineering assumptions and judgment.

7.2 SUMMARY OF GEOLOGIC AND GEOTECHNICAL CONDITIONS

Tunneling through the Santa Monica Mountains will encounter a number of geologic units
with a wide variety of ground conditions. Consideration of the behavior and characteristics
of these geologic units is critical for the understanding of ground behavior and potential

construction constraints. In general, the subsurface conditions along the planned tunnel
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alignment can be divided into six reaches based on similar geologic units, rock types, and

_ anticipated ground behavior. These reaches are as follows: 7,97
ur o? (_(’3- x b 0 -7’ o v
;ﬁ?‘ = — ]
' GEOLOGIC UNITS (ROCK TYPES)
REACH APPROXIMATE STATION NO. WITHIN TUNNEL ENVELOPE

1 629+60 to 679+80 Plutonic Rock (predominantly granodiorite)

2 679+80 to 693+00 Chico Formation (conglomerate and
sandstone) and Simi Conglomerate
(conglomerate)

3 693400 to 698+30 Las Virgenes Sandstone and Lower
Topanga Formation (sandstone and
conglomeratic sandstone)

4 698+30 to 716+10 Middle Topanga Formation (basalt and
basalt breccia)

5 716+10 to 730+30 Lower section of Upper Topanga
Formation (sandstone, partly conglomerate)

6 730+30 to 761+40 Upper section of Upper Topanga

t Formation (interbedded sandstone and
TeR Y o siltstone/shale)
— — L —
g 0
G Y

Geologic conditions and geotechnical cﬁgineering characteristics of the geologic units and

rock types within the above reaches, have been presented in Sections 4.0 to 6.0. For

tunneling consideration, the following aspects affecting tunneling conditions and anticipated

tunneling conditions, are summarized in Tables 7-1 through 7-6 for individual reaches:

1. General information including station numbers, length, overburden depths,
surface elevation, and tunnel crown elevations.

2, Geologic conditions and features including general lithology and description,
discontinuities, characterization, weathering, cementation, quartz content, and

other features such as faulting.

3. Geotechnical conditions including strength and modulus characteristics of
intact rock cores, various index properties, RQD, seismic wave velocity and
deformation modulus of in situ rock masses, groundwater conditions
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(groundwater level, hydrauiic conductivity, estimated groundwater inflows, and
type of flow region), and estimated rock mass classification.

The following considerations are noted:

1.

The dipping nature of various geologic units (due to tectonic-uplift, and tilting
of geologic units), and the geologic conditions above or below the tunnel
envelope in a specific boring location, could project into the tunnel envelope
elsewhere along the alignment (Plate 1). Thus, data from all depths at
individual borings are applicable for tunneling considerations.

Data below the ground surface were obtained at widely spaced (up to
1,600 feet) boring locations during this investigation. Thus, actual in situ
variations of rock conditions to be encountered during tunnel excavation along
the planned alignment may be greater than those shown by boring data.

Tunneling conditions for the Metro Red Line Tunnel through the Santa
Monica Mountains will be largely similar to those encountered in the Los
Angeles Sewer Tunnel and MWD Hollywood Tunnel, because of similarity in
subsurface conditions and depth of tunneling. Thus, the experience and
performance in terms of ground conditions, groundwater inflows, and
encountered construction constraints of these existing tunnels will be generally
applicable. However, the existing experience will require modifications to
account for the following factors for use in delineating the tunneling
conditions for the planned Metro Rail tunnels through the Santa Monica
Mountains:

0 Nominal tunnel opening diameter of both sewer and water tunnels is
about 7 feet while the nominal tunne! opening for Metro Rail tunne]
is 20 feet. It should be noted that under the same subsurface
conditions, larger tunnels will incur larger groundwater inflow, exhibit
less standup time, and more severe tunnel stability problems (i.e., need
heftier support to be applied sooner).

o} Both sewer and water tunnels were advanced by the conventional drill
and blast methods. Compared with the use of a TBM, conventional
drill and blast methods generally create more disturbance to the tunneli
openings and headings which tends to accentuate stability problems.

0 Overburden depths of the sewer and water tunnels are generally about
100 feet and 300 feet above the depths of the planned Metro Rail
Tunnel through the Santa Monica Mountains. For very low strength
to low strength rocks (such as those in the Chico Formation, Middle
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Topanga Formations and upper section of the Upper Topanga
Formation, as well as in some portions of the Lower Topanga
Formation), greater depths correspond to lower strength to stress ratio,
which may present more severe concerns with respect to tunnel stability
and long-term creep.

Based on the results of this investigation and the anticipated conditions summarized in

Tables 7-1 through 7-6, the following observations are made:

1. Excavation and construction of the planned Metro Rail Red Line Segment 3
Tunnels through the Santa Monica Mountains are technically feasible,
although various physical constraints will affect tunnel excavation. However,
it should be noted that all physical constraints can be alleviated through
conventional tunnel technology and construction methods.

2. Tunneling through the Santa Monica Mountains will encounter a wide range
of ground conditions as summarized in Tables 7-1 through 7-6. The variations*
in ground conditions may be gradational or abruptly changed. For example,
tunneling in Chico Formation may suddenly encounter boulder-sized clasts
that may require special handling. Thus, excavation or support systems to be
designed and used by the Contractor must be capable of adapting to all the
ground conditions expected.

3. Groundwater inflow data from the Los Angeles Sewer Tunnel provide more
representative data to estimate potential inflows for the planned Metro Rail
Tunnel through the Santa Monica Mountains, than those predicted by
hydraulic conductivity data and hydraulic analyses. Considering the potential
effects of tunnel opening size, groundwater head, and excavation methods, it
was estimated that the groundwater inflows for the Metro Rail Tunnel, may
be about 30 to 100 percent higher than incurred in the Los Angeles Sewer
Tunnel (Plate 1).

The shaft locations have not been finalized, but are being conducted in the vicinity of either
Borings SM-4, SM-5 or SM-6. At any one of those locations, the bottom of the shaft
terminates in plutonic rocks. If located near SM-4, the shaft depth would be entirely within
the plutonic rocks. For shaft locations near both SM-5 and SM-6, the upper 558 to 727 feet
of the shaft would be in the Chico Formation. As shown in Plate 3, the differences in rock
quality within the Chico Formation is evident in Borings SM-5 and SM-6, where the RQD
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is highly variable and averages on the order of 50 percent. Support of the shaft excavation
during construction would be necessary.

73 CONSTRUCTION CONSIDERATIONS
73.1 Construction Material

As shown in Section 5.2.2, the results of the chemical tests on groundwater samples indicate
that sulfate contents in samples from groundwater Monitoring Wells SM-6A, SM-9A and
R-9, are respectively about 470, 330 and 750 parts per million (ppm). While the sulfate
content in a sample from groundwater Monitoring Well SM-3 is about 78 ppm. A sulfate
content between 150 ppm and 1,000 ppm is considered moderately deleterious to concrete,
and will require Type II cement. Monitoring Well SM-6A is located near the north end of
Reach 1, while Wells SM-9A and R-8 are located in Reaches 4 and 6, respectively. Thus
Type II cement is likely to be required for the constructién of the Metro Rail Tunnel
through the Santa Monica Mountains.

73.2 Gas

The results of x-ray diffraction analyses show that the subsurface rocks contain pyrite ranging
from trace to about 10 percent pyrite, which is a potential source of producing hydrogen
sulfide. Thus, continuous monitoring of hydrogen sulfide during construction will be
necessary. This is of particular concern in the Upper Topanga Formation where pyrite is

associated with fossilized wood and thin c¢oal seams.

The geologic formations in the Santa Monica Mountains are not known to produce
appreciable oil, and are not expected to contain crude oil or petroleum gases. During the
‘subsurface exploration program, all borings were monitored for organic vapors but none
were detected. Based on the geologic data and field test data, petroleum and related

methame gas are not anticipated during tunnel excavation. Some methane may be present
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in association with the thin coal seams encountered within the Upper Topanga Formation.

Therefore, continuous monitoring is recommended during construction.
733 Conglomerates

Large boulders occur within the Chico, Simi and Topanga formations conglomerates. In
many cases, the poor RQD of the core is directly attributable to the poor cementation of
the matrix surrounding the cobble to boulder-sized clasts. The most durable of these clasts
are composed of granite and quartzite with very high strength (in excess of 12,000 psi)
compared to the matrix. This is apparent in the mode of failure for some specimens that
occurred at the matrix-clast interface during uniaxial compression testing of the core. The
weak bond between matrix and clasts could resuit in plucking of cobbles or boulders from
the tunnel face by TBM cutters if they are not cut in place. This may result in accumulating
cobble- to boulder- (up to 24 inches) size clasts at the tunnel heading, causing impairment
of cutter action and possible cutter/cutter head damage. During construction of the MWD
Hollywood Tunnel and Los Angeles Sewer Tunnel, drilling for the blast holes was impaired

by the durable granitic clasts in the conglomerate, which resulted in delaying advance rates.

73.4 Shear Zones

In the Los Angeles Sewer Tunnel, a condition was encountered that is, in our opinion, not
represented in the boring data obtained for the Metro Rail Tunnel. This conditions relates
to a change order within the plutonic rocks. A zone of gouge, shearing, and hydrothermal
alteration was encountered that caused heavy ground conditions for approximately 200 feet.
The shearing was reported at relatively shallow dip (10 to 15 degrees), which could cause
soft invert conditions and significantly affect the standup time and general stability of the
tunnel crown. If a similar shear zone exists along the alignment of the Metro Rail Tunnel
- envelope, its relative position within the plutonic rocks could place it within the planned
pocket track area. Such a zone could significantly affect construction of the wider span

underground opening.
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TABLE NO. 7-1, REACH NO. 1, STATION 629+60 TO STATION 679 + 80, LENGTH - 5,020 FEET

FORMATION: PLUTONIC ROCKS, ROCK TYPE GRANODIORITE, QUARTZ DIORITE
DEPTH RANGE OF TUNNEL CROWN ABOUT 160 TO 930 FEET BELOW GROUND SURFACE

GEOLOGIC CONDITIONS ROCK PARAMETERS
General Lithology - Medium- 1o coarse-grained granitic rocks, blocky structure, infrequent inclusions 0 Bulk density range = 160 to 175 pcf, average = 168 pcf
(gneiss/schist), mildly foliated. Possible basalt dikes from few inches to several tens of feet thick and o Uniaxial compressive strength range = 2.9 to 32 ksi, average intact rock =
rare aplite or felsite dikes. 15.2 ksi
o No slake deterioration expected except in the gouge materials which are
highly susceptible 1o slaking
o Young's modulus of intact core range = 500 to 12,000 ksi, average =
6 x 10F ksi.
Discontinuities - Joint spacing variable. From 0.4 to 24 inches, dominantly 2.4 to 8 inches. Dip angles o Core recavery range = 0 to 100 percent, average = 90 percent
20 to 50 degrees (commcen). Near Hollywood fault, inclination toward north and northeast. Mixed o RQD range = 0 to 100 percent, average = 38 percent
horizontal and vertical with random joint sets common at northern portion of reach. Joints generally o Compressional wave velocity range = 10,000 to 19,000 ft/s
tight hairline planar features. 0 Shear wave velocity range = 2,800 to 6,600 fi/s
o Deformation modulus of rock mass range = 0.6 x 10° to 2.5 x 10° psi
o Estimated RMR rating of rock mass = Class It to IV (fair to poor rock)
o Estimated Q value of rock mass - exceptionally poor (Q < 0.01) to good
(10 < Q <40). :
Cementation - (igneous intrusive rocks) NA
Weathering - Completely weathered/decomposed near Hollywood fault zone (estimated 200-foot section)
transitioning to moderately weathered in central reach to fresh in northemn two-thirds of reach. Rock
will be hydrothermally altered and brecciated in shear zones.
Percent Quartz - 19 to 33 percent of rock mass. o Drilling rate was Jlow and required use of diamond drill bit.
Groundwater Table - about 120 to 740 feet above tunnel crown and about 9 feet below ground surface. o Hydraulic conductivity range = 4.8 x 10® to 2 x 10* cm/s
Groundwater barrier at Hollywood fault. o Locally, higher inflows occur at shear/fracture zones (up to 500 gpm)
o In Los Angeles Sewer Tunnel, areas of higher inflow rapidly decreased
after initial high flow
o Hydrostatic pressure at tunnel crown ranges from approximately 221 to 268

psi.

Other Geologic Conditions

o One or more major shear zones up to 200 feet wide (previously reported in Los Angeles Sewer
Tunnel).

o Hollywood fault zone to be crossed at extreme south end of reach. Rock anticipated to be very
weathered (locally decomposed) brecciated and sheared. Hollywood fauilt forms gronndwater barrier
with at Jeast 186 feet of gronndwater elevation difference across the fault.

o Minor sheared zcnes from 1 to 10 feet wide are common.
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TABLE NO. 7-2, REACH NO, 2, STATION 679 + 8¢ TO STATION 6§93 + 00, LENGTH - 1,320 FEET ;
FORMATION: CIHICO/SIMI CONGLOMERATE, ROCK TYPE CONGLOMERATE/SANDSTONE

——ie.

—

GEOLOGIC CONDITIONS

ROCK PARAMETERS

General Lithology - Conglomerate and interbedded sandstone lenses with minor (rare) thin

Tunnel excavation.

Other Geologic Conditions - Interface between the granitic and conglomerate bedrock may
represent a fault zone up to 15 feet-wide comprised of highly sheared and brecciated rock
fragments derived from the conglomerate.

o  Bulk density range = 140 to 160 pcf, average = 150 pef
claystone/silistone beds. Large rounded gravelicobbles to 8 inches and occasionally to 24 o  Uniaxial compressive strength range = 0.09 1o 18.1 ksi (for matrix) average intact =
inches, matrix supported. Poorly to indistinctly bedded (massive). Simi Conglomerate 6.2 ksi; strength of clasts = 13.1 ksi
contains up 10 60 percent quartzite cobbles and boulders. o Very low susceptibility to slaking (2nd cycle slake durability index > 95 percent) ,
0 Young's modulus of intact core range = 400 1o 1,800 ksi, average = 1,200 ksi. i
Discontinuities - Close joint spacing (2.4 to 8 inches) common, widely spaced random sheared o  Core recovery range = 73 to 100 percent, average = 92 percent
zones with clay seams. Joinl sels generally random and contain several intersecting sets. o RQD range = 0 to 100 percent, average == 32 percent
Bedding dips 10 to 70 degrees northeast (40 to 60 degrees dominant). o Seismic compressional wave velocity range = 11,500 to 16,100 ft/s
Conglomerate clasts are shattered and may [ragment into smaller particles. Intact clasts o  Shear wave velocity range = 4,000 to 5,700 ft/s
should be anticipated. o  Deformation modulus of rock mass range = 0.9 x 10°* 10 1.2 x 10° psi
o  Estimated RMR rating of rock mass range = Class IV to Class I (poor to very
good), average = lower bound of Class 11 (fair rock)
o  Estimated @ value of rock mass = exceptionally poor (Q < 0.01) to fair (4 < Q <
10).
Cementation - Slight to moderate (variable) should stand well at face. Cobbles and boulders
usually poorly cemented to matrix and will dislodge easily.
Weathering - Fresh, no alternation.
Percent Quarlz - Variable from 3 to 45 percent inclusive of sand grains and quarniz rich rock o MWD Hollywood and Los Angeles Sewer tunnels experienced difficulty drilling shot
fragments. holes for blasting due to durable clasts.
Groundwater Table - about 700 feet above tunnel crown and about 75 feet below ground o  Hydraulic conductivity - 2.9 x 10 cm/s (one test)
surface. o  Groundwaler inflows decreased in Chico/Simi Formations during Los Anpeles Sewer
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TABLE NO. 7-3, REACH NO. 3, STATION 693 + 00 TO STATION 698 + 30, LENGTH - 530 FEET 3
FORMATION: LOWER TOPANGA FORMATION AND LAS VIRGENES SANDSTONE, ROCK TYPE SANDSTONE/CONGLOMERATE

GEOLOGIC CONDITIONS

ROCK PARAMETERS

General Lithology - Dominantly thick beds of sandstone and conglomeratic sandstone, and (rare)

|

o Bulk density range = 149 1o 154 pcf, average = 152 pef
conglomerale lenses 1o 3 feet thick with rounded clast to 18 inches and matrix supported. Estimated 80 o Uniaxial compressive sirength range = 0.8 to 4.6 ksi, average
percent sandstone, 10 percent gravelly sandstone, 5 percent conglomerate and 5 percent siltstone. This reach intact = 3.3 ksi
includes Las Virgenes, massive arkosic 125 feet thick, {riable sandstone. o Low susceptibility to slaking

o Young's modulus of intact core range = 340 to 2,500 ksi.
Discontinuities - Joints closely to widely spaced (2.4 inches to 6.6 inches) inclined from 30 to 60 degrees, o Core recovery range = 84 to 100 percent, Average = 99
generally healed with calcium carbonate. Bedding dips 30 to 60 degrees to the northeast. percent

o RQD range = 17 to 100 percent, Average = 89 percent

o Compressional wave velocity range = 10,300 10 70,000 fi/s

o  Shear wave velocity range = 4,800 to 7,800 /s

o Estimated deformation modulus of rock mass = 0.9 to 25 x

10° psi

o Estimated RMR rating of rock mass = Class II to III {good

to fair} average = Lower bound of good rock (Class 1)
o Estimated Q values of rock mass = very poor (0.1 < Q < 1)
‘ to good {10 < Q < 4.0).
e Cementation - Sandstones are moderately well cemented (not friable). Conglomerate beds are very weakly
cemented. Cementation is via calcite or clay and up to 30 percent by volume. The Las Virgenes sandstone
l is friable (weakly cemented).
Weathering - Generally fresh with approximately 4 percent chlorite bearing (hydrothermal aliernation).
Percent Quartz - 28 to 47 percent (mostly sand sized grains).
Groundwater Table - about 560 feet above tunnel crown and abut 165 feet below ground surface. o Hydraulic conductivity ranges from nearly impermeable to 4.7
x 107 cm/s
o Groundwater inflows decreased rapidly in Lower Topanga

Formation during Los Angeles Sewer Tunnel excavation.

L Other Gco!ogié Conditions - Geologic contacts are judged to be conformable at each end of reach.

il
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TABLE NO. 7-4, REACII NO. 4, STATION 6%

FORMATION: MIDDLE TOPANGA FORMATION, RGCK TYPE BASALT/BASALT BRECCLA

0 TO STATION 716 + 10, LENGTH - 1,780 FEET

l[ GEOLOGIC CONDITIONS ROCK PARAMETERS u
General Lithology - Extruded basalt, dominantly breccia with massive intervals of basalt 0  Bulk Density = 135 to 148 pcf, Average = 143 pcf
flows. Breccias are coherent, malrix supported; clasts are angular to several inches o Uniaxial compressive strength range = 0.6 to 5.7 ksi, average intact rock = 2.3
across. Matrix consists of chlorite, zeolite, and smectite minerals. Infrequent ksi
depositional lenses and layers of sandstone up 1o 50 feet thick, fine to medium grained. o Moderately susceptible to slaking
o Young's modulus of intact rock range = 380 to 520 ksi.
u
Discontinuities - Joints and shears often lined with chlorite/smectite are very closely to o Core recovery range = 85 to 100 percent, Average = 96 percent
moderately closely spaced (0.4 1o 24 inches), and predominantly inlerlocking and wavy. o RQD range = 56 to 95 percent, Average = 84 percent
Generally two sets at moderate to sleep inclination with one random set superimposed. o  Compressional wave velocity range = 1,500 to 16,000 ft/s
Inclinations range from 24 to 60 degrees (44 degrees average). Trends E-W, NW, ENE, o  Shear wave velocity = 4,000 to 7,500 /s
shears commonly are near vertical. Most joints and shears are healed with infilling of o  Estimate RMR rating of rock mass = Class 11} to TV {poor to fair), Average =
calcite, zeolite, chlorite, minerals, or smectite, Lower bound of fair
o  Estimated Q value of rock mass: extremely poor (0:01' < Q < 0.1) to poor (1 <
Q<4
Cementation - Igneous rock (basalt) Not Applicable. Breccia are not granular, matrix is o  Cementation on joints and shears is typically weak minerals, chlorite, zeolite,
softer than fragments, generally coherent. Sandstone lenses may be well cemented. and smectite.
Weathering - Fresh (unweathered) but much of original basalt is hydrothermally altered
to serpentine and chiorite group minerals.
Percent Quartz - No quantz present but rock contains an abundance of serpentine and
chlorite group minerals on fracture surfaces.
'rGroundwater Table - About 650 feet above tunnel crown and about 100 feet below o Hydraulic eonductivities range from 3.2 x 10* cm/s to 8.0 x 107 em/s
ground surface o  Locally high groundwater inflows that decreased rapidly in Middle Topanga
l Formation during Los Angeles Sewer Tunnel excavation
P o  Sulfate content 13 approximately 150 ppm
o  Hydrosltalic pressure at tunnel crown is approximalely 232 psi.
Other Geologic Condition - Low percentage of iron pyrite disseminated in rock mass or
locally concentrated on some joint surfaces. {Jeologic contacls are judged to be
I conformable on each end of reach.
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TABLE NO. 7.5, REACH NO. 5, STATION 71 . 186 TO STATION 730 + 70, LENGTH - 1,460 FEET
FORMATION: UPPER TOPANGA FORMATION, ROCK TYPE SANDSTONE/CONGLOMERATE

GEOLOGIC CONDITIONS

ROCK PARAMETERS

I1-L

Groundwater Table - About 550 feet above tunnel crown and aboul 50 feet below
ground surface.

(Other Geologic Conditions - Geologic contacts are judged to be conformable at each
end of reach.

General Lithology - Dominantly a massive to thick bedded medium to coarse grained o Bulk density range = 131 10 163 pcf, average = 142 pel
sandstone with widely spaced thin to thick gravelly sandstone zones. Sequence contain 0 Uniaxial compressive strength range = 2.0 to 13.5 ksi, average intact rock = 5.1
BO percent sandstone, 15 percent conglomeratic sandstone, and 5 percent conglomerate. ksi, strength of clasts = 12.4 ksi
Clasts up to 24 inches (rare 1o 48 inches), subangular to subrounded, matrix supported. o Moderately susceptible to staking
Minor thin (1 to 2 inches thick) siltstone rare. o Young's modulus of intact core = 730 to 5400 ksi.
Discontinuities - Joints closely to widely spaced (2.4 inches to 6.6 inches) and primarily o Core recovery tange = 35 to 100 percent, average 98 percent
moderately closely spaced (8 (o 24 inches). No regular pattemn of orientation or dip o RQD range = 0 to 100 percent, average 81 percent
angle {random). Infrequent sheared clay seams. o Compressional wave velocity = 10,300 to 20,000 ft/sec
o Shear wave velocity = 4,800 to 7,800 fi/scc
o Deformation modulus = 0.9 to 2.6 x 10° psi
o Estimated RMR rating of rock mass = Class 1 {Good Rock) average = good
rock
o Estimated Q rating of rock mass = good (10, Q < 400).
Cementation - Moderately cemented with primarily calcite. o Clast strength is generally much greater than matrix.
Wealhering - Fresh (unweathered), no alteration
Percent Quartz - Quartz content of sand grains varies from 15 to 30 percent with [} Modified Taber Hardness Index = 4 to 15.1 Ha.
intervals up to 55 percent quartz.
o Groundwater infllows were low in upper Topanga Formation. u
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TABLE NO. 7-6, REACH NO. 6, STATION 73u + 30 TO STATION 761 + 40, LENGTH - 3,070 FEET
FORMATION: UPPER TOPANGA FORMATION, ROCK TYPE SANDSTONE - SILTSTONE/SHALE

—_—
ta

“ GEOLOGIC CONDITIONS ROCK PARAMETERS
General Lithology - Interbedded sandstone and siltstone/shale. Laminated 1o thickly o Bulk density range = 119 10 149 pef, average = 129
bedded (very distinct). Dominantly fine to coarse sandsiope in the south portion and o Uniaxdal compressive strengths range = 0.2 to 4.8 ksi, average intact rock = 2.0
increase in silistone/shale content towards the north portion. Bedrock is folded locally, ksi
but bedding predominantly dips northeast. o Highly susceptible 1o slaking (second cycle slake) durabiiity index = 1.1 to 95
percent, generally < 50 percent)
o Young's modulus of intact core range = 9.3 to 1,500 ksi.
Discontipuities - Joint spacing moderalely close (8 inches to 24 inches), usually one set o Core recovery range = 0 to 100 percent, average 95 percent
with apparent random orientation. Bedding dips generally 50 to 90 degrees, reversals o RQD range = 0 to 100 percent, average 76 percent
and possible overturning anticipated. Bedding parts easily on some siltstone/shale 0 Compressional wave velocity = 5,000 to 8,000 fi/s
surfaces, often sheared, polished clay-lined seams present. o Shear wave velocity = 3,000 to 4,000 fi/s ‘
o Deformation modulus of rock mass = 0.6 to 0.9 x 10° psi
0 Estimated RMR rating of rock mass Class I 1o IV (good to poor rocks)
average = lower bound of fair rock.
Cementation - Variable, ranging from slightly to moderately well cemented. Some
sandstone layers are uncemented and very friable.
' Weathering - Mostly fresh {unweathered). Locally highly weathered to residual soil.
Percent Quartz - Quartz content of sand grains varies from 15 to 30 percent with o Modified taber hardness index = 0.4 to 0.7 Ha.
I intervals up to 55 percent quartz.
Groundwater Table - About 50 to 200 feet above tunnel crown and 0 to 30 feet below o Hydraulic conductivities range from nearly impermeable to 4.2 x 10* cm/s.

‘ ground surface

Other Geplogic Conditions - The Benedict Canyon fault zone will be crossed at the

{| north end of the reach. Two zones of shearing/brecciation are anticipated beneath the
Hollywood Freeway arca. No more than 9 feet of bedrock overiies tunuel crown
beneath Hollywood Freeway. Stream athuvium may be encountered in crown of tunnel
beneath freeway. Geologic contact at the south end of the reach is judged to be
conformable.
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