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February 14, 2003 
EMI Project No. 02-134 
 
California Department of Transportation 
District 4 
Office of Design Peninsula, 8th Floor 
111 Grand Ave 
Oakland, California 94612-0660 
 
Attention: Mr. Skip Sowko, Project Manager 
 
Subject: Final Geological and Geotechnical Data Report 

Devil’s Slide Tunnels Project  
Contract 59A0234, Task Order 2B 

 
 
Dear Mr. Sowko: 

Attached is the Final Draft Geological and Geotechnical Data Report for the Devil’s 
Slide Tunnels Project. This report represents the GDR for this project. Pursuant to your request, 
this report was prepared to present all test methods and test results obtained from field 
exploration and in-situ and laboratory testing in a concise, ready-to-use format. It also provides 
an overview of regional and project site geology and seismicity. 

This GDR was developed from our Draft Report submitted December 11, 2002 which 
had been prepared as a general site characterization report. The GDR addresses review 
comments by the HNTB’s Peer Advisory Panel, Caltrans Geotechnical Design (West) and the 
structural designers HNTB/ILF. The details of the field work by Earth Mechanics, Inc. (EMI) 
under Task Order 2B of the subject contract authorized by Caltrans in June 2002 are documented 
in an appendix. The summary data plots provide engineering properties of the subsurface 
materials and incorporate findings from prior geological studies by EMI performed under Task 
Order 2A authorized by Caltrans in January 2001 and from the 1996 feasibility study. 

The prior Task Order 2A represented a preliminary site characterization phase that 
included a site reconnaissance exploration consisting of field geological mapping and aerial 
photography performed by EMI in the fall of 2001. EMI prepared and submitted a Technical 
Memorandum in October 2001. EMI then performed additional studies and prepared and 
submitted a second Technical Memorandum in March 2002. The data collected was used to plan 
the Phase 2B geotechnical site exploration. 

The subject Task Order 2B exploration was conducted to finalize site characterization 
and included a total of 33 soil and rock borings with in-situ field testing, laboratory testing, and 
additional field geological mapping performed by EMI in Summer/Fall 2002. This exploration 
included an on-site logistics office and a temperature-controlled rock core storage trailer. All 
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fieldwork was conducted under a SWPPP plan developed by CH2M Hill and Hanford ARC, and 
administered by CH2M Hill and URS Corp. Several site walks were conducted with participation 
of Caltrans and the Technical Advisory Panels for inspection of field equipment and work 
procedures, and discussion of findings. 

This GDR contains extensive field and laboratory test data and is divided into four 
volumes: 

• Volume 1 contains the body of the GDR with main text and maps, figures, photos, 
and Logs of Test Boring plans; 

• Volumes 2 and 3 contain in-situ testing reports (video imaging, pressuremeter, 
seismic suspension logging, packer testing, piezometer data); and 

• Volume 4 contains various laboratory testing data on rock, soil, water and air. 

The data Volumes 2 and 3 have already been submitted to you and remain unchanged. Data 
Volume 4 has also been submitted already, but an Appendix G-4 has now been added on rock 
abrasion testing per your request. Appendix A-4 is enclosed as an insert to be added to the end of 
each Volume 4 binder that you received in December 2002. 

On behalf of the project geotechnical team, we appreciate the opportunity to provide 
geotechnical and geological engineering services on the subject project. If you have questions or 
comments regarding this report, please contact our offices. 

Sincerely, 
EARTH MECHANICS, INC. 

 
 
                   

 
Mike Kapuskar, GE 2564 
Sr. Geotech. Engineer 

 
 
 
 

Douglas Hamilton, CEG 0031 
Sr. Eng. Geologist 

 
 
 
 

 
Bruce Schell, CEG 1434 
Sr. Eng. Geologist 
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EXECUTIVE SUMMARY 

 
Project Background and Study Description 

Geotechnical studies, including both geologic and geotechnical investigation, for the 
Devil’s Slide Tunnels Project were conducted by Earth Mechanics, Inc. (EMI) under 
California Department of Transportation Contract No. 53A0234. The subject report 
constitutes the geotechnical data report (GDR) with the exploration findings needed for 
geotechnical design of the proposed tunnel located along Route 1 in San Mateo County 
between the cities of Pacifica and Montara. The project area is shown on the site map of 
Figure 1-1. The portions of the project investigated by EMI include two proposed tunnel 
bores approximately 1,200 m long, north and south portal areas, a highway rock cut, 
and a spoil disposal site with an operations building. 

Report Purpose 

The purpose of this GDR is to present factual test data and results collected during 
geotechnical site exploration and laboratory testing for characterization of geological 
and geotechnical conditions at the project site.  

Report Organization 

This GDR is divided into four separate volumes. The contents of each volume are 
summarized below: 

• Volume 1 contains the main text with maps, figures, and borehole and trench 
logs, 

• Volumes 2 and 3 contain in-situ testing reports (video imaging, 
pressuremeter, seismic suspension logging, packer testing), and records of 
piezometer installation and initial readings 

• Volume 4 contains laboratory test results for rock, soil, water and air. 

The main text of Volume 1 comprises the following sections: 

• Section 1.0 provides an introduction and a project description. 

• Section 2.0 presents a general description of the regional geology and 
seismicity of the project site based on surface geologic mapping performed 
under Phase 2A and 2B explorations, and the 1996 feasibility investigation. 

• Section 3.0 describes the field exploration and in-situ data acquisition 
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performed under Task Order 2B. This section presents logs of test borings 
and trenches. 

• Section 4.0 describes the methodology of sampling and laboratory testing, 
and test results for rock, soil, water and air. 

Site Exploration 

The site exploration program consisted of two phases: 

A non-invasive “Phase 2A” site investigation was conducted in Fall 2001 under Task 
Order 2A. This non-invasive investigation consisted of surface geologic and 
discontinuity mapping, aerial photography of the site using a light helicopter, and 
planning of the drilling program. This work was documented in two prior reports by 
EMI for preliminary site characterization. 

An invasive  “Phase 2B” exploration was performed from July to October, 2002 under 
Task Order 2B for final site characterization. This work is described in this report. This 
exploration consisted of drilling, trenching, and testing accompanied by additional 
geologic surface mapping. Drilling included 33 rock and soil borings performed in a 
multiple-crew operation with concurrent rock in-situ field testing, and laboratory 
testing of rock, soil, water and air. The schedule of mobilizations for these activities was 
controlled by availability of right-of-entry and environmental permits. 

The Phase 2B exploration program involved difficult site access which required 
establishment of two new access roads, hillside workpads, slope ladders, helicopter 
support and Route 1 highway closures. The exploration included an on-site logistics 
office and temperature-controlled rock-core storage trailer. All fieldwork was 
conducted under a storm-water pollution prevention plan (SWPPP) developed by 
CH2M Hill and Hanford ARC, and administered by CH2M Hill and URS Corp., and 
under permits and inspections by Caltrans as well as other public and governmental 
regulatory agencies. SWPPP was managed by URS Corp. Several Caltrans site walks 
were conducted with participation by Caltrans, design consultants, and Technical 
Advisory Panel members, to inspect equipment and work procedures and to discuss 
findings. 

All borehole locations are shown on the site exploration map of Figure 3-1. Table ES-1 
presents a summary of Phase 2B borehole depths and in-situ tests performed. The field 
and test data documented in this report also include data from the 1996 feasibility 
study. 

Subsurface Conditions 

The subject report presents data that characterize the existing geological and 
geotechnical conditions at the Devil’s Slide Tunnels site for the following five segments 
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of the project: 

• tunnel bores, 

• north portals area, 

• south portals area 

• south rock cut, and 

• spoil disposal site. 

These features are depicted on the Exploration map of Figure 3-1. 

Bedrock. The project site is underlain by sedimentary bedrock and crystalline igneous 
bedrock. The sedimentary bedrock consists of interbedded conglomerate, sandstone, 
siltstone and claystone. The crystalline igneous rock are generally granodiorite, quartz 
diorite and quartz monzonite exposed in outcrops at the south tunnel portal, in slopes 
descending steeply along the coast, and in the present roadcut of the coast highway. 
Small exposures are scattered on slopes along the project alignment but dense 
vegetation and slopewash obscure most geological relationships. 

Bedding in the sedimentary rock dips steeply southerly in the northern part of the 
alignment, but is generally at low to moderate northerly dips throughout the central 
part of the alignment. The southern part of the alignment and the south rock cut area 
are underlain by granodiorite/quartz diorite.  

The rocks in the northern part of the alignment are generally laminar to very thinly 
bedded and intensely fractured with extensive shear zones and several faults. Rocks in 
the central part are less fractured but also have numerous intensely fractured zones. 
Rock Quality Designation (RQD) values are generally low with only a few zones of high 
RQD. The bedrock is commonly decomposed and/or intensely weathered to depths of 
10 m to 20 m, but is mostly relatively fresh at tunnel grade. 

Artificial fill occurs in the form of two embankment road fills and some local backfill in 
the southern part of the project area between the south portal and the spoil disposal 
area. These materials consist of loose to dense sands with silts, gravels, cobbles and 
boulders derived from local diorite rock and soil sources. 

Groundwater Conditions. Water outflow from borings was encountered in the north 
portal area and severely affected the drilling program there. Maximum outflow rates 
from two subhorizontal borings reached several hundred liters per minute.  

A series of ten (10) piezometers were installed which are now part of a groundwater 
monitoring program. That program includes the piezometers installed during the 1996 
feasibility study by Woodward Clyde and those installed by Caltrans in 2002 in the 
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proposed approach bridge area. 

Faulting 

The area is transected by several faults which separate areas of differing lithology and 
rock conditions. Three of these faults can be observed in exposures along the coastal 
seacliff. However, colluvial (slopewash) soil cover and dense coastal scrub vegetation 
obscures these faults toward the proposed tunnels alignment. Trenches were excavated 
at strategic locations to help locate these faults near the tunnel alignment. Drilling 
encountered several major shear zones, some of which are probably related to the faults 
observed in the coastal exposures. 
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Table ES-1. Summary of Exploration 

Borehole   Meter-
age 

Incli-
nation* Access P-S 

Logging   
Video 

Logging** 
Pressure-

meter 
Piezo-
meters 

Packer 
Testing 

South Portal Area 

02-2 60.7 0° X - 4 Tests - - 

02-2A 92.1 33° - - - - - 

02-2B 86.3 30° 

Helicopter support 

- - - 1 Point - 

02-19 26.8 0° On Rte 1 shoulder - - - - - 

02-21 162.2 40° On exist. trail P-3a/b - - - - 4 Tests 

Tunnel Segment 
02-5 255.6 0~4° On exist. trail P-3b X X 4 Tests 3 Points 9 Tests 

02-6 139.6 15° X X - 1 Point 5 Tests 

02-6A 266.2 47° - - - - - 

02-7 123.6 45° - X - 1 Point 7 Tests 

02-7A 36.1 33° - - - - - 

02-8A 52.4 33° - - - - 3 Tests 

02-8B 100.9 56° - X - - - 

02-8C 68.9 40° 

On new road P-2 

- X - 1 Point - 

North Portal Area 

02-11 125.8 90° - - - - - 

02-11A 174.4 90° 
On exist. lower trail 
P-1a - - - - - 

02-12 50.0 40° 
On new foot trail 
P-2 

- - - - - 

02-16 21.2 80° Helicopter support - - - - - 

02-18A 40.1 32° X X - 1 Point - 

02-18B 45.4 13° 
On new foot trail 
P-2 X X - 1 Point - 

Rock Cut 

02-13 29.3 90° On Rte 1 shoulder - - - - - 

02-14 50.3 30° Helicopter support - - - - - 

02-15 54.9 34° Helicopter support X X - - - 

Disposal Site 

02-20 22.0 0° On Rte 1 shoulder -  - 1 Point - 

02-ST1 to 
ST10 

1.6 to 
18.8 0° In drainage basin - - - - - 

Totals: 33 Boreholes ~2,012 6 Borings 
(~170 m) 

8 Borings 
(680 m) 

8 Tests 10 Point 28 Tests 
(~346 m) 

Trenches 
02-T1 21 (Length) On exist. trail P-3a - - - - - 

02-T2A/B 16 (Length) On exist. trail P-3b - - - - - 
02-T3 170 (Length) On exist. trail P-1b - - - - - 

Note: 
* Inclination angle is from vertical. 

        ** Video logging included optical and acoustic televiewers. 
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1.0 INTRODUCTION 

1.1 Purpose and Scope of Work  
This report presents a characterization of the existing geological and geotechnical 
conditions found at the Devil’s Slide Tunnels site in Pacifica, California, for the 
following five segments of the subject bypass project: 

• the proposed tunnels, 

• the north portal area, 

• the south portal area 

• the south rock cut, and 

• the spoil disposal site. 

The characterization presented in this report is based on geological and geotechnical 
data from geologic mapping, drilling, in-situ testing, and trenching conducted at the 
project site, and off-site laboratory testing. This report documents the field exploration 
and testing programs, compiles the factual data collected, and summarizes geological 
conditions and engineering properties. 

1.2 Project Description 
The proposed Devil’s Slide tunnels are located along the coast of the San Francisco 
Peninsula in San Mateo County, California (see Figure 1-1), approximately 2.4 km south 
of the city of Pacifica. The proposed tunnels extend southerly from Highway 1 just 
south of the city of Pacifica, to the east of Devil’s Slide, and meet Highway 1 just south 
of Devil’s Slide. 

The lengths of the proposed Devil’s Slide Tunnels are about 1,200 m. Each tunnel has a 
width of about 9 m and a vertical dimension of about 4.75 m. The tunnel construction 
method is expected to be sequential excavation utilizing drilling and blasting. A new 
two-lane roadway will connect to the existing Route 1 on new twin bridges across 
Shamrock Ranch Valley to the North Portal. The limit of the project presented in this 
report extends from the North Portals to the south extent of the Disposal Site. This 
report does not address the proposed new approach bridges in the north portal area. 
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1.3 Background 
The geology of the Devil’s Slide area has been studied by Darrow (1963), Nilsen and 
Yount (1981) and Pampeyan (1994). Locally, Caltrans performed more detailed 
mapping, supplemented by deep test borings and some near-shore marine geophysical 
surveying. This work was done in connection with efforts to stabilize the Devil’s Slide 
reach of Route 1 and with the investigation of the feasibility of constructing the “Marine 
Disposal Alternative” during the 1980’s and early 1990’s. More recently, Caltrans 
conducted a study to investigate the feasibility of improving the stability of the existing 
road by dewatering the landslide. 

The 1996 Feasibility Investigation concentrated on the geology along the proposed 
tunnel bores and approaches. The site investigation work for the 1996 study included 
surface mapping of the inland and south portal areas, drilling 14 core borings, and 
geophysical refraction surveying at the north and south portal site. Results of this work 
were used to compile a geologic map and prepare a geologic cross section along the 
proposed tunnel bore. The map synthesized the geologic data gathered from the 
Feasibility Investigation mapping of the tunnel alignment with the 1980 Caltrans map 
of the seaward slope in the main slide area, prepared by Caltrans geologists Beeston 
and Gamble (1980). 

In 2001, EMI conducted additional geological mapping of the project site. Samples of 
representative rock types from several of the core borings were subjected to thin-section 
petrographic studies to better understand the rock fabric, mineralogy, and alteration. 
This work was used to describe the overall site geology and faulting, and to design the 
subsequent exploration program. 

In summer and fall of 2002, EMI conducted a geotechnical field exploration described in 
this report, to define geologic and geotechnical conditions along the tunnel alignment 
for the purpose of design of the tunnel, rock cut and disposal sites. This work consisted 
of borings, in-situ testing and laboratory testing. During the same time frame, Caltrans 
performed an exploration in the northern area for design of the bridge foundations and 
northern tunnel approach. 

1.4 Datum 
All elevations and coordinates in this report are given in meters per the following 
horizontal and vertical datum as specified by Caltrans and as surveyed by Geotopo: 

• Horizontal Datum:  California Coordinate System NAD 83, Zone 3 
(meters) 

• Vertical Datum: NAVD 88 (meters) 
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1.5 Report Organization 
This report is divided into four separate volumes. The contents of each volume are 
summarized below. 

Volume 1: Main Text and Logs of Borings and Trenches. The main text in this Volume 
1 is composed of the following sections: 

• Section 1.0 provides an introduction to the project; 

• Section 2.0 discusses general site geologic conditions encountered at the 
project site including the regional and seismic setting and site geology based 
on surface geologic mapping performed under Task Order 2A. 

• Section 3.0 describes the field exploration and in-situ testing performed under 
Task Order 2B, and presents the Logs of Test Borings plans and Logs of 
Trenches (see below). 

• Section 4.0 summarizes the methodologies and test results from laboratory 
testing on bedrock, soil-like materials and fills, and from air and water 
sampling performed under Task Order 2B; 

• Section 5.0 provide the list of references. 

Each section is followed by tables and/or figures consisting of maps and data plots. 

Volume 1 also contains the following appendices: 

• Appendix A-1 documents description of the organization and operation of 
the field exploration and includes a selection of photos of the exploration 
operations; 

• Appendix B-1 contains all tabloid-size Logs of Test Borings by EMI; 

• Appendix C-1 contains a reference to the 1996 test boring logs from the 
feasibility study by Woodward-Clyde Consultants; and 

• Appendix D-1 contains logs of trenches by EMI.  

Volumes 2 and 3:  In-Situ Testing. These two volumes document in-situ down-hole 
testing by specialty subcontractors and EMI that were conducted in selected borings as 
part of Task Order 2B. 
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Volume 2 consists of the following: 

• Appendix A-2 presents a report and all logs obtained from digital imaging 
(video) by Norcal.. 

Volume 3 contains the following: 

• Appendix A-3 contains a report of Pressuremeter testing by Hughes In-situ 
Engineering; 

• Appendix B-3 contains a report of seismic suspension P- and S-wave velocity 
logging by Geovision; 

• Appendix C-3 contains the packer test results by EMI; and 

• Appendix D-3 contains the piezometer installation records and initial 
measurements. 

Volume 4:  Laboratory Testing. This volume documents all laboratory testing of rock 
and soil samples. They contain procedures, sample pictures and test results. Volume 4 
consists of two appendices: 

• Appendix A-4 contains all soil test data by EMI;  

• Appendix B-4 contains a report on rock core testing conducted by GeoTest 
Unlimited (GTU); 

• Appendix C-4 presents a report of petrographic analyses performed on rock 
samples by Spectrum Petrographics; 

• Appendix D-4 contains potential reactivity test data of aggregate and 
evaluation by Smith Emery; 

• Appendix E-4 addresses chemistry test data of water samples by Severn 
Trent; 

• Appendix F-4 presents chemistry test results of air samples tested by Air 
Toxic; and 

• Appendix G-4 presents rock abrasion tests performed by GTU at the end of 
this project. 
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1.6 Previous Reports 
The following existing data reports document previous studies of interest to this project: 

• “Phase 2A, Supplemental Geologic Investigation, Devil’s Slide Tunnels,” 
Addendum Technical Memorandum to Caltrans by EMI (2002). 

• “Phase 2A, Geologic Investigation, Devil’s Slide Tunnels,” Technical 
Memorandum to Caltrans, by EMI (2001b). 

•  “Seismic Hazard Study, Devil’s Slide Tunnels,” Final Report to Caltrans” 
by EMI (2001a). 

• “Devil’s Slide Tunnel Study,” Final Report to Caltrans by Woodward 
Clyde Consultants (1996). 

• “Devil’s Slide Tunnels Project, Aesthetics Committee Report, Phase 1”, 
Final Report to County of San Mateo Board of Supervisors, Pacifica City 
Council, Midcoast Community Council, Half Moon Bay City Council, by 
Devil’s Slide Tunnels Project Aesthetics Committee (2002). 
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2.0 REGIONAL AND SITE GEOLOGY AND SEISMICITY 

2.1 Regional and Site Geology 
The regional geologic setting of the Devils Slide Tunnels (DST) project is shown on the 
geologic map of Figure 2-1, which is part of the California State Geologic Map compiled 
by C.W. Jennings (1977). The project site is situated a few hundred meters inland from 
the coast about 1.2 km south of Point San Pedro.  This places the site near the north end 
of a structural block that lies generally between the San Andreas fault on the east and its 
major branch, the San Gregorio-Palo Colorado fault, on the west. This block, referred to 
as the La Honda block by Pampeyan (1994) includes the Santa Cruz Mountains onshore 
and continues offshore to both the north and to the south, where it extends beneath 
Monterey Bay. The block’s northward offshore extension narrows progressively as the 
San Andreas and San Gregorio faults coverage north of the Golden Gate. 

At the latitude of Montara Mountain, the La Honda block is separated from the San 
Andreas fault by the Pilarcitos fault, an older fault which is relatively inactive but is 
considered to represent a former main trace of the San Andreas fault. The Pilarcitos 
fault forms the local boundary between the two principal basement rock terranes 
consisting of the Franciscan Complex to the east of the San Andreas and the Salinian 
Complex to the west.  The San Andreas fault proper is the most continuous fault trace 
within the San Andreas fault system and also is the main locus of relative translational 
movement between the North American and the Pacific lithospheric plates. The 
combined Pilarcitos and La Honda structural blocks are situated along the east margin 
of the Pacific Plate and are moving northward at an average rate of several centimeters 
per year relative to the North American plate across the San Andreas fault, where the 
inland part of the San Francisco Bay region is located.   

The geology in the vicinity of the DST project is shown on the geologic map of Figure 
2-2, which is part of USGS Map I-2390 (Geologic Map of the Montara Mountain and San 
Mateo 7.5-Minute Quadrangles, San Mateo County, California) by E.H. Pampeyan 
(1994).  The map of Figure 2-2 is centered on San Pedro Mountain, through which the 
DST twin tunnel bores will pass. San Pedro Mountain is the northwestern-most part of 
the Montara Mountain Salinian basement terrane of Mesozoic-age crystalline igneous 
and metamorphic rock.   

Along the crest and north flank of San Pedro Mountain the igneous basement rock is 
overthrust by a sequence of Paleocene-age clastic sedimentary rocks that range in 
composition from claystone and siltstone to coarse boulder conglomerate.  The contact 
between igneous basement and the overlying sedimentary rock sections is a gently 
north-dipping fault identified in Figure 2-2 as the San Pedro Mountain Fault. Other 
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faults, major joint traces in the igneous basement, and faults and fold axes in the 
overlying sedimentary section are also shown on the map.  The approximate outline of 
the major slump block complex commonly referred to as "Devil’s Slide", which occupies 
much of the coastal bluff at the seaward truncation of San Pedro Mountain, is also 
shown on the map (unit Qyl). 

The twin tunnel bores of the DST project will pierce San Pedro Mountain a short 
distance inland from the landslide area (Figure 2-2).  The northerly part of the project 
will be constructed in the sedimentary rock section, the southerly part in the igneous 
rock section.  

2.2 Regional Seismicity 
The regional seismicity of the DST project area is shown on Figure 2-3, which 
reproduces part of the map "Earthquakes in California and Nevada" by Goter and 
others (1994).  This map shows estimated and recorded epicenters of larger earthquakes 
during the period of historic record dating back to 1836 (black open circles in Figure 
2-3), and instrumentally well-located epicenters of smaller earthquake (>M.2.5) 
recorded between 1980 and 1994.  The hachured zones annotated "1906 Earthquake 
M8.25", "1989 Loma Prieta M7.1", "1868 Hayward M7", and "1984 Morgan Hill" identify 
zones of rupture along the San Andreas, Hayward and Calaveras faults during 
significant historic earthquakes. 

In addition to the annotated earthquake epicenters and rupture zones shown on Figure 
2-3, other significant earthquakes are shown as smaller open black circles and red dots. 
Paleoseismic studies have provided evidence of large prehistoric earthquakes 
throughout the region, including along the Seal Cove–San Gregorio fault, the northern 
offshore reach of which passes within 1.5 km of the DST project area (Figure 2-1). 

 









GEOTECHNICAL DATA REPORT 

DEVIL ’S  SL IDE TUNNELS   

 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering 

 

   

 

 

 

 

 
 
 
 

 
 
 

 
 

SECTION 3.0 
 

FIELD EXPLORATION AND IN-SITU TESTING 
 
 



GEOTECHNICAL DATA REPORT 

DEVIL ’S  SL IDE TUNNELS   

3-1 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering 

 

   

3.0 FIELD EXPLORATION AND IN-SITU TESTING 

3.1 Previous Investigations 

3.1.1 Feasibility Investigation 

In 1996, a feasibility study was performed by Woodward Clyde Consultants (WCC, 
1996) that consisted of a series of rock borings and piezometer/standpipe installations 
(see Section 3.5.5). The locations of these boreholes are shown on the site map in Figure 
3-1. The field exploration included inclinometer and piezometer installations. 

3.1.2 Phase 2A Investigation 

In the fall of 2001, EMI conducted a geological reconnaissance of the project site and 
adjacent coastal slopes to ascertain surficial rock conditions. EMI performed extensive 
geologic mapping to determine geologic conditions over the greater area of the planned 
Devil’s Slide Tunnel project under Task Order 2A (Walkabout phase). Three principal 
investigation activities were conducted: 

1. Compilation and review of data from previous investigations, primarily the 
1996 WCC Investigation, but also investigations by Caltrans in 1980 and 1993, 
and other Caltrans data and articles published in the literature on various 
aspects of the project area geology. 

2. Reconnaissance land geologic mapping of the project area, including 
accessible areas of the San Pedro Mountain seaward slope for the subject 
Phase 2A geologic investigation. 

3. Detailed mapping and plotting of data regarding rock discontinuities 
(bedding, jointing, fracturing) and condition (lithology, shearing, weathering) 
from available exposures in the vicinities of the north and south portals and 
planned rock cut approaching the south portal. 

4. Additional mapping and interpretation, preparation of addendum Geological 
Report. 

The work for activities (2) and (3) above was facilitated by interpretation of stereoscopic 
vertical aerial photographs of the project area taken at scales ranging from 1:36,000 to 
1:3,000 in 1967 to 1997. Additionally, oblique stereoscopic photographs that provided 
detailed stereoscopic images of the project portals, rock cut, disposal area, and the 
adjacent seaward slope along Route 1 were acquired during a helicopter flight on 
September 6, 2001. The geological mapping activities, preliminary discontinuity data 
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(stereograms and statistical distribution), photographs and geologic evaluation are 
presented in two reports by EMI (2002, 2001b). 

The Phase 2A reports present data and discussion of geological mapping activities used 
to collect this data for the preliminary walkabout phase of the Devil’s Slide tunnels 
investigation. They present stereograms and statistical distribution of the discontinuity 
data as well as  selected aerial photos. 

The reconnaissance-level geologic mapping confirmed some of the 1996 Feasibility 
Investigation geological interpretations but also revealed significant differences, 
especially in the location and pattern of block-boundary faults and consequently, in the 
lithology and geologic structure expected to be present in the northerly part of the 
tunnel. 

3.2 Phase 2B Exploration 

3.2.1 Scope 

EMI conducted a geotechnical and geologic exploration program in one mobilization 
extending from June 26 to Oct. 9, 2002. The purpose of the exploration was to provide 
geologic and geotechnical data for the tunnels, rock cut, and disposal site (the 
exploration was not designed to address the northern Shamrock Ranch area underlying 
the proposed approach bridge.) The exploration program consisted of the following 
elements: 

• Job walk-about; 

• Develop invasive field exploration program based on Task 2A 
findings; 

• Initial borehole survey; 

• Access road preparation/stabilization; 

• Mobilization of equipment, setup logistics office; 

• Geotechnical drilling and testing; 

• Geological trenching & additional geological surface mapping; 

• Demobilization of equipment and logistics office; 

• Final borehole survey; 

• Post logging, field point-load testing; and 

• Analysis of test data and preparation of a data report. 
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Borings. The exploration consisted of a series of rock and soil borings, in-situ testing, 
piezometer installations, and trenches. The locations of the exploratory test sites are 
shown on the large exploration map of Figure 3-1, and on a set of 4 tabloid-size detail 
maps of Figure 3-2 to Figure 3-5. A total of 21 boreholes were drilled into rock with 
depths ranging from 21.2 m to 255.6 m along the tunnel alignment. A total of 12 borings 
were drilled into soil fills and soil-like native materials along or near Route 1 with 
depths ranging from 1.6 m to 26.8 m. 

Testing. In-situ and laboratory testing was performed to obtain mechanical and 
hydraulic properties of the rock. In-situ testing consisted of: 

• Digital video imaging and caliper logging (in 7 borings), 

• Pressuremeter (8 tests), 

• Seismic velocity logging (in 5 borings); 

• Permeability (Packer) (28 tests); and 

• Standard penetration in soil-like materials. 

A total of 10 piezometers were installed in 8 boreholes. 

Table 3-1 presents a summary of the borehole program along with key borehole 
information such as length drilled and orientation, and type and depth of in-situ 
testing.  

Laboratory testing consisted of: 

• Point load index (147 tests); 

• Rock properties/strength; 

• Rock petrography; 

• Soil characterization/strength; 

• Groundwater chemistry; and 

• In-hole air chemistry. 

Trenching and Geologic Mapping. Under Task Order 2B, a total of four trenches were 
excavated at locations where major geologic contacts were expected. The purpose of 
these trenches was to investigate faults traversing the tunnel alignment, and major 
geologic units in proximity to the fault. The trench locations are shown on the 
exploration maps of Figure 3-1 to Figure 3-5. 

Analysis & Report. The scope of work included preparation of a data report 
documenting the field work, testing, and providing a characterization of site conditions 
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and interpretation of soil and rock properties to support design of the four project 
elements (South Disposal Area, South Rock Cut, the tunnel segment, North Portal). On 
December 11-13, a Draft Geological and Geotechnical Data Report was submitted to 
Caltrans. After receipt of review comments, Caltrans instructed EMI to present this 
information in its final form as a GDR, and to present interpreted information in a 
separate GIR. The subject GDR includes log-of-test-boring and log-of-trench plans 
intended for inclusion in the PSE submittal. 

3.2.2 Field Operations 

This section provides a brief description of Phase 2B field operations. Field operations 
are described in detail in Appendix A-1. In particular, Appendix A-1 describes the 
organization of task leaders and entities directly involved in the field work, supervision 
and worker’s safety, permits, field logistics, site preparation, construction staging 
(including installation of water system), equipment used, site visits, airlifting, traffic 
control, overall progress of the exploration including difficulties encountered, field 
records, and limitations of the data.  

Permits. Caltrans obtained the necessary right-to-enter permits to perform field 
operations from the landowners, public and governmental regulatory agencies 
(including California Coastal Commission, U.S. Fish and Wildlife), the County of San 
Mateo and the local California Highway Patrol. In June 2002, Caltrans obtained all 
encroachment permits and authorized Task Order 2B. Utility companies, cities and 
counties were notified by Underground Service (Dig) Alert prior to drilling or 
excavation. 

Field Logistics. Field logistics were coordinated by EMI with support from CBC from a 
project office on San Pedro Road in Pacifica. Rock cores and soil samples were stored on 
sturdy wooden shelving in a leased trailer-container equipped with air-conditioning for 
temperature/moisture-control. 

The investigation was supervised by a full-time EMI engineer. EMI held kick-off 
meetings and safety meetings to establish work procedures in general accordance with 
OSHA requirements prior, during and after drilling in an areas, proper handling and 
disposal procedures for the borehole cuttings and drill fluids, points of contact, and 
emergency procedures. A basic Safety Plan was prepared by CH2M Hill (2002b), and 
safety meetings were held at the Project logistics office. 

Erosion control measures were implemented by Hanford ARC and Sierra Equipment 
Rentals as established by a project SWPPP plan developed by CH2M Hill (2002c) and 
Caltrans. All Phase-2B field work was under constant observation by URS Corp. and 
CH2M acting on behalf of Caltrans. 
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Caltrans and Technical Advisory Panel members conducted several field inspections of 
equipment, work procedures and findings. 

Site Preparation. Establishment and maintenance of access roads and of workpads was 
conducted by Hanford ARC, Sierra Equipment Rentals, and Ruen Drilling using D4 and 
D6 dozers, brushcutters, weedwackers and chippers. Existing trails P-1a, 1b and 3a 
required ground conditioning and minor removal of vegetation in some areas. The first 
150 m of the steep access trail P-1a was conditioned by placement of tensar grids within 
a layer of gravel. In work areas on steep slopes, wooden cribbing was used to level drill 
rigs. Hanford ARC installed a temporary wooden retaining wall along the downslope 
edge of a 5-m segment-long of path P-1a, which had shown signs of yielding.  

Erosion control measures were implemented per Caltrans direction and included 
barrier fences, fiber mats and straw bales. During drilling, protective absorbent pads, 
plastic sheeting were used cover ground or equipment. Earthen burrows were used to 
conduct drill fluid to settlement tanks. 

After completion of geotechnical and geological field work, Hanford ARC began site 
restoration efforts under Caltrans direction. 

Site Access and Air Lifting. The complexity of the field exploration required a 
multitude of equipment. On difficult-access terrain such as on new path P-2 and 
existing Path 3b, two track-mounted Marooka vehicles were used for general-purpose 
transport of equipment, waste tanks, and personnel. Geologists and drill crews used 
4WD vehicles to travel existing paths P-1, 2, 3b and 4. New path P-2 could not be driven 
safely with tired vehicles. The Path P-4 is a hiking trail traversing steep terrain and was 
too narrow to be traveled by vehicle. Photos of equipment are presented in 
Appendix A-1. 

Drill rigs and other equipment were airlifted to sites 02-16, 02-2, 02-14 and 02-15 by 
ARIS Helicopters using the hilltop site 02-5 as the hub location. A typical airlift required 
ten to fifteen trips. Route 1 was closed during airlift activities from site 02-2 and 02-14 as 
these two sites were on a steep slope directly above Route 1. 

3.3 Rock Borings 

3.3.1 General 

Locations and Orientations. Rock borehole locations designated 02-2 to 02-21 are 
shown on the map of Figure 3-1. The locations were selected above or as near as 
possible to the surface trace of the tunnel alignment. Location selections were 
influenced by accessibility and avoidance of biological/environmental buffer zones as 
required by the project’s Biological Impact Report developed by CH2M Hill (2002) 
under subcontract to HNTB, the permittees, and Caltrans. Utilities did not control 
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selection of locations. Table 3-1 lists the borings grouped by area, along with key 
borehole information. 

Equipment. Drilling was performed by Ruen Drilling headquartered in Clark Fork, 
Idaho. Ruen Drilling deployed two portable LF-70 drill rigs and one CS-1000 skid-
mounted drill rig, all equipped with rotary wash and wireline core retrieval systems. 
Drilling was performed using a 124 mm (4.8”) tricone bit through the soil cover and a 
triple-barrel HQ core barrel with 96 mm (3.8”) OD through the rock. In two of the 
borings, an NX core barrel with 76 mm (3”) OD was also used. 

A orientation tool was used in subhorizontal borings to measure the borehole 
inclination and heading at selected depths. The orientation and inclination of the 
boreholes are summarized in Table 3-1. 

A system of flexible high-pressure water hoses and pumps was installed to deliver 
water to the bore sites. Water was pumped from a 10,000-gal raised source water tank at 
the staging area TA-3 at the South Portal turn-out to a holding tank at the hilltop 
staging area TA-2 at site 02-5. The water system was later expanded at the north portal 
by a 6,900-gal water tank at Shamrock Ranch, and a 6,900-gal and 20,000-gal water tank 
Route 1 near the north bridge abutment. Bore cuttings and fluids were transported to a 
dumpster at TA-3 and were later transported offsite to a certified disposal area. 

Rock Coring. Continuous coring was performed using triple-barrel HQ equipment with 
the wireline core retrieval system on all three drill rigs. The rotating outer barrel with 
diamond-impregnated bits at its end produced a borehole size of about 110 mm.  With 
the wireline system, a retriever is lowered by  wireline through the drill rod to release a 
locking mechanism in the inner barrel head. The inner barrel containing the core is then 
lifted with the wireline to the surface, the core removed and the barrel returned to the 
bottom. This system eliminates the necessity of removing the string of drill rods for 
sampling and coring, thereby optimizing drilling efficiency. Drilling fluid was used to 
cool the drill bit, to flush the cuttings and to provide lateral support to the borehole 
wall. 

Rock logging generally conformed to Caltrans guidelines (1996). Generally, core runs of 
1.52 m (5 ft) were performed, but the actual length of the core varied as a function of 
rock characteristics such as discontinuities and degree of weathering. The retrieved rock 
core was characterized (i.e., recovery, RQD, rock type, weathering, discontinuities, 
geological description, etc.), photographed, and stored in sturdy wooden core boxes. 
Selected specimens were wrapped in plastic wrap. Several intact 1.5 m-long core were 
retrieved and preserved intact. 

In-hole testing equipment was delivered to the site using 4WD jeep-type or utility 
vehicles, hand-carried or airlifted. Such equipment consisted of in-hole logging probes 



GEOTECHNICAL DATA REPORT 

DEVIL ’S  SL IDE TUNNELS   

3-7 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering 

 

   

or support components such as power winches, and additional borehole rods. 

3.3.2 Coring Rates 

Coring rates varied greatly depending the degree of weathering and rock type 
encountered. Coring rates within the fresh rock were typically in the range of 15 to 
45 min/m, with the highest coring rate of 3 to 4 min/m recorded for the weathered 
granodiorite of the South Block. In moderately to slightly weathered granitic rock, 
drilling generally proceeded rapidly at a typical rate of 1.5 m of run in 5 to 15 minutes 
(about 3 to 10 min/m). 

3.3.3 Rock Quality Designation 

The rock quality designation (RQD) of a rock is evaluated by determining the 
percentage of intact core pieces within a run that have lengths greater than 10 cm. 
Measured RQD's from the borings are presented in the boring logs in Appendix A-2. 
The RQD profiles plotted along all borings are shown in the longitudinal cross section 
of Figure 3-7. A summary plot illustrating the frequency of RQD values among the rock 
types is given in Figure 3-8. 

The figures depict a broad scatter in the data due to lithology and discontinuities 
(including faults, local shear zones joints and fractures) throughout the depth 
penetrated by the borings. 

The logs indicate that RQD correlates fairly well with the degree of weathering, rock 
type, and amount of fracturing within the various bedrock units. Also, numerous zones 
of intensely fractured rock were encountered within the bedrock. Many of those zones 
were associated with faulting and shearing. 

3.3.4 Drilling Obstructions and Difficulties 

3.3.4.1 General 

As a result of difficult drilling and ground conditions encountered as described further 
below, considerable additional efforts were spent upon Caltrans authorization to 
determine the extent of a shear zone in the North Portal Area. The following describes 
the additional field work authorized and performed. 

The original drilling program considered the potential for premature termination of 
boring 02-11 and hence borings 02-8B and 02-6A were included as a contingency plan to 
investigate tunnel segments beyond the final termination point in 02-11. When 
redrilling borehole 02-11 was proposed, EMI proposed to replace contingency borehole 
02-8B by new boring 02-7A at site 02-7, and 02-6A. Borehole 02-7A was designed to 
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target the tunnel grade about 40 m south of the terminated tip of borehole 02-11 
(125.8 m), and would explore the rock conditions in the tunnel halfway between 
boresites 02-7 and 02-8. With approval by Caltrans, EMI began contingency borings 
02-7A, and then 02-6A (Aug. 17). Figure 3-2 and Figure 3-3 show the orientations and 
terminated lengths of the two contingency boreholes 02-6A and 02-7A in relation to 02-
11 and 11A. 

After drilling of 02-11A commenced, borehole 02-7A was terminated because it had not 
advanced very far, and it was expected that boring 02-11A would achieve more than 
166 m (e.g., 125.8 m + 40 m) of penetration . Borehole 02-6A advanced concurrently with 
02-11A. Because it was not certain whether 02-11A could penetrate beyond 230 m 
depth, borehole 02-6A was extended in stages from 188 m to 210 m, then 250 m, and 
ultimately to 266 m depth, each time with Caltrans prior approval. 

After termination of borehole 02-6A, borehole 02-8B was drilled through the 30-m 
interval between 02-11A and 02-6A. A primary objective of 02-8B was to evaluate the 
nature and location of Fault C projected to be between 85 to 100 m. 

3.3.4.2 Groundwater in North Portal Area 

During drilling of boreholes in the north portal area, borehole advancement rates were 
variable depending on the rock formation encountered. Borehole 02-11 was drilled 
subhorizontal along the tunnel pillar centerline (as verified by three downhole surveys 
indicating only minor deviations). Difficult drilling was experienced in this borehole 
beyond 85 m depth, accompanied by large water outflow from the borehole collar. For 
several days, water and black muds consisting of ground-up rock as well as angular 
rock particles were retrieved from the borehole, and were collected in temporary rig-
side holding tanks. Upon Caltrans approval, clear water was allowed to drain into the 
adjacent swale. The flowing water washed out clay and allowed the borehole to 
collapse. The churned-up clay-like rock material could not be removed with the HQ 
core barrel system at a fast enough to keep the hole open to allow reentry with the drill 
bit and advancement to the  original hole “bottom”. 

After several unsuccessful retries and upon Caltrans approval, borehole 02-11 
terminated at 125 m depth and grouted; a new subhorizontal boring 02-11A was begun 
at an alignment 4o easterly from the tunnel centerline. Drilling occurred in 10- to 12-
hour day and night shifts. Figure 3-2 and Figure 3-3 show the orientations and 
terminated lengths of the two boreholes. 

Near the problem area, a shear zone/fracture zone at about 91.5 m, water pressures and 
water volumes built up during shutdown periods of about 6 hours between shifts. 
Zones of dark sheared claystone material were encountered. This material could be 
placed in the core box due to the presence of clay, however it can easily be disintegrated 
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and crushed down into small rock particles, sand and clay by hand and with 
application of water.  

Upon Caltrans approval, a Schedule 40 drainage line was installed from the rig-side 
holding tank to a large 26,000 liter (6,900 gal) water tank on Shamrock Ranch below. 
Excess water from the borehole was then pumped to a 26,000 liter (6,900 gal) tank. 

A week later, the borehole had advanced to 117 m depth and water flow increased 
again to 115-155 l/min (30 to 40 gpm).  An additional 76,000 liter (20,000 gal) water tank 
at the Route 1 turnout area. Water outflow was about 110-150 l/min (30-40 gpm). 

After drilling successfully to about 174 m within several days, drilling of Borehole 02-
11A was shut down because water was flowing from the hole at a rate of up to 380-450 
l/min (100-120 gpm) from the 100-mm size steel collar pipe. That rate of flow was faster 
than could be pumped and the water storage tanks became filled to capacity. The hole 
collapsed at a depth of about 97.6 m and was terminated.  

Appendix A-1 contains a diary of day-by-day activities, the water outflow occurrences 
and the accompanying difficulties experienced, and the measures implemented to 
continue the borehole. 

3.3.4.3 Squeezing Clay 

In inclined boreholes 02-8A/B/C, 02-18A/B and 02-16 a condition was encountered 
where ground soft rock similar to clay-like gouge squeezed into the borehole and the 
borehole advancement would slow dramatically and eventually would not advance. 
Based on the drilling history in borings 02-11, 02-11A this material appears to be the 
same or very similar clayey shear zone material encountered in the tunnel region 
between NB Tunnel Sta. 130+15 to 130+35 and 130+66 to 130+76 or approximately 54-
64 m and 94-114 m south of the present north portal slope face. Continued working of 
this material washed away the clayey fraction and allowed the sand-sized sheared 
fragments to collapse into the borehole. This condition resulted in continual caving into 
the bottom portion of all these boreholes, disallowing advancement of the hole and 
entry of downhole logging tools such as the video, seismic, and pressuremeter probes. 

3.3.4.4 Loss of Circulation 

In many of the rock boreholes throughout the project, imported water was continually 
added during drilling. A total of 1.1 million liters (about 290,000 gallons) was imported 
throughout the duration of the project, nearly most of which was used for drilling. 
Water consumption was highest in the weathered rock in the north portal area and in 
the granodiorite rock slopes in the south portal areas. 
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For example, Boring 02-2B located in the granitic rocks of the South block, was oriented 
subparallel to the slope surface at the South Portal in order to investigate the rock slope 
stability of the South Portal headwall as well as intercept the north-bound tunnel and 
Fault A. For the first 11.6 m, the rock was intensely to moderately weathered and 
intensely fractured and recovery was generally poor. At 13.1 m depth, the driller 
reported loss of water return.  

3.3.5 Logs of Test Borings 

The Log of Test Boring Sheets from the subject Phase 2B are presented in Appendix A-2. 
Due to large total meterage and the space and readability constraints, only the most the 
pertinent geologic and geotechnical information could be represented in the Log of Test 
Boring plans that would be useful to contractors. Information that is not represented in 
the LOTB’s include: graphical representation of the core geologic features such as joints 
and bedding, numerical downhole seismic logging, laboratory test results, coring rates, 
and the progress of drilling operations. Significant effort was spent to reduce and 
simplify the rock descriptions while still capturing the key features of the rock 
encountered, especially conditions that cause drilling difficulties in some boreholes. The 
set of LOTB’s in Appendix A-1 consist of the following: 

• The first general plan provides a project plan of all borehole locations, 
existing Route 1 and the tunnel stationlines. This plan allowed maximization 
of space and reduction of  total number of sheets on the subsequent LOTB 
sheets. 

• The second general plan provides a summary of all rock and soil descriptors 
used to classify the type and properties of the rock and soil encountered. This 
also provides the datum, and references to this report and all test data as 
presented in this report. 

• A set of 58 rock borehole LOTB plans, in Caltrans’ common format used in 
many other projects. Each sheet contains one rock boring only, and the log 
may continue on subsequent sheets for long borings. The borings are ordered 
by borehole number (not from south to north). 

All boreholes are referenced by northing and easting coordinates rather than tunnel 
station and offset, because many boreholes are located much off the tunnel alignment 
stationlines both vertically and horizontally. 

Nearly all boreholes are inclined and some are subhorizontal. The borehole orientation 
(deviation) was measured only in some of the boreholes. For boreholes in which 
orientation was measured, the LOTB’s provide the representative (average) borehole 
bearing and inclination from vertical (the borepaths of those borings were found to be 
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nonlinear). For the two boreholes in which deviation was measured, the LOTB’s 
provide the initial bearing and inclination from vertical at the borehole collar. All logs 
were plotted along a slant depth scale of 1:25 to 1:100 measured along the borehole path 
beginning at the borehole collar because the slant depths are known exactly. Borehole 
elevations could not be exactly derived from the actual borepath with certainty; the 
borepaths would result in nonuniform elevation scales and the elevation scale would be 
different for each borehole. 

3.4 Auger Borings 

3.4.1 General 

Drilling program for soil borings consist of 12 borings (designated 02-ST1 to ST10) in 
the proposed disposal site, and two borings (designated 02-19 and 02-20) in the south 
portal and disposal area for proposed modification of the Route 1 roadway section. 

Borings 02-ST1 to ST10. A total of ten soil borings were drilled in the proposed 
disposal area. Surface elevations differed with approximately 55 m between them. 
Surfaces were very steep at some locations, with high brush or weeds. The borings were 
performed by Clearheart Drilling of Santa Rosa, California using a track-mounted 
limited-access auger drill rig equipped with 100 mm-diameter solid flight augers, and a 
track-mounted support vehicle to access the locations inaccessible to conventional 
rubber-tired drilling equipment. 

Several bulk samples were collected near the surface at various locations. Subsurface 
samples were taken alternating between a standard penetration test split-spoon sampler 
and a thin-walled split barrel soil sampler (drive-sampler). 

Standard Penetration Tests (SPT) were performed in accordance with ASTM 1586 using 
a standard rope and cathead technique and automatic trip hammer. Soil samples were 
taken generally at depth intervals of 1.52 m (5 ft), using the standard split spoon 
sampler and EMI’s California drive sampler. Profiles of SPT and equivalent–SPT 
blowcounts are shown in Figure 3-13 for three units of soil-like materials encountered. 
The SPT sampler with an outside diameter of 50.8 mm and the bit’s inside diameter of 
34.93 mm, was able to obtain blow counts and collect disturbed samples. The drive 
sampler used consists of a thin-wall brass ring-lined barrel with an outside diameter 
(OD) of 76.2 mm and a barrel inside diameter of 63.5 mm and bit inside diameter of 
61.37 mm. The 25.4 mm-high filler rings stacked to fit inside the sample barrel to collect 
soil samples had an inside diameter of 61.37 mm and outside diameter of 63.5 mm. 

All subsurface samples were collected using a standard 63.5 kg hammer and a 762-mm 
drop from a cathead pulley. Only relatively undisturbed samples were used to 
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determine the in-situ density and to perform strength tests. Typically, the bottom 
152 mm (or less) portion of the recovered sample was retrieved for laboratory testing. 
Drilling was conducted during the day from Sept. 16, 2002 through Sept. 19, 2002. Soil 
logging generally conformed to Caltrans guidelines (1996). 

Borings 02-19 and 02-20. These borings were drilled on the shoulder area on existing 
Pacific Coast Highway. The area near boring 02-20 was very narrow and one of the two 
lanes needed to be closed for drilling. This drilling was conducted between 9:00 p.m. 
and 7:00 a.m. for both nights of September 27 and 28, 2002. Boring 02-19 had a very 
wide shoulder area available and so drilling was performed during the day on 
September 30, 2002.  

Ruen Drilling conducted drilling using the rotary mud wash method with a 125 mm 
(5”) tri-cone bit. SPT and Drive sampler were used, alternating at every 1.52 m. Both 
boreholes were drilled to firm bedrock until the drill capacity of the bit was reached. 
Two runs of rock coring were made, starting at rock contact at boring 02-19. Due to time 
constraints during Route 1 closures, no rock core taken for boring 02-20, but rock 
contact was reached. Borehole 02-19 was backfilled with cement-mixed grout, while 
boring 02-20 was converted into a piezometer.  

3.4.2 Borehole Grouting 

For rock boreholes, temporary steel or PVC collar casing was inserted at the top of most 
boreholes to protect against hole caving. At the completion of each boring and in-situ 
testing, some of the completed boreholes were converted to monitoring wells (see 
Section 3.5.5). 

Rock boreholes were backfilled using a high-density Portland cement-bentonite-water 
grout mixture up to existing grade. The bentonite used is environmentally safe, 
provides a permanent seal against surface water from percolating into the former 
borehole soil, and prevents cross-contamination of soils. On earthen ground, the ground 
cover was restored.  

Soil boreholes were backfilled using in-situ borehole cuttings. At shallow depth, 
cuttings were mixed with cement and tamped down. 

3.4.3 Log of Test Borings 

A set of four (4) Log of Test Boring plans for these borings are presented at the end of 
Appendix A-2 in Caltrans’ standard format for soil borings. Multiple, adjacent borings 
are presented on each sheet. ordered from south to north. 

The first general plan in Appendix A-2 provides a project plan of all borehole locations, 



GEOTECHNICAL DATA REPORT 

DEVIL ’S  SL IDE TUNNELS   

3-13 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering 

 

   

existing Route 1 and the tunnel stationlines. This plan allowed maximization of space 
and reduction of  total number of sheets on the subsequent LOTB sheets. 

All boreholes are referenced by northing and easting coordinates rather than tunnel 
station and offset, because most soil boreholes are located much off the tunnel 
alignment stationlines both vertically and horizontally. 

3.5 In-Situ Testing 
In-situ (downhole) testing was performed in selected borings. Pressuremeter testing 
was performed by Hughes Insitu Engineering, geophysical logging was performed by 
Geovision, digital video imaging and deviator logging by Norcal, and packer testing by 
EMI. The complete reports from the subcontractors are presented in Volume 4 of this 
report. Summary descriptions of the procedures and test results are given below. 

3.5.1 Downhole Digital Imaging 

Digital optical and acoustical imaging was performed in eight borings (02-5, 6, 7, 8B/C, 
15, 18A/B) by Norcal, Inc. of Petaluma, California. The probes were lowered down-hole 
after the drilling mud has been flushed out. The instruments record continuous digital 
images of the boring walls providing information on the rock type and discontinuity 
orientation. Norcal post-processed the images to determine true attitudes of bedding 
and jointing. 

Both probes also contain a magnetic deviation tool to measure the deviations along the 
actual (inclined) borepath. The general orientation and inclination of the boreholes are 
summarized in Table 3-1. The imaging system and recording procedures are presented 
in Appendix A-2. The video logs and interpreted fracture attitudes and deviation data 
are also presented in that appendix, grouped by borehole. 

3.5.2 Downhole Pressuremeter Testing 

3.5.2.1 Testing 

Pressuremeter testing was performed by Hughes Insitu Engineering of Vancouver, B.C., 
Canada to measure horizontal stress-strain response of the bedrock. A total of 8 tests 
were performed in Borings 02-5 and 02-2 at selected depth intervals as tabulated in 
Table 3-2. The pressuremeter tests were performed to assist in the evaluation of the in-
situ shear moduli of the bedrock mass. The rock mass tested by the pressuremeter is 
about 1 m3  in volume and as a result, this type of test represents a measure of the 
behavior of rock joints.  

The device used was a mono-cell pressuremeter, with three electronic displacement 
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sensors spaced 120o apart at its center. In this configuration, a flexible membrane 
covering the sensors is enclosed in a tubular stainless steel shield and hydraulically 
pressurized to deform the adjacent rock radially. The average radial expansion and the 
pressure applied to the rock are measured by sensors and transmitted to the surface, so 
that the horizontal in-situ stress-strain relationship for the rock mass can be developed. 

In the field, the pressuremeter was lowered into the drilled hole by means of the 
drilling rods. The testing depth was determined on-site upon inspection of the retrieved 
core. Since the device is designed to fit an NX-size (76 mm OD) hole, the HQ (96 mm 
OD) holes were under-cored to accommodate the pressuremeter for the testing depth 
and subsequently reamed out to advance drilling. During selection of the testing 
depths, particular emphasis was given to weaker rock within the weathered zone and 
within highly fractured zones, but also to the relatively intact rock at the proposed pile 
tip elevation. Testing details and measured results are presented in Appendix A-3. 

3.5.2.2 Shear Moduli 

The shear moduli were determined from the borehole pressures versus borehole 
deformation curves. For each pressuremeter test, two values of shear modulus were 
estimated: a "mass" value and a "maximum" value. The “mass” shear modulus obtained 
from the virgin curve represents an elastic property of the rock-mass (including joints), 
while the “maximum” modulus obtained from the unloading/reloading curve is more 
representative of intact rock, as the initial loading would close the potential joints. A 
detailed description of the methodology used to interpret the shear modulus is given in 
the report by Hughes Insitu Engineering in Appendix A-3. The resulting shear moduli 
of the in-situ rock are summarized in Table 3-3, categorized by RQD as well as rock 
type. 

The ratio of the mass to “intact” moduli ranged from 1:7 to 1:17. It is noted that these 
ratios correlate well with the ratio given by Beiniawski (1984, Figure 5.11) for RQD 
values less than about 60%. 

3.5.3 Downhole Seismic Logging 

3.5.3.1 Logging Procedures 

Geophysical logging was performed by Geovision of Corona, California, in 6 borings 
using the suspension method. This logging provided in-situ compressional (P, or 
primary) and shear (SV, or vertical secondary) wave velocity measurements of the 
bedrock for Borings 02-2, 02-5, 02-6, 02-15, 02-18A and 02-18B. 

Geophysical logging was performed after completion of the borings using the OYO 
Model 170 Suspension Logging system to obtain in-situ horizontal shear and 
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compressional wave velocity measurements at 0.5 or 1 m intervals. This system consists 
of a logging recorder and a suspension logging probe that is lowered into the borehole 
filled with fresh water. The probe, 6.8 m long, contains an impact source in the tip that 
generates an acoustic wave and at its top receivers that detect the wave. The source 
creates a pressure wave in the water that is transformed into P and S waves at the 
borehole walls into the surrounding medium. These waves propagate through the soil 
or rock and cause in turn a pressure wave to be generated in the fluid surrounding the 
receivers. This system directly determines the average wave velocity of the soil 
surrounding the borehole walls by measuring the elapsed time between arrivals of a 
wave propagating upward through the soil column.  

Geovision’s report on testing equipment, procedures, analysis and charts of velocities 
are presented in Appendix B-3.  

Seismic velocity information can be used for a variety of purposes such as to aid the 
interpretation of stratigraphic information, characterization of ground response to 
earthquake motion as well as development of ground stiffness for foundation design. It 
also provides means to assess weathering conditions and “rippability” of the rock-mass. 

3.5.3.2 Seismic Velocity Test Results 

Seismic compression (P-) and shear (S-) wave velocities of the bedrock units were 
measured in 6 borings 02-2, 02-5, 02-6, 02-15, 02-18A and 02-18B using the suspension 
method. A summary plot of all measured P- and S-wave velocity profiles versus depth 
is shown in summary plot of Figure 3-9. 

Typically, these velocity profiles show that the velocities increase with depth in 
approximately the upper 40 to 50 m, and then remain relatively uniform at deeper 
depths except where fractured/sheared zones were encountered. 

In the igneous rocks of borings 02-2 and 02-5, the S-wave velocity (vs) ranges from about 
350 to 1,200 m/sec in intensely to moderately weathered conditions, in boring 02-15 to 
about 1,400 to 3,000 m/sec in slightly weathered to fresh conditions. 

By comparison, in sedimentary rocks in all other borings, the S-wave velocity (vs) range 
from about 500 to 1,350 m/sec in intensely to moderately weathered conditions and 
about 1,400 to 2,500 m/sec in slightly weathered to fresh conditions. 

3.5.4 Packer Testing 

3.5.4.1 Testing 

Packer testing is a common in-situ method of measuring hydraulic conductivity of rock. 
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The purpose of this testing was to provide in-situ transmissivity of the different rock 
formations in the region of the tunnel bores and portal areas, and to aid design of rock 
excavation, support, the tunnel lining and dewatering systems for the proposed 
tunnels. 

Packer testing was performed by EMI in five rock borings (02-5, 02-6, 02-7, 02-8A and 
02-21) at selected depth intervals. A total of 28 tests were performed with a total linear 
length of 346.5 m of borehole. The depths and rock types tested are summarized in 
Table 3-4 along with the borehole orientation. 

The testing procedures generally followed ASTM guidelines for the Constant Head 
Injection Test (ASTM designation D4630–96). In each borehole, packer testing was 
performed after completion of drilling and after video logging when possible. Upon 
reaching the selected depth intervals, the borehole was flushed with clear water until 
the return water ran clear of any cuttings by visual observation. The test sections were 
then internally sealed or “packed” by inflatable rubber packers at selected depths and 
water pumped into each test section. Two rubber packers (0.25-m long when deflated) 
were used to isolate a test section. The lengths of the test sections were typically 3 m or 
they were varied after inspection of the rock core retrieved in that depth range. The 
water inflow quantity versus time was measured until steady-state flow was reached. 
The test sections were selected by EMI to test different rock conditions and types, 
aiming to characterize the hydraulic properties of different lithotypes. 

The constant water pressure was applied to the water in the sealed interval through the 
tubing string and the resulting changes in flow rate (if any) were recorded. The constant 
pressures applied (total of three for each test) were calculated so that they were not 
exceeding the anticipated overburden stress at each testing depth in order to avoid 
hydrofracturing. 

Testing details and measured test results are presented in Appendix C-3 for each tested 
section with the applied pressures, measured water flow quantities, and photos 
showing the core retrieved at the testing interval. 

3.5.4.2 Permeability 

The equations used for calculation of the coefficient of permeability are as follows (Das, 
M.B., 1983): 
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where 

   k = coefficient of permeability of the rock, 

   q = constant rate of water injected into borehole, 

   l = length of test hole interval, 

  r = radius of borehole in test hole interval, and 

  h  = differential head of groundwater in casing to ground surface.  

The differential head of groundwater h is the total of injection pressure at the pressure 
gauge at the surface plus the gravity head of water (in the steel tubing) between the 
center of the packer test interval to the pressure gauge. 

Based on this approach, calculated rock bulk permeability ranges from 22 tests were 
valid are summarized in Table 3-5. That table also shows data from 12 tests by WCC 
(1996). The lower bound is usually representative of moderately to intensely fractured 
conditions, while the upper bound of slightly fractured and fresher conditions. The data 
indicates that flow rates increase with increasing pressure. In depth interval 150.9 to 
154 m in borehole 02-5, it was observed that the flow rate reduced when a higher 
pressure stage was applied; this may have been caused by closing up (“clogging”) of 
fractures by fines washed into the fractures at lower-pressure stages. The k-values 
developed indirectly from the packer test represent only an estimate of rock 
permeability and should be cross-checked with other data and measurements. 

3.5.5 Piezometers 

3.5.5.1 Installation and Readings  

Vibrating-wire (VW) piezometers were installed during the field exploration in 10 
boreholes to measure pore-water pressures at the depth of the piezometers. The 
locations of all piezometers are shown on Figure 3-1. 

Figure 3-11 and Figure 3-12 schematically show typical single- and multiple-level 
piezometer installations. During the installation, the borehole was first grouted up to 1 
to 2 m below the design depth and the grout was allowed to set. Coarse Sand No. 3 was 
tremied up to 1.5 to 2.5 m above the grout to the design depth. The piezometer was then 
saturated with water and slowly lowered to the top of sand level. Coarse sand was 
tremied again up to 1.5 to 2.5 m above the piezometer. Bentonite pellets were used to 
place a seal up to 15 to 30 cm above the sand and the remainder of the borehole was 
grouted. The height of the sand zone and placement of bentonite seal varied depending 
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on the inclination, depth and water level of the boreholes. At the ground surface, the 
electric cables connecting to the piezometer tranducers were protected by riser pipe or 
flush-mounted monuments. Table 3-6 provides the summary of key piezometer 
installation data. 

The vibrating-wire piezometer tranducers and cables installed by EMI were 
manufactured by Slope Indicator Company in Washington. The VW piezometer 
converts water pressure to a frequency signal via a diaphragm and a tensioned steel 
wire. The piezometer is designed so that a change in pressure on the diaphragm causes 
a change in tension of the wire. When excited by a magnetic coil, the wire vibrates at its 
natural frequency. The vibration of the wire in the proximity of the magnetic coil 
generates a frequency signal that is transmitted to the readout device. The VW Data 
Recorder manufactured by Slope Indicator Company was used. 

Calibration factors that establish a relationship between pressure applied to the 
diaphragm and the frequency signal returned to the readout device are used to convert 
data to the desired engineering units. The calibration data sheets containing these 
factors for each serialized piezometer transducer and data record sheets with initial 
readings are attached in Appendix D-3.  

3.5.5.2 Groundwater Data 

Three of the original standpipe piezometers installed by WCC as part of the 1996 
Feasibility Study have been monitored regularly since 1996 by Sigma Prima 
Geosciences. The ten piezometers installed by EMI have been incorporated into this 
monitoring program. The three conventional piezometer in Caltrans borings installed 
by Caltrans in the area of the proposed northern approach bridge were also adopted 
into the program. The locations of all piezometers are shown on Figure 3-1. 

Table 3-7 summarizes the groundwater elevations correlated from these piezometers 
and standpipes, both from initial installation and from the most recent available 
monitoring cycle conducted by CBC. The groundwater data and groundwater tables are 
also plotted on the cross section of Figure 3-6. 

Little variation in groundwater levels was measured between 11/4/02 and 11/26/02 
(less than 1 m). It should be noted that in EMI borehole 02-5, where three levels of 
piezometers A, B and C were installed, three pore-water pressure heads were recorded, 
both after installation and in monthly cycles thereafter, that do not correlate to one 
groundwater level. This may be due to the presence of impervious or low-permeability 
zones between the transducers, as evidenced by the packer test results (see 
Section 3.5.4).  
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3.6 Trenching 

3.6.1 General 

Exploratory trenches were excavated in three locations as part of the Task 2B Site 
Exploration. The trench plan at each location is plotted on the Site Exploration Maps of 
Figure 3-1 to Figure 3-5. Trench logs of the trenches are shown in Appendix D-1.  

The layout of the trenching program was developed with the objective of providing 
exposures of geologic features and conditions identified from preliminary Phase-2A 
mapping as being important to the geotechnical evaluation of various elements of the 
project.  These were: 

• the 02-T1 location and near-surface condition of Fault B, 

• the 02-T2A/B locations and near-surface condition of Fault C, and 

• the 02-T3 detailed geologic structure and stratigraphy of the North Portals 
area. 

The approximate traces of faults is shown in Figure 2-2. 

The approximate location and estimated maximum extent of each trench was 
established during the exploration planning phase. Following this each site was 
inspected by a team including Caltrans management together with landscape and 
biology specialists, EMI personnel, and trenching and restoration contractors.  Several 
operational constraints were identified at this time, including a prohibition on leaving 
any trench open overnight.  This established a schedule of trenching operations such 
that each increment of trench exploration had to be completed during one working 
shift.  In practice this required that the operation was paced to allow excavation, 
stationing, plotting, logging, photographing and sampling and finally backfilling of an 
increment of trench length, typically about 30 m, during the day's shift. 

Following the initial field inspection each trench site was carefully checked by Caltrans 
biology specialists for listed plants and animals, and in the case of trench 02-T3, the 
setback from the adjacent ravine bottom wetland was established.   

The trenches were all excavated along the inner edges of access roads, so that the 
resulting trench-wall exposure extended upward to include the lower margin of the 
road cut-bank. The excavation was accomplished using a track-mounted rubber-tired 
back-hoe type excavator equipped with a 60-cm wide toothed bucket.  

The trenches were plotted with reference to existing surveyed drill hole casings (02-T1, 
02-T3) or to topography along the access road (02-T2A/B).  Plotting was done by tape 
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and compass at a scale of 1:100, with logging of the vertical trench-wall exposure at the 
same scale.  In the following, observations from the trenches at the three locations are 
described. 

3.6.2 Trench 02-T1 

Trench 02-T1 was planned so as to establish the outcrop location of Fault B along the 
hillside upslope from the tunnels South portal. This trench is located at the site of 
borehole 02-21. A sketched log of this trench is shown in Appendix D-1. 

The approximate location of the trace of this fault was known from geologic mapping of 
isolated road cut-bank outcrops and by projection from 1996 boreholes but neither the 
exact surface location nor the near-surface character of the fault was known. The 
selected location for trench 02-T1 was along the old ranch road extending east from the 
1996 boring P-14-96.  This boring was logged as extending through about 0.6 m of 
colluvial soil directly into “yellowish brown, poorly graded sand” that graded down 
into intensely weathered quartz diorite, which seemingly established it as being 
altogether in the footwall of Fault B.  Surface mapping had established that weathered 
quartz diorite was exposed in the ranch road cut-bank about 40 m west of boring P-14-
96. The initial segment of trench 02-T1 was therefore started 3.5 m east of the casing of 
the boring and extended eastward, at about 1.25 m depth. The trench wall and floor 
exposed yellowish brown, dense clayey sand containing scattered well-rounded 
pebbles.   

In order to test the possibility that Fault B might cross the trench alignment further east, 
the trench was extended to a total length of 21 m, and the eastern end was deepened to 
3.3 m below the road surface, all in the same material.  This section of trench was then 
logged and backfilled.  A second segment of trench 02-T1 was started the following day 
from a point 15 m west of boring P-14-96 and close to an exposure of granitic rock in the 
road cut-bank.  This trench segment was excavated to an average vertical depth of 
1.8 m. The trench passed from colluvial soil into intensely weathered quartz diorite 
bedrock at about 0.4 m depth.  However, as it was extended east back toward P-14-96 
and the first trench segment, a gently NE-dipping thin gray clayey shear separating 
weathered quartz diorite in the lower part of the trench from weathered light brown 
clayey sand in the upper part, was encountered about 11 m west of P-14-96. This dipped 
gradually to about 1.1 m depth at the east end of the second day's trench increment.   

The third segment of trench 02-T1 was excavated in the 5 m gap between the west end 
of Segment 1 and the east end of Segment 2.  This segment was carried down to 2 m. 
depth, and exposed the same shear-contact between weathered clayey sand with 
rounded pebbles and intensely weathered quartz diorite as was seen in the segment in 
the west.  At the east end of the third segment the shear contact was about 0.1 to 0.2 m 
below the bottom of the original trench segment.  It was concluded that the gray clay 
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shear contact was the local expression of Fault B, thereby fixing its outcrop location on 
the slope above the tunnels South Portals.  Review of the log of boring P-14-96 suggests 
that this boring passed through, but did not adequately sample or permit recognition 
of, the shear contact at a depth of about 0.6 m. 

3.6.3 Trenches 02-T2A/B 

Trench 02-T2 is located along existing trail P-3a. Sketched logs of these trenches are 
shown in Appendix D-1. 

This trench was intended to intersect and expose the inland (eastward) continuation of 
the major Fault C discontinuity present in the nearby coastal sea cliff.  The projected 
fault trace intersected the ranch road in an area of discontinuous cut-bank exposures of 
massive weathered gray claystone-siltstone.  The obvious vertical boundary between 
massive hard sandstone on the south and thinly interbedded claystone-siltstone and 
sandstone seen in the sea cliff exposure was not evident along the ranch road but 
drilling along the tunnels alignment had shown than the inland expression of the 
coastline Fault C might be altogether in claystone-siltstone.   

The initial trench (02-T2A) was excavated parallel to the ranch road and across a saddle 
located inland from Fault C near the top of the coastal cliff.  This trench, 16 m long and 
1.5 m deep, was entirely in rock logged as "siltstone-argillite" the bedding in the 
southerly part of which had the structure of a broad arch; the northerly part was 
essentially horizontally bedded.  Several distinct fractures, but no significant appearing 
shears, were observed. 

The second trench (02-T2B) was excavated opposite the break in slope above the north 
side of the 02-T2A saddle, and separated from 02-T2A by about 38 m. Trench 02-T2B 
was found to cut across a buried swale filled with a maximum (below road level) of 2.4 
m. of colluvial soil.  The swale was eroded along a zone of moderately to steeply north 
dipping shear surfaces developed in grey poorly bedded to massive siltstone.  Indistinct 
layered structure (possibly bedding) in the rock at the north end of this trench dipped 
62o north.  This possible bedding was about 20 m north of the zone of shearing in the 
rock beneath the buried swale. 

3.6.4 Trench 02-T3 

Trench 02-T3 was excavated in the existing road P-1, along the toe of the existing rock 
wall. A sketched log of this trench is shown in Appendix D-1. This trench was planned 
to expose the rock conditions along the ranch road crossing the tunnels North Portal 
area. The area where this trench was to be located had been explored by mapping the 
discontinuous rock exposures along the road cut-bank, and by two 1996 borings P-6-96-
6 and P-7-96.  Boring P-7-96 was of particular interest because it encountered several 
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thick sheared intervals in siltstone, located nearly beneath the south bound tunnel bore.   

The trench was started 2 m north of boring P-7-96 casing, at the boundary of the setback 
from the adjacent wetlands exclusion zone, and extended 156 m northward along the 
inner edge of the ranch road.  An additional 14 m of exposure was obtained by scraping 
the road cut-bank, to give a total of 168 m of logged exposure. The trench was excavated 
to an average depth of 1 m below road grade level with locally as much is 2 m height of 
cut-bank exposure above road grade level. Although the trench 02-T3 stationing started 
with Sta. 0+00 at the P96-7 casing, the excavation was carried from its northern end at 
Sta. 170+00 southward.  This was required by the excavator machine configuration.  The 
north end of the actual trench was placed at about Sta. 158+00 and the south end was at 
Sta. 2+00. For reference the north bound portal side walls will be approximately 
between Sta. 85+00 and 100+00 and the southbound portal sidewalls approximately 
between Sta. 28+00 and 52+00. The collar of near-horizontal Borings 02-11 and 02-11A 
into the pillar between tunnel bores was at Sta. 72+00.   

In general, two types of geologic conditions were exposed along the 170 m. extent of 
trench 02-T3.  Between Sta. 20+00 and the north end of the trench at the nose of the 
North Portal ridge, at Sta. 170+00, the trench revealed a mostly intact section consisting 
of thin to thick-bedded, moderately to steeply south to locally west dipping sandstone, 
with one approximately 28 m. thick sandy conglomerate interbed. The sandy 
conglomerate was present between Sta.  92+00 and 132+00. 

Structural discontinuities were identified at four locations within the entire length of 
trench (Sta. 20+00 to 170+00).  These consisted of (1) a fault at Sta. 28+00 marked by a 
10-cm thick zone of tight fault gouge with shear fabric parallel to the N85oW, vertical 
orientation of the fault; (2) a fault oriented E-W and dipping 55o south, also marked by a 
10 cm thick gouge zone, at Sta. 52+50, (3) a small fault oriented N40oE, dipping 30o SE at 
Sta. 70+00, and (4) a complex of faults, shears, and local folding between Sta. 148+00 
and 153+00. 

More deformation was evident in the Sta. 2+00 to 20+00 interval of trench 02-T3.  There 
a partly overturned fold with axis striking approximately N30oW is present in a 
structural block isolated between two pronounced fault zones.  The northerly zone, 
present between Sta. 16+00 and 19+00, is oriented N75oE, dips about 70o SE and consists 
of a 1.5-m thick shear-gouge zone. The southerly zone at Sta. 4+00, is oriented about 
parallel to the former one but only contains 5 to 10 cm of gouge.  The bedding at the 
extreme south end of the trench is oriented similarly to that north of the rotated 
structure between the faults at Sta. 4+00 and 20+00, striking N80oE and dipping 50o SE.   

Subsequent to logging and backfilling of trench 02-T3, drilling of boreholes 02-11, 02-
11A and 02-16 commenced in this area. Information gained from the drilling program 
from these boreholes and other boreholes in the northern tunnel area indicates that the 
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fault-shear-gouge zones exposed at Sta. 4+00, 20+00, 28+00 and 52+50 are part of a wide 
zone of faulting and deformation that mostly lies south of the ground exposed by 
trench 02-T3.  This zone is referred to herein as the North Block Shear Zone. 
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Table 3-1. Summary of Boreholes 

Bore-
hole 

GSE 
(m) 

As-drilled 
Length (m) 

[ft] 

Dip / 
Inclina-

tion* 
Azimuth Easting 

(m) 
Northing 

(m) 
Location / Site 

Access Purpose 
Pressuremeter 

Testing 
(Depths in m) 

Televiewer 
Logging 

(Depth in m) 

Packer Testing 
(Depths in m) 

P&S Logging 
(Depths in m) 

Piezometer 
(Depth in m) 

Disposal Area 

02-20 58.0 22.0 [72] 90° / 0° N/A 1,822,087.3 620,453.8 On Rte 1 shoulder Explore fill thickness and embankment stability. - - - - 21.3 

02-ST1 66.3 10.7 [35.2] 90° / 0° N/A 1,822,082.6 620,533.2 - - - - - 

02-ST2 56.3 15.3 [50.1] 90° / 0° N/A 1,822,163.0 620,477.8 - - - - - 

02-ST3 103.7 1.6 [5.2] 90° / 0° N/A 1,822,195.1 620,622.8 - - - - - 

02-ST4 65.4 7.7 [25.2] 90° / 0° N/A 1,822,137.8 620,531.6 - - - - - 

02-ST5 63.8 13.8 [45.1] 90° / 0° N/A 1,822,218.3 620,477.1 - - - - - 

02-ST6 65.16 6.4 [20.9] 90° / 0° N/A 1,822,179.4 620,515.8 - - - - - 

02-ST7 94.3 7.7 [25.3] 90° / 0° N/A 1,822,048.4 620,616.6 - - - - - 

02-ST8 91.1 4.8 [15.7] 90° / 0° N/A 1,822,175.2 620,589.3 - - - - - 

02-ST9 84.8 18.8 [61.7] 90° / 0° N/A 1,822,109.3 620,611.6 - - - - - 

02-ST10 104.0 14.0 [45.8] 90° / 0° N/A 1,822,114.7 620,674.3 

In drainage basin 
Explore depth, distribution and nature of existing soil cover. Soft soil will 
be removed before placement of landfill 

- - - - - 

South Rock Cut Area 

02-13 73.5 29.3 [96] 0° / 90° S53°E 1,821,938.6 620,754.4 On Rte 1 shoulder Rock/slope stability - - - - - 

02-14 118.8 50.3 [165] 60° / 30° N36°W 1,822,005.5 620,771.3 Helicopter support 
Provide information on rock slope excavation and stabilization 
requirements. 

- - - - - 

02-15 125 54.9 [180] 56° / 34° N73°W 1,822,005.2 620,714.5 Helicopter support 
Provide information on rock slope excavation and stabilization 
requirements. 

- 1.5~15.5 - 43.9 - 

South Portal Area 

02-2 60.7 [199] 90° / 0° N/A 
Drill Fault A hanging wall block. Intercept northbound tunnel. Findings 
used for rock slope stability. 

46.2; 46.6; 
52.6; 53.0 

- - 13.4 - 

02-2A 92.1 [302] 57° / 33° S37°W Intercept southbound tunnel. Rock slope stability. - - - - - 

02-2B 

131.4 

86.3 [283] 60° / 30° S9°W 

1,821,997.4 620,930.2 Helicopter support 

Intercept NB tunnel and Fault A. Rock slope stability. - - - - 54.9 

02-19 74.0 26.8 [88] 90° / 0° N/A 1,821,946.1 620,844.0 On Rte 1 shoulder Explore fill thickness and embankment stability. - - - - - 

02-21 186.1 162.2 [532] 50° / 40° N25°E 1,822,069.2 621,056.6 On exist. trail P-3b Drill through Fault A footwall block - - 
117.4; 123.5; 128.0; 
146.0 

- - 

Tunnel Segment 

02-5 292.2 
255.6 

[838.5] 
90~86° / 

0~4° 
N79°W 1,822,201.7 621,357.2 

On exist. upper trail 
P-3a/b 

Intercept Fault B at the tunnel level. Measure permeabilities of 
sandstone to be representative for central tunnel segment. 

102.7; 103.2; 
168.6; 169.2 

67.5~194.4 2 
6.4~96.5 3 

83.8; 115.9; 152.4; 
167.7; 195.1; 198.2; 
207.3; 204.3; 210.2 

<30; 19.5 
61.0 (“A”); 
213.4 (”B”); 
182.9 (”C”);  

02-6 139.6 [458] 75° / 15° S66°E 

Explore nature of horizontally bedded sandstone and shale. Parting of 
bedding could affect excavation & stability of rock support at tunnel 
crown. Measure permeabilities of sandstone representative for central 
tunnel segment. 

- 
66.2~139.2 2 

11.5~66.5 3 
42.7; 86.9; 120.6; 

137.7; 128.5 
- 115.5 

02-6A 

223.8 

266.2 [873] 43° / 47° N43.5°E 

1,822,293.7 621,719.8 

Intercept Fault zone C. - - - - - 

02-7 123.6 
[405.5] 45° / 45° S25°W 

Intercept Fault C at tunnel level. Geologic mapping is uncertain as to 
location of Fault C. This boring should resolve this uncertainty. Measure 
permeabilities of deformed rock near Fault C. 

- 16.7~115.5 3 
73.2; 83.8; 91.5; 

97.6; 105.2; 113.0; 
120.6 

- 97.6 

02-7A 

183.0 

36.1 [118.5] 57° / 33° N25°E 

1,822,407.1 621,846.1 

 - - - - - 

02-8A 52.4 [172] 53° / 37° N29°W 
Intercept SB Tunnel. Rock has some contorted sections and some 
vertically bedded shale. Measure permeabilities of this shale to be 
representative for north tunnel segment. 

- - 14.3; 28.0; 39.5 0 - 

02-8B 100.9 [331] 44° / 56° S23°W Intercept NB Tunnel. Otherwise similar to 02-8A. - 
43.1~67 2 
1.3~36.2 3 

- - - 

02-8C 

162.8 

68.9 [226] 50° / 40° N8.5°E 

1,822,453.9 621916.8 

On new road P-2 

Investigate shallow rock slope mat'l. Explore geometry of shear zone in 
P-7-96. 

- 
50.9~66.6 2 

9~52 3 
- - 49.1 



GEOTECHNICAL DATA REPORT 

DEVIL ’S  SL IDE TUNNELS   

3-25 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering 

 

   

Table 3-1.  Summary of Exploration Program (Cont’d) 

Bore-
hole 

GSE 
(m) 

As-drilled 
Length (m) 

[ft] 

Dip / 
Inclination1 Azimuth Easting 

(m) 
Northing 

(m) 
Location / Site 

Access Purpose 
Pressuremeter 

Testing 
(Depths in m) 

Televiewer 
Logging 

(Depth in m) 

Packer Testing 
(Depths in m) 

P&S Logging 
(Depths in m) 

Piezometer 
(Depth in m) 

North Portal Area 

02-11 125.8 
[412.5] 

0-6.5° /      
83.5-90° 

S22.5°E 
Intercept Fault C. Evaluation of rock within north block for tunnel 
excavation and support system. 

- - - - - 

02-11A 
107.7 

174.4 [572] 
0-4° /  

86-90° 
S21.5°E 

1,822,510.1 622,047.1 
On exist. lower trail 
P-1a 

 - - - - - 

02-12 123.3 50.0 [164] 50° / 40° N22°W 1,822,531.0 622,022.9 
On new foot trail 
P-2 

Explore rock at NB tunnel exit portal. Used for slope stability evaluation. 
Current rock interpretation is based on outcrops along existing trail and 
by analogy with slope above SB entrance portal where rock is widely 
exposed. Explore geometry of shear zone in P-7-96. 

- - - - - 

02-16 124.2 21.2 [69.5] 10° / 80° S8°E 1,822,429.6 621,971.1 Helicopter support 
Explore shallow rock at the north portal and rock conditions near crown 
of NB tunnel. Explore geometry of shear zone in P-7-96. 

- - - - - 

02-18A 40.1 [131.5] 58° / 32° N46°W 

Explore near-surface rock above outer part of pillar between tunnel 
bores (future equipment chamber). Determine geometry and condition 
of zone of shearing encountered in boring P-7-96, if that zone is 
oriented so as to extend into the portals area. Will also be used for 
slope stability evaluation. 

- 10~24.5 3 - <30 24.1 

02-18B 

136.0 

45.4 [149] 77° / 13° N56°W 

1,822,509.3 621,987.0 
On new foot trail 
P-2 

Explore rock adjacent to and within NB bore, a short distance inside 
North Portal where cover is only 3-4 times tunnel diameter. Confirm 
presence or absence and orientation of shear zone found in P-7-96 in 
this reach of NB bore. 

- 
21.2~44.5 2 
10.2~32 3 

- 32.6 26.5 

33 
Bores 

- 2,011.7 - - - - - - 8 Tests 
7 Holes 

(680.2 m) 
28 Tests 

(346.5 m) 
5 Holes 10 Points 

Notes:  
1 Dip angle is from horizontal, Inclination angle is from vertical 
2 Using accoustic televiewer  
3 Using optical (video) televiewer 
All depths shown are slant depths along borehole paths 
Coordinates and elevation datum are per Section 1.4 

       N/A = not applicable 
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Table 3-2. Summary of Pressuremeter Testing 

Borehole GSE 
(m) 

As-drilled 
Length 
(m) [ft] 

Dip / 
Inclination Azimuth Rock Type at 

Testing Depths 
Pressuremeter Testing 

(Depths in m) 

02-2 131.4 60.7[199] 90° / 0° - 
Granodiorite, 
Granitic rocks 

46.2,46.6, 52.6, 53.0 

02-5 292.2 255.6 [838.5] 
90~86° / 

0~4° 
N79°W 

Sandstone, 
Siltstone/Claystone 

102.7, 103.2, 168.6, 
169.2 

Table 3-3. Summary of Shear Moduli from Pressuremeter Tests 

Rock Condition 

Range of Maximum Shear 
Modulus1 

G (GPa) 

Range of Mass Shear 
Modulus2 

G (GPa) 

By RQD 

Fractured Rock with RQD < 50% 
(3 tests) 

2 to 3.7 .12 to .4 

“Intact” Rock with RQD ≥ 50% 
(5 tests) 

3.5 to >20 .45 to 1.4 

By Lithology 

Sandstone (2 tests) 3.5 to 20 .45 to .65 

Siltstone/Claystone (2 tests) 2.2 to 3.7 .25 to .4 

Granitic (4 tests) 2 to 20 .12 to 2.6 

Notes: 
1 from unloading-reloading curve 
2 from virgin loading curve 
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Table 3-4. Summary of Packer Testing 

Borehole GSE 
(m) 

As-drilled 
Length (m) 

[ft] 

Dip / 
Inclination Azimuth Rock Type Packer Testing 

(Depths in m) 

02-5 292.2 255.6 [838.5] 
90~86° / 

0~4° 
N79°W 

Sandstone, Siltstone, 
Claystone and 
Granodiorite 

83.8; 115.9; 152.4; 
167.7; 207.3; 204.3; 
210.2; 198.2; 195.1 

02-6 223.8 139.6 [458] 75° / 15° S66°E 
Sandstone, Siltstone, 

Claystone 
42.7; 86.9; 120.6; 137.7; 

128.5 

02-7 183.0 123.6 [405.5] 45° / 45° S25°W 
Sandstone, Siltstone, 

Claystone 
73.2; 83.8; 91.5; 97.6; 

105.2; 113.0; 120.6 

02-8A 162.8 52.4 [172] 53° / 33° N29°W 
Sandstone, Siltstone, 

Claystone 
14.3; 28.0; 39.5 

02-21 186.1 162.2 [532] 50° / 40° N25°E 
Granodiorite, Granitic 

rocks 
117.4; 123.5; 128.0; 

146.0 

5 Bores   - - - 28 Tests (346.5 m) 

Table 3-5. Summary of Coefficient of Permeabilities 

Coefficients of Permeability Derived from Packer Tests 
k  (cm/sec) 

Rock Type 
EMI Data 
(22 Tests) 

WCC Data (1996) 
(12 Tests) 

Combined Data 
(34 Tests) 

Sandstone 8 x 10-6  to  2 x 10-4 3.9 x 10-5 to 3.9 x 10-4 8.0 x 10-6 to 3.9 x 10-4 

Sandstone with “Shale” - 9.8 x 10-6 to 8.5 x 10-5 9.8 x 10-6 to 8.5 x 10-5 

Sandstone with Conglomerate - 5.0 x 10-5 5.0 x 10-5 

Siltstone/Claystone 5 x 10-5 - 5.0 x 10-5 

“Shale” with Sandstone - 9.5 x 10-5 9.5 x 10-5 

Conglomerate 1 x 10-6  to  1 x 10-4 3.7 x 10-6 1.0 x 10-6 to 1.0 x 10-4 

Granitic Rock 2 x 10-7  to  2 x 10-5 1.1 x 10-5 to 1.2 x 10-4 2.0 x 10-7 to 1.2 x 10-4 
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Table 3-6. Summary of Piezometer Installations 

Borehole 
Piezometer 
Serial No. 

Date Installed 

Transducer 
Depth Along 

Borehole 

(m) 

Elevation of 
Piezometer 
Transducer 

(m) 

02-2B 74659 10/04/02 54.9 +83.9 

02-5 (Piezometer A) 74661 10/03/02 61.0 +231.2 

02-5 (Piezometer B) 74664 10/02/02 182.9 +109.3 

02-5 (Piezometer C) 74665 10/02/02 213.0 +79.2 

02-6 74663 08/16/02 115.5 +112.2 

02-7 74662 08/23/02 97.6 +114.0 

02-8C 74660 08/26/02 49.1 +125.2 

02-18A 73866 08/24/02 24.1 +115.6 

02-18B 73865 08/23/02 26.7 +110.0 

02-20 74658 09/28/02 21.3 +45.0 
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Table 3-7. Summary of Groundwater Data 

Measured or Interpreted Groundwater Elevation (m) 
Borehole 

Initial 
on Nov. 4, 

2002 
on Nov. 26, 

2002 
on Dec. 2, 

2002 

Temperature  
( oC) 

All Dates 

2002 Piezometers by EMI 

02-2B NM on 10/04/02 below +83.9* below +83.9* below +83.9* 15 

02-5 (Lower 
Level A) 

NM on 10/03/02 +241.1 +240.6 +239.5 20 

02-5 (Middle 
Level B) 

NA on 10/02/02 +121.5 +118.8 +115.0 20 

02-5 (Upper 
Level C) 

NA on 10/02/02 +79.6 +79.6 +79.6 14 

02-6 +158.9 on 8/16/02 +157.5 +157.1 +156.8 16 

02-7 +158.9 on 8/23/02 +155.1 +154.7 +154.3 15 

02-8C NM on 8/26/02 below +125.2 1 below +125.2 1 below +125.2 1 13 

02-18A NM on 8/24/02 below +115.6 1 below +115.6 1 below +115.6 1 13 

02-18B NM on 8/23/02 +112.5 +112.3 +112.2 13 

02-20 NM on 9/28/02 +45.3 +45.7 +46.8 15 

2002 Wells by Caltrans 

B-5 NM on 7/24/02 +86.6 +86.6 NM NM 

B-7 NM on 7/29/02 +76.5 +76.5 NM NM 

B-9 NM on 8/15/02 +64.9 +64.9 NM NM 

1996 Standpipes by WCC 

P-2-96 +67.7 on 7/31/96 +67.0 +67.0 +69.8 NM 

P-7-96 +112.8 on 8/07/96 +114.3 +114.3 +114.3 NM 

P-9-96 +129.9 on 8/07/96 +130.0 +130.0 +130.1 16 

P-10-96 +61.6 on 8/07/96 +61.0 +61.0 +62.0 17 

P-11-96 +66.8 on 8/07/96 +66.3 +66.3 +67.6 16 

P-12-96 +157.0 on 8/07/96 NA NA NA 15 

P-13-96 +163.4 on 8/07/96 NA NA NA 15 

P-14-96 +149.4 on 8/07/96 NA NA NA 16 

Note: 
1 No water pressure recorded at piezometer level, suggesting groundwater to be below that level. 
NM = Not measured 
NA = Not available (questionable reading or non-functional well) 



77.58

76.76

77.26

77.30

40.22

40.68

40.22

105.94 

105.76 

105.76 

101.70 

94.70

96.40

96.40

95.70

62.18

65.31

60.72

60.32

60.14

59.32

73.81

73.34

72.76
64.68 64.44

64.88

62.66

63.24
63.16

63.40

63.76

64.44

64.80

65.24

65.38

65.16

65.62

65.88

65.56

46.24

46.96

47.12

47.20

65.76

63.80

64.16

63.78

63.74

63.58

79.66

79.54

79.34

78.86

77.78

78.14

78.98

78.98

78.82

78.98

78.74

78.86

78.60

78.76

70.06

68.06

68.20

68.68
69.10

68.70

68.20

67.76

67.86

69.84

69.42

68.96

67.12

52.72

43.46

76.54

 1.74

 2.10

 3.94

 3.66

 3.10

 4.06

71.34

71.44 71.88

72.46

71.66

71.80

77.22

77.32

77.74

77.64

78.30

97.14

95.60

78.82

25.13

22.97

21.9322.77

22.77

 8.89

23.72

56.54

58.64

68.98

71.40

71.62

71.92

71.92

73.16

72.22

72.32

72.22

72.96
72.48

72.30

61.54

61.66

72.92
72.08

72.16
72.9072.04

72.30

76.36

76.64

76.84

77.20

76.64

76.52

76.34

76.6074.34

76.10

77.36

74.28

74.52
74.28

73.6273.34

72.98
73.22 73.22

75.28 75.12
75.32

75.32

75.20

67.34
67.30

68.12

1 2 5 . 3 6  1 2 5 . 8 2  

1 2 4 . 1 4  
1 2 3 . 5 2  1 2 2 . 8 2  1 2 2 . 5 6  

1 2 2 . 3 8  

1 1 9 . 3 8  
1 1 8 . 6 0  

1 1 8 . 3 6  

1 1 6 . 0 6  

1 1 6 . 1 2  

133.66 

131.36 

131.82 

133.12 

131.64 

1 3 0 . 1 6  

1 2 2 . 9 4  1 2 2 . 2 6  

1 2 2 . 5 6  

1 2 2 . 6 2  

1 2 1 . 6 0  

1 2 7 . 0 6  

1 2 8 . 7 8  

74.13
73.92

SM - 1

T

SM - 1

ASPH

D I R T

D
IR

T

ASPH

SM - 1

29
0

288
28

6
28

4282
280278

276274272270268266264262

26
025825

625
425

2
250

24
0

23
823

6

24
2

24
4

48

50

52

54

56

58

60

62

64

66

68

70

72
74

76

78

80

82

84

86

88

90
92

94

96

96

98

100

102

104

106

108

11
0

11
2

11
4

11
6

11
8

12
0

12
2

16
216

015
8

156

15
4

152150
14

814
614412

4

12
6

12
8

13
0

132
134

136 138 140
142

200

20
2

20
4

20
6

20
8

21
0

21
4

21
8

22
2

22
6

22
8

23
0

19
8

16
4

16
6

16
8

17
0

17
2

17
4

19
619

419
219

0

18
818

6

198196

190

192

194

188

174
176

178
180

182
184

186

17
6 17

8

18
2

18
4

52

50

54
56

58

60

62

64

66

102

100

98

96
94

92
90

88868482

80

767472

7068

11
2

11
4

11
0

108
10

6104

11
6

11
8

12
0

12
2

12
4

12
6

12
8

13
0

13
2

13
4

76

76

74

72

70

68

66

64

62
60

58
56

66

68

70

72

74

76

78

66

64

2

60

58

56

14

10

64

18
22

26

30

34

38
42

46
50

54

68
66

64
62

60
58

56

72

70

66

62

58

54

50

28

32

36

40

44

48

154

15
2

15
0

14
814

614
414

214
013

8
13

6134

132

128

124
122

118
116
114

110

106

102

100

98

96

94

92

90

88

78

84

14
4

142

140

138

130

124

126

128

132

134

136

146

148

15
0

15
2

82

86 90

94

98

10
4

70

72

11
0

114

118

68

70
7274

80

84

88

92

96

100

104

108

112

116

120
122

74

72

68

64
62

60

58

56

54

52
50

48
46

44

42

40

38

32

34

36

30

26

22

18

14

84
80

76

88

94

9290

28

30

6

20

18
16

4

26
24

24

22

12

6

10

14
18

36

28

4

8

14 16

20

22

28
26

32

60

64

68

56
52

50

46

42

65.58

97.87

98.19

98.69

99.29

99.75

96.59

99.73

96.95

119.40 

16.12

165.82 
167.06 

165.80 

238.56 

235.06 

116.20 

141.86 

141.80 

136.76 

137.10 

147.06 

114.44 

124.22 

78.74

78.86

79.20

79.22
79.26

79.80

79.56

80.38

80.94

81.24

79.30

80.38

80.38

82.22
82.22

82.30

82.90

82.8682.32

82.90

82.38

82.38

82.86

82.90

83.36

92.22

91.28

82.92

95.92

82.48

83.15

83.12

82.90

83.42
83.30

84.86

84.80

84.24

83.96

83.90

84.32

84.62
84.16

85.22

85.65

85.60

86.22

86.22

88.70

88.70

87.75

89.80

90.32

89.38
90.22

89.70
88.20

91.76

92.10
91.30

91.64 92.20

92.76

98.70

99.34

99.20

99.10

99.64

99.90 100.14 

99.76

99.64

99.78

100.48 

100.22 

100.22 
100.22 100.22 

100.30 

100.02 

171.64 

168.46 

186.40 

161.00 

159.10 

226.84 

258.40 

258.40 

186.14 

175.50 

201.86 

299.63 

299.12 

T

269.64 

DIRT

D
IR

T

D
IR

T

D
IR

T

D
IR

T

DIRT

DIRT

DIRT

ASPH

ASPH

ASPH

216

220

222

226

230

234

23
6

238

240

24
2

24
4

246

228

224

220

216

212

208

204

200

196

192

188

184

180

176

172

168

164

160

156

152

148

144

140

136

132

128

124

120

116

112

108

104

116

112

108

104

100

96

92

88

84

80

76

72

68

64

60

56

52

48

44
40

36

32

28

24

20

16
12

8

4
2

2

4

6

10

14

2024

28

32

3640

44

48

54

58

62

66

70

74

78

82

86

90

94

98

102

106

110
114

118122

126

130

13
4

138

142

146

150

154

158

152

156

170

174

178

182

186

190

194

198

202
206

210

214

218

222

226

230

234

238

242

246

250

254

256

260

264

268

272

276

280

284

288

290

292

294

296

296

260

256

252

248

244

240

236

232

226

224

220

216

212

208

204

200

196

192

188

184

180

176

174

170

166

162
158

154

148

142

236

234

232

228

224

220

216

212

208

204

200

196

192

188

184

180

176

172

168

164

160

156

152

148

144

140

136

132

128

124

120

116

112

108

104

100

96

92

82

78

74

70

66

62

58

54

50
46

42

36
32

28

SM - 1

SM - 1

258

286

230

226

222

218

214

210

206

202 198

194

190

186

182

178

174

170

166

176.2 

182.1 

163.60 

3 0 5 . 1 2  

3 0 5 . 1 3  

3 0 5 . 7 6  

3 0 6 . 3 6  
3 0 6 . 7 4  

3 0 6 . 1 6  
3 0 6 . 3 6  

3 0 7 . 3 6  

3 0 4 . 8 0  

293.32 

DIRT

DIRT

165.90

310.85 

309.65 

299.62 

106

110

114

118
122

126

130
134

136

138

140

142

144

146

148

150

152

154

156

158

160

162

164

175
180

184

186

188

190

192

180

176

172

168

164

160

156

152

148

144

140

144

148

152

156

160

162

158

158

150

146

142

138

134

130

126

122

118

114

110

106

102

9294

96

98100

102

104
106

108

11
0

112112

11
4

116

118

120

122

12
6

13
0

13
4

13
8

142
146

150
154

158
162

166
170

174
178

182

186

190

160

164

168

172

176

180

184

188

192

196

200

204

208

212

294

296

298

300

304

302

306

29
8

296

294

292

290

288

286

284

282

278

274

270

266

262

258

254

250

310

308

306

304

302

300

296

292

288

284

280

276

272

268

264

260

158.12 

164.34 

166.40 

166.16 

155.94 

157.36 

144. 66

142.82 

142.96 

143.46 

142.94 

142.96 

142.72 

142.64 

142.64 

142.22 

142.12 

141.74 

141.24 

129.14 

128.66 

131.22 

131.06 

118.68 

119.94 

120.9  

112.30 

190.34 

204.22 

203.54 

194.76 

192.30 

180.80 

179.72 

174.32 

175.92 

208.20 208.28 

141.82 

141.66 

159.24 

140.32 

139.74 

D
IR

T

D
IR

T

D
IR

T

S
M

 - 1

ASPH

S
M

 - 1

ASPH

194.24 

194.34 

194.56 

228.94 

226.16 

121.16 

120.26 

113.76 

119.32 

D
IR

T

D I R T

S M  -  1

C

207.60

DIRT

A
S

P
H

A
S

P
H

84

86

88

2

4
6

8
12

1418

2022242628

30
32

3438

40

44

48

52

56

60

64

68

70

74
7678

80

8488
92

96

102106110114

148

146

140

138

136

134

132

130

128
126

128

126

122

118

114 110

106

102

100

96

92

86

82

78

74

70

66

62

58

54

50

46

42

38

34

30

26

22

18
14

10
6

4

2

132

136
140

144

148 152

156

160

164170

174

178

182

186

190

194

198

202

206

210

214
218

222

224

222

220

218

216

212

210

208

206

204

202

198

194

192

188

186

184

182
180

178

176

174

172

170

168

166

164

162

160

158

154

150

146142

138

138

130
126

122
118

114
110

108

106

102

80

82

86
84

88

90

94

96

98

100

102

104

106

108

110
112

114

118

120

122

126

128

130
132

134

136

142

146

150

156

160

164

168

172

176

17
8

18
0

174

168

164

160

156

152

148

144

142

142

138

134

130

126

122

118

114

110

106

102

98

94

90

108

124

132

136

140

142

146

150
154

158

162

166

142

138
134

130

126

120

118

114

132

126

128

132

136

140

144

228

226

162

160

91.62

DIRT

97.26

96.84A
S

P
H

A
S

P
H

114.58 

A
S

P
H

A
S

P
H

DIRT
PILE

128.74 

WL
90.40

81.82

D
IR

T

90.80

41.30

41.64

41.86

42.08

41.78

41.64

42.22

42.38

41.82

41.36

41.6441.88

42.22

D
IR

T

D
IR

T

WL

D
IR

T

62.18

62.08

62.08

61.44

61.64

62.86

62.60

62.35

55.63

55.36

54.63

WATER

D
IR

T

D
IR

T

D I R T

D
IR

T

A
S

P
H

A
S

P
H

T

DIR
T

D
IR

T

D
IK

E

TANK

TANK

D
IR

T

112

116

120

124

112

108

104

1 0 0

96

92

88

116

118

120

122

78

82

76

74

72

70

68 66

64

62

60

58

58

54

52

50
48

46

44

42

128

54

56

58
60

62

64
66

68

70
72

74

76

78

80

82

84

86

88

90

96
94

92

98

10
0

102

104

72

74

76

78

S
M

  -  1

77.58

76.76

77.26

77.30

40.22

40.68

40.22

105.94 

105.76 

105.76 

101.70 

94.70

96.40

96.40

95.70

62.18

73.81

73.34

72.76
64.68 64.44

64.88

62.66

63.24
63.16

63.40

63.76

64.44

64.80

65.24

65.38

65.16

65.62

65.88

65.56

46.24

46.96

47.12

47.20

65.76

63.80

64.16

63.78

63.74

63.58

52.72

 3.94

 3.66

 3.10

 4.06

48

50

52

54

56

58

60

62

64

66

68

70

72
74

76

78

80

82

84

86

88

90
92

94

96

96

98

100

102

104

106

108

11
0

11
2

11
4

11
6

11
8

12
0

12
2

16
216

015
8

156

15
4

152150
14

814
614412

4

12
6

12
8

13
0

132
134

136 138 140
142

16
4

16
6

16
8

17
0

17
2

76

76

74

72

70

68

66

64

62
60

58
56

66

66

64

14
4

142

140

138

130

128

132

134

136

146

148

15
0

15
2

118

65.58

74

72

70

STAGING AREA TA-1 
TURN-AROUND

STAGING AREA TA-2
TURN-AROUND

UPPER WATER TOWER
HELICOPTER PICK-UP/DROP-OFF

TO HALF MOON BAY

TO
 PA

C
IFIC

A

R
O

A
D

P
-3

-9
6

P
-1

-9
6

P
-2

-9
6

P-14-96

P-9-96

P
-8

-9
6

P-5-96

P-2/P-2A-83

P-13-96P-12-96

P-7-96

P-1
1-

96

P-4-96

02-12

02-8B

02-7

02
-6

02-5

02
-1

3

02-ST5

02-16

02-T2A

02-T1

Lower Water Tower

SP

SP

INC

SP

SP

SP

SP

SP
EXIST.

U
P

P
E

R

E
X

IS
T.

EXIST.

P
-5

P-3B

R
O

A
D

   
  P

-1
A

02-14 MAIN SLIDE COMPLEX

NORTH BLOCK

SOUTH BLOCK

02-20

02-19

02-6A

SHAMROCK
RANCH

CENTRAL BLOCK

POINT SAN PEDRO 
STRUCTURAL COMPLEX

EXIST.

EXIST.

02-T3

Repair SlideE
X

IS
T.

TEM
P. STEPS

P-1D

02
-1

5

02-21

TRAIL

TRAIL

EXIST.

T
R

A
IL

R
O

A
D

P
-3B

ACCESS  ROAD
P

-2

P-3B

P
-4

P-3B

P-1B

P
-1c

SOUTH 
ROCK 
CUT 
SITE

02-8A

02-8C

02
-1

8A

Staging Area TA-3

PZ

PS

PZ

PA

02-2B

02-2A

PA

TV

TV

TV, PA, PZ

TV, PZ

P
S

PA

PA

PM

PM

02-7A

02
-1

8B

02-1102-11A

TEMP.

TV

PA, T
V, P

Z

02-2
PS

P-3A

TR
A

IL

PZ

02-PZ (3)

PA, T
V, P

Z

T2B

P-1
0-

96SP

P-6
-9

6

P-1-83

A
C

C
ESS  R

D

BERM

EXIST.

SB      TUNNELNB     TUNNEL

02-ST2

02-ST1

02-ST6

02-ST4
02-ST8

02-ST9

02-ST3

02-ST10

E
X

IS
T

.
R

O
A

D
P

-6

02-ST7

DISPOSAL
SITE

S
P

Geotechnical and Earthquake Engineering

Earth Mechanics, Inc.

LEGEND

SCALE
1 : 5,000
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Figure 3-11. Schematic of Single Piezometer Installation 
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Figure 3-12. Schematic of Multi Piezometer Installation 
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4.0 LABORATORY TESTING 
A laboratory testing program was performed by EMI to characterize the on-site rock, 
soil, water and air, and to permit development of geotechnical parameters for 
engineering analysis and design. Laboratory testing from prior investigations (WCC, 
1996) are documented in that report. The summary tables and plots in this section 
include the test results from those investigations as noted. 

4.1 Rock Testing 

4.1.1 General 

GeoTest Unlimited (GTU) of Nevada City, California conducted laboratory testing on 
selected rock specimens. Testing consisted of density and in-situ moisture content tests 
of every sample tested, unconfined compression and Young's modulus strength tests of 
intact cores and cores with healed joints, direct shear tests of cores with well-defined 
joints, and single-stage and one multi-stage triaxial tests. Finally, a suite of rock 
abrasion tests was performed. The tests were performed in accordance with the 
American Society for Testing and Material (ASTM, 2001) and International Society for 
Rock Mechanics (ISRM, 1985) guidelines, unless otherwise noted. 

The selection of the cores for testing was based on the rock type, weathering 
characteristics as well as the foundation design aspects. Unconfined compression tests 
were performed on cores collected near the proposed tunnel. Direct shear tests where 
performed on samples collected where excavations might trigger instability along 
discontinuity planes in the rock mass.  

The laboratory tests of rock core are summarized in Table 4-1. Testing procedures and 
results are presented in Appendix B-4. Interpretation and evaluation of the test results is 
given in Section 4.1. 

4.1.2 Unit Weight 

The total unit weights from lab testing are plotted in the histogram of Figure 4-1. The 
ranges for crystalline/granitic rock and sedimentary rock are tabulated in Table 4-2. 
The data indicates that the weathered rock generally has a slightly lower unit weight 
than the fresh rock. 

4.1.3 Unconfined Compression Tests 

A total of 81 unconfined compression (UC) tests were performed on cores collected near 
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the proposed tunnel bores. The ranges of unconfined compressive strengths qu are 
tabulated in Table 4-3 by rock type. A summary plot of the data is presented in Figure 
4-2. The samples exhibited a large range in strengths. 

4.1.4 Point Load Tests 

A total of 135 point load tests (PLT’s) on selected rock specimens were performed at the 
core storage trailer site in the City of Pacifica. Testing was performed in the field using a 
Rocktest Model PIL-5 point load tester in general accordance with the suggested 
method for PLT by the ISRM (1985). The test measures the point load strength index 
Is(50) and strength anisotropy index Ia(50) of rock specimens. The PLT is used as an index 
test for the strength classification of rock materials. 

Core selection was made by an EMI geologist/engineer for the purpose of 
characterizing strength for different rock types and conditions encountered. Only 100 
tests met the ISRM criteria and were evaluated. The HQ core diameter for all tests was 
nearly 61 mm. The failure mode of each core specimen was carefully recorded in order 
to obtain an accurate point load strength index measurement. 

Key test information of the 100 valid tests are listed in Table 4-4, classified by lithology 
type and failure mode. The data was separated by two failure modes: (1) breakage 
along existing fracture surfaces If , and (2) breakage of intact samples per standard PLT 
criteria Is established by the ISRM (1985). 

The PLT is also correlated with other rock strength parameters such as the unconfined 
compressive strength qu for strength classification of rock materials. Values of qu were 
estimated per ISRM (1985) using a factor of 24 times the corrected point load strength 
Is(50). The resulting ranges of estimated qu are summarized in Table 4-5 and plotted in 
the histogram of Figure 4-3, classified by lithology type and condition. For the 
moderately to intensely weathered siltstone/claystone, only a few samples of this 
category were suitable for testing; range may not be representative of strength for these 
rock conditions. These estimated qu values are considered only approximate due to the 
nature of PLT testing.  

4.1.5 Young's Modulus 

Elastic Young's moduli E were derived from 20 unconfined and 11 triaxial compression 
tests, and are plotted on Figure 4-4. Young's moduli were obtained from the tests by 
determining the slope of the axial stress versus axial strain curve. The elastic Young's 
Modulus values are representative of moduli for intact rock materials (see Appendix B-
4). The figure presents Young's moduli from these fairly intact laboratory specimens.  

The ranges of typical Young’s moduli for each lithology type are tabulated in Table 4-6. 
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For conglomerate, only a single value (59.1 GPa) was measured. 

4.1.6 Poisson's Ratio 

Values of Poisson's ratio ν were obtained from 20 unconfined compression tests on 
samples from borings and are plotted in the histogram of Figure 4-5. Values of Poisson's 
ratio for bedrock materials were determined by measuring radial strains in the same 
unconfined compression tests for which modulus values were measured and then 
calculating the ratio of radial to axial strain (see GTU report in Appendix B-4).  

The ranges of Poisson’s ratios ν for each lithology type are tabulated in Table 4-7. For 
siltstone/claystone, Poisson’s ratios in excess of 0.5 appear to be in contradiction with 
isotropic elastic theory but this discussed in GeoTest’s report in Appendix B-4. For 
conglomerate a single value of Poisson’s ratio equal to 0.21 was measured. 

4.1.7 Triaxial Compression Tests 

A set of 10 single-stage triaxial tests were performed on different rock types. However, 
the test results exhibited a large amount of scatter (see Appendix B-4) and no clear, 
useful failure envelope could be traced. 

In addition, two multistage triaxial compression tests were performed on a rock core 
from 195.1 m depth in borehole 02-5 to help evaluate the shear strength of the fault 
gouge material, which mainly consists of sheared claystone (see Appendix B-4). The 
range of shear strength parameters for gouge material developed from these tests are 
given in Table 4-8. 

4.1.8 Direct Shear Tests 

A total of 20 direct shear tests were performed to evaluate the shear strength along 
existing discontinuity planes in the granitic rocks, sandstone and siltstone/claystone. 
Samples were collected from locations where excavations might trigger instability along 
discontinuity planes in the rock mass. The ranges of derived peak and post-peak 
strength parameters are given in Table 4-9. The direct shear test results are plotted on 
Figure 4-6 for claystone, Figure 4-7 for sandstone, and Figure 4-8 for granitic rock. The 
peak shear strength values are shown as solid symbols, and the post-peak values are 
shown as open symbols. 

As described in Appendix B-4, the direct shear testing program evaluated a variety of 
joint/fracture conditions including roughness (smooth to moderately rough), filling 
type/thickness (calcite/quartz), and fracture inclination/dip.  

Review of test data for the granitic core samples (10 tests) indicates that the peak values 
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show fairly high angles of internal friction (in the 40o range) and fairly wide range of 
shear intercept (Sj). The post-peak values indicate a tighter grouping and lower friction 
angle (in the 30o range). The sandstone and siltstone/claystone samples tested generally 
had lower friction angles, generally in the mid to upper 20o range. As expected, the 
gouge material had lower friction angles, in the 15o range. 

4.1.9 Abrasion Tests 

A suite of 25 rock abrasion tests was performed by GTU according to the Cerchar 
procedure as described by West (1989). The purpose of these tests was to measure for 
abrasive rock cutting tools during tunnel boring. 

Many of these cores tested were adjacent core subjected to unconfined compressive 
strength (see Section 4.1.3). The test procedure and test results are outlined in Appendix 
G-4. The test results were categorized by tunnel segment and rock type and are 
summarized in Table 4-10. 

4.1.10 Petrographic Analysis (Mineralogy) 

A total of 15 samples of representative rock types from several of the core borings and 
trenches were selected for a petrographic study of 16 thin sections in order to better 
understand the rock fabric. Table 4-11 lists the samples selected for the sedimentary 
rocks and Table 4-12 lists the granitic rocks samples. 

Testing procedures and a scientific interpretation of the test results were performed by 
Spectrum Petrographics of Roseburg, Oregon and are presented in Appendix C-4. The 
mineral percentages of the sedimentary rocks samples and granitic rock samples are 
tabulated in Table 4-11 and Table 4-12, respectively. The tables include petrographic 
analyses performed on rock outcrop samples as part of the Phase 2A investigation (see 
Section 3.1.2), as well as the analyses from the feasibility study (WCC, 1996). 

4.1.11 Aggregate Potential Reactivity 

Potential alkali-silica reactivity of aggregates was conducted for two rock specimens. 
The alkali aggregate reaction is a chemical reaction between reactive aggregate and free 
alkalis in the concrete pore water. The testing was conducted in accordance with ASTM 
Standard (ASTM C289 Chemical Method) on one sample of massive, fine-grained 
sandstone with a calcite-silt matrix from borehole 02-6 at 11.8m depth, and one sample 
of micro-conglomeratic medium-grained sandstone with a calcite-silt matrix from 
borehole 02-7 at about 123.4 m depth. 

The testing procedures and test results are given in Appendix D-4. Based on the ASTM 
C289, Figure 2, the two core samples tested are considered potentially deleterious. 
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4.2 Soil Testing 

4.2.1 General 

Fill and native soil samples from the boreholes drilled through Route 1 embankment 
areas (02-19 and 02-20),, and in native soil-like materials derived from rock in the 
disposal basin (02-ST1 through 02-ST10) were tested for soil classification, strength 
parameters and corrosion potential at EMI’s laboratory. A bulk sample was taken from 
near the 02-19 location to determine R-value for roadway pavement design. 

All soil testing was performed in general accordance with California Test Methods and 
applicable American Society for Testing and Materials (ASTM) standards. Table 4-14 
summarizes the types of tests performed, the corresponding test methods and the 
intended testing purpose. The individual test results are presented in Appendix A-4. 

Environmental laboratory testing was performed on selected samples of excess cuttings 
and water (not controlled soil samples) by Universal Environmental under contract to 
Ruen Drilling for the purpose of characterization for proper waste disposal. These test 
results and accompanying chain of custody forms are presented at the end of 
Appendix A-4. It should be noted that it is beyond the scope of this investigation to 
characterize site contamination, and therefore the suite of chemical test results included 
in Appendix A-4 does not represent a complete study of site soil chemistry. 

In the following, test results are described by geologic unit encountered. 

4.2.2 Existing Artificial Fills 

4.2.2.1 Moisture and Unit Weights 

Based on borings 02-19 and 02-20, the moisture content of the existing embankment fill 
soils ranged from about 10.8 to 22.3%; the total unit weight ranged from about 20.9 to 
22.4 kN/m3; and the dry unit weight ranged from about 17.1 to 19.8 kN/m3. The water 
contents are shown in the histogram of Figure 4-13. The unit weights are shown in the 
histogram of Figure 4-14. 

4.2.2.2 Soil Strength Parameters 

Direct shear tests were performed on six samples of silty and clayey sand collected from 
borings 02-19 and 02-20. Ultimate strength values ranged as follows: friction angles 
ranged from 31.1o to 34.2o with the average value equal to about 32.7o, and cohesion 
ranged from 0 to 17.8 kPa with the average cohesion equal to about 11.6 kPa. Peak 
strength values ranged as follows: friction angles ranged from 33.2o to 42.1o with the 
average value equal to about 36.9o, and cohesion ranged from 24.7 to 54.3 kPa with the 
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average equal to about 34.2 kPa. Results of the direct shear tests are summarized in 
Table 4-16. 

In addition, SPT blowcounts and “equivalent” SPT blowcounts (from the California 
Drive Sampler) were used to estimate shear strength using published correlations (the 
SPT profiles are shown in Figure 3-13). The uncorrected SPT and “equivalent” SPT 
blowcounts in the sandy soils, in boring 02-19 between El. +60 m and +44.9 m, ranged 
between 6 and 28 blows per 30 cm, with the average value equal to about 16 blows per 
30 cm. Blowcounts indicate that the majority of the fill soils are medium dense with a 
few thin localized loose layers. Based on the range of blowcounts, the friction angles 
range from about 28o to 34o. Using the average blowcount of 16, the friction angle is 
estimated to be 32o for the overall fill mass.  

The uncorrected SPT and “equivalent” SPT blowcounts in the silty and clayey sands, in 
boring 02-20 between El. +60 m and +44.9 m, ranged between 15 and 48 blows per 
30 cm, with the average value equal to about 23 blows per 30 cm. Based on the range of 
blowcounts, the friction angle is estimated to range between 32 and 36o. Using the 
average blowcount of 23 blows per 30 cm, the friction angle is estimated to be 32o for the 
fill mass. 

The uncorrected SPT and “equivalent” SPT blowcounts in the sandy lean clay layer, in 
boring 02-20 between El. +44.9 m and +41.3 m, ranged from 12 to 18 blows per 30 cm, 
with the average equal to about 15 blows per 30 cm. Based on the average blowcount of 
15 blows per 30 cm, the undrained shear strength is in the range of 72 to 95 kPa. 

4.2.2.3 Settlement Characteristics 

Soils encountered in boring 02-19 and the majority of soils observed in boring 02-20 are 
not susceptible to long-term consolidation settlement because of their granular (sandy) 
nature. In addition, based on SPT blowcounts, recorded in the two borings, the sandy 
soils are generally medium dense, in terms of consistency, with localized thin dense 
layers. Consequently, “immediate” settlement that may occur in the sandy soils, due to 
proposed fill placed against the embankments, is anticipated to be negligible. 

Based on one consolidation test, the sandy clay, encountered in boring 02-20 between 
El. +44.9 m and +41.3 m, has a compression ratio (C'c) of about 0.06 and a recompression 
ratio (C'r) of about 0.008. 

4.2.2.4 Soil Corrosivity 

Two representative samples of the fill soils were tested to determine minimum 
resistivity, pH, soluble sulfate content, and soluble chloride content using the 
procedures described in California Test methods 417, 422, 532, and 643. The results of 
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the tests are summarized in Table 4-17. 

According to Caltrans criteria (Memo to Designers 3-1, 1996), soils are corrosive if the 
minimum resistivity is less than 1,000 ohm-cm, or the chloride content is greater than 
500 parts per million (ppm), or soluble sulfate content is greater than 2,000 ppm. Based 
on the test results and the Caltrans criteria, the fill soils are not corrosive to bare metal 
or concrete. 

4.2.3 Soil-Like Materials 

4.2.3.1 Moisture and Unit Weights 

Based on borings 02-ST1 through 02-ST10, the moisture content of the decomposed 
Montara Formation (soil-like materials) within the disposal area ranged from about 7.1 
to 19.5%; the total unit weight ranged from about 18.9 to 21.8 kN/m3; and the dry unit 
weight ranged from about 17.4 to 20.1 kN/m3. The water contents are shown in the 
histogram of Figure 4-13, and the unit weights are shown in the histogram of Figure 
4-14, categorized by alluvium and decomposed bedrock. 

4.2.3.2 Soil Strength Parameters 

Direct shear tests were performed on numerous samples of the decomposed Montara 
Formation collected from borings 02-ST1 through 02-ST10. The ultimate strength values 
were ranged as follows: friction angles ranged from 18.5o to 41.9o with the average 
value equal to about 29.4o, and cohesion ranged from 1.7 to 80.1 kPa with the average 
cohesion equal to about 28.9 kPa. Peak strength values were ranged as follows: friction 
angles ranged from 11.6 to 46.9o with the average value equal to about 30.4o, and 
cohesion ranged from 12.4 to 154.6 kPa with the average equal to about 65.3 kPa. 
Results of the direct shear tests are summarized in Table 4-18. 

4.2.3.3 Settlement Characteristics 

Based on the consolidation test results, the upper 4.6 m of soil-like material generally is 
overconsolidated, with the overconsolidation ratio (OCR) ranging from about 1.2 to 2.4. 
Below a depth of 4.6 m, materials appear to be normally-consolidated with OCR’s equal 
to about 1.0 and less. OCR’s significantly less than 1.0 indicate disturbed samples. The 
compression ratio (C'c) was determined to range between about 0.032 and 0.07, with the 
average equal to about 0.05. The recompression ratio (C'r) was determined to range 
between about 0.008 and 0.04, with the average equal to about 0.017. 

4.2.3.4 Soil Corrosivity 

Five representative samples of soil-like materials were tested to determine minimum 
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resistivity, pH, soluble sulfate content and soluble chloride content using the 
procedures described in California Test methods 417, 422, 532 and 643. The results of 
the tests are summarized in Table 4-20. 

According to Caltrans criteria (Memo to Designers 3-1, 1996), soils are corrosive if the 
minimum resistivity is less than 1,000 ohm-cm, or the chloride content is greater than 
500 ppm, or the soluble sulfate content is greater than 2,000 ppm. Based on the test 
results and the Caltrans criteria, the fill soils are not corrosive to bare metal or concrete. 

4.3 Groundwater Chemistry 
This section summarizes the chemical analyses conducted on groundwater samples 
collected from two boreholes during the site investigation program at various times. 

Sampling and Analysis. Groundwater samples were collected from horizontal borehole 
02-11A, located at north portal area, on September 11, 2002 and from vertical borehole 
02-5, located in the central block, on September 27, 2002. Groundwater samples from 
borehole 02-11A were collected by means of flow directly into laboratory-supplied 
containers. Water sampling was attempted in south portal area in borehole 02-2, but 
was unsuccessful due to dry holes.  

These samples were collected in the morning before the beginning of any drilling 
activities to avoid any contamination due to the drilling fluid. Water samples from 
borehole 02-5 were collected using a new, clean disposable bailer. The samples were 
decanted from the bailer into the laboratory-supplied containers. After the samples 
were collected from the boreholes and labeled, they were delivered in the same day 
under EMI’s chain-of-custody procedure to Severn Trent Labs, a California-certified 
analytical laboratory located in San Francisco, California. The samples were transported 
to the laboratory in ice-cooled, insulated chests. Groundwater samples were analyzed 
for the following constituents in accordance with the following EPA methods: 

• Total Petroleum Hydrocarbons quantified against a gasoline standard 
(TPHg) by modified EPA Method 8015; 

• Dissolved Methane by EPA 3810; 

• Polynuclear Aromatic Hydrocarbons (PNAs) by EPA Method 8270C; and 

• pH by EPA Method 9040. 

Quality control/quality assurance samples included an equipment blank sample and a 
laboratory control spike. 
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Test Results. A summary of groundwater test results is provided in Table 4-13. The 
laboratory analytical reports and chain of custody records are provided in Appendix 
E-4. Dissolved methane was not detected in either groundwater sample tested. 

4.4 Air Chemistry 
Chemical analyses were conducted on air samples collected from six boreholes at 
various times during the site investigation program.  

Sampling and Analysis. On August 8, 2002, air samples were collected from borehole 
02-18A, located close to the North Portal area, boreholes 02-8A, 02-7, 02-6 located in 
central block area. On October 2, 2002, air samples were collected from borehole 02-5 in 
the Central Block area and borehole 02-2 in South Portal area. Air samples from these 
boreholes were collected directly into laboratory-supplied Tedlar bags by means of a 
small Thomas vacuum pump. The air was sucked from the boreholes at around 4.6 m 
below the top of the boreholes using a long tube connected to the vacuum pump. To 
remove residual air in the tube and pump, the pump was operated and sucked air was 
released for a few minutes before sampling. 

The samples were collected after the boreholes had achieved their target depths and 
activities had been completed to avoid any cross-contamination  and to detect possible 
release of any toxic air from bottom of the holes. After the samples were collected from 
the boreholes and labeled, they were delivered the same day (under EMI chain-of-
custody procedures, to Air Toxic Ltd., a California-certified analytical laboratory 
located in Folsom, California). 

Air samples were analyzed for the following constituents in accordance with the 
following EPA/ASTM standards: 

• TO-15 compounds by Modified EPA method TO-15; 

• Hydrogen Sulfide by Modified ASTM D-5504; and 

• Methane by Modified ASTM method D-1946. 

Quality control/quality assurance samples included an equipment blank sample and a 
laboratory control spike. 

Test Results. The laboratory analytical reports and chain of custody records are 
provided in Appendix E-4. Methane was detected in a small amount in all samples and 
hydrogen sulfide was not detected in any air samples. 
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Table 4-1. Summary of Rock Laboratory Tests 

Type of Test 
Applicable Test 

Method Purpose Total No. of Tests 

Dry Density ASTM D-4543 In-Situ Density 91 

Unconfined 
Compression 

ASTM D-2664 & 
D-2938 

Unconfined Compressive Strength 81 

Direct Shear ASTM D-5607 
Friction Angle and Cohesive 
Strength of Joint 

10 

Young's Modulus Modulus of Elasticity 20 

Poisson’s ratio 
ASTM D-3148 

Deformability 20 

Triaxial ASTM D-4767 Strength 
10 single-stage 

1 multi-stage 

Abrasion Cerchar Abrasiveness 25 

Note: 

ASTM = American Society for Testing and Materials 

Table 4-2. Summary of Rock Unit Weights 

Rock Type 
Range of Total Unit Weight 

γγ  (kN/m3) 

Sedimentary Sandstone/Siltstone/Claystone/ 
Conglomerate, fresh to slightly weathered 

26.8 to 27.4 

Sedimentary Sandstone/Siltstone/Claystone/ 
Conglomerate, weathered/sheared 

23.1 to 26.0 

Granitic Rock, fresh to slightly weathered 26.8 

Granitic Rock, weathered/sheared 23.5 to 26.7 
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Table 4-3. Summary of Rock Unconfined Compressive Strengths 

Rock Type 
Range of Unconfined 

Compressive Strength 

qu  (MPa) 

Range of Total Density 

(kN/m3) 

Sandstone, fresh to moderately 
weathered  

14 to 195 26.8 to 27.3 

Sandstone, moderately to intensely 
weathered  

0 to 14 23 to 26 

Siltstone/Claystone, fresh to slightly 
weathered  

14 to 120 26.8 to 27.4 

Siltstone/Claystone, mod. to int. 
weathered 0 to 14 23.1 to 26 

Conglomerate, fresh to slightly 
weathered  

4 to 152 25.9 to 26.2 

Conglomerate, moderately to 
intensely weathered  

0.1 to 0.3 25.6 to 25.9 

Granodiorite/granitic, fresh to 
slightly weathered  

24 to 49 26.8 to 27.4 

Granodiorite/granitic, moderately to 
intensely weathered  

0.6 to 24 23.5 to 26.7 
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Table 4-4. Summary of Point Load Tests 

Boring 
No. 

Sample 
Depth 

(m) 
Sample Description 

Strength 
Index, 
Is(50) 

(MPa) 

Unconf. 
Compr. 

Strength qu 
(MPa) b 

Failure 
Modea 

Granitic Rock 

02-2B 47.73 
QUARTZ DIORITE,  moderately weathered, coarsely crystalline, calcite 
veining 

1.01 24.3 2 

02-2B 78.88 QUARTZ DIORITE,  fresh / slightly weathered 2.86 68.7 2 

02-2B 76.05 QUARTZ DIORITE,  moderately weathered, fracture surface irregular 2.43 58.2 2 

02-2A 48.55 
QUARTZ DIORITE,  slightly to moderately weathered, incipient fractures 
along length 

3.81 91.4 2 

02-2A 57.85 
QUARTZ DIORITE,  slightly weathered, irregular surface follows incipient 
fractures 

2.86 68.7 2 

02-21 112.47 QUARTZ DIORITE,  fresh, fine grained, numerous veins throughout material 2.70 64.7 2 

02-21 111.34 QUARTZ DIORITE,  cataclastic, well cemented 9.43 226.4 2 

02-05 245.49 DIORITE, fresh, 40% dark minerals 0.84 20.2 2 

02-2B 82.75 QUARTZ DIORITE,  slightly weathered, numerous calcite veins 0.40 9.7 1 
02-2A 83.00 QUARTZ DIORITE,  slightly weathered, some incipient fractures 0.81 19.4 1 
02-05 254.97 DIORITE, few calcite veins 1.48 35.6 1 

02-05 254.97 DIORITE, retest, few calcite veins 0.00 0.0 1 

02-05 207.57 DIORITE, fresh, unweathered, abundant calcite veins and incipient joints 0.44 10.5 1 

02-05 206.14 DIORITE, calcite veining 1.68 40.4 1 

02-05 110.19 
QUARTZ DIORITE BOULDER within CONGLOMERATE, calcite cemented 
joints 

2.09 50.1 1 

02-21 91.99 QUARTZ DIORITE, cataclastic, some incipient fractures 0.00 0.0 1 

02-6A 76.05 
QUARTZ DIORITE BOULDER within CONGLOMERATE, foliated, oxidized 
incipient joints 

2.86 68.7 1 

02-6A 76.11 
QUARTZ DIORITE BOULDER within CONGLOMERATE, foliated, oxidized 
incipient joints 

3.47 83.3 1 

Conglomerate 

02-05 131.77 
SANDSTONE CONGLOMERATE, matrix supported, rounded to subrounded 
clasts, some calcite veining. 

1.08 25.9 2 

02-05 142.19 
SANDSTONE CONGLOMERATE, coarse grained, poorly sorted matrix, 
subangular clasts 

1.95 46.9 2 

02-05 153.01 CONGLOMERATIC SANDSTONE, coarse grained, poorly sorted. 3.71 88.9 2 

02-05 113.23 CONGLOMERATE, sandstone matrix, fresh 0.88 21.0 2 

02-05 115.85 CONGLOMERATE, fresh, rounded clasts 2-4  cm diameter 0.13 3.2 2 

02-05 128.26 
CONGLOMERATE, fresh, rounded to subrounded clasts up to 5  cm 
diameter, incipient joints 

0.88 21.0 2 

02-05 144.23 SANDSTONE CONGLOMERATE, matrix supported, incipient joints 0.17 4.0 2 

02-6A 51.21 CONGLOMERATE, gray, pebble size clasts, calcite veins 1.01 24.3 2 

02-6A 51.33 
CONGLOMERATE, gray, pebble size clasts, calcite veins, slightly weathered 
incipient joints 

1.25 29.9 2 

02-6A 95.49 
CONGLOMERATE, gray, pebble size clasts, calcite veins, slightly weathered 
incipient joints 

2.19 52.6 2 

02-6A 94.34 
CONGLOMERATE, gray, pebble size clasts, calcite veins, slightly weathered 
incipient joints 

0.94 22.6 2 
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Boring 
No. 

Sample 
Depth 

(m) 
Sample Description 

Strength 
Index, 
Is(50) 

(MPa) 

Unconf. 
Compr. 

Strength qu 
(MPa) b 

Failure 
Modea 

02-6A 74.07 CONGLOMERATE, cobble sized clasts, oxidized incipient joints 1.52 36.4 2 

02-6A 178.46 SANDSTONE CONGLOMERATE, coarse grained, few hairline calcite veins 7.75 186.0 2 

02-6A 184.71 
CONGLOMERATE, pebble to cobble size clasts, sandstone matrix, coarse 
grained, poorly sorted 

6.77 162.5 2 

02-6A 182.15 CONGLOMERATIC SANDSTONE, coarse grained, poorly sorted. 2.46 59.0 2 
02-6A 209.40 CONGLOMERATE, yellow-brown, intensely weath., pebble sized clasts 3.00 72.0 2 

02-11A 121.31 CONGLOMERATE, pebble to cobble size clasts 9.97 239.3 2 

02-8B 98.45 CONGLOMERATE, pebble to cobble size clasts 1.85 44.5 2 

02-8B 98.57 CONGLOMERATE, pebble to cobble size clasts 0.67 16.2 2 

02-8B 93.36 CONGLOMERATE, pebble to cobble size clasts 2.83 67.9 2 

02-8B 96.53 CONGLOMERATE, pebble to cobble size clasts 3.03 72.8 2 

02-12 48.31 CONGLOMERATE, clasts up to 2.5 cm 1.85 44.5 2 

02-06 50.69 CONGLOMERATE, clasts up to 2.5 cm 3.03 72.8 2 

02-05 137.40 
SANDSTONE CONGLOMERATE, clast supported, subrounded to subangular 
clasts, incipient fractures 

0.61 14.6 1 

02-06 94.31 CONGLOMERATE, clasts up to 5 cm, matrix supported, hairline calcite veins 3.20 76.8 1 

Sandstone 

02-05 162.85 
SANDSTONE, coarse grained, poorly sorted, calcite veining and incipient 
fractures 

1.48 35.6 2 

02-05 63.00 
SANDSTONE, coarse grained, poorly sorted, massive bedding, incipient 
fractures 

0.98 23.4 2 

02-05 104.39 SANDSTONE, coarse grained, calcite veins 3.03 72.8 2 

02-05 106.31 SANDSTONE, medium grained, thin calcite veins 2.16 51.7 2 

02-05 121.86 
SANDSTONE, fine to medium grained, fresh, calcite veins, incipient 
fractures 

1.92 46.1 2 

02-12 41.51 SANDSTONE, fine to medium grained, light gray, faintly bedded 9.77 234.5 2 

02-06 91.32 
SANDSTONE, medium to coarse grained, light gray with trace black 
claystone clasts, weak calcite veining 

7.08 169.8 2 

02-06 116.83 SANDSTONE, medium grained, light gray, few calcite veins 4.38 105.1 2 

02-6A 53.86 SANDSTONE, coarse grained, slightly weathered 2.36 56.6 2 

02-07 58.22 SANDSTONE, gray, several calcite veins 5.15 123.7 2 

02-07 57.30 SANDSTONE, gray, numerous calcite veins 5.12 122.9 2 

02-18B 10.33 
SANDSTONE, medium grained, moderately weathered, thin calcite veins 
cutting across bedding 

3.03 72.8 2 

02-6A 210.16 SANDSTONE, fine grained, light gray, hairline calcite veins 5.59 134.2 2 

02-6A 215.80 SANDSTONE, fine grained, light gray, hairline calcite veins 4.31 103.5 2 

02-06 134.90 SANDSTONE, medium to coarse grained, calcite veins 7.41 177.9 2 

02-06 130.82 SANDSTONE, medium to coarse grained 8.93 214.3 2 

02-06 126.08 SANDSTONE, fine to medium grained, calcite veins 6.23 149.6 2 

02-06 130.09 SANDSTONE, fine to medium grained, calcite veins 8.76 210.2 2 

02-06 128.14 SANDSTONE, fine to medium grained, calcite veins 11.12 266.8 2 

02-06 135.18 SANDSTONE, medium to coarse grained 7.75 186.0 2 

02-06 135.39 SANDSTONE, medium to coarse grained 8.09 194.1 2 

02-06 125.32 SANDSTONE, 5% coarse grains, pebbles, thin calcite veins 8.51 204.2 2 

Table 4-4. (Cont’d) 
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Boring 
No. 

Sample 
Depth 

(m) 
Sample Description 

Strength 
Index, 
Is(50) 

(MPa) 

Unconf. 
Compr. 

Strength qu 
(MPa) b 

Failure 
Modea 

02-6A 159.96 SANDSTONE, medium grained, several thin calcite veins 2.90 69.5 2 

02-6A 163.62 SANDSTONE, medium grained, several thin calcite veins 4.51 108.4 2 

02-6A 170.08 SANDSTONE, coarse grained, small pebbles 2.36 56.6 2 

02-6A 173.89 SANDSTONE, medium grained, abundant intersecting calcite veins 1.85 44.5 2 

02-6A 182.67 SANDSTONE, coarse grained, 5% small pebbles, few hairline calcite veins 6.44 154.4 2 

02-6A 188.21 SANDSTONE, coarse grained, 5-10% pebbles 5.96 143.1 2 

02-6A 196.50 SANDSTONE, medium grained, abundant thin calcite veins 8.96 215.1 2 

02-05 43.28 SANDSTONE, coarse grained, few small pebbles, gray, oxidized joints 0.00 0.0 2 

02-05 57.91 SANDSTONE, fine to medium grained, fresh, few thin calcite veins 3.37 80.9 2 

02-11A 123.35 SANDSTONE, medium grained, 5 mm thick calcite vein 11.79 283.0 2 

02-11A 121.95 SANDSTONE, medium grained, 5 mm thick calcite vein 9.77 234.5 2 
02-8B 91.41 SANDSTONE, medium to coarse grained, random, discont. calcite veins 1.68 40.4 2 
02-12 46.15 SANDSTONE with CLAYSTONE laminae, fine grained 3.87 93.0 2 

02-06 49.29 SANDSTONE, fine to coarse grained, massive hairline calcite veins 4.21 101.1 2 

02-06 47.76 SANDSTONE, fine to coarse grained, massive  6.57 157.7 2 

02-06 82.60 SANDSTONE, fine to coarse grained, massive hairline calcite veins 5.56 133.4 2 

02-06 84.34 SANDSTONE, fine grained massive 4.72 113.2 2 

02-11 80.59 SANDSTONE, gray, medium grained, oxidized incipient joint, calcite veins 5.22 125.3 2 

02-8C 38.40 SANDSTONE, fine grained, thin black laminae, several calcite veins 2.53 60.6 2 

02-11 123.05 SANDSTONE, fine to medium grained, hairline calcite veins 1.01 24.3 2 
02-05 157.98 SANDSTONE, fine to medium grained, mod. sorted, thin calcite veins 4.45 106.7 1 

02-05 64.07 
SANDSTONE, coarse grained, poorly sorted, massive bedding, incipient 
fractures 

1.42 34.0 1 

02-05 123.60 SANDSTONE,  medium to fine grained, calcite veins, incipient fractures 0.91 21.8 1 

02-6A 160.02 SANDSTONE, medium to coarse grained, few thin calcite veins 4.31 103.5 1 

02-6A 159.96 SANDSTONE, medium grained, few thin calcite veins 4.31 103.5 1 

02-6A 192.63 SANDSTONE, medium grained, few calcite veins 7.75 186.0 ? 

02-6A 196.38 SANDSTONE, retest, medium grained, few calcite veins 4.51 108.4 1 

02-6A 201.05 SANDSTONE, medium grained, abundant intersecting calcite veins 9.40 225.6 1 

02-6A 203.15 SANDSTONE, medium grained, few calcite veins 0.17 4.0 1 

02-05 35.81 
SANDSTONE, medium to coarse grained, gray with yellow-brown oxidation, 
moderately weathered, incipient joints  

0.37 8.9 1 

02-11A 125.88 SANDSTONE, medium grained, hairline calcite vein 3.07 73.6 1 

02-11A 123.29 
SANDSTONE, retest, medium grained, hairline calcite vein, gauge maximum 
exceeded 

8.25 198.1 1 

02-8B 85.86 SANDSTONE, medium grained, calcite veins 4.65 111.6 1 

02-8B 80.92 SANDSTONE, medium grained, calcite veins 3.74 89.8 1 

02-8B 69.04 SANDSTONE with CLAYSTONE laminae, fine grained 1.25 29.9 1 

02-12 45.17 SANDSTONE with CLAYSTONE laminae, fine grained 8.42 202.1 1 

02-12 47.95 SANDSTONE with CLAYSTONE laminae, fine grained 3.87 93.0 1 

02-06 79.13 SANDSTONE, coarse grained with pebbles, hairline calcite veins 5.39 129.4 1 

02-07 22.77 
SANDSTONE, medium to coarse grained, calcite veins, partly healed 
fractures 

1.68 40.4 1 

Table 4-4. (Cont’d) 
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Boring 
No. 

Sample 
Depth 

(m) 
Sample Description 

Strength 
Index, 
Is(50) 

(MPa) 

Unconf. 
Compr. 

Strength qu 
(MPa) b 

Failure 
Modea 

Siltstone 

02-11 32.67 
SILTSTONE/SANDSTONE, very fine grained,  interbedded, CLAYSTONE 
laminae, oxidized, calcite cemented joint 

0.17 4.0 2 

02-11 75.04 SILTSTONE, bedded 1.82 43.7 2 

02-11A 134.66 
SILTSTONE, dark gray with SANDSTONE, very fine grained, calcite 
cemented joints 

2.83 67.9 1 

02-11 27.95 SILTSTONE/SANDSTONE interbedded, moderately weathered, oxidized 8.59 206.2 1 

Claystone 

02-05 171.08 CLAYSTONE, very fine grained 3.13 75.2 2 

02-05 171.85 CLAYSTONE, bedding inclined 60 deg 2.70 64.7 2 

02-05 189.52 CLAYSTONE, with siltstone laminae, poorly developed bedding 2.83 67.9 2 

02-8C 28.80 CLAYSTONE/SILTSTONE, thick bedded, black to very dark gray 1.42 34.0 2 

02-8C 28.04 CLAYSTONE/SILTSTONE, thick bedded, black to very dark gray 1.60 38.4 2 

02-11 70.01 CLAYSTONE/SILTSTONE, thick bedded, black to very dark gray 1.18 28.3 2 

02-05 102.41 CLAYSTONE/SILTSTONE, black, calcite cemented joints 9.91 237.7 2 

02-8B 80.99 
CLAYSTONE/SILTSTONE/SANDSTONE, very fine grained, bedding inclined 
70o 

3.94 94.6 2 

02-8C 25.76 CLAYSTONE, black, bed 10 cm thick 0.17 4.0 2 

02-11 38.95 CLAYSTONE/SILTSTONE, interbedded 5.39 129.4 2 

02-11 39.75 
CLAYSTONE, black, slightly weathered, inversely graded, 7 cm thick bedding, 
incipient joints 

2.56 61.5 2 

02-11 40.33 
CLAYSTONE, black with some SILTSTONE interbeds, and thin calcite veins, 
faintly bedded 

2.16 51.7 2 

02-11 68.21 CLAYSTONE, black, 10 cm thick bed 0.17 4.0 2 

02-11 86.32 CLAYSTONE/SILTSTONE, interbedded 2.19 52.6 2 

02-11 90.34 CLAYSTONE/SILTSTONE, interbedded 3.96 95.0 2 

02-8C 59.38 CLAYSTONE, few thin calcite veins, crudely bedded, inclined 90 deg 1.01 24.3 2 

02-8C 64.34 CLAYSTONE, massive 2.02 48.5 2 

02-11 85.25 CLAYSTONE, thin sandstone beds and laminations, calcite veins 1.68 40.4 2 

02-11 49.77 CLAYSTONE, graded SANDSTONE interbeds 1.18 28.3 2 

02-18B 15.39 CLAYSTONE, black, slightly weathered, faintly bedded 0.34 8.1 1 

02-8B 76.05 CLAYSTONE/SILTSTONE, interbedded, calcite veins 1.18 28.3 1 

02-06 38.56 CLAYSTONE, black 6.74 161.7 1 

02-11 54.32 CLAYSTONE, black, thinly bedded with SILTSTONE and SANDSTONE 2.36 56.6 1 

02-8A 31.39 CLAYSTONE, gray, faintly bedded 2.32 55.8 1 

02-11 81.26 CLAYSTONE, gray, faintly bedded 3.84 92.2 1 

02-11 95.74 
CLAYSTONE, black with thin SILTSTONE interbeds, inclined 40 deg, healed 
joints 

3.17 76.0 1 

02-11 118.32 CLAYSTONE, thin sandstone beds and laminations, calcite veins 2.70 64.7 1 

 Notes: 
a Failure Mode:   1 = Failed along discontinuity 
                           2 = Failed through intact core 
b Unconfined Compressive Strength is based on factor of 24. 

 

Table 4-4. (Cont’d) 
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Table 4-5. Summary of Rock Equivalent UC Strengths From PLI 

Rock Type 

Point Load Strength 
Index 

Is(50)   (MPa) 

Derived Unconfined 
Compressive Strength1 

qu  (MPa) 

Sandstone, moderately to intensely 
weathered 

9  to  73 

Sandstone, slightly weathered to fresh 

0.37  to  11.1   (61 tests) 

23 to 267 

Siltstone/Claystone, slightly weathered 
to fresh 

24  to  238 

Siltstone/Claystone, moderately to 
intensely weathered 

0.16  to  9.9   (31 tests) 

4 to 34 

Conglomerate, slightly weathered to 
fresh 

0.125  to  9.9   (25 tests) 3  to  239 

Quartz diorite, slightly weathered to 
fresh 

10  to  226 

Quartz diorite, moderately to intensely 
weathered 

0  to  9.4   (18 tests) 

0 to 91 

 Note:   1 Based on factor of 24. 

Table 4-6. Summary of Rock Young’s Moduli 

Rock Type 

Range of Young’s Modulus 
from Laboratory Tests 

E  (GPa) 

Range of Young’s Modulus   
from Pressuremeter 1 

E (GPa) 

Sandstone (11 samples) 21.8 to 87.6 8.7 to 50 

Siltstone/Claystone 
(14 samples) 

7.7 to 30 5.5 to 9.25 

Conglomerate (1 sample) 59.1 NA 

Granitic rock (8 samples) 16.6 to 23.9 5 to 50 

Note: 
1 Based on ”intact” shear modulus in Table 3-3 using assumed poisson’s ratio of 0.25 

  for all rock  types. 

NA = not available 
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Table 4-7. Summary of Rock Poisson’s Ratios 

Rock Type Range of Poisson’s Ratio, νν 

Sandstone 0.16 to 0.36 

Siltstone/Claystone 0.31 to 0.63 

Conglomerate 0.21 

Granitic rock 0.24 to 0.30 

Table 4-8. Summary of Rock Strengths from Triaxial Compression Tests 

Range of Interpreted Shear Strength Parameters 

Soil  Type 
Friction Angle 

Cohesion, Sj 
(kPa) 

Gouge 13o to 18o 41 to 69 

Note: 

      Friction Angles and cohesion intercepts are straight-line fit of test data in Appendix B-4. 

Table 4-9. Summary of Rock Strengths from Direct Shear Tests 

Estimated Peak Strengths Estimated Post-Peak Strength 

Rock/Soil Type Friction   
Angle 

Cohesion 

Sj  (kPa) 
Friction      
Angle 

Cohesion 
Sj  (kPa) 

North Portal 

Sandstone 33o to 53o 8 to 103 27o to 38o 11 to 31 

Siltstone/Claystone 37o 4 to 210 25o to 30o 9 to 57 

Gouge 7o to 35o 3 to 51 11o to 34o 6 to 101 

Tunnel Segment  

Sandstone, weathered  22o 51 20o 46 

Granitic rock 35o to 45o 8 to 191 28o to 38o 0 to 54 

South Portal/Rock Cut 

Granitic rock 35o to 45o 8 to 191 28o to 38o 0 to 54 

Note: 

      Friction Angles and cohesion intercepts are straight-line fit of test data shown in Appendix B-4 and plotted in 
Figure 4-6 to Figure 4-8. 
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Table 4-10. Summary of Rock Abrasion Tests 

Rock Type 
(Total 25 Samples) 

Borings 
Depth Range 

(m) 
Cerchar     

Index 

North Portal 

Clayey siltstone (5 samples) 02-11, 02-11A 55.3-172.4 0.9 to 1.7 

Tunnel Segment  

Clayey siltstone (2 samples) 02-5, 02-6 70.0-186.4 0.1 to 0.7 

Conglomerate with hard clasts up to 25 mm 
(2 samples) 

02-5, 02-6 109.3-145.0 4.0 to 4.3 

Sheared and recemented fine-grained 
sandstone (2 samples) 

02-6 108.3-108.6 2.4 to 4.0 

Medium grained sandstone (7 samples) 
02-6, 02-6A, 

02-7 
96.2-253.2 3.8 to 4.5 

South Portal/Rock Cut 

Altered granodiorite (7 samples) 
02-2, 02-2A, 
02-2B, 02-21 

59.8-213.8 

4.0 to 4.7 
(6 samples) 

1.8 (1 sample) 
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  Table 4-11. Summary of Petrographic Tests - Mineralogy of Sedimentary Rock 

Constituent Minerals  (Approximate Percentage of Total) Boring 

No. 
Depth 

(m) 
Rock Name 

Quartz Feldspars2 Intermediate 
Clay 

Calcite Mica3 Clinozoisite Sericite Chlorite Carbonaceous 
Matter 

Other1 

Phase 2B (this report, Vol. C-4) 

02-6 115.9 Altered sandstone 28 58 - 2 <1 2 5 2 - 3 

02-8B 86.0 Altered sandstone 26 52 - 1 - - 16 <1 - 5 

34.1 Altered sandstone 30 35 - - 2 10 15 - - 8 

37.6 Altered claystone 15 1 70 - 1 - 1 1 5 6 02-11 

69.7 Altered silty claystone 20 3 62 - 2 - 2 - 3 8 

146.6 Altered silty claystone 19 3 52 - 3 - 2 - 3 19 

158.5 Altered claystone 13 1 74 - 1 - - - 5 6 

161.0 Altered silty claystone 23 2 60 - - - - - 5 10 
02-11A 

165.7 Altered claystone 15 2 70 - - - - - 5 8 

TR-2A < 3 Altered claystone 15 - 78 - - - - - 5 2 

Phase 2A (EMI, 2001b) 

DST-8 Surface Altered sandstone 56 15 15 - <2 5 - 5 - 3 

DST-9 Surface Altered sandstone 35 55 10 3 <1 - - 2 - 3 

DST-10 Surface Altered heterolithologic pebble conglomerate 30 60 - 2 1 2 3 2 - 1 

DST-11 Surface Altered sandstone 36 49 12 - <1 - - - - 4 

DST-12 Surface Altered sandstone 35 33 4 - <1 - 13 <1 - 15 

Feasibility Study (WCC, 1996, Table II-G2) 

196.5 Altered carbonaceous silty claystone to sandstone (Tsh) 32 5 35 12 1 - 5 - 5 5 

209.1 Altered carbonaceous silty claystone to sandstone (Tsh) 32 5 33 10 5 - 5 - 5 5 

185.1 Altered sandstone (Tss) 34 30 15 8 <1 <1 8 <1 - 5 

194.7 Altered sandstone (Tss) 34 30 IS 8 <1 <1 8 <1 - 5 

128.7 Heterolithologic conglomerate (Tc) 37 30 3 8 2 3 - 5 - <1 

P-5-96 

151.1 Heterolithologic conglomerate (Tc) 20 33 10 - .S 10 10 10 - 2 

P-7-96 30.6 Altered carbonaceous silty claystone to sandstone (Tsh) 32 5 38 4 5 - - - 5 5 

159.5 Altered fine sandy limestone (Tsh) 8 12 - 78 - - - - 2 <1 

176.8 Altered carbonaceous claystone to sandstone (Tsh) 20 14 50 - 5 - - 2 4 5 

114.0 Altered sandstone (Tss) 30 49 6 1 1 1 4 8 - <1 

121.3 Altered sandstone (Tss) 30 51 7 2 <1 1 3 6 - <1 

157.0 Altered sandstone (Tss) 35 49 7 5 <1 - 3 - - 1 

P-12-96 

135.1 Heterolithologic conglomerate (Tc) 28 50 10 1 - - 3 6 - 2 

Notes: 1 Includes opaques, dolomite, ferroan dolomite, FeOH (includes iron oxy-hydroxide, sphalerite, realgar, orpinent, jarosite, and  manganese oxy-hydroxide), zircon, leucoxene, sphene, barite, and epidote 
2 Includes both plagioclase and K-feldspar 
3 Includes biotite, muscovite, actinolite 
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      Table 4-12. Summary of Petrographic Tests - Mineralogy of Granitic Rock 

Constituent Minerals  (Approximate Percentage of Total) Boring 

No. 

Depth 

(m) 
Rock Name 

Quartz Feldspars2 Epidote Chlorite Other1 

Phase 2B (this report, Vol. C-4) 

02-2B 68.8 Altered granodiorite 32 39 - - 29 

02-13 27.6 Altered granodiorite 28 38 - 4 30 

Altered quartz diorite 38 41 - <1 21 
90.7 

Altered quartz diorite 25 44 - 2 29 02-21 

135.2 Altered quartz diorite 37 51 - 1 11 

Phase 2A (EMI, 2001b) 

DST-1 Surface Altered quartz diorite 27 33 - 8 31 

DST-2 Surface Altered quartz diorite 30 41 - 8 21 

DST-3 Surface Altered quartz diorite 25 52 - 12 11 

DST-4 Surface Altered quartz diorite, multiple cataclasite 3 18 - 3 763 

DST-5 Surface Altered quartz diorite, multiple cataclasite 33 43 - <1 24 

DST-6 Surface Altered quartz diorite, multiple cataclasite 40 5 - 2 534 

DST-7 Surface Altered quartz diorite, multiple cataclasite 78 12 - 3 7 

Feasibility Study (WCC, 1996, Table II-G3) 

18.0 Altered granodiorite - multiple cataclastic breccia 20 66 - 4 10 
P-1-96 

42.6 Altered granodiorite - multiple cataclastic breccia 20 68 - 3 9 

P-14-96 62.8 Altered quartz diorite 15 51 12 12 10 

Notes: 1 Includes apatite, biotite, clinozoisite, dolomite, gypsum, intermediate clay, iron oxide, opaques, sericite, tourmaline, zircon 
2 Includes both plagioclase and K-feldspar  
3 Includes 70% clinozoisite, 2% sericite, 2% calcite and ferroan calcite, 1% sphene, and <1% opaques   
4 Includes 40% clinozoisite, 6% clay (possibly smectite), 5% calcite and ferroan calcite, 1% sericite and 1% opaques 
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Table 4-13. Summary of Groundwater Chemistry 

Borehole Sample No. 
Date 

Sampled 

TPH as 
Gasoline 1  

(µµg/l) 

Dissolved 
Methane 2  

(µµg/ml) 

PNA 3 

(µµg/l) 
pH 

02-11A 1 09/11/02 250 4 ND ND 7.1 

Laboratory 
Blank 

- - ND5 ND ND 7.02 

02-5 2 09/27/02 490 4 ND ND 6.5 

Laboratory 
Blank 

- - ND ND ND 7.01 

Notes: 
1 Total Petroleum Hydrocarbons (TPH) quantified against a gasoline standard in accordance with 
   modified EPA Method 8015. 
2  Dissolved methane analyzed in accordance with modified EPA Method 3810. 
3  PNA = Polynuclear aromatic compounds analyzed in accordance with EPA Method 8270C. 
4  Hydrocarbon reported in the gasoline range does not match the laboratory’s gasoline standard. 
5  ND = Not Detected. 
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Table 4-14. Summary of “Soil” Laboratory Tests 

Type of Test Applicable Test 
Method 

Purpose Total No. of 
Tests 

Pocket Penetrometer SoilTest CL-700A 
Unconfined soil compressive 
strength 

1 

Torvane Shear 
Humboldt Model 

E-285, ASTM 
4648 

Shear strength 1 

Dry Density ASTM D-2937 In-situ soil density 51 

Moisture Content ASTM D-2216 In-situ soil moisture content 103 

Atterberg Limits CT 204 
Plasticity, confirm logged soil 
classification 

36 

Grain Size Distribution  
• Sieve 

• #200 Wash 

• Hydrometer 

CT 202, 203 
Gravel, sand and fines content, 
confirm logged soil classification  

218 

Direct Shear ASTM D-3080 
Friction angle and cohesive 
strength 

19 

Unconsolidated Undrained 
Triaxial 

ASTM D-2850 Undrained shear strength 1 

Compaction Test CT 216 
Maximum density and optimum 
moisture content 

4 

R-Value ASTM D-2844 
Design parameter for pavement 
design 

1 

Soil pH CT 532/643 6 

Minimum Electrochemical 
Resistivity 

CT 532/643 6 

Soluble Sulfate Content CT 417 6 

Soluble Chloride Content CT 422 

Corrosion potential 

5 

Notes: 

     CT = California Test Method 
     ASTM = American Society for Testing and Materials 
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Table 4-15. Summary of Corrosion Tests for Existing Fills 

Boring 
Sample 
Depth 

(m) 

Sample 
Elev.  
(m) 

“Soil” Type 
Minimum 

Resistivity 
(ohm-cm) 

pH 

Soluble 
Sulfate 
Content 
(ppm) 

Soluble 
Chloride 
Content 
(ppm) 

02-19 1.5 +72.5 SC 3,400 7.5 20 285 

02-20 1.5 +56.5 SP-SM 5,200 7.4 31 250 

Table 4-16. Summary of Direct Shear Tests for Existing Fills 

Ultimate Strength Peak Strength 

Boring 
Sample 
Depth 

(m) 

Sample 
Elev.  
(m) 

“Soil” Type Friction 
Angle 

Cohesion 
(kPa) 

Friction 
Angle 

Cohesion 
(kPa) 

02-19 1.5 +72.5 Clayey Sand 34.2o 3.5 38.9o 25.6 

02-19 13.7 +60.3 Sand with Silt 34.0o 0 38.9o 26.4 

02-19 16.8 +57.2 Silty Sand 33.0o 13.8 34.1o 41.1 

02-20 7.6 +50.4 Clayey Sand 31.1o 16.9 42.0o 24.7 

02-20 13.7 +44.3 Clayey Sand 32.0o 17.2 33.0o 54.3 

02-20 19.8 +38.2 Clayey Sand 31.8o 17.8 34.0o 33.0 

Average: 32.7o 11.5 36.8o 34.2 

Note: 

      Friction Angles and cohesion intercepts are straight-line fit of test data in Appendix A-4. 

Table 4-17. Summary of Corrosion Tests for Existing Fills 

Boring 
Sample 
Depth   

(m) 

Sample 
Elev.     
(m) 

“Soil” Type 
Minimum 

Resistivity 
(ohm-cm) 

pH 

Soluble 
Sulfate 
Content 
(ppm) 

Soluble 
Chloride 
Content 
(ppm) 

02-19 1.5 +72.5 SC 3,400 7.5 20 285 

02-20 1.5 +56.5 SP-SM 5,200 7.4 31 250 
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Table 4-18. Summary of Strengths from Direct Shear Tests for Disposal Site 

Ultimate Strength Peak Strength 

Boring 
Sample 
Depth 

(m) 

Sample 
Elev.   
(m) 

“Soil” Type 
Friction 
Angle 

Cohesion 
(kPa) 

Friction 
Angle 

Cohesion 
(kPa) 

02-ST1 4.6 +61.7 Sand with Silt 41.9o 9.5 46.9o 33.9 

02-ST2 4.6 +51.7 Sandy Clay 25.9o 35.1 24.3o 63.5 

02-ST2 13.7 +42.6 Sandy Clay 30.8o 13.2 32.6o 12.4 

02-ST4 1.5 +63.9 Silty Sand 35.3o 1.7 40.6o 41.9 

02-ST4 4.6 +60.8 Clayey Sand 36.0o 3.7 38.1o 53.4 

02-ST5 4.6 +59.2 Clayey Sand 27.9o 30.5 25.4o 58.0 

02-ST6 1.5 +63.7 Sandy Clay 22.3o 67.2 24.9o 109.2 

02-ST7 1.5 +92.8 Clayey Sand 30.4o 19.8 25.3o 72.1 

02-ST8 4.6 +86.5 Sand with Silt 27.6o 23.8 35.0o 61.8 

02-ST9 4.6 +80.2 Clayey Sand 27.7o 36.8 24.2o 83.3 

02-ST9 16.8 +68.0 Clayey Sand 31.5o 21.0 31.9o 61.5 

02-ST10 1.5 +102.5 Sandy Clay 18.5o 80.1 11.6o 154.6 

02-ST10 10.7 +93.3 Clayey Sand 27.9o 57.8 31.8o 80.2 

Average: 29.4o 28.9 30.4o 65.3 

Note: 

      Friction Angles and cohesion intercepts are straight-line fit of test data in Appendix A-4. 

Table 4-19. Summary of Consolidation Tests for Disposal Site 

Boring 
Sample 
Depth 

(m) 

Sample 
Elev.  
(m) 

“Soil” Type 

Existing 
Overburden 

Stress 

(kPa) 

Pre-
consolidation 

Pressure 

(kPa) 

Overcon-
solidation 

Ratio, 
OCR 

Com-
pression 

Ratio, 
C'c 

Recom-
pression 

Ratio, 
C'r 

ST-1 1.5 +64.8 Sandy Clay 33 72 2.2 0.04 0.015 

ST-2 1.5 +54.8 Sandy Clay 33 77 2.4 0.04 0.023 

ST-2 4.6 +51.7 Sandy Clay 100 120 1.2 0.055 0.04 

ST-4 1.5 +63.9 Silty Sand 33 43 1.3 0.05 0.013 

ST-5 4.6 +59.2 Clayey Sand 100 72 0.7 0.05 0.015 

ST-9 1.5 +83.3 Lean Clay 33 72 2.2 0.048 0.012 

ST-10 4.6 +99.4 Clayey Sand 100 96 1.0 0.048 0.013 
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Table 4-20. Summary of Soil Corrosion Tests for Disposal Site 

Boring 
Sample 
Depth 

(m) 

Sample 
Elev.     
(m) 

“Soil” Type 
Minimum 

Resistivity 
(ohm-cm) 

pH 

Soluble 
Sulfate 
Content 
(ppm) 

Soluble 
Chloride 
Content 
(ppm) 

ST-1 0.76 +65.5 SC 3,500 6.3 31 252 

ST-5 3.0 +60.8 SC 1,200 6.6 21 304 

ST-7 0.76 +93.5 SC 1,900 6.5 19 - 

ST-7 6.1 +88.2 SP-SM 3,100 7.2 42 272 

ST-10 3.0 +101.0 CL 1,100 6.8 55 50 
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ADDITIONAL DOCUMENTATION OF FIELD OPERATIONS 
This Appendix documents additional background information related to the 
organization and operation of Phase 2B field exploration that would be beyond the 
scope of the main text. of the GDR.  

Project Organization and Authorization 
The  Phase 2B was performed in accordance with the Agreement for Subconsultant 
Services between Earth Mechanics, Inc. (EMI) and HNTB Corporation (HNTB). HNTB 
serves as the prime consultant for the California Department of Transportation 
(Caltrans) on the subject project. The field exploration was led by EMI, the geotechnical 
subconsultant.  

Caltrans issued two task orders for the overall site investigation program under 
Contract No. 59A0234: Task Orders 2A and 2B. Task Order 2A was authorized in 
January 2001 and was limited to non-invasive site exploration. The Phase-2A 
exploration included acquisition of aerial photos using a light helicopter, surface 
geologic and joint mapping, and planning of the drilling program. Upon obtaining 
encroachment permits from the County of San Mateo and the Coastal Commission, 
Task Order 2B was authorized in June 2002. The field and laboratory data gathered 
from both Task Order 2A and the WCC feasibility study was used to plan the Phase 2B 
exploration. The subject GDR documents the field work of the Task Order 2B 
exploration. 

The attached organization chart illustrates the agencies, coordinators and contractors 
physically involved in Task Order 2B field work. This work was coordinated and 
managed by 

• Mike Kapuskar, EMI, Geotechnical Engineer; 

• Douglas Hamilton, EMI, Lead Geologist; 

• Hubert Law, EMI, Geotechnical Engineer; and 

• Ignatius Po Lam, EMI, Geotechnical Engineer; 

with the following key individuals: 

• Skip Sowko, Caltrans (Project Management); 

• Francis Mensah, Caltrans (Project management, permitting); 

• Moe Amini, Caltrans (CCMB); 

• Tinu Mishra, Caltrans (Geotechnical Design); 
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• David Yam, Caltrans (Landscape Architecture); 

• Nien Wang, HNTB (Civil Engineer); 

• Richard Vonarb, Caltrans (Biology); 

• James Gorham, Caltrans (Biology); 

• Gilbert Verdugo, URS Greiner Corp. (Inspection, SWPPP); 

• Mike Wolf, James Yee, CH2M Hill (Inspection, SWPPP); and 

• Catalino Cecilio, CBC (Field logistics/logging support, accounting). 

Permits 
Caltrans obtained the necessary right-to-enter permits to perform field operations from 
the landowners, public and governmental regulatory agencies (including California 
Coastal Commission, U.S. Fish and Wildlife), the County of San Mateo and the local 
California Highway Patrol. In June 2002, Caltrans obtained all encroachment permits 
and authorized Task Order 2B. Utility companies, cities and counties were notified by 
Underground Service (Dig) Alert prior to drilling or excavation. 

Environmental Reviews and Constraints 
Erosion control measures were implemented by Hanford ARC and Sierra Equipment 
Rentals as established by a project SWPPP plan developed by CH2M Hill (2002c) and 
Caltrans. All Phase-2B field work was under constant observation by URS Corp. and 
CH2M acting on behalf of Caltrans. 

Caltrans and Technical Advisory Panel members conducted several field inspections of 
equipment, work procedures and findings. 

EMI Personnel 
The Task Order 2B field work was performed between June 24 and Oct. 9, 2002. Testing, 
data evaluation and plans and preparation of this report followed through to 
December 9. M. Kapuskar led the planning and administration of field work and report 
preparation, D. Hamilton led the overall geologic effort, and C. B. Consulting (CBC) 
provided logistics support, additional geologists, and accounting services. 

The following EMI and CBC personnel participated in the field activities (in 
alphabetical order): 
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Person Position (Company) Task 
Eric Brown Geotechnical Engineer (EMI) Plans 
Jody Castle Geologist (EMI) Logging, data analysis 
Douglas Hamilton Lead Geologist (EMI) Lead Geological mapping 

& analysis, lead author 
Reynold Jie Field Technician (EMI) Field logging, coordination, 

soil testing 
Mike Kapuskar Geotechnical Engineer (EMI) Project lead, coordination, 

management, analysis, lead 
author 

Andy Korkos Geotechnical Engineer (EMI) Plans & Spec’s, analysis, 
report preparation 

Hubert Law Engineer (EMI) Project management, 
analysis, author 

Po Lam Geotechnical Engineer (EMI) Project review 
S. Varatharaj Engineer (EMI) Assist field coordination, 

analysis 
Bruce Schell Engineering Geologist (EMI) Geological mapping & 

analysis, report preparation 
Saverio Siciliano Engineer/Geologist (EMI) Field logging & testing, 

assist coordination, 
analysis, report preparation 

Catalino Cecilio Accountant/Hydrologist 
(CBC) 

Accounting, logistics 

Julie Cecilio Clerical (CBC) Accounting, logistics 
Tim Bodkin Geologist (CBC) Field logging & testing 
Phillip Frame Geologist (CBC) Field logging 
Marc Hachey Geologist (CBC) Field logging & testing 
Larry Patzkowski Geologist (CBC) Field logging 

Field Logistics 
The field operations were coordinated from a project logistics office on San Pedro Road 
in Pacifica equipped with phone and power. Rock cores and soil samples were stored 
on sturdy wooden shelving in a leased 12-m long trailer-container near the project 
office. The trailer was equipped with air-conditioning for temperature/moisture-
control. Core storage near the project site allowed for efficient and convenient extraction 
of a large number of selected core boxes for inspection, point load testing, post-logging, 
photographing, and selection for laboratory testing, while minimizing sample 
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disturbance and reduce testing time. 

Supervision and Safety  
Geotechnical activities of the exploration were supervised by one or two EMI engineer 
full-time on a rotating schedule, either on-site or on-call from the Pacifica logistics 
office. EMI field personnel include 40-hour (HAZWOPER)-training. Because 
environmentally impacted soils and groundwater were not likely to be encountered, a 
standard site-specific Health and Safety Plan was not in EMI’s scope of work and a site-
specific hazardous materials management plan was not required. A Health and Safety 
plan defines any physical and chemical hazards, type and potential for encountering 
hazardous materials, exposure limits, worker safety and emergency procedures. EMI 
held kick-off meetings and safety meetings to establish work procedures in general 
accordance with OSHA requirements prior, during and after drilling in an areas, proper 
handling and disposal procedures for the borehole cuttings and drill fluids, points of 
contact, emergency procedures. A basic Safety Plan was prepared by CH2M Hill 
(2002b), and safety meetings were held at the Project logistics office. 

Site Preparation 
Site preparation was conducted by Hanford ARC, Sierra Equipment Rentals, and Ruen 
Drilling using the following equipment: 

• D4 Dozer; 
• D6 Dozer; 
• Brushcutter, weedwacker, chipper. 

The boresites were surveyed by Geotopo under subcontract to HNTB. 
Existing trails P-1a, 1b and 3a required conditioning of the earthen ground and minor 
removal of vegetation in some areas. The first 150 m of the steep access trail P-1a was 
conditioned by placement of tensar grids within a layer of gravel. 

Erosion control measures were implemented per Caltrans direction. Such measures 
included barrier fences, fiber mats, straw bails. During drilling, protective absorbent 
pads, plastic sheeting were used cover ground or equipment. Earthen burrows were 
used to conduct drill fluid to settlement tanks. 

Water bars were planned and budgeted for as part of the erosion control measures but 
were not installed. 

In work areas on steep slopes, wooden cribbing was used to level drill rigs. 

Air Lifting 
Drill rig and other equipments were airlifted to sites 02-16, 02-2, 02-14 and 02-15 that 
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had severe access problem. Equipments were airlifted and dropped off back from site 
02-5. A typical airlift required ten to fifteen trips. Route 1 was closed during airlift 
activities from site 02-2 and 02-14 as these two sites were slope of Route 1. The Aris 
helicopter company was hired for this job. 

Slide repair 
A 5-m segment of path P-1a showed signs of yielding at the downslope side. Hanford 
ARC installed a temporary wooden retaining wall which was anchored into the bedrock 
according to the directions from Caltrans. Complete slide repair including gabion 
baskets was budgeted for but not performed during the exploration program. 

K-barrier 
At the South Portal turn-out area, a string of about 70 m of concrete K-barriers was 
placed By Sierra to enclose the turn-out area. The turn-out area included a water tank,  a 
water pump and a disposal tank to store waste drilling fluid. The intension of the K-
barriers was to protect these tanks and LF-70 rig and crew during drilling activities at 
02-13 and 02-19.  

Site Restoration 
After completion of geotechnical and geological field work, Hanford ARC began site 
restoration efforts by under Caltrans direction. 

Equipment 
The complexity of the field exploration required a multitude of equipment. Key 
equipment comprised the following: 

• (3) HQ3 coring/rotary-wash drill rigs 
• (1) auger drill rig 
• (2) Marooka vehicles 
• Utility trucks 
• 6,900-gal water tank (at Shamrock Ranch & Route 1 North bridge abut) 
• 10,000-gal raised water tank (at South Portal staging area) 
• 20,000-gal water tank (at Route 1 North bridge abut) 
• Environmental drill fluid/cuttings dumpster (at South Portal staging area) 
• Tool shed/yard 
• System of water hoses and pumps 
• Settlement tanks (2 per rig) 
• Light plant 
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• Grout plant 
• Core storage trailer 
• Project logistics office 
• (3) ATV vehicles 
• Geologist vehicles 
• Hole deviation survey tool 
• Downhole test equipment and utility vehicles 

The attached photos depict some of this equipment. 

Drilling equipment consisted of portable LF-70 drill rigs and one CS-1000 truck-
mounted drill rig, all equipped with rotary wash and wireline core retrieval systems. 
Clearheart Drilling used a track-mounted auger drill rig and a track-mounted support 
vehicle to access the locations inaccessible to conventional rubber-tired drilling 
equipment. 

On difficult-access terrain such as on new path P-2 and existing Path 3b, two track-
mounted Marooka vehicles were used for general-purpose transport of equipment, 
waste tanks, and personnel. 

A water supply system was installed by Ruen Drilling consisting of network of 25 mm 
flexible hosing with couplings wire-shut at critical connection points. Sierra installed a 
upper black polyethylene water tank at the upper staging area TA-2, and a large, raised 
lower steel feeder tank in the South Portal turnout area TA-3. Sierra was subcontracted 
by Ruen to provide water delivery via Route 1 from the City of Pacifica to the feeder 
tank. Ruen operated a water pump at the area TA-3 to pump up water to the upper 
holding tank. 

Geologists and drill crews used 4WD vehicles to travel existing paths P-1, 2, 3b and 4. 
New path P-2 could not be driven safely with tired vehicles. The Path P-4 is a hiking 
trail traversing steep terrain and was too narrow to be traveled by vehicle. 

In-hole testing equipment was delivered to the site using 4WD jeep-type or utility 
vehicles, hand-carried or airlifted. Such equipment consisted of in-hole logging probes 
or support components such as power winches, and additional borehole rods. A time-
triggered magnetic borehole survey tool was used in horizontal boring 02-11 and 11A to 
verify the dip and orientation of the actual drill path at selected slant depths. 

Groundwater Condition 
During drilling of a series of boreholes in the north portal area, borehole advancement 
was variable depending on the rock formation encountered. Difficult drilling was 
experienced in subhorizontal boreholes 02-11 beyond 85 m depth, accompanied by 
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excessive water outflow from the borehole collar. For several days, water and black 
muds consisting of ground-up rock as well as angular rock particles were retrieved 
from the borehole using the barrel or washed out, and were collected in storage holding 
tanks set up on the trail. Upon Caltrans approval, clear water was allowed to drain into 
the adjacent swale. This allowed the borehole tip to continually collapse and the 
churned up clay-like rock material could not be removed with the HQ core barrel 
system at a fast enough rate to clear the hole and allow reentering the drill bit. 

Borehole 02-11 had been drilled along the tunnel pillar centerline (as verified by three 
downhole surveys indicating less than one degree offset). After several unsuccessful 
retries and upon Caltrans approval, the borehole terminated at 125 m depth and 
grouted, and the drill rig rotated about 1o east off the tunnel centerline and the borehole 
redrilled subhorizontal as boring 02-11A. Drilling occurred in 10- to 12-hour day and 
night shifts. In early September, after drilling quite successfully to about 174 m within 
several days, drilling of Borehole 02-11A was shut down because water was flowing 
from the hole at a rate of up to 380-450 l/min (100-120 gpm) from the 100-mm size steel 
collar pipe. That rate of flow was faster than could be pumped and the water storage 
tanks became filled to capacity. One of the attached photos shows typical water outflow 
encountered. 

Upon Caltrans approval, a line of high-pressure Schedule 40 was installed from the 02-
11 site down across the valley in the western reach of Shamrock Ranch, and up the 
slopes to the an existing turn-out area (the proposed northern bridge abutment) along 
Route 1. A large 26,000 liter (6,900 gal) water tank was set up in the valley and 
connected to the pipe to two large 26,000 liter (6,900 gal) and later a 38,000 liter (10,000 
gal) tank that were setup in that area. The excess water was pumped to the large storage 
tank along Route 1 using a high-pressure water pump at the valley bottom. The 
attached photos depict some of this equipment. 

The following summarizes the day-by-day activities in more detail, and describes the 
water outflow and accompanying difficulties experienced, and the measures 
implemented to continue the borehole: 

• On Monday 8/19, Mike Kapuskar and Bruce Schell provided a status report 
on the non-progress and proposed course of action, consisting of drilling two 
contingency holes and possible options to redrill 02-11. Grouting operations 
at Borehole 02-11 began. 

• On Tuesday 8/20, Mike Kapuskar developed and submitted a cost proposal 
for drilling a new “flat hole” 02-11A. At the depth of the encountered caving 
zone beginning at 100 m penetration depth, the borehole path would be 7 m 
east from the pillar centerline. As a result, the new borehole would pass by 
the caved zone at a 7 m distance to the center of the zone. At the depth of the 
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122 m, the borehole path would be 8.5 m from the pillar centerline. At the 
maximum target depth of 250 to 350 m (the borehole path would be 17.5 to 
24.5 m from the pillar centerline. According to Figure 3.6 of the Aesthetics 
Committee Report (2002), the width of the pillar is about 17 to 19 m measured 
between the inside finished faces of the two bores. As a result, the borehole 
path would remain in the pillar in the first at 122 m of penetration, then 
straddle the NB tunnel wall and enter the NB tunnel bore, with the tip of the 
borehole (if completed) up to 1.5 to 4.6 m inside the NB tunnel bore. 

EMI also considered offsetting the new borehole to the east by 6.1 m to pass 
by the caving zone while remaining in the pillar material, and offsetting even 
further to pass through the NB tunnel borehole or parallel to the east of the 
NB tunnel bore. These options would have required additional budget and 
time and were not selected for the following cost proposal due to present 
constraints for both. 

EMI expected to encounter the same kind of caving situation in the sheared 
claystone as in terminated borehole 02-11. A reverse circulation system using 
water could be used to remove the caving materials through the inside of the 
casing rather than the borehole annulus. However, the CS-1000 rig is not 
equipped with such a system and it would take precious time to obtain and 
setup a workable recirculation system. EMI proposed boring using the 
present rig with the following procedure of telescoping casings implemented: 

(a) Perform continuous coring and advance the HQ casing to beyond the 
initial 125.8 m (412.5 ft) of penetration depth. This avoids caving and hole 
collapse experienced when the hole was drained into the tanks or the 
adjacent swale, and water pressure build-up that occurred when the hole 
was shut-off. Continuous rig operation will require two 12-hour shifts per 
day, 7 days a week. 

(b) After penetration through the problem zone of sheared claystone beyond 
125.8 m, advance the HQ casing into the firm rock material as far as it will 
enter. 

(c) Continue in a reduced NQ size borehole without casing. Should a second 
problem zone be encountered after 137 m, NQ size casing would be 
installed full-length to beyond the end of the second zone (we will assume 
NQ casing to 198 m. The next smaller size casing would be BQ casing at 
the expense of additional time (such as 3 days) and cost, hoping not more 
than two of these zones would be encountered. Beyond the NQ casing, the 
cost of the borehole will be prohibitive. 
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(d) After passing through the problem zone(s), we expect drilling to advance 
at a rate of 25 to 35 m (~80 to 120 ft) per day based on drill rates achieved 
in the prior boring 02-11. It would be attempted to continue the hole to the 
250 to 350 m target depth depending on geologic findings and available 
time and resources. 

At completion of borehole, attempt would be made to remove all (HQ and 
NQ) casing, although it was expected that NQ casing beyond the second zone 
and HQ casing beyond the first zone would not to be retrievable. 

• On Wednesday 8/21, Caltrans approved continuation of drilling a new hole 
02-11A.  

• On Thursday 8/22, the rig was repositioned at an alignment 4o easterly from 
boring 02-11 and preparations were made for drilling. The last grouting stage 
was completed at borehole 02-11. 

• On Friday 8/23, drilling of the new hole began with day and night shifts. 

• On Saturday 8/24, borehole 02-11A had achieved 45.7 m depth after total of 
four shifts. 

• On Sunday 8/25, no drilling. 

• On Monday 8/26, reached 68.4 m in the night shift. 

• On Tuesday 8/27, reached 70+ m penetration in the day shift and 97 m in the 
night shift. Drilling was conducted in two 10-hour shifts quite successfully 
until we approached near the problem area (shear zone/fracture zone). At 
about 91.5 m, great water pressures and water volumes built up after shutting 
the hole at the end of the day. These shutdown periods actually were about 6 
hours long because it takes about an hour to shut down drilling at the end of 
the day and about an hour to get the hole conditioned and the drill stem back 
in the hole upon startup at the beginning of the next day. 

• On Wednesday 8/28, claystone was encountered at 99.7 m (327 ft) (compared 
to 99.4 m (326 ft) in boring 02-11), and the penetration depth advanced to 337 
ft. Drilling penetrated about 3 m into the dark claystone material. The 
material retrieved could be placed in the core box due to the presence of clay, 
however it can easily be disintegrate and crushed down into small rock 
particles, sand and clay by hand and with application of water. We had very 
strong winds in the afternoon and the night shift. During the night shift, the 
hole progressed through the shear zone another 12 to 15 m. The water pump 
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broke during hauling of drill muds. Water outflow was 4 to 20 l/min (1 to 5 
gpm). 

• On Thursday 8/29, 117 m was reached. Water flow increased again, to 115-
155 l/min (30 to 40 gpm). The water tanks have filled about 38,400 liters 
(10,000 gal )of muddy water. Universal Environmental disposal service was 
called on site but the water pump was not ready for deployment. Drilling 
stopped just short of the expected problem shear zone. As in borehole 02-11, 
large volumes of water were encountered. The volumes were large enough 
that the water storage tanks filled much more quickly than anticipated. EMI 
did not want to penetrate the shear zone and get into a larger water-
producing zone until a sufficient tank capacity was available to accommodate 
it. Hanford ARC installed the larger tanks at that time due to the Labor Day 
holiday, the following day, EMI decided to wait to proceed with drilling until 
after the break. Because the previous borehole 02-11 was lost after sitting for 
an extended period of time, EMI wanted uninterrupted drilling on boring 02-
11A until the problem area was penetrated through. As a result, the borehole 
was capped off. 

• On Friday 8/30, there was no progress; the rig remained idle. Mike Kapuskar 
submitted a proposal and obtained approval from Moe Amini and Francis 
Mensah to move in an additional 76,000 liter (20,000 gal) water tank at the 
abutment turnout area. The tank and mud pump were moved in. 

• Between Saturday and Wednesday 8/30-9/4, there was no drilling (extended 
Labor day weekend). 

• On Thursday 9/5, borehole 02-11A was not advanced. The day shift crew was 
not on site. The night crew worked on a mechanical problem involving the 
gear box. Water outflow was about 110-150 l/min (30-40 gpm) and 9,500 liter 
(2,500 gal) of muddy water was diverted into the tanks.  

• On Friday 9/6, upon return from the break, 24-hour drilling resumed in 
conjunction with the increased tank capacity. Drilling continued from a depth 
(distance) of 117 m from noon to 7 pm, and through the 12-hour night shift 
ending 7 am, making significant progress and reaching 111 m. We were able 
to drill through the shear zone consisting of sheared claystone, siltstone and 
sandstone first encountered at 99 m, and the following fractured zone behind 
it that produced water. Water outflow was about 150 l/min (40 gpm) and 
5,800 liters (1,500 gal) of muds was diverted into the tanks. 

• On Saturday 9/7, drilling continued in a 12-hour day shift and through the 
12-hour night shift. We were able to drill through the shear zone (first 
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encountered at 99.4 m). Another 3,800 liters (1,000 gal) of muddy water was 
drained into the tanks. At a depth of 121 m, we entered relatively good rock, 
but then found several shear zones and fractured zones between 131 to 140 m. 
Relatively good rock (but still with low RQD’s of less than 25%) continued 
from about 140 m, with an occasional narrow shear zone (i.e. less than 30 cm). 
Due to the significant progress, we decided at noon to perform continuous 
drilling using two 12-hours shifts on Sunday. We obtained clearance from 
Shamrock Ranch for drilling this Sunday, and notified Caltrans again. In the 
night shift, we encountered "good" rock with occasional thin shear zones 
several inches to about a foot thick. At 169 m, we encountered heavy water 
flow that increased as the hole advanced. 

• On Sunday 9/8, at 173.7 m depth water was flowing at a rate of 385 to 460 
l/min (100-120 gpm). We encountered difficulty reinserting the core sampler 
back inside the drill pipe. At 4:30 am in the morning, the lower tanks were 
filled with waste water. Drilling was shut down at 174.4 m depth because 
water was flowing from the hole at a rate of about 385 to 460 l/min (100-120 
gpm). This rate and force of flow was faster and stronger than could be 
pumped and the water storage tanks became filled to capacity. We decided to 
halt drilling until those tanks were emptied and another water pump could 
be hooked up to handle the significant water outflow. This water (16,000 gal) 
was pumped to the large storage tank at Route 1 turn-out area (the site of the 
proposed bridge north abutment). We allowed the clear borehole water to 
drain via 1'' hose into the adjacent swale overnight, to relieve water pressure 
in the borehole and avoid water from washing through the annulus of the 
collar casing (between casing and borehole wall).  

Analysis of the boring data and borehole geometry indicated that at a depth 
of about 174.4 m, borehole 02-11A would be very close to borehole 02-6A 
which was being drilled concurrently and entirely within the good rock of the 
Central Block. This suggested that 02-11A should encounter the good rock of 
the Central Block within the next 1 ft or so. It was thought very possible that 
the shear zone at 174.4 m in 02-11A is the target fault zone that separates the 
Central Block from the Northern Block, but this determination would require 
drilling into and staying within sound sandstone/conglomerate rock for 
about 9 to 18 m. 

• On Monday 9/9, we waited for the water pump. Ruen's foreman, Jerry 
Schroeder, left the project in order to tend to a personal emergency. Water 
was still being pumped to the large storage tank at Route 1 abutment turn-out 
area. Mike Kapuskar contacted Universal Environmental and notified Ben 
Goody of Ruen to haul off 16,000 gal of water from the upper tank. The 
CS-1000 drill crew helped prepare for airlifting from 02-16 to 02-15. Mr. Ruen 
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was expected to arrive and act in Mr. Schroeder's place. Doug Hamilton 
visited and inspected drilling progress. 

• At 1 pm, drill rods were reentered into the borehole and 64 m of depth was 
easily achieved by within 1-1/2 hour’s time. Within the next hour, a depth of 
100.6 m was reached, but water outflow occurred from the hole at 115 l/min 
(30 gpm). The rest of borehole had caved from 110.6 to 109.8 m. Subsequent to 
caving, the day shift and the night shift tried to advance the drill string 
through this blockage without success. 

• On Tuesday 9/10, the large tank was partly pumped out and drilling was 
resumed. At a penetration depth of about 85.4 m in the hole, the water 
coming from the hole became muddy with black particles and clay. At about 
97.6 m, the drilling rods encountered an obstruction; the hole appears to have 
collapsed at this point. EMI (Bruce Schell and Mike Kapuskar) discussed the 
situation and decided to pull out all casing at the end of the shift (5 pm) and 
shut off the hole. They notified Caltrans in writing of the progress and 
borehole termination. Water was left draining into the adjacent swale via 
25-mm flexible hose. 

• On Wednesday 9/11, activities including grouting the hole and demobilizing 
the rig. 

• On Thursday 9/12, the rig was moved to hilltop site 02-5 in day and night 
shifts.  

Other Issues 
During drilling of the rock borings, the local public showed a heightened awareness of 
the project. Visitors were observed hiking through the project site on existing trails or 
new trail P-4, including narrow trail P-3b above the steep portal slopes, passing across 
workpads in operation. Per request by Caltrans and Shamrock Ranch owners, 
trespassing signs were posted at designated borderline locations.  

There have been several occurrences of vandalism during the operation of the project. 
Caltrans was notified of such occurrences, which may or may not be linked with the 
Devil’s Slide Tunnel Project. Manifestations that had some effect on the exploration 
included (1) placement of acid liquid on water pump at TA-3 (this caused skin injury to 
a Ruen worker and delay of two drill rig operations, and Route 1 closure to allow 
HAZMAT clean-up); (2) graffiti on equipment including water tanks, dumpster and 
logging tables; (3) demolition of mock security camera mounted in raised water tank at 
TA-3; and (4) scattering and piling of trash and oil waste fluid at staging area TA-3. At 
the end of the project, a chemical portapotty has been taken from the Route 1 pick-up 
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site by unknown party.  

Field Records 
Field personnel kept daily reports and generated core log sheets. The daily reports 
describe general information such as: 

• Date, time, weather conditions 

• List of attendees, time of attendance 

• Time and description of field activities and events to track progress, delays, 
manhours, equipment usage etc. 

Core log sheets were used in the field to record the logged data: 

• General information such as date and time (shift), geologist on schedule 

• Core run number and depths, core box numbers 

• Logged core in general accordance with Caltrans Rock Classification manual 

• Beginning and end time of runs 

This information was then collected and translated into EMI’s geologic borehole 
database. 
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Gravel top on access road P-1c (8/01/02)

Tensar grids laid down on access road P-1c (7/30/02)
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Earthwork on road P-1c

Clearing of brush to 
create access road P-2

Trail Preparation
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Slide repair at Trail P-1a
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Drill Rig CS-1000 at 
Borehole Site 02-11

Borehole Site 02-11 at North Portal slopes

SITE CTB B-7

Drilling at Sites 02-8 (top) and 02-18B on Road P-2 
(bottom)

Drilling at  Sites 02-18 (front) and 02-12 (back) on Road P-2
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Borehole Sites at North Portal ( from top: 02-18B, 12, and 11/11A)

Drilling at Borehole 02-12
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EMI Boresite 02-11

Caltrans Boresite

Drill Rig CS-1000 at Borehole Site 02-11
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Water outflow from 100 mm dia. 
collar pipe at Borehole Site O2-11

Drill Rig CS-1000 at Borehole Site 02-11
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Water discharge system at Shamrock Ranch valley
`

Water line  from 
Site 02-11/11A

`

One of several temporary  tanks at Route 1 
(North bridge abutment area)

`

Water line  from 
Site 02-11/11A

`
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Field review on 8/12/02

Field core inspection
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Packer Test Equipment (Flowmeter, pressure 
gauge, nitrogen gas, bleed line)

Packer Testing at Borehole 02-7
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Drilling at Site 02-8B

Boresite 02-8B
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Optical 
televiewer 

probe

Video logging at 02-8B
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LF-70 Drill Rig on 02-16 platform (airlifted)

Slope ladder access to work pad at Site 02-16
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North Portal

Trench 02-T3

Site 02-11/11A
`

Site 02-16
`

Trench 02-T3
`
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LF-70 drill rig tat Site 02-7

LF-70 rig at Site 02-7 
(looking upstation)

Bridge North 
abut area

`
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Auger drill rig at 02-ST2

Track-mounted MST-600 dry stem 
auger drill rig

Site 02-ST2

Prop. OMC 
Bldg Site
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Night time drilling at Site 02-21

Site 02-20 at Route 1 embankment in South Disposal Site

N/B RTE 1 

N/B RTE 1 

Site 02-20

N/B RTE 1 
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NE’ly View of South Portal & Rock Cut Area

TUNNEL
ALIGNMENT

PROP. SOUTH
ROCK CUT

PROP.
SOUTH

PORTAL

EXIST.

TRAIL

EXIST. TRAIL

TO HALF 

MOON BAY

02-14 02-15

02-2/2A/2B

02-19

02-13
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Drilling at Sites 02-2/2A/2B on trail above 
South Portal
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Core storage trailer core  and post-
logging of cores – 460 boxes
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Post-logging and point 
load testing of core

Core selection and 
preservation for 
laboratory rock 

testing
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APPENDIX B-1 
 

LOG OF TEST BORING PLANS 
(2002 PHASE 2B EXPLORATION) 
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APPENDIX C-1 
 

FIELD LOGS 
BY WOODWARD CLYDE CONSULTANTS 

(REFERENCE) 
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APPENDIX D-1 
 

LOGS OF TRENCHES 
(2002 PHASE 2B EXPLORATION) 




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































