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1.0 INTRODUcnON 

1.1 GENERAL 

This report presents the results of a geotechnicaJ 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. 

1.2 BACKGROUND AND PROJECT DESCRIPTION 

The proposed Metro Red Line Segment 3 alignment is shown in Figure 1-1. It starts at the 

proposed HollywoodNine Station, continues west c;1long Hol1ywood 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 fo11owing Lankershim Boulevard to the 

proposed North Hollywood Station Jocated in the San Fernando Val1ey. Geotechnical 

investigations have been completed for the segments between Hol1ywoodNine 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 Ho11ywood 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 wiJI consist of side-by-side 

twin tunnels, one set (2) of air-ventilation shafts, and underground chambers. Each of the 

tunnels wilJ 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-5, 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 along 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. 

1.3 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: 

o Developing field procedures and preparing a field manual 

o Planning the field investigation program 

o Obtaining permits and clearing utilities at investigation locations 

o Coordinating with Los Angeles City agencies and utility companies 

o Coordinating with representatives of Engineering Management Consultant 

(EMC) and related agencies. 
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4. Field exp]oration and testing program, including: 

o Drilling, coring, logging, and photographing of rock cores from 18 borings 

(SM-1, SM-lA through SM-1D, and SM-2 through SM-14). 

o Geophysical wireline logging at six boring locations. 

o Hydraulic packer testing in ten borings. 

o Installing groundwater monitoring wells and collecting groundwater samples. 

o Installing and monitoring vibrating-wire piezometers. 

5. Geotechnical Jaboratory 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. 

1.4 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: 
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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 tunnel 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 overcro~sing at Lankershim Boulevard; 

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

2.2 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 difficulties, 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. Our 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 parallel 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 nmthern 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. 

. . 

2.3 SUMMARY OF AVAILABLE TIJNNELING DATA IN PROJECT AREA 

2.3.l 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 

060793.RYrm-2os0-01 · 2-3 



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 from 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. 

2.3.2 Los Angeles Sewer Tunnel 

2.3.2.1 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 Tunnel are descnbed 

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) descnbed the rock units from 

south to north as granite, conglomerate, sandstone, basalt, 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. 

2.3.2.2 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 tunnel geology data, the following rock types and lengths of tunnel section 

were encountered from south portal to north portal: 

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 2411
): 699 feet 

Sandstone: 1,042 feet 

Sandstone and shale: 4,348 feet 

Alluvium: 339 feet 

Sandstone and shale: 399 feet 

Each of these geologic units has unique characteristics which affected the tunnel excavation 

and support differently. These conditions are descnbed 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 391 + 72 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 HolJywood fault at the foot of the mountain front. 

A gouge and breccia zone with fragments of granitic rock was encountered from Station 

352+20 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 alJ 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 375+00 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 nea: 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 provide 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 and 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 northern 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 sha1e. 
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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. 

2.3.2.3 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 decreasing 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 entirely 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 until 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. 
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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. 

2.3.3 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 

tunnel 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): 

Basalt: 
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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 well without supports. Only in areas where the basalt was 

sheared or crushed was support needed, otherwise the basalt 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 a.'ld 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 
Sta. 369 + 82 Sta. 394 + 59.3 Sta. 411 + 51 Sta. 427 + 32 Sta. 434 + 4 

TOTAL HARDNESS as Calcium Carbonate (mg/L) 281 298 437 102 250 

ALKALINITY as Calcium Carbonate (mg/L) 239 281 340 301 303 

CALCIUM (mg/L) 68 37 116 19 46 

MAGNESIUM (mg/L) 27 50 36 13 34 

SODIUM (mg/L) 23 46 86 126 ' 80 

POTASSIUM (mg/L) 6 0 2.5 2 2 

CHLORIDE (mg/L) 33 60 44 18 21 

SULFATE (mg/L) 38 50 213 64 118 

NITRATE (mg/L) 0 NA NA NA NA 

SILICA (mg/L) 25 30 55 66 48 

IRON (mg/L) <0.01 0.06 108 <0.01 0.10 

BORON (mg/L) 0.07 0.16 0.10 0.29 0.23 

FLUORIDE (mg/L) 0.05 0.40 0.20 0.40 0.40 

SPECIFIC CONDUCTANCE (umho/cm) 611 702 1096 715 792 

TEMPERATURE ("C) 23 NA 22 19 20 

pH (pH units) 7.35 8.11 7.88 8.30 8.0 

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 

3.1 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 geomechanica!, 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/DMJM 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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3.2.4 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, distnbution 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. 

3.3 FIELD INVESTIGATION PROGRAM 

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

and included the following: 

o Planning, permitting, and coordination 

o Drilling, coring, and logging of 15 borings along the alignment 

o Geophysical wireline logging 

o Hydraulic packer testing 

o Monitoring well installation, development, and sampling 
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o Vibrating-wire piezometer installation and monitoring 

. . 3.3.1 Planning, Permitting and Coordination 

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

during the field exploration and testing program: 

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

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

o 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. 

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

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

o Providing necessary traffic control and coordination during field exploration 
. program. 

3.3.2 Drilling, Coring, and Logging 

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

techniques and visually 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 tunnel track (AR). A detailed summary of the 

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

presented in Table 3-1. 
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Several drilling and sampling methods were utilized. Borings SM-I, SM-IA, SM-lB, 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-lC, SM-1D, and SM-14 were drilled entirely by hollow-stem auger with 

samples being collected by a standard California drive sampler. Borings SM-lC and SM-lD 

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 (i.e., 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 unable 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-lA, SM-1B, SM-lC, 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 encountered in Boring SM-11, it was 

grouted closed after completion of field work. Borings SM-lB, SM-lC and SM-1D were 

grouted closed after completion, since they were located very close to Borings SM-1 and 

SM-lA. Borings SM-1, SM-lA, 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 warehouse; 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 tunnel 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: 

o 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. 

o 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. 

3.3.5 Groundwater Monitoring Wells 

During this investigation, a total of six groundwater monitoring wells were installed. Three 

borings (SM-1, SM-lA, 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-lA 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 chloride (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. 

3.3.6 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-lA, 

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). 
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3.3. 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. lt20 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. 

3.4 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). 

3.4.1 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. 

3.4.1.1 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 Atterberg Limits were 

performed in accordance with the test methods and procedures specified in American 

Society for Testing Materials (ASTM) D422-63 and D4318-84, respectively. Grain size 

distnbution curves are included in Appendix E. 

3.4.1.2 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 uniax:ial 

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. 

3.4.2 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 d~scribed 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 analyses specified by the CRWQCB. The list of analyses is presented 

in Table 3-6. A summary of the chemical test results and their evaluation are presented in 

Section 5.2.2. The detailed chemical analyses test results are presented in Appendix F. We 

understand that !he results will be evaluated by the CMC before applying for an NPDES 

permit. 

During drilling 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, sulfide, specific conductance, and pH. The test results are 

summarized in Table F-2 of Appendix F. 

3.4.3 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 pr~sented in Section 5.2.3. The detailed results are presented in Appendix G. 

3.4.3.1 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 samples, 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. 

3.4.3.2 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. 

3.4.3.3 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 niicrofossil and pollen identification. The evaluation of the results 1s 

presented in Section 5.2.3. The results of their analyses are presented in Appendix G. 
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Borlog No. 

SM-1 

SM-1A 

SM-1B 

SM-IC 

SM-10 

SM-2 

SM-3 

SM-4 

SM-5 

SM-6 

SM-7 

SM-8 

SM-9 

SM-10 

location Approximate 

Statton Along 

Center Line of 

AR Track 

1850la 8'eaAvenue 627+95 

1851 la & ea Avenue 628+80 

1850 la & ea Avenue 828+10 

1850La &ea Avenue 627+40 

1850 la 8' ea Avenue 827+15 

~nyon Canyon Park 837+30 

~nyon Canyon Park 645+815 

~nyon Canyon Park 682+80 

Runyon Canyon Park 872+ 10 

Runyon Canyon Park 6n+so 

2649 La Cuesta [)Mt 688+40 

7404Mulho11and Dive 698+35 

MIMlolland Dive/ 709+50 

Woo<tow Wilson Olve 

MtJholland Dive/ 721+70 

Floye Dive 
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TABLE 3-1 . SUMMARY OF BORINGS 

,a 

Approximate Aooroxlmate Elevations Total 

Offset From Ground Tunnel Tunnel Depth ol lithology 

Center line of Surface Crown Invert Boring ,,, 
AR Track 

(feet) (feet) (feet) (feel) (feet) 

335RT. 485 347 327 199 0 - 45' AnlNium: 45'-95' Oranodlorlte; 

95' -118' Puente Formalon Clayslone: 116' - 199' Alluvium 

320RT. 492 348 328 180 0-T Alluvium: 7'-180' ~anodlorlte 

340RT. 487 348 328 170 0-29' Alluvium: 29'-104' Orano<lorilB; 

104' -125' Puenle Formation Claystone; 125'-143' Granodiorlte; 

143' - 170' AHINlum 

330RT. 481 347 327 76 0-46' Alluvium; 48- 59' Oranodalte; 59-63' Alluvium: 63-66' Granocfoile: 

66-76' Alluvium 

330RT. 478 346 326 46 0 - 34' AlllNlum: 34-42' Oranodalte: 42-48' Alluvium 

13<1.T. 720 350 330 431 0 - 4' Fill; 4'-431' Granodicrlte 

ett.T. 686 350 330 394 0 - 10' Alluvium; 10'-394' OranodorilB 

7<l..T. 960 375 355 826 0 -12' Fill; 12' - 826' (hnodlorilB 

13Cl.T. 1228 396 378 890 0- 439' "Chico" Fa melon Conglomerate: 

439'-558' "Chico" Formation Conglomerate v,;th She:wed and BecclaledZones: 

558' - 890' Oranodiorlte 

SORT. 1180 408 388 830 0 -T Fill; 7' - 720' "Chk:o" Forma11on Congloma alB v,;t, Intervals of Sandslore; 

720' - 727' "Chico" Formallon Claystone; 727' -830' Oranodolte 

225LT. 1100 428 408 739 0-47' las Viginis ~ndstone; 47' -275' Simi Conglomerate: 

275' - 739' "Chico" Famatton Conglomerale with Intervals of Sandstone 

ORT. 1175 450 430 788 0 - 9' Rn: 9'-56' Topanga Formalon Basal Beccla; 

55'-398' Topanga Famalon Basal; 398'-56T Topanga Formaloo BasaR Beccla; 

587' - 788' T opanga Formation Sandstone with Conglomlr ate 

17<l.T. 1112 479 459 893 0-8' .Alluvium; 8' -211 ' Topanga Fametton Basalt lhccla; 

211' -315' Topangm Fa-metton Basalt; 315' -993' Topanga Fmratlon Basalt Beccla 

19<l.T. 1147 505 485 703 0-703' Topangm Farralon Conglomerate and Sandstone 
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TABLE 3-1. SUMMARY OF BORINGS 

(a 

Boring No. Location Approximate Approximate Aooroxtmate Elevations Total 

Station Along Offset From Ground Tunnel Tunnel Depth ol Uthology 

Center Line of Center Line of Surface Crown Invert Boring ,,, 
AR Track AR Track 

(feet) (feet) (feet) (feet) (feet) 

SM-11 3600 Multivlew Dive 734+80 30LT. na 528 508 307 0 - 8' Alluvium; 8-307' Topanga Formation Sandstore and Shala 

SM-12 3n3 Fredonia Drive 742+«> 23<1.T. 1171 525 505 207 0 - 10' Alluvium; 10' -207' Topanga Formalon Shala and Sandstone 

SM-13 Lankerahm BoukMlrd/ 7511+06 tOLT. 590 521 501 130 0-15' A"uvum; 15' -130' Topanga Famatlon Stale and Sandstone 

Cahuenga BolJavard 

SM-14 L.ankershtn BoullMlr Q/ 759+<15 80RT. 580 520 500 511 0-51 ' Affuvum; 5 t ' -56' Topanga Fa ma I on Sands Iona and Shala 

Hollywood Fr-y 

Not•: (1) RT = Fight, LT • Left 

(2) Elevations refer to Lo, .Angeles City Engineers Datum - 1975 Adfustmant 



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.(l) 

SM-lA Christensen core to 25.5'; Mobile B-53 
Surface set diamond to T.D. 

SM-lB Christensen core to 50'; Mobile B-53 
Surface set diamond to T.D. 

SM-lC Hollow-stem auger to T.D. Failing F-10 

SM-lD Hollow-stem auger to T.D. Failing F-10 

SM-2 Stratapax to 200' with air; Ingersol-Rand 300 
Diamond impreg<2> 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 265~ 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 30'; Longyear 38 
Diamond impreg. to T.D. 

SM-7 Auger to 4'; Mobile B-53 
Stratapax to 30'; 
Diamond impreg. 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 145'; 
Surface set diamond to 149'; 
Stratapax to 265'; 
Surface set diamond to 300'; 
Geoset (tungsten carbide) to T.D. 
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TABLE 3-2. SUMMARY OF DRILLING MEIBODS AND EQUIPMENT (2 of 2) 

Boring Bits Drilling 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 
Well No. lnstanatlon Well/Boring (feet) E levatlon (feet) Water Level (feet) Groundwater Level (feet) 

Nov92 March 93 Nov92 March 93 

SM-1 Nov92 199 (WELL) 485 Ory Dry - -
SM-1A Nov92 180 (WELL) 492 16 13 476 479 

SM-2 Oct92 431 (BORING) 720 198 188 522 532 

SM-3A Nov92 95 (WELL) 686 43 12 643 674 

SM-4 Oct 92 626 (BORING) 960 97 72 (June 93 863 888 (June93 

SM-5 Dec92 890 (BORING) 1226 - 72 - 1154 

'->) 

~ 
SM-SA Nov92 127 (WELL) 1180 76 50 1104 1130 

SM-7 Sep92 739 (BORING) 1100 156 137 944 963 

SM-8 Sep92 787.5 (BORING) 1175 141 87 1034 1088 

SM-9A Nov92 152 (WELL) 1112 106 96 1006 1016 

SM-10 Nov92 703 (BORING) 1147 84 63 1063 1084 

SM-11 Oct92 307 (BOANG) 778 +3 - 781 -
SM-12 Oct 92 206 (BORING) 671 26 21 645 650 

SM-13 Nov92 130 (BORNG) 590 12 10 578 580 

SM-14 June 93 55 .5 (WELL) 580 - 7 (June 93) - 573 (June 93 

R-8 May89 201 (WELL) 665 18 13 647 652 

A-9 May89 139 (WELL) 605 - 10 - 595 

NOTE: Water In Boring SM-11 flowed to the ground surface and stablllzed overnight In the stickup of drlll pipe al 3 feet 



Boring Ground Surface Date of 
No. Elevation (ft) Installation 

SM-4 960 6-93 

SM-6 1,180 6-93 

SM-9 1,112 6-93 

(I) Measurement immediately prior to installation 
(2) 2 .307 feet = I psi 
(3) Measurement made on June 12, 1993 

t.,.l 

N -
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TABLE 3-4. SUJ\IIMARY OF VIBRATING-WIRE PIEZOMETER DATA 

Upper Piezometer Lower Piezometer 
Stalic Groundwater 

Level 
Depth/Elevation" Tip Installation Lithology Depth of Instrument Reading°' Tip Installation Lithology Oeplh r,f Instrument Reading'" 

(ft) Depth/ Elevation Below S1:1.tic (psi) Deplh/Elcvation Below Static (psi) 
(R) Groundwater Level (R) Groundwater Level 

(ft/psi)'" (II/psi)"' 

73/837 268/692 granodiorite 195/85 106 5851375 granodiorite S 12/222 221 

63/1 117 300/880 conglomerate 237/103 IOS 771/409 granodiorite 708/307 268 

94/1018 310/802 basalt breccia 216/94 119 633/479 basalt breccia 539/234 2J2 



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

Test Type No. of Tests Test StandardCl> 

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. 
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_TABLE 3-6. LIST OF CHEMICAL ANALYSES FOR GROUNDWATER SAMPLES (1 of 2) 

Analy1e Requested Field 
Number Analyte EPA Tesl Deteclion Limi1 Preservatives Filter Con1ainer Storage 

Method (ppb) 

I Purgeable 624 5 to 20 Cool4°C No i•) Two - 40 ml glass 7 days m 
Volatile Organic Compounds 0.008% Na,S020 1 m 

2 Semivola,ilc Organic Compounds 625 5 to 50 Cool 4°C No Two - I li1er glass 7 i;ays 

3 Total Petroleum Hydrocarbons 418.1 500 H2S04 to No m One - I liter glass 28 days 
pH <2 

Cool 4°C 

4 Oil & Grease 413.1 or 500 H1SO. to pH < 2 No One - I liter glass 28 days 
413.2 Cool 4°C 

5 Total Fuel Hydrocarbons, 8015 LUFT Gasoline 20 Cool4°C No <j> Two - 40 ml glass 14 days 
Gasoline and Diesel Diesel 200 

6 CCR Tille 22 Metals SW-846 or 1/2 the MCL HN01 to pH <2 Yes 111 One - I liter plastic 6 months 
(CP-MS 

w 

8 
1 Chromium VI 7196 IO Cool 4°C Yes m One - 500 ml liter plastic 24 hours 

8 Aquatic Toxicity NA NIA coo14·c No One - .S gallon plastic 24 hours 

9 Biological Oxygen Demand (BOD) 40.S.I .S,000 Cool4°C No <•) One - 500 ml glass 48 hours 

IO Chemical Oxygen Demand (COD) Hach Kit 20,000 coo14·c No One - 400 ml glass 28 days 

II Nonfilterablc Residues 160.2 1,000to Cool 4°C No One - I liter 7 days 
Total Suspended Solids (TSS) .S,000 plastic or glass 

12 Sertleable Solids (SS) 160 . .S 1,000 to 5.000 Cool4'C No One - I liter 2 days 
plastic or glass 

13 Turbidity 180.1 1.00010 Cool 4°C No One - 100 ml plastic 48 hours 
.S,000 

14 Filterable Residues - 160. I 10,000 Cool 4'C No One - I liter 7 days 
Total Dissolved Solids (TDS) plastic or glass 

I.S Chloride 32.S.3 10,000 None No One - 100 ml plastic 28 days 

16 Sulfide 376.2 100 ZnC02CH1 & NaOH No One - 500 ml plastic 7 days 
lo 

pH> 9 - Cool4°C 

17 Sulfa1c 375.3 10,000 Cool4°C No One - SOO ml plastic 28 days 
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TABLE 3-6. LIST OF CHEMICAL ANALYSES· FOR GROUNDWATER SAMPLES (2 of 2) 

Analyte 
Number 

18 

19 

20 

21 

Notes: · (I) 
(2) 
(3) 

(4) 
(5) 

(6) 

Requested 
Analyte EPA Test Detection Limit 

Method (ppb) 

Nitrite 300 100 

Nitrate 300 100 

Specific Conductance 120. l NIA 

pH 150.1 

Should only be used in presence of residual chlorine 
CRWQCB recommends 7 day storage time for EPA 624 
Field filter with 0.45 micron filter 

NIA 

24 hour gravity senle of solids in the laboratory prior to analysis 
Filter sample in laboratory prior 10 analysis using cenrrirugation 
Laboratory filtration prior to analysis 

06109J.TBV}2-20SO-0t 

Field 
Preservatives Filter Container 

Cool 4'C No One - I 00 ml plastic 
H,so. to pH < 2 

H,so. 10 pH < 2 No One - 100 ml plastic 
Cool 4'C 

Cool 4'C No One - 500 ml plastic 

None No One - 100 ml glass 

Storage 

28 days 

28 days 

28 days 

Immediately 
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4.0 GEOLOGIC CONDffiONS 

4.1 REGIONAL SE'ITING 

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 Oxnard 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 phyllites 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 volcanic 

origin. The succession of rocks is not continuous with several unconfonnities interrupting 

the_ sequence. Erosion of the exposed bedrock formations has resulted 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 faulting. 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 fault 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 domi~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 

Jacinto, Whittier-Elsinore, Newport-Inglewood, and Palos Verdes fault zones. The recent 

1992 Landers earthquake occurred in the Mojave Desert along the Johnson Valley, 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 underlie 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. 

4.1.3 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 fault. 

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 a11uvial 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 is 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 descnbed in 

Section 4.2.4. 

4.2 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 descnbed 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 629+60 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-lA, 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 693+00, Length 1,320 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. 

Oasts within the conglomerate beds are rounded and usually 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. Oasts consist of quartzite, and granitic and metavolcanic 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 

underlyin.g 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 

conglomerate. The contact is abrupt and the rock to either side of the zone is expected to 

be altered and sheared. 

Reach 3 - Station 693+00 to Station 698+30, Length 530 Feet; 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 ( chlorite 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 

SO-feet thick lie conformab]y within the volcanics, and dip northeast simi1ar 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 chlorite and smectite 

group minerals. Many joints, shears, and vesicles are filled with white zeolite, calcite, 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) alteration, 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 S - Station 716+ JO 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 calcite. 

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. Cernentation is variable ranging from 

slight to moderate. 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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4.2.2 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 only 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. 

Faulting 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 displays 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 

fault is discussed in reports by Earth Technology (1993) and Sieh (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 questionable. 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. Toe 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. 

4.2.3 Rock Mass Discontinuities 

Rock mass discontinuities are any defects in the rock mass and include joints, shears, 

foliation, and bedding partings. The discontinuities 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 

explanation 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 679+80 to 693+00. Length 1,320; 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 between 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, l&ngth 530: Lower Topanga Formation and Las 
Virgenes 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 698+30 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 730+70, Length 1,460 feet; Upper Topanga Formation 
(Sandstone) 

Reach 5 contains massive sandstone beds with occasional conglomeratic zones. Bedding is 

poorly developed 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 calcite. 
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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. 

4.2.4 Groundwater Conditions 

This section provides a summary of the groundwater conditions along the tunnel 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 a 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 elevations 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 tunnel 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 vertically 

throughout the rock mass, most likely through the frequent rock discontinuities. 

Borings SM-1 and SM-lA 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-lA) measured north of the fault zone in the hanging wall, 

was not present to the south of the fault zone in the footwall (Boring SM-1). The Benedict 

Canyon fault, 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 elastic 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 possible 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-s 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 
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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 con_ductivity 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-lA, SM-2, SM-3, SM-4 

and SM-6) indicate hydraulic conductivity ranging from 1.7 x 104 cm/s to 4.6 x 10·8 

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 ROD 

(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. 
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4. The widest range of hydraulic conductivities occurs within the sedimentary rocks. 

The calculated values range from 4.2 x 10°" cm/s to 5.2 x 10-a cm/s and lower. 

5. Hydraulic conductivities calculated for the basalt ranged from 3.2 x 10-5 cm/s to 8.0 

x 10-1 cm/s for three tests. As with the granodiorite, the hydraulic conductivities 

appear to be controlled 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. 

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

low strength results from laboratory testing of basalt and basalt breccia. 

S.2. LABORATORY TEST RESULTS 

S.2.1 Geomechanical Laboratory Testing 

The results of soil testing are summarized in Table 5-4. 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 foJlowing are our observations based on a review of the aforementioned 

data: 

1. BULK SPECIFIC ORA VITY 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 basalts, 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 Oass Description of 
Density (pct) 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 2 and 3 Low to Moderate 

Upper Topanga Fm. 119-163 2 to 4 Low to High 

2. 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 
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3. POINT LOAD STRENGTII - 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 also 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 (l ) Very High 

Chico Formation 95.3 - 97.4 Very Low 

Lower Topanga Fm. 93.8 ( l ) Very Low 

Middle Topanga Fm. 59.0 - 96.7 Medium to Very Low 

Upper Topanga Fm. 1.1 - 95.7 Very ~gh to Very Low 

<1> Only one test was performed. 

060793.RPT/92-2051Hll 5-5 



5. 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. 

5.2.2 Chemical Laboratory Testing 

The chemical laboratory test results of the groun4water 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 results 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 also 
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from the Topanga Formation. These results 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. 

5.2.3 OTHER LABORATORY ANALYSES 

5.2.3.1 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 jn the basalt, 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 analysis 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. 

5.2.3.2 Thin Section Analyses 

The results of the thin section analyses are presented in Table 5-8. Generally, the thin 

section analysis ~eems 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. 

5.2.3.3 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 given to the latter. This would correspond 

to the Puente Formation in this area of the Los Angeles Basin. The clay sample from 

Boring 8-8 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 

Appfoxlmal• &nnroximata ElMlaijOl\1 TaotNo. Ty~ "~oidm ... S..don• o.- Bal- Ground Surfac• Rock a.w.c1anatca 

Boring No OllaalFrom Ground TuMal Tunnel olT••t Wala, Topol lloaom ol Walw Top of Boaomof 

c ... ,ltf Uneof Surface Crown hYart Talff Teat Tait Tabla Teat Tait Ty~ Recovery 

AA Track Interval Interval lnlalYal Int-al 
111 .... hell llaatl /IH~ 11••11 ,, ... 11•.0 ll•atl 11 • .0 ,. .... .... , 

SM-IA 320RT. 492 348 328 1 Single 478 335 327 18 157 165 Oranoclorile/Oouga 75 

SM-2 130LT. 720 350 330 1 Single 512 340 330 209 310 390 Oronoclortla -2 Single 299 2119 209 421 431 Oranodlotlla 11 

SM-3 liOLT. 688 350 330 1 Single 643 342 332 43 344 354 Oranoclorila 117 

2 Slngla 302 292 43 385 394 Oranodloril• 1111 

SM-4 70LT. 960 375 355 1 Single 863 344 334 17 8111 1128 o,.,,oc1ortt• 100 

2 Double 381 545 87 589 115 Oranodlorila Ill 

3 Ooubla 422 408 87 531 554 Oranociortla/CNlhM 1111 

SM-8 . liORT. 1180 408 388 1 Doubt• 1108 485 469 74 1196 711 COl\glomltfala 100 

2 Doubla 408 390 74 774 790 Oranodlorila 100 

SM-8 ORT. 1175 450 430 ' Single 1008 460 447 167 715 728 Sandalone 100 

2 Slngla 444 433 117 731 743 Sand1lona/SltalOI\• 100 

3 Single 405 388 187 770 7811 Sw,d1tone/Sllllon• 100 

SM-9 170LT. 1112 479 459 1 Single 1008 488 471 104 624 833 Buall B<ac:da .. 
2 Single 474 465 104 831 648 Buall B<accla 15 

3 Single 434 411 104 871 893 Buell Braccia 911 

SM-11 30LT. ne 528 508 1 Single 711 528 518 -3 2SO 2flO Send1tOl\a/SIIIIOl\a 100 

2 Single 418 483 -3 290 295 Sw,d1IOl\a/Sli.lOl\e 100 

3 Double 813 597 -3 185 181 Send1tone 18 

4 Double 623 607 -3 155 171 SandltOl\a/SltatOl\a 119 

SM-12 2301.T. 671 525 505 1 Single &45 524 510 2tl 147 111 Sand1lona/SllltOl\a 12 

SM- 13 1DLT. 590 521 SOI 1 Slngl• 571 51!1 500 12 75 110 Sandatona/Sltatona 18 

Nola: (1) AQD • Rock Quality Daolgnation 

A>raraga 

.. Hyd,aullc: 

AQO COl\clu~ Remarks 

.... , lcm/1.,,1 

72 UE-08 

7 1.21:-0II 

5 2.0E- 05 

31 4.:sE- OII 

12 5.2E-05 .. 4.eE-OII 

13 I .OE-OIi 

25 t .7£-04 

47 2.8E- OII 

119 UE- OII .. 2.3E-07 

83 ---- NoMauur•bl•A-

100 4.7E-07 

M 1.7£-0II 

11 I .OE-07 

711 :UE-05 

too ---- No Mauur•bl• A-

78 5.2E-OII 

711 4.2£-04 

119 3.5E-04 

48 2.0E-05 

13 1.DE-OII 



TABLE 5-2. RANGE OF F1ELD HYDRAULIC CONDUCTIVI1Y 

Rock Type in the Test Section Range of ROD in Range of Hydraulic Conductivity 
the Test Section (%) (cm/s) 

Granite and/or Granodiorite 5-99 4.6 x 10·1 to 1.7 x lo-' 

Conglomerate<1> • Chico 47 2.9 X 10-6 

Formation 

Sandstone or sandstone/ 93 - 100 near impervious<2> to 4.7 x 10·1 

siltstone - Lower Topanga 

Basalt - Middle Topanga 79 - 94 8.0 x 10-7 to 3.2 x 10-s 

Sandstone/Shale - Upper 48 - 100 5.2 X 10"8 tO 4.2 X 10_. 
Topanga 

Notes: (1) Only one packer test was performed in this rock type. 
(2) Near impervious denotes that no measurable flow was observed during packer testing 
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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 
6 

Chico Formation SM-6 11,500 to 16,100 4,000 to 5,700 

Lower Topanga<1> SM-8 18,900 to >20,000 7,700 to 10,000 

Middle Topanga<1> SM-8 >20,000 7,100 to 8,300 

Lower Section of Upper Topanga SM-10 10,300 to >20,000 4,800 to 7,800 

Upper Section of Upper Topanga SM-12 5,800 to 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. 
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Boring No. 

SM-1 

SM- 1A 

SM- 1B 

SM-4 

SM-5 

SM-11 

SM-12 

SM- 13 

Approximate 
Offset From 

Center Lile of 
AR Track 

tfeetl 

335RT. 

320RT. 

340RT. 

70LT. 

130LT. 

30LT. 

230LT. 

10LT. 

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

APProximate Elevations Samole Interval Grain Size Distribution Atterbeia Limits Swell 
Ground Tunnel Tunnel Deoth Elevation uses Pressure 
Surface Crown Invert From To From To Classification Gravel Sand Fines LL Pl 

lfeetl tteetl lfeetl lfe..tl lfe..tl tfefrll lf....tl 1%1 1%1 1%l 1%l rw., tnsll 

485 347 327 6.0 10.0 479.0 475.0 CL 0 39 61 41 22 

95.0 100.0 390.0 385.0 CH 0 5 95 65 41 

128.0 130.0 357.0 355.0 SC-SM 1 71 28 26 6 

136.0 349.0 SC 0 54 46 37 20 

155.0 160.0 330.0 325.0 CL 0 43 57 46 25 

492 348 328 139.0 143.0 353.0 349.0 Cl 28 13 

155.5 156.5 336.5 335.5 SC 7 46 47 34 20 

158.5 160.0 335.5 332.0 CL 37 24 

162.0 165.0 330.0 327.0 CL 40 25 

173.0 175.5 319.0 316.5 SC 5 54 41 23 8 

487 348 328 144.0 145.0 343.0 342.0 SP 1 98 1 36 12 

169.0 169.8 318.0 317.2 SP 4 95 1 33 12 

960 375 355 0.0 7.0 960.0 953.0 Cl 0 25 75 39 24 

10.0 11 .0 950.0 949.0 SM 0 85 15 

1226 396 376 451 .0 451 .5 n5.o 774.5 SP 8 91 1 37 17 4.9 

ns 528 508 8.5 10.0 769.5 768.0 SC 0 70 30 39 19 

671 525 505 3.8 4.4 667.2 668.8 Cl 0 46 54 37 20 

6.9 7.4 664.1 663.8 Cl 0 45 55 35 19 

590 521 501 4.1 4.6 565.9 585.4 CL 40 25 

7.3 7.8 582.7 582.2 ML 27 4 

9.0 9.5 581.0 580.5 CL 38 20 

14.1 14.6 575.9 575.4 CL 40 24 

15.0 20.0 575.0 570.0 SC 0 54 46 30 8 



:.n 
I .... 

:.l 

Borhg No 

SM-IA 

SM - 2 

Sf,1 - 3 

SM-4 

App,oximale 
Ofta•I Fom 

Cent• Lil• ol 
AR Trade 

11 .. n 
320RT. 

130LT. 

60LT. 

70LT. 

Ann10ximat• Elevation• 
G,ound Tumel TUMel 
SJrtace c., .... ln-1 

(18911 IIAAll ''"" 
4112 3-48 328 

720 350 330 

688 350 330 

960 375 355 

TABLE 5-5. SUMMARY OF LABORATORY TEST RESULTS FOR ROCKS 
Paga 1 of 10 

SamDlelnlerw a,11 a,11 Moillm lhiaxial r-... 1on Pohl I.Dad Siok• a-a 
Oeolh ElaYlltion R>dc T,p• Spedfic Oenllly Conlenl Fail.Ire f ..... Younlf• Poleaon'• s1r .. g11 Eatlmaled U.lula Ourabli~ Pr•a,re 

Fom To Fom To (forrratlonl G,....., Mode(ll aw- Mo~• Aatfo lndelt (2 Compr•aiw 
St,.,gt\(5) 

,, .. n 11 .. 11 """ Ileen '""" '"'' Oiloonlnult,/l ln.n 1ll10 In_. lnoA 

. '"' ln.n 

124.0 12◄.5 381.0 387.5 Gr.,odiorl1e/Gouge 2.811 

182.0 185.0 330.0 327.0 Gnnodiorile/Goull" 2.70 24.5 

242.3 242.9 4n.1 ,n.2 Granodiorlle Axial Splitting 13900 7.0E+oe 0.19 

251.7 252.7 488.3 487.3 Oranodiorlle 2.75 171 0 .2 S.ear Plan• 10700 ~ .7E+oe 0 .21 

387.0 387.5 353.0 352.5 Grano dio1ile 2.811 ,ea 0.8 Conical Faiur• (.blnlll 1730 1.1E+oe 0.02 

3118.5 lea.I 351 .5 351 .2 Or..odiorHe Ul2 0 .5 

382 0 382.3 338.0 337.7 Gr..odiorlle 2.73 170 0 .3 

314.0 »4.3 320.0 325.7 OranodiorK• 171 0 .2 

408.1 408.7 311.t 311.3 Grano diorile Axial Splllllng 15800 8 .7E+oe 0.25 

154.5 155.8 531 .5 530.◄ OranodiorH• 171 0 .4 Axlel Sl)lilting (.binll 13100 

223.7 224 I 462.3 481 .2 Granodiorlle 2.13 175 0 .2 Axial Sl)litling 11200 5.7E+oe 0.40 

265.1 2118.3 420.t ◄1117 Gr..odiorlle 170 0 .2 Axial Spli1ling 1'300 

295.0 295 5 311 .0 390.5 Gr..odiorlle Sleer Plane 3060 

(.binl. calclle haaledl 

303.7 305.3 382.3 3e0.7 Oranodiorlle 172 0 .2 Axial Spilling 10000 

324.4 324.t 381 .8 381 .1 Or..odiorMe 2.79 175 0 .1 S.ear PlanelJolntal 12200 

335.3 335.t 350.7 350.I Or..odiorlle 2.70 173 0.1 s,- Plane(Jolntl 10000 4.4E+oe 0 .10 

338.0 339.0 348.0 347.0 Gr..odiorN• 171 0 .1 Axial Splining 21200 8.4E+oe 0.13 

341 .0 341.4 345.0 344.8 Or..odiorHe 172 0.1 Axial Splitting 17200 

344.7 345.5 341 .3 340.5 Gr..odiorite 2.73 170 0 .3 Conical FailJ1e 14800 1.2E+07 0.13 

358.5 359.2 327.5 326.8 Granodiorlle 2.71 169 0 .7 Axial Splitting 8600 

(Jolnll, calcite haaledl 

77.8 78.3 882.4 881.7 OranodiorHe 187 1.3 Siaar Plan• 3890 

(Joint. calcite healedl 



J1 
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lbrhg No 

SM - 5 

App10ximale 
Oll'let f,om 

Caiter Uieol 
AR Trad< ,, ..... , 

tJOLT. 

,\oo,oximate Elewtione 
GtOUOd Tunnel Tunnel 
9Jr1ace c ........ ln\1811 

,1 .. 11 ,_ 
f!Ntl 

1226 396 3711 

TABLE 5-5. SUMMARY OF LABORATORY TEST RESULTS FOR ROCKS 

Samnlalnte,,,.. ...... ...... Moilll" U,iamt ·-•alon 
Oeottt E......,tion Iba< Type Specllic o ... 11y QJnW'lt Fait.Jr• fall.or, Young'• Polnon'• 

F,om To f,om To (forrrationj Gra-.tly Mode (1) 6tr- Modulu Allio 

11ae11 n-11 n-n , ... 11 ·-" 1%1 llllconlinu~' , ..... , ...... 
109.0 109.5 151.0 150.5 Granodorlte Sl•rPi.,e 15600 

396.0 396.7 584.0 583.3 Grano db rite A•lat Sptilting 18400 

4117.8 419.0 492.2 491.0 Granod./Ap,enltic di<e(?) 2 .1111 , .. 0.4 AJCial Sptilting 8070 5.4E+oe 0.27 

573.3 575.0 38e.7 385.0 Gr1W10diorlte 

5780 5711.1 382.0 380.11 Gr.-iodbrlte 2.72 1419 > 0. Amt Splining 22000 9.5E+oe 0.15 

580.4 581.7 379.8 379.3 01anodlorlle 2.05 1811 0 .1 QJnlcel 22900 1.0E+07 0.15 

583.4 585.0 3711.11 375.0 Granodiorlte 2.72 1119 0 .1 A•ial Splilting 20700 

588.11 5811.11 371 .4 370.4 Granodiorlle 1118 0 .1 Conical 17400 

590.0 590.11 370.0 34111.1 Granodio, .. 1417 0 .2 Slear Plan• 20500 

596.11 5117.11 3113.4 3412.4 Granodiorlte 2.72 14111 0 .2 Conical 14000 ll.4E+OI 0.20 

1508.5 1109.11 351 .5 350.4 Granodiorlte 2.419 1417 0 .2 Aiuat Splitting 15400 9 .1Et08 0.23 

4123.0 1124 5 337.0 335.5 Granodiorlte 

148.0 149.5 1078.0 10711.5 Sandst>ne (Oilool 

1117.8 168.4 1058.2 105; .41 QJnglo. Sandst>oe (Oiloo) AJ<ial Splilting 3320 

10.11 Bounda,yl 

180.3 180.8 1045.7 1045.2 Sandst>oe (Olloo) 

2114.8 2115.11 931.2 930.4 Cooglo. 5¥\dstine (Olloo) 2.55 1111 0 .4 Conical 5050 

(Oa1l Boundariasl 

305.3 3011.0 1120.7 1120.0 Granitic Clas t (Chlool 

315.2 315 9 1110.8 1110.1 Sandlt>oe (0,100) 

330.2 332.0 895.8 894.0 Sand•tin• (O,icol 

364.5 368.0 eeu 8110.0 Conglomerate (Oiicol 

3911.1 31111.11 8211.11 829.4 Sandltine Cla1t (Ollco} 

400.0 401.7 8211.0 824.3 Sandlt>oe (O,lco) 159 0.3 SIMr Plane 8700 

539.8 541.0 4184.1 1185.0 Cooglorneralle (0,icoj 

Page 2 of 10 

Pohl load SW<• Swel 

kaigt, E1t1rN,lad Ullula Ourabtti\' Pr•aire 
Index 12 Compr•al,,e 

Sllaigt,(15) , ...... ,...,. 1%1 lftol\ 

1440 31IIIIO 

1070 23540 

3115 8030 

3418 1099 

'411(3 1425e 

3011 8798 

235 5170 

1110 3520 

120(3 2640 

4 118 
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Ol 

BorhgNo 

SM-8 

Approximate 
Clllte1 fo:,m 

C_,1., Line ol 
AR Trade 

119811 

60RT. 

Ano10 xima1e Elevamn■ 
Ground Tunnel Tunnel 
9.Jrtace CIDM ln-1 

,1 .. n 11 .. 11 11 .. 11 

1180 408 388 

TABLE 5-5. SUMMARY OF LABORATORY TEST RESULTS FOR ROCKS 

Samole ln1enal a,nc &lie Moi■l.lrt Utiuial c-.. ,1on 

Oeofl Ete.ation lbdc Type Specillc O..ity ConNnl feiure Fallm Yoooo'• Pols.,.,'• 

F10m To F10m To 1ro rmalionj Gra..tly Mada 11) Sir- Moduli• Allb 

n .. n ,, .. n ,, .. n ii.en lndl 1%1 Di9oontnullVI los1 lnoll 

551 .5 552.0 174.5 174.0 Conll':>. Clay Gouge IOlkx>) s.-Plane 500 

(Clay S.ear) 

553.2 5SJ.8 172.1 872.1 ConglD. Clay Gouge 10.lco) 

se..4 ses.o !Mil.I &et.O Granod./0,brle ettaration Slur Plane 1840 4.tE+OS 0 .45 

(.blnb) 

897.8 eil.7 521.1 527.3 Granodiorile/.bh1ed 

722.1 723 4 503.2 502.1 Gr..odiorlle Conical 1820 

(.blnb, ct,lofi1• lined! 

728.3 727.2 499.7 498 8 Granodiorila/W ... ti..-e d 

7802 770.0 485.1 4580 Granocliorlle 

828.8 827.4 3911.1 398.e Granodiortta Conical 5030 2.IE+OI! 0 .10 

(.bin1) 

836.3 837.0 389.7 389.0 01.-.odl:uit• 183 1.1 

83'1.7 839.11 387.3 388.4 Gr..odiortte 2.83 1IMI 1.2 91ea• Plana 10100 4 .7E+oe 0.25 

1141 .8 1142.5 384.1 383.5 Granodiortta 

ISJ.5 854.4 372.5 371 .1 GranodiorN• 2 .87 189 1.4 No Oisce.,ible Plana 10300 

860.4 981.0 365.8 365.0 Granodiorile S.ear Plan• 3320 

l.binb. ct,lorita liiad) 

861.4 881.8 384.I 364.1 Granodiorita 182 1.0 

989.3 170.1 358.7 355.8 Granodiorile/.bl11ed 

886.5 1187.3 339.5 336.7 Granodi:>rite 

51.5 52.11 1128.5 1127.4 Congbmarala (Oli<:o) 2 .65 150 0.7 Conical · 970 1.4E+05 044 

(Clas! Boundaries) 

121 .3 121.7 1058.7 1058.3 Congbmarala IOllcoJ Conical 8050 

158.3 159.0 1021.7 1021.0 Sandsme Cla1I (Olioo) 

233.1 234.1 8411.8 845.11 Granitic Clast (Ollco) 

Page 3 of 10 

Poh11.oad Stall• s-• 
81rengti blimated l.hlaxla Ourablll\t Pr•1t.1•• 
Index 12'. Comp<•u.. 

Siren gt, (SI 
/no/I lnoll 1%1 '""" 

8.2 

148 3254 

57 125' 

573 1~ 

387 1514 

1142 25124 

18(3 411 

492(3 1111924 



CJ1 
I 
~ 

en 

lbrng~ 

SM-7 

App,oximale 
Olfset Fom 

Cent• lileot 
AR Trade 

IINII 

225LT. 

Aooioximal• Elevation• 
Ground Tunnel Tunnel 
9.Jr1ac• co ..... ln-1 

lleell Cleetl (teen 

1100 428 408 

TABLE 5-5. SUMMARY OF LABORATORY TEST RESULTS FOR ROCKS 

Samole lnleMI a,11 a.• MololJ .. lhlaxlal C-ffsion 

Oeolh E...,_lion lbdc Type Specilc 0-lly eon..,, Falilr• falull Younll'• Poll--.•• 

Fom To Fom To (rormotionl Ora.;tv Mode (II Sir- Modulr• Aalb 

1, .. 11 , ... n n-n lleeO locn 1%1 Disooomuilvl lnoll lnoi\ 

282.11 213.1 11117.4 119Cl.2 Congbmerat• (O.la>I 

375.1 3711.1 804.1 1103.1 Congbmerlll• (O.la>I 2 .49 1511 0 .3 Conical 3002 1.IIE+OII 0 .37 

(Clast Boondarieol 

439.1 440.11 740.9 739.I Congb. Sandst>na (0.ioo) 

Q.oartzil• Clas! (O\looJ 

4112.5 493.0 1187.5 887.0 San dst>n• (Olia, J Al<ial Splitting 80110 

571 .2 572.0 eoe.8 1108.0 Sandst,na (O.la>I 

Q.oartzila Cllot (O\ia>I 

591.4 592.I 588.11 5117.9 Congb. Sands'>li• (O.ioo) 

887.0 887.8 493.0 492.4 Congbmerala (0.ia>I 9\urPlana 7170 

(OHi Boundary) 

738.0 739.0 442.0 441.0 GranodiorNe/Wutl8fed 

754.2 755.0 425.8 425.0 Granodiorne/Wutlered 

n3.5 n4.I 4011.5 405.1 Granodiorlt• 2 .114 1114 2 .0 9\aar Plane (.looll ?) 3330 l .1E+OII 0 .04 

7178 ne.e 402.2 401.4 Gra,,odiorN• 2 .57 1112 1.0 A,Lal Splitling 2930 4.0E+05 0 .35 

782.5 783.8 397.5 390.2 Granodiorlle 1112 0 .11 Conical 4400 4.IIE+OII 0.311 

789.3 790.0 390.7 390.0 Granodior~• 2 .113 104 0 .9 Conical 3210 

800.11 801 .0 379.4 3711.0 Gra,,odiorlte 

807,9 808.1 372.1 371.1 Grano diortte/Weatlered 

73.0 74.3 1027.0 1025.7 Sands'>li• (9ml) 155 0 .50 Conlcal (.binl) 1270 

111 .5 112.7 188.5 1187.3 Sandst>n• (Simi) 159 0 .80 9\ear Pline 4580 

181.7 182.1 918.3 917.9 Q.oartzita Clasl (O\ioo) 

180.0 180.8 1114.0 1113.2 Sandst>n• (O,ioo) 

192.4 193.3 907.8 9011.7 Sandst>na (O.loO) 152 1.00 9\ear Plana 51170 

289.0 290.0 811.0 110.0 Sandst>n• (O.iool 2 .50 152 0.3 !llur Pline 4880 1.4E +OII 0 .35 

303.3 304.0 7911.7 798.0 Sandst>n• (0.loo) 

Page 4 of 10 

Pohl Load SIik• Swell 

S\-engt, Ealimaled lhlulal Ourabllit., Pr•.,•• 
Index 121 eo,,.,, •• i.. 

S\-engt,(5) 
lnoll lnoll 1%1 Inell 

17.4 

3311(4 7312 

500(3 11000 

405(4 1910 

731(3 180112 

583 128211 

107 2354 

117 433' 

Ill 1342 

8011(3 13332 

8 132 

9CI 2112 



(Jl 

I ..... 
--,I 

llorhg No 

SM- 8 

Approxlmale 
Ollael F111m 

C..ter U,eol 
AR Trade 

/INII 

ORT. 

,\nNnllimale Elevaliona 

OIDUlld Tunnel Tunnel 
!lirtace c., ..... ln-1 

lleeU ftNll IINII 

1175 450 430 

TABLE 5-5. SUMMARY OF LABORATORY TEST RESULTS FOR ROCKS 
Page 5 ol 10 

Sa- i.lnlenal a.• a.• Mola,m U,la>cial C"""'r•ai:,n PohlLoed Slat• Swell 

Dei>II Elevation A>dl Typ• Specilic o-11y Conlenl Faillr• hl\m Yooog'1 Pole■on'I S1r .. gt, Eaimaled U.lulal Ourabli\' Pr•111re 

f.,m To f.,m To (l'ormallon) Gr■vily Mode {II Sir- Moduli, Aallo Inda (21 Oompr••""' 
a. .. gt,(51 

IIMII (IMO 11een /teeO Inell (%1 IDlaa>nli'lolwl lollll lollll , ...... ,,_ 
'"' loal\ 

432.7 433.t te7.3 eee.4 Sandlt>ne (Oilco) 1t4 0.2 Conical 11109 

585.7 see.e 634.3 633.4 ConglomerlN (O,lco) 190 0 .1 Conical 5180 

(Cleat Boundari-■) 

5903 5111 .4 SOll.7 SOIi.ii Conglomerale (Dllcol 34 741 

1182.0 11112.4 438.0 437.8 Conglomerale (Ollco) 

11721 873.3 427.4 421.7 Conglomer• (Olloo) 2.55 157 0 .1 No Olacemible Plan■ 1900 tl.7E+05 0 .50 

(Claat Boundari-■I 

681 .5 1182.0 418.5 418.0 Sandll:>n■ (Dllco) 

1185.3 ees.e 414.7 414.2 Conglomerate (Ollcol 140 0 .5 lllear Pl.(Shear. calcite t 1180 4.0E+OS 0 .38 

199.5 700.1 400.5 399.4 Conglomerate (Oiloo) 2.50 157 0 .1 Slur Plan• 3890 

(91eared Sur1ac■) 

701 .5 702.0 398.5 398.0 Conglomeral■ (Oilco) 

703.0 703.7 397.0 398.3 Conglomerate (Oilco) 152 0 .1 Shear Plane 2430 1.8E+OI 0 .10 

(9leara) 

704.0 704.8 396.0 395.4 Conglomerale (Ooloo) 25 50 

704.7 705.7 395.3 394.3 Congbm■ra1e (Ookx>) 115.3 

708.0 7088 394.0 393.2 Con glomerale (Oliool 2 .43 152 0 .1 9lear Plan• 280 

(~Y Coaled 9 1ears) 

7018 707.8 3932 392.2 Congbmerate (Ooloo) 15' 04 Axial Splitting 3340 1.BE+OI 0 .31 

(Shearsl 

730.3 731.2 369.7 368.8 Conglomerate (Oolcol 139 14058 

77.8 711.4 1097.4 1095.8 BasaN (M Topanga) 151 5.1 Conical 4310 118.7 

(.kiln!) 

210.8 211.7 "4.4 983.3 Baaaft (M Tol)Mlga) 32 704 

217.7 211.3 857.3 tse.7 BasaN (M Topanga) Axial Splinong 4200 

271 .0 272.4 904.0 902.8 BasaN (M Topangal 20 ,MO 
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Borhg ~ 

SM-9 

Appmximala 
Ollset F10m 

Cenler U,a ol 
AA Trad< 

11--

HOLT. 

A111110ximate Elev.,tiona 
G,ound Tunnel Tunnel 
&lrtac• c10 .... Invert 

Ileen fleell lleaQ 

1112 479 459 

TABLE 5-5. SUMMARY OF LABORATORY TEST RESULTS FOR ROCKS 

Samele lntenel &Jlk &Jlk Moitlm u.iulal c-••ion 
Oeolh Elevali>n R:>d< Typa Specific o-ttv Content Fain• Faillr1 Younct1 Pola.,,,'a 

F10m To F10m To (Fa lffWllionl Gravity Mode (I) sw- Mod!Ail Ratio 

(feel) (leatl 11ean lleell locn ,,., 1DmontnuI.,1 lr,11'1 (r,11'1 

323.I 324.1 851.2 850.2 Basalt (M Topanga) 2.38 150 3.7 

325.5 329.3 849.5 848.7 Basalt (M Topanga) 

397.5 398.1 TT7.5 ne.2 ea .. lt (M Tr,pangal 

453.5 454.5 721.5 720.5 Basalt (M Topanga) 128 100 !llear Plana 2400 

491.0 492.5 SM.0 e82.5 ea .. 11 (M Topanga) 

538.3 540.1 11:M.7 834.11 Basalt Brecclo (M Top.) 2.57 137 7.7 

854.4 855.8 520.8 519.4 Sandat>na (L Topanga) 

712.4 713.4 482.1 481.I Sandst>ne (L Topanga) 

721.4 722.2 453.8 452.8 Sandsl:ma (L Topanga) 2.42 149 0 .8 Conical 41120 1.2E+Ofl 0.39 

731 .3 732.0 «3.7 443.0 Congbmarlllic Sandat>ne 2.45 154 0.1 Al<ial Splilting 3230 2 .5E+Ofl 0.21 

(L Topanga) 

737. I 737.5 437.8 437.5 Sandsl:>ne (L Topanga) 

741 .5 742.11 433.5 432.4 Sandsl:>na (L Topanga) 2.41 152 1.8 Axial Sfllilling 1500 4.3E+05 0.43 

745.0 745.3 430.0 4211.7 Conglo . Sandsl:>na (l Top.I 

752.5 753.11 422.5 421.4 Sandst>ne (L Topanga) 152 1.0 !llear Plane•/Axial Splilli 3320 

782.7 783.5 412.3 411.5 Sandst>ne (l Topa,,gaj 2.39 154 2.5 !llear Plane 1170 3.4E♦ 05 0.11 

(..binls) 

786.5 787.5 3685 387.5 Sandsl:>ne (L Topanga) 

33.5 34.3 1078.5 ,on.1 Basalt Breccil (M Topanga) 

82.5 83.5 1049.5 1044.5 Ba .. lt Breccia (M Topanoa) 134 5.11 9-iear Plane 3850 

117.0 117.8 995.0 994.2 Basalt (M Topangal 154 4.7 

ISi.ii 152.7 96(1.1 959.3 Basalt Breccia (M Topanga) 

196.9 1117.11 1115.1 914.1 Basalt B,eccia (M Topanga) 142 S.8 !llur Plane 830 

(!llea11. zeolite huled} 

2ea.s 288.2 825.S 823.8 Basalt Breccla (M Topangal 

315.1 317.0 796.9 795.0 Basalt Breccil (M Topanoa) 138 4.7 Axial Sjllllllng (!llaara, 1050 

c•clle- chlorlle healed} 

Page e of to 

Pohl Leed -· S-8 
Strengti Etllmaled U'lillxla Ourablll\l Pr•.,•• 
Index (2 Oo~•alva 

Slrengt,(5) 
lnoA 

,...,. (t.l lnol\ 

248 5458 

32 704 

173 :,eoe 

511.0 

38 792 

Ill.I 

281 8182 

27 594 

39 858 

31 831 

ll0.1 
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TABLE 5-5. SUMMARY OF LABORATORY TEST RESULTS FOR ROCKS 

Approximate A roximate Elevalion• Sa le lnien.al 
OflHt f10m Ground Tunnel Tunnel O II Elevation Fbd< Type 

(l'ourationl Center Lneof aJrtace Cro""' ln-1 From To F10m To 
AR Trade 

(1eell 

t90LT. 

(fee!!_ I (feet) I (INIJ (feet) I (!NII I (1Nt) I (lNI) 

437.7 439.0 874.3 1173.0 ea .. lt Br..:cla (M Topanga) 

587.7 SU.3 544.3 543.7 ea .. N Brec:cla (M Topangal 

575.5 sn.0 538.5 535.0 ea .. 1 &..:cla (M Topanga) 

823.0 I 824.8 I 489.0 I 487.4 I Ba .. lt Breccill (M Topanga) 

020.0 828.8 488.0 485.4 Baa.alt ereccla (M Topangal 

827.5 1128 o 4&4.5 4&4.0 ea .. 1t Br..:cil (M Topanga) 

835.7 1134.3 478.3 475.7 BasaK Breccil (M Topangal 

844.2 , 1145.2, 407.8 , 468.8 I Basalt Breccill (M Topanga) 

1145 8 1148.9 488.2 485.1 8auft Breccill (M Topanga) 

66J.e I 564.9 ( 448.2 I 447. 1 I Ba.alt 8reccla (M Topanga) 

872.4 873.0 439.8 439.0 BuaN Breccill (M Topanga) 

1147 505 485 I 48 .0 48.0 1101.0 1099.0 Sandst>ne (U Topanga) 

89.0 so.o 1osa.o 1057.0 Congl(>. Sandsm• (UTop.) 

173.11 175.0 973.1 1172.0 Cong. Sands!Dna (U Top.) 

181!.7 187.5 II00.3 1159.5 Sandst>ne (U Topanga) 

290.0 2111.3 857.0 855.7 Sandstlna (U Topanga) 

349.0 350.0 798.0 797.0 SandslDne (U Top.) 

368.2 367.2 780.8 n9.8 SandslDne (U Top.I 

435.0 437.0 712.0 710.0 Congb . Sandst>ne (U Top.) 

542.8 543.7 804.4 803.3 C.OOgb. Sandama (UTop.) 

llJ• llJ• Moist.JI U,illml Pohl Load 
Specific 0-11y Contenl FailJre FaltJr Slrengh E1timated Lhlaxia 
Gra.tl1 Mode (11 lndele ( OomplNIMI 

2 .25 

2 .27 

2 .31 

2 .22 

focn 

148 

134 

148 

144 

147 

142 

135 

138 

131 

139 

143 

142 

Slrengh(5) 

('!I,) ,>iooonlnullv) (P•) (pli) lnoll lnoll 

3.5 

8.8 Conical 

(Slur. dllofltl h .. led) 

11.8 I Axial Splining (Sleat, 

7.0 

6.8 

7.2 

7.8 

2.8 

4.0 

2 .5 

22 

2.0 

c laclla--chlorile healed) 

Conical 

(Oul Boundlrleel 

Conical (Slur. 

ctolof lie- zeolile heai.d) 

Conal 

(Clat t Boundaries) 

Slur Plane 

Axial Splitting 

Slear Plana 

1170 

850 

40 

4JOIUE+05 0 .45 

1510 

10◄0 l5.2E-+ os 0 .22 

3750 

2870 l7.8E+OS 0 .35 

259 

433 

140 

217 

5898 

9528 

3080 

4n◄ 
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61ai<e 
Ourabli\' 

('!I,) 

83.8 

75.0 

Swell 
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fDllil 
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0 

llorhg No 

SM- It 

Approximate 
Ollaet F10m 

c.,ter tile ol 
AR Trade 

tlHII 

30LT. 

An~ximate Elevati>na 
GIOUOd Tunnal Tunnal 
S.uiillce Cro"" tn-i 

IIHII tlee11 41Hn 

778 528 508 

TABLE 5-5. SUMMARY OF LABORATORY TEST RESULTS FOR ROCKS 

Sa~ le lnleNII ... ... Moiaa.11 Uliulal ~ ,-sbn 
Deoll Elevation lbdc Type Spedfic Oenalty Conta11 hil.Jre Fail.tu YounQ'a Poll_,.,., 

From To From To (l'orrn,lion) Gravity Moda (11 Sir- Modua.1 Ratio 

41Hn tlHII ., .. n IIHII ln,,ft 1%1 llitoonlinuilvl ll>sil rn.n 

900.0 001.5 547.0 545.5 Gr .. llic Claal (U Top.) 

Cong. Sandst>n• (UTop.) 

811.5 1113.tl 535.5 533.1 S..dst>ne (U Top.,ga) 143 1.0 Axial Splitting 5170 

1130.0 831 .1 517.0 515.tl Sandat>ne (U Topanga) 222 138 1.1 Conical 21130 

8350 835.4 512.0 511.e S..dst>n• (U Top.,ga) 

840.0 841 .0 507.0 soe.0 c,,..,gt,. Sendst>n• (U Top.) 144 3.4 Slear Plane 5320 2.5E+oe 0 .32 

1141.5 841.t 505.5 505.1 Cange. S..dst>ne (U Top.) 

843.tl 845.0 503.1 502.0 Congb. Sandst>n• (U Top.) t43 2.1 Axial Splining 4810 

845.0 11◄8.0 502.0 501 .0 S..dst>ne (U Topanga) 2 .24 1311 0.7 SlNrPlane 3540 l .tf:+08 0 .311 

855.0 858.1 492.0 490.tl S..cblone (U Topanga) 142 1.7 A•lal Spitting 3840 

859. t 8511.5 487.tl 487.5 S..dat>n• (U Topanga) 

863.8 870.0 478.2 ◄n.o Sandlll:>ne (U Top-,ga) 2.110 183 0 .3 Conical IJ$00 5.4E+oe 0 .35 

870.0 870.7 4n.O 478.3 Granitic Claal (U Top.) 

878.8 en.a 470.4 408.4 Granitic Uasl (U Top.) 

878.4 880.0 488.8 487.0 Sandst>ne (U TopJ 

83.7 84.8 714.3 713.2 S..d1"'1e/Si1tslone (U To p .) 128 52 

111 .2 tt2.5 1188.8 1165.5 Sands"'1e (U Topanga) 2.114 124 7.8 9lear Plane 1110 

115.0 118.7 6e3.0 881 .3 Sands'>ne (U Topanga) 

160.2 162.3 817.9 1115.7 Cong. Sandst>ne (UTop.J 141 1.0 

190.0 1920 588.0 588.0 Sandst>ne (U Topanga) 

212.tl 214.8 585.1 563.4 S.ale/Sands'>ne (U Top I 

217.5 218.7 560.5 559.3 Sandst,ne (U Top~ga) 1411 2.4 Shear Plan• 1020 

(Bedding) 

230.11 237.tl 541.1 540.1 Sandslone (U Topanga) 2 .02 130 7.8 Axial Splitting 2260 5.2E+05 0.28 

239.0 239.7 5311.0 538.3 SandlMI (U Top.,ga) 

242.5 244.5 535.5 533.5 Sandst>ne (U Topanga) 131 5.7 9\Nr Plane 4480 1. tE+OI 0.33 

Paga a of 10 

Pohl Load stake Swell 
Str .. gh Eatimated Ullaxlal OurablU\' p, ... ,. 
Index (21 Comp1•1ille 

s• .. llhl51 
lnoft ...... . !%1 lollil 

522(31 11484 

80(4 111110 

n.4 

380(~ 8052 

I03(3 178811 

181 3982 

81 1342 

05.7 

153 33811 

22 484 
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N -

8:>ring ND 

SM - 12 

App10xlmale 
Olltel f,om 

c.-.te1Uleo1 
AR Trad< 

nee11 

230LT. 

A0010ximal• Elevation• 
G10U11d Tuooel Tuooel 
SJrface c., .... lnvelt 

ff-n (reel) r1een 

671 525 505 

TABLE 5-5. SUMMARY OF LABORATORY TEST RESULTS FOR ROCKS 
Page 9 of 10 

!;.am,lelnlenal a.1< 8JI< MolelJn Lhlalclal C........,ettbn Polnl Load Slat• Swell 

Oeof1 E!avali:>n lbd< Type Specific O....ity eoni.,1 FailJre Fait.or, YolMlr/ • Poleeon'a Slratgt, Ealinwled Lh- Durablli\l Preuura 

F10m To F10m TD (formation) Gravity Mode (I) Sir- ModulJt Aalb Index (21 COmpr•elve 
Str.-.gt, (5) 

,. ...... 11 .. n n .. o 11 .. 11 rod\ 1%1 Clisoonln.lillll /o,,i\ lolil looll IMII 1%1 , ...... 

245.0 248.0 533.0 532.0 Sandslone (U Topanga) 127 4 .1 Conical 3170 

253.8 254.1 524.2 523 .2 Cong. SandsMa (U Top.) 2 .34 145 2.1 Slur Plan• 4780 1.5E+OI 0.24 

2G0.0 211 .1 518.0 511.11 SandsMe (UTopanga) 138 2.1 Axlal Splitting 3070 

275.0 278.0 503.0 502.0 SandsMe/Sillotlne (U Top.) 2 .n 135 7.11 Conical 140 1.4E+05 50.1 

(Beddng Plane ) 

300.5 31)1 .0 4n_5 4n.o Sandst>ne/Silt.tt>n• (U Top.) 57 1254 

30.1 37.3 134 2 133.7 Sandst>ne/Silllt>ne Slur Plan• 80 

(U Topanga) (Beddng) 

89.8 IIO. I 581 .4 580.11 Sandstlne (U Top-,ga) Shur Plan• 270 

115.0 111.0 578.0 575.0 Si111t>ne (U Topa,ga) 78 Ul72 

103 4 104.1 567.8 5ee.ll Sandotlne/Silbtone Slear Plan• 50 ll.3E+03 0 .27 

(Ulopanga) (Beddng) 

142.8 143.8 528.4 527.4 Sandstone/Silts lone 124 125 Conical 230 

(UTopanga) (aco:,ss bed<ingl 

151 .7 152.11 5111.3 518.1 Sandsbne (U Topanga) 2.21 141 I .II Axial Splilling 1780 5.5E+05 0 .44 

182.1 182.11 508.11 501.1 Sandstone/Sillst>n• 2 .70 127 10.1 Stur Plane 140 3.2E+04 0 .37 

(U Topanga) (Beddng) 

185 2 166.0 505.8 505.0 Sandst>ne/Sillslone(U Top.) 128 5.0 Stear Plana (Baddng) 100 11.3 

187.0 181.0 504.0 503.0 Sandsbne/Sillslone(U Top.) 121 8.1 Stear Plane 100 

(Beddng) 

174 8 175.8 498.2 495.2 Sandstona/Siltst>ne(U Top.) 2 72 131 5.1 9,aar Plane 20 

(8'>ddng) 

191.5 192.0 479.5 47110 Sandstone (U Topanga) 30 7$2 
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TABLE 5-5. SUMMARY OF LABORATORY TEST RESULTS FOR ROCKS 

Appmximale Approiimale Elavalion1 Samela lnlenal &Ilk a.• Mola"" 
llorhg No OIIHI Ftom Ground Tunnel Tunnel Depth EIIMlli:>n lbcl< Type Specific o-11r eon..,, 

c-,,., lileol !lJrtace C10v.n ln-1 From To From To (f'o 11n1tlonl Gravity 

AA Ttadc 
11- fleell fleell 11 .. n lleell (1 .. 11 n .. 11 Cfeell Inell I'll.I 

SM-13 IOLT. 590 521 501 40.8 44.0 543.1 542.0 Sandst>na/Silbt,ne (U Top.) 

00.3 02.2 529.7 527.8 San dsbne/Silbt,ne CU Top.) 2.84 123 7 .8 

85.1 H .4 524.9 523 a Sandat>oe/Sillllt>n• (U Top.) 13.5 

71.1 72.9 s1e.11 5 17.1 Sandsvne/Siltllt>oe (U Top.) 2.a1 119 e .o 

711.0 79 9 511.0 510.1 Sandst>ne/ Siltst,ne (U Top.) 122 12.e 

82.5 93.7 4117.5 4911.3 Sawldst>ne/Siltst>na (U Top.) 124 11 ,0 

116.7 e&.7 493.3 491.3 San dst>ne/Siltlltone IU Top.I 2.70 124 3 .5 

Not&1· (1) Three lalure modes were obs41fVed. 1,,ese Included: 

(i) Axial Splinng mode where faiura planes were near vertcal and 1plinad 11• aamples int> tv,o pieces. 

(ii) Stiear plane rrode ..t1ere well- delned Inclined failure (!hear) planes (I.e. 11 ■n .-,gle to verticaQ ware ob1""'8d. 

(iii) Conical fa~ur• mode where oone-shaped failure planes -r• obsenoed. 

(2) The pool load strenglh has been oouected for siza eNacla as per ISRM S"ndards. 

(3) Pohl load strengt, hdex br t,e sample clast. 

(4) Pohl load strmgll hdax br Ile sample matrix 

(SJ Estimaleduniaxial compressive slrengt, calw lated bv mullipt,,hg Pohl load Strengt, Index b~ a tact>rol 22. 

U,iaxial Cnmn<ftlllfl 
fai~.or• FailJn VoonQ'1 PolHon'a 

Mode (1) s1r- ModutJ, Ratio 

fDlooonliluilvl Ima\ IDoll 

Stiear Plane 280 5.8E•04 0 .43 

(Beddng) 

Slur Plane 230 

(BeddiigJ 

Slur Plane 40 

(Bedding) 

Slear Plane 120 

(Bedding) 

Stiur Plane eo 

IBedding) 

Slear Plane 170 

(Bedding) 

Page 10 of 10 

Pohtloed Slalc• Swell 
Stra,gt, Ealimatad Uilllllial Ounoblliy p, .. ..,,. 
Index (21 Comp,aea;;. 

Strengt,(5) 

IP•l IMII I'll.I fosil 

1.1 

1.3 



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

Bulk Bulk Moi.ture Uniaxial Com prealion Point Load Slake Swell 

Specific Density Content Failure Young'• Poisson'• Strength Estimated Durabiity PreHUl9 

Gravity StreH Modulus Ratio Index Uniu:ial 

Comp,ealive 

IDC11 (%) · (Kli) (psi) (psi) Strength (Kai) (%) (psi) 

FORMATION: GRANOOIORITE 

COUNT/ INTACT 21 32 32 311/23 111 / 1• 111 / 1, 10 / 10/ • 1 

MINIMUM 2.57 192 0.1 1.92 4.0E♦O!i 0.02 57 

MAXIMUM 2.83 178 2.!I 22.110 l .2E♦07 0.45 1440 

AVERAOE / INTACT 2.70 191 0.5 10.87 / 14.11 s.ee +0111 e.llE +011 0.21 /0.2' s1e 111e 11 .4 / 21.l! 24.50 

F0RMA TION· CHICO (11'Cluclng SlmQ 

COUNT / INTACT 7 1e 1!1 21 /I 7,: 7 I , 14 / 1• 14 / 14 2 1 

M.,.IMUM 2.43 140 0.2 0.211 1.4E+05 0.10 4 115.3 

MAXIMUM 2.95 1114 1.0 19.11 1.!IE+OII a.so 731 97.4 

AVERAGE / .,.TACT 2.52 15!5 0.5 4.44 /7.1, 1.1e+01111ae+oe 0.35/0.2• 254.e , 254.1 5.!I / 5., 99.4 !1.2 

QUARTZITE ANO 5.115 13.09 

GRANITIC a.ASTS 

~TION· LOWER TOPANGA 

COUNT / INTACT 4 5 5 5/ ◄ 4 /:; 4/ 21: 2/~ 1 

MINIMUM 2.311 1411 o.e 0.117 3.4E+05 0.11 311 

MAXIMUM 2.45 154 2.5 4,92 2.!IE +OIi 0.43 2111 

AVERAGE / INTACT 2.Q 152 1.4 2.73 / 3 .17 1.1 E +OIi / 0.114E +08 0.3010.4 15111 151 3.41113.4' 113.8 

FORMATION: MIOC1E TOPANGA 

COUNT / INTACT 5 15 15 12 / < 2/ 2 / 9/E 9/; 5 

MINIMUM 2.25 1211 3.5 0.04 3.eE♦05 0.22 20 511.0 

MAXIMUM 2.57 154 10.0 4.31 5.2E+O!i 0.45 2511 96.7 

AVERAGE / INTACT 2.311 142 8.3 ,.se, 2.e1 4.5E+05 / 5.2E+~ 0.34 /0.Z lie/ 111 2.11 /2.1 75.0 

FORMATION: UPPER TOPAN(ljl. - SANOS TONES/ CONGLOMERATES 

COUNT / INTACT 4 12 12 9 / S 4 / ◄ 4 I • II I I 8 I, 1 

MINIMUM 2.22 131 0.25 2.117 7.BE+O!i 0.32 90 

MAXIMUM 2.ao 183 4.00 13.50 5.4E+OE 0.311 803 

AVERAGE / INTACT 2.32 1Q 1.99 5.03/ 5.00 2.IIE +OIi i 2.8E +OE 0.35/0.~ 242.9/ 242.E S.34 / 5.3' TT.4 

CUARTZITE ANO 5.114 12.4 
GRANITIC CLASTS 

FORMATION: UPPER TOPANGA - SAN~TONES / SHALES 

COUNT/ INTACT 10 21 22 23" 8 I • 7 I • 6 I E 8/E 5 

MINIMUM 2.02 119 1.0 0.02 9.3E+O: 0.24 22 1.1 

MAXIMUM 2.n 1411 13..5 4.79 1.5E+OE 0.40 153 95.7 

AVERAGE / INTACT. 2.54 130 II.II 1.03/2.~ O.SE +06 / 0.9E +OE 0.34 / 0 .3: ee / 61 1.49 / 1.4i 31.9 

5-23 
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Boring No 

SM-1A 

SM-2 

SM - 3 

SM-◄ 

SM - 5 

SM- 6 

SM- 7 

SM- I 

App,oldmate 

OIINI From 
Center Line of 

AATrm;k 

II•.«! 
32(ffl_ 

1J<L T. 

6(l. T. 

7Q.T. 

13Q.T. 

60RT. 

22!l. T. 

ORT. 

Appnndmate Elevllliorw 

Ground T..,,,.1 T..,,,., 

SurfKe c- ~rt 

ll•o!I ll•o!I lie.«! 

◄92 348 328 

720 350 330 

686 350 330 

960 375 ~ 

123l 396 371 

11110 408 381 

IHXl 421 408 

1175 450 430 

TABLE 5-7. SEMI-QUANTITATNE X-RAY DIFFRACTION ANALYSIS (1 OF 2) 

SST1)1• lnC.tvel Percente • b Weloht 

Oop1h Ei.wdon RockTw-

I l 
• .. • j ·f from To From To t 11 

• I J • J i ! J i • J + 'E ·1 ... ·I: i 
0 ! I ~ ~ 1 z E 

ll•o!I (IHQ II•.«! II•.«! ~ u > di 

124.0 12◄.5 3640 387.5 Gnnodiorft./Gouii- 111 35 23 :, 10 7 3 

152.0 1115.0 330.0 327.0 Granodiortt./Oouii- 25 23 4 10 4 Tr • 14 4 7 

367.0 387.5 353.0 3525 Oranodiorlle 24 30 2 Tr II 12 11 2 

3820 3823 JJllO 337.7 Oranodiorlle 24 32 2 2 13 • 21 

335.3 335.1 3501 350.1 Oranodiorfle 21 32 1 12 11 1 • 
3-44.7 345.5 3-41.3 340.5 Onnodlo• 24 31 1 10 1 11 17 

5711.0 571.1 3820 380.1 O,onocioflte 30 33 3 :, 25 4 2 

598.6 597.1 363.4 362.4 Oranodlorfle 27 40 2 4 • 17 , 
60&5 609.1 351.5 350.◄ Oranodiorlle 31 39 1 10 4 15 Tr 

451.1 451.11 no n◄.1 Conglome,- Sendalone 27 111 II 5 18 • 17 

553.2 553.11 1721 672.1 Conglomerallc Clay Oouii- 29 " 1 Tr 2 4 11 211 

1126.11 1127.4 399.1 398.1 Oranodlorfle II 15 Tr 2 11 30 24 

a311.7 13U 387.3 316.4 Oranodiorhio 25 23 2 11 :, Tr • 11 5 I 

860.4 IMII.O 365.11 365.0 Oranodiorlla 10 45 • 12 2 II 4 

nJ.5 nu 406.5 405.11 Gronodlorlle 20 26 1 2 2 21 20 • 
m ., nu 4022 401.4 Oranodiortle 18 31 , 1 2 21 2 24 

672.6 1713 427.4 426.7 Conglomerllle ◄1 22 15 1 1 1 13 

699.5 700.6 400.5 399.◄ Conglomerallc Sendalone 45 23 111 2 1 4 • 
706.0 706.1 39◄.0 393.2 Conglome ... 45 11 13 4 • 13 

721.4 722.2 453.1 4521 Senddone 41 21 20 20 1 :, 2 7 

731.3 7320 4417 443.0 Conglomerolic Sendalonl JS 24 21 2 4 Tr • 
741.5 742.6 4315 432.◄ Sendnone 36 12 20 5 4 23 

752.7 7615 412.3 411.5 Sendmne 27 23 11 • 10 20 
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Boring No 

SM- SI 

SM- 10 

SM- 11 

SM-12 

SM- 13 

~ro>dm• 
OIIMIFrom 

C.nto,Llna ol 

AR Track 

(f•.il 

171l.T. 

191l. T. 

3a..T. 

2Jll. T. 

11l.T. 

~•oxlmat. ei...,_,,.. 

Grou-d Tunnel Tunnel 

Surface Crown ~II 

lf•ell lf•.il lf•oll 

1112 4711 459 

11◄7 505 465 

na 528 508 

671 525 505 

590 521 501 

TABLE 5-7. SEMI-QUANTITATIVE X-RAY DIFFRACTION ANALYSIS (2 OF 2) 

San-f>I• lntarvll Percenta JI b, Welaht 

Dopth Elevalion RockTypa • l t j t I I rrom To From To i i • 

I j 
• 

J j 11 ! + j J ... 
i I 1 1 (leoll lfNII (leel) lf•ell i[ )IC ... ~ u ,. 

1135.7 $36.3 476.3 475.7 Buaft Breccla Tr I .. 15 

1163.1 664.SI 441.2 447.1 Bu .. &.ccla Tr 2 17 11 

1130.0 1131.1 517.0 515.1 Conglomarllllc Sandotona 21 35 21 2 I 1 2 1 3 

643.9 645.0 503.1 !5020 C<>nglomellllic Sond11one 21 31 21 1 1 2 I 5 

868.8 1170.0 478.2 ◄n.o Sand11ona 33 39 16 2 I ' 
2425 244.5 535.5 533.5 Sand11or>e 22 26 21 I 3 4 2 

253.1 254.1 524.2 523.2 C<>nglomellllic Sandalone 24 21 21 2 2 3 Tr 2 I 3 

275.0 276.0 503.0 !5020 Sandalone 32 21 12 3 2 I • 
151.7 1521 5111.3 511. I Sondatone/Sill•lona 37 17 19 4 I 2 Ii 2 I 

165.2 16&.0 505.1 505.0 Sanduona/Sil- 31 21 15 13 2 3 4 2 • 
167.0 161.0 504.0 503.0 Sand11or>e/Si1111ona 27 22 11 1 1 5 11 Ii 17 

174.8 1758 ◄96.2 495.2 Sand,tona 22 23 11 2 2 10 11 4 15 

60.3 62.2 529.7 527.1 Sondalone/Sillllone 35 20 14 3 1 7 1 19 

71.1 72.11 5189 517.1 Sondalone/Sillslona 31 18 17 Tr 5 I 1 20 

116.7 98.7 ◄93.3 491.3 Sand11ona/Sill1lone 31 21 II Tr I ID I 20 
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6.0 GEOTECHNICAL CHARACTERIZATION 
AND ANTICIPATED TUNNELING CONDIDONS 

6.1 GENERAL DESCRIPTION AND METHODS 

Tiris 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. 11tis 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 systems 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: 

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

uniaxial compressive strength, point load tests, Young's modulus and Poisson's 
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ratio, slake durability, swell pressure, abrasive hardness characteristics, and 

deformation modulus of the rock mass. 

o 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. 

o Other field-derived parameters that affect rock mass quality include seismic 

velocities and hydraulic conductivity characteristics. 

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

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

tunnel crown and 20 feet below the tunnel invert. The gC?otechnical 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. 

o Plutonic rocks (granodiorite and quartz diorite) 

o Chico Formation ( conglomerate and sandstone) 

o Lower Topanga Formation (sandstone and conglomerate) 

o Middle Topanga Formation (basalt and basalt breccia) 

o 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 

'ROD 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. 
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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.e., 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 obseivations can be 

made based on review of the data presented in Tables 5-6A and 5-6B and Figures 6-1 and 

6-2: 

o 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. 
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o 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 

pla::ed in water. 

o 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, distinct bedding planes within the core samples usually controlled 

the failure mode. Oay-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. 

o 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: 

FORMATION 1YPICAL UNIAXIAL 1YPICAL EQUIV AI.ENT 
COMPRESSIVE UNIAXIAL COMPRESSIVE 

STRENGffl STRENGTH BASED ON 
POINT LOAD STRENGffl 

Plutonic Rocks 14,200 psi 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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6.3 FIELD GEOTECHNICAL PARAMETERS OF THE ROCK MASS 

6.3.1 General 

In addition to the geotechnical parameters of intact rock cores discussed above, a number 

of field characteristics related to the presence of rock discontinuities and water are 

considered significant for tunnel design and construction. These include, but are not limited 

to, the following. 

o Core recovery 

o Rock discontinuity characteristics m terms of RQD and discontinuity 
frequency 

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

o Deformation modulus 

o Seismic velocity 

o Hydraulic conductivity 

These parameters are described in the following subsections. 

6.3.2 Core Recovery and RQD 

The core recovery, ROD, 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 geologic 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 Goints 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 

6.3.3 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 results 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 

6.3.4 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. Table 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. 

3. 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. 

4. 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. 

6.4 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 Intact rock classification (Deere and Miller, 1966) 

o ROD (Deere, 1963) 

o Geomechanics Rock Mass Rating (RMR) system (Bieniawski, 1979) 

o 0-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 ROD 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 descnbed 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 ( uc) 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) < 

uc <8 ksi), to high strength (16 ksi < uc <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 

( CTc <4ksi) to low strength_ ( 4ksi < ac < Sksi) 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 basalt 

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 uc 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 <Jc 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 uc ranging from 

about 100 psi to about 1,760 psi (i.e. very low strength rocks). It should 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 cJassification 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(%) 

0-25 
25-50 
50-75 
75-90 

90 to 100 

Rock Quality 

Very poor 
Poor 
Fair 

Good 
Excellent 

Statistics of ROD for various geologic units encountered along the tunnel alignment, based 

both on all ROD data and on the tunnel envelope ROD data, have been tabulated in Tables 

4-1 and 4-2, respectively. The ROD of each core run is shown in Plate 2. 

Among all geologic units, rock quality of the plutonic rocks in terms of ROD appears to be 

the poorest. This is illustrated in Plate 2, which is a compilation of the ROD 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 ROD 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: 

Generaliz.ed Predominant Rock Quality 
( as defined by Deere ct al, 1966) 

Geologic Urj t (Rock Type) All Data within Penetration Within Tunnel 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) 

Lawer Topanga (sandstone, sandstone/siltstone) Good to excellent Good to excellent (SM-8) 

Middle Topanga (basalt, basalt breccia) Fair to excellent Good to excellent (SM-9) 

Upper Topanga (sandstone, intcrbedded Fair to excellent Fair to excellent (SM-10 to SM-13) 
sandstone/shale) 
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The following obsetvations are made from the ROD 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 ROD 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. 

6.4.3 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 dassifications 

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 

fo)]owing factors for ratings: 

o Uniaxial compressive strength or point-load strength of intact rock 

·o ROD 
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o Spacing of joints 

o Conditions of joints 

o 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 estimated 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 system 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 adjustment multiplier in accordance with the method 

developed by Newman and Bieniawski (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 descnbe the rock masses in the 

various geologic units of the proposed Metro Rail alignment: 

Geologic Unit Estimated Range of Rock Estimated Average Rock 
Mass Oasses Mass Class 

Plutonic Rocks Oasses III to IV ( fair to Oass III ( fair rocks) -
poor rocks) Average RMR = 52 

Chico Formation Classes I to IV ( very good Lower bound of Class III 
to poor rocks) (fair rocks) RMR = 42 

Lower Topanga Classes II to III (good to Lower Bound of Class II 
fair rocks) (good rocks) - Average 

RMR = 61 

Middle Topanga Classes III to IV (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 (Oass 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 111) 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 Figure 6-3. In general, the standup time is several hours or more even for 

the very minimum estimated RMR values of some rock. Titis 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: 

where: 

RQD x Jr x Jw 
Q = ------------

Jn x Jax SRF 

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. 
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The descriptions and ratings for the aforementioned six parameters used to descnbe 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 susceptible 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 

Exceptionally Poor 
Extremely Poor 
Very Poor 
Poor 
Fair 
Good 
Very Good 
Extremely Good 
Exceptionally Good 

O-value 

Q < 0.01 
0.01 < Q < 0.1 

0.1 Q < 1 
1 < Q < 4 
4<Q<10 
10<Q<40 

40 < Q < 100 
100 < Q ~ 400 

400 < Q < 1,000 

As shown in Figure 6-4, Barton et al (1986) and Barton (1991) have also 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 "equivalent dimension" is c~,rained 
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by dividing span, tunnel diameter or wall height of the excavation by an "excavation support 

ratio" (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 

o Exceptionally poor (Q < 0.01) 

o Extremely poor (0.001 < Q < 0.1) 

0 

0 

0 

0 

0 

Very poor (0.1 < Q < 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) 

Minimum Su1wort Reguired 

Cast concrete lining 

Cast concrete lining or bolts and 
fibercrete 

Same as above 

Bolts and shotcrete to systematic 
bolting 

Systematic bolting to spot bolting 

Spot bolting to no support needed 

No support needed 

Based on the aforementioned assumption 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: 

060793.RPTm-2050-01 6-19 



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 chlorite 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.S General Comments 

A review of the four classification systems in this section are presented as an example for 

a general 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 Mi1ler (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 81ENIAWSKI 1979) 

,\. Clusifialioa P2nlllfltts a11d ll1nr Ra1inp 

P1nmflrr Raam ol Valun 

Sirmgth Point•load For this low range 
surn1th index > t0 MP:i 4-10 MPa 2~MPa 1-2 MPa - unia.,ial comprcs-

of sive test is preferred 
I intact 

rock Un~ 
material comprcssiv~ >250 MP:i 100-2.S0 MPa 50-100 MPa 25-50 MP:i 5-25 1-5 <I 

mmgth MPa MPa MPa 
RatinJ 15 12 7 4 2 I 0 

2 
Drill ,-ore qualitv RQD 9017t-100'1o 75 "•-~111, 50"t-H'T, 25 "•-SO"• < ~5 ~. 

RatinJ 20 17 13 8 3 

3 
Sp:icing of disconunui1ics >2 m 0.6-2 m 200-600 mm 60-200 mm <60mm 

R:uin, 20 IS 10 8 5 

Very rough surfa,-e Sli1htly rouah Slightly rouah 
Slickens1ded surfaces Soft aou!c 

OR >s mm thick 
4 

Condition Nor conunllOus surfaces surfaces Gouge <5 mm 1hick OR 
of disconunuuies No sei,aration Scpara1ion < I mm Sepa.rauon < I mm OR Separation > 5 mm 

Unwn1hcred Sliahlly wea1hered Highly weathered Separation 1-5 mm Continuous 
waJI rock walb walls Continuous 

Ratin, 30 25 20 10 0 
lnnow per 10 m None <I0 10-2.S lS-12.S > 12.S 

tunnel lenrth 
OR 

OR liu-es / min OR litrn , min OR litres / min OR litres/min ---Ground 
Ratio-C::..... 0 0,0-0,1 0.1-0.2 0.2--0.5 >0.5 5 water ..... 

ucncral OR OR OR OR OR 

conditions Completely dry Damp We, Dripping Flowing 

Rating IS 10 7 " 0 

B. Rallq Adjucmn1 for Joint Orien1atiou 

Strike and dip Very Favourable Fair Unfavourable Very 
orientations of joints favourable unfavourable 

Tunnels 0 - 2 - 5 -10 - 12 

Ratings Foundalions 0 -2 - , -15 -25 
Slopes 0 -5 -2.S -SO -{IQ 

C. Rock Mau Claues Delermiaed from To&al Ratin&s 

Rating 100-81 80-61 60-41 40-21 <20 

Oau No. I II III IV V 

Description Very Sood rock Good rock Fair rock Poor rock Very poor rock 

D. Mnllin& of Rodt M .. Claues 

Clau No. I II Ill IV V 

Average s1and•UP time 
10 vcars 6 months I week 10 houn JO minutes 

for Is' m span for 8 m span for :l m span for 2,.5 m span for I m span 

Cohesion o f the rock mau > 400 kPa 300-400 kPa 100-300 kPa 100-200 kPa < 100 kPa 

Friction angk of lhc rock mass > 45 • JS • -4:j • 25•-Jp IS"-2.S" < IS 0 

E. Effect of Dbmntlnulty Strike and Dip Orienwtons In Tunnelling 

Sink• r,cri,tn111C11W 10 ,unnd a,u1 Smkr paraJlrl Dip 
Dtivt With dip I Oriyt ap1ns1 dip to tunnrt u1s o•-20 · 

I 
lrTnPC'C'U\tt 

Dip ,s '-90' Dip 20 • --'S • Dip .&S 0 -90 • Dip 10°-'S' Dip 4l •-90' 01p .:o • -JS e of makr 

Vtf'/ Favourabi< I Fair Unfavourable 
Very 

Fair Unfavourable favourable 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 C.ounts Value Value Multiplier Used in 

Rating 

SM-2/Plutonic Rocks 17 39 54 42 1.0 

SM-3/PJutonic Rocks 15 46 69 58 1.0 

SM-4/Plutonic Rocks 19 37 79 58 1.0 

SM-5/P]utonic Rocks 11 35 62 45 1.0 

SM-6/P]utonic 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/MiddJe Topanga 15 34 53 43 0.95 

SM-10/Lower Section of 9 65 76 69 0.9 
. Upper Topanga 

SM-11/Upper Section of 12 29 53 43 0.8 
Upper Topanga 

SM-12/Upper Section of 10 38 46 40 0.8 
Upper Topanga 

SM-13/Upper Section of 9 41 48 44 0.8 
Upper Topanga 

TOTAL FOR: 71 35 79 52 1.0 
SM-2 to SM-6/Plutonic Rocks 

TOTAL FOR: 31 29 53 42 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 O-SYSTEM (1 OF 2) 
(FROM BARTON ET AL. 1974) 

I. ROCK QUALITY DESIGNATION 

A. Verypoor 
B. Poor 
C. Fair 
D . Good 
E . Excellent 

2. JOINT SET ~UMBER 

A. Massive. no or few joint~ 
B. One joint set 
C. One joint set plus random 
0 . Two joint sets 
E . Two joint sets plus random 
F. Three joint sets 
G . Three joint sets plus random 
H. Four or more joint sets. random. heavily jointed. ·sugar cube '. etc. 
J. Crushed rock. eanhlikc 

3. JOUNT ROUGHNESS NUMBER 
(a) Rock wall contact and 
(b) Rock wail contact btfo" /Ocms shtar 

A. Disconunuous joints 
B. Rough or irregular. undulating 
C. Smooth. undulaung 
D . Slickens1ded. undulatme 
E. Rough or irregular. planar 
F. Smooth. planar 
G. Slickens1dcd planar 

(c) No rock wall contact wlttn sheared 
H. Zone containing clay minerals thick enough to prevent rock wall 

contact 
J. Sanuy. gravelly or crushed zone thick .:nough to prevent rock wall 

contact 

4. JOINT ALTERATION NUMBER 
(a) Ro,·k wuil contact 

A. Tightly healed. hard. non-softening. impermeable 
filling i.c:. quartz or ep1dote 

B. Unahcreu joint walls. surface staining only 
C. Slightly altered joint walls. Non-softening mineral 

coatings. sandy pamclcs. clay-free disintegrated 
rock etc. 

D. Slity•. or sandy-clay coatings. small clay-fraction 
( non-softening) 

E. Softenine or low friction clav mineral coatines. i.e. 
kaolinite~ mica. Also chloriie. talc. gypsum ;;nd 
graphite etc .. and small quantities of swelling clays. 
(Discontinuous coatings. l-2mm or less m 
thickness) 
(b) Rock wall contact btfort 10cm shtar 

F. Sandy pamclcs. clay-free disintegrated rock etc. 
G. Strongly over-consolidated. non-softening clay 

mineral fillimts 1Con11nuous. <5 mm in thickness) 
H. Medium or low over-consolidation. softening. clay 

mineral fillings. (Continuous. <S mm in thickness) 
J. Swelling clay fillings. i.e. montmorillonitc 

(Conunuous. <S mm in thickness). Value of Ja 
depends on percent of swelling clay-size particles. 
and access 10 water etc. 

(c) No rock. wall contact whtn sheartd 

0.75 

1.0 
:?.O 

3.0 

4.U 

4.0 
6.0 

8.0 

8.0-12.0 

6-24 

(RQD) 

0-25 
25-50 
50-75 
75-90 
90-100 

(}n) 

0.S-1.0 
2 
3 
4 
6 
9 

12 
IS 
20 

4 
3 
2 
I.S 
I.S 
1.0 
0.5 

1.0 (nominal) 

I. 0 ( nominal) 

<1>r ( approll.) 

(-} 

(25-35°) 
(25-30") 

(20-25°) 

(8-16°) 

(25-30") 
( 16-24°) 

( 12-16°) 

(6- l2°) 

Notes 
(i) Where RQD is reponed or measured as 

-.IO (including 0) a nominal value of IO 
is used to evaluate Qin Eq. (3.2) 

(ii) RQD intervals of S. i.e. 100. 95. 90. etc. 
are sufficiently accurate 

Notts 
( i) For intersections use ( 3. 0 x / n) 
(ii) For ponals use (2.0 x J.) 

Norts 
( i) Add I. 0 if the mean spacing of the 

relevant Joint set is greater than 3 m 
(ii) /, • 0.5 can be used for planar 

slickensided joints having lineaiions. 
provided the lineations are favourably 
orientated 

Nott 
(i) Values of ( <1>)r arc intended as an 

approll1mate guide to the mineralogical 
propemes of the alteration produc1s. sf 
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 disintcaratcd or crushed rock 
L. and clay (sec G. H. J fordcscrip1ion of clay 

6.0. 
8.0 . 

M . condition) 8.0-12.0 (6-24°) 
N. Zones or bands of siltv or sandv clav. small clav 

frac1ion ( non•softcning) - . . 
5.0. 

0. Thick. con1inuous zones or bands of clay ( sec G. 
P. H. J for descrip1ion of c:ay condi1ion) 

10.0. 13.0. or (6-24°) 
13.0-20.0 

R. 

5. JOINT WATER REDUCTION FACTOR (J.) ApproJt. 

A. Drv excav:11ions or minor inflow. i.e. <5/lmin 1.0 
loc~llv 

B. Medi~m inflow or pressure occasional ou1wash of 0.66 
joint fillings 

C. Large inflow or high pressure in competent rock U.5 
with unfillec.J joints 

D. Large inflow or high pressure. considerable U.33 
outwa.,h of joint fillings 

E. Exccpuunally high inllow or waler pressure at 11.2-0.I 
blasting. c.Jecaying with time 

F. Exceptionally high inflow or water pressure 0.1-0.05 
continuing without noticeable decay 

6. STRESS REDUCTION FACTOR 
(a) Wt>aknt'.SS ;:ont's 1ntt'rs«1in_l( t":uavarion. wl11c:h mu_v cuuse 

l,msemng of ruck mass when 1u11nt"i is uca.,aml 

A. Multiple occurrences of weakness zones containing day or 
chc:m,cally c.Jisintegra1ed rock. very loose surrounding rock (any 
uepthJ . 

B. Sin!!le weakn~s zones containing clay. or chemic.illy disintegr:ncc.J 
rock (uepth or excavation ~50ml 

C. Single weakness zones containing cl.iy. or chemically disintegr:ned 
rock lc.lepth or eJtcavation :1:50ml 

D. Multiple shear zones in competent rock (clay free) . loose 
surrounding rock ( any depth I 

E. Single shear zones in competent rock (clay frec : (depth of 
cxcav:uion ~50 m I 

F. Single shear zones in competent rock ( clay free) ( depth of 
excavation >50ml 

G . Loose open joints, heavily jointed or ·sugar cube' etc. (any depth) 
(b) Competent rock. rock stress problems 

o,io 1 

H. Low stress. near surface 
1. Medium stress 
K. High stress. very tight structure 

(usuallv favourable to stabilitv. mav 
be unfavourable to wall stabilily) . 

>200 
:?00-IU 

10-5 

0/01 

> 13 
13-0.66 
0.66-0.JJ 

L. Mild rock burst (massive rock) 5-2.5 0.JJ-0.16 
M. Heavy rock burst (massive: rock) <:?.5 < 0. 16 

( c) Squuzing rock. plas11c flow of incomptltnrrock under influtnu 
of high rock pressure 

N. Mild squeezing rock prcssure 
0 . Heavy squeezing rock pressure 

(d) Squu zing rock. c:htmicai swt'iling acttvuy depmding on 
prtstnc:t of warer 

P. Mild swelling rock pressure 
R. Hcavv swelling rock prcssure 

6-25 

water 
pressure 
(kg,cm~) 

< I 

1.0-2.5 

:?.5-IU.0 

2.5-IU.0 

>10.0 

> 10.0 

(SRF) 

tu.II 

5.0 

7.5 

5.0 

2.5 

s.o 

z.s 
1.0 
0.5-2.0 

5-IO 
10-20 
(SRF) 

5- 10 
l0-20 

5-10 
!0- 20 

Nores 
(i) Factors C to F arc crude estimates. 

Increase J. if drainage measures are 
installed 

(ii) Special problems caused by ice 
formauon arc not considered 

Nott'S 
(i) Reduce these values of SRfbv 25-50,.., 

if the relevant shear zones onl~ 
influence but do not intersect ihe 
excavation 

(ii) For stron~ly anisotropic mess field Ii f 
measured) when 5~o,,o,:S 10. reduce 
o, and o, 10 0.8 o, and 0.8 o,: 
when o,,oi> IO. reduce o, and o, to 
0.60, where: o, "' unconfined 
compression strength. 
o, .. tensile strength (point load) . o , 
and o, = major and minor principal 
stresses 



TABLE 6-4. ESTIMATED ROCK MASS QUALITIES WITHIN TUNNEL ENVELOPE BASED ON Q-SYSTEM 

Boring Location/ 
Geologic Uni! 

SM-2/Plu1onlc Rocks 

SM-3/Plutonlc Rocks 

SM-4/Plutonlc Rocks 

SM-5/Plutonic Rocks 

SM-6/Plutonic Rocks 

SM-2 to SM-6/Plutonic 
Rocks 

I 
SM-7/Chico Formation en 

I 
N 
O> 

1 
SM-8/LOW8f Topanga 

1 SM-9/Middle Topanga 

SM-10/Lower Section of 
Upper Topanga 

SM-11/Upper Section ol 
Upper Topanga 

SM-12/Upper Section of 
Upper Topanga 

SM-13/Upper Section ol 
Upper Topanga 

SM-11 to SM-13/Upper 
Section of Upper Topanga 

All/All Geologic Units 

Tolal 
Count 

17 

15 

17 

11 

9 

69 

10 

14 

15 

4 

12 

10 

9 

31 

143 
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Exceptionally Extremely 
Poor Poor 

a< 0.01 0.01 <a< 0.1 

10 (58%) 1 (6%) 

8 (40%) . 

2 (12%) . 

. 

. . 

18 (26%) 1 (1 .5%) 

5 (50%) 3 (30%} 

. . 

- 2 (13%) 

. 

. 

. 

23 (16.1%) 6 (4.2%) 

Estimated Rock Mass Quality • Number of 0cculTBOC88 (percent of lolal) 

Very Poor Poor Fair Good Very Good Extremely Good 
0.1 <a~ 1 1<0~4 4 <a~ 10 10 <a~ 40 40 <a< 100 100 <a~ 400 .-

3 (18%) 2 (12",4) . 1 (6%) . . 

2 (13%) 4 (27%) 3 (20%) . . . 

1 (6%) 4 (23.5%) 5 (29%) 4 (23.5%) . . 

5 (45.5) 5 (45.5%) 1 (9"-") . . . 
. 7 (78%) 2 (22%) - . . 

11 (16%) 22 (32%) 11 (16%) 5 (7%) - -

1 (10",4) 1 (100.4) - . . 
3 (21%) 4 {29%) 2 (14%) 5 (36%) - -
11 (74%) 2 (13%) . - . . 

- . 1 (25%) 2 (50%) 1 (25%) 

4 (33%) 5 (42",4) . 3 (25%) . . 

2 (200.4) 1 (10%) 7 (70%) 

3 (33%) 6 (67%) 

4 (13%) 10 (32%) 1 (3%) 16 (52".4) 

30 (21.1)0,4) 38 (26.6%) 15 (10.5%) 27 (8.8%) 2 (1.4%) 1 (0.7%) 

Exceptionally 
Good 

400 < a< 1.000 

. 

. 

1 (6%) 

. 

-

1 (1 .5%) 

. 

-
. 

. 

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 nonh 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: ? 1 ) 

---i.~~o 
'1 <-t \ -I /1 -

GEOLOGIC UNITS (ROCK lYPES) 
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) 

3 693+00 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 

? ii, .,-o 
Formation (interbedded sandstone and 
silts tone/shale) 

~ ~~-e, 

Geologic conditions and geotechnical ei;1gi~eering 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. 

2. 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. 

3. 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: 

o Nominal tunnel opening diameter of both sewer and water tunnels is 
about 7 feet while the nominal tunnel opening for Metro Rail tunnel 
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). 

0 

0 
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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 tunnel 
openings and headings which tends to accentuate stability problems. 

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 welJ 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 

060793.RPT/92-2050.01 7-4 



is highly variable and averages on the order of 50 percent. Support of the shaft excavation 

during construction would be necessary. 

7.3 CONSTRUCTION CONSIDERATIONS 

7.3.1 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 construction of the Metro Rail Tunnel 

through the Santa Monica Mountains. 

7.3.2 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 coal 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 

methane 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. 

7.3.3 Conglomerates 

Large boulders occur within the Chico, Simi and Topanga formations conglomerates. In 

many cases, the poor RQD of the core is directly attnbutable 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 fai1ure 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 result 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. 

7.3.4 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: PLU1'ONIC 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- to coarse-grained granitic rocks, bloeky structure, infrequent inclusions o Bulk density range = 160 to 175 pcf, average = 168 pcf 
(gneiss/schist), mildly foliated. Possible basalt dikes from few inches to several tens or 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 to slaking 

o Young's modulus of intact core range = 500 to 12,000 ksi, average "" 
6 X J06 ksi. 

Discontinuities • Joint spacing variable. From 0.4 to 24 inches, dominantly 2.4 to 8 inches. Dip angles o Core recovery range = 0 lo 100 percent, average = 90 percent 
20 to SO degrees (common). 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. o Shear wave velocity range = 2,800 to 6,600 ft/s 

o Deformation modulus of rock mass range = 0.6 x 106 to 2.5 x 106 psi 
o Estimated RMR rating of rock mass = Class III to IV (fair to poor rock) 
o Estimated Q value of rock mass· exceptionally poor (Q S 0.01) to good 

(JO< 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 northern 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 low and required use of diamond drill bit. 

Groundwater Table • about 120 lo 740 feet above tunnel crown and about 9 feet below ground surface. o Hydraulic conductivity range = 4.8 x 101 to 2 x 10·5 cm/s 
Groundwater barrier at I Iollywood 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 
0 One or more major shear zones up to 200 feet wide (previously reported in Los Angeles Sewer 

Tunnel). 
0 Hollywood fault zone to be crossed al extreme south end of reach. Rock anticipated to be very 

weathered (locally decomposed) brecciated and sheared. Hollywood fault forms groundwater barrier 
with at least 186 feet of groundwater elevation difference across the fault. 

0 Minor sheared zones from 1 to 10 feet wide are common. 
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TABLE NO. 7-2, REACH NO. 2, STATION 679 + 80 TO STATION 693 + 00, LENGTH - 1,320 FEET 
FORMATION: CHICO/SIMI CONGl,OMERATE, ROCK'.1YPE CONGLOMERATFJSANDSTONE 

GEOLOGIC CONDITIONS ROCK PARAMETERS 

General Lithology - Conglomerate and interbedded sandstone lenses with minor (rare) thin 0 Bulk density range = 140 to 160 pcf, average :::s 150 pcf 
claystone/~iltstone beds. Large rounded graveVcobbles to 8 inches and occasionally to 24 0 Uniaxial compressive strength range = 0.09 to 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 to 60 percent quartzite cobbles and boulders. 0 Very low susceptibility to slaking (2nd cycle slake durability index > 95 percent) 

0 Young's modulus of intact core range = 400 to 1,800 ksi, average "" 1,200 ksi. 

Discontinuities • Close joint spacing (2.4 to 8 inches) common, widely spaced random sheared 0 Core recovery- range = 73 to 100 percent, average = 92 percent 
wnes with clay seams. Joint sets generally random and contain several intersecting sets. 0 RQD range = 0 to 100 percent, average = 32 percent 
Bedding dips 10 to 70 degrees northeast (40 to 60 degrees dominant). 0 Seismic compressional wave velocity range = 11,500 to 16,100 ft/s 
Conglomerate clasts are shattered and may fragment into smaller particles. Intact clasts 0 Shear wave velocity range = 4,000 to 5,700 ft/s 
should be anticipated. 0 Deformation modulus of rock mass range = 0.9 x 106 to 1.2 x 106 psi 

0 Estimated RMR rating of rock mass range = aass IV to Class I (poor to very 
good), average = lower bound of aass II (fair rock) 

0 Estimated Q 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 Quartz . Variable from 3 to 45 percent inclusive of sand grains and quartz rich rock 0 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 0 Hydraulic conductivity • 2.9 x 10·• cm/s (one test) 
surface. 0 Groundwater inflows decreased in Chico/Simi Formations during Los Angeles Sewer 

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. 
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TABLE NO. 7-3, REACH NO. 3, STATION 693 + 00 TO STATION 698 + JO, LENGTH· S30 FEET 
FORMATION: LOWER TOPANGA FORMATION AND LAS VIRGENES SANDSTONE, ROCK TYPE SANDSTONFJCONGLOMERATE 

GEOLOGIC CONDITIONS ROCK PARAMETERS 

General Lithology • Dominantly thick beds of sandstone and conglomeratic sandstone, and (rare) 0 Bulk density range = 149 to 154 pcf, average = 152 pcf 
conglomerate lenses to 3 feet thick with rounded clast to 18 inches and matrix supported. Estim~ted 80 0 Uniaxial oompre.uive strength 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, friable sandstone. 0 Low susceptibility to slaking 

0 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, 0 Core recovery range = 84 to 100 percent, Average = 99 
generally healed with calcium carbonate. Bedding dips 30 to 60 degrees to the northeast. percent 

0 RQD range = 17 to 100 percent, Average = 89 percent 
0 Compre.uional wave velocity range = 10,300 to 70,000 ft/s 
0 Shear wave velocity range == 4,800 to 7,800 fl/s 
0 Estimated deformation modulus of rock mass = 0.9 to 2.5 x 

104 psi 
0 Estimated RMR rating of rock mass = Class II to III (good 

to fair) average == Lower bound of good rock (Class 111) 
0 Estimated Q values of rock mass = very poor (0.1 < Q ~ 1) 

--.J I 
to good (10 < Q ~ 4.0). 

I 
) '° 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 
is friable (weakly cemented). 

Weathering . Generally fresh with approximately 4 percent chlorilc bearing (hydrothermal alternation). 

Percent Quartz • 28 to 47 percent (mostly sand sized grains). 

Groundwater Table . about 560 feel above tunnel crown and abut 165 feet below ground surface. 0 Hydraulic conductivity ranges from nearly impermeable to 4.7 
x 10-7 cm/s 

0 Groundwater inflows decreased rapidly in Lower Topanga 
Formation during Los Angeles Sewer Tunnel excavation. 

Other Geologic Conditions . Geologic contacts are judged to be conformable at each end of reach. 
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TABLE NO. 7-4, REACH NO. 4, STATION 6~ 0 TO STATION 716 + 10, LENGTH - 1,780 FEET 
FORMATION: MIDDI.E TOPANGA FORMATION, RQCK 1YPE BASALT/BASALT BRECCIA 

GEOLOGIC CONDITIONS ROCK PARAMETERS 

General Lithology - Extruded basalt, dominantly brcccia with massive intervals of basalt 0 Bulk Density = 135 to 148 pcf, Average "" 143 pcf 
flows. Breccias arc coherent, matrix supported; clasts are angular to several inches 0 Uniaxial compressive strength range = 0.6 to 5.7 bi, average intact rock = 2.3 
across. Matrix consists of chlorite, zeolite, and smectite minerals. Infrequent bi 
depositional lenses and layers of sandstone up to 50 feet thick, fine to me~ium grained. 0 Moderately susceptible to slaking 

0 Young's modulus of intact rock range = 380 to 520 bi. 

Discontinuities - Joints and shears often lined with chlorite/smectite are very closely to 0 Core recovery range = 85 to 100 percent, Average = 96 percent 
moderately closely spaced (0.4 to 24 inches), and predominantly interlocking and wavy. 0 RQD range = 56 to 95 percent, Average = 84 percent 
Generally two sets at moderate to steep inclination with one random set superimposed. 0 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, 0 Shear wave velocity = 4,000 to 7,500 ft/s 
shears commonly are near vertical. Most joints and shears are healed with infilling of 0 Estimate RMR rating of rock mass = Class III to IV (poor to fair), Average = 
calcite, zeolite, chlorite, minerals, or smeclite. Lower bound of fair 

0 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 0 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 chlorite group minerals. 

Percent Quartz - No quartz present but rock contains an abundance of serpentine and 
chlorite group minerals on fracture surfaces. 

Groundwater Table - About 650 feet above tunnel crown and about 100 feet below 0 Hydraulic conductivities range from 3.2 x 10·5 cm/s to 8.0 x 10·1 cm/s 
ground surface 0 Locally high groundwater inflows that decreased rapidly in Middle Topanga 

Formation during Los Angeles Sewer Tunnel excavation 
0 Sulfate content is approximately 150 ppm 
0 Hydrostatic pressure at tunnel crown is approximately 232 psi. 

Other Geologic Condition - Low percentage of iron pyrite disseminated in rock mass or 
locally concentrated on some joint surfaces. Geologic contacts are judged to be 
conformable on each end of reach. 
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TABLE NO. 7-S, REACH NO. S, STATION 71~ , 10 TO STATION 730 + 70, LENGTH · 1,460 FEET 
FORMATION: UPPER TOPANGA FORMATION, ROCK TYPE SANDSTONFJCONGWMERATE 

GEOLOGIC CONDITIONS ROCK PARAMETERS 

General Lithology - Dominantly a massive to thiclc bedded medium to coarse grained 0 Bulk density range = 131 to 163 pcf, average = 142 pcf 
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 
80 percent sandstone, 15 percent conglomeratic sandstone, and 5 percent conglomerate. ksi, strength of clasts = 12.4 ksi 
Clasts up to 24 inches (rare to 48 inches), subangular to subrounded, matrix supported. 0 Moderately susceptible to slaking 
Minor thin (1 to 2 inches thick) siltstone rare. 0 Young's modulus of intact core = 780 to 5400 ksi. 

Discontinuities - Joints closely to widely spaced (2.4 inches to 6.6 inches) and primarily 0 Core recovery range = 35 to 100 percent, average 98 percent 
moderately closely spaced (8 to 24 inches). No regular pattern of orientation or dip 0 RQD range = 0 to JOO percent, average 81 percent 
angle (random). Infrequent sheared clay seams. 0 Compressional wave velocity = 10,300 to 20,000 ft/sec 

0 Shear wave velocity = 4,800 to 7,800 ft/sec 
0 Defonnation modulus = 0.9 to 2.6 x 10' psi 
0 Estimated RMR rating of roclc mass = Oass II (Good Rocle) average = good 

rock 
0 Estimated Q rating of rock mass = good (10, Q _!S. 400). 

Cementation - Moderately cemented with primarily calcite. 0 Clast strength is generally much greater than matrix. 

Weathering - Fresh (unweathered), no alteration 

Percent Quartz - Quartz content of sand grains varies from 15 to 30 percent with 0 Modified Taber Hardness Index = 4 to 15.1 Ha. 
intervals up to 55 percent quartz. 

Groundwater Table • About 550 feet above tunnel crown and about 50 feet below 0 Groundwater innows were low in upper Topanga Fonnation. 
ground surface. 

Other Geologic Conditions - Geologic contacts are judged to be confonnable at each 
end of reach. 
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TABLE NO. 7-6, REACH NO. 6, STATION 7311 -t- JO TO STATION 761 + 40, LENGTH· 3,070 FEET 
FORMATION: UPPER TOPANGA FORMATION, ROCK ')YPE SANDSTONE • SILTSTONE/SHALE 

GEOLOGIC CONDITIONS ROCK PARAMETERS 

General Lithology - lnlerbedded sandslone and sihstone/shale. Laminated to thickly 0 Bulk density range = 119 to 149 pcf, average = 129 
bedded (very distinct). Dominantly fine to coarse sandstone in the south portion and 0 Uniaxial compressive strengths range = 0.2 to 4.8 ksi, average intact rock = 2.0 
increase in siltstone/shale content towards lhe north portion. Bedrock is folded locally, ksi 
but bedding predominantly dips northeast. 0 Highly susceptible to slaking (second cycle slake) durability index = l.l to 95 

percent, generally < 50 percent) 
0 Young's modulus of intact core range = 9.3 to 1,500 ksi. 

Discontinuities - Joint spacing moderalely close (8 inches to 24 inches), usually one set 0 Core recovery range :::; 0 to 100 percent, average 95 percent 
with apparent random orientation. Bedding dips generally 50 to 90 degrees, reversals 0 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 ft/s 
surfaces, often sheared, polished clay-lined seams present. 0 Shear wave velocity :::; 3,000 to 4,000 ft/s 

0 Defonnation modulus of rock mass = 0.6 to 0.9 x 10' psi 
0 Estimated RMR rating of rock mass Class II to 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. 

Weatheri~g • Mostly fresh (unweathered). Locally highly weathered to residual soil. 

Percent Quartz - Quartz content of sand grains varies from 15 to 30 percent with 0 Modified taber hardness index = 0.4 to 0.7 Ha. 
intervals up to 55 percent quartz. 

Groundwater Table . About 50 to 200 feet above tunnel crown and 0 to 30 feet below 0 Hydraulic conductivities range from nearly impenneable to 4.2 x 10·• cm/s. 
ground surface 

Other Geologic 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 area. No more lhan 9 feet of bedrock overlies tunnel crown 
beneath Hollywood Freeway. Stream alluvium 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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