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December 21, 1981 
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Los Angeles, California 90013 

Attention; Mr. Richard Gallagher 
Manager/Chief Engineer 

Gentlemen: 

ConverseWard Davis Dixon 
Earth Sciences Associates 
Geo/Resource Consultants 

WBS 12AAC 
Audit No. 2256 

This letter transmits our final report of the geotechpical investigation for 

the Metro Rail Project, prepared in accordance with the Agreement dated Novem- 
ber 3, 1980, between Converse Ward Davis Dixon and the Southern California 
Rapid Transit District. The findings and conclusions developed during this 
investigation are presented in two separate volumes: 

Volume I: Report - interpretive information, data analyses, 
conclusions and recommendations 

Volume II: Appendices - supportive information for Volume I 

and results of field/laboratory programs. 

We appreciate the assistance and guidance provided by Mr. James E. Crawley, 

Deputy Chief Engineer, and his staff, and the District's Board of Special Geo- 

téchnicl Consultants. We also want to acknowledge the dedicated efforts of 

each member of the Converse Team, particularly Howard A. Spel Iman, Project 
Manager. 
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Jack W. Burke, P.E. 
Managing Vice President 
Converse Ward Davis Dixon, Inc. 
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Section 1.0: 
Executive Summary 

1.1 GENERAL 

The results of the geotechnical investigation indiclate that the proposed 
alignment for the 18rnile Metro Rail Project is favorable for modern economi- 
cal tunnel construction. Sixty percent of the planned route traverses com- 
petent soil materials (Old Al luvium) and soft-rock formations most suitable 
for excavation by tunnel boring machines (TBMs). Approximately 15 to 20 per- 
cent of the route is expected to encounter hard-rock formations of the Santa 
Monica Mountains which may be excavated either by conventional dri I I ing! 

blasting methods or by hard-rock 1BMs. The remaining 20 to 25 percent of the 
alignment will penetrate soil materials which may require special e*cavation 
procedures using TBMs or excavation by cut-and cover methods. 

The findings and conclusions developed during this geotechnical study are pre- 
sented in two separate voluthes: Volume I, "Geotechnical Investigation Report", 
presents interpretive information, data analyses, conclusions and recommenda- 
tions. Volume II, "Appendices", contains the detailed results of field and 

laboratory programs, and provides information that supports the conclusions 
and recommendations presented In Volume I. 

1.2 INTRODUCTION 

The proposed 18-mi le Metro Rail Project route extends from Union Station in 

downtow.n Los Angeles to Lankershim Boulevard in North Hollywood. The prime 
purpose of this investigation and report is to provide comprehensive informa- 

tion on subsurface soil, bedrock and ground water conditions along the align- 
ment. This information will be used by engineers in prepaing designs and as 

an aid to potential construction contractors. This report addresses thle suit- 
abi I ity of geologic formations as they will affect station ecavations, as 

well as shal low and deep tunnels in. various forrriations. 

Project design reqUirements arid structijral features have not been established. 
The tunnel dould be yp to 35 feet in diameter if two lines are contained in 

one tunel. Seventeen stations are planned at about one mile intervals, with 

stations up to 800 feet long. Generally, stations and tunnels will extend 30 
to 200 feet below the existing ground surface; the tunnel under the Santa 
Monica Mountains will exceed 200 feet in depth. 

1.3 DESCRIPTION OF EXPLORATION AND TESTING PROGRAM 

Field exploration consisted of slubsurface drilling, sampling and testing, com- 
biried with geophysical teting along the proposed alignment. Simultaneously 

with and fOl lowing the field investigation, an extensive laboratory program, 

consisting of over 1,100 individual tests, was conducted. The purpose of the 

field and laboratory investigation was to develop a comprehensive understand- 

ing of the subsurtace cOhditions at selected locations along the proposed 
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route, and to establish the physical properties of the various soil, roOk, 
water and gas samples obtained during this investigation. The following field 
and laboratory work tasks were accanpl ished: 

o drilled, sampled and cored 41 test borings, ranging from 100 to 400 feet in 

depth; 

o obtained, identified and classified numerous soil and bedrock samples, and 
measured the presence of in situ gases; 

o monitored in situ water pressure tests to determine the permeability char- 
acteristics of the bedrock materials; 

o installed permanent grdurid water monitoring devices and theasured wéter lev- 

els in test boring5; 

electrically logged all 41 core holes to provide geophysical information; 

o performed three miles of surface seismic refraction surveys to assist in 

locating faults and depth of alluvium; 

o conducted downhole geophysical logging at 17 proposed station sites to 

develop vertical profile.s of dynamic properties for soft-ground materials; 
o obtained 220 surfac.e micro-gravity readings at tour locations to more accu- 

rately define major fault locations; 

o conducted crosshole geophysical' logging at 10 selected station sites to 

develop horizontal profiles of dynamic properties for soft-ground mate- 
r i a I 5; 

o tested samples in the laboratory to determine the static arid dynamic engi- 
neering properties of representative soil and rock m'aterials; 

o tested gals, oil and water samples in the laboratoy to determine, their 
physical characteristics; 

o examined the petragraphic features of the basalt and hard sandstone bed- 

ro.clk samples for dét'ailed classification and identification. 

1.4 PROJECT GEOLOGY 

The tunnel alignment will traverse three physiographic features: the Los Ange- 
les Basin, the Santa Monica Mountains, and the San Fe'raando Valley. The Santa 
Monica Mountains are comprised mainly of hard rock ot th,e Topanga Formation, 
consisting of baalt, sandstone and conglomerate. The Los Angeles Basin and 
San Fernando Valley contain Young and Old alluvial deposits underlain by the 
Fernando, Puente and San Pedro formations. 

For the purpose of this report, similar bard rock and soft-ground formations 
along the alignment have been roupeØ into units. These Units have engineer- 
ing properties Which are ex'eëted to exhibit sithi Far behavior during excava- 
tiOn. The soft-ground category includes Old alluvial deposits, and soft rock 
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such as si Itstone and sandstone of the 
tiors. Hard rock forrñbations consist of 
of the Topanga Formation. A summary of 
ing this investigation are presented on 
the end of this volume. 

Fernando, Puente and San Pedro forma- 
the basalt, sandstone and conglomerate 
the geologic features encountered dur- 
the "Geologic Profile" in Drawing 2 at 

1.5 GEOLOGIC FEATURES OF ENGINEERING SIGNIFICANCE 

Based on our evaluation of the subsurface conditions and engineering proper- 
ties along the proposed alignment, we have divided the tunnel route into 
"reaches" having geologic similarities as follows: 

° Reach 1 East Portal to Hollywood Freeway 
Deep, loose to dense stream-deposited Young Alluvium (soil) of the 
modern Los Angeles River channel was encountered with soft-rock 
siltstone an sandstone near the surface at each end of this 
reach. The pehnanént ground water level was found at a depth of 
about 25 feet. Oil was observed in the eastern portion, and a 

gassy to potentially gassy ground classification is recomended. 

o Reach 2 - Hollywood Freeway to Harbor Freeway 
Deep, loose to dense Young Al luviurn of the ancestral Los Angeles 
River channel and soft-rock formations were encOuntered. A rela- 

tively deep (below 90 feet) permanent ground water level was mea- 
sured. Minor anoiints of oil were deteCted, resulting in a classi- 
fication of potential ly gassy ground. 

0 Reach 3 - Harbor Freeway to Normandie Avenue 
Shallow, dense Old Alluvium was found over soft rock. There was 
an upper perched water table in the Old Alluvium1 and a deeper 
permanent ground water level in the rock. No oil was encaunterOd, 
but this i potential ly gassy to gassy ground. 

o Reach 4 - Normandle Avenue to La Brea Avenue 
Shallow to deep, dense Old Alluvium overl ies dense satUrated sand 

of th.e San Pedro Formation which is underlain by soft rock. A 
shallow perched water table was measured in the upper alluvium 
along with a deeper (belOw 130 feet) perthanént ground water level 

in the soft rOck. Oil was not found, but this is potentially 
gassy ground. 

° Reach 5 - La Brea Avenue to Mel rose Avenue 
Deep, dense Old Al luviurn oven ies dense, oil-saturated sand (La 

Brea Tar Pits area), which is underlain by soft rock of tte Fer- 

nando Formation. Shallow perched water was fOund in the alluvium, 

with a deep, permanent ground water level in the soft rock. Oil 

and gassy ground was found throughout the reach. Three inactive 

faults are located in the Salt Lake oil field, and the poten 
tially active Santa Monica fault zone will be crossed near Melrose 
Avenue. 
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o Reach 6 - Melrose Avenue to Yucca Street 
Deep, dense Young apd Old Al luviurn oven ies soft rock to depths 
greater than 200 feet. The permanent water table was not encoun- 
tered in the test borings. Shallow water levels were contained in 

the upper alluvium, and neither oil nor gas was encountered. Thi.s 

reach is bounded by the Santa Monica fault zone on the south, and 

the Hollywood fault on the north at the base of the Santa Monica 
Mounta ins. 

o Reach 7 - Yucca Street to Uni'érsãl City Station 
This entire reach within the Santa Monica Mountains consists of a 

thin layer of weathered bedrock over hard rock. The sedimentary 
rocks on both sides of the mountain are not as hard those in the 
central portion. Neither oil nor gas was encountered. The tunnel 
alignment will pass through several faults that may contribute to 

ground water inflow to the tunnel. 

o Reach 8 - Universal City Statioln to North Portal 
Deep, loose to dense Young and Old Al luviurn of the modern Los 
Angeles River channel was underlain by soft rock at depths greater 
than the test borings (200 feet). A deep permanent ground water 

level (below 110 feet) and nongassy ground conditions are antici- 

pated. 

The tunnel alignment will pass near or penetrate numerous geologic faults, all 

but tNo of which are judged to be inactive. The Hollywood fault (vicinity of 
Yucca Street) is judged tO be actiVe, and the Santa Monica fault (vicinity of 

Meirose Avenue) is thought to be potentially açtive The project is 30 miles 

from the nearest point of the adtive San Andreas fault. Although a great 

earthquake is expected to occur on the San Andreas during the project life, 

its impact may not be as significant as a future event on a local fault. 

This subject will be addressed in detail in a separate seismology study. 

1.6 PREVIOUS TUNNELING EXPERIENCE IN AREA 

More than 60 tunnels, with a total accumulated length of over 50 miles, have 

been bored within the Los Angeles city limits. This history of local tunnel- 

ing experience was reviewed, with particular attention given to six case his- 
tories that involved sirAitar geologic formations or subsuiface conditions. 

Emphasis was placed on tunnels excavated by IBM or where gas and/or oil coridi- 

tions were encountered. Case histories included: 

0 Metropolitan Water District (MWD) San Fernando Tunnel 
o MWD Newhal I Tunnel 
o City of Los Angeles-La Cienega-San Fernando Valley Relief Sewer Tulnoel 
o MWD Hollywood Tunnel 
o Los Angeles County Flood Control District (LACFCD) Sacatella Tunnel 
o MWD Tonner Tunnel. 
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Geologic conditions, overall excavation progress and construction methods were 
summarized for each case history. Similar geologic and excavation conditions 
were noted and then compared to conditions expected to be encountered along 
the proposed alignment. These case histories -indicate rapid and economical 
progress can be made by tunnel boring mathines (TBM) on the MetrO Rail align- 
ment. For example, excavation experience in Old Alluvium at the San Ferhando 
Tunnel resulted in record advances using a TBM with a diging spade. A total 
of 3500 feet of tunhel was excavated In one month, and 277 feet during one 
three-sb ift dày. When ground water was encountered, advance rates reduced to 
about 60 feet per three-shift day. 

Specific tunnel excavation problems experienced on these previous projects are 
discussed in detail. In most instances, a majority of these problems 
(gas/oil, ground water, caving, slow prcgess) were anticipated or could have 
been anticipated by the tunneling contractor prior to constructidno 

1.7 ANTICIPATED GROUND BEHAVIOR IN UNDERGROUND CONSTRUCTION 

Underground construction refers to tunnels and mined stations excavated below 
ground with minimal disruption to surface facilities. Based on this geotech- 
nical investigation, favorable excavation conditions are anticipated for most 
of the proposed route for both tunnels and mined stations. Fo soft-ground 
materials, the most economical and practical means of advancing the tUnnel is 

by a fully shielded TBM1 utilizing precast óoncrete elements tO form both the 
initial support and permanent lining placed in one construction operation. 

A soft-ground IBM will be favorable for tunnels that pass through Old Alluvium 
and soft rock. This soft-ground condition will include most of the alignment, 
with the exceptions of: 1) hard rock (Reach 7) through the Santa Monica Moun- 
tains, and 2) the loose, wet al luvium at the Los Angeles River crossings. A 

hard-rock TBM or ecavation by drilling and blasting methods will probably be 
required through the Santa Monica Mountains. In addition, such a hard-roOk 
TBM must be capable of coping with rock that rangts locally from soft to hard 
(mixed face condition) and varying ground water infloyNs. 

Design selection of deep (below 100 to 150 feet) tunnel profiles will require -. 

consideYatiOn of local subsurface conditions tO determine the need for con- 

structing some stations by mining methods, It is feasible to mine stations in 

the Old Alluvium and soft rock, as well as in the hard rocR of the Santa 
Monica Mountains. 

ThM advance rates are expected to average from 20 to 50 feet per day (hard- 
rock formations, fault zones) to 70 to 100 feet per day (Old Alluvium and 

soft-rock formations). Oil and gas zones are expected to reduce excavation 
rates. On any tunnel project, there will be day during which no advancement 
is made due to unforeseen circumstances. 

Estimates of TBM excavation rates are based on the results of this geotech- 
nical investigation, on previous tunneling experience In the Los Angeles area 
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anthon judgment. Other variables, in addition to subsurface geologic condi- 
tions, can affect machine excavation rates, including skill of the operator 
and equipment reliability. Our estimated excavation rates assume the use of 
experienced crews, average machine downtime, and three eight-hour shifts per 
day. 

1.8 ANTI CI PATED GROUND BEHAVIOR IN SURFACE EXCAVATIONS 

Surface excavations most likely to be associated with this project will in- 

clude cut-and-cover stations and line segments, ventilation shafts and por- 
tals. 

Oving to the limited available construction spate and nature of the near- 
surface soils, virtually all surface e*cavations will have to be shored. 
Shored excavations to depths of approximateSy 80 feet can be designed and con- 

structed along a majority of the alignment, using proven construction prac- 
tice. Exceptions will include the wet alluvial deposits in Reach I and tar 

sands in Reach 5. For shored excavations in excess of 80 feet, special design 
will be required. 

Existing structures along the alignment in close proximity to any proposed 
shal low tunnel and station excavations may require consideration of the 

following: 

o relocation or razing of existing structure prior to making the new excava- 
tion 

o construction of temporary or permanent wal Is between existing structure and 
new excavation 

o underpinning or building a new foundation under an existing structure prior 
to proceeding with the proposed excavation. 

1.9 DESIGN CONSIDERATIONS 

Geotechnical design parameters and criteria have been developed that are suit- 
able for current design, evaluating alignment and grade alternatives, and cost 
estimation. The major design parameters and criteria address the following: 

o engineering properties of geologic soil and rock materials 
o foundations tor all structures 
o surface jxcavat ions for underground structures 
o desigh of underground tructures by mining methods 
o ground water considerations. 

In general, soils underlying the proposed station locations wi I I be dense, 
providing excel lent foundation support for the station structures. Possible 
exceptions would be the soils in Reaches 1, 6 and 8 where the upper 40 feet 
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may be less dense and will require either a continuous mat or deep foundation 
system for hea'vy concejitrated loads. Surface facilities can general ly be sup- 
ported on spread footings, except in Reaches 1, 6 arid 8 where heavy concen- 
trated loads may require a deep foundation system such as piles. 

Tar sands found at a depth of 40 to 50 feet in Reach 5 present special engi- 
neering considerations because current practice in Los Angeles recludes sup- 
porting foundation loads on or within tar sand materials. However, it is rea- 
sonable to assume that stations could be founded in these materials if future 
detailed studies of final strudtures are performed. 

Design criteria are presented for underground structures constructed In ur- 
face excavations and include stations, cut-and-cover I me segments and shafts. 
In addition to criteria for permanent structures, general criteria have been 
developed for temporary conditions such as: shoring systems, wall pressures, 
wall embedment, strut cons iderations, tieback considerations and bottom heave 
in e*cavations and shafts. 

Design criteria have also been formulated for mined underground structures 
including bored tunnels and deep stations. These criteria for permanent 
structures in soil deposits or soft rock include: high loads, bending moments, 
buckling, loads from parallel tunnels and surcharge from surface structures. 

Ground water conditions along the alignment are complex. For current design 
purp&ses, qualitative ground water delsign criteria have been developed basTd 
upon water level rheasUrements àailable at this time; 

1.10 SPECIFIC SUBSURFACE PROBLEMS IN DESIGN AND CONSTRUCTION 

There are a few specific or local subsurface problems which will require spe- 
cial dësigii considerations. These are as follows: 

0 high ground water table iii loose al luviuth in Reaches 1, 6 and 8 

o tar sands in Reach 5 

o seismic design considerations for the entire alignment (this will be the 
subject of a separate study) 

o corrosion potential of ground water 

gas hazards, particularly in Reach 5 and eastern part of Reaches I and 3 

o oil seepagie1 particularly in Reach S and eastern par-tot Reach I 

o loose Los Angeles River channel dePosits ip Reaches 1, 2 and 8 

o crossing fault zones in blocky and seamy rock in Reach 7. 

With proper engineering design and construction techniques, these conditions 
can be successfully solved. 
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Section 2.0: 
Introduction 

2.1 SITE LOCATION AND DESCRIPTION 

The proposed 18-mile Metro Rail Project is mainly in the City of Los Angeles, 
California. The route e*tends from the downtown Los Angeles Union Station 
area to North Hollywood (Figure 2-1) via: 

o East Portal, across the Los Angeles River, west on Macy Street to 
Broadway Street, 

* Broadway Street to 7th Street, 

o weston Wilshire Boulevard to Fairfax Avenue, 
o north on Fairfax Avenue to Fountain Avenue, 

o east on Fountain Avenue to Cahuenga Boulevard, 
o north on Cahuenga Boulevard beneath the Santa Monica Mountains, 

o terminating at Larikershirn Boulevard along Chandler Boulevard and 
the Southern Pacific Railroad tracks (for future extension westward 
via railroad right-of-way). 

2.2 PROJECT PARAMETERS 

At present1 the project design reiquirsients and structural features have not 
been established by th SCRTD or its desigh engineers. For purposes of geo- 
technical evaluation of line and tation structures, the following dimensions 
are cnsidered likely: 

o 
line: 18- to 20-foot diameter opening, if a single-track, double-dine 
configuration is selected 

o 
line: 30- to 35-toot diameter opening, if a double-track system is se- 
lected 

o station: 30 to 200 feet deep, 500 to 800 feet long, 50 to 100 feet wide 
o station: construction may use bath cut-and-cover and underground éxcava- 

tion (mining) methods. 

This report addresses the following alternative grades: 

o cut-and-cover 

o shallow tunnel 30 to 100 feet deep 

° deep tunnel greater than 100 feet deep. 
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2.3 PURPOSE OF INVESTIGATION 

The purpose of this geotechnical investigation and report was to conduct a 

subsurface investigation with field and laboratory testing of materials, 
interpret the data and prepare a co'nprehensive report of subsurface and suri 
face conditions anticipated during construction along the proposed Metro Rail 
Project route. This information is to be used by design firms in preparirfg 
engineering designs. 

2.4 SCOPE OF WORK 

The scope of work for this investigation included the following tasks to 
assess geologic conditions along the proposed al ignment: 

o Literature search, including logs of existing borings 
o Review of aerial photographs 

o Geologic bOrings (41, for a total of 8,491 linear feet) 

o Water pressures tests (16) 

o 
Piezosneter instal lations (23) 

o E-logs (41): Self Potential and Resistivity, Natural Gamma-ray, 
Casing Collar Locator, Neutron, Caliper and Density 

o Seismic refraction profiling (13,560 linear feet) 

o Micro-gravity surveys (220 points at four locations) 

o Ddwnhole surveys (all 17 station sites) 

o Crosshole surveys (10 selected station sites) 

o Gas analysis (9 tests) 
o Petroleum cosnposition analysis (12 analyses) 

Water quality analysis (34 samples) 
o Petrographic analysis (36 thin sections) 
o Static laboratory tests 

o Dynamic laboratory tests 
o 

Data analyses 

o Development of conclusions and reconimendations 

o Preparation of this report and appendices. 
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2.5 (LIMITATI0IC) PHILOSOPHY OF INVESTIGATION 

Ideally, an investigation of a construction site should yield precise, three- 
dimensional locations of rock and soil units, locations and e*tent of disçon- 
tinuities, quantitative appraisals of the Physical and chemical properties of 
the rock and soil units, and apptaisal of the materials in and near disconti- 
nuities or other rOck or soil roperties. Estimates should be made of amounts 
and distribution of ground water, gas, oil, of rock or ground water chemistry, 
and of the possibilities of faulting and seismic activity. Such data will 

permit adequate, economical engineering planning and design and will be of 
great practical value during construction. In actual practice, however, exact 
prediction of all the geologic conditions that will be encountered during con- 
struction is almost never real ized. For that reason, the geologist and geo- 
technical engineer should be given the opportunity to study and interpret for 
the design engineer the geolagic features revealed during project construc- 
tion. 

The planned Metro Rail Project is an example of a major underground project 
where surface studies and numerous subsurtace borings provide data that give 
some indication of subsurface conditions and engineèrin propelrties of soils 
and rocks. The findings can be used to assess site geology so as tO permit 
reasonable engineerirg design and ost estimates. 

2.6 ADDITIONAL STUDIES NECESSAIW FOR FINAL DESIGN 

This report is to assist the SCRTD and -its 
rent design concepts. Upon selection of 

additional geotechnical studies may be 

plans. Speàific site problems envisioned 
studies, are presented in Section 10.0. 

2.7 INSPECTION OF BORING SAMPLES 

design engineers in preparing cur- 
appropriate line(s) and grade(s), 

necessary to develop final design 
at this time, worthy of additional 

Samples recovered from borings are stored in a storage building at Converse 
Ward Davis Dixon, Inc. (CWDD), 126 West Del Mar Boulevard, Pasadena, Califor- 
nia 91105 (213) 795-0461. As required in our contract, these samples will be 

stored at this location for four years; i.e., from December 1, 1980 to Decem- 
ber 1, 1984. InspectiOn of samples by the designers and/or prospective con- 
struction contractors is encouraged. Authorization for inspection of the sam- 

pies should be made through the Chief Engineer's office, Southern California 
Rapid Transit District, 425 South Main Street, Los Angeles, California 90013. 
Upon SCRTD authorization, arrangement for inspecting the boring samples can be 

made with CWDD. 
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2.8 INTERPRETATION OF GEOPHYSICAL DATA 

Seismic refraction surveys, micro-gravity surveys, downhole and crosshole sur- 
veys, and geophysical bOrehole logging (E-logging) were performed in conjunc- 
tion with other subsurface investigations. Drawings 1 and 3 show the loca- 

tions at which these geophysical investigations were made and the basic data 
obtained are presented and interpreted in Appendices B, C, C and E. Calcula- 
tions necessary to interpret these basic geophysical data should also be made 
by prospective bidders. Our repOrt interprets data from The survey; however, 
because of the particular dedLictivë nature of the interpretations and cOnclu- 
sions rèathed in this report, and the selective methods used, prospective 
biddeis are encouraged to make their own interpretations of the basic data. 

2.9 PREVIOUS INVESTIGATIONS 

Specific ptevious investigations reviewed for this report, performed by Others 
on or near the proposed Metro Rai I Project, are: 

o Kaiser Engineers, 1962, Test boring program,crapid transit system back- 
bone route: 93 borings by Raymond Concrete Pile Division, Raymond Inter- 

national, Inc. Con proposed Metro Rail alignment) 

)' LeRoy Crandall and Associates, 1968, Report of preliminary foundation 
investijätion, proposed rapid transit system for the SoUthern Cal iforia 
Rapid Transit District:. 1 boring Con proposed Metro Rail alignment) 

o Yerkes, R.F., Tinsley, J.C., and Williams, K.M., 1977, Geologic aspects 
of tunneling in the Los Angeles area: US Geological Survey, Map MF-866 

o Woodward-Clyde Consultants, 1977, Report of drilling services for Rapid 
Transit Starter Line: 10 borings. 

CWDD/ESA/ORC 1-12. 



®©ftñ© 3L0 
©©$©Bi © 

s T®ñ ©Tar 

N 
/ 

N. 

N. 

N 
N 
N 

N 
N' 

N 

/ N N 

N.. 

N 
// 

/ 
/ 

// 

N / 
/ 

N / 
N/ / 

/ 

// 



Section 3.0: 
Exploration .and Testing Program 

3.1 DRILLING EXPLORATION PROGRAM 

The drilling exploration program was performed for the SGRTD (WBS/12AAC) under 
the 1980 geotechnical contract, Audit No. 2256. A detailed description of the 
Metro Rail Project drilling exploration program, boring logs, colored core 
photographs, water ressübe tests, ground water-level monitoring, and piezom- 
eter installation is presented in Appendix A, Volume II. Associated field ex- 
plorations, performed in conjunction with the boring program were: E-logging, 
gravity surveys, downhole and crosshole surveys, gas and petroleum analyses, 
water quality analyses and petrographic analyses. These items are discussed 
briefly in this section, and in detail in Appendices A through G, and J, 

Volume II. 

The following tables are in Appendix A, Volume Il: 

o Table A-i Summary of Boring Data 
o Table A-2 Correlation of N-Values and Consistency/Compactness 

of Soil Obtained in the Field 

o Table A-3 Bedrock Description Terms 

* Table A-4 Water Pressure Tests 
o Table A-5 GrOund Water Monitoring Summary. 

3.1.1 Borings 

Forty-one geologic borings were dri I led at designated locations shown on 

Drawing 1 (in pocket), along the 18-mile alignment, by Pitcher Drilling Co. 
and P.C. Exploration, Inc. The 41 geologic borings varied from 100 to 400 
feet deep1 with most being approximately 200 feet in depth, for a total of 

6,491 linear feet of drilling. In addition, 20 borings, 100 feet deep, were 
drilled fOr downhole placement of geophysical crosshole geophones at 10 se- 
lected station locations. 

The drilling and coring of the 61 borings took place between December 1, 1980, 
and March 17, 1981. Although three additional borings were added to the 
dril ling (including a 400-foot continuous hard-rock NX core hole), the program 
was successfully completed 14 days ahead of schedule. Sample and core recov- 
ery fran the 41 geologic borings was very good. Sample recovery from the 
Converse ring standard penetration, Split Spoon and Pitcher Barrel samplers 
collectively averaged 77.6%. Copies of the geologistsT original field boring 
logs, explanation sheets for descriptions and definition Of symbols used on 
the boring logs, water-pressure test data, piezometer instal lation, àhd ground 
water monitoring and core photography are Included in Appendix A, Volume II. 

A total of 1,650 linear feet of NX coring was performed in nine borings using 
wire line and a 5-foot long single tube core barrel; core recovery averaged 

91.6%. 
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3.1.2 Drilling Contractors and Equipment 

Pitcher Drilling Company of East Palo Alto, California, supplied three Fail- 
ing 1500 rotary wash rigs, each operated by a two-man crew. For the hard-rock 
reaches of the alignment near the flanks and the interior of the Santa Monica 
Mountains, a CME-55 wireline cOre rig, owned and operated by P.C. Exploratidn, 
Inc., Roseville, California, was used. Although Pitcher Drilling Company was 
hired specifically to drill and sample the alluvium and soft formation reaches 
of the alignment, the firm also did a minor amount of MX coring in Borings 34 
and 35 using a conventional 10-foot Christensen core barrel. 

P.C. Exploration, Inc. was contracted to specifically core the hard rock for- 
mations. However, near the ground surface in the Santa Monica Mountains where 
rock quality did not permit succesful core recOvery, sample.s were suOcessful ly 
obtained üIsing a Pitcher Barrel sampler. 

3.1.3 Soil Classification 

All soil types were classified using the Unified Soil Classification System 
(USBR, 1974). Based on the characteristics of the soil, this system indicates 
the behavior of the soil as an engineering construction material. Using the 
Unified Soil Classification System, which is based printrily on laboratory 
test results, the site geologists arrived at a classification in the field 
that would be the same as the one obtained in the laboratory. Although par- 
ticle size distribution estimates were based on volume rather than weight, the 
field estimates were within an acceptable range of accuracy. 

3.1.4 GroundS Water Level Monitori.no and Piezometer Installation 

A total of 6,047 linear feet of 2-inch plastic ABS pipe was instaHed in 31 

of the 41 geology borings. In addition, 906 linear feet of 1-inch PVC plastic 
pipe was installed in 11 of these borings, alongside the 2-inch pipe, to mon- 
itor perched water levels. When double piezometers were installed in a bor- 
ing, the two piezôrnèters were separated vertically by a 3- to 5-foot bentonite 
seal placed below the upper piézometer and above the highest perforation of 
the lower piezoineter. Several water-level readings were taken, the last in 

March, 1981 (see Table A-5, Appendix A, Volume II). 

3.1.5 Water.Pressure Testin 

Water pressure and holding tsts were performed in 16 of the 41 geology bor- 

ings. Similar results were obtained using both pneumatic and push packers in 

the Puente and Fernando formations. Because of the more massive and clayey 
nature of the Fernando Formation, slightly better data were gathered. The 
fine sand interbeds of the Puente Formation tended to wash out around the 

packers at pressures between 20 to 60 psi. However, edugh reliable data were 
obtained to demQnstrate that bOth the Puente and Fernando forThatiOns are very 

tight and, in almost all cases, would take less than I gpm over a 20-foot test 
interval. 
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3.1.6 Color Photographs of Core Samples 

Color photographs were taken of al I samples of the Puente and Fernando forma- 
tions extruded fran the Pitcher Barrel, and MX core from Reach 7 thrOUh the 
Santa Monica Mountains (see Appendix A, Volume II). 

3.2 E-LOGGING 

All 41 geologic borings were electric-logged. A full suite, consisting of 

spontaneous potential and resistivity, natural ganuna, casing cbl at locator, 
caliper, neutron and density logs, was performed in each boring. A detailed 
description of E-lgging and a complete set of E-lOgs ar'e presented in Appen- 
dix B, Volume II. When the various field and laboratory data were being com- 
piled and syhthesi±ed in the office, the logs were used frequently to: 

o 
facil i-fate interpretation of surface geophysics 

o verify ground water depths 

o check the field geologists' boring log descriptions 

° prepare the Geologic Profile (Drawing 2) and Engineering Geology Profiles 
(Drawings 4 throlugh 12) for this report. 

A Model 3200 Gearhart Owen skid-mounted downhole logging unit, transported in 

a. modified 3/4 ton-truck, was used for all E-logging.. All downhole sondes 
were slim line (1 5/8-to 1 11/16-inch diameter) Gearhart Owen tools. The 
radioactive sourCe used for the neutron devices was a Gulf Nuclear 3-curie 
AmBe; for the density tools, a 125-mill icurie Cs source was used. 

3.3 SEISMIC REFRACTION SURVEY 

Details of the seismic refraction survey are presented in Appendix C, Volume 
II. A total of 52 seismic refraction lines, with a combined shot length of 

13,5.60 linear feet, was recorded in six general locations along the proposed 
Metro Rail Project alignment. These lines were recorded during the months of 
February and March 1981, to evaluate the depth to and velocity characteris- 
tics of various subsurface materials, and to supplement information from 

exploratory borings. For the purposes of this report, a seismic retraction 
line consists of 12 in-line geophones spaced at equal intervals and monitored 
simultaneously with shots off both ends and optionally at the center of eagh 

line. Shot length is the distance between the two outermost shots recorded 
for each line. 

Profiles showing subsurface velocity zones were constructed from interpreta- 

tions of the data, and are presented in Figures c-i through 0-23, and maps 

showing the locations of seismic refraction lines are presented on Figures 

C-24 through c-29A (Appendix C, Volume II). Six areas were surveyed, as shown 
on Drawing 3 (in pocket). 
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The method and equipment used for the seismic retraction survey was the same 
for all 52 seismic refraction lines recorded. A 1980 SIE Model RM-49S 12- 

channel Geophysical Amplifier and Interval Stacker system was used in con- 
junction with an SIE 27-trace VRO 6 Dry-write Oscil lograph. The Vehicle used 
for housing and transporting equipment was a 1 1/4-ton four-wheel-drive vaIn 

equipped with photographic darkroom and shock-mounted instrument bays. Due to 
the high level of ambient background noise present in the urban environment 
surveyed, hours of peak traffic were avoided, and most of the seismic retrac- 
tion lines were recorded between the hours of 11 p.m. and 8 a.m. The energy 
source used was a Betsy Seisgun Source which consisted of a 21 mm inverted 
industrial shatgun that fired 3-ounce lead slugs into the ground. This energy 
source maximized signal energy (4 1/2 tons of muz±le energy) as well as en- 

sured safety and efficiency ic the urban environment surveyed. 

3.4 MICRO-GRAVITY SURVEY 

The micro-gravity survey data are presented in Appendix D, Volume II. Two 
hundred and twenty gravity stations were surveyed during the month of March 
1981, at the locations shown on Drawing 3 (in pocket). For the purposes of 

this report, a gravity station is a ploint where the acceleraticn due to grav- 

ity i.s precisely measured at the earth's surface. Several regional stations 
were surveyed to establish regional gravity gradients of the area and to 

provide insight into large-scale, three-dimensional trends in subsurface 
structures. Closely spaced stations were surveyed over specific local fea- 

tures (buried channels and faults) to provide two-dimensional profiles for 

evaluating local subsurface structures. The gravity survey was performed to 

supplement information fran exploratory borings and to provide a source of 

geophysical information in urban areas along the alignment not suitable for 

seismic refraction surveying. 

The !ocation of each gravity station was marked and surveyed for precise de- 
termination of elevation and location by Mollenhauer, Higashi and Moore, Inc., 

Land Surveyors, Los Angeles, California. Gravity measurements at al base 
stations were tied into gravity measured at one main base station, the CDMG 
Los Angeles State BuFlding gravity station, so that a "universal" simple 
Bouguer anomaly could be calculated for each station surveyed. 

Gravity measurements were recorded using a La Coste and Romberg Model D Gravi- 
meter. All data were reduced using a Bouguer density of 2.0 gm/cc. Inner- 

zone terrain corrections were computed to a distance of 1.76 kilOmeters from 

the stations. Because this correátion constitutes only a part of total ter- 

rain correction affecting the stations in the study area (from features in 

excess of 1.76 kilometers fran the stations), the data are considered to rep- 

resent "simple" rather than "complete " Bouguer anomal ies. 

The discussion of general structural trends observed on the Simple Bouguer 

Gravity Map (Drawing 3) and the density models used for gravity profiles 1 

through 6 (presented on Figures D-1 through 0-6, Appendix .D, Volurile II) rep- 

resent a reasonable interpretation of gravity survey data based on knowledge 
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of existing geologic conditions and information obtained from exploratory 
borings and seismic refraction surveying. The reliability of gtavity survey 
data for this survey was limited by nearb9 features such as large buildings, 
retaining walls, underground pipes and vehicles parked in the roadways. 

3.5 DCW*IOLE AND CROSSHOLE SURVEYS 

The downhole and crosshole survey data, figures and tables are presented ili 

Appendix E, Volume II. 

3.5.1 Downhole Surveys 

A downhole shear wave velocity survey was performed at each of the 17 pro- 
posed station sites along the proposed alignment. Measurements were made at 
5-foot intervals fran the ground surface to depths of 200 feet in borings, 
except in CEG 5 and CEG 31, where the depths of measurement were 13Q 6nd 115 

feet, respectively. 

Boring CEG 31, near the Hollywood Bowl Station, was found to be collapsing 
below 115 feet so the survey was térmihated at this depth. Al I other borings 
wéré sWveyed to their ma,dmum depThs. An additional downhole survey was per- 
formed in Boring CEG 23A because of the poor results obtained at Boring CEO 
23. 

Shearing energy was generated by striking a wood timber with a sledge hammer. 
At each measurement elevation (5-foot intervals), reversed horizontal blows 
were made at the ends of the timber to generate shear waVes, and a vertical 
blow was qtade on the surface tO generate compressional waves. A 12-channel 
si:gnal enhancémént seismograph (Geometrics Model ES 1210) allowed the sum- 
mirig of several blows in one direction when necessary to increase the signal- 
to-noise ratio. Usually, two records were made at each elevation to ensure 
repeatability of signal arrivals. A sidewall clamping triaxial seismometer 
array was lowered into the borings to record wave arrivals at 5-foot intervals 
to the bottom of the hole. Shear waves were identified by recording wave 

arrivals with opposite first motions on adjacent channels of the seismograph. 

3.5.2 Crossho.le, Surveys 

The crosshole technique for determining shear wave velocities in i,n situ 

materials was utilized iii a 3-borehole array at each of 10 selected station 

sites. Crosshole seismic wave measurements at 5-foot vertical intervals were 

performed in each of 10 arrays. Each array consisted of three borings spaced 

approximately 15 feet apart. All borings were dri I led to a depth of 100 feet. 

An end boring was cased with 4-inch l.D. plastic pipe, while the other two 

borings were cased with 3inch l.D. plastic pipe. The pipes were grouted in 

place with cement grout. The shear wave hammer was placed in the end hole of 

the array, and vertical geophones were placed in the remaining two borings. 

The shear wave generating hammer and the two geophones were lowered to the 
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same depth in all borings. The harwner was coupled to the wall of the bor- 
ing by means of hydraulic jacks, and the geophones were coupled by means of 
expanding heavy rubber balloons which protruded from one side of the geo- 
phone housing. The hammer was then used to create vertical ly polarized shear 
waves with either an up or down first motion. A 12-channel signal enhance-1 
ment seismograph with oscilloscope and electrostatic paper camera was used as 
a signal storage device. Upon casing the bOrings, deviation measurements were 
performed to determihe orientation and lQcation of borings at depth. Devia- 
tion measurements were made in a grooved aluminum casing that was inserted 
inside the casing of each boring of the array. 

3.6 GAS AND PETROLEUM ANALYSES 

Gas and petroleum analyses are presented in Appendices Fl and F2, Volume I 

3.6.1 Gas Analyses 

To provide a measure of the distribution and extent of the hazardous hydro- 
carbon and non-hydrocarbon gases, a program of in situ quantitative analyses 
was conducted by sybconsultant Ryland-Curnmings, Inc. The hydrocarbon gases 
tested were: methane, ethane, propane, n-butane, isobutane, n-pentane, iso- 
pentane, and c6+, undifferentiated. The non-hydrocarbon gases tested were: 
nitrogen, Oxygen, carbon monOxide, carbon dioxide, and hydrogen sulfide. Spe- 
cific hydrocarbon and non-hydrocarbon gases were collected at shallow depths 
at nine locations (Borings CEG 1, 2, 10, 11, 19, 21, 22, 23 and 2-3M. Samples 
of air were analyzed at each location to provide an ambient base. Approxi- 
mately 10 ml of gas were analyzed for each sample. All samples were analyzed 
in the field using an analytical gas chraiiatograph. 

The instrument used for quantitative analysis was a Carle thermal conductivity 
analytical gas chraiiatograph, Serles-S, with a minimum detectability limit of 
5 x 1010 g/ml of propane at 150°C. The unit uses a built-in valve program- 
mer that automatically actuates the correct sequence of internal switching 
events required to perform the complete ahalysis. Because the instrument is 

fully automated, errors that might be introduced during the analysis by the 
operator are eliminated. The gases that were deteOted were recorded on a 

strip chart; the written record is called a chromatogram (see Volume II, 

Appendix F, Sheets 1-20, inclusive). 

3.6,2 Petroleum Analyses 

Petroleum analyses and results are presented in Appendix F, Voiume II. Lab- 

oratory analyses of petroleum samples -were done by subconsultant Strata- 
Analysts Group. Fourteen samples were tested. They consisted of hydrocarbon- 
bearing sandstones and si ltstones which were collected from eight different 
borings. Laboratory analyses were performed to identif the concentrations of 
oil and water and the hydrocarbon content. identification of hydrocarbons was 
done using two chromatographic methods: (1) the PTC method, which generally 
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defines canpounds in the C1 to C8 normal hydrocarbon paraffin series, and 
(2) the Scgt method, which general ly defines compounds in the 08 to C18 
normal paraffin series. The PTC method could not differentiate the very heavy 
tar-like hydrocarbons that were present in the samples because the sathples 

were altered. Both chroniatographic methds and techniques are proprietary; 
therefore, a description of the nethods and techniques cannot be made avail- 
able. Similarly, the ccxnplete chromatograrns cannot be made available. 

3.1 WATER QUALITY ANALYSES 

Thirty-six water quality analyses were performed by Jacobs LaboratOry, former- 
ly Pomeroy Johnston and Bailey (PJB). The results are presented in Appendix 
G, Volume II. The water was tested fOr basic cations, anions, conductivity, 
total dissolved solids (TDS), pH, turbidity and Boron. Cation/Anion balance 
was not achieved on many of the samples because of the presence of an unmea- 
sured cation, probably aluminum or barium. 

3.3 LABORATOIW TESTING PROGRAM 

Results of the laboratory tests are presnted in graphic or tabulated form in 

Appendi H, Volume II. The test program was conducted in general accordance 
with the schedule of tests specified in Table 1 of the SORTD RFP No. 88025 and 
Our Propqsal No. 80-1855 dated August 1980. The number of tests performed was 
deteñnined by the need to obtain more complete data or to eliminate unneces- 
sary testing. The following laboratory test results appear on the bdring logs 

i:n the Engineering Geologic Profiles, Drawings 5 through 12: 

o 
Mol sture/Density 

o Unconfined Ccinpression 
o Static Tria*ial Compression 
o Cyclic Triaxial 
o DynamlO Triàxial 
o Resonant Qolumn. 

3.8.1 Index and Identification Tests 

Field classification was verified in the laboratory by visual examination in 

accordance with the Unified Soil Classification System and American Standard 
Testing Methods (ASTM) D-2488-69 test method. When ncessary to substanti- 
ate visual classifications, tests were conducted in acçOtdance with the ASTM 
D-2478-69 test method. 

Grain-size distributions were performed to assist in the soils classification 
and. to correlate test data. Grain-size distributions were determined mainly 
by sieve analysis performed in accordance with ASTM D-422-63 test mthpd. 
Hydrometer analyses were also performed when the soil had a significant per- 
centage of soil particles passing the No. 200 sieve. 
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Atterberg Limit tests were performed on selected soils samples to determine 
their classification and their plasticity. The testing procedure was in 

accordance with ASThI 0-423-66 and D-424-59 test methods. 

Moisture content determinations were performed, using a modified version of 
the ASTM D-2261 test method. 

Unit weight deterrniftations were performed on selected undisturbed soil sam- 
ples to assist in the selection of samples for engineering properties testing. 
Samples were generally the same as those selected for moisture content deter- 
minations. 

3.8.2 Engineering Properties Tests 

Unconfined compression tests were performed on selected samples of cohesive 
soils for the purpose of evaluating undrained, unconfined shear strength. 
The test procedure was strain-controlled loading in accordance with ASTM 
0-2166 test method. 

Consolidated-undrained triaxial compression tests were performed on selected 
undisturbed soil samples. Sane of the tests were performed as progressive 
tests. 

Undrained, quic.k triàxial tests were also performed on selected undisturbed 
samples. 

Direct shear tests were performed on selected undisturbed soil samples using a 

constant strain rate Converse direct shear machine. 

Swell tests were performed on selected undisturbed samples of cohesive, poten- 
tially expansive soils. 

Consolidation tests were performed on selected undisturbed soil samples placed 
in 1-inch high, 2.42-inch diameter brass rings, or 3-inch diameter Shelby 
tubes trjnv-ned to a 2.42-inch diarveter. The apparatus used for the consolida- 
tion tet was designed by Con',erse to receive the 1-inch high brass rings 
directly from the field. The data obtained fran these special observations 
were used to estimate the rates of consolidation and excess pore-pressure dis- 
sipation of these sOils in the field during and after construction. 

Permeability tests were generally performed in conjunctio'n with the static and 
cyclic triaxial tests, using the same selected undisturbd samples of soil. 

Porosity and void ratio of selected undisturbed samples were determined by 

measuring the dry unit weight and specific gravity, then calculating the void 
ratio, Ce) and porosity, (n). 

The cyclic triaxial compression test evaluates soil shear strength, liquefac- 
tion, and deformètion characteristics tinder ëycl Ic loading conditions. A 

cylindrical specimen of soil was encased in a thin rubber membrane, subjected 
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to a confining pressure in a closed cell, brought to the desired equilibuiim 
stress and saturation conditions, and cyclically loaded in the axial direc- 
tion. 

The resonant column test determines the shear modulus and damping of soil spe- 
cimens at shear strain values of approximately io- to inches per 
inch. A cylindrical soil specimen was encased in a thin membrane, placed in a 

pressure cell and subjected to the desired ambient stress conditions. The 
specimen was caused to vibrate, at resonance in torsion by fixing one end and 
applying sinusoidal ly-.varying torque to the free end. The reâponse of th 

soil specimen wSs measured ulsing an acceleraneter coupled to the free end. 
Shear niodulus and damping values were calculated from the response data. 

3.9 TEll MAMJFACTURERS ROCK TEST RESULTS 

The results of tests performed by TBM manufacturer's on selected "hard-rock" 
samples fran Santa Monica Mountain Borings CEG 30, 32, 32A and 33 are pre- 

sented in Appendix I, Volume II. A summary of test data is shown on Table 5-6 
in Section 5.0. The TBM manufacturers did not test the "soft-rock" samples 
sunitted by the Converse team. 

3.10 PETROLOGY 

Results of 26 petrographic analyses, performed on selected rock samples ob- 
tained from Santa Monica Mountain cores in Borings CEG 30, 31, 32 and 32A, are 
presented in Appendix J, Volume II. The objectives of the petrographic anal- 

yses were to: 

o verify and supplement field identification of lithologies and rock affini- 
ties 

o provide additional data on the mineralogical and micro-structural charac- 
teristics of selected rock sples recOvered fran cores 

o compare and correlate lithologic characteristics of subsurface samples 

o prOvide data to aid in lnter'pretãtion of geologic relationships in the 
general vicinity of Borings CEG 30, 31, 32 and 32A. 

thin sections were prepared by Von Huene's Petrographic Thin Section Labora- 
tory, Pasadena, California. Each rock sample was slabbed, trimmed, and the 
resulting rock chip was mounted on a standard 27 x 46 mm glass slide. The 
mounted rock chip was then ground to a uniform thickness of 0.03 rrim, polished 
and covered with a thin glass. If the rock sample was poorly consolidated, 
highly fractured or porous, it was impregnated with resin prior to prepara 
tion. The thin sections were routinely stained with sodium cobaltinitrate to 

aid in the identification of potash feldspars. A petrographic polarizing 
microscope was used to examine the petrographic sections. 

CWDO/ESA/QRC 1-21 



Section 4.0: 
Project Geology 

4.1 REGIONAL PHYSIOGRAPIIIC FEATURES 

The proposed Metro Rail alignment will be located at a junction of Califor- 
nia's Transverse Ranges and Peninsular Ranges Physiographic Provinces in the 
Los Angeles area (Figure 4-1). Vnl ike most of the northwest trending struc- 
tural features of coastal California, the Santa Monica Mountains in the Trans- 
verse Ranges Province trend east-west. The proposed alignment wilt cross 
three distinct geomorphic features: the Los Angeles Basin, Santa Monica Moun- 
tains and San Frnando Valley, as shown on the Generalized Geologic Map df the 
Los Angeles Region (Figure 4-2). 

4.2 REGIONAL GEOLOGIC HISTORY 

Geologic history in Miocene time includes deposition of marine sediments 
accompanied by intrusion and extrusion of as much as 4,000 feet of basaltic 
material During this period and into early Fl iocene time, the Santa Monica 
Mountains wërC uplifted and eroded. Resulting sediments were collected in the 
tectonical ly downwarped Los Angeles Basin on the south flank of the Santa 
Monica Mountains. By late Miocéne or earl9 P1 iocene time, the depth of the 
ocean anbayment into the Los Angeles Basin reached approximately 4,000 to 
6,000 feet. Marine sediments approaching 5,000 feet in thickness wer'e depos- 
ited during early P1 iocene time in the Central Los Angeles Basin. During late 

Pliocene time, the downwarped Los Angeles Basin became shallower and more lim- 

ited in extent as it tilled with another 3,500 feet of sediments. The ocean 
shoreline during early Pleistocene time extended along the south side of the 
Santa Monica Mountains and the Elysian Hills (Drawing 1). These hills were 

of fshore features in the process of emerging from the sea. Uplift, accom- 

panied by erosion, was relatively rapid in early Pleistocepe time6 and the 
downdropped Los Angeles Basin continued filling with an additiorial 1,300 feet 

of unconsolidated San Pedro sand sediments. Although tte Lqs Angeles Basin 
was below sea level much of the time,, world-wide fluctuations of sea levels 

during Pleistocene time caused the ocean to withdraw several times. 

Holocene time began with the last melting of the ice sheets (11,000 years 
ago), and resulted in coarse gravels and sands being deposited in stream chan- 
nels extending into the Los Angeles Basin. In the Bal lona Creek area (Figure 
4-2), such material is encountered up to 60 feet below the present sea level. 

Events that have occurred during the period of recorded history help to reveal 

what has happened during the geologic past. For example, prior to 1825 and 

agai.n duririg the flood of 1867-68, the Los Angeles River flowed westerly from 
the City of Lds Angeles into Sal lona Creek, instead of south through the Los 
Angeles Basi (Figure 4-2) to Long Beach, its present route. Therefore, it is 

reasonable to assume that, if rapid changes in the drainage Ratterns can occur 
in such a short time, they may have occurred many times in the geologic past 

along the proposed Metro Rail Project alignment. 
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4.3 PROJECT STRATIGRPHY 

4.3.1 Geoloaic FoSations 

The Metro Rail alignment will encounter several geologic formations from 
downtown Los Angeles to North Hollywood. The areal distribution of these 
materials is presented on Drawing 1, Geologic Map. These materials, with 
accompanying geologic map symbol, are listed below in order of increasing age 

Young Alluvium (Qal) Silt, sand, gravel, and boulders; chiefly unconsolidated 
C loose) and grinulàr. 

Old Alluvium (Qalo) Clay,. silt, sand, and gravel; chiefly consolidated (stiff) 
and fine-grained. 

San Pedro Formation (SP) Sand; clean, relatively cohesionless; locally impregnated 
with oil or tar (Formation not exposed at surface on gee- 

- .. loqlc map). -. 

Fernando Formation (Tf) Claystonè, slltstone, sandstone; chiefly soft, stratIfied 
siitstoni: local hard sandstone beds. 

Puente Formation (Tp) claystone, siitstone, sandstone; chiefly soft, stratified 
siltstone: local hard sandstone.beds.. 

Tdpànga Fdrmàtión (Tt) Silfstone, sándtone1 congionerite; chiefly hard, well 
cséited, n1athivè sañdtthni; local soft, thin slltstone 
beds; lndludes sane CretaéoS cdngicitrSte and sandstone, 
undi fferéntlated. 

Topanga Formation (Tb) Basalt; includes dolerite and aniygdaloidal andesitic basalt; 
non-columnar flows and. intrusives; deeply weathered, soft, 
crumbly at surface; hard. unweathéred at depth. 

Other geologic fqrmations are shown on the Geologic Map (Drawing 1) but will 

ot be encountered during construdtion. These are: 

AllUvial Fan (Qf) Silt, sand, gravil, and bTouldifs; primarily seni-uncbhsolidated 
(dense) and granUlar. 

Modelo Formation (Tm) claystone, siitstone, sandstone; chiefly soft, diatomaceous 
stratified siltstone; local hard sandstone beds. 

GranIte (Cg) Chiefly granodlorités; deeply weathered, soft at surfice; 
hard1 uhweathered at depth. 

4.3.2 Geologic Formations Subdivided into Geologic Units. 

The geologic formations have been subdivided into geologic units on DrS- 
ing 2, Gèologi Profile, because there are different physical properties 
within the formations shown on the Geologic Map (Drawing 1). 

More importantly, the geologic units (Drawing 2) are classified in terms of 

'soft-ground tunneling' and 'rock tunneling' to assist designers. 

S 
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4.3.2.1 Soft±Ground Tunneling 

A1 YOUNG ALLUVIUM (Granular): Includes clean sands, silty sands, gravelly sands, sandy gravels, and 
locally (mainly Reaches 1, 2 and B) contains cobbles and boulders. Primarily dense, but ranges 
fran loose to very dense (Geologic Map symbol Qal, undifferentiated on Drawing I). 

A2 YOUNG ALLUVIUM (Fingrained): Includes clays, clayey silts, sandy silts, sandy clays, clayey 
sands. PrimarIly s4iff, but ranges fran soft to very stiff (geologic Map symbol Qal, undiffer- 
entiated on-Drawing I).. 

A3 OLD ALLUVIUM (Granular): Includes clean sands, silty sands, gravelly sands, aWd sSdy gravels. 
Primarily dense, but ranges fran medium to ver dense, cdntaining more cbhesive màteriál than 
A1 (Geolbqic Ma symbol Qalo, undiffe,entiated on Drawing 1). 

A4 OLD ALLUVIUM (Fine-grained): Includes clays, clayey silts, sandy silts, sandy clays, and clayey 
sands. Primarily stiff, but ranges fran medium to hard; contains more cohesive matérial than 
A (Geologic Map symbol Qalo, undifferentiated on DrawIng 1). 

SP SAN PED FORMTION: Predà inàntl' clean, &elativelycoheslonleñ fine to medlungraln& sands, 
but Includes layers of silts, silty sands, and fine gravels. Primarily dense, but ranges fran 
medium to viry densi. Locally (mainly Roach 5) impregnated with oil or tar (Formation not 
exposed atsurtaceonGeoiogicMap, Drawing 1). - - 

C FERNANDO AND PUENTE FQRMATION5: Claystoni, siltstone, and sandstOne; thinly to thickly bedded. 
Primarily low hardness, weak to moderately strong, bUt loOally ädntains hard, thin andtone 
beds (Geologic M&p symbols If and ID On Drwawing 1). 

4.3.2.2 Soils Density and Consistency Terms 

The following correlation of density/consistency terms with standard penetra- 
tion intormation is used to describe all soil materials (Peck and others1 
1974): 

Sands- Clays 
Number of 

Re I at i Ye 
Number ot 

Blows Density Blows Consistency 
per ft. N - per ft. N 

Below 2 Very Soft 

0-4 Very loose 2-4 Soft 

4 - 10 Loose 4 -8 Medium (firm) 
10 - 30 Medium 8 - 15 Stiff 
30 - 50 Dense 15 - 30 Very stiff 
Over 50 Very dense Over 30 lard 

4.3.2.3 Rock Tunnel ing 

1-5 TPANGA FORNATION: Conglomerate, sandstone and siItstone; thickly bedded; primarily hard 
(Geologic Map symboL It..on. Drawing 1). 

1-3 I'ANGA FOi4ATlON: Basalt; intrusie1 prliiOrily hard (Geologic Map ymbol Tb on Drawing 1). 
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4.3.3 Geotechnidal Terms and Definitions 

The following are definitions of geotechnical terms used in this report. 

FAULT 

A rock fracture along which then has been a displacement of the sides relative to one another parallel 
to the fracture. 

FAULT ZONE 

A fault-that is expressed in relative terms of width. A taqit zone may be tens of centimeters or sev- 
eral kiIaneters in width. A fault zone may consist of fault gouge, fault breccia, fault blocks, or many 
related faults togetner with fractured and crushed rock, or any combination of any of these. In comncn 
usage, many well known fault zones are simply referred to as faults, such as the San Andreas fault. 

ACTIVE FAULt 

A fault that can be flown to exhibit displacement at or neir the ground surface at least once wiThin the 
past 10,000 years; i.e., Holocene displacènent. - 

POTENTIALLY ACTIVE FAULT 

No known displacement within the past 10,000 years, but exhibits evidence of Quatérnary fault displac 
ment within the past 2,000,000 years. - 

FAULT URECC IA 

Cemented to unceflented angular and coornonly sI ickensided rock fragments that may range fran sandsized 
to many meters in dh,neter, usually with a matrix of fault gouge. Fault breccia Is often found in fault 
zones. 

SLIO(ENSIDES - 

-- --------- 
A pôllshéd, usually øriated rock surfa6e resulting frau scraping of rock surfaces as differential 
moenents &cur within rock1 along a fault plane, or within a fault zone. Certain types of broken or 
crUshed rocks, as sheles, may be filled wIth shiny slickenslded fractures. 

MAJ(IMUM CREDIBLE EARTFUME (iCE) 

The largest magnitude event which can be reasonably postulated to occur, bSed upon existing geologic 
and seismologic. evidence independent of time. 

SHEAR - 

A rock structure with the physical characteristics of a fault, such as slickensides, fracturing, or 
gouge, but where evidence of differential movement (displacement) is not directly observed, onl 
interred. 

SHEAR ZONE 

A shear zone may conist of gouge, breccia, lérge r&k blocks, many related shears together with frac- 
tured and crushed rock, or any cthnbinat ion of these iateril whr evidence of dIfferential movement 
(displacement) is not dlredtly observed, only inferred. 

JOINTS ND FRACTURES - - - - 

The terms "joints" arid "fractures", as applied to rock descriptions, are interchangeable; however, in 
the CEO boring logs included in this report, the term "joint" is used only for the more extensive and 
well developed rock fractures. 

PERCHED GROUND WATER 

Ground water obcurning in a saturated zone, lying above and separated frau the permanent ground water 
table y impervIous material. 

PEMENT GROUND WATER 

The upper surface of a body of free water wh I ëh ca,ip letel y f i I Is all openings; in fractured impervious 
roàki, it is the surface at the contact between the water body in the openings and the overlying ground 
or air. 
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ARTESIAN WATER 

Ground water that Is under sufficient pressure to rise above the level encountered by a boring, but that 
does not necessarily rise to or above the surface of the ground. 

WET (w) - 

infers Units A1, A3 and SR are judged likely to be saturated. Infers Unit C and other units are judged 
likely to be saturated below permanent water levels, to extent of seeps and inflows. 

BOULDERY(bY 

lnf&rs Unit A1 Is judged to cortain sàni boulders up to 4 ft dlneter. 

SOIL PROPERtIES -: -- 

The consistenc9 and caiipactness of geologic Units A1, A2, A3, A4, SR and C are described in the boring 
logs and report in acdrdance with subedti6n 4.3.2.2. 

ROCK PROPERTIES 

The physical condition, hardness, strength and weathering characteristics of geologic Units Tt and Tb 
are described in the borIng logs and report in accordance with Table 4.3, Appendix A, Vol tile II. 
N-VALUE 

Number of blows per foot of penetration using a standard penetration sanpler with a weight of 140 pounds 
falling 30 inches (A5TM D1586-67) 

PETROLIFEROUS(pL ------ 
- 

Infers some gioldgic units are judged to contain either oil, tar or gas. 

SOFTeGROUNO TUNNEL I NO 

Refers to geologic units A1, A2, A3, A4, SP and C as shown on Drawing 2 and described in subsection 
4.3.2.1 

ROtK TUNNEL lFG 

Refers to geologic formations Tt and Tb as shown on Geologic Map, Drawing I; the Geologic Profile, 
Drawing 2, classifies these geologic formations in terms of Terzaghi Rock Conditions Numbers I (hard 
and intact) through 9 (swelling reck). 

SHE?R IWAVE . TRANSVERSE WAVE CR S-WAVE 

A body wave In which the particle motion is perpendicular to the diródtlon of propagation. 

GOWRESSION WAVE. LONGITUDINAL WAVE-. IJ P-WAVE 

A wave in which an element et the medium changes volume without rotation. 

ANTICLINE - 

Strata that dip n opposite directions (upfold) fran a cawnon ridge or axis, like the roof of a house 

SYNCLINE- 

Strata that dip Inward (downfoid) trail both sides toward a cmnon axis; like a bowl. 

'- T 
Young Al luvium (Granular) 

Young Alluvium, designated A1 on Drawing 2, of 

modern (in terms of geologic time), granular 
streams. The areal distribution is shown as Q 
ing I. These deposits occur along the Metro 
Reaches I, 2 and 8 (Drawing 2). Specific types 

Holocene age is a relatively 
material deposited in swift 

I (undifferentiated) on Draw 
Rail alignment, primarily in 

of materials are described in 
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logs of Borings CEG 3 throJgh 9, and 35 through 38 (Appendix A, Volume II). 
Enginetring properties are illustrated on Engineering Geology Profiles, 
Drawings 5 and 12.. Some important characteristics are: 

Material - Clean sands and gravels but includes silty sands, gravelly sands, sandy gravels, cobbles 
and boulders. 

Conpáctness - PtimSrlly dense, but ranges from loose to very.dense; relatively cohesionless compared 
to Old Al lulum unit A3. 

Bouldery Ground - Contains occasional boulders In the ancestral Los AngeIs River channels (Reaches I, 2 
and B) up to 2 tt diateter; boulders observed at the surface, prior to ding the Los 
Angeles River at the Macy Street crossing, wer reported to be 4 ft dlsneter. The 
presence of boulders and cobbles Is noted in the boring logs. However, boulders were 
noted only where encountered; their absence, therefore, cannot be assumed where not 
noted, especially near the Los Angeles River: The possibility of undetected irregular-' 
shaped lenses of large and small boulders and cobbles should be assumed. 

4.3.5 A2 - Young Alluvium (Fine-grained) 

Young Alluvium, designated A2 on Drawing 2, of Holocene age is a relatively 
modern stream deposit, but differs from A1' by being predominantly fine- 
grafted and deposited in relatively "quiet" water. These deposits occur near 
the surface of the proposed Metro Rail al ignmtnt5 primarily in the northern 
half of Reach 5, Reach 6 and the north end of Reac,h 7 (D'räwiñg 2). 
Irregular-shaped lenses of A2 interfinger with A1 in Reaches 2 and 8. 
Specific types of materials are dsdribed in logs of Borings CEG 22 through 
28, 33 and. 34 (Appendix A, Volume II). Engineering properties aFe illustrated 
on Engineering Geology Profiles, Drawings 8, 9, 11 and 12. Some important 
characteristics are: 

Material - Ciayey silts and sandy silts but includes clays, sandy clays and clayey sands. 

Consistency - Primarily stiff, but ranges fran soft to very stiff. 
Non-Bouldery Ground - Boulders were not encountered in the borings. However, their absence cannot, be 

completely assured because A2 is associated with flood plain deposits that are 
judged to have had boulder-size carrying capacity during past floods. 

4.3.6 A3 - Old Al luvium (Granular) 

Old Alluvium, designated A3 on Drawing 2, ot Pleistocene age is a gran- 
ular material deposited in relatively swift water, but differs from A1 in 

that it contains more cohesive material. The areal distribution is illus- 

trated as Qalo (undifferentiated) on Drawing 1. These deposits occur as 

irregular-shaped lenses in the eastern portion of Reaches 1, 4 and 6 ad as 

deep sediment's under the Young Alluvium of Reach 8 in the San Fernando Valley 

(Drawing 2). Specific types of materials are described in the logs of Bor- 

ings CEG 15, 16, 17 and 35 through through 38 ('Appendix A, Volume II). Engi- 

neering properties are illustrated on Engineering Geology Profiles, Drawings 
5, 7 and 12. Some important characteristics are: 
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Material - SIlty sands, but Inludes clean sands, gravelly sands, and sandy gravels. 

Compactness - Primirily dense, but ranges fran medium to very dense. 

Non-Bouldery Ground - Bouldàrs were not encountered In the borings. However, these are relatively swift 
water deposits judged capable of carrying boulder-sized material. The quantity of 
bóuldes Is believed to be less than in A1. 

4.3.7 A4- Old Alluvium (Fine-grained) 

Old Alluvium, designated A4 on Drawing 2, of Pleistocene age is a fine- 
grained material deposited in relatively "quiet" water, but differs from A2 
in that it contains more cohesive material. These deposits are widespread, 
occurring at the surface in Reaches 3, 4 and 5, as deep deposits beneath the 
surface in Reaches 5 and 6, and as irregular-shaped lenses in Reach 8 (Draw 
ing 2). Specific types of materials are described in logs of Borings CEG 14 

through 28, 35 and 36 (Appendix A, Volume Il). Engineering properties are pre- 
sentd on Engineering Geclogy Profile, Drawings 6 through 9 and 12. Some 
important characteritics are: 

Material - Clyey silts and sandy silts, but includes clays, sandy clays and clayey sands 

Consistency - Primarily stiff, but ranges fran medium to hard. 

MdU6uldéryGbund - Boulders were not encountered in the borings. Only a few scattered boulders are 
believed present because of the distant downstren location fran the Santa Monica 
Mountains; i.e., reduced carrying capacity of streans and relatively "quiet water 
deposition" 

4.3.8' SP - San Pedro Formation 

The San Pedro Formation of Pleistocene age is a clean "beach type" sand, 
deposited in a shallow sea environment, unconformably overlying the Fernando! 
Puente formations and underlying the Old Al luvium. The sand is not exposed t 
the surface; therefore it does not show on the Geologic Map, Drawing 1. HOw- 
ever, the proposed Metro Rail al ignment wi I I encounter the sand in Reaches 4 
and 5 (Drawing 2) if track grade is 50 to 150 feet below the gYdund surface. 
Specific types ot materials are described in logs of Borings CEG 15 through 
23A (Appendix A, Volume II). Engineering properties are shown on Engineering 
Geology Profiles, Drawings 7 and 8. Some important characteristics are: 

Material - Predominantly bedded and cross-bedded, clean, relatively coheslonless fine to medium- 
grained sands, but includes layers of silts, silty sands, and fine gravels; locally 
contains iaystone/siitstone interbeds as in Boring CEG 23. A good surface exposure 
of the San Pedro sand occurs in Bent Springs canyon, Pal Os Verdes Hills, about 15 miles 
south of the project (Flgàre 4-3). ThIs phdtograph shows about lOG feet of sand, cross- 
bedded sand, and interbedded layers and lenses of fine gravel end siltstone. 

Compactness - Dense but ranges fran medium to very dense. 

Petfoi iferous - contains Oil, tar and gas in Reach 5, BorIngs C-S through CEG 23A (Drawing 2), above the 
Salt Lake Oil Field. 
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Figure 4-3 

San Pedro Sand 

Well bedded and cross-bedded sand with interbeds of siltstone. 

Exposure in Bent Springs Canyon, Palos Verdes Hills, south of project area. 

Ref: Woodring and others (1946), Plate 19. 
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4.3.9 c Fernando Formation 

The Fernando Formation of Fl iocene age consists of wel I stratified claystone 
and si ttstone with interbeds of sandstone. The areal distribution is shown as If on Drawing 1 and profile extent designated C on Drawing 2. The Fernando 
Formation conformably overl ies the Puente Formation. The I ithologic contact 
between the Fernando Formation and Puente Formation is gradational and dif- 
ficult to locate accurately, whether in the subsurface or on the surface, 
because the c&nposition of the materials is similar. The Fernando Formation 
wraps around the Puente Formation at the eastern end of the Los Angeles Anti- 
cI me and rises to the surface in the downtown Los Angeles area (Drawing 1). 
The proposed Metro Rail al ignrnent wilt encounter the Fernando Formation in 
Reach 2 it track grade is 10 to 150 feet deep, and in the western portion of 
Reach 4 and a portion of Reach 5 if the track grade is greater than 80 feet 
deep (Drawing 2). Specific types of materials are described in the logs of 
Borings CEG 7 through 10 and 17 through 22 (Appendix A, Volume II). Engineer- 
ing properties are shown on Engineering Geologic Profiles, Drawings 5, 6, 7 
and 8. Some important characteristics are: 

Material -. claystone, siltstone and sandstone, mostly thinly bedded. Figure 4-4 is typical of 
the Fernando Formation. 

Bedding Attitudes - Based on I imi ted surface exposures, conibi ned w th the fact the Metro Rail a I ignment 
parallels the south flank of the Los Angeles Anticline, bedding is judged to trend 
northwesterly with attendant southwesterly dips ranging from 5' to 60°. Thus, the 
beds would dip unsupported into near-vertical, southerly-facing excavations. The 
trend of bedding would cross the alignment at about 45°, thus individual beds couL4 
follow the al ignment several hundreds of feet. 

Hardness - Low hardness, weak to rroderately strong. Locally contains hard sandstone beds 
ranging fran less than I inch to 3 foot in thickness; i.e., Borings CEG 9, 10, 18, 

20, 21 and 22. Hard beds are estimated to comprise less than 1% of the Formation; 
estimated unconfined compressive strength may exceed 15,000 psi. 

5laking - The clayey beds air-slake (deteriorate I to 6 Inches into the excavated surface) 
within a day or two when exposed in surface excavations. Therefore, clayey beds 
are judged to air-slake in either cut-and-cover line segment excavations or in 
tunnel excavations when subjected to high volume ventilation air tiow (for gassy 
reaches). Additional deterioration of the tunnel invert is considered likely if 
the clayey beds are exposed to wetting and continuous construction traffic. 

Petroliferous - contains oil, tar and gas in Reach 5, Borings \C-6 through 22 (Drawing 2) in the 
Salt Lake Oil Field. 

4.3.10 0 Puente Formation 

The Puente Formation of upper Miocene age consists of well stratified clay- 
stone and siltstone with interbeds of sandstone. The areal distribution is 
shown as Tp on Drawing 1 and profile extent designated C on Drawing 2. The 
Puente Formation ranges from thinly to thickly bedded. Field observations 
indicate that the bedding has been contorted and deformed as the resut of 
slumping and sI iding, contemporaneous with deposition. These contorted beds, 
which are commonly associated with coarse-grained pebbly sandstone layers, 
suggest that the deposition of these coarser sediments may have initiated 
slumping in the previously deposited siltstone beds. The thin-bedded sequence 
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Figure 4-4 

Fernando Formation 

Thin bedded siltstone and sandstone 

Ref: Lamar (1970), p. 35. 
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illustrated in Figure 4-5 occurs in Chavez Ravine (Dodger Stad i urn), one rn lie 
north of Boring CEG 6. Figure 4-6 is an illustration of the thicker sequence 
of sandstone and ihterbedded siltstone of the Puente Formation, as exposed on 
the north flank of the Los Angeles Anticline (Drawing I) along Glendale Boule- 
vard. 

The Puente Formation will be the chief material encountered in Reach 1, if 

track grade is 5 to 120 feet deep, and in Reaches 3 and 4 (Drawing 2) if track 
grade is 15 to 90 feet deep. Specific types of materials are described in the 
logs of Borings CEO I through 6, and 11 through 16 (Appendix A, Volume II). 
Engineering properties are shown on Engineering Geology Profiles, Drawings 5, 

6 and 7. Some important characteristics are: 

Material - Thick bedded sequence of claystone, siltstone and sandstone. The major difference 
between the Puente Formation and Fernando Formation is that the Puente Formation: 

a) exhibits consistently thicker beds, 

b) contains a larger quantity of hard sandstone beds ranging fran less than 

I inch to 3 feet in thickness, and 

c) contains more clay-size particles. 

Hardness - Low hardness and weak to moderately strong. Locally contains hard sandstone beds 
ranging in thickness fran less than 1 inch to 3 feet; e.g., Borings cEG 1, 4, 12, 

13, 14 and 16. Hard beds are estimated to comprise less than 2% of the formation; 
the estimated uncontined compressive strength may exceed 15,000 psi. 

Slaking - Tends to air-slake in surface excavations, slightly more than the Fernando Forma- 
tion because of more clay content. The formation is judged to air-slake in either 
cut-and-cover line segment excavations or in tunnel segments when subjected to high 

volume ventilation air flow (for gassy reaches). 

Petroliferous - contains oil, tar and gas in Reach I, Borings cEG I through 4, inclusive; Boring 
CEG 2 filled with oil to within 15 feet of the ground surface two days after drill- 
ing was completed. Reach 3 can also expect oil and gas. 

4.3.11 TopanQa Formation (Sedimentary Rocks) 

The Topanga Formation of Middle Miocene age and designated Terzaghi Rock 
Condition Numbers 1 through 5, inclusive, on Drawing 2, consists of a hard, 
well-cemented massive to thickly bedded sandstone with interbeds of siltstone 
and conglomerate. The areal distribution is shown as Tt on Drawing No. 1. 

The thin siltstone interbeds are low hardness. Figure 4-7 is an Illustration 
of alternating thick- and thin-bedded conglomerate, sandstone and siltstone 
similar to material believed to be encountered in the Metro Rail alignment. 
Figure 4-8 is an illustration of the hard, massively bedded sandstone at 

Cahuenga Pass, north of Boring CEO 31.. These hard to very hard, massive, 
well-cemented conglomerate and sandstone beds are anticipated in the core of 
the Santa Monica Mountains adjacent to the intruded basalt in Reach 7 (Draw- 
ing 2). Sandstones and siltstones encountered at the base of the Santa Monica 
Mountains in Borings CEO 28A, 29, 34 and 35, are of low to moderate hardness. 
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Figure 4-5 

Puente Formation 
Thin bedded claystone, siltstone and sandstone 

Ref: Lamar (1970), p. 25. 
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Figure 4-6 

Puente Formation 
Thickly bedded sandstone and interbedded siltstone 

Ref: Lamar (1970), p. 26. 
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Figure 4-7 

Topanga Formation 
Alternating thick and thin bedded conglomerate, sandstone and siltstone 

Ref: Lamar (1970), p. 17. 
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Figure 4-8 

Topanga Formation 
Hard, massively bedded sandstone. 

Cahuenga Pass, north of Boring CEG 31. 
Note the basalt intrusion between sandstone beds. 
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4.3.12 Topanqa Forinati.oii (Basalt) 

The basalt rocks of the Topanga Formation of Middle Miocene age1 designated 
Terzaghi Rock Condition Numbers I - 5 inclusive on Drawing 2, have inttuded 
the sqdimentary sequence in Reach 7 (Drawing 2). About 70OO feet of this 
hard and intact, to massive moderately jointed rock, will be encountered along 
the alignment. The area! distribution is shown as Tb on Drawing 1. Figure 
4-8 is an illustration of the gray basalt intruded along hard sandstone beds 
at Cahuenga Pass. The intrusion has, baked th conglomerates and sandstone. 
Petrographic analyses of cores obtained from Borings CEG 31 and 32 indicate 
that basalt is the principal rock. However, less than 5 percent of the cores 
analyzed contain of rocks classified as dolerite and amygdalodial andesitic- 
basalt. Fractures i the basalt are known to store ground water in sufficient 
quantity to permit tanporary inflows into any tunnel construction, Inflows 
may Oxceed 600 gpm over a period of a few days, judging from experience during 
construction of the near-by existing Los Angeles City Sewer Tunnel (Section 
6.3 ard Drawing 1). 

Ll.4 GEOLOGIC stRucmRAL. FEATURES 

Most ot the major geologic structural features along the proposed alignment 
area trend east-west. 

4.4.1 Major Folds 

The propos.ed Metro Rail al ignrhent traverses near or over several major folds 

(Drawing 1). In sequence, from downtown Los Angeles to North Hollywood, these 
folds are: 

° Los Angeles Anticline 
o Three Salt Lake Oil Field Folds 
o Hollywood Syncline 
o Santa Monica Mountain Anticline 
o San Fernando Vat ley Synclinoriurn. 

4.4.1.1 Los Angeles Antic! me 

the Los Angeles anticline (upfold), a major structure trending about N7OW, 
influences the dip of strata for the first 5 miles of the proposed alignment 
(Drawing 1). The Los Angeles anticline also coincides with the Los Angeles 

Oil Field. The major portion of the oil field is located north of the pro- 

posed a! ignment. 

4.4.1.2 SaItLake Oil Field Folds 

Three other N7OW fOld,s occur in the vicinity of the Salt Lake Oil Field near 

the intersection of Wilshire Boulevard and Fairfax Avenue (Drawing 1). The La 

Brea Tar Pits occur in the al luvium overlying the more southerly of these 
folds 
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4.4.1.3 Hollywood Svncline 

The axis of the Hollywood syncline (downfold) trends east-west and roughly 
parallels the alignment fran the intersection of Fairfax and Fountain avenues 
to the intersection of Sunset and Cahuenga boulevards (Drawing 1). The syn- 

dine defines the Hollywood ground water basin. 

4.4.1.4 Santa Monica. MountainAnticline 

The Santa Monica Mountains are structural ly an antic I me with an east-west 
axis plunging to the west. Throughout late Pleistocene to reoent time, this 

rapidly rising ahticline has produced large amounts of debris wJich have 
pbshed the Pacific Ocean shoreline west and south and formed interfingering 
marine and honrnarine deposits. 

4.4.1.5 San Fernando Valley Basin 

The San Fernando Valley is an asymmetric synclinorium (basin) developed 
chiefly in Miocene and younger rocks that have been deformed by late Quater- 
nary folding and faulting1 especially at the northern margin, and by thrusting 
along the Santa Susana and Sierra Madre faults. 

4.4.2 Faults 

The proposed Metro Rail alignment crosses several faults (Drawihg 1). These 
faults are listed below in the sequence they occur along the alignment from 
downtown Los Angeles to North Hollywood. 

o MacArthur Park fault 
o 6th Street fault 
o 3rd Street fault 
o San Vicente fault 
o Santa Monica fault (zone) 
° Hollywood fault 
o Hollywood Bowl fault 
o 

Uftnamed fault (north of Boring CEG 32) 
o Unnamed fault (north of Boring CEG 32A) 
o Benedict Canyon fault 
o 

Unnamed fault (north of Boring CEG 36) 
o Unnamed fault (north of Borin CEG 38). 

4.4.2.1 MacArthur Park Fault 

The MacArthur Park fault, east side down (Drawing 2) relative to the west 
side (near-vertical fault), is interred in the Puente Formation (Lamar, 1970). 

This fault is not known to be active or potential ly active. Neither the phys- 
icãl ôondition nor the width ot the fault is known. Since the fault trace 
crosses the alignment at right angles, it would not follow any excavation 
(Drawing 1). Artesian flow from Boring CEG 11 may indicate the fault is a 

barrier to ground water, as well as a trap for gas and oil. The highly saline 
water contains 19,670 total dissolved solids (sea water is about 35,000 ppm), 

suggesting an brigin deep in an oil-bearing formation. 
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4.4.2.2 6th Street Fault 

This fault is near-vertical with north side up relative to the south side and 
is in the Fernando Formation (Drawing 2). The fault location (Drawing 1) is 

based on Salt Lake Oil Field data (Crowder, 1961). It is nOt known tO be 
active or potentially active, but it is probably a trap for gas and oil migra- 
tion. During our seismic profiling, two aiomalies cärinionly associated with 
faulting were observed in the àrea underlying Lines S-38 and. 5-39 (see Appen- 
dix C, Volume I I: Figure C-25 for location, and Figures -6 and C-i for 
results). These ananalies probably represent the 6th Street fault from 60 to 
80 teet below the ground surface. The fault is crosed twice by the align- 
merit, but if the track grade is no more than about 80 feet deep, the fault 
should not be penetrated. The fault is judged not to penetrate the San Pedro 
sand or Old Alluvium overlying the Fernando Formation (Drawing 2). The phys- 
ical properties in and adjoining the fault are not known. 

4.4.2.3 3rd Street Fault 

Displacement on this fault is north side up relative to the south side and is 

in the Férhahdo Fortation (Drawing 2). This fault is also located based on 
Salt Lake Oil Field data (Crowder, 1961) and is not known to be active or 
potentially active. Neither the physical condition nor the width of the fault 
is known, but the fault is likely a trap for gas and oil. The fault trace 
crosses the alignment at nearly right angles by Boring CEG 22, thus would not 
follow any excavation for more than a few tens of feet (Drawing 1). The fault 
should not be encountered if track grade is less than about 140 feet deep. 

4.4.2.4 San Vicente Fault 

This tault is also north side up relative to the sOuth side (Drawing 2). The 
fault location is based on Salt Lake Oil Field data (Crowder, 1961) and is in 

the Fernano Formation (DrawIng 1). This fault is not known to active or 
potentially active. Neither the physical condition nor the width of the fault 
Is knQwn, but the fault is likely a trap for gas and oil. The fault trace 
crosses the alignment at about a 45° angle near Boring CEG 23 (Drawing 1). 

The fault should nOt be encountered it track grade is less than about 200 feet 
below the ground surface. 

4.4.2.5 Santa Monica Fault (zone) 

The near-surface location of the Santa Monica fault zone is not well defined. 
The location shown on Drawing I is based on oil well and water well data, CEG 
borings, seismic profiles, gravity data and ground water infdrmation. Inter- 

pretation of gravity survey (Figure D-3, Appendix D, Volume II) suggests a 

location at Fairfax High School near Boring CEG 23A but could not conclusively 

confirm location of this fault. However, Gravity Profile 4 (Figure D-4, 
Appendix D, Volume II) near Boring CEG 27 appears to have located the Santa 
Monica fault in the Hollywood area; i.e., about 150 feet of vertical offset 

along a 50° north-dipping reverse fault (north side up) with bedrock thrust 

over Old Alluvium. The fault is judged to be potentially active, and the 
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fault trace cttsses the proposed al ignment at an angle of about 35° near the 
intersection of Melrose and Fairfax avenues (Drawing 1). Based on our inter. 
pretation, th Santa Monica fault displaces Old Alluvium (A4), as illus- 
trated on Drawing 2. A summary of information and opinions reported by other 
investigators not associated with the Metro Rail Project is as follOs: 

The near-surface location of the Santa Monica fault in the Beverly Hills- 
Hollywood area is defined by a zone of differential subsidence (Figure 
4-9), coincident with a ground water barrier in the Pleistocene sedi- 
ments (Figure 4-10). This inter*rétation implies that movement along the 
Santa Monica fault extended into part of the Pleistocene. Holocene move- 
merit 111,000 ybp (years before present)! cannot be precluded on the basis 
of current knowledge, and based on micro-earthquake activity, the Santa 
Monica fault appears to be actively undergoing strain accumulation and 
release (Hill, 1979, pp. A-3, 8-4 and B-Il). 

The Santa Monica fault is a distinctly separate structural feature from 
the Hollywood fault; i.e., the Hollywood fault lies at the base of the 
Santa Monica Mountains and is separated from the Santa Monica fault by the 
Hollywood syncline (Drawing 1). The Santa Monica fault is also distinct- 
ly separate from the Raymond fault, although it is op the same trend 
(Converse, 1972). 

The basémeñt surface is upthrown on the north more than 7,500 feet. The 
ase of the upper Miocene is upthrown about 6,500 feet. The base of the 
lower Pliocene is upthrown about 3,000 feet. Leftlateral otfset is also 
suggested (Yerkes, 1965, p. A51). 

4.4.2.6 HoLlywood Fault 

The Hollywood fault is located at the base of the Santa Monica Mountains 
(Drawings 1 and 2). The proposed alignment will penetrate this zone, which 
apparently has two branches in the Cahuenga Pass: the Hollywood fault between 
Borings CEG 28 and 28A and Gravity Profile, Figure 0-5, Appendix 0, Volume II; 

and the Hollywood Bowl fault at Borings CEG 30 and 31 and Gravity Profile 
Figure D-6, Appendix D, Volure II (s.e Hollywood Bowl fault description in 

subsection 4.4.2.7). The Hollywqqd fault is judged to be active based on 
interpretation of Borings CEG 28 and 28A (Drawings I and 2), Seismic Refrac- 
tion Survey ArQa 4 (Dr'awing 3) and, micro-gravity profile 5 (Figure D-5, 
Appendix D, Volume II), the principal reason being the apparent 270 feet of 
vertical displacement (north side up) of Young and Old Alluvium (Drawing 2). 
The fault and/or fault zone should have minor influence relative to broken 
rock and/or ground water inflows on the anticipated mixed-face tunneling 
conditions. Opinions by other investigators, not associated with the Metro 
Rail Project, are: 

o Based on geomorphic evidence, a fault is present along the south edge of 
the Santa Monica Mountains and caused post-Pleistocene uplift of the Santa 
Monica Mountains causing tilting of the Santa Monica Plain (Hoots1 1930). 
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o Based on offset alluvial sediments and other geologic evidence, the Holly- 
wod fault is judged to have been active during very late Quaternary 
(including Holocene) time (Weber, 1980, p. A-3). 

o East of the Los Angeles River, in the Atwater area of Los Angelés, a se- 
ries of gentle south-facing breaks in slope 2 to 3 m in height apparently 
represent scarps along the principal, most recently active trace of the 
zone. The Hollywood fault zone is primarily expressed at the ground sur- 
face by scarp-1 ike features in older and younger al luvial deposits. These 
sediments, lying at a depth of about 35 meters on the north (upthrown) 
side1 are displaced downward about 35 meters on the south side (Weber, and 
others, 1980, p. 6-58). 

o There is no subsurface evidece that the Hollywood fault crosses the Los 
Angeles River alluvium In the Atwater ateà, judging fran a 1-mile dian 

etér, continuous undisplaced clay layer located about 100 feet below the 
ground surface (defined by 60 borings). The clay layer is believed to be 

±30,000 years old, according to paleoclirnatic age-dating of redwood tree 
remnants obtained in the clay layer (Converse Davis Associates, 1972). 

o The Hollywood fault is classified as potentially active (no recognized 
histOric activity, but may move again in the near future). (Yerkes1 ahd 

others, 1977, p. 7). 

o Data from wells drilled north of Beverly Hills indicate the existence of a 
number of a north-dipping fault zones with a minimum of 1,500 feet of ver- 

tical separation at the base of the Modelo Formation (Lamar, 1970, p.. 38). 

o The Hollywood fault extends along the southern edge of the Santa Monica 

Mountains and at dspth serves as the northerly edge of the Hollywood 

Basin, one of the ground water basins included in the Coastal Plain. The 
Hollywood fault truncates the northern flalnk of the HollywpOid syncline apd 
is a canplete barrier to ground water movement tO the north and east (Cal- 

ifornia Department of Water Resources Bulletin 104, 1961, p.88 and 95). 

4.4.2.7 HoLlywood Bowl Fault 

The Hollywood Bowl fault was encountered in Borings CEG 31 and 32 and is 

interpreted to be present in Gravity Profile 6 (Figure D-6, Appendix 0, Volume 
II) and seismic line S-Si (Appendix C, Volume II: Figure C-i6 for interpreta- 

tion and Figure C-28 for location). This fault does not appear to have offset 
alluvial deposits and is steeply dipping (+80°), with the north side displaced 

upward relative to the south side (see Drawing 1 for location and Drawing 2 

for intefpretation). The amount of displacement and the age of last displac 
ment is unknown. However, the fault is not known to be an active or poten- 

tially active fault. The fault is judged to represent a zone of discontinu- 

ities sevra.l hundreds of feet wide and be a likely source o.f ground water 

inflow to any tunnel construction. 

4.4.2.8 Unnamed Fault NOrth of Boring CEG 32 

An unnamed fault occurs at the contact of Topahga Fohnation sandstone and 

basalt at the location shown on Drawing 1. This fault, mapped by Hoots 
(1930), is nearly vertical, with the north side down relal1ve to the south 
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side (Drawing 2). The fault is not known to be active or potentially active. 
The fault trace crosses the alignment at nearly right angles and should not 
follow any excavation for more than a few tens of feet, but it is likely to be 
encountered. MWD's 1940 Hollywood Tunnel (Section 6.4), encountered a moder- 
ately blocky and seamy area about 80 feet wide and a two-day inflow of 600 gpri 

at this fault location. 

4.4.2.9 Unnamed Fault North of Borina CEG 32A 

An unnamed fault in the near-vertical: dipping Topanga sandstone and conglorn- 

erate is inferred from interpretation of aerial photographs1 faulting Oncoun- 
tered in the Los Angeles City Sewer Tunnel (Section 6.3), Roots' 1.930 Geologic 
Map1 and surface geOmorphic expression (Drawing 1). ThIs fault may be encoun- 
tered in the al igrtnent. The Los Angeles City Sewer Tunnel, during construc- 
tion, encountered a maximum inflow of about 200 gallons per minute (for a few 
days) from thi.s fault contact area. "Heavy" ground pressures were reported in 

the Los Angeles City Sewer Tunnel in this area. The tault is not known to be 
active or potential ly active. The fault trace crosses the al ignment at nearly 
right angles and should not follow the project line for more than a few tens 
of feet. The north side is down relative to the south side in this near- 
vertical fault (Drawing 2). 

4.4.2.10 Benedict Canyon Fault 

The proposed alignment could penetrate the Benedict Canyon fault if track 
grade is deeper than 40 feet below the ground surface (Drawing 2). The fault 
is not known to be active or potentially active. The location of the fault is 

based on topographic expression on the north flank of the Santa Monica Moun- 
tains and confirmed by our seismic profiling (Appendix C, Volume II: Figure 
C-iS, seismic line 28 for interpretation, and Figure C-29 for lOcation). The 
Benedict Canyon fault location, as mapped by Hoots (1930), cuts diagonally 
across the Santa Monica Mountains northwest of Beverly Hi I Is. However, accor- 
ding to Hooft, the fault terminates west of the proposed alignment. The fault 
has been projected northeastward acros the al ignment (Drawing 1), based on 
works of Others (Los Angeles City Geologic Map Sheet No. 94, 1.970; Hill, 1979; 

and Weber, 1980). Tertiary moye'nent along this fault zone appears to have 
resulted in a horizontal offset of several stratigraphic units for a distance 
of approximately 1.5 miles (Hoots, 1930). The fault shows nearly 2.5 km of 

left-lateral slip separation at the contact between upper Cretaceous rocks and 
Paleocene rocks (Weber, 1980). Gravity gradients suggest a zone of steep 
rcorth-facing gradients that possibly express two faults1 the more southerly 
being the Benedict Canyon (Weber, 1980), p. B-52). Gravity data indicates 
that rocks along both faults are down relatively on the north, which is 

compatible with geologic evidence to the west in the mountains (Weber, 1980, 

p. B-52). If projected eastward near the abrupt bend from east to south of 
the Los Angeles River, water-well data suggests that the bottom of the el lu- 

vial basin is displaced downward 170 meters on the north side (California 
Water Rights Board, 1960 Cross-section M-M' on Plate SE, and p. 111-7 to 
111-8). 
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4.4.2.11 Unnamed Fault North of Borino CEG 36 

The location (Drawing 1) of this postulated fault is based on surveyed elev- 
at ion change data along the south edge of the San Fernando Valley, as inter- 
preted by j.H. Bennett (Weber, 1980, p. 8-99, and Plate I), suggesting an 
east-trending fault In the vicinity of the Ventua Freeway. The fault is not 
known to be active or potentially active, nor act as aground water barrier. 
This postulated fault is expected to have little or no effect on the Metro 
Rail Project. 

4.4.2.12 Unnamed Fault NOrth of Boring CEG 38 

The location (Drawing 1) of this postulated fault is based on an apparent 
east-northeast trending, south-facing, linear break in topography discern- 
ible on USGS quadrangle maps published in 1901 and 1926, suggesting a pos- 
sible fault. In addition, elevation change data1 by J.H. Bennett (Weber, 
1980, p. B-99, and Plate I) suggest a zone of subsidence to the south. These 
relationships suggest that youthful deposits of Tujunga Wash may be offset 
downward relatively to the south in recent time (Weber, 1980). The fault is 

not known to be active or potential ly active, nr to act as a gbound water 
barrier. This postulatçd fault is expected tO have little or no effect on the 
Metro Rail Project. 

4.5 GROUND WATER BASINS 

4.5.1 General 

The proposed alignment will traverse four hydrologic units, each having dis- 
tinct characteristics with respect to storage and tralnsmission of ground 
water. Three of these units are considEred ground water basins. The fourth 
is the Santa Monica Mountain mass (Figure 4-11). These units, starting from 

dowfltown Los Angeles to North Hollywood, are: 

* Los Angeles Forebay Area (Central Basin) 
o HollywOqd Basin 
o Santa MOnica Mountains 
o San Fernando Valley Basin (Drawing 1). 

4.5.2 Los Angeles Forebay Area 

The Los Angeles Forebay area is in the Central Ground Water Basin, extending 
southerly and westerly in an irregular saiii-circular fashion fran the mouth of 
the Los Angeles Narrows near downtown Los Angeles (Figure 4-11). The Folrebay 

area includes the area traversed by the proposed al ighment from downtown Lo 
Angeles tO the Hollywood Basin. The term "forebay" refers to an intake area 

where substantial infiltration of surface water into the basin can occur. 

This concept is a gross simplification. Several aguicludes of sufficiently 
low transmissivity occur locally, permitting perched ground water conditions 
similar to those shown on Drawing 2 along the alignment. Where the aquiclude 
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is missing, the aquifers are in direct hydraulic continuity with the surface. 
Ground water occurs in Young Alluvium and Old Alluvium and other underlying 
pervious Pleistocene sediments. The known water-bearing sediments extend to 
depths of 1,600 feet below the ground surface in the southern parts of the 
Forebay. The Tertiary sedimentary rocks beneath the basin are essential ly 
nonwater-bearing. Coastal Plain ground water contours for shal low aquifers, 
November 1973, are shown on Figure 4-12. 

4.5.3 Hollywood Basin 

This basin extends from the southern margin of the Santa Monica Mountains 
southerly to the Santa Monica fault (Figure 4-10). Many water wells were 
present in the Hollywood Basin around the turn of the century, but most of 
these have since been destroyed as land use has changed. Most of the water 
wells were located in the deeper portions of the basin corresponding to the 
Hollywood synclinal axis near the Santa Monica Mountains (Drawing 1). Sedi- 
ments containing known aquifers extend to a maxinium depth of 650 feet and 
include alluvium and Pleistocene sediments. In general, aquifers Hi the 
Hollywood Basin posses relatively low transmissivity rates. A zone of dif- 
ferential subsidence, coincident with the Santa Monica fault, on the south 
side of the Basin (Figure 4-9) is attributed, in large part, to ground water 
withdrawals. This subsidence i.s judged not to impact the Metro Rail Project, 
provided there is no more heavy pumping and attendant water level declines. 
Coastal Plain ground water contours, November 1973, are i I lustrated on Figa 

ure 4-12. 

4.5.4 Santa Monica Mountains 

This mountain range does nOt constitute a ground water basin, but rather a 

mass of Tertiary sedimentary (Tt) and volcanic (Tb) rocks (Drawing 1) and 

other older crystalline rocks with a limited capacity for transmission of 

water. The term "nonwater-bearing" has been used by others but is meant to 
imply that these materials yield relatively limited quantities of water to 
wel Is, not that the materials contain no water. Wel Is that intersect exten- 
sive joint and fracture systns can produce ground water in fairly sizable 
quantities for short periods of time. Such joint and fracture systems are 
significant in tunneling. A case in point occurred, during construction of 

MWD's Hollywood Tunnel in 1941 (Section 6.4). At that time, flash flows of up 

to approximately 600 gpm were encountered, lasting for a few hours (MWD, 

1942). Water pressure tests in Borings CEG 30 and 31 indicated that the 

bedrock in these locations is highly permeable. Pressure tests completed in 

borings that encountetd geologic Unit C show the bedrock to be relatively 

impermeable (see Table A-4, Appendix A, Volume II). 

4.5.5 San Fernando Val ley Basin 

This basin lies on the north side of the Santa Monica Mountains. In this 

basin, ground water occurs chiefly in the Young and Old Alluvium that, in 

places, reach depths of 1,000 feet. In this area the water-bearing sediments 
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are about 600 feet thick. These sediments are permeable and freely yield 
water to wells. in general, water levels in the San Fernando Basin have 
declined markedly, in sane cases 100. feet or more, since the mid-forties in 

response to heavy pump ing. Efforts by both the City of Los Angeles and the 
Los Angeles Counts' Flood Control District to replenish the basin with imported 
water seem to have arrested this decline. San Fernando Valley ground water 
contours, April 1974, àrè presents on Figure 4-13 (LACFCD, 1975). As shown 
on Figure 4-13, there is a relatively deep 150-foot ground water depression 
about 4 1/2 miles east of the Metro Rail Project near the "bend" in the Los 
Angeles River. A rapid rise in water levels at this depression, due to wet 
winters or supplementary recharge, is judged to be capable of raising water 
levels at the project ares several tens of feet in a year or two. 

4.5 GRWND WATER QUAL1Y 

With very few exceptions, water qual ity along the al ignment is poor (Table 
C-i, Appendix A, Volume II); i.e., exceeds 500 parts per mi lion (ppm) total 
dissolved solids (itS), which is the U.S. Environmental Protection Agency 
drinking water standard (Todd, 1980). Chloride, sulfate and total dissolved 
solids contents are very high, as is conductivity. The TOS of the artesian 
water from Goring CEG 11 is extremely high, i.e. 19,670 ppm, as were waters 
from Borings CEG 6 (20230 ppm) and 19 (1.5,425 ppm). Mineral springs were 
canmon in the Hollywood area at the turn of the century. Above-normal concen- 
trations of certain ions are to be expected where ground water is associ- 

ated with oil and gas. However, high total dissolved solids (105) were also 
encountered in the sulfate-type water in the San Fernando Valley, ranging 

fran a low of 732 ppm in E3oring CEG 36 to a high of 2605 ppm in Boring CEG 35; 
averaging about 1,000 ppm fran seven boring samples. More specific discussion 

and results of ground water quality analyses are presented in Sections 5.1.6 

and 10.6, and Appendix G, Volume II. 

4.7 OIL AND GAS 

4.7.1 General 

Oil was first discovered in the Los Angeles Basin In l8B0 and the Los Ange- 
les City Oil Field was discovered in 1892, based on oil seeps at the surface. 

Oil is produced chiefly from thick deposits of lower Pliocene and upper Mio- 

cene strata. About 58% of recovered oil has come from the lowr Pliocene rocks 
and about 42% from upper Miocene rocks. In relation to area, the Los Angeles 

Basin is the most prolific of California's oil producing districts and is one 

of th.e most prolific in the world. A unique combination of factors and timing 

of events accounts for the prodUctivity of this basin. The petrol iferous sed- 

iment accumulated rapidly in stagnant cool water more than 1,600 feet deep 

during the advancing and maximum phases of the last marine transgression. The 

initially high organic content of the sediment was preserved because of poor 
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circulation in the constricted basin and because of the rapid filling of the 
basin. Great thicknesses of intercalated source and reservoir racks include 
numerous permeable conduits, through which the fluid hydrocarbons were 
expel led by load compression toward pre-existing and developing strudtural 
traps (faults). 

The proposed Metro Rail alignment will pass over or near several oil fields 
enroute from downtown Los Angeles to North Hollywood. The areal distribution 
of these oil fields is shown on Drawing I and they are: 

o 
Union Station Oil Field (1st Street at Alameda) 

o Los Angeles Downtown Oil Field (Pica Boulevard at Broadway) 
o Los Angeles City Oil Field (Vermont Avenue to Dodger Stadium). 
° Western Avenue Oil Field (Beverly Boulevard at Western Avenue) 
0 Salt Lake Oil Field (La Brea Tar Pits area) 
0 South Salt Lake Oil Field (Wilshire Boulevard at Fairfax Avenue). 

4.7.2 Union Station Oil Field 

Little is knovin of this oil field, but it does produce fran the Puente Forma- 
tion at very shallow depths. Oil was observed ip Boring CEG 2 less than 15 

feet below the ground surface. 

4.7.3 Los Angeles Downtown Oil Field 

This oil field was discovered in 1964 by Standard Oil Company of. California, 

and Produces from the Puente Formation. Tht field is located south of the 

propdsed aligpment (south of Borings CEG 8, 9 and 10). Oil was not encoun- 

tered in these borings, although traces of gas were encountered. 

4.7.4 Los Angeles City Oil Field 

This field was discovered in 1692 and produced more than a million barrels of 

oil peryear for a few years. The northern limit of production is probably 

control led by the Los Angeles.anticl inal structure (Drawing 1). Shallow pro- 

duction from the Puente Formation is low-gravity oil (12-20° A.P.l), and pro- 

duction parallels the strike of bedding (east-west-trending). The oil field 

conta iris shallow accumulations of petroleum, surface seeps, and mare than 

1,250 wells, only 54 of which were active in 1974 (Yerkes, 1977). Most of the 

wel Is1 drilled before 1900, were not surveyed or otherwise accurately located, 

and the ground surface has since been developed for cultural uses. Conse- 

quently, no accurate record exists on the location of many of these wells. 

The east-west trending structure dips southward about 300, extending to depths 

of 500 to i000 feet below the surface. Gas and seeping oil were encoun- 

tered in 1976 during construction of the Los Angeles county Flood Control Dis- 

trict's Sacatella Tunnel (Section 6.5) near Hoover Street (Drawing 1). Gas 

was encountered in Borings CEG 10, 11 and 12. 
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4.7.5 Western.Avenue 0.11 Field 

This oil field is apparently a westward extension of the Los Angeles City Oil 
Field on the South flank of The Los Angeles anticline (Drawing 1). Little is 

known of this oil field, but its distance troni the proposed Metro Rai.l align- 
ment (approximately one mile north of Boring CEG 15), dos not preclude the 
likelihood that gas can migrate southward beneath the water table (Appendix F, 
Volume II). 

4.7.6 Salt Lake Oil Field 

This field was first developed in 1903, but was long known by large seeps of 
heavy oil on the north side of Wilshire Boulevard. The tar around the seeps 
was mined in pits in the early days and yielded the famous Ranchc La Brea 
fauna of Pleistocene vertebrates. This field was createld by ariticline and 
synci inal structures (Drawing 1) in concert with several minor faults--6th 
Street, 3rd Street, and San Vicente (Crowder, 1961). Tar, oil and gas are 
present in the underlying Fernando Formation as well as the overlying San 
Pedro Formation and alluvial deposits, as testified by Borings CEG 19, 20, 21, 
22, 23 and 23A. Gas was not encountered north of Boring CEG 23A. The possi- 
bi I ity exists that the project excavations could encounter abandoned oil well 

cisings. 

An early diagrammatic cross section (Stock, 1946) shows geologic structure and 
relationships of formations at La Brea Tar Pits during late Pleistocene tire 
(Figure 4-14). Arnore recent study (Woodward and M6rcus, 1973) cpncludes that 
animal and plant re1ains at La Brea Tar Pits are chiefly contined to the 
uppermost of three well-defined sedimIntary units. All appear to be of late 
Pleistocene age, with fossil bone deposits corresponding to Wisconsin age or 
younger. The outpourings of tar from vents or fissures occurred during sue- 
cessive stages of al luviation accompanying bui Id-up of the Santa Monica Plain. 
Location of petrol i fètous and gassy alluvium, San Pedro Formation and Fernando 
Formation, relative to the Metro Rail alignment, is presented on Drawing 2 at 
location of Borings CEG 19, 20, 21, 22 and 23. 

The source rocks from which the petroleum canes are the oil sands interstrati- 
fied with the older shales and sandstones of the Fernando Formation that 
underlie the Pleistocene beds in the region of Rancho La Brea. As deteripined 

by the geologic structure (Figure 4-14) in the Salt Lake Oil Field, these 
older marine strata are deformed and folded. Immediately north of Rancho La 
Brea, an upward flexue of the older rocks, whose crest has been broken, 
extertds apparently in the NW-SE direction and, without much question, faci II- 

tates the upward movement of gas and oil through vents in the vicinity of the 
asphalt beds. Subsidiary structures, e.g., small faults, local fractures or a 

minor fold developed in the Fernando Formation, may account for the apparSt 
local ization of tar, Presumably, the eudation of the petroleum and penetra- 
tion of the sedimentary strata, forming the tar pools and asphaltic material, 
occurred concomitantly with deposition of the Pleistocene alluvial accumula- 
tion. At the present time, oil and gas reach the surface through small fis- 

sures, pipes or chimneys, the oil forming small and generally shallow pools 
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abqut the vents. Bubbles of gas rise constantly to the surface of the artifi- 
cial lake, and the outpours of oil sppead over arid throlugh the soil of the 
adjacent ground. Occasionally a downward movement of the oil or tar cäIi be 

discerned at the vents. A temporary release of gas pressure below permits the 
heavy oil to recede again into the pipe or chimney whence it has exuded. Dur- 
ing the Pleistocene period, the exudation of the petroleum was much more 
e*tensive than at the present time. The pools of oil thus formed occupied the 
natural depressions of an irregular land surface and were, on occasion, many 
square feet in area. 

4.7.7 South Salt Lake Oil Field 

Little is known except that commercial oil production began in this field in 

1903. Since 1908, the oil field has produced less than 10 barrels per day 

fran abOUt 100 wells. This decrease is attributed to the need for deeper 

drilling and the growth of the residential district. This field is considered 

part of the overall Salt Lake Oil Field and will contribute to oil and gas 

problems for the proposed Metro Rail al ignment. 

4.3 PROJECT TUNNEL GAS CLASSIFICATIONS 

Individual intervals of the alignment have been classified in terms of the 

relative likelihood of encountering gas, using the classification system 

contained in the Tunnel Safety Orders issued by the California Division of 

Industrial Safety. These classes, adopted from California Administrative 

Code Title 8, p. 684.18, are as follows: 

Ndngassy - Applied to intervals where there is little I ikel hood of encounterIng gas during 
thi dánstructlon of the tunnel. 

Potentially gassy - Applied to intervals whir. there Is a possibility of encountorin flar,nable gas 
or hydrocarbons. 

Gassy - Applied to Intervals where It is likely gas will be encountered. 

Extrahazardous - Apl led to Intervals If thi DivIsion finds that there is a serious danger to the 
safety of oiiployees. 

Based on these criteria and data available at this time, specific intervals of 

the pi'-oppsed Metro Rail al igriment have been classified. These specific inter- 

vals are shown on Drawing 2 and listed below: 

o Borings CEG 1 to 4 - gassy 
o Borings CEG 4 to 9 - potentially gassy 
o Borings CEG 9 to 12 - gassy 
o Borins CEG 12 to 18 - pctentially gassy 
o Borings CEG 18 to WC-8 - gassy 
o Borings CEG WC-8 to 38 - nongassy. 
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These preliminary classifications are considered approximate and are presented 
to alert the designer to the need to make provisions in the current engineer- 
ing studies to cope with these areas. Actual conditions are expected to vary 
froth those encountered in borings. 

Although not shown on Drawing 2, there is judged to be a potential ly"extra- 
hazardous" area along the proposed Metro Rail alignment in the eastern halt of 
Reach 1 and the entire length of Reach 5. 

4.9 REGIONAL SEISMICITY 

The following is a limited discussion on regional seismicity. A detailed dis- 
cussion is beyond the scope of this report. A detailed Seismological Investi- 
gation is being performed and the report will be submitted separately. 

Cal itornia is known as earthquake country, and the Los Angeles area, through 
which the Metro Rail alignment will traverse, is no exception. California is 

located within the Circurn-Pacific Seismic Belt, along which 80% of the world's 
earthquakes take place. For at least the past 30 million years, the tectonics 
ot Southehi California have been dominated by. relative motion between the 
Pacific and North M,erican tectonic plates (Figure 4-15). The San Andreas 
fault zone is the boundary between these tectonic plates. The Pacific Plate 
continues to shift northwesterly with respect to the Worth American Plate at a 

rate of about 5.5 cm (2.2 inches) per year. South of the Transverse Ranges, 
this motion is manifested as right-lateral slip on several mapped1 northwest- 
trending faultsa However, the northwesterly plate motion is ithpee.d within 

the Transverse Ranges and along their north and south flanks, resulting in 

north-south-oriented tectonic compression, which is manifested as mountain- 
building and reverse faulting (Figure 4-15). Nearly all tectonic movement in 

Southern California occurs as se mic fault slippage; i.e., permanent crustal 
deforrnátidn is accc*npaniéd by earthquakes which suddenly release gradually 
accumulated elastic strains. No permanent deformation is known to result from 
non-seismic. (creep) displacements in the Metro Rail alignment area. 

Important faults in the project area were identified in Section 4.4.2. Active 
and potentially active faults In the region are shown on Figure 4-15. Epicen- 
tral plots, from 1933 to 1980, for local Richter magnitudes ranging from 3.5 

to 6.4 are also included on Figure 4-16. 

Some of these are historically active faults; i.e., displaced the ground sur- 

face as in the 1971 San Fernando earthquake 0.1 6.4) which occurred on the 

east-west-trending Sierra Madre fault zone. Others are seismical ly active 
faults that have not displaced the ground surface in historic times; e.g., the 

1933 Long Beach earthquake 0.1 6.3), which occurred on the Newport-lngleood 
fault zone. 
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Section 5.0: 
Geologic FeatUres of Engineering Significance 

5.1 INTRODUCTION 

Engineering geologic features of I ithologic units encountered in the investi- 
gation pidgram are presented for each formation in specific reaches of the 
alignment. The proposed Metro Rail Project alignment is divided into eight 
reaches based on an assessment of the combined geologic, engineering, ground 
water, gas/oil and surface cultural features, It must be understood that the 
boundaries of each of the eight reaches are not sharp and must be considered 
transitional because they are based, in part, on interpretation of subsurface 
data and, in part, on surface features. These reaches, shown on Drawing 2 are 
listed below: 

o 
Reach. I - Downtown, Los Angeles River 
EastPortaI to file Hol lywood freeway (includes Borings CEG I through 6) 

o Reach 2 - Broadway to Harbor Freeway 
Hollywood Freeway to the Harbor Freeway (includes Borings CEG 7, 8 and 
.9) 

o 
Reach. 3. - East Wi.l.sh ire Boulevard 
HôFFrbëWäTo NbhñàhYdiè AVèñüe (includes Borings CEG 10 thlrough 14) 

o Reach 4 -. Central Wilshire Boulevard 
Normandie Avenue to La Brea Avenue (includes Borings CEG 15 through 18) 

o Reach 5 - La Brea Area 
La Brea Avenue to Metrose Avenue (includes Borings CEG 19 through 23A) 

o Reach. 6. - Hollywood Area 
MëlFbe AVefiUitOYUaaStreet (includes Borings CEG 24 throigh 28) 

o Reach 7 -- Santa Monica Mountains 
Yu<à Streét tO Univerasãl Cit9 Station (includes Borings CEG 28A througti 
34) 

o Reach B - San Fernando Valley 
Universa.I City Station to the north Portal (includes Borings CEG 3.5 to 
38). 

The following is a discussion of geologic engineering properties of "soft- 

ground" and "rock" units expected along the alignment. Specific character- 
istics of individual reaches are presented in Section 5.2. 

For the purpose of this report, the various formations previously identified 

i-n the geologic literature have been grouped into geologic units with sirfiilar 

engineering properties, which are expected to exhibit similar behavior in con- 

struction. Two general categories are considered: "soft-ground" and "rock". 
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5.1.1 "Soft-Ground" 

This ctegory contains the Young and Old Al luvium, the San Pedro Formation 
(sand), and the Fernando and Puente formations. The Fernando and Puente for- 
mations are often referred to as "bedrock" or "rock" in various other papers 
and reports and at places within this report, but they have the engineering 
properties of hard, dense soils with significant cohesive strength. Hence 
they are grouped here in "soft-ground". Six diffeènt geologic uhits are 
identified within the Soft-ground category: 

o 
A1 - Young Alluvium: granular, loose to very dense 

o 
A2 - Young Alluvium: fine-grained, soft to very stiff 

o 
A3 - Old Alluvium: granular, medium to very dense 

o 
A - Old Alluvium: fine-:grained, medium to hard 

o 5p - San Pedro Formation: r&atively cohesionless sand, riiédium to very 
dense 

o - Claystone, siltstone, sandstone: fine-grained, low hardness, 
represents the Fernando and Puente formations. Although classified 
as soft-ground, this material could be termed 'soi I-like" bedrock. 

The above six geologic units are further identified, where appropriate, as: 

bouldery (b), petrol iterous (p), and wet or saturated (w) . These terms are 
defined in Section 4.3.3 and on Drawing 2. 

5.1 .2 "Rock" 

This category includes sedimentary rock of the Topanga Formation (conglomer- 
ate, sandstone and siltstone), and volcanic rock of the Topanga Formation 

(basalt). These thaterials are much harder and stronger than the geologic 
units grouped above in the "soft'ground" category and are expected to require 
different construction procedures, and exhibit a different type of behavior. 

About three miles of tunnel in the Santa Monica Mountains are expected to 
encounter these rock units. These rock units are identified on Drawing 2 

using the Terzaghi (1946) Rock Condition Numbers modified where applicable for 

apparent wetness or saturatiqn (w). The Terzäghi Rock Condition Numbers used 
herein are: 

o 
No. 1 - hard and intact 

o No. 2 - hard and stratified 

o 
No. 3 - massive, moderately jointed (spacing average > 6 ft apart) 

o 
No. 4 - moderately blocky and seamy (spacing 2 to 6 ft apart) 

o No. 5 - very blocky and seamy (joint spacing I in to 2 ft apart) 

o Nos. 6 through 9 - crushed but chemical ly intact rock (6) through swelling 
and squeezing rock (9) conditions. These rock conditions are not expected 
to be encountered in significant amounts, based on records of previous 
tunnels near here (see Section 6.0). 
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In Practice, there are no sharp boundaries between the Terzaghi Rock Condition 
Numbers; therefore, a range of several Terzaghi Numbers is used for describing 
some rock conditions. 

5.1.3 .eo.Ioq.ic and EnqineerinQ Properties of Soft-Ground Units 

The quantitative geologic and engineering properties of the six different 
geologic soft-ground units are discussed in this section. 

The qualitative engineering geology differences, and similarities (descrip- 
tion, composition, consistency, compactness, bedding) of those geologic units 
were discussed in Sections 4.3.4 through 4.3.10. 

A summary of laboratory test results for geologic units A1, A2, A3, 
A4, SP and C is presented in Table 5-2. The sumary includes high; low, 
me6n and standard deviation of engineering properties for selected tests per- 
famed on each of these geologic units. Soils engineering properties from 
labor'atory tests are presented in Tables H-i and H-2 Appendix N, Volume II.. 

Engineering properties, shown graphical ly on CEG Boring Logs in Drawings 5 

through 12 "Engineering Geology Profile", include: 

o Standard Penetration Tests (N-Values) 
0 Moisture Content 

o Uncontined Compression Strength ° Dry Density 
o 

Static Triaxial Compression 
° Petroleum Sample 

Cyclic Triaxial ° Dip of Bedding 
o Dynamic Triaxial ° Downhoie Compressive Wave Velocity 
o Resonant Column ° Downhole Shear Wave Velocity. 

The mean unconfined compressive strength (psi) and/or direct shear (, C) 

for the six soft-ground units are presented in Table 5-1. 

Table 5-I Mean Strengths of Soft-Ground Units 

uncontined Direct ShéSr 
Unit Strength (deg.)/C(ksf) (p5i) 
A1 - 36.5/0.54 

A2 71.8' 26.8/0.75 

A3 - 35.2/0.69 

A4 43.5 27.5/I .17 

SP - 32.3/0.32 

c 79.4 26.8/1.21 

'One test. 
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TABLE 5-2 Stn'ary of Laboratory Test Results 
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A1 Number of Tests 21 21 -0- 11 11 -0- -0- 11 

High 131 31 - 44 0.51 - - 4.3 x 

Low 91 7 - 26. 0.14 - - 1.0 x 

t Mean 110.7 15.7 - 36.5 0.54 - - 3.0 x lD 

Std. Deviation +10.3 5.9 ±.! ±0:.27 - -. 

-Nwnbèroflests 14 14 I 8 8 4 4 2 

Hign 108 28 .71.8 38.. ..130. 53. - 28 - 2.9- x 

Low 90 13 - 15 - 29 9 4.8 x 1r7 
t Mean. - 102.0- 22.2 - 268- 0.75 37 15 3.7 x 1tt6 

Std. Deviation ±- +4.4 - +9.8 +0.47 +10-a +8.8 

A3 Numberoflests 44 44 -0- 25 25 7 7 11 

High 135 28 - 40.5 2.58 47 22 7M x 104 
Low - 94 6 -- -23.5 0.16 32 7 2.0 x 

t Man 110.7 17.1 - 35.2 0.69 36 15 3.8 x 1r6 
SM. Deviation +8.2. +4.9 - +6-3 +0.56 +5.1 +5.1 

A4 Number of Tests 60 60 12 18 18 15 15 12 

High 121 48 93.8 40 2.64 80 51 1.7 x 

Low 79 11 9.3 5 0.22 32 6 1.5.x.10 
t Mean 103.5 22.9 43.5 27.5 1.17 47 23 3.0 x i0 

Std. Deviation +9.6 +6.7 +20.9 +13.0 +0.59 +12.2 .t12.3 

SP Number of Tests IS 15 -0- 9 9 -0- -0- 4 

High 114 j_ 35 _Qj 3.4 x ia-4 
Low 93 10 - 29.5 0.07 - - 3.1 x i0 

t Mean 104.1 18.9 - 32-J 0-32 - - - 1.1 x iO4 

- 

Std. Deviation +6.5 +4.5 - +25 +0.15 - - 

C Number of Tests 173 173 113 5 5 45 45 12 

High 116 48 183.0 41.0 2.01 75 9.7 x l0 

Low 73 18 3.5 - 0.62 31 3 3.1 x i08 
t Mean - S2.5. 29.0 79.4 26.8 .21 48 IS 9.9 x 108 

Std. Deviation +7.7 ±5.8 - - - +10.5 +7.0 

*As described on Drawing 2 and in report 
tflj0 aritMetic average, or mean, was used for each test, excopt for the permeabi ity tests. 

The geanotric mean was used for permeability tests defined as: 

geanetric mean ins = Ca1 x a2 x .. x 
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5.1.4 Geolaqic and Enqineerinq Properties at Rock Units 
The quantitative geologic and engineering properties of the two rock units 
are discussed here. The qualitative engineering geology differences were pro- 
sented in Sections 4.3.11 and 4.3.12. Limited tests were performed an rock 
samples by tunnel boring machine (TBM) manufacturers. The results are pre- 
sented in Table 5-4. As shown, no tests were performed on soft-ground samples 
identified as Tp(Puente Formation) or Tf (Fernando Formation), and resUlts Of 
requested tests fran one of the manufacturers was never received. The range 
of results of tests performed to date is shown in Table 5-3. 

Table 5-3 Rock unit UñcOnflnèd Strength 

Range of 

Formation Rock Description 
uncontined 

compressive Strength 
- --- - (psi) 

Topanba Massive sandstone 3.622 to 9,072 

Topanga Weak sandstone 326 to 775 

Tcpäna Fractáred basalt, well healed 1.811 to 5,040 

Topanga Basalt, massive, strong 181 to 9.300 

Special note must be made of the very low, unconfined compressive strength of 
181 psi (Table 5-4) submitted by Jarva. We suspect this is an error. As 
noted in Jarva's June 17, 1981 letter (Appendix I, Volume II), the tensile 
strength of 101 psi (Brazilian Tensile test) on the same sample was highest of 
any sample tested. Based on these two parameters, the unconfined compressive 
strength of relatively defect-free basalt is judged to exceed 9000 psi. 

5.1.5 Gas and Oil 
The loätion of oil fields and occurrence of gas in relation to the alignment 
are described in Section 4.7. Anticipated "tunnel gas classifications" along 
the alignment are defined in Section 4.8, and the locations expected to be 
encountered are ii I ustrated on Drawi ng 2. 

Tests for gas and oil were performed at selected CEG borings along the pro- 
posed Metro Rail alignment. A $urruiary of test results and interpretations, 
from gas chrctnatograns, is presented in Appendices Fl and Fil, Volume II. 
5.1.5.1 Gas 

Natural gases that formed at the depth related to known oil fields are likely 
to Collect beneath perched water levels. Additional ly, gases that collect 
beneath perdhed water levels are likely to migrate laterally. Consequently, 
gases may be present beneath the perched water levels in Metro Rail Project 
Reaches 3, 4 and 5 (Drawing 2) even though thse reaches are, in some cases, 
quite far from the known oil fields shown on Drawing 1. Additionally1 gases 
which migrate laterally are expected to collect in "pockets" at impermeable 
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TABLE 5-4 Tunnel Boring Machine (TOM) Manufacturers Tests 

CEO 
Siple 

Unconfined Silica Unconfined 

TOM Company 
Hole 

1.0. CompressIon 5102 Hardness Tensile 
Densly Reiarks 

N (psi) (%). (psi) 

AEC lncorpordted jj. 5-6 not tested - - - Ti, - weak siltstone 

JL.. 5-12 not tested . - - Ti, - weak claystone 

_j...... S-2 not tested - - - - Tf - weak claystone 

22 5-5 not tested - - - - Tf - weak siltstone 

19 5-5 not tested - - - - it - oi!iysiltstone 

32A 302.0 9.072 - - - . - Tt - massive sandstone 

33 216.0 652 - - - Tt weak sandstone 

Atlas Copco Jarva 32A 388.0 3,441 - 1.4' .- - It - massive sandstone 
5/21/81 

33 201.5 326 0.5' 5 - Tt - weak sandstone 

32 199.0 1,811 - 0.5' - Basalt - fractured, well-healed 

__________________ iZ_ 3)0.5. 181 - 1.7' 388 - Basalt - massive, strong 

The Robbins Company 32A 382.5 8,270" 10 to 20 2 to 1 - 2.44 Tt massive sandstone 
5/21/8) 

33 195.0 775 20 .to 40 2 to - 2.11 it - weak sandstone 

32 198.0 . 5.040 0 3 to 6 - 2.66 Basalt - fractured, well-healed 

ii..... 309.5 9,300" 0 3 to 6 - 2.49 Basalt - massive, strong ____________________ 

Zokor Ii 5-6 not tested Ti, - weak slitstone 

JL_ 5-12 not tested Ti, - weak claystone 

9 S-2 not tested Tf - weak claystone 

22 5-5 not tested fl - weak siltstone 

19 S-S not tested If oily siltstone 

32A 383.0 not tested Tt - massive sandstone 

30 116.0 not tested It - weak sandstone 

32 197.0 not tested Basalt - fractured, well-healed 

32. 311.5 not tested Basalt - massive, strong 

'Punch test hardness 

"Slow fl'M, hi torque TOM in 22-ft diameter tunnel 21-tt/hr advance if all is working well 

tMohs hardness range 



structural traps (often faults). The known faults that could be traps along 
the al ignment are the MacArthur, 6th Street, 3rd Street, San Vicente and Santa 
Monica faults. 

Determination of gas volume and pressure were beyond the scope of this study; 
however, the fol lowing observations were made: 

o Expansion of gas, in the sample tube, pushed the material 2 to 3 inches 
beyond each eM of the tube during the dri I r ihg progtam in Boring CEO I 

(108 ft, Puente Formation claystone) and Boring CEO 23 (150 ft and 172 
ft, siltstone interbeds in San Pedro Formation. 

o Expansion of gaseous material is a very significant factor in reducing 
strength of the material, as noted by Smith and Byrne, 1980, pp. 1, 2: 

The behaviour of oilsand is unusual, however, primarily because 
of the presence of dissolved gas in the pore fluids. Under in 

situ stresses, the oilsand is very dense and has a relatively 
high strength. Howèvr, as it is unloaded the gas canes Qut of 
solution, causing the oilsand to expand, with an associated 
significant drop in strength. This behaviour is a major con- 

cern with respect to the design of shafts and tunnels in the 
oilsands. The empirical approach is of limited value for 
design of shafts or tunnels in the oilsands because of its 

unusual properties and because there is so little previous 
tunneling experience in oilsand on which to draw. Alternative 
approaches for the design of shafts or tunnels are available, 
which are based on continuum analyses of deformation behaviour 
of the material in which the excavation i to be made. One 
such approach, which is described in this paper, is termed the 
convergence-confinement method. 

° Gas was observed bubbling in Borings CEG 1, 2, 11, 19, 20 and 23. 

o Boring CEO 23 encountered the largest gas flow, and this fact is bet ieved 
the result of gas being trapped by the Santa Monica fault; e.g., appar- 
ently gas could not migrate northerly into nongassy Reach 6 (Drawing 2). 
This fault area may be comparable to MWD!s San Fernando Tunnel at the 

Santa Susana faults where a fatal gas explosion occurred (Section 6.1.7) 

o Tonner Tunnel was classified as !gassy" in the Puente Formation, bit there 
was no problem because ventilation was adequate (Section 6.6.5). 

5.1.5.2 Oil 

The location of oil is described in Section 4.7 and shown on Drawing 1. 

Analyses of petroliferous (p) samples encountered in borings is presented on 

Drawin 2 The mean oil and water content of each of the geologic units sam- 

pled i presented in Table 5-5: 
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Table 5-5 OIl & Water Content 

Geo ogic Oil & Water Content 
(percent byweight) Reach 

OIL - Water 

A4 11 8 5 

SP 14 8 5 

C* 17 1 

puente Fornat ion 

Under ordinary circumstances, unconfined canpressive strength cannot be ob- 

tained tram granular soils, but the test results presented in Table 5-6 were 
possible because at the presence of tar in the granular sand. 

TSbIe 5-6 "Tar Sand" unàóntined Strength 

Boring Depth GeolIc UncoMiied Cnpression 
CEG.No. Ut) Unit (psi,) 

19 20 A4 8.) 

19 41 SF Deformed under own weight 

23 105 SP 1.2 

A special controlled temperature test was performed on two samples of "tar 

sand" using a pocket penetrometdr to obtain an estimate of their unconfined 

campressive strength. The results shown in Table 5-7 suggest the strength at 
"tar sands" is related to temperature and, in open excavation, temperature may 
have an effect perhaps 2 to 6 inches into the excavated surface. 

Table 5-7 "Tar Sand" Uncontlned Strength w/Tempéráture 

Unconfined Boring Sample Geologic Temperature 
CEG Nd. Depth Unit ('F) Compression 

Ut) (TSF) 

19 20 A4 46 3.4 
70 2.5 

104 1.4 
158 1.1 

23 lOS SF 41 >4.5 
72 2.0 

100 0.7 
140 0 

A very smal I a,,oiint of oil was obtained from a fresh, hard, massive s.i ltstone 

of the Topanga Formation from Boring CEG 31 (Hollywood Bowl fault) at a depth 
of 87 to 89 feet. The oil content was only 0.06 percent by weight, and water 
content 2.26 percent by weight. This finding is significant because Boring 
CEG 3.1 is in "non-gassy" Reach 7. The origin of the oil is believed to be a 

deeper petroleum source that migrated toward the surface (Appendix Fl 1.4, 

Volume ID. 
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No gas was detected in Boring CEG 31. Since this occurrence of oil may be 
fault-related, future testing for gas near this location would be prudent. 

5.1.6 Water Quality 

Chemical analyses and selected water parameters of sampled water obtained in 

CEG borings is presented in Appendix G, Volume II. Results of the water 
analyses, frau perched or permarnent, shal low or deep, ground water along the 
proposed Metro Rail Project alignment1 indicate significant Reaches containing 
very por to poor water quality; e.g., high in Total Dissolved Solids (TDS). 
For example, Boring CEG 6 (Reach I), Boring CEG II, (Reach 3), Boring CEG 19 

(Reach 5) contain TOS exceeding 15,000 parts per million (ppm). By compari- 
son, the U.S. Environmental Protection Agency standard for potable domestic 
drinking water is 500 ppm. 

5.1.6.1 Sulfate (SO4) Content 

Ground ate& aIdn the alignment is high in sulfate cOntent. The s.ulfate 
content in 19 of the 31 CEG borings sampled exceeded ISO ppm (see Appendix G, 
Volume II). Sulfate content above 150 ppm is gen.era.I ly regarded to be dele- 
terious to concrete lining, requiring sulfate-tolerant concrete. For example, 
Type II cement is appropriate for sulfate concentrations from 150 to 1,000 
ppm.. Therefore, the Reaches in Table 5-8 would appear to require Type II 

cement based on samples removed from borinas. 

Table 5-8 Ground. Water Sul fate Content 

Bonn Ground Water 

CEG r. Reach Sulfate Content 

I 475 

3 I 152 

16 4 231 

19 5 240 

21 5 263 

22 5 149 

23A . 5 154 

26 6 16! 

27 . 6 245 

ZOA 6 272 

30 7 202 

31 7 161 

32A 7 434 

33 . .7 .693 

36 8 253 

37 8 418 

38 8 465 

Borings and Reaches where sulfate content of ground water 
exceeds 1,000 ppm, possibly requiring special cement: 

10 2 2.200 

29 7 2.600 
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5.1.6.2 SodiUm Chloride (NáCI) Content 

Sever-al chethical analyses of ground water samples exhibit very high sodium 
chloride, or salt, content as presented in Table 5-9. These "salty", sodium 
chlorideatype waters are judged to originate fran oil field brines. Ablout 10 

miles of the alignment are located near existing oil fields. The Sodium 
chloride content of this: waters is cibsidered high when exceeding 1,000 ppm. 
Such water easily corrQdes metals used in construction. 

Table 5'9 Ground Water Sodium Chloride Content 

Ground Water 
Boring Réah Sodium Chloride 
CEG No. Content 

(ppm) 

3 1 3,000 

4 I 4.500 

6 1 19,000 

10 1 1,400 

II 3 18,000 

12 3 5,340 

16 4 5.700 

19 5 13.600 

29- -7. 3.090 

35 8 2.218 

The poor quality ground water, however, is not limited to the reaches near oil 
fields1 as testimony fran high TDS, in Borings CEG 29, 33, 35 and 36 (Cahuenga 
Pass to north Portal). 

Based on the above, and knowing that much of the around water is highly 
mineralized, additional corrosion studies are warranted to assist the designer 
in selecting proper materials for construction. 

5.1.6.3 Water Chemistry Average and Exceptional Deviations 

Table 5-10 indicates the average water chetiiistry for some important charac- 
teristics and the exceptional deviations from the average. 

TABLE 5-tO "Average" and "Exceptions" - Water Quality Analyses 

boring 
LocatIon pH 

TUS Boron Fluoride 
comments 

CEG No. (porn) iaafJ, (ppm) 

'!Average!! -. -, 7.6 700 2.0 0.7 All borings 

"Exceptions" 6 Dowhtown L.A. -. 20.230 38 - Oil field brine? 

11 MacArthur Park - 19.570 37 - Artesian, oil Held brine 

19 L&BreaJar Pits - 15,425 11 -. Oil field brine. 

22 La Brea Area 8.0 - - Shallow (15') alluvIum 

29 Frankl.in.Avenue 8.0 5,995 - - Hollywood fault area 

31 Hollywood Bowl 8.6 - - Shallow (28') alluvIum 

32 Santa MonIca Mts. 9-8 - 1.3 Topanga conglomerate 

32A Santa Monica Mts. 8.0 - - - ----- Basalt 
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5.1.7 Seisrni.c Retraction Surveys 

Seismic refraction surveys were performed at six locations along the proposed 
Metro Rail Project alignment (Drawing 3) to locate and evaluate faults and 
buried river channels. The results are presented in Appendix C, Volume II. 

A sumãry of seismic refraction interpretations is presented in Table 5-11. 

TABLE 5-Il Seismic Refraction Interpretation 

Area Reach Pur,dse Results Ground Water Depths CSnents 

1-Macy Street I Delineate buried al hi- 130' deep channel 100' west 20' to 44' beneath Ancestral Los Angeles 
vial channel(s): verity of exi'stlno LA River channel: 5-6 Rk'ir channel 
fault° no fault 

2-Hancock Park 5 Evaluate alluvial depth Al luvium 60' to iOO' deep; No distinct saturated 
& substantiate Salt Lake two possible. fault-related zone. Perched water 
Oil FIeld tèultsb anomalies beneath 5-38 & 5-39 likely 

3-Fairfax High 5 Determine alluvial depth Al luviwu 105' to 190' deep; IS' to 42' deep 
& locate Santa Monica one slight step anoma I 

taultc (fault?) noted in the 
alluvial/bedrock interface 

4-Hollywood Fault 1 Locate Hollywood faultd Fault not date ted to depth 13' to 52' below 
range of information (+100') ground surface 

5-Hollywood Bowl 7 Evaluate 1101 Iywodd Bowl 
fault offset/locatione 

6-North Hollywood 7 Locate Benedict Canyon 
fauitd 

a Yerkes,. and others, 1977 

b Crowder, i96l 

o Crowder, 1961, and Weber, 1980 

Hoots, 1930. and Waber, 1980 

° Hoots, 930, and Los Angeles CIty, 1970 

5.1.8 Micro-Gravity Surveys 

Ananaiy lndiéative of pàs- in ai luvium, B' to 
sibie fault offset beneath 34' deep; In bedrock, 
northwest end of 5i_51 24' to 40' deep 

Substantial anomaly (fault) 5' to iO' beneath 
beneath line S-28; itight S-28 tà 5-34 & 120' 

La Brea tar pit area 

Bedrock surface slopes 
gently west lOS' to 
190' below surface 

Hollywood fault likely 
south ot seismic lines 
& BoFina 28A 

Possible northerly 
splay of Hollywood 

Confirmed location of 
main Bónedict Ca'nydn 

Micro-gravity and regional gravity surveys were performed along the proposed 
alignment at the locations shown on Drawing 3. The purpose was to supplenent 
boring and seismic refraction surveys relative to locating faults and buried 

river channels along the alignment. The Interpretive results S-e shOwn dn 

Figures D-1 thrOugh D-6, Appendix D, Volume II, and, summarized on Table 5-12. 

The most important result is the location and sense of displacanent of the 
Santa Monica fault beneath Profile 4 (Figure D-4, Appendix 0, Volume II). 

However, the proposed Metro Rail Project alignment is about 800 feet nOrth of 

the Santa Monica fault at this location. The location of the Santa Monica 
fault, where the al ignment does cross the Santa Monica fault trace, is not 

confirmed by Profile 3 (Figure 0-3, Appendix 0, Volume I!) because the sense 
of displacement is squth side up, and this does not correspond to the reported 

known djsplacernent of north side up. Additionally, the Hollywood fault 

appears to have been accurately located by Profile 5 (Figure 0-5, Appendix 0, 
Volume Il). 
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TABLE 5-12 Micro- and Regional Gravity interpretation 

Profile 
Reach Area Purpose Results 

1 1 Macv Stre,t Define L.A. River channel Confirms 130' depths between Borings CEO 5& 6 

2 L_ 7th & Harlmii Define alluvial chánñeFing Data canpares with borings 

3 5 FaIrfax High School Evaluate SAta Mànlca tault Apparent fault (south side up) at alluviur,VSan 

Pedro sand 160' to 500' below surface north of 

aoringCEG23A 

4 6 

- 

Fountain I. Cahuenga Evaluate Santa Monica fault Apparent 50' north-dipping1 ISO' thrust offset 
with Fernando over alluviuja (north side up); 
surface project Ion lies south of Boring CEG 27; 

- - not on tunnel alignment 

5 6 -Id lywood & Cahuenga Evaluate Hollywood fault Apparent 50' north-dipping. 400' bedrock offset 
thrust (noi'th side up); surface projection lies 
south-of- Boring CEO 28A-- - 

6 7 Highland & Hollywood Evaluate postulated fault Presence & location not conclusive; ananalous 

Freeways ----- _seuth of Hollywood Bowl- gravIty offset ________________________ 

Interpretation of regiohal gravity cOntour gradient (Drawing 3) on the north 
side of the Santa Mônida Mountains does not change significantly, sUggestng 
that the al iuvial/edrock contact probably follows a relatively constant slope 
out into the San Fernando Valley, as shown on Drawing 2. 

5.1.9 Downhoie and Crossholesurvevs 

Downhole surveys were performed Un 17 of the CEG Borings; i.e, 5, 7, 8, 9, 

11, 13, 14, 15, 18. 20, 23 23A, 24, 28, 31, 34 and 38. Results are presented 
in Appendix El, VQlume II. Crosshble surveys were conducted at 10 selected 
station sites; i.e., Borins CEG 5, 7, 11, 13, 15, 18, 20 24, 28 and 34. - The 
results are shown In Appendix Eli, Volume II, and the velocities are listed on 
Table Eli-I. The 1'average" downhoie and crosshole shear wave velocities (Va) 

0 to 50 feet and 50 to 200 feet below the surface are listed in Table 5-13. 

TABLE 5-13 "Average" Shear Wave Velocities (Ys) 

(0 -50') 

Downhole 600 - 1,200 fps 

at 

Remarks 

Ion: Boring CEO 31 4,900 fps in Basalt 

ion: Boring CEO 28 1,700 (+200) fps In 

5.1.9.1 Downhole Shear Wave Velocities 

The mean shear wave velocity (Vs) for geOlogic units are: 

Table 5-14 Mean Shear Wave Veláclties () by Geologic Unit 

Geologic Unit 
Shear Velocity 

A1 i;iis 
A2 1,138' 

A3 1,470 

A; 1,501 

OP 1,128 

C - Fernando Formation 1,392 

C - Puente Formation 1,507 

Tt - Tcpanga Formatlont 2,509 

Crosshole 

tTer.àhl Rock CondItion Mos. 1-5 
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Based on Table 5-14 grouping by similarity in the densities of the geologic 
units are: 

o A1, A2, SP 

o 
A3, A4, C Fernando Formation 

o Parts of the Puente and Tbpanga sedimentary units are denser than 

Units A1, A2,A3, A4 and the Fernando Formation. 
o 

Old Al luvium appears general ly to be denser than the Fernando Forrna- 
tion and about as dense as the Puente Formation. 

5.1.9.2 Crosshole Shear Wave Velocities 

The mean Shear wave velocity (Vs) measured frOm the crosshole surveys for 

each geologic unit are so similar to that listed in Table 5-14 that they are 
not re-tabulated. 

5.2 SPECIFIC CHARAcTERISTICS OF REACkES 

This section addresses characteristics of materials and conditions specific to 
each individual reach of the proposed Metro Rail Project alignment. Drawing 2 
and Drawings 5 through 12, inclusive, should be referenced for a graphic rep- 
resentation of the materials discussed herein. The anticipated behavior in 

underground construction, and surface excavations, is described in Sections 

7.0 and 8.0., respectively. A general description of "soft-ground" units, 

"rock" units, faulting, ground water, oil and gas, project tunnel gas classi- 

fication, and regional seismicity was presented in Section 4.0. 

5.2.1 Reach 1 - Downtown. Los AnQeles River (Borinqs CEG 1 thtouqh 6) 

Reach 1 begins at the east Portal (near Gal lardo Street) ad extends westerly 
about 1.2 miles to the Hollywood FrQe.way. This reach crOsses at luvial depos- 

its of the Los Angeles River. Claystone outcrops near the surface on each end 

of this reach (Drawing 2). Geologic units A1 and C occur along this reach. 

Important known properties and conditions of these units are: 

A1 (Young Alluvium) 

Undrained. Quick, Direct Shear - d - Rer.ge 26' to 41; average 34' 

(two tests) C - RangeS 0.14 to 1.2 ksf; average 0.7 ksf 

N-Value - Range 9 to >100; avdrage 90 hpf 

Passing No. 200 Sieve - Range 3 to 10; average 5.5% 

(two tests) 

Coot. Porn - Range 5.4 x l0' to 4 x ,o4 o,,/sec; average 2 ,c I0 0,/sec 

(two tests) 

Estimated Trirismlssivlty - To 200,000 gpd/tt 

Modern L.A. River Channe! Deposits - To 130 feet deep 

Bouldery Ground - Believed up to 4 ft dlaiu; quantity unknown, but not abundant 

Permaneiit Water Level - 20 to 50 ft below ground surface 

Water Quality - Very poor, up to 20,000 pp.11 TDS (Boring CEGO) 
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C (Puente Formation) 

Unconfined Canpressive Strength (Qu) - Range 10 to 175 psi; average 79 psi 
(20 te5ts) 
Passing No. 200 sieve - 68% 
(two tests) 
Coef. Perni. - 7.7 x ir8 an/sec. 
(one test) 
Swell - 0.64% 
(one test) 
Faults - None known 

Occasional Hard Sandstone Beds - 1 In. to 3 ft thick (quantity unknown) 

Fracture Spacing - Little Ci ft to 3 ft) to moderate (0.5 ft to I ft) 
Dip of Bedding - 10' to 60 from horizontal; probably southward 
Ground Water Condition - Probably seeps; formation tight, took less than 1 gpm In water 

pressure tests 
Gas Encpuntered - Boring CEG 1, 2, 3 and 4 

Oil Encountered - Boring CEG 2 at 37 ft rose to within 14 ft of surface In two days 

5.2.2 Reach 2 - Broadway to Harbor Freeway (Borines CEG 7, 8 and 9) 

In Reach 2, the proposed alignment travebses about 1.6 miles fri the Holly- 
wood Freeway southwest thrdugh the downtown area of Los Angeles and then 
northwest to the Harbcr Free'day. Geologic units A1, A2 and C occur along 
this reach. Important known properties and conditions ot these units are; 

A1 (Young Alluvium) 

Passing No. 4 Sieve - 32% 
(one test) 

Passing No. 200 Sieve - 4% 

(one test) 

Estimated Transmissivity - To 200,000 gpd/ft 

Ancestral L.A. Rive Chthnel - To 150 ft deep 

Permanent Water Level - 100 ft below ground surface 

Bouldery GroUnd - Judged up to 4 ft diam; quantity unknown, but less than RSch I, 
based on boring data 

Water Quality - Unkown, not sampled this Reach 

A2 (Young Alluvium) 

Ocaurrence - As lenses in Unit A1 

Undrained, Quick, Direct Shear - Range = 28° to 39°; avirSge 3? 
(two tests) C - Ránge = 0 to 1.0 ksf; average 0.5 ksf 

N-value - 15 to) 100 bpf; average 85 bpf 

Mon-bouldery Ground 
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C (Fernando Formation) 

Uncdnflned coupressive strength (Qu) - Range 36 to 107 psi; average 70 psi 

(nine tests) 

Undrained, Quick, Direct Shear - 6 - Range 28 to 38; average 32 
(three tests) - C - Range O to 2.4 ksf; average 1.1 ksf 

Passing No. 200 Sieve - 52% 

Coef. Perm - Range 3.8 x i0 to 5.0 x iO4 oil/sac; average 4.5 x 10-8 an/sec. 

Swell - 2.0% 
(two tests) 

Faults know - None known 

Occasional I-lard Sandstone Beds - 1 in to 3 ft thick; quantity unknown but are less prevalont 

than Puente Formation 

Fraàture Spacing - Little CI ft to 3 ft) to noderate (0.5 ft to I ft) 

Dip of Bedding - 5 to 
60 

trlJn horiàntal; probably thuthórly 

Ground Water Condition - Probably seeps, tight formation, took less than I gpm in 

water pressure tests 

Gas Encountered - Borings CEG 7, 8 and 9 

Oil Encountered .. Boring CEG 8 "tar" 

5o2.3 Reach 3- East Wilshire Boulevard (BorinqsCEG 10 throuqh.14) 

This portion of the alignment trends approximately 2.5 miles along Wilshire 
Boulevard to Normandie Avenue across a thin layer of Old Alluvium (A4) which 

is underlain mostly by the Puente Formation (C). Important known properties 

of these units are: 

A4 (Old Alluvium) 

Undrained. Quick, DIrect Shear 
(one test) 

N-Value 

Coef. Per's 

Perched Water Level 

Non-bouldery Ground 

C. (Puente Formation) 

- 6 - 5. 

C -. 0.98 ksf 

- 6 to 70 bpf; average 50 bpf 

- Range s 1.5 x IT6 to 1.9 x hr7 on/eec; average '.0 x 1o7 on/sec 

- Mostly 20 to 30 ft below ground surface; follows base of A4 

- None encountered In borings 

Undraid. Quick, Direct Shoar - - 44 
(one test) C - 0.81 ksf 

unconfined Ccsnpressive Strength (Qu) - Range 7 to 57 psi; average 66 psi 

(39 tests) 

Passing No. 200 Sieve - 76% 

Coef. Perm. - - Range 3.9 x o6 to 4.6 x l0- os/sec; average 2.1 x b0 cm/sec 

Faults - MacArthur fault near Boring CEG II; probably trap for gas; 

closely spaced fractures 10 ft eacn side of fault 

Occasional Hard Sandstone Bed - I In to 3 ft thick; quantity unknown 

Fracture Spacing - Little (1 ft to 3 ft) to moderate (0.5 ft to I ft) 
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Dip of Bedding 

Artesian Water 

Permanent Ground Water Level 

Ground Watr Cdndition 

Water Quel it1 

Gas Encountered 

OIL Not Encountered 

- 20 to 55 Fran horizontal; probably southerly 

- Boring CEO II 

- 320 to 350 ft below ground surface 

- Seeps; water pressure tests took less than 2 9pm 

Very poor, up to ¶9,670 ppm 10$ In BorIng CEG II 

- Oàrings CEO 10, II and 12 

5.2.4 Reach 4 - Central Wilshire Boulevard (Borings CEG 15 t.hrough .18) 

This roach is about 2.5 miles along Wilshire Boulevard between N4orrnandie 

Avenue and La Brea Avenue. Four geologic units are present A3, A4, SP 

and C. Important features are: 

A3 (Old Alluvium) 

Unconfined Compressive Strength (Qu) - 40 psi 
(one test I 

Undrained, Quick, Direct Shear - 6- 24 
(ore test) C - 1.2 ksf 

Passing 'la. 200 Sieve - 81% average 

Swell - 3.3% 

Coef. Peril,. - Range 2.1 x ia to l.a x I06 au/set; average 6.! it l0 cu/sec 

Non-bouldery - None encountered in borins 

Perched Water Level - 20 to 40 ft below ground surface 

A4 (Old Alluvium) 

Unconfined Compressive Strength (Qu) - Range 37 to 40 psi; average 39 psi 

Undrained, Quick, Direct Shear - 6 - 
(two tests) C - 0.78 ksf 

Passing No. 200 SIeve - 78% average 
(two tests) 

Swell - 9% 
Cone test) 

Coef. PerTh - Range 2.1 ic Jr8 to 4.1 ii 10-6 cm/sac; average 1.5* l0 cm/sec 
C four tests) 

Saturated - Below perched water level 

Non-bouldery - None encountered in borings 

SF (San Pedro Formation, Sand) 

Undrained, Quick, Direct Shear - 6 - Range 32' to 33; average 29' 
(three tests) C - Range a 0,07 to 0.29 kst; average 0.3 kst 

Passing 140. 200 Sieve - 37% 

(two tests) 

Coef. Perm - Range 1.4 it Jr4 to 3.4 it ir4 cm/sec; average 2.4 it IC4 cm/sec 
(two testsl 

Non-petrol i ferous 
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C (Fernando Formation) 

Unconfined Canpresslve Strength (Qu) - Range 9.5 to 182 psi; average 124 psi 

(20 tests) 

Passing No. 200 Sieve - 181 
(one test) 

Coef. Penn. - Range 6.1 x 1r8 to I .1 x 1r7 on/sac; average 8.8 i i08 cm/soc 
(two tests) 

Faults - None known 

Bedding - Dip from horizontal 13° to 50; probably southward 

Occasional Hard Sandstone Beds - I in to 3 ft thick; quantity unknown but are less prevalent than 

in Puente Formation 

Permanent Water Level - About 150 ft below ground surface; formation tight; expect soeps 

Water Quality - Poor1 up to 6,926 pn 10$ In Boring CEG lb 

Gas Encountered - MInor in Boring CEO 18 

Oil - Not encountered 

5.2.5 Reach 5 - La Brea Area (BorinQs CEG 19 throuch 23A) 

This reach of the alignment trends westward along Wilshire Boulevard and 

curves northward along Fairtax Avenue to Melrose Avenue.. The reach crosses 
several notable geologic features including anticlines and synclines, tar 
sands, the Salt Lake Oil Field and numerous faults, particularly the Santa 
Monica fault zone. Geologic units A2, A4, SP and C are encountered. 
Important characteristics are; 

A2 (Young Alluvium) Borings CEG 23 and 23A only 

Undrained. Quick, Direct Shear - 6 2 

(one test) C I .05 kst 

No Petroleum 

Perched Water Level - 10 to 20 ft below ground surface (north portIon of reach Only) 

A4 (Old Alluvium) 

UndraIned, Quick, Direct Shear - 6 - Range = 4.5° to 59.5°; average 32° 
(ten tests) C - Range 0.26 to 2.64 ksf; average 1.2 ksf 

N-value - Range 14 to 92 bpf; average 50 bpf 

Passing No. 200 Sieve - Range 9% to 53%; average 31% 
(three tests) 

CdO#. Penn - Range - 2.0 x IO to 5.3 x 10 on/sec; average 5.6 x l0 cm/sec 
(two tests) 

Swell - Range 0 to 4%; average 2.0% 
(four tests) 

Mon bouldery - None encountered in borings 

Penroli ferous - BorIngs CEO 19 and 20 

Faults - Judged to offset A4 by Santa Monica fault; act as gas traps 

Perched Water Level - IS to 35 ft below ground surface (south portion of reach only) 
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SP (San Pedro Formation, Sand) - La Brea Tar Pit Area 

Unconfined Canpressive Strength (Qu) - 20 p51 
(OS test) 

Undrained, Quick Direct Shear 
(seven tests) 

N-value 

- Coot. Pen,,. 
(one test) 

- Petrol iterous 

Gas 

Depth Encountered 

Faults 

C (Fernando Formation) 

- - Range 29 to 35'; average 32' 
C - Range = 0.25 to 0.56 ksf; average 0.39 ksf 

- Range 8 to >100 bpf; verage 50 bpt 

- 8.8 x io"5 an/sec 

- In all borings 

- in all borings 

- 40 to >200 ft below ground surf ace 

- Judged to offset San Pedro Formation by Santa Monica fault vicinity 
Borings CEO 23 and 23A; width of !aulted material judged to be 10 to 
20 ft thick and "soft" tar sand not likely to be fractured but fault 
a likely gas trap 

Unconfined Canpressive Strength (Qu) - Range- 3.5 to 99 psi; average 56 psi 
(18 tests) 

Undrained, Quick, Direct Shear 
(thre tests) 

Passing No. 200 Sieve 

Swei i 

Coef. Porn. 
(two tests) 

Hard Sabdstone Beds 

Faults 

Permanent Ground Water Level 

- Water Quei ity 

Gas 

Oil 

- - Range - 30' to 41'; average 36' 
C - Range' 0.62 to 1.33 ksf; average 0.94 ksf 

-97% 

- 1% 

- 4.1 c ib8 an/sec 

Borings CEO 20. 21 and C-59OO; quantity unknown 

- 6th Street. 3rd Street, San Videhte; will be encountered If 
track grade deeper then about iSO ft; Santa Monica fault not 
likely to be avoided If track grade deeper than 40 to 50 ft 
vicinity Borings CEG 23, 23A; zone of lnteñsàly fractured 
formation could be 2,000ft and act as traps for gas 

About ISO ft below ground surface betwein Borings CEC 9 and 21 

Poor to very poor; lOS 5,425 ppm Boring CEG 19 

In all borings 

- In all borings 

5.2.6 Reach 6 - Hol lvwood Area (Borinqs CEG 24 throuah 28) 

This portion of the alignment is bounded by the Santa Monica fault zone on 

the south (near Meirose Avenue) and the Hollywood fault on the north (near 
Yucca Street), at the base of the Santa Monica Mountains. This reach is 

mantled by thick deposits of geologic units A2, A3 and A4. Important 
characteristics are: 
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A2 (YOung Alluvium) 

Unconfined Ca,ipressive Strength (Qu) - 72 si 
(one test) 
Undrai nod, Quick. Direct Sheer - 4 - Rançe - 20 to 39.5; average 30 
(six tests) C - Range 0.18 to 1.12 ksf; average 0.70 ksf 

Passing No. 200 Sieve - 53% 
(two tests) 
Coef. Penn. - 2.2 ii IO5 on/sec 
(one test) 
Transmissivity - Estieated to be up to 50.000 gpd/ft 
Nonbouldery 

Water Content - May store sizeable quantities of water (e.g. Inflows of i,4Q0 gn); 
similar to water encountered In 141.10's San Fernando Tunnel (Section 
6.1.3) 

Perched Water Level 20 to 30 ft below ground surf ace 

A4 (Old Alluvium) 

Unconfined Canpressive Strength (Qu) - Range 28 to 94 psI; avragi 50 psi 
(14 tests) 
Undrained. Quick, Direct Shear - 4 Range = 5 to 40; average 2Y 
(10 tests) C - Range - 0.64 to 2.0 ksf; average 1.35 ksf 
N-Value - Range - 3 to 86 bpf; average 40 bpf 

Passing No. 200 Sieve - 52% 
(seven tests) 
Cof. Penn. - 1.0 x 10 on/sec 
(two tests) 
Non-bouldery 

Fault - A4 displaced by Hollywood fault and abruptly abuts Topanga 
Formation, creating a possIble saturated and certainly a mixed 
face conditldn; potentlallç' 1,000 ft wide 

Gas - None encountered in borings 

Oil - None encountered In bdrings 

5.2.7 Reach 7 - Santa Monica Mountains (Borinqs CEG 28A throuqh 34) 

Reach 7 is about 3.3 miles long and contains the following hard rocks, to 

which Tezghi Rock Condition Numbers I through 5 are applicable (see Draw- 

ing 2) This reach can be sUbdivided into three rock units. Fran south to 

north, they are shown in Table 5-15. 

Table 5-IS R*k Condition No. - Reach 1 

Estimated 
Miles Rock Formation Terzaqni Rock 

Condition Ho. 

0.8 Topana sandtone/cPflgIaflerate 4w 5w 

1.1 Topanga basalt w & 3w 

1.4 Topanga sandstone/cong lonerate 2w.& 4w 
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Within this 3.3-nile reach, the tunnel should pass through five known faults 
(Drawing 2) and possibly a tow unknown faults. Several other srnal I faults are 
shown on the Los Angeles City geologic map (1970)e Sheet Nos. 136 and 159. 
These are not confirmed. 

Appendix J, Volume II, Petrology, presents the petrographic analyses of min- 
eral constituents which thay be helpful to TBM cutter design; i.e., percentag 
of quartz and abiasive minerals. Robbins, Inc. test indicated Topalnga sand- 
stone in Boring CEG 32A contained 10 percent to 20 percent silica (Si02), 
and weak Topanga sandstone in Boring CEG 33 contained 20 percent to 40 percent 
silida (unconfined compressive strength 9,000 psi), whereas there is no silica 
in the basalt fran Boring CEG 32. 

Shearing, chaotic bedding, brecciated sandstone and sI ickensided surfaces were 
encountered in Boring CEG 29 Cores in Boring CEG 30 and 31 were intensely 
fractured, and local ly sheared. This is interpreted to mean the Hollywood Bowl 
fault has broken thee rocks and locally produced a 3-foot thick green clay 
gouge at a depth of 160 to 163 feet. 

The Los Angeles City Sewer Tunnel was driven (conventional ly) with relative 
ease through these two unnamed faults and the BeneØidt Canyon fault without 
squeezing ground, with only minor "hevy" ground intervals and a maximum 
ground water inflow of 600 gprn (for a few hours to two days ) fran these 
faults (Section 6.3 anid Figure 6-2). Similar conditions were encountered in 

the MW0 Hollywood Tunnel (Section 6.4). Judging fran this, the two unnamed 
faults and the Benedict Canyon fault may not pose much of a problem; however, 
the physical description of rock core encountered in the Hollywood Bowl and 

Hollywood fault (zone) suggests there is a high potential for very blocky and 
seamy rocks. These very blocky rocks undoubtedly store water, and inflows of 
500 gpm might well be expected for a few days. 

Conglomerates containing hard gravel and cobbles were endountered in Borings 
CEG 33 and 34. AddItionally, hard boulders in the congianerate up to 3 feet 
in diameter were commonly observed in outcrOps along Cahuenga Boulevard. 

No oil or gas was encountered, but the presence of 0.06 percent oil by weight 
in the core from Boring CEG 31 may be a slight indication of gas in the sed- 

imentary rOcks south of the Hollywood Bowl. 

5.2.8 Reach 8 - San Fernando Valley (Borings CEG 35 through 38) 

Reach 8 is about 2.2 miles long and extends northward into the San Fernando 

Valley with thick deposits of geologic units A1, A2 and A3. The units 

overlie bedrock which dips northward under the Valley. The Los Angeles River 

channel is traversed also. Important characteristics are: 
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A1 (Young Alluviuñi) 

Undrained, Quick, Direct Shear (Qu) - 38' 
(two tests) C -t 0.43 kst 
N-Value - Range - 9 to >100 bpf; average 50 bpf 
Passing No. 200 sieve - Range 8% to 86%; average 26% 
(tour tests) 
Coef. Pene. - 2.8 x 1O oTVsec 
(two tests) 
Estimated Transeissivity - Up to 200,000 gpd/ft 
Modern L.A-i River Channel Deposits - Up to 90 ft deep 

Souldery Ground -. Should be expected, but none was encountered in borings 
Permanent Water Level - 30 ft below ground surface In Los Angeles River area deepening to 

120 ft tram Boring CEG 35 to 38 

Water Quality - Poor, average TOS exceeds 1,000 pn 

A2 (Young Alluvium) 

undrained, Quick, Direct Shear - 6 Range 32.5 to 39; average 3? 
(five tests) C' Ringe 0.19 to 0.56 kst; average 0.41 kst 
Occurrence - As scatters lenses in A1 

A3 (Old Alluvium) 

Unconflned CaTipressive Strength - Range 9.3 to 46.2 psI; average 28 psi 
(eight tests) 
Undrained, QuIck, Direct Shear (Qu) - - Range 6.5 to 40.5'; average 3V 
(16 tests) C - Range 0.16 to 1.40 ksf; average 0.48 ksf 
Passing No. 200 Sieve - 13% 

(three tests) 
Coef.. Pirm. - 6.4 x l0 on/sec 
(one test) 
Non-bouldery - None encountered in borings 
Permanent Water Level - 120 ft below ground surface 
Faults - Two unnamed faults postulated in A3 by others; physical properties 

are unknown; not lilcely to be encountered if track grade is laO ft 
below ground surface 
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Section 6.0: 
Previous Tunneling Experience in Area 

Los Angeles is one of the world's largest cities in area, and with a metro- 
pal itan population of over seven million people. More than 60 tunnels, with 
total length greater than 50 miles, have been bored within the city limits 
(Proctor, 1973). This history of local tunneling experience was reviewed, with 
particular attention to case histories -that involved geologic formations or 
settings similar to those anticipated along the Metro Rail alignment. The 
tunnels selected for detailed study and presented herein are: 

o Metropolitan Water District of Southern Cal itbinia (MWD) San Fernando 
Tunnel 

0 MWD Newhal I Tunnel (LAW 
o City of Los Angeles Sewer Tunnel 

o MWD Hollywood Tunnel 

o 
Los Angeles County Flopd Control District (LACFCD) Sacatel Ia Tunnel 

o MWD Tanner Tunnel 

The use of case histories can provide general infdrmation on the rasppnse of 

the materials to excavation, methods of excavation and support, construction 

prablems, rates of advance and costs. However,- overall success or failure of 

each tunnel project was dependent on the site-specific geology, methods of 

excavation and support employed, and organization of the contractor. 

6.1 MWD SAN FERNANDO TUNNEL 

6.1.1 Facts and Figures 

Tunnel Length 29,100 ft (5.5 miles) 

Tunnel DIameter 22 tt O.D. excavated; 18 ft I .D. concrete lined 
Precast concrete segmented ring Initial Support i4iients/ring; segments B in. thick & 4 ft wice 
Oigger-typo Robbins excavator mounted in a shield Excavation Method (the last 1,000 ft wore conventlohal drill & blast) 
Soft sandstone & slltstone 

Geology (Rico Formation) & Old Al luium 
Eventual Use MMD water supply tunnel 

Lockheed Shipbuilding & Construction Canpany Contractor Sàttl.. Wash irigton 

Bid Pr IcC $19,346,800 on February 20, 969 

Estimated Bid Canpietlon TImC 1,360 wdrklng days 

January 1970 to Noveliber 1975 gas explosion stopped Tunneling Period work for 27 months 
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6.1.2 MajorProgress, Prior to Ground Water Problem 

During the latter period of the first 17,000 feet of tunneling, record 
advances were made using a Robbins-built shield, swinging and sliding boom 
with a rotatable digging head: 

104 feet in one 8-hour shift 
277 feet in one 3-shift day 

1 ,077 feet for a 5-day week 
3,500 feet for one month. 

A special tunnel-liner erector installed 4-foot-long concrete segments at a 

rate of 12 per hour over an 80-hour week to support the shield's 144-hour 
weekly operation (Construction Methods and Equipment, January 1971, p. 1). 

Excavated material consisted of dry and water-bearing Old Alluvium sand, with 
minor gravel and cobbles, lightly cemented to the extent that slight ripping 
was required. 

6.1.3 Ground Water in Old Alluvium 

Just west of the North Olive View fault (see Figure 6-1) substantial amounts 

MWO NEWNALL. TUNNEL (7967) / - LA. o&r WATER S POWER TUNNEL (1912) / , 
4 

. 

SAN FERNANDO 
TUNNEL 

SYLMAR a 

4 CU. WE 
S 

MWO tX,LORA!OWY 
CORING 

-nfl coo,r 

rxflosJoN 
SITE 

,...TUNNEL 

SUSANA FAULT Keterence: rroctor, 

FIg.6-1 Map and section along par: of the San. Fernando TunneL 

of water (1,400 gpm peak inflow) were forecast and encountered in the Old 

Alluvium. In this area, tunnel cover was about 140 feet.. Prior to encoun- 

tering this water, rate of advance was 150 to 200 feet per 3-shift day; in the 
water zone, the advance rate was still a respectable 60 feet per 8-hour shift; 

the other two shifts drilled horizontal dewatering holes ahead of the shield. 
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The following are excerpts from California Builder and Engineer, March 26, 
1971: 

o 
In late 1970, the excavation encountered perched ground water that 
sprayed the miners with water under slight pressure. 

o Water pressure was relieved by three-inch borings drilled horizontally 
ahead of the excavator 150 to 250 feet. 

o Two-inch perforated plastic pipe was instted to drain ahead of the 
heading. This reduced the digging to a single shift per dày and 
slowed progress considerably. 

6.1.4 Solution to Ground Water Problem 

(The following are excerpts from B.P. Boisen of A.A. Mathews, Inc., Memoran- 
dum, March 22, 1971, p. 5). 

There are several perched water tables in the tunnel area, and test hales by 

the owner had pinpointed them before Lockheed Shipbuilding & Construction Co. 
(LSCC) started work. The solution was horizontal dewatering because an impér- 

vious stratum just beneath the tunnel grade would have made dewatering by 

wells. ineffective. Drilling ahead of the shield brought the water around it 

and into the tunnel where it could be pumped out. 

o 
HorIzontal holes were drilled fran 150 to 250 ft ahead of the shield, 

i.e., starting about 30 ft back of the face, running as close to the 
tunnel éde as possible. The drill stem cut a 4-in-diameter hole and 

10-ft-long, 1.5-in-diameter hollow slotted plastic pipe sections were 
driven inside the drill stem. 

° Water drained into the pipe slots and intO the ttinnel. There, a pair of 

pumps discharged the water into a surface flood control channel and 

through holes dril led down from a street above. 

6.1.5 Effects, of San Fernando Earthquake 

Qn February 9, 1971, a 6.4 Richter Magnitude earthquake occurred, with an 

epicenter only a few miles from the San Fernando Tunnel. The following was 

noted from excerpts of Engineering News. Record, June 24, 1971, p. 25: 

o The tunnel did not suffer any major damage., however, the shield was 

squeezed laterally and tightly bound in place. It took two weeks to tree 

the shiel.d by jetting along the sicin at three o'clock and nine o'clock. 

o Tunnel work continued, with all workmen on hand, after a three-day shut- 
down to assess damage. 

o When level coordinates were shot from undisturbed benchmarks, 'it showed 

that the east portal elevation was 7.2 ft higher than its original 

position. The gate structure shaft, about midway through the tunnel, was 

2.5 'ft higher. And the west portal, where the bore ties ipto Mag,azi,n'9 

Canyon shaft and Newhall Tunnel, was up 1.25 ft. 
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o There were no visible changes in the tunnel, largely due to the articu- 
latei precast tuinél supports. The segments are independent of each 
other, and there was opportunity for movement. 

o Nearly 3.5 miles ot tunnel were finished when the quake struck and the 
7-ft uplift can be absorbed in moving individual segments such a slight 
amount that it would not be detected by the naked eye. 

6.1.6 Caving Problems 

(The tol lowing are excerpts from B.P. Boisen of A.A. Mathews, Inc., Memoran- 
dum, Mach 22, 1971, p. 4). 

In the Old Alluvium west of the North Olive View fault, where the ground water 
was encountered, the Oontractor was plagued with problems. Approximately nine 
times there were runs at the face of several thousand gal Ions of water, sand 
and gravel. A number of times a cave would deveop up to 40 feet above the 
shield. When the shield had advanced beyond these runs, the contractor would 
drill a hole from the surface and drop sand into the void.. Grout was then 
pumped into the sand. On one occasion, a 10-ft-diameter cave worked its way 
to the surface of Foothill Boulevard. The contractor poured sand into the void 
and added a surcharge of sand about 8 feet above the street. The next day the 
sand had settled to around 12 feet below the street. 

The shield was equipped with six breast doors that were used to support the 

upper half of the face. Generally the contractor advanced the shield through 
these troublesome zones with the breast doors closed and the apron ful I of 

muck. This then imposed a greater thrust On the precast seghients during 
shoves. This was when the contractor started Using 10 inch-thick segments 
(Instead of original 8 inch-thick segments) to develop the thrust necessary to 
shove the shield. 

6.1.7 Fatal Gas Explosion 

(The following are excerpts from R.J. Proctor, 1980, "San Fernando Tunnel 
Exlosion", Uhderground Space, v. 4, no. 4, p. 217-219).. 

At 12:30 a.rn. on the morning of June 24, 1971, a fatal gas explosion occurred 

in a Los Angeles area tunnel. Of the heading crew, 17 workers died and one 

survived. The explosion halted work for 2 1/2 .yeas due to settlement dis- 

cussions and new contractual agreements. Only 2,500 feet rename to "hole- 

through'.t the 5.5-mile tunnel. The explosion occurred near the Santa Susana 

fault (see Figure 6-1). Several events occurred that provided evidence of a 

possible gas hazard. The MWD geologic report, given with the specifications 
to all bidders, warned of the possibility of encountering oil and/or gas in 

the wes$rn part of the tunnel route. This warning was based on: 

producing oil fields in the region, one within 1.7 niiles 

o 
oil and tar seeps in the area 

o the presence of Pco Formation sandstone, a known producer of oil in the 
western part of the tunnel route 
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o the presence of oil and gas in two nearby tunnels - The L.A. Dept. of 
Water ard Power's Newhail Tunnel in 1912, and the MWD's Balboa Tunnel in 

1967 

o the locatiob of the Santa Susana fault, which acts as an oil trap for the 
nearby Cascade oil field 

° several months prior to the explosion, the contractor posted a notice that 
stated "expect explosive gas ahead" 

one day before the explosion, a core with "kerosene or diesel smel I" was 
extracted fran the face 

one day before the incident1 a minor gas explosion occurred that sent four 
miner to the hospital. 

Work resumed 27 months after the disaster, and was c&ipleted in November 1975. 
Most of th intervaJ was spent workin9 out an agreement between tJ,eowner and 

the contractor on procedures and costs, but without the admission of liability 

by either side. 

To complete the tunnel, a board of tunnel consultants U. Barry Cooke, Lyman 

0. Wilbur and J. Obnàvan Jacobs) was convened. Their recommendations, all of 
which were canpl led with, included: 

o increasing the ventilation system from the rated 35,000 cfm to 70,000 cfrn 

ilhis can move air down the tunnel at the rate of 200 ft per mm.! 
o building a remote hydraulic system to power the repaired boring machine 

o installIng a multiple-head constant monitoring system for gas, plus two 

full-time sniffer men 

o drilling at all times during tunnel excavation at a minumum of 20 ft into 

the face (Contractor elected to drill 80-ft holes and use up 60 ft before 

redrilllng.l Four holes should be drill into the face while in the 

Santa Susana fault zone. [Clay In the fault plahes may accumulate gas 
behind them.l 

o limiting daily advances to 20 ft (After this restriction arid the TEM were 

removed, maximum progress was no more than 25 ft daily.I 

o drilling a ventilation shaft 150 ft deep, and incorporating a rescue 

chamber and emergency ladder 600 ft back of the heading. 

The fol lOwing are excerpts from B.P. Boisen of A.A. Mathews, Inc., Memorandum, 

March 27, 1974, p. 2-3: 

After the explos4on, and Upon resumption of tunneling, with increased ventila- 

tion gas monitors did not detect concentrations greater than 7 percent LEJ,, 

and gas was nat encountered when the heading was beyond the Santa Susana fatilt 

zone and into the siltstones, sandstones and conglomerates of the Pico 

Formation. 
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In the opinion of B.P.. Boisen of A.A. Mathews, successful tunneling in. gassy 
conditions is possible and can be attributed to: 

Aduate Ventilation 9.0% 

Constant Testing and Monitoring 9% 
use of Permissible Equipment 1% 

The 1% of success due to using permissible equipment is the major cost factor 
and is looked upon with the most dislike. 

6.2 MWD NEWHALL TUNNEL 

6.2.1 Facts and Figures 

Tunnel Lerfgth 3.5 miles (Magazine Canç'on to City of Newhail) 

Iuhnel DIameter 26 ft 0.0. excavated; 20.5 ft 1.0. 
- 

hitlal Su art Steerringbeams &woodlagging; alsoprecast concrete 
linIng 3 segments/ring. 12 in. thick & 4 ft wide 
By Kiewlt: aCah,eldbscil lating cutter head TBM (5000 ft) 

ExSaVatlOn Method 
By Dixon: a Caiweld rotary cutter head IBM (10,000 tt) 

Geolo 
Hard to soft sandstóne(Pico Forniatio1) & gravelly; obbly 

gy sandstone (Saugus Formation) with oil seeps 

Eventual Use MWD water supply tunnel 

L.E. Dixon Co., Arundel Corp., MacOonald & Kruse, Inc., 
on rac or 

& Peter Kiewit Sons' Co. (joint venture) 

Bid Price $35,000,000 awarded June 1966 

Tunneling Period 1966-1970 

6.2.2 Excavation Progress 

(The following are excerpts frOm Maynard M. Anderson, Civil Engineering, Sept 
1970, p. 69). 

After rotary boring 10,000 feet, the contractor chose to abandon the 
"mole", since the weakly consolidated sedimentary rock would frequently 
slough ahead and above the cutting wheel, stalling the machine and neces- 
sitating extensive hand4cribbingof the overbreak. Despite this set-back, 
the average driving rate was probably better than what it would have been 
with conventional tunneling. Through ideal ground for the "mole" (CWDD 

note: in dry, rtioderately consol idatéd si ltstone and sandstone], it bored 

over 100 ft in a single 3-shift day. 

o Later tSepteiber 19691 the contractor started a second headirtg using a 

Caiweld oscillating mining machine. This machine is moUnted in a 26-ft 
0.D. full-circle shield that thrusts against a tunhel support ystem 
almost identical to the Tabor (MEMCO) tunnel lining. Excel lent progress 
was made ... about 100 ft per wcrking day ... through soft but well- 

standing sedimentary rock. 

CWDO/ESA/GRC 1-86 



(The fol lowing are excerpts from LeVitt, R.R. of A.A. Mathews, Inc., Memoran- 

dun; June 2, 1970, p. 3-4). 

o Some sandstore at the face was so bard that it was broken down only by the 

shearing action of the drag ciitttérs on the [o.sici I latingi cutter hea4 

lenses of cobbles were noted in the face Sd these were being sheared oft 

or dislodged with some difficulty ... the contractOr has not expériehced 

any severe ground water conditions ... the ground general ly has been a 

fine-!.grained dense sandstone with a very low percolation rate; 

the Calweld rotary shield through the earth required a very heavy 
thrust (nearly 4,000 tonsi aa.inIst a firm base. The contactor felt the 

wal Is of the bore were too soft to serve as suOh a bae, therefore1 it 

was decided to axially thrust against the funnel support system. This 

necessitated moving the wooden lagging fran outside to between the circU- 

lar steel ribs, where the "tight" lagging would provide support for the 

forward thrust of the shield. 

6.3 LAC (LA CIENEGA SAN FERNA?W VALLEY) SEWER TUNNEL 

6.3.1 Facts and Figures 

Tunnel Length 2.B miles 

Tunnel Dla,,eter 9.0 ft 0.0. excavated 

4 in. steel ribs & wood lagging; when soft ground ln'tal Support ércountered, steel liner plates 
Excavation Method Conv&itlonal jumbo drill & blast 

Cong lanerato, Sandstone, 
Shale (Topanga formation) . . . . 8,000 ft 

Geology Granite ............. 4.700 ft 
Basalt ............. 1,200 ft 
Young Alluvium ......... 430 ft 

14.330 ft 
Eèntuál Use Sewer tunnel, City of Los Angeles 

Contrácfor L.E. Dlxdn Co.; lIning, Kaiper Constnictlon Co. 

Bid Price $3,200,000 

Tunneling PerIod 1954-56 

6.3.2 Relation to Metro Rail Al ignmént 

Except for the granite, Reach 7 of the Metro Rail alignment wi i I pass through 

geologic formations similar to those encountered in this tunnel. Reach 7 is 

also very close to the Los Angeles City Sewer Tunnel (see Drawing 1 for loca- 

tion and Drawings 2 and 11 for subsurface relationships). Some recorded 

ground water inflows and geologic fOrmatiops are presented in the profile on 

Figure 6-2. 
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This sewer tunnel encountered inflows greater than IOQ gpm for a few hours to 
one da.y at seven locations along its 2.8-mile length. Maximum ater flow 
fran the down gradient south Portal was reported to be 1,200,000 gallons per 
day (gpd), or 800 9pm, but averaged 400,000 gpd (see Figure 6-2). Based on 

the final selected tunnel grade, the Metro Rail alignment will probably pass 
under the existing Los Angeles City Sewer tunnel. "Heavy ground pressures" 
vere reported in the shaley parts of the Topanga Formation and in the sheared 
granite. 

6.3.3 Probl.ns in. '!Muddv" Young Al luv.ium - North End 

The contractor installed steel ribs and lagging progessing southerly to Sta- 

tion 491+33 near the Los Angeles River at North Hollywood. At this point, 

under shal low cover, a wet, muddy Young Al luvium channel was encountered 
which had nOt been indicated in the geologists' report. The formation was 
chiefly mud, and the loads imposed on the steel ribs caused some sets to 

fail.. This created an emergency condition, causing caving to the surface (see 
Figure 6-2) and the contractor installed heavy timber sets. This proved suc- 
cesstul. 

5.4 MW1) HOLLYWOOD TUNNEL 

6.4.1 Facts and Figures 

Tunnel Length 0.1 miles 

Tunnel DIanéter 8.0 ft 

Initial Suppoi-t Steel ribs & wood lagging 

Excavation Method Drill & blast 

Conglarierate, Sandstone, 
Geology Shale (Topanga formation) . . . . 1,600 ft 

Basalt ............. jJQQ ft 

3,100 ft. 

Eventual Use MW0 water supply tunnel 

Coñtradtor J.F. Shea Co., Inc. 

Bid Price $190,000 

Tunneling Period June 1940 - May 1941 

6.4.2 Relation to Metro Rail Aliqnment 

The Hollywood Tunnel Is located approximately 400 feet above the proposed 

Metro Rail alignment (see Drawing 1 for location). The basalt unit was mostly 

hard and dense and was described as good blasting rock (but contains soft ash 

and volcanic breccia layers, as revealed in logs of the tunnel). Water se.eps 

were canrnon, and on one occasion a maximum temporary inflow of about 600 gpm 

was recorded at the sandstone/basalt fault contact at the north end. No major 
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faults were encountered and no squeezing ground was encountered. A geologic 
profile and plan view are presented on Figure 6-3. 

6.5 LACECO SACATELLA TUNNEL 

6.5.1 Facts and Flaures 

The following tunneling data were received in an oral communication in June 
1981 with the contraátor, Donald Glanville ot Glanville Construction Com- 
pany, and John E. Wifle, Tunnel Consultant, as well as LACFQJ Pro-construction 
"Geologic Report", dated December 26, 1973; and Victor L. Wright's "Pro-Bid 
Geologic Appraisal" report, dated July 1975. 

Tunnel Length 0.6 miles 

Tunnel Diameter 15 ft O.D. excavated; 14.5 ft I.D. 

Initial Support Precast concrete lIner (3 segments/ring) 

Excavation Method Digger Gradall & shield 

Advance Rate Maximum 32 ft/8-hr shift; average 15 ft 

Claystone, siltstone & occasional interbeds 
- 

Geology 
of very hard "caieafeaus" Sriènted sandstone 

Eventual Use Stom drain, LACFCD 

Contractor Glinville Construction Co. 

Bid Price $4.0000OO 

Extras Awarded ±$500,0.00 

Tunneling Period 1975-77 

6.5.2 Relation toMetro. Rail .Alianment 

The Los Angeles County Flood Control District's (LACFCD) Sacàtel a Tunnel is 

in litigation for "changed (geologic) conditiohs" iii the tunnel (settled) and 
at both portals (unsettled). For this reason, the LACFCD was reluctant tO 
release information. 

Geologic conditions and tunneling methods in this tunnel are very important to 
the Metro Rail alignment because: 

o Tunnel was exdavated in a "gassy" reach under Hoover Street, north 
of Wilshire Boulevard, in claystone, siltstone and sandstone of the 
Puente Formation (Unit C), at the location shown on Drawing 1. 
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o Formation is similar to the material anticipated in Metro Rail 
al ignment Reaches 1 to 5, inclusive, whether deep or shal low; the 
equivalent formation is designated Unit Cw on Metro Rail Project 
Drawing 2. 

° Total cover above tunnel crown ranges from 22 to 25 feet. 

o 
Total bedrock cover above tunnel crown ranges from 2 to 25 feet. 

o Old Alluvium (Qalo) cover above the tunnel crown ranges from 5 to 
32 feet. 

6.5.3 Peak Unconfined Compressive Strength 

LACFCD test results of peak unconfined compressive strength, from six core 
samples obtained in the Puente Formation, are tabulated as follows: 

Vncon fined 
LACFW cmpresslve 
Boring Strength, Qu 

(psi) 
401 

I. 603. 

2 441 

2 384 

2 377 

7 172 

Average 396 

Core samples from Borings 1 and 2 were taken essential ly normal to the bed- 

ding, while the bedding at Boring 7 was inclined at about 45 degrees fran the 
long axis of the core. This probably accounts for the considerably lower can- 

pressive strength test value for the sample from Boring 7. All core segment 
tested were selected for cross-sectional uniformity and freedom from cracking 
or damage and, as such, are considerably more ciipetent than the average grade 
of rock encountered during drilling. Therefore, the values obtained for the 
compressive strength are probably greater than the average values which would 
be found during tunnel excavation (LACFCD., 1973). 

6.5.4 Digger Excavator and Shield 

The tunnel excavation was performed with a small (Model No. 2403) Gradal I 

excavator. The rotating, telescoping boom was connected to a flat plate that 

had a single ripper tooth on one edge and several digger teeth on the other 

edge (Figure 6-4). Also note in Figure 6-4 Puente Formation bedding (same as 

Metro Rail alignment, Unit C) and lack of ground water inflow. 
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6.5.5 Geology 

Digger Excavator 
(LACFCD Sacatella Tunnel) 

Figure 6-4 

Puente Formation: Thin bedded, soft claystone and siltstone. The formation 
contained occasional interbeds of very hard "calcareous" cemented sandstone 
from 2 to 12 inches in thickness with unconfined compressive strength of 5,000 
to 15,000 psi. These interbeds caused the "changed conditions", according to 

Donald Glanvi lie, as they were not mentioned in the pre-construction reports. 
Some very hard interbeds were nearly horizontal and followed the face for 

several hundred feet; some were at a 
450 angIe to the tunnel alignment and 

followed the face for several tens of feet. This resulted in the following 
act ions: 

0 replaced single-tooth ripper with hydraulic jackhammer to break up hard 
layer (removed jackhammer in weak ground) 

0 bent leading edge of shield, forcing contractor to stop and repair often; 
i.e., spent 8-hour shift digging and balance of day repairing shield 

0 difficult to maintain line and grade in hard rock layers (These hard 
layers, although 12 inches or less in thickness, made drilling of 5-foot 
diameter man-way shafts very difficult also.) 

0 advance rate cut drastical ly; i.e., often reduced advance rate to 1 to 5 

feet daily. 
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6.5.6 Tunnel Gas Classification 

The tunnel was classified 'gassy't because it traversed the Los Angeles City 

Oil Field (see Drawing 1). No fire or explosion occurred during the project. 

o The greatest apparent risk is where folding and a suspected fault may 

form significant traps (Wright, 1975, p. 8). Explosive-proof equipment 

was installed (although arc welding was permitted in the tunnel). 

o Face was continuously monitored by a gas tsniffer?t that automatically set 

off an alarm if high LEL readings were recorded. (Note: Alarm was never 

activated because ventilation was so effective.) 

o Installed 4-foot-diameter ventilation duct and pumped air at 400 fpm 

through the vent pipe. 

o Oil, seeping down the sides of the supports, was skimmed off the dis- 

charge water at the portal and hauled away by tank truck (personal 

communication, R.J. Proctor, 1981). Oil seeps are shown on Figure 6-5. 

Oil Seeps 

(LACFCD Sacatel Ia Tunnel) 

Figure 6-5 
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6.5.7 Abandoned Oil Wells 

The tunnel encountered several uncharted, uncased, abandoned oil wel Is. 

Although oil was not encountered in these holes, several hundred gallons of 
water gushed into the tunnel for a few seconds, alarming the miners each 
time. 

6.5.8 Ground Water 

The tunnel was below a "permanent" water table. The water table was in the 
Puente Formation and the overlying Old Alluvium. The contractor drilled 12 

dewatering wel Is at selected locations along the alignment prior to excavating 
the tunnel. This dewatering of twelve 24-inch-diameter wells, recommended by 

Vic Wright, Tunnel Consultant, appears to have successfully kept tunneling 
conditions in the "dry". According to Wright, 1975, "... ground water prob- 
lems in the [Puentel formations are expected to be related more to softening 
and weakening, especial ly in the sticky shale zones, rather than to water 
vol ume." 

The wel Is pumped about 20 gpm each from about 25 feet of overlying Old Al lu- 

vium and 20 feet of Puente Formation. The water was pumped to the surface, 
and the contractor believes this kept tunnel inflow to a minimum, i.e., 

"dripping" condition rather than 10 to 100 gpm local inflows. 

The fol lowing ground water information on transmissibility, pormeabl ity and 

artesian conditions in Old Alluvium and Puente Formation at the Sacatella tun- 
nel is not a substitute for dewatering pump tests for the Metro Rail Project. 
However, the data do provide some relative measure of inflow rates that could 
be locally applicable to the Metro Rail alignment. The following is excerpted 
from the LACFCD Geologic Report, pages 7 and 8: 

Ground water was found in all LLACFCDI borings. However, due to 
drilling fluid in the boring, it was not possible to accurately 
determine the depth at which ground water was first encountered or 
if there were artesian or perched water table conditions. The ini- 

tial soils investigations were conducted by the City of Los Angeles 
between 1967 and 1972, using augers which did not require drilling 
fluid. Logs of these borings indicated, at least in several loca- 
tions, that water is perched in the unconsolidated sediments [Old 
Alluviumi overlying the bedrock and is also found within the bedrock 
[Puente formation, Unit Cw], often under minor artesian head. Arte- 
sian head in the vicinity of Boring No. 3 was noted previously by 

the City as being particularly high with water rising from a depth 
of 33 feet to 13 feet overnight. Other borings in the vicinity had 
artesian heads of only 1 or 2 feet (City of Los Angeles Soils Inves- 
tigation report, Test Boring Nos. 48, 48A and 48B). Static water 
levels in al I borings were well above the top of the proposed tun- 

nel, indicating that the excavation will probably be conducted under 
saturated conditions. The measurements for individual borings are 
listed in Table 6-1. 
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TABLE 6-1 Coitficlenfl of TraWsmissibilit9 and Permeability 

Saturated G"bünd 
LACF Distance Material Est. Maxt Water 

Est. Est. Approximate Depth 
to Watór Over'iying Yield T" pt Gas Sulfate Boring Location* Ut) 

No. Ut) Tunnel (gpm) Reding Oontth,t 
(fr) (ppm) 

1 292+70 47 ¶0.5 9.5 0.15 2.43 0.07 17 66 

2 287+58 52.25 7.2 19.0 0.49 4.96 0.02 12 778 

3 282+46 53 10.0 15.0 1.23 7.66 0.18 0 928 

4 277+00 47.17 9.2 10.0 0.09 0.63 0.02 7 1,350 

5 272+60 50.75 10.6 12.2 0.10 1.13 0.03 20 154 

6 229+94 54.08 17.6 5.5 0.03 0.41 0.01 0 252 

7 fl7+7 59 23.7 4.3 0.17 2.28 0.06 0 182 

'Refer to L.ACF DWG. No. 364-1102-07.6 and 08.4-8-7. 

"1 Coefficient of Transmissibility in gallons par day per foot. 

tp = Coefficient of Permeability In gallons per day per square foot 

tIn percent of lower explosive limit (LEt). 

Core smples LLACFCDI of the bedrotk appeared to have extremely low 
perineabilities, e.g., ranges from 0.01 to 0.18, hence it is presumed 
that ground water movement occurs thrdigh bedding planes, fracture 
fissures, rather than through pores in the rock. Estimates of bed- 
rock transmissibility and permeability were made using the recovery 
time of the water surface in the borings after air jetting. The 
results are listed in Table 6-1. The Coefficient of Transmissibil- 
ity "1" ranges from 0.41 to 7.66 and is defined as the rate of flow 
in gal Ions per day through a vertical section of the water-bearing 
material, in which the width Is 1 fOot and the height is the mea- 
sured thickness. The Coefficient of Permeability "P" is the flow in 
gal Ions-per-day through a cross-sectional area of I square foot of 
saturated material. The average coefficient of permeability was 
calculated fran the coefficient of transmissibility by dividing this 
value by the footage thickness of the saturated mnlatelrial. 

6.5.9 Stand-up Time, Slabbing, Overbreak 

Stand-up time was more than 2 to 3 hours prior to placing liner. Slabbing of 
fiat-lying or steeply dipping beds did not occur. No overbreak was recorded, 
but minor air slaking develOped due to the high air ventilation. Mr. alan- 
ville called this "ideal" tunneling formation, except for the hard cemented 
layers. 
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6.5.10 Ground Settlement Above Tunnel 

The tunnet was excavated about 40 feet below the street surface in a residen- 
tial area with one hotel. No settlement was noted, or reported, by the resi- 
dents. No known complaints of nOise, ékcept at portals, were registered by 

the residents living above the tunnel during construction. 

6.5.11 Local Caving Problem 

An abandoned 2-toot-diameter auger hole was penetrated. The hole caved 
upward to within 6 feet of the ground surfaie. The cIitractor drilled a hole 
fran the surface into the cavern and filled the cavern with pea gravel prior 
to advancing the tunnel. The cave did not "daylight" to the surface. 

6.5.12 Portal Excavation Problems 

Both portal e,avat ions encountered local, as aforementioned, very hard sand- 
stone interbeds which could not be excavated by small equipment. Therefore, 
heavy equipment (b-9 Caterpillar) was required. These are part of the 
"changed conditions" (as yet unsettled), according toMr. Glanville. 

6.5.13 Ground Loading and Estimated Support Requirements 

The fol lowiog ground loading and estimated support requirements were reported 
(Wright, 1975, p. 5 and 6): 

Continuous light tunnel support will be necessary whether the tun- 
nels are driven by boring machine or by drilling and blasting. The 
need for immediate support may often be marginal if the tunnel is 

machine-bored. However, the shales will need support eventually 
because of stress relief fra4turing and slaking. Slaking was evi- 
dent in a small percentage of the cores. The generally short core 
lengths are probably due to stress relief. Ground loading assump- 
tions in the specifications seen unreasonably high at 3370 psf. 
Maximum estimated loads for this study are 2400 psf, where the 
ground is wet and highly unstable. Most loads shoUl be on te 
order of only 800 to 1600 psf. Lateral loading up to possibly 800 
psf may buildup in the wet unstable reaches. 

Six inch, 15.5# steel horseshoe sets spaced 3 to 5 feet apart will 

hold the estimat loads. A few invert struts may be necessary 
where the formation is extensively softened by ground water, espe- 

cially through the low bedrock cover reaches. 
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6.6 dD TONNER TUNNEL 

6.6.1 Facts and Figures 

Information for Tonner Tunnel No. I and Tonner Tunnel No. 2 is from MWD 
Historical Record (1976). 

Tuñnèl Length 3.4 ml les' 

Tunnel Diameter ii ft 0.0.; 8 ft (.0. stool pipe 

Initial Suort Stool ribs S wood lagging 

Excavation Method Caiweid rotary head TBM 

Geology Sandstone & Shale (Puente Formation) 

Eventual Use MWO water supply tunnel 

Contractor J.F. Shea Co., Inc. 

- 

Bid Price $15,034,331; extra work, $314,000 

Estimated Canpietlon Bid Time 830 workIng days; actual - 1,522 days 

Tunheling Period 1g72-76 

'Tonner No. I - 4,600 ft. Tônhir No. 2 - 16,400 ft, separated by 
several miles of pipeilni 

6.5.2 .APD.11,cation to Metro Rail Kiignment 

Geologic conditions and tunneling methods in Tanner Tunnel are very important 
to th Metro.Rai I alignment for the following reasons: 

° Both tunnels, within 300 feet of the working face1 were classified as 
"gassy" within the mIaiiing of Appendix B of U.S. Bureau of Mines Bulletin 
644, and were the first tunnels driven under California's strict new 

safety regulations since the fatal gas explosion in the San Fernando 
Tunnel, June 1971. 

° 
Both tunnels penetrated the Pueñte Formation, a soft-ground geologic tun- 
neling condition that may be sithilar to that nticipated in Metro Rail 
alignment Reaches 1 through 5 and designated Unit Con Drawing 2. 

o Maximum cover on Tonner Tunnel No. I was 400 feet. 

Maximum cover on Tanner Tunnel No. 2 was 500 feet. 

6.6.3 Unconfined CornDressive Strenoth 

Unconfided compressive strength of the bUlk of the Puepte Formation was 100 
to 200 psi. However, one reach, about 1,500 feet long in Toriner Tunnel No. 1, 

encountered mixed face conditions - hard and weak. zones - with the hard cal- 

cite cemented sandstone and conglomerate exhibiting uncontined compressive 
strengths of 12,000 to 15,000 psi. This hardness resulted in redesigning and 
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rebuilding the Clweld TBM, and conventional drill and blast for the last 

1,500 feet ot tunnel. Tb permit conventional tunnel driving, the tunnel had 

to be reclassified as ttpotentially gassy" by the California Division of Indus- 
trial Safety (DIS). the 01S approved reclassifidation, with stringent condi- 
tions. - 

In the high yncontined caipressive strength reach of the tunnel, the contrac- 
tor drilled horizontal .ekpldràtory diamond bit core holes 70 to 75 feet in 

advance of- the tunnel face, anticipating soft ground to accØmmodate the 
Caiweld TBM. 

6.6.4 Geology and Rate of Advance 

The rate of advance per da9 for varIous tunnel reaches and the capsul lied 

geologic conditions are taulated below: 

Dlsance Rateof 
Stationing Advance/Day Capsulized Geology and TOAI camments 

- - Ut) 
Tonner Tunnel No. I 

550+11 - 537+45 1,266 19 >1" thick shale beds; slow pr,rss due It high clay 
content & minor ground water inflows, formed muck, 

- very difficult to handle by TEN 

537+45 - 532+10 535 33 Shale with 2 to 50% sandstone, several minor faults, 
did not affect proqrpss 

532+10 - 528+30 380 9 Hard sandstone & congiaerate cdntálning boulders to 
2' diameter; locally cemented with calcite, required 
modIfIctlgn to TBM 

528+30 - 521+90 640 40 Moderately dipping, highly fractured, soft shale, 
sandstone, claystono abruptly termlnitln at a 
mInor fault at 521+90 

52 1+90 - 518+20 370 9 Hard, slightly fractured, sandstone & conglanerate, 
massive, poorly bedded clasts of boulder size; many 
TBM-breakdowns 

518+20 - 504+22 1.398 26 Abandoned TOM; convent Ionàl drill & bI alt fractured 
shale, hard sandstone & conolanerate. 

Tonner Tunnel No. 2 All progress with rebuilt TOM. 

891+60 - 875+00 1,660 40 Thin (2") bedded sdnditdne & claystone; many minor 
fault zones, did not affect orogress 

875400 - 566430 1,070 51 Bedded to massive sandstone with siltstone & day- 
stone Interbeds, beds dip 15' to 20 south; many 
minor. soaps. Quickly dried up 

864430 - 650+50 580 58 Zone of several faults & many seep: highly fractured 
______________ sandstone 6 shale - 

858+50 814+80 4,370 54 Shale with claystone, sandstone lnterbeds; locally 
hard; tar 6 water seeps common as were mInor faults; 
large gas inflow at Sta 858+28 WlS shut job down 
until ventilation modified & 20' long probe holes 

-- drilled ahead of face to test for qas)- 
814+80 - 764+00 5,080 67 Sandstone, siitstone, claystone, dip 5, to IC' north; 

water, tar, oil seeps common; shield stuck in minor 
fault zone, required eddltib&al support for the higher 
push pressures used to tree the TOM' 

764+00 - 708+00 5,600 60 Massvo, coarse-grainod sandstone, moderately to 
highly fractured, slightly petroliferous & da'ip; 
encountered 50' lorcg seafloor landsi ide of sheared 
Interbedded Siitstone. claystone 6 

'One 751 long area required two months to over-excavate around the shield. (Solution: extind gage 
cutters dn the wheel and excavate to a diameter slightly larger than the shield.) 

"Although thIs was a small feature, IBM took two weeks to go through; became embedded and had to 
be treed by hand. 
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6.6.5 Oil and Gas 

Neither oil nor gas was a problem in either of the tunnels. Petroiifsrous 
sands were a comon occurrence in the first 1,300 ftet excavated in Tunnel No. 
1, blut significalnt accumulations of gas were not encountered. In Tunnel No. 

2, the cOntractor encoulitered slihtly petrOliferous rocks on a regular basis, 
along with numerous minor tar seeps. Only one area of tar seeps was large 

enough to cause concern. This was a 105-foot stretch near Station 824+00. A 
high concentration of gas which was encountered at Station 858+28 caused the 
sensors to automatically shut down the tunneling machine. This was the only 
significant gas accumulation encountered. 

In some areas of Tunnel No. 2, particlularly in the section where oil sepige 
had occurred during excavation operations, high gas concentrations were 
detected in the stagnant air space behind the steel pipe and the excavated 
tunnel wall (during pipe installation). 

6.6.6 DisDosal of Water and Oil 

The California Regional Water Quality Control Board required less than 2,000 
microhms electrical resistivity in al I discharge water and a maximum of 20 ppm 
content of grease and oil in the discharge water. Daily sampling was per- 

formed by the contractor to ensure this requirement was being met. Water 

pumped from Tunnel Np. 1 was discharged into a natyral water course located at 

the sidutherly end of the work area and flowed into Arnold Reservoir approxi- 

mately one-half mile away. The contractor had provisions for construction of 
oil-separating basins; hbwéver, removal of oil was originally successfully 
handled by holding the discharge water in a 12,000-gallon tank and then dis- 

charging water from the bottom of the tank. Oil was then removed trom the top 

of the water as required and disposed of in accordance with specification 
requirements. 

Esseñtiãl ly, the same setup was utilized at the south portal of Tunnel No. 2, 

a sries of two tanks removing suspended solids and oil and grease. As the 

majority of this ground water had an electrical conductivity greater than 

2,000 mlcrohms, prtvislons h6d to be made to discharge water into the Yorba 

Linda sewer system. The District Installed a 16-inch-diameter pipeline to a 

retention basin, located immediately below MWD's Robert B. Diemeir Filtration 

Plant, which the contractor was al lowed to use fQr tethporary storage of dis- 

charge water. The retention basin had been I med plrévioQsly with an imper- 

vious membrane to prevent seepage. A conductive recorder, with sensors that 

automatically operated valves, was installed In the 16-inch-diameter pipe- 

line. When conductivity was less than 2,000 microhms, water was automati- 

cally discharged into Telegraph Canyon. Water directed into the retention 

basin was then pumped, through a pipeline, into the Yorba Linda sewer system. 

6.7 TUNNELS IN THE LOS ANGELES AREA 

InfOrmation pertaining to local tunnels where excavation was performed by 

tunnel boring machines (TBM) or where gas and oil were encountered appears in 

Table 6-2. 
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TABLE 6-2 Tunnels in th Los AngelesArea,Excavated by Tunnel Boring Machine,! or Where Gas and/or Oil Encomte,-ed 

Owner 
Tunnel Nese 

L.A. Co. FloodCoOtrol 01st. 
Store Drain 11102 
bower Street 
Sacatelia Tunnel 

Metropolitan Water 01st. 
Tonner I & 2 

MetropolItan Water 01st. 
San Fernando 

Pacific Telephone Co. 

Olive Streel 

Metropolitan Water 01st. 
Balboa Outlet 

Metropolitan water 01st. 
Casteic I £ 2 

Metropolitan water 01st. 
Newhál I 

Los Angeles City 
Aqueduct 

Location 
Length Cal) 

Downtown 

Los Mgeles 
0.6 

Near forbalinda 
Orange County 

3.4 

Sy lear area 
5.5 

Downtown 

Los Angeles 
0. I 

Sy lear 
0.1 

Bore 
Diameter Ga:::?it Method Used & Comaent, 

Ii Sandstone, Shale 1975 Cradal I excavator In a shield. Prior dawatering required by 

PuonteForaation specs. GAS & SEEPIM3 OIL encountered in L.A. City oil field 
but controlled by strong ventilation. 

Ii Sanditone, Shale 1972 Mainly rotary-head Caiweld mole. Dolay In Tonner I due to hard 
Puente:Formatlon sandstonebut rate In longer Tonner 2 avereged 60 ft/day; sev- 

eral days of over lOG ft/day. ttTitANEeonitored. 

22 Sandstone, Slltstone, 1969 DIgger-type Robbins mole. Cry old alluvIum stood well; wet aid 
Boulders alluvium caved, requiring dewatering fèoawithIn tunnel. Prog- 
Saugus Formation ress up to217 ft/day (world record), including precast segment 
Alluvium supports. Mole:handlàd bouldórs In old ailuvlL,e& Saugus. 

METHANE & HEPTmE encountered. 

7 SI ltstone 1969 Rotary-head Calweld mole. Si Itsione damp; no problems 
Puente Format Ion encountered. 

16 Sandstone, SI Itstone 1966 

Seugus & 

Sunshine Ranch formatIon 

Castaic-Saugus1 76 

3.5 

Heehail-Sylear 26 

3.3 

Newhel l-Syiaar 
2.0 

Southern Pacific Railroad Nevhaii-Sylmer 
Ho. 25 1.3 

Chase, A.P., and others, 1978, p. lW-Sand lV-6. 

12 

22 

SIitstone, Sandstone, 
Boulders 
Caste 
Seugus Foreótion 

Sandstone, Slltstone, 
Muds tone 
Saugus, rico & 

Towsiey Formation 

Sandstone, Si ltstone, 
Mudstone 
Puente, Pico & 

Towsley formation 

Sandstone, Slistone, 
Mudstone 

Saugus, Pico A 

Towsisy Formation 

1967 

1966 

Rotary-head Scott mole. Conditions aost!y dry to dripping; 
rates up to III ft/day, but averaged 30 ft/day due in pert to 
short tunnel length& adjustments to new role. 

Digger-type NBCO mole handled large boulders in Saugus Forma- 
tion with no significant problems. Average:rate in Castalc 2 

was liz ft/dayi best rate 202 ft/day (4100 oy excavated nucb 
In 24 Ss), Precsstconaete segeent supports used. 

Rotery-headCelweideoie from south portal osci I lating 
"wlndshieidwIperm mole from north portal. Long segment In 
wet sandstone with boulders of Saugus was dewatered with sur- 
face wells; GAS& SEEPiIG OIL handled with strong ventIlatIon. 

1910 Spade, drill & blast. OIL encountered. 

1675 Spade. OiLencountared. 
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Section 7.0: 
Anticipated Ground Behavior in. 
Underground Construction 
This section deals with excavation, ground control and alternative methods of 
excavation and support for underground construction. The discussions must1 at 
this stage, be general, as design has not been started and design concepts 
have not been reducid to concise working plans. The ultimate decisions re- 
arding location, size, shape, alignment, grade, eleVation of the line and 
station structures will affect the economics of the different methods of 
underground excavations and support systems. The following Information is 

intended to provide geotechnical data with which designers can evaluate the 
merits of shallow (30- to 100-feet-deep) vs. deep (100- to 200+-feet-deep) 
tunnels as well as develop concepts regarding location and configuration of 

the tunnel and stations. For construction purposes, a tunnel should have at 

least one diameter of cover and therefore if the tunnel crown Is less than 20 
to 30 feet beneath the surfate, cut-and-cover construction should be con- 
sidered. 

Based on this curreht 1980-81 geotechnical investigation, Subsurface condi- 

tions along the Metro Rail alignment are believed favorable fOr mechanical 
excavation tunneling and at relatively high rates of advance, uti I izing eco- 
nanical precast concrete segments to form both Fnitial support and permanent 
I ining in one construction operatio.n. 

7.]. ALtERNATIVE TUNNELING METHODS 

Excavation and support systems will depend on the tunnel size and the type of 

ground materials anticipated in the different reaches. Depending on the 

grades established for the tunnels, it is likely that there will $ signifi- 
cant intervals with comparable ground conditions. Reaches with anticipated 

similar ground conditions can be broken into contract reaches for construction 
purposes. For ease of interpretation, geologic formations have been divided 

or grouped into unitswhich are expected to have comparable excavation charac- 
teristics. These units, A1, A2, A3, A.4, SP and C are described in 

Sections 4.0 and 5.0, arid on DrawIng 2 and will be used in the following para- 

graphs of this Section. 

7.1.1 Soft-,Ground Tunneling 

For purposes of this study, a soft-ground tunneling method is defined as one 

wherein ground conditions are such that mechanical excavation methods daln be 

used within a shield to advance the tunnel, and wherein a support system is 

required immediately behind the shield. Such ground conditions along the pro- 

posed alignment Include all alluvium units, San Pedro Formation and weak to 

moderately strong rocks of low hardness of the Fernando and Puente forma- 

tions. 

Methods of Øriving a soft-ground tunnel for the Metro Rail alignment will 

require a shield for certain reaches. Conditions will be uniform for long 

distances of tunneling. However, because ot the variability of local ground 

conditions, which will result in areas of mied face, with running ground at 

CWDD/ESA/ORC 1-102 



certain locations, shields should be equipped with breasting capabilities. 
Mechanical excavation methods have been proven to greatly increase production 
In similar local ground conditions (see Section 6.0). PossIble mechanical 
methods include spade and claw backhoe-type diggers roadheaders, and wheel- 
type (dragpick-) machines. Where tunneling is to take place below the water 
table (perched or permanent), ground Water control nay be necessary. This 
subject is. discused in detail in Section 7.2. 

The following discussion of possible tunneling methods by geologic unit is 

geheral and intended only to provide concepts. Subsequent paragraphs describe 
individual reaches and provide specific information on anticipated ground con- 
ditions. 

7.1.1.1 Vouna Alluvium 

The Young Alluvium tias two classifications: granular, dense sand and gravel 

(A1) and fine-grained, stiff silt and clay (A2). Ground water is likely 
in Unit A1, and ground water control will be particularly important in the 
localities where tunneling may be required in this unit. Because of the un- 
cenented and loose condition of sands and gravels, a shield with full-face 
breasting capabilities should be used. Mechanical excavation within the 
shield could be used. The use of compressed air or a combination Of dewater- 
ing and compressed air may be a viable method of control I ing ground wlater and 

flowing ground in the relatively cohesiOnless, permeable A1 thaterial. In 

the relatively cohesive, irnpemeable, fine-grained A2 material, flowing 
ground and ground water inflow are not expected to be major problems. In 

borderline ftiaterials, a low air pressure may significantly reduce raveling 
behavior resulting from water seepage pressures. 

7.1.1.2 Old Alluvium 

The Old Alluvium also has two classifications: granular (A3) and fine- 
grainéd (A4). The density of these materials is significantly greater than 
that of the Young Al luvium. Shield tunneling methods with mechanical excava- 
tion are also most appropriate for Units A3 and A4. Because of their 

greater density and strerYgth, face stability is expected to be less of a pirob- 

len in the A3 and A4 râaterials than In the A1 end A2 materials. How- 
ever, there may be ocdàsi&ls where ground water control and face support wi I 

be necessary for sãtisfadtory ground control, particularly In the A3 Unit. 

7.1.1.3 San Pedro Formation 

This unit1 designate SP on Drawing 2, is chiefly dense sand and, where it 

will be encountered in Reach 5, it is likely to be impregnat with oil and 

tar. 

Shield tunneling methods are expected to be required. Fundamental to success- 

ful and safe tunnel construction through the San Pedro sand, and any of the 

other potentially gassy formations, will be adequate ventilation. 
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7.1.1.4 Ruente and FernandoFormations 

These formations1 grouped by the symbol C on Drawing 2, include claystone, 
Si ltstoñe and sandstone. Although long intervals of mixed face are not antic- 
ipated, available data Indicates the presence of localized hard, calcareous 
sandstone beds and/or concretions. Mixed face conditions will be encountered 
at the contact between Unit C and the overlying AHuvium/San Pedro Formation 
and may also be encountered in sane of the mapped and unmapped fault zones in 

these formations. 

Mechanical excavation within a shield is expetted to be appropriate for these 
materials. 

At depths of up to 150 feet, there would not be any significant squeeze behav- 
ior in the Puente and Fernando formations (Unit C), e.g., using the standard 
index for the so-called overload factor, "aLP', in soft-ground tunneling 
(Clough and Smith, 1977): 

at 150 ft, OLF 
150 ft x 130 pst 

= 39 = no rapid squeezing 
C SO4Opsf 

70 psi 144 in2 
Where C = 

2 = 35 psi x = 5040 psf. 
ft2 

However, at depths in the range of 200 feet, there will be sane tendency for 

squeeze behavior, particularly in the weaker portions of the Puente and Fer- 
nando formations, for éxanple: 

t 200 ft OLV= 
200 ft x 130 psf 52 squeeze behavior 

a 
5040 psf begins to be apparent. 

Unit C materials are hard enough that squeeze behavior should not be a par- 

ticlu.lar stability probien in normal shielded TBM operations, nor should the 
ground ressures exceed the capacity of normal support systems. 

7.1.2 Rock Tunnelinq 

A rock tunneling method is defined as one wherein drill and blalstor mechani- 

cal methods can be used for excavation and wherein support may or niay rot be 

required. Rocks of this category include most of the Topanga Formation con- 

sisting of hard, well-cemented sandstone and conglomerate with some interbeds 

of weak siltstone (Geologic Map Symbol, Tt, on Drawing I) and the crystalline 

basalt in the central part of the Santa Monica Mountains (Geologic Map Sym- 

bol, Tb, on Drawing I). 
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Several significant and well-documented faults in the. Santa Monica Mountains 
will be encountered. The hard-weak nature of beds and fault zones in The 
Topanga Fohnation an.d altere.d zones of the basalt indicate intervals of dif- 
ficult ground can be anticipated. 

Methods of excavation for these çpcks include drill and blast, or hard rock 
tunnel boring machines (ThN). A IBM must be capable of coping with the expec- 
ted intervals of difficult tunneling conditions. Drill an,dblat tunneling 
conditions through the fault zones are undertood to the extent that the LAC 
Sewer Tunnel penetrated Them successfully. It is possible that .spi I ing, crown 
bars and partial breasting, along with slow and careful excavation may be nec- 
essary to penetrate these faults. 

7.2 GRWND WATER CONTROL 

Ground water will present during tunnel coristrudtion in certain reaches of 
the project. For tunnels passing through alluvium, of units A1 and A3 
below the water table, adèqüate ground water control will be necessary to 
ensure face control. Déwatering of the area fran The .surface by pumping wells 
is general ly expected to be The most practical method of ground water control. 
Providing large areas are not dewatered to great depth, it is unlikely that 
serious ground settlement wi I I occur, particularly in The granular materials 
(see Section 6.5.10). In specific areas where dewatering may not be appro- 
priate because of local geologic or other constraints, cor*pressed air, chémi- 
cal grouting or freezing might be used in conjunction with, or In lieu of, 
dewatering. Grduting Is generally lithitad to iänds with less than 20% si Its, 
while freezing can be used in fine-grained soils. Both techniques serve to 
restrict water flow and provide a stand-up time to a soil which otherwise 
might run or flow Into The heading. Use of compressed air may be practical in 
either sand or silt materials. Compressed air may be of particular value in 
fihe sand and si It which is too impermeable to dewater or grout, or to eco- 
nanically freeze. Use of lo air pressures to fully or partially balance 
external water heads and reduce seepage pressures into the tunnel may be of 
value in stablizing the face in finer grained material, especially portions of 
units Aj and A3. Material which would otherwise be very difficult flowing 
ground may be thus transformed into slowly raveling ground which poses few 
problenis to properly equipped soft-ground tunneling operations. Attempts to 
deatar the finer-graine.d cohesive materials may not be cost effective as 
these materials are of low permeability. Water seepage into the tunnel from 
fine-grained material would likely be of small amount unless non-cohesive sand 
lenses or zones are encountered. Flows fran sand lenses could be of signifi- 
cant quantity, but are expected to be of limited duration, general ly not more 
than one or two days (ee Section 6.1.3). 

In addition to the previous discussions concerning groun.d water control by the 
more conventional techniques, such as dewatering, it may prove desirable in 
some cases to utilize the newer techniques such as the earth pressure balance 
(EPB) or The slurry shields. The EPS is applicable to dry conditions or silty 
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or clayey soils below the water table with relatively low heads. The slurry 
shield can be. used in a variety of conditions, but is more likely to be 
applicable where ground water problens are significant. As of thLs writing 
(late ¶981), only one EPS has been used in the United States. This was a 

sewer project in San Francisco, completed In silty soils with a water head of 
20 feet above the tunnel (dough, 1981). 

7.3 ALTERNATIvE SUPPORT SYSTEMS 

A support system wilt be required throughout most of the tunnel. Depending on 
how the system is designed, it may be advantageous to install an initial sup- 

port which will serve also as the permanent lining. 

7.3.1 Soft-Ground Tunnel SuDoorfl 

A shield operation will require a strong initial support systSi that can 

serve as a buttress for jacking the shield forward. The most common and 
appropriate supports are ribs and lagging or precast concrete segments. If 

proper seals are used to minimize water and oil inflow1 concrete segments 
could be both the Initial support and permanent lining. Only small portions 
of the tunnel will have a significant potential external water head or water 
Inflow. ConOrete segments would not, however, keep gas from entering, since 
concrete i:s approximately 80 times more pervious to gas than it is to. water. 

A lining systQn to seal out gas will have to be designed for gassy sections. 

Expansion of the supports or timely and thorough backpacking and grouting of 

the annular void between the support segments and tunnel wall is necessary to 
prevent surface settlement, particularly where the tunnel is driven at a shal- 

low depth. 

7.3.2 Rock Tunnel Supports 

Rock bolts are an economical support in rock tunnels, with shotcrete or steel 
sets and lagging commonly used in more blocky ground and In fault zones. It 

is customary, although often unnecessary, to place a permanent concrete lining- 

in subway tunnels in rock in the United States. Cast-in-place concrete should 

be used where repetitive form use renders concrete less expensive than shot- 

crete. Shotcrete may be appropriate for lining one- or two-of-a-kind struc- 
tures (stations, transitions, connections of shafts to tunnels, etc.) where 
form work costs make cast-in-place concrete more expensive than s.hotclrete. 

Concrete lining in "hard" rock tunnels generally need not be reinforced due tO 

minimr loads. Extensive, expensive measures to completely waterproof the 

lining are not recaSnended. Rather, drainage systems are generally most 
effective and economical. 
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7.4 STATION CONSTRUCTION BY MINING 

Choice of deep tunnels wilt result in the need to excavate deep tations. For 
the mined station alternative, Table 7-1 gives minimum depth from surface to 
track level, plus suggested places where this alternative may be used. Open 
cut excavations in excess of 100 feet become incteaslngly difficult, and at 
about 150 feet become unprecedented. At these depths and below, mined sta- 
tions should be considered. In general, it is judged feasible to mine a sta- 
tion configuration In soft-grohind tunneling Units A4 (Old Al luviurn) and C 
(Fernando and Puente formations). 

TASI.E 71 Mined Station Alternative - Minimwn Depth to Track Level 

Minimum 

Station 
Mined DepTh Mined Station 

Corwnents 
Below Surface Geology 

Ut) 

Union 130 Claystone Recommend open cut of 30 ft 

Civic Center 50 -- laystone Optional excavation method" 

5Th St. 160 Claystono R000nmthnd open cut of 30 to 80 ft 

Flower St. 100 claystone 0tional excavation method" 

Alvarado St. 60 Ciaystone Optional excavation method" 

Vermont Ave. 70 Ciaystone Optional excavation method" 

Normandie Ave. 70 Claystone Optional excavation method" 

Wesfern Ave. 130 Claystone Optional excavation method" 

La Brea Ave. 130 Claystone Optional excavation method" 

Fairfax Avenue 150 Claystone, oil Recarm,end open cut of 6Oft 

Beverly Blvd. 70 Old Alluvium, oil Recm,end open cut of 70 ft 

Santa Monica Blvd IQO Old Alluvium 
excavation method due" 

Hollywood 120 Old Alluvium Recommend open cut of 30 to 120 ft 

Hollywood Bowl 100 Basait/Ciaystone Optional excavation method" 

Universal City 90 Ciaystone Optional excavatidn method" 

North Hollywood -- Old Alluvium Open cut at Portal 

'Assumed 30 ft high statiOn and 30 ft miiimi&m cover in CiSystone or Old Aluvium. 

'ptjonal excavation method moans that station excavation by mining from the tunnel or 

by surface open cut has no. geological preference. The final decision shOuld be based 

on other factors such as surface congesti6n, convenience of muck dispdsai in city 

streets, etc. 

Mining of large open chambers in these soft-ground units, such as wOuld be 
necessary for double track station structures, would require multiple drift 
methods and heavy support. For this reason, dual chamber stations, consisting 
of two enlarged tunnel sections with connecting gal leries in between, should 
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be considered. This configuration has been used in the design of the Forest 
Glen and Wheaton Stations on the WMATA Metro Route B (see Figure 7-1). Be- 
caUse of geologiO conditions and comuhity impact of cut-and-cover stations, 
these stations were designed for deep mining. Architectural criteria were 
changed to accommodate the dual chamber concept. For passenger access, the 
Forest Glen Station will use elevators which will travel a vertical distance 
of 175 feet, while the Wheaton Station will use an escalator with a vertical 
rise of 114 feet. 

With the dual chamber configuration, the distance between track tunnels should 
be increased to allow roan for separation of shafts or escalator raises from 
the track tunnels. If the shafts are too close to the station chambers, sta- 
bility problems, requiring extensive support, may result. 

The smaller openings of the dual chamber configuration could be excavated with 
a heading and bench scheme (Prctor and White, 1977, p. l73) a much simpler 
operation than the multiple drifts required for a larger opening. Another 
advantage of the smal ler openings is that they would nOt require as much depth 
of cover for stability as would a larger dhamber. Thus, they could be sit- 
uated at a shallower depth. 

Chamber excavation can proceed by excavating access and/or vent shaftsfirst 
and then mine out the connecting galleries and station chambers fran the 

shafts. An alternative method would be to excavate the tunnels -through the 
station area first and theln enlarge the tunnel.s to fonn the platform chambers 
(Walton and Proctor, 1976). Special liner sements would be installed in the 

station reaches which coUld be removed, one segment at a time, as the ealage- 
ment progesses. Precedents for this kind of operation include the en.largSient 

of old railroad tunnels to accommodate additional traks and larger railroad 

equipment (Richardson and Mayo, 1975, p. 309). 

In Japan, the Abeno Station was successfully mined between two lined tunnels 

in soft ground (Paulson, 1979). FIgure 7-2 summarizes the construction se- 

quence. In this case, construction of the tunnels and the connecting platform 

were accomplished under compressed air. 

Mining of stations in the soft-ground units A4 and C on the Metro Rail 

alignment can be expected to proceed slowly, possibly with use of a road- 

header, using shotcrete, rock bolts and/or steel sets across the crown and 

directly behind the face. The bench would be removed after the arch is 

secured with support as required. Squeeze behavior in Unit C, as described in 

Section 7.1.1.4, will be a design factor if station depths approach 20.0 feet. 

If underground station construction in the basalt and sedimentary rock of the 

Hol lywood Bowl Station is considered, either a dual chamber or one large open- 

ing can b.e planned. Again, the beading and bench method is probably the most 
feasible. Rock excavation of the arch section by drill and blast methods 

would be followed immediately by support. It is anticipated that the rock 

arch can be supported with shotcrete and pattern rock bolting, as well as with 

steel ribs. Removal of the bench would take place after the arch is secured.. 
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7.5 WORKING SHAFT SITES FOR TUNNEL CONSTRUCTION 

Possible working shaft sites for tunnel construction, general geology (surface 
to foundation) and suggested shaft depths are presented in Table 7-2. The 
present working site locations range fran vacant areas to sites that may be 
possible only it etugh working space Is acquired by razing low buildings. 

TABLE 7-2 Possible Working Shaft Sites tor Tunnel Construction 

Workin Site Surface to Foundation Shaft Depth 

East Portal' Claystone (Portal) 

Union Sta.' Young Alluvium (A1), wet below 25 ft 30 ft 
Civic Center Sta. Old Alluvium (A4), claystone 50 ft 
Al'iarado St. Sta.' Old Alluvium (A.4), claystone 60 ft 
Verrnoht Ave. Sta.t Young Alluvium (A1), claystone 70 ft 
N&rmindie Ave. sta.t Old AllUvium (A4), claystone 70 ft 
La Bréa Ave.. Sta.*t Old AllUvIum (A4), sand, claystone 130 ft 
Fairfax Ave. Sta.t Old Alluvium CA4), gas 60 ft 
Beverly Sta.' AlUvlum (A2) (A4), gas 70 ft 
Santa Monica Blvd. Sta.t Alluvium (A2) (A4) 100 ft 
Hollywood Sta.t Alluvium (A1) CA2) 30 ft 
Hollywood Bowl Sta.' Basalt, claystone, wet 100 ft 
Universal City Sta.t Young Alluvium (A2), cisystone, wet 90 ft 
North Hollywood Ste.' Young Alluvium (A1) (Portal) 

'Vacant area at site (épptheilt available location). 
tpossible site only If enough working space acquired by razIng low buIldings. 

7.5 ESTIMATED WI EXCAVATION RATES 

The estimated tunnel boring machine (TBM) excavation rates listed in Table 7-3 

are based on the present geotechnicál study, previous tunneling experience in 

the area (Section 6.0) and judgment. The estimated advance for three 8-hour 

shifts is shown to range from 20 to 50 feet per day to 70 to 100 feet per day, 

depending on the type of formation being excavated. Oil and gas zones may 

reduce excavation rates by 10 percent to 50 percent, and there will be days of 

no advanca'nent due to unforeseen circumstances. The approximate lengths of. 

tunnel in each formation shown in Table 7-3 will vary depending on the final 

grade of the subway. 
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TABLE 1-3 Estimated TBM Excavation Rates 

Formation Type 

AllUvium 
A1 - Granular 

A2 - Fine-grained 

A3 - Granular 

- Fino-grained 

Soft-ground Formations (C) 
SI ltstone, Sandstone 

Hard-rock. Formations (1) 
Sandstone 

!sa1t 

FaUlt Zoné 

Oil and Gas Zones 

Estimated Advance Length of 
(ft/day) Turthel in PercelitagO 

(three 8-hr shifts) Formation 
Cf U 

20,0004* 20 

40 - 60 3,000 3 

70 - 100 20.000 20 

70 - 100 40300t 40 

20 - 50 7,000 7 

20- 50 7,000 7 

20 - 50 3,000 3 

100,000 tool 

Reduce above by 16,000 101 - 501 

*These lengThs will vary depending on final grade of subway. 
**We recanmend cUt-añd-&over excavation for certain Young Alluvium reaches, 

mainly to avoid tunnel log in saturated, loose alluvium. 
tprogress In Puento Forrnati6n may be sIightl less tPlan In Férnando For- 
mat Ion. 

There are other vSriables in a4dition to ground conditions which can affect 
machine excavation rates, including skill of the operator and reliability of a 

particular michine. These estimated excavation rates are based on the assump- 
tions of éxperiehced crews and average machine downtime for maintenance. 

7.7 UNDERROUND CONStRUCTIoN CONS IDERATI ONS BY REACH 

The geology along the proposed Metro Rail alignment, including a description 
of the stratigraphic Units and ground water conditions, was given in Section 
4.0. Physical ropertiOs of the different geologic units was given in Se- 
tion 5.3. 

Geologic units have been ccmbined on the basis of similar properties to devel- 

op a profile along the alignment that shows anticipated tunneling ground con- 

ditions. The geologic profile (Drawing 2) is divided into eight reaches on 
the basis of predicted ground conditions. 
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7.7.1 Reach 1 Downtown-. Los Anaeles River 

This reach etends tram the east Portal to the Hollywood Freeway and includes 
Borings CEG I through 6. 

7.7.1.1 General Description of Reach 

The portion of this reach tram the east Portal to the Los Angeles River is 

underlain by siltstone, claystone and sandstone of the Puente Formation (Unit 
C), with Ovarblu den up to 30 feet thick consisting of cOrse-grained old 
alluvium (Unit A3). fran the Los Angele.s River westward, the claystoie sur- 
face dips steeply, and the overburden, which donsists of river áhannel depos- 
its, thickens to 100 feet at Boring CEG 4 (Drawing 5). Between Borings CEG 5 

and 6, the micro-gravity surveys Indicate that the overburden may reach a 

thickness of 130 feet. The river channel deposits consist predominantly of 

granular sands with some lenses of fine-grained sand and gravels. The gravels 
include cobbles up to 8 inches in diameter and possibl' larger. Surface expo- 
sures (prior to lining the Los Angeles River) of the Young Al luvium indicate 

boulders up to 4 feet in diameter. Although it is assumed that this alluvial 
unit wil I contain similar boulders at depth, the actual qUantity of boulders 
is unknown. Between Boring CEG 6 and the Hollywood. Freeway, the alignrhent 

crosses the west side of the river channel where the overburden decreases in 

thickness and the claystone surface rises to withIn 10 feet of the ground sur- 

face. 

7.7.1.2 Shallow Tunnel and Cut-and-Cover 

A bored tunnel 30 to 130 feet beneath the surface will pass through a consid- 
-erable length of alluvium with a ground water table that was measured between 

20 and 35 feet beneath the surface in the winter of 1981. A tunnel passing 
through these materials could expect flowing ground conditions (Table 7-4). 
Flowing ground caused by saturated alluvium can be control led by surface 
dewatering with wells drilled into the alluvium below the tunnel invert. 

Total dewatering of the tunnel section will minimize but not entirely do away 
with stability problen at the tunnel fate and could cause some ground settle- 

ments. Settlewents are expected to be minimal in these granular materials 
unless the water table were lowered in excess of about 50 feet. These al lu- 

vial materials are estimated to have a permeability on the order of, or 

exceeding, 1O cm/sec. Assumin a saturated thickness of 100 feet, trans- 

missibi I ity would be on the order of 100,000 to 200,000 gallons per day per 

foot. If extensive dewatering Is epvisioned for construction, a full-scale 
pump test in thi.s area is recommended. ThJs will provide the detailed intor- 

mation needed by contractors for design and bidding a dewãtelring system. 

Driving the tunnel using high compressed air may be difficult, if not impos- 

sible, due to the difficulty anticipated in maintaining the required air pres- 
sure in the coarse gravels. Compressed air tunneling at depths of 60 to 80 
feet or more below the water table is likely to be uneconomical. 
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A combination of partial dewatering and the use of lower conipressed air pres- 
sure in the tunnel is another method of driving a tunnel through these mate- 
rials. EPE or slurry shields are also adidates for tunneling in this reach. 
Chemical grouting could also be useful In limited areas with critical ground 
support problems. 

Cut-and-cover construckion across the wet alluvium appears more feasible. 
Most of the excavation would be above the water table1 with only minimal 
dewatering required. Cut-and-cover construction would require crossing the 
concrete channel of the Los Angeles River, as wel I as several existing rail- 
road tracks. 

The quality of ground water in Reach 1 is poor and is likely to be corrosive, 
requiring special type of cénient. Borings CEG I and 3 contained sulfate 
exceeding 150 ppm, a level considered deleterious to cement. The total dis- 
solved solids (los) ranged fran 412 ppm (Boring CEG 2) to 20,230 ppm (Bdrin 
CEG 6). The high lOS i.n CEG 6 is due to sodium chloride water (NACL), appar- 
ently originating frau the nearby Union Station oil field as a brine. 

Traces of gas were encountered in Borings CEG 1 through 4 along this reach, 
but gas was not detect In Borings CEG 5 and 6. Based on these results, 
classificatoIps assigned to this reach are: gassy fran the beginning of the 
line to Boring CEG 4, and potentially gassy from Boring CEG5 to the Hollywood 
Freeway. This gas probably originates in the Puente Formation beneath the 
alluvium. 

TABLE 7-4 

CiaSajficatiOn Behavior rypiol Soil Types* 

I 

Heading can be advanced without initial support, and finel lining Losss above water table: hard clay, marl, cemented 
can be constructed before ground starts to move, sand and gravel when not highly overttressed. 

Chunks or flakes of material begin to drop out of the arch or Residual soils or sand with small amounts of binder may 
Slow raveling walls sometime after the ground has been exposed, due to befait i'aelin bolàw the wer table, slow raveling 

R v In e I 

loosening or to overatress and 'brittle" fracture ground separates above, Stiff fissured clays may be slow or fast raveling 
or breaks along distinct surfaces, opposed to squeezing ground). depeiidinj upon degree of overstress. 

Fast raveling In fast raveling ground, the process starts within a few minutes, 
otherwise the ground is sJov raveling. 

Ground squeezes or extrude, plastically into tunnel, withoue Ground with low frictional strength. Rate of squeeze 
visible fracturing or loss of continuity, and without perceptible depends on degree of overstress. Occurs at shallow to 

ue n q e I g 
increase in'wat.r content, Ductile. plistic yield and flow due to medium depth in clay of very soft to medium consis 
overstress. sency. Stiff to hard clay under high cover may move 

in combination of raveling at execution surface and 
squeezing at depth behind eurface. 

rose,ive.wnning Granulat matetials without cohesion are unstable at a slope Clean, dry granular, materials. ftvppafent cohesion in 
S grüter than their angle of repose I' 3Q0_350), When exposed moist sand, or weak cementation in any granular toil, 

Running at steeper slopes they run like granulated sugar or dune sand m'ay allow the material to stand for a brief period Of 

unning until the slope flattens to the angle of repose. raveling before it breaks down and runs. Such behavior 
is cohesive.running. 

A mixture of soil and water flows into the tunnel like a viscous Beiow the water table in silt, sand. or gravel without 

F owing 
fluid. The material can enter the tunnel from the invert as well e?sough clay content to give significant cohesion and 
as from the face, crown, and walls, and can flow for great plasticity. May also occur in highly sensitive clay when 
distances, completely filling the tunnel in some cases. such niátériai it disturbed. 

Grosnd absorbs water, increases in volume, and expands slowly Highly priconsolidated clay with plasticity index in 
Swelling into the tunnel, excess of about 30, generally containing significant 

percentages of mont morillonite. 

lnciudés weak Rock Types 

Ret: Tuñneiman's Ground Classification (modified from Heuer, 1974, as modified from Terzaghi, 1950) 
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7.7.1.3 Deep Tunnel 

A tunnel constructed as much as 150 feet in depth would be contained in clay- 
stone of the Puente Formation. The tunnel could be 150 feet below the-surface 
beneath the river channel and stilt maintain a grade of less than 6 percent. 
The advantages of better ground conditipns would have to be weighed against 
the disadvantages of constructing a deep station at Union Station (Table 7-i). 
The claystone unit (Unit C) can be excavated by TBM as described ih paragraph. 
7.1.1. Of particular note in the characteristics and ex.cavatability of this 
formation are the hard calcareous sandstone beds or concretions that are occa- 
sional ly encountered. Thes.e beds appear to range in thickness from 2 inches 
to 2. feet. However, because of changing dip of the formation, it is pos- 
sible to encounter a section of tunnel wherein a hard calcareous bed may per- 
sist In the tunnel taco for a considerable distance. The calcareous sandst&e 
has a compressive strength which ranges from 5,000 to l5000 psi (see Settion 
6.5.5). These beds have been Of sufficient hardness to cause bending of the 
shield cutting edge in the LACFCD Sacàtella Tunnel (Seátion 6.5). This.poten- 
tial mixed face condition in the Puente Formation should be considered when 
selecting excavation equipment for this reach of the tunnel. 

Laboratory tests of Unit C in this reach (aside from the hard beds) give val- 

ues as follows: 

Puente Formation 

lktccnfined canpressive strength (Qu) - Range IC to 175 psi; average 79 psi 
(20 tests) 

Aside fran the occasional hard. cemented sandstone beds, the materials would 
excavate quite rapidly with most mechanical excavating equipment. With rocks 
of these general strengttis, light to moderate squeezing of thegto.tind on the 
shield and support system should be anticipated because of overburden pressure 
(depending on tunnel depth). 

Intormation from the bQring logs lhdicats that bedding in the claystone unit 
dips between 10° and 60°, with average dips of 40° to 60° frSn the horizontal. 
Although th.e direction of dip cannot be determined fran the borings, projec- 
tions fran surface outcrops suggest that the bedding is inclined to the south 

or southwest. Based on this projection, the stiike of bedding will nearly 

parallel the tunnel along this reach. This orientation ot bedding means that, 
where occasional hard cemented beds are encountered, they wi I I follow the 

tunnel alignment for sane distance. 

A deep tunnel would be below the ground water table throughout this reach. 

The formation is general ly impervious and large ground water inflows would not 

be expected. Dripping cond.itions would likely be common, and some localized 
measurable flows can be expected. 

Quality of water in the claystone unit 
the overlying alluvium. That water is 

VolJme Il), and could be cOrrosiVe to 

lining systems. 

is probably similar to ground water of 
of very poor quality (see Appendix G, 

iniproperly designed concrete and metal 
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A fault has been inferred by previous investigators to account for the step in 

the buried claystone surface near the Los Angeles River, although this step 
could also have resulted simply from erosion of the river channel. The Puente 
Formation has been folded and faulted, as evid&iced in surface outcrops, so it 

is likely that many small faults will be encountered in the tunnel. Ground 
conditions at the fault zones are probably nOt significantly different from 
conditions in the unfaulted, thinly bedded, sedimentary rocks of low hardness 
that comprise the claystone unit. Some fault zones may, however, provide 
local ized sources of ground water seepage, and provisions should be aval table 
to handle occasional small water flows and raveling ground at the face, In 

addition, fault zones may contain- altered-.materials with physical properties 
different from that of the wall rock unit, such as swelling and/or slaking 
characteristics. Design of the permanent lining shpuld provide for proper 
draiiage and rsioval of water within the tunnel. 

7.7.2 Reach 2 - Broadway to Harbor Freewa 

Reach 2 extends fran the Hollywood Freeway to the Harbor Freeway and includes 
Borings CEG 7, 8 and 9. 

7.7.2.1 Général Description of Reach 

Beginning at the Hollywood Freeway, this reaáh is claystone (Unit C) with 
only a few feet of al luvial overburden at ground surface. The overburden 
increases in thickness along the alignment towards Broadway, reaching a depth 
of about 40 feet near 4th Street. The remainder of this reach crosses an 

ancestral channel of the Los Angeles River re the Overburden is at least 
130 feet thick. The west side of the channel is Orossed near 7th and Hope 
Streets, and the overburden decreases in thickness from about 55 feet near 
BOring CEG 9 tO about 10 feet at the west side of the Har'bor Freeway. The 
overburden materials in this reach are Young Alluvium deposits consisting 
primarilyof dense sands (Unit A1), but Including lenses of stiff clay (Unit 

A2) up to 40 feet thick and medium dense cobbly sand (Unit A1). Through 
this reach, the claystone (Unit C) is the Fernando Formation. Properties of 

this formation are essentially the same as those of the Puente Formation, 
except that the hard calcareous beds and concretions appear less frequently in 

the Fernando Formation. 

7.7.2.2 Shallow Tunnel and Cut-and-Cover 

Along the first part of this reach, Hollywood Freeway to 4th Street and 

Broadway, the thost favorable tunneling conditions will be in the claystdne 

(Unit C). Tunneling conditions will be similar to conditions described ftr 

Unit C in Reach 1, except that hard sandstone beds. are less frequent. From a 

geotethuical standpoint, the design of the tunnel profile is quite flexible 

along this part of the reach. The profile should be deep enough to maintain 

at least one tunnel diameter of claystone above the tunnel crown. 

Bedding in the claystone dips about 600 in Boring CEG 7; 
50 to 10° in Bor- 

ing CEG 8; and about 30° In Boring CEG 9. Projections from surface out- 

crops suggest that the beds are inclined to the south or southeast. The 

strike of beds will be at high angle, or nearly perpendicular to the tunnel 
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alignment along the Broadway segment of this reach. Hard, cemented beds will 
be encountered in the crown of the tunnel, projecting towards the invétt as 
the face advances toward the Harbor Freeway. Where the al igrUnent turhs onto 
7th Strelet, the beddin will becothe nearly parallel to the tunnel, inclined 
from the upper right to lower lef-t side of the face. Small faults can be 

anticipated in the claystone. 

Laboratory tests give the following strength values for units in this reach: 

Young Alluvium 

Undrained, Quick, Direct Shear - 0 - Range = 28' to 38°; average 3Y 
(2 tests) C - Range = 0 to 1.0 kst; average Q.5 ksf 

Puente Formation 

lh,ccntined Compressive Strength (Qu) - Range = 36 to 107 psi; average 70 psi 

(9 Tests) 

For the remainder of the reach1 4th Street to Harbor Freeway, a shallow tunnel 
cOuld be driven through the alluvial channel deposits, mainly above the water 

table. Ground water across this reach àppeàrs to be at the ailuvial-claystone 
contact except across the center of the old alluvial channel, where it i.s on 

the order of 100 teet below the surface. Tunnel excavation conditions would 

be more favorable than those ground conditions anticipated in the wet alluvium 

in Reach 1. Available data indicate the alluvial material to be generally 
moist, dense sands; slow raveling ground conditions are anticipated. Fast 
ravelling to running ground conditions could be encountered where lenses of 

sand with little or no cohesion are penetrated. SettlSient of the surface 

should hot be a problem, provid.ing the cOntractor Uses proper excavation and 

support techniques and accomplishes the backfill operation behind the initial 

support in a timely fashion. 

Cut-and-cover line construction would be a shallow tunnel. Any advahtages 

would have to be balanced against the problems of dealing with utilities, sur- 
face obstacles, and traffic congestion. Geotechnical ly, there does not appear 
to be a significant advantage between cut-and-cover I lne construction and tun- 

rel construction1 except that the open excavation may allow more flexibility 
to handle large boulders if randomly encountered in the alluvial deposits. 

The alluvial deposits are not expected to be gassy, although gas was encoun- 

terEd in Boring CEG 8, Gas was not detected in Borings CEG 7 and 9. This 

reach has been given a classification of potentially gassy. 

7.7.2.3 Deep Tunnel 

A deep profile would be driven below the alluvial channel in the claystOne. 

This deep alignmlent would encounter favorable tunneling conditions, but would 

require the mining of two deep stations approximately 100 and 180 feet deep. 

At depth close to 200 feet, ground squeeze behavior may become apparent (see 

Section 7.1.1.4). Tunneling conditions through the claystone (Unit Cw) of the 

CWDD/E8A/GRC I-i 17 



Fernando Formation would be similar to those previously described. As previ- 
ously noted, the Fernando Formation appears to have less frequent occurrences 
of the hard calcareous beds that can slow mechanical excavations. However, 
sane occurrences of the hard beds can be expected. A deep alignment would be 
dri''ei beneath the water table. The clay units of this reach, similar to 
those in Reach 1, are general ly of low permeability, and large water flows 
would not be expected. Dripping conditions and occasional small fldwscan be 
expected fran the more sandy beds and at fault zones in the formation. 

7.7.3 Reach 3- East Wilshire Boulevard 
Reach 3 extends tran the Harbor Freeway to Normandie Avenue, and includes 
Borings CEG 10 through 14. 

7.7.3.1 General DescriDtion of Reach 

Geologic conditions along this reach between the Harbor Freeway and Normandie 
Avenue are relatively uniform. The overburden ranges in thickness from about 
20 to 40 feet and primarily consists of stiff clays (Unit A4) with a few 

lenses of dense sand (units A1 and A3). Interbedded claystone, siltstone 
and sandstone Of the Puente Forthation (Unit C) underlie the overburden. 

7.7.3.2 Shallow and Deeo Tunnels 

Tunneling along this reach within the claystone (Unit C) at depths between 
about 40 to 200 feet should be favorable. A deep profile through this reach 
would minimize the influence fran foundation loads of the tall strUctures 
along Wilshire Boulevard. However, profiles apprdsching 200 feet deep will 

have a tendency for squeeze behavior in the weaker beds of the Puente For- 

mation, due to overburden loads (see Section 7.1.14). Tunneling conditions 
in the claystone will be similar to those conditions described in subsec- 
tion 7.7.1.3 for Reach 1 in the Puerite Formation. The potential for hard 
lenses will. likely affect design of the excavation equipment. Bedding dips 
about 20° to 55°, generally to the southwest, so that the strike is nearly 
parallel to the tunnel alignment. Stations along this reach can be either 
mined in the claystone or constructed by open-cut methods (Table 7-1). At 
least one tunnel diameter of claystone cover should be maintained o.ier the 
crown of the tunnel. 

Laboratory strengths of Unit C in this reach are as follows: 

Unconfined Canpressive Strengths (Qu) - Range 7 to 157 psi; average 66 psi 
(39 tests) 

A perched ground water level occurs within the overburden. A permannt water 
level occurs within the claystone unit at depths of 140 to 180 feet. Near 

MacArthUr Park, the perched ground water level is near the-ground surface. 

The claystone unit has a low permeability and large inflows of water are not 

expected. 
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The eastern part of the reach, including Borings CEG 10 through 12, has been 
assigned a classification of gassy, and minor oil seeps should be expected. 
The remainder of the reach is classified as potentially gassy, with occasional 
minor oil seeps anticipated. 

Geotechnicaily, tunneling is preferred over cut-and-cover line construction in 

Reach 3. 

7.7.4 Reach 4 - Central Wilshire Boulevard 

This reach extends from Norinandle Avenue to La Brea Avenue and includes Bor- 

ings CEG 15 through 18. 

7.7.4.1 Geiffiral Description of Reach 

Fran Nohnandie Avenue westward, the sulfate of the claystone (Unit C) slopes 

downward to a depth of about 90 feet at Boring CEG 15, remaining at this depth 

to La Brea Avenue. Throughout the reach, the claystohe is ovérlain by the San 
Pedro sand (Unit SP), which has an average thickness of abdut 20 feet. The 

San Pedro sand is relatively clean, cohesionless, and is saturated. The San 

Pedro sand is overlain by 50 to 70 feet of Old Alluvium, consisting primarily 

of stiff clay and dense sands (units A4 and A3, Drawing 2). 

7.7.4.2 Shallow Tunhel 

A shallow alignment would best be located in the Old Alluvium at relatively 

shallow depth, with the intent of avoiding the San Pedro sand. Tunneling con- 

ditions in the San Pedro sand are expected to be poor, with raveling to flow- 

ing ground conditions possible. Perched ground water level is at depths of 20 

to 30 feet. Therefore, a tunnel driven in the Old Al luvium would be below or 

partially below the perched ground water level The A4 Unit i.s generally 

very stiff to rard cohesive clay alluvium. Laboratory tests gave the follow- 

ing strength values for geologic units in this reach::. 

Old Alluvium 

Uncontined Canpressive Strength (Qu) - Range = 37 to4O psi; average 39 psi 

(3 Tests) 

Uñdiained, Quick, Direct Shear - - Range 23.5' to 33'; average 29' 

(3 Tests) C - Range a 0.46 to 1.25 ksf; average 0.93 ksf 

San Pedro Sand 

,dr-ined, Quick, Direct Shear - 6 - Range = 32' to 33; average 32' 

(3 Tests) C - Range = 0.07 to 0.29 kst; average 0.18 kst 

Blow count, N-values, through the ¼ unit range fran 14 to 50+ with the 

greatest number in the 20 to 30 range. The A3 material is generally dense 

to very dense, coarse-grained al luvium. Blow counts again are in the 10 to 50 

range, with the greatest number in the 20 to 30 range. The cohesiveness and 

density of the A4 unit indicate that this material would be conducive to any 
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ot the mining techniques discussed In section 7.4. Loose sands could be en- 
countered in the A3 unit. Therefore, running or flowing ground is a pos- 
sibi I ity depending on the ground water conditions. Some dewatering of the 
alluvium from the surface could be done, although the permeability of the Old 
Alluviim is expected 1-b be erratic, and surface dewatering would be only 
partially successful. 

This reach has been classitled as potentially gassy. 

7.7.4.3 Oeep Tunnel 

A deep tunnel (greater than 110 feet) could be confined to more favorable 
tunneling ciqriditions In the claystone. The claystone unit includes materials 
of the Puente and Fernando formations. Bedding dips range from about 100 to 
500 toward the southwest, with average dips of 200 to 40°. Tunneling condi- 
tions In the claystone would be similar to those previously described. Some 
mixed face conditions should be anticipated in claystone throughout this 
reach; because several hard sandstone beds were encountered in the drill 
holes, Which varied In thickness from less than oninch to threfeet. 

CIaystoie units through this reach gave test results as follows: 

u,confined Canpressive Strength (Qu) - Average 124 psi 
(20 Tests) 

The perched ground water level is at depths of 20 to 30 feet. A deeper perma- 
nent water level was recorded in the claystone at depths of 140 to 160 feet. 
As previously stated, the permeability of the cIystone units Is generally 
low, and althOugh the materials might be saturated, large water flows are not 
ex oected. 

7.7.5 Reach 5 - La Brea Area 

This reach extends from La Brea Avenue to Melrose Avenue and includes Borings 
CEO 19 through 23A. 

7.7.5.1 General Descriot.ion of Reach 

In the most eastern segment of this reach, between Borings CEG 18 and 19, the 
claystone unit Is at depths of 60 to 85 feet. The clayflone is overlain by 

Sap Pedro sard (Unit SP) ranging in thickness from 20 to 30 feet, and by Old 

Alluvium consisting of stiff clay (Unit A4), which ranges in thickness from 

about 30 to 60 feet. 

At Fairfax Avenue the alignment turns north and the surface of the claystone 
unit is at a depth of about 150 feet near Boring CEG.21. Near old Boring WC-7 
the claystone is at a depth of 110 feet, then at depths of 200 feet or more at 
Borings CEG 22 and 23. Where the claystone surface steepens, both the overly- 

Ping San Pedro sand and the Old Alluvium increaèe In thickness. San Pedro sand 

is 150 feet or more thick near Boring CEO 23. Old Alluvium is nearly 140 feet 
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thick near Boring CEG 23A. From about Boring CEG 22 nOrthward, theOld Allu- 
vium (Unit A4) is overlain by a thickening blanket of Younger Alluvium (Urlit 

A2) consisting mostly of clay and silt. 

This reach is adjacent to the Là Brea Tar Pits, the Salt Lake Oil Field and 
South Salt Lake Oil Field (DrawIng 1). A number of faults have been mapped by 

the oil companies in the Puente Formation (Unit C) including the 3rd Street, 
6th Street and San Vicente faults. These faults are oil traps in the forma- 
tion1 and In some places provide conduits for upward migration of oil and gas 
into ovtlylng materials such as San Pedro sand arid alluvium. This upward 
rnigtation of oil along faults and fractures has resulted in the forinãtioñ of 

the La Brèa Tat' Plflo. The San Pedro sand is impregnated with oil and tar 

throughout most of this reaôh, and lenses of tar sand were encountered in the 
overlying alluvium, particularly in the vicinity of the La Brea Tar Pits. Gas 
was encountered in most of the borings along this reach. This reach has been 
classified as gassy, necessitating extra precautions for tunnel construction. 

AdditiØnally, unchartöd, abandoned oil. wells might be Sncountered during tun- 
heling in tbis reach. (Drawing 1 shows location of nearby known oil wells.) 

7.7.5.2. Shallow Tunnel and Cut-and-Cover 

A relatively shallow tunnel through the north-south part of this reach is 

estimated to encounter the most favorable tunnel Ing conditions. Ideally the 

tunnel should be kept above the San Pedro sand, where possible, while main- 

taining about 40 feet of cover in the alluvium. Exploration data indicate the 

San Pedro sand to be uncemented and saturated with gas, oil and tar products. 

The Old Alluvium Whit A4) is stiff to hard and generally of low permeabil- 

ity, It is possible that portions of the rnloré grénulalr A3 materials will be 

encountered.. Exploration data indicate that a shallow profile would encounter 

less of the oil-saturated ground, except in the immediate vicinity of th.e La 

Brea Tar Pits. Gas can be expected in any portions of the tunnel as persis- 

tent seepage. High gas pressures are not believed to be present. Localized 

areas adjacent to structural folds and faults which may form traps may have 

gals under some pressure1 however.. Much of the ground may be oil-saturated, 

although flOvis of oil are expected to be small, yet persistent, particularly 

in the vicinity of some of the projected faults. Possible excavation equip- 

ment includes breasted hlelds with mechanical diggers or wheel-type excava- 

tors. Consideration shoUld be given to the effect of oil-saturated ground and 

tar on equipment. Explosion-proof equipment, as well as abundant ventilation, 

are required for tunneling through gassy reaches. 

Laboratory data for materials of this reach include the follo.win: 

Old Alluvium 

Undrained, Quick, Direct Shear - - Range = 4.5° to 39.5°; average 330 

(10 Tests) C - Range = 0.26 to 2.64 ks; average 1.20 ksf 

° San Pedro Sand 

Undrained, Quick, Direct Shear - $ - Range = 29 to 35°; average 32° 
(7 Tests) C - Range = 0.25 to 0.56 ksf; average 0.39 ksf 
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Perched gtound water is found from 10 to 20 feet deep along this reach but 
should drain away within a few days. 

Although other reaches of the Metro Rail alignment are known to contain gas, 
gas seepage into the finished tunnel is expected to be worse in this reach. A 

secondary lining with special provisiOns to prevent gas seepage may be neces- 
sary through this reach. The exact locations of gas seepage should be mapped 
during tunnel ecavatioh to give required limits of the secondary lining. 

Cut-and-cover line construction is an alternative Through this reach,, espe- 
cially nor-th of Wilshire Boulevard. Such construction would have th,e distinct 
advantage of venting gas to the atmosphere. Unanticipated problems with oil 
seeps might be more easily handled in an open excavation. The advantages of 
such construction must be weighed against the disadvantages of attempting sur- 
face excavation in a busy urban area, along with The problem of handling util- 
ity lines which dross the excavation. 

7.7.5.3 Deep Tunnel 

An alternative profile would be a deep tunnel (approximately 120 feet deep) 
driven in The claystone unit. This alternative is preferred between the pro- 
posed La Brea Avenue and Fairfa Avenue stations1 under Wilshire Boulevard. 
North of WI Ishire Boulevard, the de,eper tunnel alternative is not preferred, 
as it would require a minimum tunnel depth of about 180 feet between the 
proposed Fairfax Avenue and Beverly Boulevard stations. Beyond the Beverly 
Boulevard Station The depth of the claystone is unknown, as Borings CEG 23 
through 25 did not reach The claystone. Therefore, a deep tunnel here would 
pass out of the claystone and into San Pe4ro sand where it would be necessary 
to tunnel several thousand test through that unit. Abundant Oil seeps and, gas 
would have to be anticipated.. 

The claystone in this reach is part of the Fernando Formation. Tests of This 
material indicate the followina: 

th%cGntlned Compressive Strength (Qu) - Range 3.5 to 99 psI; average 5,6 psi 
(18 Tests) 

NurSrous faults should be anticipated through this reach. Oil, gas an water 
as initial surges, continuing as seepage, would be anticipated problerrs asso- 
ciated with any of these faults. 

A perni6net water level exiSts within or at the upper contact of the clay- 
stOne. 

7.7.6 Reach 6. Hollywood Area 

This reach1 extending from Melr'ose Avenue to Yucca Street, includes Borings 
CEG 24 through 28. 

- 
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7.7.6.1 General Description of Reach 

This reach through Hollywood crosses a deep alluvial basin where the clay- 
stone unit Is at depths below 200 feet (Drawing 2). It contains Old Alluvium 
mantled by 50 to 90 feet of Young Al luvium. The Old Alluvium consists gener- 
ally of stiff sandy clay and clayey sand (Unit A4)1 with lenses of d@se 
silt9 and (Unit A3). The Vug Alluvium is composed of firm to stiff clays 
and silts (Unit A2) with lenses of compact medium dense sand (Unit A1).. 

7.7.6.2 TunnelinQ Considerations 

The most favorable ground conditions for tunnel construction for-the first 
three miles of the reach is in Old Alluvium at depths below about 70 feet. 
Above that depth a tunnel alignment would encounter substantial lengths of 

Young Alluvium (Unit A2) with a high water table. Ground conditions in the 
Older Alluvium will generally be firm ground. This material is similar to the 

Old Alluvium in the Sari Fernando Tunnel where rapid IBM excavation progres 
was achieved (see Section 6.1). Limited occurrences of flowing ground .hould 
be anticipated if lenses of saturated coarse-grafted (Unit A3) Old Alluvium 
are encountered. 

Laboratory tests of samples from this reach gave the following values: 

Young Al luviuni (Unit A2) 

Lhconfined Canpressive Strength (Qu) - 72 psi 

(1 Test) 

Undrained, Quick, Direct Sheer 
(6 Tests) 

Old Alluvium. (Unit A4) 

$ - Range = 20° to 39.5'; average 30° 

C - Range = 0.18 to 1.12 ksf; average 0.70 ksf 

Unconfined Caripressive Strength (Qu) - Range = 2S to 94 pl; average 50 psi 
(14 Tests) 

Undrained. Quick. Direct Shear - $ - Range 5° to 40°; average 29° 
(10 Tests) C - Range = 0.64 to 2.58 ksf; average 1.35 ksf 

Ground water along most of this reach is probably perched within the more 

shallow sand lenses above the stiffer relatively impervious clays. Depth to 

water in the winter of 1981 ranged from about 90 to 100 feet in Borings CEG 24 

and 25, to 25 to 30 feet In Borings CEG 26 and 27, although the cores did not 

appear to be saturated below these depths during drilling. Occasional water 

seeps can be expected In the A4 unit of the Old Alluvium, although large 

flows are not likely. Penetration of lenses of the more -granular A3 mate- 

rial may result in inflow of stored water into the tunnel. Such flows, which 

could be measured in hundreds of gal Ions for a short duration, would normally 

be expected to drain themselves within a period of several days. 

Gas was not detected in any of the borings along this reach. Therefore this 

reach is classified as non-gassy. 
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Cut-and-cover line construction should be considered along the northern end of 
this reach, along Cahuenga Boulevard. Here the abthidance of sand lenses 
increases, becoming coarser and more gravelly, and a higher perched water 
table exists1 30-60 feet deep. Cut-and-cover line construction would avoid 
tunneling through the sandy and gravelly ground along this part and would also 
allow for a shallow excavation above the water table for the proposed Holly- 
wood Station. Cut-and-cover line segment may simplify construction where 
crossing the active Hollywood fault at the end of this reach. 

7.7.7 Reach 7 -Santa Monica. Mountains 

This reach extends fran Yucca Street 1-b Universal City Station and includes 
Borings CEG 28A through 34. 

7.7.7.1 General Description of Reach 

This reach crosses the Santa Monica Mountains and will be the only hard rock 
reach along the 18-mile alignment (Drawing 1). The Tbpanga Formation rocks, 
from south to north, include: 

o hard, wel l-cauented massive sandstone and conglomerate with local soft, 

thin siltstone beds 

basalt, which is deeply weathered at the surface, but hard and jointed at 
tunnel depths 

o relatively soft, thinly bedded slltstone, with local hard sandstone beds. 

Based on surface outcrops and cOre bdring data, these rocks have been classi- 
fied according to Terzaghi rock condition numbers, as shown on Drawing 2. In 

general, the sedimentary rocks range from hard and stratified to moderately 
blocky and söamy. At tunnel depth the basalt is generally massive, to moder- 
ately jointe. 

Five major fault zones--the Hollywood, Hollywood Bowl, Benedict Canyon, and 

two unnamed faults--cross the tunnel alignment. Crushed rock and fault gouge 
should be anticipated In the fault zones, with zones of very blcky and seamy 
rock on each side of the faults. Squsezing or swelling ground is posible in 

the vicinity of the major fault zones. The width of each individual fault 

zones is not known, but is believed to be several hundred feet. 

Throughoit nibst of this reach, the sedimentary rocks are steeply dipping, in 

the range of 40° to near vertical. Bedding strikes at 30° or more to the tun- 

nel alignment. Major fault zones cross the alignment at nearly right angles. 

With this orientation, most zones ot weak or seamy ground will be drossed in a 

distance about equal to the width of the zone. 

7.7.7.2 Tunineling Considerations 

Tunnels can be driven through these rocks by conventional drill and blast 

methods, or with a properly equipped hard-rock boring machint (IBM). Differ- 

ent methods of initial support can be used in this reach, depending upon the 
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construction method selected. Throughout most of the reach1 the arch can be 
stabilized with rock bolts (O'Neill, 1966). More extensive supports, such as 
conventional steel ribs and lagging, will probbly be needed in the fault 
zones. Rock bolts could be the standard expansion shel I type. Epoxy resin- 
anchored bolts will be more effective in some of the low hardness and seamy 
rock areas. If TBM excavation is considered, the machine must be designed for 
the placement of initial support, such as steel sets and lagging or rock 
bolts, close behind. 

Mixed face conditions should be e4ected at each end of this reach where the 
hard rock drops beneath the Hollywood and North Hollywood alluvial basins 
(Drawing 1). 

If a cut-and-cover line alternative Is selected for the north end of Reach 6 
along Cahuenga Boulevard, the south Portal for Reach 7 can be constructed in 

rock just north of Boring CEG 29. At the north end of Reach 7, the rock 
surface slopes beneath the alluvium more gradually. A transition frthi rock to 
alluvium, with mixed face conditions, must be expected. 

Hai'dness and uncbnfined ccmpression strength tests for machine borability were 
conducted on several of the competent core samples by IBM manufacturers.. Re- 
sults of these tests are included in Appendix 1, Volume II, but some uncon- 
fined compressive strengths are also tabulated below: 

Weak Topaga Formation 

Unconfined Compressive Strength (Qu) - Range = 326 to 775 psi 
(1 hole - 2 Tests) 

e Massive Topanga Formation 

Unconflned Compressive Strength (Qu) - Range 3,622 to 9,072 psi 
(1 hole - 2 test5) 

Fractured Basalt 

1kconflned Compressive Strength (Qu) - Range 1,811 to 5,040 psi 
(1 hole - 2 tests) 

° Massive Basalt 

Uncanfined Canprissive Sti'ength (Qu) - 9,300 psi 
(I Test) 

A ttnel thtdugh the Santa Mnlca Mountain! will be below the ground water 
level (Drawing 2.). The generally dripping conditions Should be expected with 
occasional flows of up to several hundred gallons per minute (gpm). These 
large flows should diminish within a few hours to a few days. The records 
from the two tunnels previously driven through the Santa Monica Mountains 
suggest the flows of water that can be anticipated (Sections 6.3 and 6.4). 
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The 9-foot-diameter L.A. Sewer Tunnel was constructed in 1954-56 by drill and 
blast methods, It traverses through the Santa Monica Mountains near the pro- 
posed Metro Rail alignment, but at a higher elevation (Drawing 1 for location, 
and Drawing 11 for subsurface location) relative to the proposed Metro tunnel. 
This sewer tunnel encountered inf lows greater than 100 gpm for a few hours to 
one day at 7 locations along its 2.8 mile length. Maximum water flow from the 
down-gradient south portal was reported to be 1,200,000 per day çgpd), or 800 
gpm with average flows between 100,000 and 400,000 gpd (Figure 6-2).. Based on 
the final selected tunnel grade, the Metro Rail tunnel could pass ulder the 
existing L.A. Sewer Tunnel (Figure 6-2). 

MWD's Hollywopid Tunnel (Figure 6-3) was coristruçtéd in 1940-41 by drill end 
blast methods. It is located at about elevation 770, about 300 feet above the 
L.A. Sewer Tunnel. For a few hours, maximum ground water inflow was 600 gpm, 
from water stored in fractured basalt. Most common water sources were seeps 
that total led 250 gpm (maximum) at the downslope portal (vs. 800 gpm in the 
L.A. Sewer Tunnel). 

Gas was not detected in any of the borings drilled thbughbut this reach, nor 
was gas reported in the p&evious two tunnels. Therefore, Reach 7 is classi- 
fied as non-gassy. 

7.7.8 Reach 8- San Fernando Valley 
This reach, which extends fran Universal City Station to the north Portal, 
incluØe Borings CEG 35 thlrough 38. 

7.7.8.1 General Desdription of Reach 

The San Fernando Valley Reach is underlain by a relatively thin layer of 
granular Young Alluvium over a thicker layer of granular Old Alluvium (Oraw- 
ing 2). lnte,bedded claystone and siltstone underlie the alluvial sediments 
at increasing depths as the alignment proceeds northward. At Boring CEG 34, 
the depth to rock is about 50 feet. The rock surface drops to a depth of 
about 125 feet in Boring CEG 35, and to more than 200 feet throughout the 
ranainder of the reach. 

The alluvial sediments consist of 50 to 100 feet of YoUng Alluvium, represen- 
ted predominantly by Unit A1 medium dense, coarse-gtainei sands and gravels. 
The Young Alluvium is underlain by Old Alluvium whióh is predorninantl9' of the 
A3 Unit, dense to very dense, silty to gravel ly sands. Toward the moun- 
tains, layers of clayey and sandy silt are interbedded with the sands. 

7.78.2 Shallow Tunnel and Cut-and-Cover 

If the tunnel profile rises near the surface at the Universal City Station 
and exits the hard rock formations in the vicinity of the Los Angeles River, a 

shal low tunnel alignment within 50 feet of the surface is feasible, but is not 
preferred. Such a tunnel would pass through Young Alluvium (Unit A1) and 
would encounter sands and gravels with the potential for running and ravel ing 
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gtound. The tunnel alignment would be above the water table, hence ground 
water probleins would not intensify the tunneling conditions. Sirhilar to Young 
AllUvium in Raach 1, these alluvial deposits could contain boulders as large 
as 4 feet in diameter. The method selected to drive the tunnel mut be 
capable of handling material that size. 

Labciratory tests of cohesive units of Young Al luvium in this reach gave the 
following results: 

Undrained, Quick, Direct Shear - - Range ' 32.5' to 39'; average 36 

(5 Tests) C - Range = 0.19 to 0.56 ksf; average 0.41 ksf 

Ground water would be encountered at the southern end of thIs reach, where it 
is within 2P teet of the surface, as measured in Boring CEG 34. North of the 
LØs Ang.ele$ River, the water level Is at depths of 125 to 150 feet. This 
water level can Ohang.e radically within one year, depending upon water pumping 
or re-charge by local agencies in San Fernando Valley (Section 4.5 for further 
discussion). 

Gs was not detected in borings along this reach, and therefore it is classi- 
fied as nan-gassy. 

Cut-and-cover cOnstruction Is preferred to tunneling in this reach. 

7.7.8.3 Deep Tunnei 

A deep tunnel is considered feasible through the Old Al luvilum, unit A3. 
Ideally1 the tunnel should be kept above ground water level which, as measüréd 
in 1981, ranged fran a depth of 110 feet in Boring CEG 36, to 140 feet in 
Boring CEG 38. Except for the portion of tunnel leaving the Universal City 
Station, which would be constructed in the relatively hard rock Topanga Forma- 
tion, the tunnel would be driven through Old Alluvium1 predominantly of the 
A3 coarse-grained type. 

tests of the Old Al luvium gave the tol lqwing values: 

Unconfined Conpressve StrengTh CQu - Range 9.3 to 46.2 psi; average 28 psI 
(8 Tests) 

Undrained, Quick, Direct Shear - Range = 6.5. to 40.5; average 34' 
(16 Tests) C - Range = 0.16 to 1.4 kst; average 0.48 kst 

The grOund is firm, but is pOtential ly a running and ravel ing type, which 
could be handled with approriate pfovislons on the shield. 

The tunnel will cross at least 600 teet of saturated Young Alluvium at the 
south end of the reach after exiting the hard-rock Topanga Formation. Flowing 
ground conditiorks in the A1 and A3 units can be expected. With the Los 
Angeles RIvet' above, dewatering of the Young and Old Alluvium by pumping wells 
is probably not an economical solution. FUrther éisploratiop and testing of 
ground water conditions in this area are.necessàry to confirm this conclusTon. 
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Section 8,0:.. 
Aflticipated Ground Behavior in 
Surface Excavations 
8.1 GENERAL 

This section presents an assessment of the anticipated ground behavior in sur- 
face Oxcavätions. The purpose of this assessment is to provide geotechnical 
information suitable for current design, evaluating al ignments, and cost esti- 
mating.. To minimize repetition, this section includes references to other 
sections, particularly previous Section 5.0, Geologic Features of Engineering 
Significance, and Section 7.0, Anticipated Ground Behavior in Underground Con- 
struction, and upcoming Section 9.0, Design Considerations. 

Surface exOavations associated with this project include: 

o Portal excavations 
o Cut-and-cover stations 
o Cut-and-cover line segments 
o Shafts for stations and ventilation. 

To aid in determining the optimum profile elevations, we have evaluated 5ev- 

érai alternative excavation depths, consistent with those depths discussed in 

Section 7.0. 

The primary geotechnical constraints are: maximum practical cut-and-cover 
excavation depths, potential problems associated with cuts into the tar sands, 
and protection/underpinning of existing structures and ground water. 

8.2 SHORING REQUIREMENTS GENERAL CONSIDERATIOI'G 

Owing to the limited 6vailable construction space and nature of the near- 

surface soi Is along the al ignment, virtually all surface excavations will 

require shoring. 

For some grade alternatives being considered, there is the possibility at pro- 
posed stations for constructing shored excavations in excess of 120 feet. 

These depths are unprecedented in the Los Angeles area. There is a practical 

limit to the depth of a shored surface excavation. This limit depends on fac- 

tors including: the ground condition, ground water level, nature ot existing 
adjacent structures and economics. For the purpose of current design and 

cbst estimating, the following limits are noted: 

o Standard Practice 
Shored excavations in the "soft-ground" geologic units (i.e., the Young 
and Old Alluvium, the San Pedro Formation (sand), and the Fernando and 

Puente formations) to depths of 80 feet can be designed and constructed 

along the majority of the alignment, using proven and routinely available 

practices. Exceptions may include Reach 1, an area of high ground water 

table (see Section 8.6) underlain by permeable Young Al luvium, and Reach 5 

in the tar sands (see Section 8.10). 
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o 
State-of-,the-tArt Practice 
Excav&tiOñs iii scess of 60 feet have been successful ly catpieted in the 
Los Angeles area for an al luvium overlying Fernando/Puente Formation con- 
dition, with a current maximum excavated depth ot about 110 feet. However, 
such depth should be considered exceptional, requiring detaile1 analyses, 
since it might not be appropriate for all site conditions. The detailed 
analyses would have to consider subsurface cbnditiOns, excavation geome- 
try, specific design and constructioh procedures (type of wall, etc), and 
adjacent eisting structuresa For purposes of current studies, it is rec- 
ommended that, under ideal cqnditions and with an adequate detailed inves- 

tigation, the maximum practical limit for tieback excavations be about 125 
feet, and for internal ly braced excavations, 150 feet. 

8.3 SHORING SYSTEMS 

There are numerous available shoring systems that could be util ized along the 
alignment, with a wide assortment of specific detailed design and construction 
options. In addition, considering the magnitude of the Metro Rail. Project, 
innovative designs and construction procedures may be developed, particularly 
in cojüriction with experienced contractors. For the purpdsés of this study, 
the shoring systans evaluated were those that appear suitable based on avail- 
able project information and current area practices. The shoring systems dis- 
cussed in this section include: 

o SoldierP.Lle Walls 
These could be Lipported with tieback anchors, cross-braced struts, and/or 
a combination of these. Depending on the material being supported, lag- 

gin may be required. Lagging conventionally consists of wooden timbers, 
but could also consist of pre-cast concrete or shotcrete which would be 
ihcoporated into the permanent wall. One major advantage of soldit pile 
waits is the extensive local experience with such walls de'deloped Over the 
last 15 to 20 years. 

o Slurry Walls (cast-in-place) 
Installation of a cast-in-place slurry wall consists of excavating a nar- 

row trench or slot ful I-depth along the wall line in short sections, typi- 

cally 10 to 20 feet in length. The excavation is carried out in the wet, 

using modified excavating tools, with support of the trench wal Is provided 

by the fluid pressure of bentonite slurry. Reinforcing is lowered into 

the excavation and trernie concrete poured to construct the wal I. Trench 
stability is normally evaluated on the basis of experielnce and test sec- 

tions. Single-panel units can be combined to form virtually any wall 

geometry composed of line segments. The wall could be braced with tieback 
anchors, struts, and/or a combination of these. 

Although in the Los Angeles area slurry walls have historically been used 

thostly for temporary walls, there may be selected station locations where 

slurry wal Is can be utilized for both the temporary and petmanent wal Is. 
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It should be realized., however, that there are usually undesirable irregu- 
Iarities that show up on an installed slurry wall which defy design and 

construction control, and there are generally problems involved with inte- 
grating the slurry wall with the horizontal slab members to produce the 
permanent frame construction. In addition, the tightness of the slurry 
wall itself arid its interfaces with the roof and invert slab would be par- 
ticularly ctitical at the Metro Rail alignment locations where oil, gas 
and irnpure water mUst be fought. Also, certain U.S.A. experiences in 

station installations have revealed that the utilization of slurry walls 
as the permanent wall actual ly adds to the total cost of the const'uction 
to an appreciable degree. 

Slurry wal Is also provide the opportunity to investigate the use of top- 
down or inverted construction procedures for station locations in areas of 

cut-and-cover line segments. Such a procedure would not be feasible for a 
deep line section, since temporary bracing elements will be required for a 

deep cut and the time for excavation and backfill will be significant. 
Also, whér-e Underground stations with mezzanine levels are involved, it 

cannot be assumed that tSiporary tiebacks or struts can be el iminated, 
since the distance fran the roof slab to the excavated sUbgrade level will 

be significant. Further, top-down construction can spmetimes, but not 
always, reduce the impact on local traffic, since the traffic will have to 
be detoured completely fran the project site during the entire period of 

excavation, concreting and backfill i ng operations. The advantage of top- 
down construction is normally only in the earlier final restoration of.the 
str'et surface, compared to a conventional temporary decking scheme. 

Pre-Cast Walls 
Pre-cast units could e installed in either augered holes (similar to 

soldier pile walls) or in slurry trenches similar to the slots ecavated 
for cast-in-plate slurry wal Is. 

o Interlocking Steel. Sheet,PiI.es 
In most ârêâ, itêél héet piles will probably not be appropriate due to 
the ditticulty of driving the sheets., particularly into bouldery soils 

and/Ør wefl rock. In some areas, however, sheet piles may be feasible for 

relatively shal low exaavations 

As discussed above, e.itlØr tiebacks or struts, or a combination of these, 

could be used for supporting tánpOrary wal Is. General comments concerning 
tiebacks and struts include: 

o The econanics of tiebacks versus struts depends on many factors, but is 

primarily a function of excavation width. For narrow exdavations, such as 

cut-and-cover line segments on the order of 40 feet or less, struts are 

normally more economical. In fact, tiebacks are probably not feasible in 

narrow excavations, due to the space I imitations and the size of the tie- 
back instal lation equipment. For wide exbavations, on the order of 100 

feet or mere, tiebacks are normally more economical. Unless there are con- 
straints due to the permanent structure, the contractor should probably be 

given the option to choose the most appropriate shoring system. 
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o Based on the available field data, there does not appear to be a signifi- 
cant difference between the anticipated performance of properly designed 
and constructed tieback and strutted excavations. 

o Along the majority of the alignment, tiebacks would extend below existing 
structures. Obtaining easSiients, the problems of basements obstructing 
tiebacks, and the possible effect of tieback stresses on the overlying 
stuctures are all considerations which must be resolved. 

o There has been limited experience in the Los Angeles area with depths over 
100 feet tot tieback walls for long, narrow excavations. 

o There is some evidence (Peck and Palladino, 1977) that deep excavations, 
particularly with plane strain conditions, into materials such as the 
Puente claystone (which behaves essentially like a heavy, overconsolidated 
clay), could fail o& sustain significant movement at some limiting depth. 
This problem involves r&ease of lateral stresses combined with beøding 
plane weakness along plastic claystone layers. Strutted excavations would 
be less susceptible to this problem since the majority of the tieback 
anchors would be founded above the potential failure plane and would pro- 
vide little resistance to movement along such planes of weakness. Using an 
extended no-load zone for locating the tiebaclç anchors will reduce this 
problem. 

o Tiebacks have several advantages over strutted excavations which tand to 
result in less ground movements (after Goldberg-Zoino, 1976): 

a. In granular soils, in which the soil modulus increases with stress 
level, the prestressed soil mass engaged by tiebacks is made more 
rigid and therefore less deformable. 

b. Tiebacks are typically prestressed to about 125 percent of the 
design load and then locked-off between 75 and 100 percent of the 
design load. Prestressing in this manner prestrains and stiffens 
the soil and pulls the wall back toward the soil to remove any 

"slack" in the contact zone. 

c. Internal bracing, if prestressed, is usually to about 50 percent 
of the design lOad. Typically, the bracing gains in toad as the 
excavation deepens. Elastic shortening of the strut continues 
after installation of the member. 

d. Temperature strains are n9re important with bracing than with tie- 

backs because the latter are insulated in the ground. 

e. Internal bracing is removed, then rebraced to fad I itate construc- 
tion, whereas tiebacks do not have to be removed. 

f. There is less incentive for the contractor to excavate a signifi- 
cant depth below the designated support level prior to instal ling 

tiebacks than struts. Thus, the risk of the contractor excavating 
too far prior to installing lateral supports (which can result in 

a significant increase in ground movement) is considered less for 

tiebâcks than struts. 
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o The advantage of struts over tiebacks in reducing settlement relates to 
the way each of these systems derives its support. Struts transmit The 
earth plréssure loads through the bracing froni one side of the èxcavàtioh 
to the opposite side. TiebaOk wal Is transmit the earth prèsurés back 
into the soil mass, which may result in affecting a larger area of The 
soil mass behind the support system. 

For current design purposes, subject to the depth limitations presented in 

Section 6.2, we recommend that it be assumed tieback and strutted excavations 
wi I have simi lar performance. 

8.4 DEEP EXCAVATIONS Ltd LOS ANGELES 

Current practice for njor and/or deep excavations in the Los Angeles area 
consists of soldier piles with tieback anchors. Four case studies involving 
deep excavations in materials similar to those which will be encountered along 

the propØsed alignment follow. 

6.4.1 Atlantic Richfield Project (Nelson., 1973) 

This project involved three separate shored excavations up to 112 feet in 

depth in the siltstones of the Fernando Formation. The project is located 

just north of Boring CEG 9, and The proposed location of the Flower Street 
Station. Key elements of The design and construction included: 

o Basic. subsurface material was a soft si ltstone with an unconfined compres- 
sive strength in the range of 5 to 10 ksf. It contained some very hard 

layers, seldom nre than 2 feet thiák. Al I niaterials were excavated with- 
o.ut ripping, using conventional equipment. Up to 32 feet of silty nd 

sandy alluvium overlaid the si ltstone. 

o Volume of water inflow was small and excavations were described as typi- 

cally dry. 

° Shoring system consisted of steel, wide flange (WF) soldier piles set in 

pre-dri I led holes, backfi I led with structural concrete in the "toe" and a 

lean concrete mix above. The soldier pile spacing was typically 6 feet. 

o Tieback anchors consisted of both belied and high-capacity friction 

an chors. 

o On the side of one of the excavations a O.66H:1V (horizontal:vertical) 
unsupported cut, 110 feet in height, was excavated and sprayed with an 

asphalt emulsion to prevent drying and erosion. 

o Timber lagging was not used between the soldier piles in the siltstone 
unit. However, an asphalt emulsion spray and wire mesh welded to the piles 

was used. 
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o The garage excavation (when 65 feet deep) survived the February 9, 1971 

San Fernando earthqUake (6.4 Richter magnitude) without detectable move- 
ment. The excavation is about 20 miles frctii the epicenter and experienced 
n acceleration of about 0.1g. The shoring system at the plaza, using 

belIed anchors, moved laterally an average of about 4 inches toward the 
excavation at the tops of the piles, and surface subsidence was on the 
order ot.1 inch; surface cracks developed on the Street, but there was no 

structural damage to adjacent buildings. Subsequent shoring used high 
capacity friction anchors and rportedIy moved laterally less than 2 

1 nches. 

8.4.2 Century City Theme Towers (Crandall, 1977) 

This pboject involved a shored excavation fran 70 to 110 feet deep in the Old 
Alluvium deposits. Immediately adjacent to the excavation (about 20 feet 
away) was a bridge structure supported on piles 60 feet below the ground sur- 
face. The project is located about one mile west of Boring CEO 20 and the 
proposed location of the Fairf Avenue Station. Key elements of the design 
and construction included; 

Basic subsurface materials were stiff clays and dense silty sands and 

sands. The permanent ground water table was below the level of the exca- 
vátion, although minor seeps fran perched ground water were encountered. 

o Shoring system consisted of steel WF spldier piles placed in 36-inch- 
diameter dri I led holes spaced 6 feet on center. 

As the excavation proceeded, pneumatic concrete was placed incrementally 
ih horizontal strips to create the finished exterior wall. The concrete 
which was shot against the earth acted as the lagging between soldieir 

piles. 

0 Tieback anchors consisted of high-capacity 12- and 16-ipch-diametér fric- 
tion anchors. 

° Actual load imposed on the wall by the adjacent bridge was computed and 

added to the design wall pressures as a triangular pressuie distribution. 

° Maximum horizontal deflection at the top of the wall was 3 inches, while 

the typical deflection was less than 1 inch. Adjacent to the existing 

bridge, the deflections were essentially zero, with the tops of most of 
the soldier piles actually moving into the ground dye to the high pre- 

stress loads in the anchors. 

0 Survey of the bridge pile caps indicated practically no movement. 

6.4.3 St. Vincent's Hospital (Crandall, 1977) 

This project involved a shored excavation up to 70 faet deep into the clay- 

stones and siltstones of the Puente Fomation. Immediately adjacent to the 

excavation (about 25 feet away) was an existing 8-story hospital building with 
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one basement level supported on spread footings. The project is located about 
1/3 mile north of Borin CEG 11 and the pfoposed location of the Alvàrado 
Street Station. Key elements of the design and cpnEtbuction included: 

o Basic sbsurfacé material.s were shale and sandstone, with a bedding dip to 
the south at angles ranging fran 20° to 40°. Although the permanent 
ground water level was below the excavation level, perched zones of sig- 
nificant water seepage were encountered. 

o Shoring system consisted ot steel WE soldier piles placed in 20-inch- 
diameter drilled holes spaced at 6 feet on center. 

Tieback anchors consisted of high-capacity friction anchors. 

Theoretical load imposed on the wall by the adjacent building was computed 
and added to the design wall pressure. The existing building was not 
underpinned; thus, the shoring system was relied upon to support the 
existing building loads. 

o Shoring performed well, with maximUm lateral wall deflections of about I 

inch and typical deflections less than 1/4 inch. There was no measurable 
movement of the reference points on the existing building. 

8.4.4 Mutual .Senefit Life Building (Converse Davis and Associates, 1968) 

Although this project involved only a 40-foot deep excavation, it is of spe- 

cial interest since the excavation extended some 10 feet into the tar sands. 

The project is nea Borings CEG 19 and 20 and the proposed location of the 
Fairfax Avenue Station. Key eleñtents of the design and consituction 
included: 

° Subsurface materials consisted of 25 feet of silt, sands and clay with 
isolated lenses of asphalt (Old Alluvium) underlain by tar sands. 

Shoring system consisted of soldier piles with belIed tieback anchors. 

o A permanent collector system was provided below the bottom of the slab to 
collect water and oil and to limit hydrostatic pressures and infiltration 

of oil into the structure. It was noted at the time that pits had been 

installed at the nearby California Savings and Loan Building to relieve 

the tar pressure; thirty-eight 50-gallon barrels of oil were remov every 

two months; there the oil tars were penetrating areaà such as construction 
joints., around pipes, conduits, etc; pulsating equipment acted as a pump 
to pull the oil tar through cracks and joints. 

o Gas was noted bubbling put around the piles and pile cap (building sup- 

ported on friction piles bearing below the tar sands). 

o 
Some movement at the perimeter of the excavation developed. The major 
movement developed when the excavation was 20 to 30 feet deep along Wil- 
shire Boulevard. The tar sand started at about 20 to 25 feet. '1overnent 
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appeared to be mostly horizontal, increasing to a maximum of about 3 

rnches, then virtual ly stopping. Cracks in the street extended 30 to 40 
feet away fran the edge at the excavation. Some settlement occurred near 
the edge of the excavation and the soldier piles shOwed little tilting Or 
detormat ion. 

3.5 PROTEaI0WUNDERPINNITC OF ExiStINs STRUCTURES GENERAL CONSIDERATIONS 

8.S.1 General 

Most of the proposed stations and potential cut-and-cover me segments will 

be constructed in close proximity to existing strUctures. In many areas, such 
as along Wilshire Boulevard, there my be approximately 10 to 20 feet between 
the excavation and the existing building foundations. The protection of these 
existing structures, which are normally supported on foundations bearing above 
the proposed line segment/station level, must be incorporated into th design 
and construction of the project. 

In general,- the alternatives available include: 

Select Undeveloped Areas 
TO thi ë*teWt possible, major sur'face excavations should be located adja- 
cent to undeveloped areas (such as parks and parking lots) and/or areas 
containing small structures. 

Relocate or Condemn Structures 
Small and/or relatively inexpensive structures could be relocated and/or 
condemned. In many cases, the additional cOst of an excavation designed 
to protect these structures may be mbre costly than the structures 
themselves. 

COnstruct Adequate Temporary Wal Is 
In many cases, it riiay be feasible to design and construct a temporary wall 
which; with adequate bracing, limited excavation stages and controlled 
dewatering, would minimize earth movements and al low the excavation to be 
constructed adjacent to existing structures. The example cited in Sec- 
tion 8.4.3 involved this type of solution. However, regardless of the 
care taken in the design and construction of the wall, there is a risk 
that the adjacent structure may be damaged. This risk increases with 
inc easing excavation depths and decreasing distances between the existing 
building foundations and the new excavation. To the extent possible, deep 
excavations should be constructed adjacent to non-critical areas first. 
The knowledge gained fran these excavations wi I I improve the level of 

confidence for subsequent construction in more critical areas and reduce 
the risk of causing damage. 

Underpin 
Théré will be locations where the risk and consequence of damage due to 
earth movements will be unacceptable1 and underpinning may be prudent. 
These include areas of poor soil conditions, deep excavations in close 
proximity to existing structures, and/or areas of major structures. 
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There are two additional foundation strengthening alternatives in lieu of 
underpinning: 

a) Chemical grouting in sandy soils can be used to prevent soil runs 
and strengthen soil in critical areas. Grout could be injected 

fran the surface under foundation elements. 

b) Compaction groutirig in sands, silts arid clays to lift lightly- 
loaded structures. Again, the grouting is carried out from the 
sur face. 

Both of these techniques have been successfully used in the Los' Angeles 
area, in the Washington, D.C. and Baltimore Metro projects and are used 
extensively in Europe and Japan. 

8.5.2 GuideLines for Evaluatinq the Need to Underoin 

In assessing the need to underpin, both the range in anticipated earth move- 

ments and the resulting impact on the adjacent structure should be evaluated. 
This would include consideration of the type of structural framing, allowable 
building movement, (vertical, horizontal and angular distortion) and soil- 

structure interaction. 

It is not possible to eliminate all ground movement adjacent to a shored exca- 
vat ion. However, for the genel-al ly good ground conditions encountered along 
the proposed al inment, it is feasible to design and construct an excavation 
which will result in minimal ground movements. Based on past experience for 

excavations in sihilar subsurface conditions in the Los Angeles area and else- 
where1 Figure 8-1 wa developed. Figure 8-1 shows the maximum vertical ground 

moven'eat anticipated adjacent to a properly designed and clonstructed shored 
excavation under ideal ground conditions. 

In subsequent sections correction factors are provided for, increasing the 

estimated movements of Figure 8-1 under less than ideal conditions at specific 
reaches. These are guidelines to evaluate possible ground movement for cur- 

rent design purposes and are subject to revision based on future additional 

data and analyses. The maximum horizontal movement at the top of the wall is 

anticipated to be about 50% greater than the maximum vertical movement, there 
is insufficient data to estimate the distribution of horizontal movement away 
from the wall.. 

Figure 8-2 presents the general Underpinning criteria recortvneided for the 
Metro Rail Project. These criteria may be used for the current design and 

cost estimating. It may be possible, at some future stage of the design, to 

develop less conservative criteria at sites which are studied in detail. 

As an alternative approach to the criteria presented on Figure 8-2, a method 

using the' guidelines fqr the distribution and magnitude of ground movement 
behind properly designed and constructed excavations shown on Figure 8-1 is 

suggested. These guidelines can be used in conjunction with the foundation 
design of the existing buildings (i.e., depth, basement levels, piles or 

spread footings, etc.) and the depth and width of the proposed line segment or 
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station to evaluate anticipated impact of the excavation on the adjacent 
existing structure(s). Based on these evaluations, the need to underpin can 
be determined. 

Shoring systems adjacent tO existing building that will not be underpinned 
should be designed to support the additional earth pressure imposed by the 
building loads. 

8.5.3 Methods fr Control 1mg Ground..Movement 
The guidelines presented on Figure 8-1 are estimates based on past experi- 
ence. In rriarginal areas, where underpinning could be minimized or eliminated 
by limiting ground movement, we recorrunend that the following design and con- 

struction procedures be considered: 

o There is some evidence that use of cast-in-place slurry wal Is may result 
in less ground movement than more conventional soldier pile walls. It is 

understood that in areas where slurry vial Is were used in the BART system 
in the San Francisco area, underpinning was normally not required. Where 
slurry vial Is were Used on the Washington, D.C. Metro, underpinning also 
was not required. In Baltimore, for the Charles Street Station, uitderpin- 

ning was specified but could not be accänplished. After an expeIisive try, 

the process was abandoned and a slurr'y wall áoncept was used Very success- 
fully. In this case, the wall passed very close to adjacent buildings and 
even cut off parts of several footings of the. buildings. Chemical rout- 
in was also used to prevent soil runs in very critical areas. 

o RequirIng a close vertical s.pacing between tieback or struts can be etfec- 
tive in Feducing movement. 

o Requiring a high anchor or strUt pre-stress load can be eftective in re- 

ducing movement. However, there is a limit to pro-stressing beyond which 

the wall is actually pulled into the soil, creating sloil heave behind the 

vial I. 

o Dewatering prior to excavating in granular soils and/Or soils with granu- 

lar zones can minimize loss of ground associated with piping/flowing 

ground. 

o Probably the single most important factor is the quality of the construc- 

tion. Thus, appropriate specifications, experienced contractors, and 

field observations during tonstruction are essential. 

8.5.4 Underoinnina Method 

Underpinning will probably involve installation of piles which will extend 

below the zone of influence of the excavation. For current design purposes, 

the zone of influence can be assumed to extend upward from the base of the 

excavation at a 1H:.1V slope, as shown in Figure 8-2. Depending on the prox- 

imity of the existing structure to the proposed excavation, it may be feasible 

to use soldier piles for the temporary vial I for the permanent vertical support 

of the adjacent structures. This is a common practice in many areas of the 
country.. 

CWDD/ESA/GRC (-139 



The process of underpinning can often result in settlement. For current 
design purposes, it should be assumed that properly designed and constructed 
underpinning may result in 1/4 to 1/2 inch of settlement (Goldberg, Zointo, 

1976). Underpinned structures can still be damaged by lateral movements 
toward the excavation. This problem should be assessed during the design 
stage. 

8.6 REACH 1 DdiNrcwS, LOS ANGELES RIVER 

8.6.1 General 

Reach 1 extends from the east Portal near Gal lardo Street westerly about 1.2 
miles to the Hollywood Freeway. ThrQugh this area, the proposed alignment 
crosses several major streets, the Hollywood Freeway, the concrete-lined Los 
Angeles River, the railyard of Union Station, and major gas and oil transmis- 
sion lines. The area includes numerous one- to four-story industrial build- 
ings with some parking lots and undeveloped areas. 

The current design concept includes a station in the vicinity of UnionStation 
in the existing railyard and possibly some clut-and-cover line segments. 
Based on the recommendations presented in Section 7.0, the following line 
structure depths may be considered: 

o Shallow (less than about 30 feet deep) 
This would involve constructing the rail at the surface or in a line 
structure by cut-and-cover construction. At this depth, most of the exca- 
vation would be above the ground water table1 minimizing dewatering 
requirements. 

o Intermediate (30- to 130-foot-depth) 
At these depths, rnuh of the excavation will be below the ground water 
table in coarse-grafted at luvium. Thus, flowing ground conditions can be 
anticipated throUghout, requiring dewatering. 

° Deep (130- to 200-foot-depth) 
At this depth, the line would be excavated entirely within the Puente 
Formation below the al luvium. 

This reach crosses the Los Angeles River which consists primarily of coarse- 
grained Young AJluvium (A1) with some local areas of man-made fill ynderlain 
by the Puente Formation (C), as shpwn on Drawings 2 and 5. Based On available 
information, the general conditions along the proposed alignment consist of 

the following: 

° East of Los Angeles. River 
Böriii CEG 1 aild 2 ehoTintered about 10 to 30 feet of Old Alluvium (A3) 

consisting primarily of silty sands and gtavelly snds. These sloils are 
medium to dense based on standard penetration resistances which ranged 
from 20 to 80 blows per foot and averaged about 40 blows per foot. The 
underlying Puente Formation at Boring CEG 1 was primarily claystone, ihile 
at CEG 2, it was primarily siltstone. 
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o West of Los Angeles River 
West of the Los Angeles River, the thickness of the Young Alluvium (A1), 
as encountered in Borings CEG 3 through 6, averaged about 80 feet and con- 
sisted primarily of gravelly sand and sandy gravel with cobbles and boul- 
ders. The standard penetration resistances ranged from 40 to over 100 
blows pet foot. 
Although the gravel content afféçted the blow counts, the alluvium is 
probably medium to dense. The underlying Puente Formation at Borings CEG 

3, 4 and 5 was primarily claystone, while at Boring CEG 5 siltstorie and 
sandstone were encountered. 

o Near the. Ho I, l.ywood .Freeeway 
AWh6Wh bri Drawings '2 and 5, the thickness of Young Alluvium decreases 
from about 80 feet at Boring CEG 6 to less than 10 feet at the Hal lywood 
Freeway, a horizontal distance of about 2,000 feet. 

Based on the data collected for this study in the winter of 1980-1981, the 
ground water table through this reach occurs, within the Young Alluvium at a 

depth of about 20 to 35 feet. 

8.6.2 Excavation. Conditions 

Above the ground water table, the Young Alluvium can be readily excavated 
with conventional earthrnoving equipment. Boulders up to about 1 cy should be 
anticipated. Safe, ta-nporary construction slopes should be the responsibility 
of the contractor; however, for estithating p,urppses, IH:1V tetiiporary cut 
slopes can be assumed, provided there is no seepage of ground water. Selow 
the ground water table, excavations in unsupported cuts wi I require dewater- 
ing and flatter slope due to the relatively high permeability of the Young 
Al luvium. 

Experience shows that the underlying Puente Formation can be excavated with 
conventional earthm'oving equipment and generally does not require ripping. In 
sections containing sandstone concretions, blasting or heavy ripping may be 
required. Hard sandstone concretions, up to 2 to 3 feet in maximum thickness1 
are judged to represent less than 1/10 of 1 percent of the unit in vertical 
sections. Uñsu'pported cut slopes are expecte'd to be stable at 3/4H:iV unless 
the bedding is unfavorable; i.e., dips into the excavation. In area's of 
unfavorable bedding, flatter excavation slopes on the order of 1 1/2H;1V and 
benching may be required. Based on surficial mapping, Unfavorable eding 
will probably be encountered in the vicinity of the Hollywood Freeway in 
excavations having free faces oriented about east-west and sloping south. 

8.6.3 Dewatering Requirements 

From the available information, the permeability of the Young Alluvium (A1) 
is probably high and may be on the order of i01 to ia2 cm/sec with local 
zones of gravel where the permeabi Ity may exceed 10-1 cm/sec. The effective 
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dewtéring of such a permeable ynit may be difficult and expensive. To the 
extent possible, the station and cut-and-co'er line segments should be con- 
structed above or no more than about 10 feet below the glround water table, 
(1.0, at a maximum depth ot about 30 feet), or below the alluvium, entirely 
witflin the underlying Puente Formation. The plermeability of the Puente For- 
mation is low, due primarily to fractures. Inflow from this unit is antici- 
pated to be mipor. However, ecessive water in the claystone unit can soften 
the materials, causing vehicle mobility problems, slowing excavation rates and 
reducing claystone trenth. 

Should it be necessary to excavate below the ground water table in the allu- 

viurn to construct either the station or a cut-and-cover line segment, several 
procedures should be considered for control of ground water. These include: 

Shored. Excavation/Open. Pumping 
Dpehdihg oh The déth Of cut and actual soil permeability, it may be fea- 
sible to construct a shored excavation by pumping from ditches and shaHow 
iumps Within the excavation. This procedure is probably feasible only for 
excavating into predominately silty sands and/or for depths less than 10 

feet below the natural ground water table. To minimize piping/flowing of 
soil through the shoring lagging, a heavy filter fabric could be installed 
behind the lagging as the excavation is advanced. If stratified zones of 
low permeable soils1 underlain by the permeable alluvium, are encountered, 
it may be necessary to install deep wells inside the excavation to inter- 
cpt and déressufrize This confined zone and minimize problems associated 
with bottom heave of the excavation. 

o Deep Wells 
A éries of properly designed and installed deep wells could be installed 
around the excavation to lower the ground water table. 

o Weilpoints 
In some situations, weilpoints may be an economic alternative to deep 
wells. 

o Slurry Walls 
Alu.rr wall could be used to limit the lateral seepage of ground water. 
However, the bottom of the excavation would still require dewatering. For 

deep excavations, it may be feasible to extend the slurry wall into the 
underlying Puente Formation, thus providing an effective ground water 
seal. This would allow excavation with a minimum of seepage. 

o Slurry Cutoff Trench 

A continuous slurry cutoff trench (tilled with soi I-cement or soil ben- 

tonite) extending into tne Puente Formation could be placed around the 
proposed- excavation and effectively cut off seepage from the Young Al lu- 

vium. 

To evaluate thi above procedures and estimate seepage rates for current design 
and estimtin purposes, reasonable ranges of anticipated inflow rates are 
presehtéd in Table 8-1. 
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TABLE 8-1 AnticipatS Inflow Rates 

Depth Below 
Ground Water Estimated Inflow Rates/Side 

Table (gpm/100 ft of Excavated Length) 
(fr) 

10 50 - 500 

20 75-1.000 

40 lOU - 1,250 

Excavation of shafts below the ground water table in the Young Al IUviu?n (A1) 
will also require control of the ground water. These might irclude ventila- 
tion shafts to the tunnel and/or intl med shafts for pedestrian access to a 

deep station. The shaft will require a watèr-tiht lining below the water 
table and a positive seal in the underlying PUente Formation. To advance the 
shaft and install the lining1 it will be necessary to either dewater the per- 
meable zone or seal the p.éhneable zone. As an alternative to normal shaft. 
constructicin, it may be feasible to sink a caisson through the alluvium and 
seal it in the rock. 

8.6.4 Shoring Requirements 

General shoring requirements are discussed in Sections 8.2 and 8.3. Sec- 
tion 9.0 presents design criteria. Through Reach 1, shored excavations may be 

required at the east Portal, at Union Station, and for any cut-and-cover line 

segments. 

From the east Portal to about the Los Angeles River1 subsurface cbiditions 
consist of shallow Old Alluvium above the water table underlain by the Puente 
Formation. These conditions are similar to those encountered at the Atlantic 
Richfield Project, as discuss in Section 8.4.1, and are suitable for deep 
shored exlciavations. Soldier piles with tiebacks or internal bracing would be 
appropriate in this area. Slurry wal I.s may also be appropriate, provided the 
walls can -be economically justified. Steel sheet piles may not be feasible 
even for shallow cuts due to the occurrences of cobbles and boulders in the 
Old Alluvium. Ground water will probably be encountered below the Old Allu- 
vium, but -flows are expected to be small. Lagging or similar support will be 

required to eliminate raveling of the Old Alluvium. If conditions are sirnilt 
to those encountered at the Atlantic Richfield Project-, continuous laggipg 

wi I I generally not be required in the underlying Puente Formation. However, a 

method such as gunite, wire mesh, or asphalt emulsion would be required to 
prevent deterioration of the Puente Formation and to protect workers fror 

loosened material. Locally in seepage zOnes, lagging may be required. 

North-westward from the Los ngeles River to within a few thousand feet of the 
Hollywood Freeway, the subsurface conditions consist of deep Young Alluvium 
sàtut'ated below a depth of 30 feet. The proposed design location of Union 
Station is in the vicinity of Boring CEG 5. For excavations into the Young 
Alluvium to depths of about 40 feet (or some 10 feet below the ground water 

table), soldier piles with lagging (or similar support) or slurry walls would 
be appropriate. These shdrin sjstems would also be appropriate at greater 

CWDD/ESA/GRC 1-143 



depths, but would require control çf ground water. Ground water control wi I 

becctne more and more difficult and expensive to accomplish as the excavation 
is deepened. Soldier piles with lagging will have the additional potential 
problem of piping/flowing of soil through the lagging. A heavy filter fabric 
placed behind the lagging would minimize the problem. For excavations below 
the water table, slurry wal Is have an advantage, since they wojjld virtually 
eliminate seepage through the wall and eliminate the problem of soil piping/ 
flowing. Slurry wall design must avoid. waterflow through joints or tieback 
holes. Well.s should be employed when appropriate to control flow under the 
wall. For station depths exceeding about 60 feet, it may be economical to 
extend the slurry wall into the un4erlying Puente Formation and effectively 
seal the excavation fran ground water seepage. Other methods of groud water 
control were discussed in Section 8.6.3. 

In the vicinity of the Hollywood Freeway, the Puente Formation is exposed at 
the surface. Through this area shoring conditions are similar to the condi- 
tions east of the Los Angeles River. - 

8.6.5 Potential for Ground Môvèment 

Through this reach, the pptential mechanisms for grQund movement include 
movements associated with surface excavations, lowering of the ground water, 
construction vibrations and earthquakes. 

The guidelines for movement associated with excavations presented in Section 
8.5 are applicable to this area above the ground water table. Below the 
ground water table, for soldier pile wal Is anld if the ground is not adequately 
dewatered, it can be assumed that movements would be twice those suggeted in 

SeOtion B.52. This increased estimate is to quantify the risk of loss of 
ground through soil piping/flow. In general, we would not consider soldier 
pile walls without dewatering as an acceptable support system in this reach. 

Based on available information and past Los Angeles experience, lowering the 
ground water table is not anticipated to be detrimental. 

From standard penetration resistances and the gravel ly and cobbly nature of 

the deposit, the Young Alluvium is generally mediym to very dense. The spits 
are not likely to be susceptible to liquefaction uni.ier seismic loading nor to 
significant densification due to construction vibrations. 

8.6.6 Protection/ljnderDinninQ of Existina Structures 

The need for underpinning structures through this reach will probably be min- 
imal. This 6ssessment is based on the type of naterial to be excavated and 

the relatively sThall size and low density of exiSting structures. For cur- 
rent design and cost estimating, underpinning may be required tor the follow- 
ing conditions where the risk of damage to adjacent structures would be 

unacceptable: 
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o Structures which are very close to 
tolerate the estimated deflection 
presented in Section 8.5.2. 

the proposed excavation and dpuld not 
guideline for braced excavations are 

o 
If it is determined diilring subsequent studies that there are some specific 
areas at alluvium which are loose and susceptible to densification due to 
contruction vibrations, underpnning of major structures within about 100 
feet may be required. Alternatively, it may be more economical to require 
special procedures to minimize construction vibrations. 

o Deep soldier pile excavations below the water table withOut adequate de- 
watering could result in loss Of ground due to piping/flow of soils, If 

soldier piles with l6gging and inadequate dewatering are anticipated, it 

is recommended that major structures be underpinned where foundations lie 

within a 1.5H:1V line extending up from the base of the proposed excava- 
tion. 

8.7 REACH 2 - BROADWAY TO HARBOR FREEWAY 

8.7.1 General 

Reach 2 extends under the Hollywood Freeway southwest along Broadway about 
one mile to 7th Str'eet and then west along 7th Street about one-half mile to 
the Harbor Freeway. Through this area, the proposed alignment lies generally 
along Broadway, then along 7th Street, and final ly under the Harbor Freeway to 
Wilshire Boulevard, The area is heavily developed with commercial and indus- 

trial buildings up to about 20 stories, most with basements. 

The current design concept includes two stations along Broadway at the Civic 
Center and 5th Street, and one station at 7th Street near Flower Street. 
Based on the recommendations presented in Section 7.0, the fol lowini line 

structure depths may be cons idered: 

o Shallow (less than about 40 feet deep) 

This would irivolve a cut-and-clover line structure. 

o Intermediate (40- to 100-foot depth) 
This would include excavations in the Young Al luviurn above the ground 

water table. 

o Deep (100- to 200-foot depth) 

This would allow tunn&ing below the alluvium in the Fernando Forma- 

tion and would require mining of the stations. 

This reach crosses an ancestral buried channel of the Los Angeles River con- 

sisting of Young Alluvium (A1) with some local areas of man-made fill under- 

lain by claystone and iltstone of the Fernando Formation (C), as shown on 

Drawings 2 and 5. Based on the available information, the general conditions 

along the proposed alignment consist of the following: 
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o HoLlywood Freeway to Approximately 3rd Street 
Boring CEG 7 encountered 18 feet of fill and dense sandy gravel underlain 
by claystone. 

o Approximately 3rd Street to Harbor Freeway 
BOThNg CEG 8 encointered dére ravél ly sands to a depth of 74 feet under- 
lain by stratified dense sandy silts and silty sands to the top of the 
Fernandb Formation at a depth of 122 feet. Boring CEG 9 encountered 14 

feet of fill underlain by dense sandy gravel with cobbles and boulders to 
a depth of 28 feet. Underlying the sandy gravel in Boring CEG 9 were 
stratified, medium dense to dense gravels, sands, and silts and stiff to 
very stiff clays, which extended to the top of a claystone at 55 feet. 
Through this area, the depth to the Fernando Forrnatio appears to range 
from about 50 feet on th sides of the prehistoric channel to as much as 

150 feet in the c&,ter of the channel. 

Based on data collected for this study in the winter of 1980-1981, ground 
water is deep and occurred along the interface of the al luvium and Fernando 
Formation. 

8.7.2 Excavation. Conditions 

Due to the deep ground water table, excavation conditions along Reach 2 are 
substantial ly bettr than those anticipated through Reach 1 which has a rela- 
tively high ground water table. Dewatering will not be a constraint in this 
area, and geotechnical conditions are considered favorable. 

Excavation conditions within the Young Al luvium are similar to those discussed 
for Reach 1 in Section 8.6.2 above the ground water table. For estirpatin 

purposes, it is recommended that 1 1/2H:1V temporary slopes be assumed for 
unsupported cuts in man-made fill and stratified silts and clays, provided 
there is no sign:ificant seepage. 

Excavation conditio within the siltstones and claystones of the Fernando 
Formation are considered to be similar to those in the Puente Formation, as 

disoussed in Section 8.6.2. 

8.7.3 Dewaterinq Reauirements 

The ground water table appears to be near or below the bottom of the Young 
Alluvium. Thus, for excavations up to at least 100 feet deep within the allu- 
viUm, no significant dewatering is anticipated. However, loca.l zones or pock- 

ets of perched water could occur within granular zones underlain by silts and 
clays. 

Ground water inflows from the Fernando Formation are anticipated to be minor. 
As with the Puente Formation, xcessive amounts of water in the claystone can 
soften the material, causing vehicle mobility problems, slowing excavation 
rates, and reducing claystone strength. 

CWDD/ESA/GRC (-146 



8.7.4 Shot inn Recuirements 

General shoring requirements are discussed in Sections 8.2 and 8.3. Section 
9.0 presents design criteria. Through Reach 2, shored excavation may be 
required at the Civic Center Station, 5th Street Station, the Flower Street 
Station and any cut-and-cover line segments. 

The excavation fOr the Civic Center Station and any cut-and-cover line seg- 
ments in the vicinity will be almost entirely in the siltstones and sand- 
stones of the Fernando Formation and will be ideal for deep shored excava- 
tFons. Shoring requirements in this area will be similar to those discussed 
in Section 8.6.4 between the east Portal and the Los Angeles Rivet. The 
Atlantic Richfield Project, discussed in Section 8.4.1, involved a maximum of 
112-foot-deep excavation under conditions similar to those anticipated to be 
encountered in this area. 

The èxcàvation for the 5th Street, Flower Street, and any cut-and-cover line 
seg*ients will be primarily within the Young Alluvium above the ground water 
table. Shoring requirements will be similar to those discussed in Section. 
8.6.4 for Young Al luvium above the ground water table. Based on Boring CEG 9, 
frequent cobbles and boulders will be encountered. Near the Harbor Freeway, 
the depth to the Fernando Formation is shallow, and conditions will be similar 
to those discussed for the Civic Center Station. The existing Atlantic Rich- 
field Project1 discussed in Section 8.4.1, is located some 1,000 feet north of 
the proposed location of the Flower Street Station. 

8.7.5 Potential for Ground Movement 

Through this reach, the potential mechanisms for ground movements include 
movements associated with surface excavations and construction vibrations. 

The general guidelines for movements associated with excavations presented in 

Section 8.5 are applicable through Reach 2. 

The Young Alluvium is medium to dense and probably not susceptible to densifi- 
cation from construction vibrations. 

8.7.6 Protection/Underpinning of Existing Structures 

This reach is located in one of the most densely developed areas of downtown 
Los Angeles, with major buildings up to about 20 stories located along the 
majority of the reach. Proposed station locations are at the intersection of 
major streets adjacent to major structures. Due to limited street widths, the 
station excavations may extend virtually to the foundation I ines of the exist- 
ing buildings. Depending on the width and depth of the statin excavation1 

mot of the major structures adjacent to the station excavations may have to 
be underpinned. 

Section 8.5 presents general guidelines for underpinning. 
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8.8 REACH 3 EAST WILSHIRE BOULEVARD 

8.8.1 General 

Reach 3 extends along Wilshire Boulevard from the Harbor Freeway west some 
2.5 miles to Norrnandie Avenue. The area is moderately to densely developed 
with srnal I to large commercial and residential structures. on the order of one 
to four stories high, but with sane taller buildings on the order of 20 
stories. Much of the area adjacent to Wilshire includes paved parking lots 

with some open space. The alignment will traverse MacArthur Park, which 
contains a smal I pond, and Lafayette Park. 

The current concepts include statiOns at Alvarado Street, Vermont Avenue and 
Normandie Avenue. Based on the design recommendations presented in Section 
7.0, the line segments and stations will probably be excavated in the Puente 
Formation at depths ranging from 40 to as much as 200 feet. 

Ground conditions through this reach appear to be relatively uniform and con- 

sist generally of 20 to 30 feet of Old Alluvium (A4) underlain by claystones 
and siltstOnes of the Puente Formation (C). The Old Alluvium encountered in 

the borings ranged from firm clayey silt (Boring CEG 11) to dense sands and 
silty sands. Borings CEO 12 and 14 encountered 32 and 17 feet, respectively, 
of loose sands arid soft clays, which may be fiji. The underlying Puente For- 
mationconsi.sted primarily of claystones and siltstones with a few thin, hard 
sandstone beds. Borings CEG 10 and 13 encountered soft, weathered claystone 
with standard penetration resistances of 20 to 40 blows per foot overlying 
the unweathered Puente Formation. 

The permanent water table occurs within the Puente Formation at depths in 

excess of 100 feet. A perched ground water table probably occurs above the 
Puerite Formation within the Old Al luvium at depths of about 15 to 25 feet. 

Boring CEG 11 encountered an artesian condition during drilling. There is 

insufficient information at this time to determine what caused this condi- 
tion (i.e., deep or shallow artesian zone, related to expanding gas bubbles, 
etc.) and its impact on surface excavations. Additional information wi I I be 

required during later design stages. Heavy inflow of ground water was encoun- 
tered in Boring CEG 10 with a cobbly sand zone at a depth of 18 to 22.5 feet. 

The lake in MacArthur Park is located within a few hundred feet of the pro- 

posed Alvarado Street Station. 

8.8.2 Excavation Conditions 

The excavation conditions through Reach 3 will be similar to those of Reach 2 
but may require some dewatering, as discussed below in Section 8.8.3 

The fill encountered in Borings CEG 12 (3.2 feet deep) and CEG 14 (17 feet 

deep) contains building debris ai rubble arid may be difficult to handle due 
to their low density and high silt content. COnstruction.cuts in these fill 

materials should be 2H:IV or flatter. The weathered claystones and clayey 

silt alluvium will also be difficult to handle, particularly in the presence 
of water. For estimating purposes, IH:IV construction slopes in these 
materials are appropriate. 
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8.8.3 Dewatering Requirements 

Excavations that penetrate to the top of the Puente Formation wi I probably 
have ground water inflows near the al luviun'i-ciaystone contact. In gnerai 
the Lnf lows will be smal I, except local ly within zones of clean sand and 
gravel (such as in CEQ 10, at depths of 18 to 22.5 feet). The anticipated 
inflows can be dewatered with dpen pumping inside the excavatioh Should the 
artesian condition in Boring CEG 11 be confirmed and be caused by a zone with- 
in about 20 feet below the base of the proposed excavation, the affected area 
should be dewatered prior to excavation. Suitabledewatering procedures would 
involve deep wel Is, wel Ipoints, and/or deep sumps. 

Ground water inflows from the Puente Formation are anticipated to be minors 

The lake at MacArthur Park is not alnticipated to adversely affect dewèteting 
conditions, since the lake appears to be entirely within the Puente Formationa 

8.8.4 Shorino Reauirements 

General shoring requirements are discussed in Sections 8.2 and 8.3. Section 
9.0 presents design criteria. Through Reach 3, shored excavations may be 

required at the Alvarado Station, Vermont Avenue Station, and Niormandie Avenue 
Station. Shoring requirements are similar to those disoussed in Section 8.5.4 
between the east Portal and the Los Angeles River Where Old Alluvium is be- 
lieved to be underlain at a relatively shallow depth to the Puente Formation. 
The Atlantic Richfield Project discussed In Section 8.4.1 included a maximum 
112-foot-deep excavation in similar materials including up to 32 feet of silts 
and sands underlain by claystones. 

Specific shoring considerations through this reach include: 

o Old Alluvium and fills o'.'erlying the Puente Formation will require lag- 

g i ng. 

o To minimize the potential for loss of ground within saturated, permeable 
zones near the al luvium-Puènte contact, it may be necessar:y to place 
filter fabric behind the lagging. 

o To limit ground movement, temporary walls through fill and alluvium clays 
should be designed for higher earth pressures, as discusssed in Section 
9.0 

° Tieback anchors should not derive support from any fill materials. 

8.8.5 Potential for Ground Movement 

The general guidelines for movements associated with excavations presented in 

Section 8.5 are applicable through Reach 3. 
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8.8.6 Protection/Underpirininq of Existino Structures 
The distance across Wi Ishire Boulevard between bui Idings ranges from about 80 
feet on the eastern side of Reach 3 to about 120 feet On the western side. 
The distance from the sides of the station excavations to the existing build- 
ing foundations will probably range fran less than 10 feet to about 20 feet. 

Section 8.5 presents genei-al guidelines for underpinning. 

Although underpinning may seem like the logical approach for the safety of 
structures in this reach, The nature of particular bui Iding structures may 
mitigate against underpinning in favor of protection schemes. Therefore, 
protection methods shOuld be thoroughly investigated. 

8.9 REACH 4 CENTRAL WILSH I RE BOULEVARD 

8.9.1 General 

Reach 4 extends along Wilshire Boulevard from Normandie Avenue west some 2.5 
miles to La Brea Avenue. The area is moderately to densely developed with 
small to large camercial and residential structures on The order of one to 
four stories but with some taller buildings over 20 stOries. Much of The area 
adjacent to Wilshire Boulevard consists of paved parking lots with some 
extended areas of open space. 

The ground conditions through this reach consist of 60 to 70 feet of Old Al lu- 
vium (A4) overlying 15 to 25 feet of San Pedro sand (SP). Below The San 
Pedro sand, the borings encountered SI ltstones and claystones of the Puente 
and/or Fernando Formations (C) at depths rnging from about 65 to 90 feet. 
The Old Alluviym consists primarily of silty sands1 sandy clays1 clayey sands, 
and silty clays wiTh sore zones of clean sand. The soi Is general ly are dense 
and stiff, based on standard penetration resistancie.s rngiñg from 30 to 50 
blows per foot. Locélly, sore deposits appear to be medium and firm, based on 
a lower standard penetëation resistance. (In Boring CEG 15 at a depth of 22 
feet, the SPT resistance was only 11 blows per foot in a sand, and in Boring 
CEG 17 at a depTh of 22 feet the SPY resistance was only 10 blows per foot in 
a clay.) The San Pedro sand consists of dense, clean to silty, fine to medium 
sands. Through Reach 4, sands did not appear to contain oi I or tar. The 
underlying Puente and/or Fernando Formations consist of claystones and silt- 
stones with a few Thin, hard sandstone beds. 

The permanent ground water table occurs within the Puente and/or Fernando for- 
mations at depths in excess of 150 feet. A perched ground water table occurs 
above the Puente and/or Fernando formations wiThin the Old Alluvium at depths 
of about 15 to 30 feet. Due to The intsrbedding of fine- and coarse-grained 
sediments, perched ground water levels may occur within The alluvium unit. 
The perched ground wate table shown on Drawings 2 and 7 is a simplification 
based On the limited field data. 

CWDD/ESA/QRC 1-150 



8.9.2 Excavation Conditions 

Above the ground water table, the Old Alluvium can be readily excavated with 
conventional earthmOving equipment. For estimating purposes, 1H:IV temporary 
cut slopes can be assumed, provided there is no significant seepage. 

Below the perched ground water table (at depths ranging from about 15 to 30 
feet), seepage in the more permeable zones should be anticipated. For esti- 
mating purposes, it would be appropriate to assume that material handling and 
vehicle mobility would be more difficult and that the dewätering requirements 
presented below should be implennted. 

Excavation conditions within the Puente and/or Fernando formations are con- 
sidered to b.e similar to those in other reaches. 

8.9.3 Dewaterino Recuirements 

Based on the available Information, it Is anticipated that inflow rates may 
be small, as the majority of the water-bearing zones appear to be silty saads 
and/or fine sands. Dewatering in these types of materials can be accomplished 
by open pumping ordeep sumps within the excavation. Zones of more permeable 
soils may be encountered, causing piping and loss of ground unless the zone is 

dewateréd prior to excavation. 

As a result of the Interbedding of granular and fine-grained soils within the 
Old Al luvium and the nature of the perched ground water in this reach, it may 
be difficult to effectively dewater these deposits. To be effective, a suit- 
able system mightrequire a relatively close spacing of low-capacity wells or 
wel Ipoints to intercept sufficient water-bearing zones. The Jnderlying San 
Pedro sands appear to be a continuous hydrologic unit and can probably be 

effectively dewatered with deep wells or wellpoints. 

As the proposed station excavation will probably extend into the Puente and/or 
Fernando formations, slurry cut-off walls would be an alternative to dewater- 
ing.. Slurry walls would probably not be cost effective at these station 
depths if based on dewatering considerations only. 

Ground water Inflows in the Puente and/or Fernando formations are anticipated 
to be minor. 

For current design purposes, it should be assumed that the Old Alluvium can be. 

dewatered by open pumping from within the excavation, while the San Pedro sand 
will require dewatering prior to excavation. 

5.9.4 Shorina Recuirements 

General shoring requirements are discussed in Sections 8.2 and 8.3. Sec- 
tion 90 presents design criteria. Through Reach 4 shorin will be requireld 

if stations are constructed by cut-and-cover methods at the Western Avenue 

Station and La Brea Avenue Station. Shoring will also be required if a sta- 
tion is located at Crenshaw Boulevard. Assuming deep stations, the shoring 
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system will be supporting about 80 feet of stiff/dense soil and 30 feet or 
more of soft rock, for a total depth possibly in excess of 110 feet. For cur- 
rent desigh purposes, it is recothméhded that tieback excavations in this 
reach be I United to 125 feet and strutted excavations to 150 feet. The abi I- 
ity to construct such deep excavations would have to be evaluated in detail 
during the design phase. The Century City Project discussed in Section 8.4.2 
involved a cut within stiff/dense sands, and clays similar to the Old Alluvium 
anticipated to be encountered through Reach 4. 

Specific shoring considerations through this reach include: 

o Lagging or equivalent support will probably be required through the gran- 
ular zone within the Old Al luvium and the San Pedro sands. 

o 
It may be prudent to place filter fabric behind the lagging to minimize 
potential for loss o.f ground in granular zones below the water table. 

o As a result of the depth of the anticipated excavation, design and con- 
struction procedures should be implemented to minimize ground movement as 
discussed in Section 8.3. 

o The dewatering requirSients presented in Section 8.9.3 should be imple- 

mented. 

8.9.5 Potential for GroundMovement 

General guidelines for movements associated with shored excavations are pre- 

sented in Section 8.5. It deep excavation dspths are considered1 as antici- 
pated, we reccnmend that the ground movement estimated by guidelines in Sec- 
tiori 8.5 be increased by 50 percent. 

The excavation will dewater the Old Alluvium and San Pedro sands for a con- 
siderable distance around the excavation. This will increase the effective 
stress in the soils and tend to cause some compression. These settlements 
should not be detrimental, although the borings did encounter some clays that 
may be moderately compressible. 

8.9.6 Protection/Underoinnina of Existina Structures 

The distance across Wilshire Boulevard between buildings is gelnerally about 
120 feet, except adjacent to open areas where the distance can be several 

hundred feet. The distance from the sides of the station excavation to the 
existing building foundations may be as small as 20 feet. 

Fordeep excvations, with some 80 feet being in soil, it is recommended that 
a conservative underpinning driterion be develOped for current design pur- 

poses. It is recommended that the anticipated ground movement, estimated by 

the guidel ines presented in Section 8.5, be increased by 50 percent. Based on 
these estimates, in conjunction with the foundation design of the existing 
buildings and the depth and width of the proposed station excavation, the need 
for underpinning can be assessed. 
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To simplify instal lation and to minimize the need for underpinning, consider-' 
ation should be given to locating the stations immediately adjacent to the 
building line on one side of the street. This will allow, in some cases1 for 
the soldier piles to be utilized as both temporary lateral support members and 
permanfent underpinning piles. This location will also maximize the distance 
fran the other side of the excavation to the adjacent line of buildings, and. 

possibly reduce the need to underpin on that side. 

8.10 REACH S LA BREA AREA 

8.10.1 General 

Reach .5 extends along Wilshire Boulevard fran La Brea Avenue west about one 
mile to Fa.irfax Avenue, then northward along Fairfax Avenue about 1.4 miles to 
Melrose Avenue. The Wilshire Boulevard area is moderately to densely devel- 
oped, with small to large commercial and institutional buildings on the order 
of one to four stories, but some larger buildings are over 20 stories. Much 
of the area adjacent to Wilshire Boulevard consists of paved parking lots with 
some open space areas. Northward toward and alOng Fairfax Avenue, the area is 

residential and coannercial, with structures generally less than four stOries 
and many single-family residences. 

The current design concept includes stations at Fairfax Avenue and Beverly 
Boulevard1 and possibly some cut-and-cover line segments. Based on the de- 
sign recommendations presented in Section 7.0, the line segments and stations 
will probably be relatively shallow at a depth of about 60 feet. The align- 
ment would generally be within the Old AIlu'iurn (A4), excpt in the vicinity. 

of La Brea Tar Pits, where it would be within the San Pedro sands (SP). An 

alternative concept would be a deep grade below the San Pedro sands at depths 
of about 100 to 180 feet. 

Ground conditions through this reach consist of Old Alluvium and San Pedro 
sands underlain by the Fernando Formation (C). The surface of the Fernando 
Formation drops fran a depth of about 80 feet at the eastern end of Reach 5 to 

an estimated depth of 300 feet near Boring CEG 23A. The thickness of both the 
Old Al luvium and San Pedro sand . increases. The area north of Boring CEG 22 is 

overlain by Young Al luviurn (A2) that thickens toward the north. Drawings 2 

and 8 show general subsurface profiles through this reach. Composition and 

general properties of geologic upits as related to surface éxcvations 
include: 

o Young and.0:ld Alluvium 
The Young and Old Alluvium consist primarily of silty sands, sandy clays, 
and silty clays with zones of sand. The soils are dense to very dense and 
locally contain zones of tar. Boring CEG 20 at the proposed location of 

th.e Fairfax Avenue Station encoUntered 20 feet of medium silty sands and 

firm sandy clays. 
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o San Pedro sands 
The borings through this reach, except for Boring CEG 23A, encountered San 
Pedro sands impregnated with oil and tar, commonly referred to as"tar 
sands." The engineering behavior of tar sands is not ful ly understood, 
although some building excavations in the Los Angeles area have penetrated 
thorn. Local ly, the San Pedro sands are interbded with cláystbne and silt- 
stone. Based on past experience and currently published work on the 
Athabasca Oil Sands of Canada (Byrne, 1980; Brooker, 1980), the following 
general properties of tar sands are inferred: 

a. Successful 30- to 40-foot excavatidns have been made into the tar 
sands with conventional engineering practices with provisions 
made for seepage of oil and gas into the excavation. 

b. Based on the laboratory tests, the behavior of tar sands is sirn- 

ilar to that of a weakly cemented sand with some cohesion. This 
cohesion decreases with increasing temperature. 

c. As a result of the high viscosity of the tar/oil, the permeability 
of the tar sands can be low, comparable to a clayey silt. This 
results in the tar sands behaving as an undrained material under 
short-term loading conditions. 

d. The oil and tar may play only a minor role in the mechanical be- 
havior of the tar sands, other than its effect on permeability and 
providing a cohesion. Strength tests performed on similar samples 
both with and without oil/tar impregnation yielded similar results 
(CDA, 1968; Barnes, 1980). 

e. The presence of gas within the tar sands may have a significant 
effect on its mechanical behavior. During unloading (such as 
caused by an excavation), the gas tends to expand and cn signifi- 
cantly decrease the effective stress on the sand while caisirg 
expansion ot the sand. During rapid unloading of a tar sand with 

high gas content, the effective stress can drop to near zero, and 
the mTaterial can lose most of its strength while undergoing a 

lar'ge expansion. Large expansion was encountered in samples 
obtained during drilling in the tar sands in Boring CEG 23. 

The above comments on tar sands are based on limited data. Depending upon the 

structure type and location selected, it is recommended the mechanical behav- 
ior of tar sands be studied in greater detail in the future. However, for 

the purpose of current design, it is suggested that the following properties 
of the tar sands be assumed: 

a. Tar sands with minor gas content wi I I probably behave as a dense 
sand with some cohesion and low permeability. 

b. Tar sands with significant gas content may, under rapid unloading, 
lose mluch of their strength and swell, It may be feasible to min- 
imize the adverse effects of the gas by exdavating slowly and/or 
by instal ling drains to reduce gas pressure prior to excavating. 
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o Fernando Formation 
The borings encountered claystone and siltstone. 

Based on data collected tor this study in the winter of 1980-81, it is be- 

lieved that the permanent ground water table is relatively deep, at depths 
probably exceeding IQO feet. A Shallow perched water table occurs within the 
al luviurñ deposits at depths of about 10 to 25 feet. Because of the interbed- 
ding of fine- and coare-grained sediments, various perched ground water lev- 

els may occur within the more permeable alluvium layers. The perched ground 
water table shown on Drawings 2 and 8 is a simplification based on the avail- 
able field data, 

8.10,2 E*cavatlon Conditions 

Exôavatiori conditions within the alluvium are anticipated to be similar to 

those in Reach 4, as discussed In Section 8.9.2. 

Conditions within the underlying tar sands may change, depending upon the 

amount of gas and the construction procedures; Areas that contain significant 
gas and are excavated rapidly may become very soft and require excavation with 

a clam shell or large backhoe. In those areas, stable construction slopes 
within the tar sands may be quite flat, possibly no steeper than 3H:IV or 

4H:1V. In areas containing limited gas and/or in areas excavated slowly, the 
tar sands can probably be excavated ithojtmajor di fficult9. Provisions will 
have to be made for the collection and disposal of the oil and gas that will 

be encountered during construction. 

Excavation conditions within the Fernando Formation are considered to be sini- 

i at to those in other reaches. 

8.10.3 Dewatéring Requirements 

Based on the available information, it is believed that seepage within the 

alluvium below the perched water table will be I imitsd to sandy zones and/or 
lenses. As the soils encountered in the borings were generally fine-grained1 
the inflows should not be large, although local slàndy or gravel ly zones may 

result in moderate seepage. It is recommended, for iurposes of cutnt de- 

sign, dewatering can be accomplished with open pimping from within the 

excavation. 

The high viscosity of the oil would indicate that the permeability of the tar 

sands is low. It is not anticipated that there will be significant seepage or 

dewatering problems within the tar sands. Locally, such as in Boring CEG 23A, 
the San Pedro sands may not be impregnated with oil. In these areas, dewater- 
ing requirements may be similar to those discussed in Section 8.9.3. 
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8.10.4 Shorinq ReQuirements 

Through Reach 5, shoring will be required at the Fairfax Avenue Station and 
the Beverly Boulevard Station. Assuming a shallow to intermediate station 
depth (on trw order of 60 feet deep), most of the excavation will be in the 
alluvium containing the oil sands. Shoring requirements in the aHuvium are 
anticipated to be similar to those discussed in Sections 8.8.4 and 8.9.4. 

A 60-foot-deep station at Fairfax Avenue will pénetraté some 20 feet into the 
tar sands. This depth could increase toward the Qat. Boring CEG 19, some 
2,000 feet to the eaSt, encountered tar sand at a depth of 14 feet. The 
Mutual Benefit Life Building (CDA, 1968) which involved a 40-foot excavation 
including 10 feet into the tar sands, is located some 500 feet east of the 
proposed Fairfax Avenue Station. Conventional soldier piles with lagging were 
successfully util iied to shore the excavation. Depending upon the structure 
type and location selected, additional subsurface information and testing and 
model Fng the behavior of tar sands may be required during later designs to 

evaluate effects, such as the depth of penetration into tar sand, the athount 

of gas in the tar sands, temperature, shoring design and construction pr 

cedures and others. For current design purposes, it is recommended that: 

o COndition of Minimum Penetration into Tar Sands 
FOr éxcávations that penetrate less than 20 feet into the tar sands, con- 

ventional shoring design and construction practices can be assumed to be 
appropriate. Increasing the earth pressures (provided in Section 9.0) for 
alluvium sands by 25 percent is recommended for current design purposes. 

° Conditioi of Deep Penetration into Tar Sands 
For extavatiOns that eñëti'àte more than 20 feet into the tar sands, the 

following design criteria are suggested: 

a. In ccinputing strut and wall loads, assume a uniform earth pressure 
within the tar sand which is equal to 35H, where I-i is the total 
depth of cut. 

b. Avoid the use of tiebacks, i.e., use internal bracing. If tie 
backs are evaluated, assume that anchors are set beyond a no-load 
zone defined by a horizontal line extending from the bottom of the 
excavat!on horizontally a distance of H/2 (where H is the depth of 

the cut) and then upward at an angle of 60° with th horizontal. 

The ibtent of this extended no-load ±one is to account for 

potential loss of strength of the tar sands near the excavation as 

a result of the effects of unloading and gas pressure. 

C. In ccnputing the required depth of penetration of soldier piles to 

resist both lateral and vertical loads, the resistSce provided by 

the upper 15 feet of penetration stiquld be ignored. 

8.10.5 Potential for Ground Movement 

General guidelines for ground movements associated with shored excavations 

are presented in Section 8.5. For excavations extending into the tar sands, 
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it is retammended for the current design the anticipated ground movnents 
estimated by these guidelines be increased by 100 percent for up to 20 feet of 

penetration into the tar sands and by 200 percent for deeper penetrations. 

Although ground swelling, or heaving of the bottom of excavation, is a phe- 

nomenon that occurs to some degree in all excavations, rapid unloading of tar 

sands containing a significant amount of gas could result in significant 
ground swelling. in addition, depressurization of the oil and gas adjacent to 

the excavation may cause the swelling to extend to other areas adjacent to the 
excavation. Although this roblecti has not been èñcountered on previous local 

pr'ojects, deep excavations into tar sands and/or into areas with very high gas 
content could result in some ground heave. There is insufficient current 
information to predict the. magnitude and distribution of ground heave and the 
reversal settlement under, load. 

8.10.5 Considerations Related. to Oil and Gas 

Provisions will have to be made to collect and dispose of any Oil that seeps 
intO the excavation during construction. Design considerations involve col- 

lection systems for oil and gas, and provisions for corrosion protection of 

exposed subgrade elements. 

8.10.7 Protect,ion/Underoi.nnina of Existinq Structures 

At the proposed location of the Fairfax Avenue Station, the distance across 
Wilshire Boulevard between buildings Is about 120 feet. At the proposed loca- 

tion of the Beverly Boulevard Stafion, there is about 8.0 feet acros Fairfax 
Avenue between buildings. On the east side of Fairfax in this area, however, 

there currently is a large parking lot that extends for a dFstance of some 900 
feet along Fairfax. By locating the station in this area toward the east side 

of Fairfax, it may be possible to minimize the need for underpinning. 

Section 8.5 presents general guidelines to evaluate underpinning requirements. 
At the proposed Fairfax Avenue Station, where the excavation extends into the 

tar sands, the estimated ground movements should be Increased, as discussed 

above in Section 8.10.5. Based on these recommendations, it is believed that 

underpinning will probably be required at the Fairfax Avenue Station, particu- 
lary for excavations in excess of about 60 feet. For excavations less than 60 

feet in depth, protection methods, versus underpinning, should be thoroughly 
investigated. 

The general comments on underpinning presented in Section 8.5 are applicable 

through this section. Conventionally, piles in this area of Los Angeles have 

been designed to obtain support entirely from the soils below the tar sands. 

If underpinning is required in areas where the tar sands e*tend to consider- 

able depths, it may be feasible to support the underpinnn'g piles within the 

tar sands. This would require additional study and concurrence from the City 

of Los Angeles Engineering Department. For excaiations with less than about 

20 feet of penetration into the tar sands, it may be feasible to locate the 
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excavation immediately adjacent to the building line on one side of the 
street, thus minimizing the need to underpin the buildings on the opposite 
side. This would also allow, in some cases, for soldier piles to be utilized 
as both the temporary lateral support members and permahent underpinning 
piles. For deep excavations into the tar sands, it is believed that Hhe esti- 
mated movements wil I be unsatisfactory, and underpinning on both sides ot 
Wilshire Boulevard probably will be required. 

8.11 REACH 6 HOLLYWOOD AREA 

8.11.1 General 

Reach 6 extent north along Fairfax Avenue to Fountain Avenue, then eas+ 
along Fountain Avenue to Cahuenga Boulevard, and north along Cahuenga Boule- 
vard to Yucca Street at the base of the Santa Monica Mountains. Through this 
reach along Fairfax and Fountain, the area is primarily residential, with some 
smal I commercial bui ldings and parking areas. Along Cahuenga, the area in- 

cludes primarily large commercial buildings, generally one to four stories 
with some up to about 10 stories. Much of the area adjacent to Cahuenga 
consists of paved parking lots. 

The current design concept includes stations at Santa Monica Boulevard, La 

l3rea Avèñue (possible future station) and Hollywood Boulevard.. Several line 

segment and station depths appear feasible, ranging from shallow (on the order 
ot 40 feet), allowing for cut-and-cover line segment construction, to deep (in 

excess of 70 feet) within the Old Al luvium. A shallow cut-and-cover I in seg- 

ment section approaching Reach 7, which crosses the Santa Monica Mountains, 
would allow daylighting of the grade to avoid croslsing the active Hollywood 
fault at depth. 

Ground conditions consist of thick deposits of Young (A2) and Old Alluvium 
(A4) in excess of 200 feet thick. The 60- to 70-foot thickness of Young 
Al tuvium is based on an interpretation of the boring logs and regional geo- 
logic sequence. The deposits exhibit cOnsiderable variation both laterally 
and vei-tically, but c.onsist primarily of clayey sandy and sandy clays with 10- 

to 20-foot zones of silty sand, sandy silt and clean sand. Boring CEG 26 at a 

depth of 114 feet encountered a 50-foot zone of silty clay while Boring CEG 25 
encountered primarily silty sand and sandy silt. In Boring CEG 28 some hard 

cemented zones were encountered within a sand zon,e at a depth of 86 feet. 

Below a depth of about 20 to 40 feet, standard penetration resistances ranged 

frdn 40 to 100 blows per foot. The alluvium below this depth is believed to 

be predominately dense to very dense, and stiff to hard. In the upper 20 to 

40 feet, however, the al luvium appeared to be medium, with some loose to soft 

zones based on standard penetration resistances ranging from 7 to 30 blows per 

foot. 

Ground water was encOuntered at depths of 80 to 100 feet in Borings CEG 24 and 

CEG 25, at depths of 25 to 30 feet in Borings CEG 26 and CEG 27, and at a 

depth of 75 feet in Boring CEG 28. These depths represent, we believe, the 

permanent ground water levels at the time the measurements were made in the 
winter of 1980-1981. 
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8.11.2 Excavation Conditions 

Excavation conditions in the alluvium are anticipated to be similar to those 
in the alluvium in Reaches 4 and 5. The ground water table appeats to be in 

excess of 70 feet deep in Borings CEG 24, 25 and 28.; therefore, the excavation 
may be predominately dry along much of Reach 6. 

Temporary cut slopes within the softer, looser soils encountered within the 
upper 20 to 4.0 feet can be assumed to be 1 1/2H:1V. Granular soils within 
this looser upper zone which encountered ground water seepage may be particu- 
larly susceptible to piping/flowing. Hard cemented zones within the Old 
Alluvium sands (such as in Boring CEG 28 at a depth of 86 feet) may be encoun- 
tered. 

8.113 Dewàterinq Reuiremehts 

It is believed that significant seepage within the alluvium, below permanent 
or perched ground water levels, will be limited to sandy zones and/or lenses.. 

As the soils encountered in the borings were generally finer-grained, the 
inflows should not be large, although local sandy or gravelly zones may result 
in moderate seepage. To a depth of 70 to 80 feet, excavatiOns for the Santa 
Monica and Hollywood Stations may be essentially dry. 

It is recaTiniended that dewatering can be aëcompl ished with open pUmpin from 
within the excavation. Locally, such as in the vicinity of Boring CEG 27, 

which encountered sane 20 feet of clean sands and gravelly sands below the 
observed ground water table, some pre-excavation pumping from wells, deep 
sumps, or well points may be required. 

8.11.4 Sharing Requirements 

Iftough Reach 6, shoring will be required at the Santa Monica, La Brea 
(possible future station) and Hollywood stations and for any cut-and-cover 
line segments. The shoring re4uirenents are anticipated to be. similar to 

those disdussed for alluvium in Sections 8.8.4 and 8.9.4. Within the upper 

20- to 40-foot zone of softer/looser soils, the design earth pressures 

provided in Section 9.0 should be increased by 25 percent. 

8.11.5 Potential for Ground Movement 

As a result of the softer/looser upper 20- to 40-foot zone through this 

reach, we recommend that the anticipated ground movements estimated by the 

guidelines as presented in Section 8.5 be increased by 100 percent. 

Although not believed to be a major concern, construction vibrations could 

induce densiflcation of the medium sandy zones within the upper 20 to 40 feet. 
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8.1 1.6 Protection/Underpi.nninq ot Existina Structures 
At the propased location of the Santa Monica Station, the distance across 
Fairfax Avenue between buildings is about 100 feet, with several parking lot 
areas where the distance exceeds 150 feet. At the proposed Hollywood Station, 
the distance across Cahuenga Boulevard between buildings is about 80 feet1 
except adjacent to parking lot areas, where it exceeds 200 feet. 

It is believed underpinning for commercial buildings adjacent to the sta- 
tions will probably be required, or in lieu thereof, protection methods could 
be considered. For a cut-and-cOver line sement, depending on its location, 
underpinning may not be required, but protection methods might be necessary. 

8.12 REACH 7 SANTA MONICA MOUNTAINS 

8.12.1 General 

Reach 7 extends about 3.3 nfl es across the Santa Monica Mountains and will 
approximately parallel the Hollywood Freeway. Through this reach, the align- 
ment will be almost entirely within hard rock. In this area, development is 
light to modei-átC with single-family residences, small commercial buildings 
and considerable open space. The existing Hollywood Freeway includes rock 
cuts up to at least 100 feet through the mountains. 

The current design concept includes a deep tunnel through the mountains, with 
an optional station at tile Hollywood Bowl. To avoid crossing the Hollywood 
fault zone at depth, consideration should be given to a surface line through 
the southern section df Reach 7. Th line would then go underground just 
north of the fault location and continue in a tunnel through the mountains. 
Surface excavations for this option would include only tunnel portals. 

The ground conditions through this reach consist almost entirely of the 
Topanga Formation, except for a cover of Young Alluvium up to about 40 feet 
thick at the northern and southern extranes of the reach. Five fault zones 
including the Hollywood, Hollywood Bowl, Benedict Canyon, and two unnamed 
faults appear to cross the proposed al ignment. The Topanga Formation consists 
of a massive sandstone and conglomerate unit with some claystone and a basalt 
unit.. Locally, such as at Boring CEG 29 (where 26 teet of soft cl&stone was 
encountered) tile upper io to 25 feet mlay be weathered and soil-like in beha- 
'for. Thro.uhout this reach, the rocks are steeply dipping ih the range of 
40° to near-vertical. Sections 5.0 and 7.0 discuss in detail the properties 
of the topanga Formation. The Young Al luvium encountered in the borings 
varied considerably, ranging fran silty sands to gravelly cobbles at Boring 
CEG 29 to sanldy clay to clsyey spind at Borings CEG 30 and 33. Basad on the 
standard penetration resistances rangin from 8 to 20 blows per foot, these 
deposits are loose/soft to medium/firm. Borin CEG 33 encountered 38 feet of 
soft to very soft sandy clays which may, at least in part, be a sliver fill 
placed in the past to construct Cahuenga Boulevard. 
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Ground water conditions through this reach are erratic, as the Topanga Forma- 
tion is essentially nonwater-bearing except for limited quantities of water in 

joints and fractures. Significant temporary ground watet inflows can occur in 

highly jointed or fractured zones. The alluvial deposits may contain perched 
ground water. Ground water levels encountered in the borings for the alluvial 
deposits ranged from about a 20-foot depth at Borings CEG 30 and 33 to in 

excess of 70 feet at Boring CEG 28A. 

8 .12.2 Recommendations 

Surface excavations In this reach will be in rock, except possibly at the 
southern and northern ends where the rock surface slopes downward below the 
alluvial deposits of the Hollywood and North Hollywood basins. 

Possible Portal excavations for the south end of the reach, near Boring CEG 

29, would be mostly dry1 classified as moderately blocky and seamy rock 

(Terzaghi Rock Condition No. 4), consisting of claystone, sandstone and silt- 

tone of the Topanga Formlation covetd by a thin wedge of alluvial deposits. 

The rocks are gener'ally weathred, friable, and closely to moderately frsc- 

tured.. Local highway cuts in this rock stand at slopes of about I 1/2H:1V if 

bedding- does not daylight unsupported out of cuts, but raveling comntonly 

requires regular maintenance. Portal excavations in the rock and al luvial 

material will require protection against raveling, erosion and possible mate- 

rial determination. Benching of cuts, gunite slope cover, bolts and wire mesh 
are possible preventive measures to reduce these problems. 

Sur'face excaVatiOn conditions for The middle section of the reach will be dif- 

ferent depending upon the rock types encountered and site-specific topographit 

conditions. Conditions will be similar to those described for tunneling in 

Section 7.0, although ground water problem are not anticipated. Surface 
excavations associated with tunnelIng, such as ventilation shafts, will prob- 

ably require some strengthening around the opening because rocks are generally 

more weathered and fractured near the ground surface. Such strengthen lAg 

could be accomplished by perimeter grouting prior to excavation, or by instal- 

lation of rdck bolts, wire mesh and.shotcrete as excavation proceeds. Conven- 

tional shaft sinking methods can also be applied with ring beams and lagging. 

Cut-and-caveir line segment construction along the northern and southern ex- 

trenes of the teach would involve excavation in Young Alluvium. The al lu- 

vium thrOugh this reach is amOng the least dense/stiff along the alignment, 

ranging from loose/soft to medium/firm. For current design purposes,. it is 

recanmended that stable construction slopes be assumed to be I.5H:1V or 

flatter and that any shoring be designed for the loose sands or soft clay 

categories presented in Section 9.0. Dewatering conditions in the alluvium 

are anticipated to be similar to those in Reach 6, but may locally require 

pre-excavation pumping in areas of clean granular soil. Because of the lower 

density, these soils will probably be more permeable than the Old Alluvium in 

Reach 6. Underpinning, or prescribed protection method, may be required along 
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Cabulenga Boulevard south along the southern extreme of Reach 7. Shoring and 
underpinning requirements are anticipated to be similar to thase in th Young 
Alluvium of Reach 6. 

843 REACH 8 SAN FERNANDO VALLEY 

8.13.1 General 

Reach B is about 2.2 miles long and extends north along Vineland Avenue. The 
area Ls residential with some commercial buildings, parking lots and open 
space. The proposed al ignmeat wi I I ëross the Ventura Freeway and Los Angeles 
River. 

The current design concept includes the Universal Oity Station near Boring OEG 
34 and the North Hollywood Station at the northern Portal. Based on the 
design recommendations presented in Section 7.0, the Metro Rail Project align- 
ment may be shallow within about 50 feet of the surface at deep at a depth of 
about 100 feet. Cut-and-cover line segments would be feasible far the shallow 
alignment. 

The ground condition through this reach consists of about 50 to 70 feet of 
Young Alluvium (A1) underlain by a thick sequence of Old Alluvium (A3). 
Borings CEG 34 and 35 encountered sandstones and claystones of the Topanga 
Formation below a depth of about 50 feet and 120 feet, respectively. Immedi- 

ately north of Boring CEG 35, as shown on Drawings 2 and 12, the top of the 
Topanga Formation is interpreted to be at a depth of about 250 feet. The 
alluvium includes an upper zone some 30 to 40 feet thick that is only firm! 
medium with standard penetration resistances generally only 10 to 30 blows per 
foot. Materials in this upper zone consist predominantly of silty sands and 
sandy silts, but include clean sands, clayey sands, and silty clays. Below 
the upper zone, the boring soils graded ñiUch stiffer/denser materials with 
standard penetration resisfances generally exceeding 50 blows per foot (CEG 35 
is an exception where the blow/ft ranged only up to about 30 blows per foot to 

depths exceeding 100 feet). These lower soils consist primarily of clean and 
silty sands with zones of clayey sand-sandy clay. A 20- to 60-foot zone of 
clean sand arid grivél with cobbles was generally encountered at depth below 

about 40 feet in the borings in this reach. 

Based on the data collected for this study in the winter of 1980-1981, the 

ground water table north of the Los Angeles River appears to be deep at depths 
generally exceeding 100 feet. South of the Los Angeles River, at Boring CEG 
34, ground water was encountered at a depth of 15 feet. 

8.13.2 ExcavatiOn Conditions 

Excavation conditions within te alluvium north of the Los Angeles River, 
where the grolund water appears to be deep, are anticipated to be similar to 

Reach 6. Cobbles and boulders should be anticipated within the sand and 
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gravel zones below depths of about 40 feet. Because of lower densities, the 
soi Is in the upper 30 to 40 feet will be easier to excavate but may require 
flatter temporary clonstruction slopes on. the order of 1 1/2H:1V. 

South of the Los Angeles River at the proposed Universal City Station, Boring 
CEG 34 encountered 38 feet of silty sands underlain by 12 feet of clean grav- 
elly sands over rock with a shallow ground water table at 15 fst. Exdava- 
tions below the ground water table will require dewatering. Cobbles and 
boulders should also be anticipated in the gravelly materials in this area. 

8.13.3 Dewàterinq Requirements 

In the vicinity of the proposed Universal City Station dewatering will be 
required because of gravelly sands below 38 feet. Ecavatios that extend tO 
depths within about 10 feet of the gravelly sands cQuld encounter a quick 
condition in the excavation unless the ground water level in the sands i.s 

lowered. For current design purposes it should be assumed pro-excavation 
dewatering from wells extending into the gravel ly sands will be required.. The 
Ybung Alluvium, in the vicinity of the Los Angeles River (between Borings CEO 
34 and 35), is estimated to have a permeability on the order of ic-i cm/sec 
or more, which is a transmissibility on the order of 100,000 to 200,000 gal- 
lons per day per toot. As an alternative, a slurry wall or slurry cdt-off 
trench could be extended into the underlying Topanga Formation. This would 
effectively seal the excavatiop and minimize dewatering requirements. 

North of the Los Angeles River, the ground water table is deep and dewatering 
will probably not be required.. 

8.13.4 ShorinqRequi.rements. 

General shoring requirements are discussed in Sections 8.2 and 8.3. Section 
90 presents design criteria. Through this reach shoring will probably be 

required at the Universal City Station, North Hollywood Station and any cut- 
and-cOver line segments. Alternatively, due to the limited development and 
size of adjacent structures, consideration might be given to unsupported cuts 
for relatively shallow excavations. Shoring requFrenents in the vicinity of 

the Universal CEty Station, where ground water may be shallow, are antici- 
pated to be similar to Reach 1. North of the Los Angeles River, where ground 
water appears to be deep, shoring requirements are anticipated to be similar 
to Reach 6. The relatively loose sands in the upper 30 to 40 feet are judged 
to be very susceptible to raveling. Lagging, in conjunction with soldier 
piles, will be required for the majority of the soils through this reach. 

8.13.5 Potential for Ground Movement 

General guidelines for ground movements associated with shored excavations 
are presented in Section 8.5. Because of the softer/looser soils in the Upper 

30 tO 40 feet, it is recommended that tte anticipated ground movements esti- 

mated by these guidelines be increased by 100 percent... 
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Construction vibrations, although unlikely, could induce densification of the 
soils within the looser upper 30 to 40 feet. 

Below the observed ground water table at Boring CEG 34 (Universal City Sta- 
tion), some 15 feet of medium sandy silts and silty sands were encountered. 
The standard penetration resistance recorded in these materials ranged train 

about 9 to 20 blows per toot. These soils are considered susceptible to 
liquefaction and may require densification to minimize liquefaction potential. 

8.13.6 Prbtection/Underbinnina of Existina Structures 

The proposed Universal City Station. is lbcàted in a residential area with 
narrow streets and single-family houses or small apartment units. Vineland 
Avenue is a six-lane road with a wide median strip and some 160 feet across 
between existing structures. The proposed Nprth Hollywood Station is located 
in an area of one-story industrial buildings, with considerable open space. 

The driteria presented in Section 8.5 for underpinning existing structures are 
appl ibable through this reach with the estimated ground movement being 
increased by 100 percent. Based on the width ofVineland Avenue and the type 
of structures in the area, it is believed that the protection/underpinning 
requirements may be minimal through this reach. 
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Section 9.0: 
Design Considerations 

9.1 GENERAL 

in this section, geotechnical design parameters and criteria are presented 
consistent with the a'vailable information. These parameters and criteria are 
suitable for current design, evaluating alignment and profile alternatives, 
and cost estimating. 

Based on the above and results of any future geotechnical investigations, the 
parameters and design criteria presented below may be subject to revision. 

9.2 SOFTGROtJND DESIGN VALUES 

The general engineering characteristics of the geologic units encountered in 

each reach along the project alignment are discOssed in Sections 5.0, 70 and 
8.0. Table 5-2 in Section 5.1.3 summarizes The results of the laboratory 
testing program for each major geologic unit. For purposes of current design, 
Table 9-1 presents recommended design values for each major soft-ground unit 
anticip:ated along the alignment. The values shown on Table 9-1 are based in 

part on the laboratory results and field Standard Penetration Test (SPT) 

values, while incorporating past experience and practice in the Los Angeles 
area. As appropHate, corrunenfs are presented where different parameters. are 
more suitable for specific areas or reaches. 

It is recommended that the design engineer review the information presented in 

Sections 5.0, 7.0 and 8.0 for additional background. Utilization of The 
design values presented In Table 9-1 without this additional lnfbrthatidn may 
be misleading. 

9.5 FOUNDATION DESIGN VALUES 

In general, sal is underlying th! proposed station locations will be stiff! 
dense providing excel lent foundation support for the station structures. 
Possible exceptions inclUde stations founded less than 40 feet deep through 
Reaches 1, 6 and $ where the upper alluvium may be only firm/medium and will 

require either a continuous mat or deep foundation system for heavy concentra- 

ted loads. Surface facilities and aerial structulres can generally be sup 

ported cii spread footings wiTh the exception of Reaches 1, 6 and B where heavy 
concentrated loads may require a deep foundation system (i.e., piling). 

Artificial fill, including buried basements, may be encountered locally along 
the alignment (e.g., materials encountered in Boring CEG 7). Although sta- 

tions in most cases wilt extend belowthis zone, surface structures may 
require piles and/or excavation/replacement in ares of existing fill. The 
tar sands Through Reach 5 present special engineering chal le.nges as discussed 
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fABLE 9-1 Soft-Ground Design Values 

lkldrained Shear2 Effective2 
Dry2 Wet2 Strength - 2!L Stress 

Geoloëic U,1t1 Density Density -2 Parameters 
(pcf) (pcf) for 6 0 Malysis C' 

(psi,) !&22_ .LJi 
Young Granular Alluvium (Af) 110 128 -- 34 0 

Young Fine-grained Alluvium (A2) 102 124 20 30 2 

Old Granular Alluvium (A3) 112 130 -- 38 0 

Old Fine-grained Al luvium (A4) 104 128 25 30 4 

$an Pedro Sands 
Without Signiti6ant Tar (SP) 105 

* Tar Sands (SP)3 100 

Fuente & Fernando Formations (C) 
Si ltitàne/Claystone 95 
SandstSe 105 

125 -- 
110 2 

120 42 
125 30 

38 
34 

32 
38 

0 
0.5 

6 
2 

1Seé report Sections 5.0, 7.0 and 8.0 for detailed information. 
2See Table 5-2 in Section 5.1.3 for sumary of all laboratory test results. 

3Cohesion (both .2 and c') sensitive to temperature. For example, the undrained shear 
anticipated to decrease to less Than one half Its original value then heated from 70' 
to 100F. 

pcf pounds per cubic foot 
psi = pounds per square Inch 
eg degrees 

angle df internal friction 
& = cohesion 

in Sections 8.10 and 10.3. In particular,, the Fairfax Avenue Station may be 

founded on the tar sands. Current practice in Los Angeles precludes sup- 
porting foundation loads within tar sands. However, it is reasonable to 
assume that it Is feasible for The Fairfax and Beverly stations to be founded 
on the tar sands if future detailed studies of the final structure type and 

location are performed. However, for current design purposes, ecommendations 
assume that foundation bearing within the Fernando Formation below the tar 

sands will be required. 

Table 9-2 presents foundation recontnendations for each major soft-ground 
geologic unit. General comments are made on Table 9-2 concerning the support 

characteristics Of each geologic unit as related to a deep foundation system 
(i.e.-, driven piles; dM1 led piers, etc.). It is judged, due to vibration 
considerations and local area practice, that drilled piles may be the most 

5 u i tab I e. 
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TABLE 9-2 Foundation Design Values 

Allowable2 Cfficient Allowable3 
Geologic Unit1 Maximum of Passive Support Saring Base Pressure Caracterlstics 

Cost) !1ctio1 (pcf) 
Young Alluviwn (A1, A2) 

Reaches 1, 6 and 8 3,000 0.4 250 Unsuitable 
Reados 2, 3, 4. 5 and 7 5,000 0.4 350 Probably suitable 

Old AIluviLsn (A3, A4) 6,000 0.4 350 Suitable/Good 

San Pedro sands 
WiThout Slgnifleant Tar (5?) 8,000 0.45 350 Coed 
Tar Sands (SP) 3,000 0.25 ISO Probably unsuitable 

Piante and Fernando Formations (C) 10,000 Ô.45 450 Excellent 

1See report sections 5.0, 7.0 and 8.0 for detailed information. 
2Allowable thaximum bearing represents istimated average values; very large footings may require 

lower values due % e*cessive settlement potential. 
3Equlvalent fluid density. 

LEGEND 

pst = pounds per square foot 
pcf pounds per cubic foot 

9.4 UNDERGROUND STRUCTURES CONSTRUCTED IN SURFACE EXCAVATIONS 

9.4.1 General 

This section presents design criteria for underground structures constructed 
in surtace excavations including stations, cut-and-cover line segments and 

shafts. In addition to criteria for permanent structures, general criteria 

for temporary sboring systems are provided. 

9.4.2 Temporary Shoring - 

As discussed in Section 8.3, there are numerous available shoring systems 

that could be uti lized with a wide assortment ot design and construction 

options. In addition, depending on protection and underpinning criteria and 
proximity of adjacent buildings, it is anticipated That different amounts of 

ground novement may be acceptable along the alignment. Thus, the design cr1- 

teria should be a function of, but not necessarily limited to: the subsurface 
material conditions, groundwater conditions, surdiarge fran adjacent struc- 

tures, the shoring scheme and acceptable level of ground movement. Based on 

available project inforthation and past experience and judgment, the following 

criteria for a shoring system are recommended: 
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o Design Pressures 
Figure 9-1 presents The recommended earth pressures on the temporary 
shring without sircharge toads tor computing strut toads, tieback loads 
and required depth of shoring embedment. The design pressures for the 
case of suppori-ing several geologic units can be determined using judgment 
and taking weighted averages. Figure 9-2. shows a general procedure for 
contUting the increased wall pressure developed by adjacent structures 
without underpinning. To allow for construction surcharge loads, the 
level of applied loading should be increased by two feet. 

o Embedment 
shoring wall embedment cannot be generalized. It should be 

based on scific cbnditions at each site developing sufficient vertical 
(particularly in the case of tieback wal Is) and horizontal capacity to 
resist the computed loads. 

o Strut Considerations 
All struts should be prestressed to a minimum ot 50 percent, and, if prac- 
tical, to 75 percent of The camputed design load tO minimize earth move- 
rnents. 

o Tieback Considerations 
Alt tiebacks should be prestressed to at least 60 percent of the computed 
design loads to minimize earth movements. Typically, the tieback ancholrs 
are set beyond a no-load zone defined by a line e<tending upward from the 
bottom of the excavation at an angle of 60 degrees from the horizontal. 
For excavations In excess of 75 feet, it Is recommended that the no-load 
zone extended to lie Syond a zone defined by a horizontal tine extend- 
ing from the bottom of the excavation horizontally a distance of H/3 
(where H is The depth of the cut) and then upward at 60 degrees with The 
horizontal. This extended no-load zone Is intended to minimize problems 
associated with release of "locked-In" lateral stresses and the plane 
strain condition associated with long stations and cut-and-cover line 
excavations. 

The current practice in the Los Angeles area, which has been field-tested 
numerous times, is to utilize large-diameter/tow grout pressure anchors 
for tieback systems. Since there is little field experience in The LOs 

Angeles area for small-diameter/high grout pressure anchors, it is recom- 
mended for current design that prOven area anOhôt desighs be utililized. 
The required anchor length, for Iarge-diãmCter/tow grout pressure anchors, 
can be based on 1 kip er square foot of anchor surface area for anchors 
in stiff fine-grained alluvium and 2 kips per square foot of surface area 

in dense granular al luvium and soft rock. At this stage, anchors should 
not be used in fine-grafted Young Alluvium in Reaches SandS or in fill. 

Bottom Heave in Fine-Grained Soi Is 
The factor of safety against bottom heave should be evaluated for deep 
excavations in fi.ne-grained soils. According to Terzaghi and Peck (1966), 
the factor of safety (FS) can be estimated from: 
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Geologic Unit (psf) 
a. Young Alluvium (A2: Reaches 6 and 8) 34H 

0.211 -._j b. Young Alluvium (A2: Reaches 1, 2, 3, 4, 5 24H 
and 7) and Old Alluvium (A4) 

0.211 

c. Puente and Fernando Formations (C) 18H 

Where: H is niaxirnurñ depth of excavation, in feet. 

EARTH PRESSURE ON TEMPORARY BRACED SHORING IN FINE-.GRAINED SOFT-GROUND 

Geologic Unit (psf) 
a. Young Alluvium (A1: Reaches 1, 2 and 8) 26H 

and Artificial Fill 

b. Young Alluvium (A1: Reaches 3, 4, 5 and 7) ?OH 
and Old Alluvium (A4) 

Where: H is maximum depth of excavation, in feet. 

EARTH PRESSURE ON TEMPORARY BRACED SHORING IN GRANULAR SOIL 

*Assumes. no groundwater pressure, a level backslope and no surcharge loads. 

RECOMMENDED DESIGN WALL PRESSURES 

Project No. 

Southern California Rapid Transit District 

- . 
METRO RAIL PROJECT 

80-1280 

Figure No. 

CWDD/ESA/GRC aeoc'rn'eaIco.nwmnts 91 



/aining .S/rucfu,-e 

Level of App/fed Loodinq 

aN o'is /ance from re/a/n frq s /ruc/ure 
to foo/inq load or parallel line /oo'd 
or /0 leading edge of aPed load 
or perpendicular fine load. 

Q :/ota/ /oa& per 1/. of /eng/h- parallel 
Jaivla/ning sk ar:/o/d/.foo/fng load. 

Pararne/ers n m Prnax. 

Pooling Load b.e 0.4 (2./4aC)Q/Ha 

LinetoadPerp. 
faRe Ia/n ingS/ruthre 

Qe 04 

'Area/Load 0.4 2? (à-aajQ/H 
Line LoadParallél t Refa/nfr4 Stricture 04 025 fi,oo'rn 'V 

(After Mueser and others, 1967) 

LATERAL PRESSURE ON TEMPORARY BRACED AND Pg1MA.NT WALLS 
DUE. TO ADJACENT BUILDINGS NOT UNDERPINNED 

Southern California Rapid Transit District 
Project No. 

METRO RAIL PROJECT 
80-1280 

FiguireNb. 
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FS = C Mc 

yH 

where: FS = factor of safety 

c = undrained shear strength (psf) 

y = unit weight of soil (pst) 

H = depth of excavation (ft) 

Mc =.bearing capacity factor depending on friction 

angle and geometry; typical values for antici- 
patSd excavations would be 6 to 7. 

To limit grund movement, it is judged that the factor of safety should 
exceed 1.5 since large strains occur as the soil approaches failure. Basd 
on the design values presented in Table 9-1, the recpnintaded limiting exca- 
vation depths are as follows: 

Limiting 
Geologic kilt Excavation DepTh 

Ut) 
Fine-Grained Alluvium (A2 and A4) ItO 

Puente and Fernando Formations (C) 115 

it is recanrnended that the limiting depth be determined at each location 

based on the average strength values and judgment. Bottom heave in 

granular soils is generally not a constraint unless excessive seepage 
pressure occurs. 

9.4.3 Pressures on Permanent Underaround Structures 

The earth pressure on permanent Underground strutth-Cs is not well under- 
stood. Factors such as behavior of the shoring system during construction 
phase, stiffness of permanent wall, lông-term creep and vibration effects and 

others are difficult to incorporaté ihtb earth ptessure predictions. Current 
practi is to assume, with time., that the pfessure on permanent walls tnds 
toward the at-rest (K0) condition. In heavily overcônsolidated materials 

(such as the Puente and Fernando formations) where the initial K0 may exceed 
1.0 (i.e., the horizontal stress exceeds the vertical stress), the general 

practice has been to assume that stress relaxation occurs during excavation 

and is not re-established. Observations have not been reported (Gould, 1970). 

Current design should be based on the general criteria and loading condi- 

tions pre5ented in FIgure 9-3. 

Surcharge loads on wal Is from adjacent structures not underpinned should be 

incorporated as presented on Figure 9-2. Distributed pressures from adjacent 

strulctulres on The underground station roof can be computed based on elastic 
solutions (sUch as La be and Whitman, 1969, p. 103). Generally, the effects 

of adjacent structures on roof loads shoUld be negligible. 
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Horizontal loading is 
a.ymmetriccxl and is 
chosen to maximize 
moments in thejoints. 

'a-- 

Active earth re.sure 

tr 

Horizontal loading '' "/ 
is symmetrical and is 
chosen to ma,ürnize 
moment in wofl. I' 

Il 

I I 

I I 

I 
I 

I I n vswa rn-a 

Horizontal loading 
is symmetrical and 
is chosen to maximize 
mosnint in top slab. 

+ 

surthargt 

at time of 

M-rest earth 
pressure. 

pressure 

earth 

-Active earth 

preseure 

5HORT-TRNi LOAD1G AFTER COJ5TRLCTIOI1 

(Gould, 1970) 

Recommended Earth Pressure CoeffIcients. 
Active At-Rest 

Geologic Unit Coeffi ci ent Coeffi ci ent 
(K8) (i<0) 

o Alluvium (A1, A2, A3 and A4) 0.3 0.5 

o Puente and Fernando Formations (C) 0.2 0.4 

o 
San Pedro sands 

Without significant tar (SP) 0.3 0.5 

Tar sands (sP) 0.4 0.8 

PRESSURES ON PERMANENT UNDERGROUND STRUCTURES 

PbjEict Nb. 
Southern California Rapid Transit District 

METRO RAIL PROJECT 
80-1280 

Figure No, 

CWDD/ESA/GRC Geotechnical Consultants 



Effects of earthquake loading on permanent underground structures will be 

addressed in a separate report. 

9.4.4 Shafts 

The radial pressure on shafts in soft-ground units will depend on, but is not 
necessarily limited to, the type of unit, geometry of shaft and method of con- 
struction. For current design purposes, the radial pressures acting on ver- 

tical shafts and shafts inclined at less than 10 degtees fran the vertical can 

be estimated as fol lows: 

o Fine-Grained AiJuvium, Tar Sands, and Ciaytdne (A2, A4, SP and C) 

Radial stresses can be assumed equal to the at-rest pressure based 

effective stress plus the hydrostatic pressure. Thus, 

0r = 091 + IL 

where:: 0r = estimated radial stress 
K0 at-rest earth pressure coefficient 

Granular 

o 
A2, A4 K0 = 0.5 

o Tar Sands K0 = 0.8 
o Claystone K0 = 0.4 

CE' = effective vertical earth stress at designated location 

ii = anticipated ground water pteSsure at designated location 

and Si ltstone dstone (A1, 

A3, SP, and C) 
Theoretical analyses based on methods developed by Terzaghi (1943) and 

Szechy '(1970) indicate the radial effective stress on shafts in gran- 

ular soils is nearly equal to the active pressure at shallow depths but 

approaches a constant pressure at great depths. Radial stre.sse.s on shafts 

cah be estimated as: 

= RKa as' + 14 

where: 0r = estimated radial stress 

Ka = active earth pressure 

°A1, A3, SP 

Si ltstone, Sandstone 

Os? = effective vertical earth 

1 = anticipated ground water 
R = Reduction Factor based a 

diarteter (D) where (after 

Ka = 0.3 

Ka = 0.2 

stress at designated location 

pressure at designated location 

ratio of depth (z) to shaft 
Mueser, and others; 1967): 

z/D 0 1 2 4 6 10 

R 1.0 0.9 0.8 0.7 0.6 0.5 
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9.5 UNPERGROUND STRUCTURES CONSTRUCTED IN MINED EXCAVATIONS 

9.5.1 General 

This section presents design criteria for underground structures constructed 
in mined excavations. This wbuld inclUde bored tunnels and mined stations. 

9.5.2 Tunnels in Soft-Ground Units 
The forces that will develop on the I ini.ng of tunnels ip the soft-ground 
units is a function of many complex factors. Various methods have been 
proposed to compute The theoretical loading, taking Into adcount arching 
(Terzaghi , 1946), earthpressure cfficients (Hewel I and Johannesson, 1922) 
and soil structure deformation charadteristics (Séchy, 1970). These compu- 
tational approaches have serious shortcomings, including partiaI ly after 
Golder, 1976): 

o Pthods of assessing the loads are based on highly simplified and sane- 
times arbitrary assumptions. 

o None of the methods considers the actual behavior of the soil or rock 
during the tunneling process, nor The method or time of installation of 
supports. 

o Standard practice of designing both the initial (temporary) support and 
final (permanent) lining for the full load can be overly conservative 
since, in many cases, very limited loads, if any, will develop on the 
permanent lining. 

It is recomended that the procedures presented by Peck (1969) and Deere and 
others (1969) be adapted for current design purposes to estimate the fOrces on 
the lining. This method is based on field obsérvátibns and basic ge.otechnical 
principles. Specifically: 

9.5.2.1 Ring Loads 

Designing for full overburden pressure is normally acceptable for tunnels at 
shallow depths in soil or soft ground. For the alluvium soils (A1, A2, 
A3 and A4) and the Puente and Fernando formation units, arching of load 
Over the tunnel will be significant at greater depths, and design for full 
overburden would be overly conservative. This will become particularly sig- 
nificant if something other than a concrete lining is selected. It is rec- 
ornrnended the following criteria, patterned to some extent after BARTD, be 

utflized for current design: 

= pR 

where: r = ring load (Ibs/lin. ft) 
p earth and water pressure on lining, 

assumed uniform all around (psf) 
R = radius of tunnel (ft). 
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Recommended values of design pressure "p" are as follows (see Figure -4 for 
term definition): 

a. Minimum for all cases:. 

p = 10 

b. Tar sand, SP: 

p = 

CNOTE: This provides allowance for iong-tenn creep ettectsj 

c. Alluviun (A1, A2, A3 and A4 and San Pedro sands (SP): 

P = 2)+ TwZw 

[NOTE: This provides full support of everyThing in The first 2 diameters 
over The tunnel, and 1/2 of everything abOe thatj 

d. Puónte and Fernando Fórmatlons (C): 

For C 0: 

p = 

(2D 
+ 

- 2D'\ 2) 
II. For 0< <-20: 

P 

iii. For t > 20: 

p = 

[NOTE: Ptxlmum p should not exceed That calculated for case of < oj 

All the relationships above consider full external water pressure on The 

lining. It is recommended that full hydrostatic pressures be used in A1, 

A3 and SF materials where the tunnel is below the water table (i.e, in 

"permeable" ground), but in A2, A4 and C materials (i.e, which are rela- 

tively '-'impermeable'.' ground), a prudent concept would be to provide permanent 
the tunnel to handle the small amount of long-term seepage which 

may occur. In this case, the hydrästatic pressure on the lining is elimi- 

nated. 

9.5.2.2 Bending Moment 

Due to the flexural rigidity of The lining, some bending moments in the' 
linings are induced. These bending moments can be estimated by: 
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= total unit weight of earth if water preuUre on lining 
eliminated by drainage, or total unit weight of earth above 
wOter table if permanent drainage not (pct). 

Xb biioyont unit weight of earth below water 1-able if permañént 
drainage nat provided. 

= unit weight of water (pcf). 

= unconfined compressive strength (pst). 
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Mmax 

where: %iax 
E 

Rm 

R 

3EI/R (AR/R) (After Golder, 1976) 

maximum bending moment (lb-ft) 
modulus of elasti city of lining (psf) 
moment of inertia of lining (ft4 
averaé radius of lining (ft) 
radius of lining (ft) 
change of radius of lining (ft). 

Peck (1969) provides typical values of AR/R for various types of tunnel 
linings and ground conditions (typically 0.1 percent to 0.6 percent). A value 
of 0.5 percent is recomnndpd for design. 

9523 Buckling 

Experience has shown that failure of tunnel linings by buckling normally 
occurs only where the lining is not in continuous contact with The earth, due 
to poor installation and grouting procedures. Such conditions cannot effec- 
tively be taken into account in design, but must be avoided by proper con- 
struction and inspection (after Golder, 1976). 

9.5.2.4 Parallel Tunnels 

When a second tunnel is driven parèllel and close to an existing tunnel, the 
resulting stresses on both tunnels can be greater than for a single tunnel. 
We recommend a minimum pillar width of one tunnel diameter except in special 
cases such as at portals, transition into station, braced cut, double-track 
tunnel, etc. In such special cases, a minimum of one radius pi I lar width is 
recbrnmended. Recommended also that ground loading "p" (Section 9.5.2.1) for 
desigh should be incteased by 20 percent where pillar width is less Than one 
tunnel diameter. This increae applies only to the earth component Of lTptI, 

not to The water component. 

9.5.2.5 Surcharge from Adjacent/Overhead Bui Idings 

According to Peck (1969), bored tunnels adjacent to or underlying existing 
buildings may experience marginal ly more radial deformation than normal during 
excavation and prior to installation of lining. This increased defOrmation 
apparently causes increased earth arching, with The net result That little if 
any increased ring load has been observed. However, for current design pur- 
poses and to accommodate the alternatives involving shallow bored tunnels, it 
is recommended that The methods recommended in Sections 9.4.3 to compute sur- 
charge loads be applied to bored tunnels. 

9.5.2.6 Jacking Forces 

The tunnel will probably be advanced by jacking the shield against the 
lining. These induced jacking stresses can be substantial and often control 
te lining design. Consideration should be given to this factor if the tem- 
porary suAport is also to be used as the permanent lining, as with precast 
concrete segrnenfl. 
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9.5.3 Tunnels in Rack Units 
Reach 7 is classified as a "rock" tunneling reach. Sedimentary units, as 
well as the basalt unit, of The Topanga Formation will be penetrated. Suit- 
able temporary support for These rocks may consist of steel sets and lagging. 
However, it is judged that the rock can be reinforced with rOck bolts Or hot- 
crete in a significant leth of the tunnel. It is recommended that steel 
support placed On 4-foot cintèr's be assumed in design for 35 percent of the 
tunnel and that the remaining length of tunnel be assumed to have rock bolts, 
shotôrete or any combination of steel support, bolts and shotcrete. The 
method at mining this reach will affect, to some extent, The requirements for 
support and/or reinforcement of the rock. Paragraph 7.7.7.2 indicates that a 
tunnel boring machine (TBM) or a drill and blast method can be used. Cha(ac- 
teristically a TBM cuts a smooth1 circular section, causing far less distur- 
bance to the periphery rock as compared to a drill and blat tunnel, wherein 
secondary stresses are formed dlue to the blasting effect. Support and rock 
reinforcements, Therefore, are normal ly less for a IBM tunnel than for a dri I 

and blast tunnel. Controlled blasting procedures can minimize the damage to 
the rock surface, but these procedures can be time consuming and costly if 
indiscriminately specified for construction. 

Design loadings for temporary support and permanent linings for hard rock tun- 
nels are not easily quantified. A method developed by Terzaghi (.1946) is corn- 
monly used (Table .9-3). This method involves estimating the rock loads based 
on rock conditions and tunnel dimensions. The rock conditions are estimated 
based on Terzaghi's rock classification which has been used throughout this 
report. The permanent lining in complex geometry situations should be de- 
signed for vertical loosening loads following the Terzaghi criteria. For 
simple circular or horsehoe cross-sections, where cast-in-place concrete 
lining is to be used, the design should provide a permanent condrëte lining 
thickness of 1/2 inch per foot of tunnel diameter, or a minithum cthciete 
thickness of 10 inches, for diameters up to 40 feet. Tunnels with diameters 
larger than 40 feet require special consideration. Use of the Terzaghi ñèthod 
resUlts in selection of steel support sizes considered conservative, and this 
procedure is recommended for current design. 

Table 9-4 (O'Neill, 1966) gives generalized relationships between the rock 
classifications and requirements for rock reinforcement and support in drill 
and blast underground excavations. Rock bolt reinforcement can be done by 
spotting bolts to pin individual blocks of rock or by pattern bolting which 
creates a compressive stress in the rock normal to The tree surface. Pattern 
bolting is recommended in Reach 7 and can be effectively done vhn junthos are 
designed for producti.on bolting. When close jointing of rock creates a hazard 
of rock fall from between bolts, chain link fabric can be used in conjunc- 
tion with the bolts (Table 9-4). The following criteria are recommended for 
pattern rock bolt design; 

o Length of bolt is determined on basis of dimensions of the excavation as 
well as the geologic factors. Minimum bolt lengths range from 0.25 to 0.40 
of the tunnel width. 
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TABLE 9-3 

ROCK LOADS 

TERZAGHI METHOD 
Rock load H,, In feet of rock on roof of support In tunnel 

with width B Ut) and height H (It) at depth of more than 1.5 (B + HO.1 

Rock. Condition Rock Load H,, in feet Remarks 

1. Hrd ad kntact zero Light Iininã, required only if spalling 
or popping occurs. 

2. Hard stratified or 0 to 0.5 B Light support. 
schistoseu 

Load may change erratically from 
3. Massxve moderate. 0 to 0.25 B 

ly1ointed point to point. 

4. Moderately blocky 0.25 B to 0.35 (B+H1) No side pressure. 
aridieamy 

5.. Very blocky and (0.35 to 1.10) (B+H) Little or no side pressure.. 

Completely crushed 
but chemically in- 

1.10 (B+H) Considerable side pressure Softening 
effect of seepage towards bottom of 

tact tunnel requires either cbntinüous 
port for loWer ends of ribs or 

circular ribs 

7. Squeezing rock, (1.10 to 2.10) (B+H) 
moderate depth Heavy side pressure, invert struts 

quired. Circular ribs are iecdrntended. 8. Squeezing rock. (2.10 to 4.50) (B+H) 
greatdepth 

9. Swelling' rock Up to 250 ft. irrespec Circular ribs required. In extreme 
tin of value of (B±H1) cases use yielding fiport. 

I 

1. The reof of the tunnel is aisumod to be located below the water table. If it is located permanently above 
the water table, the values given for types 4 to S con be reduced by fifty per cent. 

2. Some of the most common rack formations contain layers of shale. In an unweatherod state, real shales are 
no wars, than dther ettatlfied rocks. However, the term shale is often applied to Ilrmly compnèied cloy 
sediments 'which have not yet acquired the properties of rack. Such socalled shale may behave in the 
ttizinel like squeezing or even swelling rcck. 

II a rock fartatlón carsists of a sequence of horizontal layers of sandstone or limestone and of lmmahIre 
shale, the excavation of the tunnel Is coftmanly associated with a gradual compression of the jock an both 
skies of the tunnel. Iniolving a downward movement ci the roof. Furthermore, the relatively low resistance 
claanst slippage at the boundaries between the sc-called shale and rock is likely to reduce very consid 
erably the capacity of the rock located above the roof to bridge. Hence. in such rock formations, the root 
pressure may be as heavy as In a very blocky and siamy rock. 

(After Tenagh, 1946) 
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ROC K 

TABLE 9-4 

CHARACTERISTICS OF COMPETENT Rock AND GENERALIZED APPLICABILITY 
OF ROCK REINFORëEMENT AND SUPPORT OF UNDERGROUND OPENINGS 

ROCK CONTROLLED 

HARO AND INTACT; UNJOINTED, TIGHTLY CEMENTED ROCK BREAKS ACROSS GRAIN AND 

MASSIVE NTS OR WIOE-SPAg JOINTS DRIL.L HOLE TRACES USUAJ_LY RI- 
lS FEET OW MORE APART) OP SUCH MAIN WITH MINIMUM EFFORt 
ORIENTATIDI THAT ROCK IS NOT 

N.00KY. USUALLY OFT. 

AAR0, STRATIFIED UNJOINTEO, TIGHTlY IZMEMTED 
OR SCHISTOSE JOINTS OR WIDE-SPACED JOINTS 

is pin OR MORE APART i. 

1MG OlE ORIENTATION OF EXCAVATION. 

COMBINATION OF JOINTS AND StRATI 

FICATION OR SCHISTOSITY MAY CAUSE 

SLIGHT BLOCKY CONDITION. 

USUALLY ONY. 

MODERATELY JOINtED. 

MASIVE. STRATIFIED 

OR SCNISTOSE 

JOINT PLANES SPACED FROM I TO S 

FEET APARt ONE OR MORE PREDOMI- 

RENT SETS. ROCK ORO*IARILT HARD 

AND COMPETENT HOWEVER STRATIFIED 

ROCK MAY WAVE SOflER pSi 
COMBINATION OF JOINtS, STRATIFICATION 

OR SCHISTOSITY MAY CAUSE BLOCKY 
CONDIVGI. VERY FEW SEAMS. 

DRY OR WEt 

CLOSELY JOINTED JOINT SPACED LESS THAN S 

FEET APARt ONE OR MORE PREDOMI 

HEIIT SETS. ROCK MAIhLY HARD. COM- 

BINATION OF JOINTS. STRATIFICATION OR 

SCHISTOSITY MAY CAUSE BLOCKY CONL 

DITION. VERY FEW SEAMS. WET OR DRY. 

MODERATELY BLOCKY MODERATELY OR CLOSELY JOINTED WITH 

AND SEAMY I OR MORE MAJOR SETS. RANDOM FRAC 

lURES OR JOINTS ALSO PIESEN. MANY 

JOINT PLANES WEAKLY CEIIEITED OR 

OPEN. ROCK MAINlY 1USD 'UT SEAMS 

CONTAINING CLAY AND/OR ORUSNID 
ROCK MAY CUT ROCK IN ANY DIRECTION. 

WET 0* DRY. 

ROCK DIRECT 

OPTIONAL IN SMALL EXCAVATIONS. ORDINARILY NOT 

DESIRABLE IN LAnCE EXCAVATIONS. REQUIRED. 

GOOD ANCHORAGE FOR ANY TYPE BOLT. 

PATTERN BOLTS SHOULD BE LONG 

ENOUGH TO CROSS WIDE-SPED JOINTS. 

MESH ORDINARILY NOT REQUIRED. 

GOOD RESULTS CAN BE EXPECTED BOLT PATTERN NORMAL TO SURFACE ORDI- IF REQUIRED, SW 

WITH HIGH PERCENtAGE OF DRILL WARILY SATISFACTORY BUT OCCASIONALLY PORT SYSTEMS 

TRACES REMAINING. DIRECTION OF SCHISTOSITY OR FOLIATION MAY REQUIRE WOULD OROINARIL 

SCHISTOSITY WILL HAVE SOME IF- OTHER ORIENTATION- GOOD ANCHORAGE BE LIGHT. 

FECTON UNIFORMITY OF EXCAVATION. EXPECTED FOP ANT TYPE BOI.T. 

WiTH PROPER RELATIONSHIP OF PER 

METER HOLE ALIGNMENT AND SPAC 

PIG, POWOER TYPE. LOADING FACTOR 

AND BURDEN TO PERIMETER HOLE 

SONG. 0000 RESULTS WITH SMALL 

PERCENT OVERSREAX CAN SE 

EXPECTED. DIRECTION OF JOINTS, 

SOIISTOSITY AND STRATIFICATION WILL 

AFFECT RESULTS. 

RELATIONSHIPS LISTED ABOVE IMPOR- 

TANT. PERIMETER HOLE SPACINGS MAY 

HAVE TO BE REDUCED. GOOD RESULTS 

CAN SE OBTAINEO. ROCK MAY HAVE 

TENOENCY 70 BREAK TO JOINT SUR- 

FACES REDUCOIO UNIFORMITY OF BUS- 

FACE. - OVERPREAK CAN BE HELD TO 

SMALL PERCENT. 

ADEQUATE LENGTH BOLTS SHOULD BE 

SELECTED WITH REFERENCE TO JOINTS 

AND OTHER WEAK PLANES. MESH ORDI- 

NARILY NOT REQUIRED. 

ROOF CONTROL ORDINARILY GOOD. BOLT 

PATTERN NORMAL TOSURFACE ORDINARILY 

SATISFACTORY, BUT JDINTSYSTEIIS ARO 

STRATIFICATION SHOULO BE REVIEWED AS 

WELL AS BOLT LENGTH. G000 ANCHORAGE 

EXPECTED FOR AMY TYPE IDLY EXCEPT 

WEDGE MA! BE DIFFICULT TO SET IN SOFT 

BEDS. MESA OPTIONAL BUT DESIRABLE. 

PARTICULARLY IF MUCH WATER. 

ROOF CONTROL OROINARILY GOOD. GOOD 

ANCHORAGE WIY#4 ANY TYPE BOLT 

ALTHOUGH SEAMS MAY CAUSE DIFFICULTY 

IN SETTING WEDGE BOLTS. CARE NEC 

ESSARY TO MAKE SURE SEAMS ARE ADE- 

QUATELY BOLTED. BOLTING AS SOON AFTER 

BLASTING AS POSSIBLE INPORTANY. MESH 

DESIRABLE. HEADERS TO REINFORCE 

SEAMY OR BLOCKY AREAS MAY BE REQUIR- 

ED. WET CONDITIONS COMPOUND PROBLEMS. 

PROPER NELATIONSHWS LISTED ABOVE ROOF CONTROL ORDINARIU G000. G000 
BECOME MORE IMPORTANT. PERIMETER ANCHORAGE WITH ANY TYPE BOLl ALTNO 

HOLE SPACING MM HAVE TO BC REDUCED. THOUGH SEAMS MAY CAUSE DIFFICULTY IN 

$000 RESULTS CAN BE EXPECTED. SETTING WEDGE BOLTS. CARE NECESSARY 

ORIENI*TION OF JOINTS AND SEAMS MAY TO MAKE SURE SEAMS ARE ADEQUATELY 

CAUSE INCREASED QVERBREAIC. BOLTED BOI.TING AS Sfl AFTER BLAST- 
ING IMPORTANT. MESH DESIRABLE. HEADERS 

TO REINFORCE SEAMY OR BLOCKY AREAS 

MAY BE REQUIRED. WET CONDITIONS COM 

POUND PROBLEMS. 

VERY BLOCKY ON - MODERATELY OR CLDflIY JOPflED WITH ROCK NAB TENDENCY TO BREAK TO 

SEAMY I OR MORE MAJOR SET3. RANDOM Nut. JOINTS AND SEAMS. UNIFORMITY OIFFI- 

EROUS RANDOM FRACtURES AND JOINTS. CULT TO ACHIEVE. WITH PROPER PRO 

JOINTS WEMLT CEMENTED OR OPEN. CEDURES. SOUNDNESS CAN SE IMPAOV 

MANY SEAMS CUT ROCK ALONG OR ED AND OVEROREAK CAN SE HELD TO 

ACROSS JOINTS. CONCENTRATION OF FRACTION DF THAT EXPECTED WITH 

JOINTS AND SEAMS M4y CAUSE SOFT NORMAL BLASTING TECHNIQUES. 

jONES IN OTHERWISE HARD ROCK. 

WET OR DRY. 

(After O1NeHI, 1966) 

YOSSIBLI IF ROCK NOT TOO SEAMY OR WET 

EXPANSION SHELL ANCHORS PREFERRED. 

BOLTING SOON AFTER BLASTING AND 

CLOSE TO FACE IMPORTANT. WORKMEN MAT 

REQUIRE PROTECTION DURING INSTALLATION 

PROCEDURES. MESH DESIRABLE AS CLOSE 

TO HEADING AS POSSIBLE. FREQUENT USE 

OF HEADERS AND MINE TIES ANTICIPATED 
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Length to spacing ratio for bolts should be no less than 1.5 to 2. 

o Tensional bolts should be installed at a load ot between 1/2 and 2/3 of 
the yield strength; alternatively, untensioned bolts, grouted or resin 
encapsulated for their full length, may be used. 

o Bolts should be installed within 5 feet of the face or at the tail of the 
TBM and as soOn as possible after ecavation. 

For example, for a 20-foot-di&neter tunrtel It Is judged That a pattern of 6- 
to 8-foot-long bolts on a 4- to 5-foot spacing across the arch and above the 
spring line would serve as adequate rock reinforcement in Resch 7. Estimates 
should include a liberal quantity of mine ties, straps and mesh for areas 
where small rocks could fall from between bolts. 

Deere and others (1970) have proposed guidelines, based primari ly on Rock 
Quality Designations (RQD), for typi:ca.l bolting patterns for different methods 
of excavation in hard rock tunnels. The subject bolting guidelines should be 

used only as a rough guide because the dsign of rock bolt systems depends on 

many factors in addition to RQD. 

Shotcrete can be pneumatically applied to the arch and wal Is of the tunnel and 

can be effective in supporting and controlling rock. It can be used in con- 

junction with rock bolts, mesh reinforcement and/or steel sets where addition- 

al strength is required to resist loads. Empirical relationships are used for 

temporary s'Jpport design criteria since analytical methods result in design 

thickness signifidántly thicker Than experience proves necessary. Table 9-5 

(Heuer, 1974) relates typical thickhess of shotcrete for different ground con- 

ditions. The following temporary support driteria are recommended for shot- 

crete design: 

o Initial layer of shotcrete should not be less than 5 cm (2 inches). 

o Shotcrete should be applied to freshly exposed rock surfaces as soon as 

poissible after blasting (no later than one hour after blasting) and should 

be completed as rapidly as possible. 

o An appropriate accelerator, matched to the cement and aggregate, must be 

ad.dad to the mix just prior to application to achieve high early strength. 

o Shotcrete aggregate should contain particle sizes up to 1/2 inch. 

o Minimum compressive strength requirements for shotcrete should be 750 psi 

in B hours; 1,500 psi in 24 hours; and 4,000 psi in 28 days, 

A typical shotcrete reinforced 20-foot-diameter tunnel in hardrock similar to 
that expected in Reach 7 would call for an initial layer no less than 2 inches 

thick to be applied at the heading withip one hour of excavation. A subse- 

quent layer should be applied further behin.d the heading here the shotcrete 

operation does not interfere with activities at the heading. Total typical 
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thickness of shotcrete is anticipated to range from 4 to 6 inches. In heavy 
ground load areas, such as faylt zones, or crushed rock zOnes, shotcrete thick- 
nesses would be increased and the shotcreté cOuld be supplemented with rock 
bolts, mesh or steel sets. It shotcrete is planned as the permanent lining 
the thickness may be increased. Shotcrete is generally not practical for use 
with a ThM. 

TABLE 9-5 Tdmporar9 support Under Loosening Loads 

Ground Condi ti on Shotcrete App] cation 

Good Ground 
Where support problems are minimal, but 
a "bald-headed" tunnel Is considered 
unacceptable 

Fair Ground 
\i?e the rock is more closely Jointed or 
broken and The arch deflnitel' needs scan 
support, but 5idewal Is are stable. Ground 
allows grood bàid of shotcrete to excavation 
perl meter. 

Poor Ground: 
re tunnel walls tend to ravel SaTe, or 

where a good shotcrete bond to rock cannot 
be achieved. 

Very. Poor £round 

5 cm (2 inches) shotcrete In arch above springline 

7 to 8 on (3 inches *) shotcrete in arch, feather 
out below springline 

8 to 10 cm (3 to 4 Inches) shotcrete in arch. 
7 to 8 cii (3+ Inches) shotcrete on walls. 
Carry to base of walls In horseshoe tunnels. 

i circular tunnels, wall coverage required 
depend's on quality of shotcrete bond to rock. 

If bond is of fair quality, may nóed onl' ãpper 
270 shotcrete coverage. 

If bond is very poor, need full 360 coverage. 

If support problems are truly loosening loads, 
treat as above for poor ground but add another 
2 to 3 cm (1 Inch) of shotcrete, givIng 10 to 
12 cm (4 to 5 inches) In arch, 10+ cm (4+ Inches) 

For tunnel diameters of 4 to 6 m (15 to 20 fl); after Heuer, 1974. 

9.5.4 Mined Stations 

The behavior Sd design of mined stations depends upon, but is not necessar- 
i ly limited to, ground' conditions, geometry, mining and support method, and 

general construction sequencing and procedures. It is not feasible at thi.s 

time to present specific design criteria to apply to all the dondeivable sta- 

tion geomtry and mining 'procedures whidi might be considered. However, for 

current desig'n purposes it is recommended the loadings be' in accordance with 

procedures outlined in Section 9.5.2 and 9.5.3. Construction of mined sta- 

tions for the Metro Rail alignment is judged feasible and the estimates of 

soft-ground and rock loadings given above are considered an adeuate basis 
from which to make current cost estimates and design. 
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9.6 GROUND WATER 

Ground water conditions along the alignment are complex and variable. In par- 
ticular, the extent of perched ground water a,d the occurrence of unsaturated 
materials in the zone between pef-died ground water and the underlying perma- 
nent ground water is not well defined. Detailed information and data on the 
grOud water conditions were discussed in previous Sections 4.5, 5.2, 6.0 and 
7.2, and a summary of ground water monitoring readings for all botings drilled 
as a part of this study is presented in Table A-5, Appendix A,. Volume II. 

For current design purposes, it is recommended that ground water pressures be 
compi led on the following basis: 

o 
Perched ground water within the alluvium materials (A1, A2, A3 and 
A4) does not have hydraulic continuity with the permanent ground water 
which is primarly in the Fernando and Puente formations (C). 

o Structures within the petroliterous San Pedro sands (SP), Fernando and 
Puente formations (C) and Topanga Formation materials will not have to be 

designed for ground water pressures or large c,tihued water inflows,., for 
either The short-term (during construction) or the long-term loading cases, 
if a permanent drainage sistem is provided. 

o Structures within the A2 and A4 al luvium should be designed, for The 
long-term loadFng case, for the full pressure of either a perched or per- 
manent ground water level. For the short-term loading case, ground water 
pressures and water inflows should be totally controllable by temporary 
dewatering systems. 

Structures within the A1 and A3 alluvium and San Pedro sand (SP) mate- 
rials should be designed, for either the short-term or The long-term load- 
ing cases, for the full pressure of either a perched or permanent ground 
water level. 

From the above general guidelines and Drawing 2, Table 9-6 presents recorn- 

mended qualitative ground water design criteria. 

TABLE 9-6 Ground Wat.r Design Criteria 

I I 
Groundilater LeveI* 

Reach Itt) Remarks in Reference to 'Water ProbIóMs 
permanent Perched 

1 A1 and C 20 30 Májdi in or lnA1w materials 

2 A1 and C 100 - Minimal 

3 C 120 l0 - -i 
A4 - 2Q30 Minor 

4 C and SR 150 - Major in-SPw materials 
A3 and A4 - 20 - 40 Minor in A3w móterlals 

S C and SP ISO - Mlriinl 
A2 and A4 - 10 - 35 Minor 

6 C Below200 - Mijilmal 

A2 and A4 - 20 - 30 Minor 

7 4* fl - Minimal 

8 A1 and A3 120 - Major t L.A. River in A;w and mlndr In Aw 

Reters to level slow the existing ground surface (see DrawIng 2). 
"Na,wator-beári ng" Tópanga Format I i. 
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Section 10.0: 
Specific Subsurface Problems in Design 

10.1 GENERAL 

This section identifies certain subsurface problems and delineates specific 
areas which, in our opinion, deserve special design considerations. 

10.2 GROUND WATER 

Ground water ciohditions may influence the choice of ali.nnent and the methods 
of excavation and support. Perhaps the most succinct statement of justifi- 
cation for ground water evaluation is the following from the text Ground Water 
(Freeze and Cherry, 1979): 

The tunneling literature contains references to many case histories 
in a wide variety of geologic environments, but while lithology1 
stratigraphy and structure vary from caSe to dase, there is dne 
featuri that is rSarkedly cOmmon. In case after case, the primaYy 
geotechnical problem encountered durinc tunnel construction involved 
the inflow of ground water (emphasis added). Some of the most 
disastrous experiences in tunneling have been the result of inter- 
ception of large flows of water from highly fractured, water- 
saturated rocks. Tunnelers the world over know that in planning for 
a tunnel, it is essential to make every attempt to identify the 
nature of the ground water conditions that are I ikely to be 
encountered. 

In some areas, particularly through Reach 1, dewatering may be difficult, 
requiring extensive puthpipg and/dr use of cutoff walls/trenches. In addition 
to the impact on construction, grdund water conditidns can, have a profound 
influence on permanent design pressures and waterproofing/drainage require- 
ments.. The difference in design pressures between a line segment/station 
located 60 feet below the static ground water table, and one located in an 
unsaturated zone below a perched ground water table, can be substantial. 

Ground water conditions along the proposed alignment are believed to be 
complex for several reasons, including: 

o With the possible exception of the Young Alluvium (A1) through Reach 1, 
the non-tar-imprenated San Pedro sands (SPw) through Reach 4, and the 
Young Alluvium (A1) and Old Alluvium (A3) through Reach 8, the majority 
of the sublsurface materials are either nonwater-bearing or are. composed of 
interbedded water and nonwater-bearing zones. Thus, it is believed that 
the ground water regime is generally not continuous. 

o 
A relatively shal low perched ground water table is believed to exist within 
the alluvium throughout much of the alignment. The occurrence of ground 
water within end below this zone, as well as seasonal variations, is 
difficult to quantify. 
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° In many non-water-bearing formations, water is stored in isolated 

lenses/pockets (granular soil in alluvium) or structural discontinuities 
(joints, faults, etc. in rock). 

We recommend the data and procedures outlined throughout this report, par- 

ticularly in Section 9.6, be implemented in regard to ground water considera- 

tions for current design. If, however, final line segment and station loca- 

tions are selected in areas of major ground water uncertainties, then it may 

be necessary in the future to col lect more detailed information. Such intor- 

nation might be obtained from installing additional piezometers, performing 
insitu permeability tests, full-scale pumping tests Or model studie$. 

10.3 TAR SANDS 

As discussed in Section 8.10, the proposed alignment through Reach 5 may pene- 

trate oil and tar Impregnated sands of the San Pedro Formation (commonly 
referred to as "tar sands"). The engineering behavior of tar sands is not 
well understood although sOme building excav6tions in the Los Angeles area 

have peuiétrated thSi (an example Is discussed in Section 8.4.4.). To put the 
problem in perpective, the extrSie coIditions that could conceivably oOcur 
are: 

o Optimum Behavior 
The tar sands may, even at depth, behave as a medium sand with temperature 
sensitive cohesion. In this case, other than the determination of rela- 

tive density with depth and provisions to accornntdate intiltrating gas and 

Oil, excavations into the tar sands may not involve special problaiis. It 

is uhdértood that a tunnel has been bored through the Athabasca Oil Sands 
in Canada without any significant problemS; howCvOr, the area was well.- 

drained, which may or may nOt be thp case along the Metro Rail alignment, 

and gas pressure reportèdly was not a probléni. 

o Adverse Performance 
As dicussed in Section 8.10.1, the presence of gas within the tar sands 

may have a significant effect on the mechanical behavior of the tar sands. 

During rapid unloading, such as caused by an advancing excavation, tar 

sands with high gas contents could lose much of their strength while 

undergoing a large expansion. There is also some evidence that tar sands 

may ixhibit considerable creep, particularly at elevated temperatures. 

These conditions could result ii loss of ground, high shoring/lining pres- 

sures, loss of passive resistance, and other problems. 

The differences in costs and design criteria associated with the two extreme 

conditions could be significant, particularly for deep excavations into the 

tar sands. 

If design of the Metro Rail al ipmént indicates that tunnel grades and/or deep 

excavations into the tar sands are desired, it is recommended that additional 

studies be performed on the behavior of the tar sands. These studies might 

i nc I ude: 
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o Laboratory Tests 
Additional testing should be performed to provide information on the 
Strength and deformation characteristics of the tar sands at different 
confining pressures, Etraln rates and stress IeveIs The three-phase 
nature of the pore fluid (water, oil or tar, and gas) will reqUire special 
testing procedures and equipment. Appropriate laboratory tests night 
include a series of unconsolidated-undrained triaxial tests. performed at 
different temperatures and strain rates. 

o Borings and Borehole Measurements 
Additional borings (whicli se r6cbmmend) will better define the occurrence 
of tar sands along the proposed alignment. Boring CEG 19, located some 

2,000 feet from the proposed Fairfax Avenue Station, encountered tar sands 
at a depth of 14 feet, while at Hancock Park the tar sands are known to be 
virtual ly at the ground surface. The occurrence of shal lQw tar sands ray 
have significant cost implications on the optimum location of the Fairfax 
Avenue Station and line segment depth. These additional borings hould 

include measurements of In situ gas content and provisions for evaluating 
the potential for soil expansion during sampling. Sample expansion, such 

as observed in Boring CEG 23 may represent a key observation In identify- 

ing potential problem areas In addition, it is recommended that consi- 

deration be given to performing in situ borelole measurements such as 

pressuremeter tests. The pressuremeter test (particularly the self-boring 
pressuremeter test which is, in effect, a miniature tunnel boring machine) 

is well suited to obtain strength, deformability and limited time- 

dependent characteri stic information. 

o Pilot Excavation 
Depending dii the ithplicatlos of information obtained from additional 

laboratory tests, additiOnal borings and borehole measurements, it may. be 

appropriate to perform a small pilot excavation. This might cohsist of 

constructing a smal I shored excavation in an area of shal low tar sands 

which contain a high gas content and exhibited pronounced soil expanSion 

during sampling. A less expensive alternative might involve drilling a 6- 

to 10-foot diameter shaft to the depths being considered for a line 

segment/station. The excavations should be instrumented to measure the 

appropriate behavior of the tar sands. It is believed that a pilot 

excavation may prove to be essential in reducing the uncertainties 

involved in the proposed construction through Reach 5. 

10.4 SEIsMIC CONSIDERATIONS 

Seismic studies were not a part of this investigation, but will be the subject 

of a separate study which is under preparation. 
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10.5 LIQUEFACTION/VISRATION DENSIFICATION 

In general, the granular alluvium deposits encountered along the alignment 
appear tO be dense to very dense with standard penetration resistances gener- 
ally in excess of 40 to 50 blows per foot. However, there are exceptiofls to 
this general condition, e.g., some of the granular alluvium encountered in 

Reaches 1, 2, and $ was only loose to medium. Loose granular alluvium in the 
Los Angeles area is susceptible to liquefaction whete it is below the ground 
water table and/or to densifiction due to construction vibrations. These 
conditions might require in situ dehsiticätion, more conservative design earth 
pressures, piles (upl [ft and/or compression), additional underpinning, special 
construOtion procedures to minimi:ze vibrations, permanent lowering of the 
ground water table and/or other procedures. 

If current design studies locate line segment or station structures in Zones 
of loose and saturated granular al luvium deposits, then consideration should 
be given to investigate such deposits in more detail. 

10.6 CORROSION POTENTIAL 

10.6.1 General 

Results of the water analyses, from perched or permanent, shal low or deep, 
ground water along the proposed Metro Rail alignment, indicate reaches 
containing very poor to poor water quality, e.g., high in Total Dissolved 
Solids (itS). For exanple, Boring CEG 6 (Reach I), Boring CEG II, (Reach 3), 
Boring CEG 19 (Relalch 5) cOntain TDS exceeding 5,000 parts per mill ion (ppm).. 

By comparison, the U.S. Public Health Service Standard for potable domestic 
drinking water is a maximum of 500 ppm. 

10.6.2 Sulfate (SO4) Content 

Ground water along the proposed Metro Rail alignment is high in sulfate 
content. The sulfate content in 19 of the 31 CEG bOrins sampled exceeded 150 
ppm (see Appendix G, Volume II). Sulfate content above 150 ppm is generally 
regarded to be deleterious to concrete. For example, Type II cement is 

appropriate for sulfate concentrations from ISO to 1,000 ppm. Therefore, the 
reaches presented in Table 10-1 would appear to require Type I I cement based 
on water samples rémOvCd from borings. 
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TABLE 10-I Reaches Requiring Type II Cenent' 

Groundwater 
Boring Reach 

Sulfate 
CEO No. Content 

(ppm) 

1 1 475 

3 1 152 

16 4 231 

19 5 240 

21 5 263 

22 5 149 

23A 5 154 

26 6 161 

27 6 245 

26A 6 272 

30 7 202 

31 7 161 

32A. 7 434 

33 7 693 

36 8 253 

37 8 418 

36 6 463 

'Based ci water samples removed fran borIngs. 

Borings where sulfate content of groundwater exceeds 1,000 ppm, possibly 
requiring special cement, are presented in Table 10-2. 

TA8LE 10-2 Reaches RequIring Special Cement' 

Groundwater 
Boring Reach 

sulfate 
CEO No. Content 

(ppm) 

10 2 2,200 

29 7 2.600 

on water samples removed fran borings. 

10.6.3 Sodium Chloride (NaCI) Content 

Chemical analyses of ground water samples exhibit very high sodium chloride 
(salt) contet. These saltytt waters are judged to originate from oil field 
brines. About 10 miles of the alignment is located near existing oil fields. 
Water easily corrodes metals used in construction when its sodiuth content 
exceeds 1,000 ppm. The borings presented in Table 10-3 are examples: 
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TABLE 10-3 Reathes Encountering Metal-Corrosive GroUnd Water 

GrOundwater 
Boring Reach 

Sodium Chloride 

CEO No. Content 
(ppm) 

3 1 3,000 

4 4.600 

6 19.000 

10 3 1,400 

Ii 3 18,000 

12 3 5.340 

16 4 -5.700 

19 5 1-3,600 

29 7 3.090 

35 8 2.218 

sed a, water samples removed tri borings. 

The poor quality ground water, however, is not limited to The reaches near oil 
fields, as testimony from high TDS in Borings CEG 29, 33, 35 and 38 (Cahuenga 
Pass to north Portal). 

Based on available water analysis data, and knowing muqh of the ground water 
is highly mineralized, additional corrosion studies ate recommended to assist 
the designer in selecting proper materials for construction. 

10.7 FAULTS 

The prOposed Metro Rail alignment traverses 12 known faults (Drawings I and 
2) and will also traverse many unknown faults. In rock tunneling conditions, 
faults generally contain steeply dipping (near-vertical) zones of crdshed or 
slickansided rock that may be up to several -tens of feet wide. In soft-ground 
tunneling conditions, effects of faulting are more diffuse, e.g., instead of 
forming discrete ruptures that cut The rock materials, the fabric of grains 
and fragments is deformed by rearràngèment. In both cases, fault zones could 
form: 

o significant traps for oil and gas, e.g.,- 3rd Street, 6th -Street, San 

Vicente and Santa Monica faults in The L.a Brea Tar Pit (Salt Lake Oil 

Field) area; 

o barriers (or conduits) along which impounded ground water may enter The 
tunnel bore as a tesult of impervious clay and/or broken rock formed along 
the fault rupture; 
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o weak, plastic zones at gtouhd water barriers, especial ly in claystdne unit 
Cs.,, may clog an excavator or cutterhead as wet as reduce the heading 
stabi lity; 

very blocky and seamy rock zones (crushed rock and fault gouge containing 
altered materials) several tens of feet to possibly several hundred feet 

in width, as at the Hollywood, Hollywood Bowl arid Benedict Canyon fault 

crossings; 

o possible squeezing and/or swelling ground in major fault crossings as well 

as in undetected fault zones in the soft claystone unit. 

The proposed alignment crosses all known fault traces at nearly right angles., 

thus the fault zones anticipated to be intersected will be roughly equal to 

the width of the fault zone! 

10.8 s 

It is recognized that the proposed Metro Rail alignment will pass over or near 

six major oil fields (Section 4.7 and Drawing 1) and over 50 percent. of the 

alignment has been classified as either potentially gassy or gassy ground 

(Section 4.8 and Drawing 2). In addition to being a potential construction 

hazard, the presence of gas can reduce cop\structlon excavation rates sub- 

stantially (Section 7.6), require special lihing provisions for certain 

portions of the alignment (Section 7.7.5.2), and mandate adequate collection 

and ventilation systems for the finished project. 

We recommend the data, conclusions ahd cautions outlined throughout this 

report, particularly for Reaches I through 5, be implemented in regard to 

considerations for gas for current designs. If, however, more detail than is 

presented in this report is required for design, it will be necessary to 

collect more field data. Such additional data might include locating and 

monitoring specific sources and pressures of gases at selected alignment 

locations. 
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