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Sent via electronic mail: No hard copy to follow 
 
California Department of Transportation 
Attn: Mr. Nidal Tuquan 
Nidal_Tuquan@dot.ca.gov 
111 Grand Ave. 
Oakland, CA  94612-3717 
 
Subject:  Water Quality Certification for the Doyle Drive Golden Gate Bridge South 

Access Project, San Francisco, San Francisco County 
 
Department Project No.: EA 04-16370 
 
Dear Mr. Tuquan: 
 
We have reviewed and hereby issue water quality certification to the California Department of 
Transportation (Department) for the project referenced above (hereinafter Project).  The 
Department has applied for and received a U.S. Army Corps of Engineers (Corps) Nationwide 
Permit No. 14, Linear Transportation, pursuant to Section 404 of the Clean Water Act (33 
U.S.C. 1344).  As such, the Department has applied to the Water Board for a Clean Water Act 
Section 401 water quality certification that the Project will not violate State water quality 
standards. 
 
Project:  The Department proposes to replace the seismically-deficient, existing viaduct 
structure that carries traffic to and from the Golden Gate Bridge through the Presidio (Doyle 
Drive). The existing structure will be replaced with a six-lane facility and a southbound auxiliary 
lane between the Park Presidio Interchange and the new Presidio access at Girard Road. The 
Project involves construction of eight sections, listed here sequentially from west to east: an at-
grade roadway, the “Presidio” elevated viaduct, another at-grade roadway, the “Battery Tunnel,” 
another section of an at-grade roadway, the “Marina Boulevard Tunnel,” a low causeway, and an 
at-grade roadway near the Palace of Fine Arts. 
 
Impacts:  Project implementation will permanently fill approximately 0.81 acres of 
jurisdictional seasonal freshwater wetlands and due to construction access and staging, 
temporarily impact approximately 0.16 acres of jurisdictional seasonal freshwater wetlands. 
Project implementation will also result in approximately 1,391 linear feet (0.11 acres) of 
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temporary impacts to jurisdictional waters as a result of restoration activities in Dragonfly Creek, 
the Battery East bluffs, and at Tennessee Hollow.   
 
Project implementation would result in added impervious area. Stormwater runoff from 
impervious areas may contain hydrocarbons, metals, volatile organic compounds, trash, and 
sediment at levels that may significantly impact waters of the State if left untreated.  
 
Construction of the Project tunnel(s) may disrupt the flow of groundwater resulting in indirect 
impacts to approximately 1.77 acres of down-gradient wetlands that are sustained by 
groundwater (wetlands 4, 6d, and 7, upon the Battery-Blaney bluffs—the bluffs are north of 
Doyle Drive and south of Crissy Field).   
 
Future Project-Related Impacts:  Prior to Project completion, two existing outfalls shall be 
upgraded to provide drainage to San Francisco Bay from the Project area. The new outfalls may 
have larger diameters and be lengthened into the Bay to prevent sand drifts from blocking the 
outlets. At the time of issuance of this certification, the Department did not yet have design plans 
beyond the conceptual level and therefore, impact information was not available. This 
certification does not certify construction of these new outfall structures. The outfall structures 
must be certified in the future, either as a modification to this certification, or as a new  
certification.   
 
Mitigation:  To mitigate for permanent impacts to jurisdictional wetlands, the Department shall 
provide wetland creation, and wetland and riparian restoration and enhancement on National 
Park Service land and land subject to Presidio Trust’s jurisdiction within the Presidio. Because 
the Department is receiving economic stimulus funding for the Project and on an accelerated 
schedule, the Final Mitigation and Monitoring Plans (MMPs) are not yet available and will be 
submitted subsequent to certification issuance. As such, exact levels of compensatory mitigation 
available at each mitigation location will not be available until the Final MMPs are completed.  
 
The Department shall mitigate for the 0.81 acres of permanent impacts to jurisdictional wetlands 
by creating 1.6 acres of freshwater seasonal or perennial wetlands, or, restoring 2.4 acres of 
freshwater seasonal or perennial wetlands, or, restoring 2.4 acres of riparian habitat by removing 
creeks from culverts. A combination of these creation and restoration may be approved provided 
restoration activities are provided in greater quantities than creation.  
 
Mitigation activities are proposed at the following locations:  
 
• Upper Dragonfly Creek: Dragonfly Creek is a perennial stream. The Department proposes to 

restore approximately 0.78 acres of freshwater wetland and willow/oak riparian habitats. 
Invasive species removal at this location began in 2006 in anticipation of the Project. 

 
• Middle Dragonfly Creek: Dragonfly Creek is currently underground at this location. The 

Department proposes to create approximately 0.41 acres of willow/oak riparian habitat at this 
location. 
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• Lower Dragonfly Creek: The Department proposes to create approximately 0.64 acres of 

willow riparian habitat and enhance approximately 0.26 acres of freshwater wetland. Planting 
of native riparian plantings have already commenced at this location.  

 
• Quartermaster Reach Connection: The Department proposes to create approximately 0.17 

acres of willow riparian habitat and restore the creek by day-lighting 280 feet of the creek.   
 
• North Fort Scott:  The Department proposes to enhance approximately 0.44 acres of 

freshwater wetland meadow at this location.  
 
• West Crissy Bluffs:  The Department proposes to enhance approximately 0.19 acres of 

freshwater wetland at this location. 
 
• Battery East/Marine Drive:  The Department proposes to enhance approximately 0.62 acres 

of freshwater wetland at this location. 
 
• Tennessee Hollow:   At this location, the Department proposes to restore by day-lighting 

approximately 800 linear feet of the eastern tributary of Tennessee Hollow and restore an 
additional 250 linear feet of a degraded creek section.  

 
Temporary impacts to wetlands shall be mitigated by in-kind, in-place restoration after 
construction. Because riparian habitats shall be restored and/or enhanced, mitigation for 
temporary impacts at these locations is not required.  
 
As mitigation for increased pollutant loads associated with impervious areas, the Department 
shall provide treatment of stormwater runoff from an area equivalent to the added and reworked 
impervious areas (26.9 acres). Additionally, the Department shall provide permanent stormwater 
treatment for an additional 0.4 acres of Project impervious area to compensate for absence of 
treatment during the operation of the 4.1 acre temporary detour structure.   
 
The Department shall implement a long-term hydrogeologic and biological monitoring plan to 
evaluate potential impacts to the hydrogeology and biological resources at wetlands 4, 6d, and 7 
as a result of any up-gradient disturbance of groundwater flow. Impacts to wetlands shall be 
subject to additional mitigation requirements.  
 
CEQA Compliance:  An Environmental Impact Report was prepared and approved for this 
project pursuant to the provisions of the California Environmental Quality Act by the San 
Francisco Transportation Authority (SFTA). The SFTA filed a Notice of Determination on 
December 17, 2008 (SCH No. 2000032006).  
 
Wetland Tracker System:  It has been determined through regional, state, and national studies 
that tracking of mitigation/restoration projects must be improved to better assess the performance 
of these projects, following monitoring periods that last several years. In addition, to effectively 
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carry out the State’s No Net Loss Policy for wetlands, the State needs to closely track both 
wetland losses and mitigation/restoration project success.  Therefore, we require that the 
Department use a standard form to provide Project information related to impacts and 
mitigation/restoration measures.  An electronic copy of the form and instructions can be 
downloaded at: http://www.waterboards.ca.gov/sanfranciscobay/certs.shtml.  Project information 
concerning impacts and mitigation/restoration will be made available at the web link: 
http://www.wetlandtracker.org.    
 
Certification:  I hereby issue an order certifying that any discharge from the referenced project 
will comply with the applicable provisions of sections 301 (Effluent Limitations), 302 (Water 
Quality Related Effluent Limitations), 303 (Water Quality Standards and Implementation Plans), 
306 (National Standards of Performance), and 307 (Toxic and Pretreatment Effluent Standards) 
of the Clean Water Act, and with other applicable requirements of State law.  This discharge is 
also regulated under State Water Resources Control Board Order No. 2003 - 0017 – DWQ, 
“General Waste Discharge Requirements for Dredge and Fill Discharges That Have Received 
State Water Quality Certification” which requires compliance with all conditions of this Water 
Quality Certification. The following conditions are associated with this certification:  

 
1. The Department shall adhere to the Standard conditions imposed by Nationwide Permit 

No. 14, issued to the Department by the Corps; 
 
2. All jurisdictional wetlands and waters temporarily impacted by construction activities shall 

be immediately returned to pre-construction or improved conditions upon cessation of 
construction activities in these locations. Native seed and plantings shall be used for all 
revegetation activities, except where the Presidio Trust mandates certain plant varieties; 

 
3. The Department shall provide post-construction treatment of stormwater runoff from no 

less than 27.3 acres of impervious area within the Project limits using vegetation-based 
treatment systems (e.g., biofiltration strips, biofiltration swales); 

 
4. All permanent stormwater treatment controls shall be fully operational by the completion of 

Contract #7 which will build the Northbound High Viaduct, Northern Park Presidio Interchange 
and Northbound roadway to Merchant Road; 

 
5. The Department shall submit, acceptable to the Executive Officer, a long-term 

hydrogeologic and biological monitoring plan to evaluate the extent of impacts to the 
hydrogeology and biological resources at wetlands 4, 6d, and 7, no later than July 15, 2009. 
The plan shall include a minimum monitoring period of five years. Any long-term 
hydrogeologic and biological impacts to wetlands 4, 6d, and/or 7 shall be subject to 
additional mitigation requirements; 

 
6. The Department shall submit, subject to acceptance by the Executive Officer, final, post-

construction stormwater treatment plans including details on design, installation, regular 

http://www.waterboards.ca.gov/sanfranciscobay/certs.shtml
http://www.wetlandtracker.org/
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inspections, and long-term operation and maintenance for Contract No. 3 (Southbound 
High Viaduct/Southern Park Presidio Interchange), no later than August 1, 2009; 

 
7. The Department shall submit, subject to acceptance by the Executive Officer, final, post-

construction stormwater treatment plans including details on design, installation, regular 
inspections, and long-term operation and maintenance for Contract Nos. 4-7 (Southbound 
Battery Tunnel; Girard Road Under-Crossing/Main Post Tunnels/Low Viaduct; 
Northbound Battery Tunnel; Northbound High Viaduct/Northern Park Presidio 
Interchange/Northbound Roadway to Merchant Road), no later than November 1, 2009; 

 
8. The Department shall mitigate for the 0.81 acres of permanent impacts to jurisdictional 

wetlands by creating 1.6 acres of freshwater seasonal or perennial wetlands, or, restoring 
2.4 acres of either freshwater seasonal or perennial wetlands, or riparian habitat by means 
of day-lighting culverted portions of creek within the Presidio. A combination of creation 
and restoration mitigation may be approved by the Executive Officer. All required 
mitigation shall be fully constructed by completion of the final roadway construction 
contract, “Contract #7: Northbound Presidio Viaduct, Northern Park Presidio Interchange, 
Northbound Roadway to Merchant Road.” Failure to construct the abovementioned level of 
mitigation, by the abovementioned deadline, shall result in additional mitigation 
requirements and/or enforcement action by the Water Board; 

 
9. Final MMPs for the following mitigation projects shall be submitted by the following dates: 

 
• Battery East/Marine Drive:  October 1, 2009 

 
• West Crissy Bluffs:  October 1, 2009 

 
• Upper, Middle, and Lower Dragonfly Creek: April 1, 2010 

 
• North Fort Scott:  July 1, 2010 

 
• Quartermaster Reach Connection: July 1, 2011 

 
• Tennessee Hollow:   October 1, 2011 

 
 

Final MMPs shall be subject to the acceptance of the Executive Officer. Any of the 
proposed mitigation areas identified in this certification may be replaced or complemented 
with another project on land subject to the jurisdiction of the Presidio Trust, subject to the 
acceptance of the Executive Officer. Failure to fully implement mitigation by the dates and 
at the amounts noted in the Final, Water Board Executive Officer-accepted MMP, shall 
result in enforcement action and/or additional mitigation requirements from the Water 
Board. Because the Final MMPs have not yet been reviewed and accepted by the Executive 
Officer, there is a possibility the proposed mitigation may not be considered acceptable. In 
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the event that all, or any portion of the Final MMPs are not accepted by the Executive 
Officer, the Department shall still be required to fully comply with condition number 8 of 
this certification;   
 

10. Construction of the following mitigation projects shall be completed by whichever occurs 
first; either the dates listed below, or by completion of the final roadway construction 
contract (see certification condition 8): 

 
• Upper, Middle, and Lower Dragonfly Creek: April 1, 2011; 

 
• North Fort Scott:  April 1, 2011; 

 
• Quartermaster Reach Connection: April 1, 2012; 

 
• Tennessee Hollow:   April 1, 2013 and, 

 
• Battery East/Marine Drive and West Crissy Bluffs: Mitigation construction has 

been completed at these two mitigation sites. Adequacy of the mitigation shall be 
determined by the Executive Officer upon submission of the Final Mitigation and 
Monitoring Plans. 

 
Any delays in mitigation construction shall be subject to additional mitigation requirements 
and/or enforcement action by the Water Board. 

 
11. All Final MMPs shall include: 

a. Detailed success criteria; 
b. Final success criteria shall not be considered achieved until ten years have passed 

from the time of completion of mitigation construction; 
c. A proposal to implement contingency measures if mitigation monitoring data 

demonstrates mitigation goals have not been met; 
d. A time schedule for submittal of periodic monitoring reports to the Water Board; 
e. Pre-established photographic  monitoring points be marked on a map and used 

during the monitoring period, with color photos included in every monitoring 
report;  

f. Planting plans incorporating native plant species, using locally-gathered nursery 
stock when available; and, 

g. Grading details based on survey data for all areas where wetland creation and 
creek realignment or day-lighting is proposed. 

 
12. The discharge of sediment to San Francisco Bay, or to areas where sediment may discharge 

to San Francisco Bay, is prohibited. The Department shall implement all appropriate 
sediment and erosion control construction best management practices; 
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13. The Department is required to use the standard Wetland Tracker form to provide Project 
information describing impacts and mitigation/restoration measures no later than 
November 1, 2010. The completed Wetland Tracker form shall be submitted electronically 
to wetlandtracker@waterboards.ca.gov, or, shall be submitted as a hard copy to both: 1) 
San Francisco Bay Regional Water Quality Control Board (see letterhead for address), to 
the attention of Wetland Tracker, and, 2) San Francisco Estuary Institute, 7770 Pardee 
Lane, Oakland, CA 94621-1424, to the attention of Mike May; 

 
14. Not later than 30 days prior to the beginning of construction of any Project component, the 

Department shall submit, acceptable to the Executive Officer, a final SWPPP to address the 
Project’s expected construction stage impacts, prepared pursuant to the State Water 
Resources Control Board Water Quality Order No. 99-06-DWQ, the NPDES Statewide 
Permit for Storm Water Discharges From the State of California Department of 
Transportation Properties, Facilities, and Activities. If the Department is proposing rainy 
season construction activities, the Department shall provide a detailed schedule of activities 
and the associated pollution prevention measures that shall be in place to protect State 
waters; 

 
15. This certification does not allow for the take, or incidental take, of any special status 

species.  The Department shall use the appropriate protocols, as approved by the California 
Department of Fish and Game and the U.S. Fish and Wildlife Service, to ensure that 
Project activities do not impact the Beneficial Use of the Preservation of Rare and 
Endangered Species;   

 
16. The Department shall maintain a copy of this water quality certification at the Project site 

so as to be available at all times to site operating personnel.  It is the responsibility of the 
Department to assure that all personnel (employees, contractors, and subcontractors) are 
adequately informed and trained regarding the conditions of this certification; 

 
17. Except as expressly allowed in this Certification, the discharge, or creation of the potential 

for discharge, of debris, rubbish, or any soil materials including fresh concrete, cement, 
silts, clay, sand and other organic materials to waters of the State is prohibited. Any of 
these materials placed within or where they may enter waters of the State by the 
Department or any party working under contract, or with the permission of the Department, 
shall be removed immediately. When construction is completed, any excess material shall 
be removed from the work area and any areas adjacent to the work area where such 
material may be washed into waters of the State.  During construction, the Department and 
the contractor shall not dump any litter or construction debris within the riparian/stream 
zone.  All such debris and waste shall be picked up daily and properly disposed of at an 
appropriate site; 

 
18. This Certification applies to the Project as proposed in the application materials. Please be 

advised that failure to implement the Project as proposed is a violation of this water quality 
certification; 
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19. This certification action is subject to modification or revocation upon administrative or 

judicial review, including review and amendment pursuant to Section 13330 of the 
California Water Code (CWC) and Section 3867 of Title 23 of the California Code of 
Regulations(23 CCR); 

 
20. This certification action does not apply to any discharge from any activity involving a 

hydroelectric facility requiring a Federal Energy Regulatory Commission (FERC) license 
or an amendment to a FERC license, unless the pertinent certification application was filed 
pursuant to California Code of Regulations (CCR) Title 23, Subsection 3855(b) and that 
application specifically identified that a FERC license or amendment to a FERC license for 
a hydroelectric facility was being sought; and, 

 
21. Certification is conditioned upon total payment of the full fee required in State regulations 

(23 CCR Section 3833).  Water Board staff received full payment of $2869.00 on May 26, 
2009. 

 

We anticipate your cooperation in implementing these conditions.  However, please be advised 
that any violation of water quality certification conditions is a violation of State law and subject 
to administrative civil liability pursuant to California Water Code (CWC) section 13350.  Failure 
to respond, inadequate response, late response, or failure to meet any condition of this 
certification may subject you to civil liability imposed by the Water Board to a maximum of 
$5,000 per day per violation or $10 for each gallon of waste discharged in violation of this 
certification.   
 
Conditions 5-7, 9, 13, and 14 are requirements for submission of a report. Any requirement for a 
report made as a condition to this action is a formal requirement pursuant to CWC section 13267, 
and failure or refusal to provide, or falsification of such required report is subject to civil liability 
as described in CWC section 13268. 
 
We anticipate no further action on this request.  Should new information come to our attention 
that indicates a water quality problem with this project, the Water Board may issue Waste 
Discharge Requirements pursuant to 23 CCR Section 3857.   
 
If you have any question, please contact Brendan Thompson at (510) 622-2506, or via e-mail to 
BThompson@waterboards.ca.gov. 
 
 Sincerely, 
 
 
 
 Bruce H. Wolfe 
 Executive Officer 
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cc (via e-mail):  Mr. Bill Orme SWRCB-DWQ Mr. Dale Bowyer, Water Board 
 Mr. Hal Durio, Regulatory Branch, USACE Ms. Melissa Escaron, Fish and Game, Yountville 
 Ms. Jane Hicks, Regulatory Branch, USACE Mr. Hardeep Takhar, Caltrans 
 Ms. Holly Costa, Regulatory Branch, USACE Ms. Jayshree Chauhan, Caltrans 
 Mr. Cameron Johnson, Regulatory Branch, 

USACE 
Mr. David Smith, USEPA 
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Introduction

With the construction of California’s State Highway System virtually complete, the major
emphasis of the California Department of Transportation (Department) has largely
shifted from new construction to reconstruction, operation, and maintenance of existing
facilities.  As traffic demand steadily increases, work activities on the State Highway
System can result in significant additional congestion, particularly in urban centers.
Advance planning and coordination among the Department’s various divisions are
necessary to ensure that planned highway work will not result in extensive traffic delays
to the public.

The concept of implementing a Transportation Management Plan is not new.  The
Department’s Districts have used transportation management strategies for decades to
move motorists through work zones quickly and safely.  The Department officially
established the Transportation Management Plan program in 2000 through Deputy
Directive 60 (DD-60) outlining strategies needed to minimize traffic congestion during
road work activities.  Transportation Management Plan strategies are required for all
planned construction, maintenance, and permit activities, which may range from a minor
guardrail repair to a major bridge construction project.

These guidelines identify the processes, roles, and responsibilities for preparing and
implementing Transportation Management Plans, as well as useful strategies for
reducing congestion and managing work zone traffic impacts.

Pertinent Departmental and Federal Policies

The following are departmental and federal policies pertinent to the development and
implementation of Transportation Management Plans:

• DD-60-R1 Transportation Management Plans  (September 2007)  establishes
departmental policy related to the various roles and responsibilities in TMP
development and implementation (see Appendix A).

• Federal Highway Administration (FHWA) Final Rule, 2 3 Code of Federal
Regulations 630, Subpart J,  referred to as the “Work Zone Safety and Mobility
Rule ” requires the Department to adopt policies and a program that implement
Transportation Management Plans on all federally funded highway projects.  On
October 12, 2007, FHWA issued a Letter of Certification stating that the
Department’s policies and program are consistent and compliant with the Final
Rule.
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Key Terminology

The following are key terms used throughout this document.

“Transportation Management Plan (TMP)”  is a program of activities for alleviating or
minimizing work-related traffic delays by the effective application of traditional traffic
handling practices and an innovative combination of various strategies.  These
strategies encompass public awareness campaigns, motorist information, demand
management, incident management, system management, construction methods and
staging, and alternate route planning.  Depending on the complexity of the work or
magnitude of anticipated traffic impacts, a TMP may provide lane requirement charts,
Standard Special Provisions for maintaining traffic, and for a major project, a separate
comprehensive report.

“Work Zone”  is the active area of a highway where construction, maintenance, or utility
activities are being conducted.  The work zone extends from the location of the first
temporary traffic control device to the last temporary control device.

“Major Lane Closures”  are closures that are expected to result in significant traffic
impacts despite the implementation of TMPs.  These closures can be implemented for
capital projects, maintenance, or permit activities.  A “significant project” as defined by
the FHWA Final Rule, is one that, alone or in combination with other concurrent projects
nearby, is anticipated to cause sustained work zone impacts greater than what is
considered tolerable based on State policy or engineering judgment.  This term is not
used in these TMP Guidelines, because it refers primarily to capital projects and is not
all-inclusive; maintenance and permit activities are not necessarily considered as
projects, but the Districts prepare TMPs for those activities.

“Significant Traffic Impact”  was initially defined in DD-60 as an individual traffic delay
of 30 minutes or more above a motorist’s normal travel time.  Significant traffic impacts
can also occur when motorists experience shorter individual delays that may extend over
several months or years.  In some cases a full closure of a freeway segment may be
justified for a short duration when compared to several months of weekend closures that
may severely impact the business community and the public in general.  The objective in
developing TMP strategies is to balance short-term and long-term impacts to the
traveling public with the safe, efficient delivery of highway construction projects and work
zone activities.

“District Lane Closure Review Committee” (LCRC)  is comprised of the Deputy
District Directors of Construction, Design, Maintenance, and Traffic Operations, and the
District Public Information Officer (PIO).  The California Highway Patrol (CHP) may be
asked to participate in the committee as appropriate.  The District LCRC participates in
planned project activities that are expected to (1) result in significant traffic impacts or (2)
be of an interregional, statewide, environmental, or otherwise sensitive nature.  For
example, the District LCRC may decide to implement a full or extended closure to
minimize the individual delay (for example, if the individual traffic delay will exceed 30
minutes) or if the total delay over the duration of the project will greatly inconvenience
the public.  Recent examples include the Interstate 80 Labor Day weekend closures on
the San Francisco-Oakland Bay Bridge for retrofit work in 2006 (full closure in the
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eastbound direction) and in 2007 (full closure of the bridge in both directions) rather than
numerous consecutive weekend closures that would have greatly impacted tourist and
commercial traffic.  The Interstate 5 “Boat” Project full closures (alternately in the
northbound and southbound directions) in the summer of 2008 allowed the Department
to complete the work several months ahead of time with significantly less overall impact
to the public.

“Headquarters Lane Closure Review Committee” (HQ LC RC) is comprised of the
Division Chiefs of Construction, Design, Maintenance, and Traffic Operations, and the
Deputy Director of External Affairs.  CHP will be asked to participate as appropriate at
the Headquarters (HQ) level.  In rare instances, the HQ LCRC may be contacted by the
District LCRC to inform management of potential impacts that may be considered press-
worthy.  The HQ LCRC may also be asked to conduct a TMP review and provide
recommendations.
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Acronyms

ADA Americans with Disabilities Act of 1990
CCTV Closed-Circuit Television
CHIN Caltrans Highway Information Network (511)
CHP California Highway Patrol
CMS Changeable Message Signs
COS Capital Outlay Support
COZEEP Construction Zone Enhanced Enforcement Program
CPSD Capital Project Skills Development
CTC California Transportation Commission
DD Deputy Directive
DTM District Traffic Manager
EA Expenditure Authorization
EMS Extinguishable Message Sign
FHWA Federal Highway Administration
FSP Freeway Service Patrol
HAR Highway Advisory Radio
HOV High-Occupancy Vehicle
HQ Headquarters
ITS Intelligent Transportation System
LCRC Lane Closure Review Committee
LCS Lane Closure System
MAZEEP Maintenance Zone Enhanced Enforcement Program
PA&ED Project Approval and Environmental Document
PCMS Portable Changeable Message Sign
PeMS Freeway Performance Measurement System
PID Project Initiation Document
PIO Public Information Officer
PS&E Plans, Specifications and Estimates
RE Resident Engineer
RTL Ready to List
RTPA Regional Transportation Planning Agencies
SSP Standard Special Provisions
TMC Transportation Management Center
TMP Transportation Management Plan
TMT Traffic Management Team
TTC Temporary Traffic Control
WBS Work Breakdown Structure
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1.0    WHAT’S IN A TRANSPORTATION MANAGEMENT PLAN
(TMP)?

1.1  GENERAL

A TMP encompasses activities that are implemented to minimize traffic delays that may
result from lane restrictions or closures in a work zone.  TMP strategies are designed to
improve mobility, as well as safety for the traveling public and highway workers.

1.2  TRANSPORTATION MANAGEMENT PLAN STRATEGIES

TMP strategies are categorized as follows:

A.   Public Information
B.   Motorist Information
C.   Incident Management
D.   Construction
E.   Demand Management
F.   Alternate Routes (or Detours)

The TMP strategies selected are dependent on the type of work that is planned, the
geographic and demographic area in which the work is located, and the anticipated traffic
impacts.  This section describes strategies that may be considered where appropriate.

1.2.1  CATEGORY A.    PUBLIC INFORMATION

The public is highly interested in advance roadway information so that they can plan their
travel accordingly.  Due to the strong emergence of the Internet and hand-held electronic
devices, public notification of planned and ongoing highway work is one of the most effective
tools for reducing congestion in work zones.  When the public is equipped with work zone
information before they begin traveling, they have the opportunity to adjust their travel plans.
Advance roadway delay information can decrease the number of vehicles that may travel
through the work area and can help to minimize traveler frustration.  The information
provided should include alternative transportation modes, such as transit services and
bicycle routes that can be accessed during project construction and can lead to fewer
vehicles on our highways and less congestion.  In addition, public awareness campaigns
inform the public of the overall purpose of the project and can help generate and maintain
public support.  Many of these strategies are typically used for major construction projects
but can also be effectively applied to highway maintenance work or permit activities that
may significantly affect traffic conditions.

A1.  Brochures and Mailers.  Brochures and mailers are printed material containing
project-related information such as advance notice of the project’s start date, schedules,
pictures/graphics of the project, a description of the need for the project, alternative routes,
alternative modes of transportation, and transit services.  These may be disseminated to
motorists at key locations, including businesses, rest stops, travel information centers,
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automobile associations, and through direct mailings to affected businesses and residents in
the project area.

A2.  Press Releases/Media Alerts.   This strategy provides timely project-related
information to the news media, affected businesses, and other affected or interested parties
using print and/or electronic media.  Examples of these groups include local and cable
television newsrooms, traffic navigation systems groups, schools, local major employers and
businesses, and emergency services (fire, law enforcement, and ambulance).  News media
strategies (for example, newspaper, television, and radio press releases) are a no-cost
alternative proven to be very effective in notifying travelers of planned roadway work.
Various mechanisms fax, e-mail, telephone message, and mailings can be used to
communicate information relating to start dates, work schedules, significant traffic pattern
changes, transit routes, traffic collisions, and other incidents within the work zone.

A3.  Paid Advertisements.   Paid public service announcements of an upcoming major
project may be transmitted through newspaper, radio, and television ads, as well as
billboards. Paid advertisements can also be used for progress updates or to provide
information regarding major changes to the work zone configuration and traffic management
strategies.  A cost analysis should be conducted to determine the expense of developing a
public service announcement against the value of the number of targeted audiences the
information will reach.

A4.  Public Information Center.   This is a small-scale facility typically located on or near
the project site that contains such materials as scale-model displays, maps, brochures,
videos describing the project, its potential traffic impacts, and available travel alternatives to
minimize those impacts, including available transit routes and transit agency contact
information.

A5.  Telephone Hotline.   This traveler information strategy provides traffic or travel
information for the work zone using a toll-free telephone number.  It can include prerecorded
messages or real-time, interactive request/response information and a link to 511 (travel
information telephone direct line).

A6.  Planned Lane Closure Web Site.   The Lane Closure System (LCS) is a statewide
Web-based application that allows users to request, review, approve or deny, and monitor
planned lane closures on the State Highway System.  The purpose of the LCS is to provide
California highway workers and motorists with a single source of information on traffic
closures on the State's highways.  The system operates continuously, providing real-time
information on lane closures located in both urban and rural areas.  The information is
posted to District Web sites listing the routes involved, the type of work being performed,
and the closure start and end dates and times.  The LCS information is planned to be
incorporated into the statewide 511 travel map.
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A7.  Project Web Site.   A project Web site provides information for a specific work zone
including long-term static information on project plans and progress, as well as real-time
interactive information.

A8.  Public Meetings/Hearings.   This strategy involves the presentation of project
information to the community and businesses by public relations staff and solicitation of
input of potential concerns, impacts, and management strategies.  Public meetings often
involve the use of videos, slides, and graphical presentations to supplement public
announcements and public information center displays.

A9.  Community Task Force.   The development of a community task force, which includes
various stakeholders (businesses, neighborhood groups, employee transportation
coordinators, interested individuals, public officials, or other representatives) that may be
impacted by the work zone, can facilitate the dissemination of information related to a
transportation project.  A task force can also help generate interest and support for a project.

A10.  Communication with Selected Stakeholders.  Stakeholders most directly affected
can be identified and can receive information during construction on a regular basis through
periodic meetings or e-mail and fax notices.

A11.  Information Kiosk.   A kiosk is a small information center that can provide handouts
and other information to passersby.  The kiosk should be located in an area with high foot
traffic in the general vicinity of the work location.  Sample locations are shopping malls, rest
stops, and gas stations.

A12.  Freight Travel Information.   This strategy may be appropriate when there is a
moderate to high percentage of freight movement through the work zone.  It involves
coordination with the freight community (trucking companies and truck drivers) to
disseminate work zone information considered useful (for example, truck restrictions,
occurrences of traffic incidents, planned closures, and detours) and development of a
mechanism to provide that information to freight stakeholders at central locations or to
truckers as they approach the work zone.
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1.2.2  CATEGORY B.  MOTORIST INFORMATION

Motorist information is vital to travelers
approaching a work zone and who still have time
to make a decision that could divert them away
from possible congestion.  Given available
information on travel delays or alternative routes
prior to a decision point, the motorists can play an
active role in completing their trips more smoothly
and help reduce the overall congestion.  When
motorists are stuck in congestion, they can
become frustrated and impatient.  When they are
given information on the length of delay and the
reasons for the delay, their frustration levels are
usually reduced.

B1.  Traffic Radio Announcements.   Traffic-related information is typically disseminated
via regularly scheduled traffic reports on commercial radio stations.  These reports are
usually scheduled during morning and evening peak hour commute periods.

B2.  Fixed Changeable Message Signs (CMS).   These are fixed, overhead message signs
placed along roadways to notify road users of lane and road closures, work activities, traffic
incidents, potential work zone hazards, traffic queues (backups), travel time, or delay
information, as well as alternate routes in or around the work zone.  In some cases new
CMS may be warranted; these signs should be installed before actual construction of the
project to provide ample notification to the public.  Communication and coordination with the
District Transportation Management Center (TMC) for activation and use of the CMS during
construction should be included in the TMP.

B3.  Portable Changeable Message Signs (PCMS).   PCMS can be placed at key locations
to notify motorists of lane closures, alternate routes, expected delay, and upcoming road
closures.  These signs can be used to inform drivers of speed limit reductions and
enforcement activities in a work zone, as well as projected delay or road opening times.
The appropriate sign placement is included in the project plans.  PCMS are typically
deployed as a part of project signing.  As a TMP measure, additional PCMS may be
specified when warranted, based on factors, such as roadway geometrics or proximity to
interchanges.

B4.  Temporary Motorist Information Signs.  Temporary conventional signs mounted in
the ground or overhead provide traveler information to guide motorists through the work
zone.

B5.  Dynamic Speed Message Sign.   This portable system can be mounted as a fixed sign
or located on a portable trailer.  Radar measures the speed of approaching vehicles, which
is displayed on the sign along with the work zone speed limit.  The objective of this system
is to enhance safety by encouraging speed limit compliance.

B6.  Highway Advisory Radio (HAR).   Fixed or portable HAR systems provide detailed
messages beyond the limitations of roadside signage.  HAR involves the dissemination of
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information to motorists over wide-area wireless communications directly to in-vehicle
radios.  Extinguishable message signs (EMS) are typically associated with HAR systems
where the sign indicates how to obtain information on roadway conditions by tuning into a
specific radio station (for example, “Tune in to 1610 AM”).  These signs turn on and off
depending on whether the HAR has a message available.  EMS, signs with flashing
beacons, fixed CMS, and PCMS can be used to inform motorists of the radio frequency for
the available information.

B7.  Caltrans Highway Information Network (CHIN or 511) Traveler Information
Systems.   This strategy provides motorists with work zone-related information, static
(project dates) or real-time (potential delays) or both, using technology such as cellular
telephones, pagers, in-vehicle systems, and e-mail notifications.

B8.  Wizard CB Alert System.   The Wizard CB Alert System is a device that continuously
broadcasts over CB radio a message that warns approaching drivers of the work zone
ahead.  The information, specifically targeting truckers, can be broadcast over any selected
CB channel, but since most truckers listen to channel 19, broadcasting over that channel
means truckers generally do not need to take action to receive the message.

1.2.3  CATEGORY C.   INCIDENT MANAGEMENT

When traffic incidents occur on the State Highway System in or near a work zone, the most
effective tool in reducing potential congestion is to remove the elements of the incident from
the roadway as quickly as possible.  An incident may range in severity from a flat tire to a
multiple big rig collision with a hazardous waste spill that closes a section of highway for
several hours.  A standing protocol is in place for all traffic incidents as a part of the Traffic
Operations Division’s Incident Management Program.  However, the TMP Manager should
determine whether the standard protocol should be supplemented or whether additional
strategies may be needed for certain types of projects or in certain areas.

C1.  Transportation Management Center (TMC).   This strategy involves the use of a TMC
for coordinating and managing traffic and incident information dissemination.  The TMC
controls all fixed Intelligent Transportation System (ITS) elements and in some cases
portable HAR and PCMS.  If the project is large and of long duration, a mobile project-
specific TMC vehicle may be used to help manage traffic incidents and maintain efficient
traffic flow through and around the work zone.  The following diagram depicts the many
components used at the TMC:
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TMC COMPONENTS

C2.  Traffic Management Teams (TMT).   The TMTs respond to assist in managing traffic
during incidents and planned lane closure activities that are expected to result in significant
vehicle queuing.  The primary purpose of the TMTs is to minimize secondary, end-of-queue
collisions.  In some cases these services can be provided by the contractor with the
appropriate contract provisions.

C3.  Intelligent Transportation Systems (ITS).   ITS can be used in work zones to identify
areas where traffic flow is impeded so traveler information can be provided and adjustments
to the work zone can be made.  Work zone ITS deployment uses sensors to detect traffic
conditions and can automatically feed the information to traveler information outlets such as
CMS, Web sites, or a TMC.  ITS elements already installed in the field should be used as
part of a TMP when practical.  ITS elements installed as part of a project should be
maintained in operational condition by the contractor throughout the duration of the work.
This can be accomplished by reviewing contract plans, identifying and evaluating potential
impacts to ITS elements, and including the appropriate standard special provisions in
contract documents.

C4.  Surveillance Equipment.  This strategy involves the use of surveillance equipment,
such as closed-circuit television (CCTV), loop detectors, lasers, probe vehicles, or cameras,
to help identify traffic problems and to detect, verify, and respond to expected traffic impacts
and incidents in the work zone.

C5.  Helicopter for Aerial Surveillance.   This strategy involves the use of aerial
surveillance to identify and verify traffic problems and incidents.  Helicopters are especially
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useful in highly urbanized areas where several routes may be severely impacted by traffic
congestion on any one route.

C6.  Tow/Freeway Service Patrol.  This strategy involves the use of dedicated or on-site
(or near-site) towing services to reduce the time required to remove vehicles involved in a
traffic incident (breakdown or crash) from the roadway.  Any type of incident near a work
zone can significantly impact traffic conditions and may result in secondary collisions due to
driver lack of attention.

C7.  Dedicated (paid) Law Enforcement.   The Department contracts with the CHP to
provide enhanced enforcement services through two programs:

• The Construction Zone Enhanced Enforcement Program (COZEEP).
• The Maintenance Zone Enhanced Enforcement Program (MAZEEP).

The visibility of CHP presence alerts motorists that road work is being performed on the
roadway and that motorist behavior is under surveillance.  The officers are directed by the
onsite field supervisor (construction or maintenance supervisor) to patrol the work zone area
or to remain stationary.  Priority should be given to these services during night time
operations and where workers are on foot in the work zone.  Workers on foot have an
increased exposure to serious injury or death from errant motorists.  Refer to the
Construction or Maintenance manual for implementation criteria to determine when these
services are warranted or recommended.  A COZEEP/MAZEEP Pocket Guide has been
developed for the Resident Engineer’s (RE) use in work zones, describing suggested
enforcement strategies to be used, and contact names and phone numbers including TMC
contact information (see Appendix B).  The Pocket Guide should be distributed to CHP and
to other field staff.

1.2.4  CATEGORY D.   CONSTRUCTION

Construction strategies can be effective in reducing congestion in
a work zone.  These strategies include, among others, innovative
construction staging plans, lane requirement charts requiring
crews to work at night instead of during daily peak commute
periods, full closures of a roadway segment for a short period
instead of nightly closures for several months or years, use of
reversible lanes that can be modified to accommodate peak hour
traffic in either direction, and use of contractor incentive and
disincentive clauses within the contract.  Similarly, reduced speed
limits in work zones may not reduce congestion, but may make
travel through the work zone safer for workers and the traveling
public.

D1.  Lane Requirement Chart.  These charts identify the number of lanes that must be
open for traffic each hour of the day to minimize delay when work activities are being
conducted.  These charts restrict work hours so that traffic is not affected during periods of
peak travel demand and congestion (for example, peak hours, holidays, or special events).
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Work is typically performed during off-peak periods, such as at night, to minimize work zone
impacts to motorists and adjacent businesses.

D2.  Construction Staging.  The Stage Construction Plan shows the sequence of
construction activities.  The Order of Work specification may identify portions of the project
to be completed in a specific sequence to minimize impacts to the traveling public.

D3.  Traffic Handling Plans.   Traffic handling plans contain sufficient alignment detail,
profiles, and typical cross-sections to guide traffic through the work zone in the sequence
shown in the Stage Construction Plan.

D4.  Full Facility Closures.   This strategy involves complete closure of a roadway (either in
one or both directions) or a freeway-to-freeway connector (ramp closures are typically not
considered full closures).  Full closures can minimize the duration of the project and improve
worker safety.  Full closures may be brief (intermittent, off-peak), short-term (night,
weekend), or long-term (continuous for the duration of the project).  Full closures typically
require the involvement of the District PIO to ensure that a public information campaign with
adequate advance notification is developed and implemented.  The TMP Manager
determines if a full roadway or freeway-to-freeway connector closure should be reviewed by
the District LCRC and the HQ LCRC.  Impacts to the alternate route should be monitored
and managed to the extent possible.  The Department encourages the use of full closures
where feasible as long as adequate advance planning is conducted and appropriate TMP
measures are implemented.

D5.  Lane Modifications.   It is essential to maintain the existing number of highway lanes to
the extent possible.  This can be done through lane modifications, which are typically in
place for extended periods.  Special consideration should be given to accommodate extra-
high and extra-wide trucks where possible.  Lane width reductions to less than 12 feet
require approval from the District Traffic Liaison as well as a design exception.  Lane
modifications must also consider bicycle and pedestrian users and emergency parking.
Efforts should be made to limit the time a lane or shoulder is closed or reduced in width.
Modifications may include the following:

• Reduced Lane Widths to Maintain Number of Lanes (Co nstriction).  This involves
reducing the width of one or more lanes in order to maintain the existing number of
lanes on the facility while permitting work access to part of the facility.

• Lane Closures to Provide Worker Safety.   This strategy closes one or more
existing traffic lanes to accommodate work activities.

• Reduced Shoulder Width to Maintain Number of Lanes.   This involves reducing
the width of the shoulder for use as part of the traffic lane by shifting traffic onto the
shoulder, allowing access for the work activities to take place.  Adequacy of the
shoulder pavement section to handle mainline traffic should be verified before using
this strategy.

• Shoulder Closures to Provide Worker Safety.   This strategy closes the shoulder for
use by the public, making it available to accommodate the work activities.  Where
bicyclists or pedestrians are allowed, shoulder closures must provide for alternate
accommodations.

• Lane Shift to Shoulder or Median to Maintain Number  of Lanes.   This strategy
involves diverting traffic onto the shoulder/median, or a portion of the
shoulder/median, for use as a traffic lane.
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D6.  One-Way Reversing Operation .  On two-lane highways, one-way reversing traffic
control involves alternately stopping traffic in one direction, allowing work activities to occur
in the lane that is closed.  The TMP Manager determines the maximum time that each
direction should be stopped so that motorists do not experience undue delays.

D7.  Two-Way Traffic on One Side of
Divided Facility  (contra-flow or crossover).
This strategy involves closing one side of a
divided facility to permit work to proceed
without traffic interference while both
directions of traffic are accommodated on
the opposing side of the roadway.  For
example, on a four-lane highway, two lanes
in the northbound direction would shift to the
southbound side so that work could be done
on the northbound side.  When completed,
all traffic would shift to the northbound side,
while work was conducted on the
southbound side.

D8.  Reversible Lanes.   This strategy, also known as variable lanes, involves sharing
lane(s) of travel to accommodate peak-period traffic flow.  The direction of travel in the
shared lane switches by time of day or day of the week.

D9.  Ramp Closure/Relocation.  A ramp closure involves closing one or more ramps in or
near the work zone for specific periods or construction phases to allow work access.  In
some cases, a temporary ramp may be constructed to maintain access.  Standard special
provisions typically do not allow the closure of consecutive off-ramps.

D10.  Night Work.   Work is performed at night (end of evening peak period to beginning of
morning peak period) to minimize work zone impacts on motorists and adjacent businesses.
Consideration should be given to potential impacts to residents due to noise, worker safety,
and temperature requirements for paving operations.

D11.  Extended Weekend Work.   A construction work window may allow work to be
performed during weekend periods from the end of the Friday afternoon peak period to the
beginning of the Monday morning peak period (a 55-hour closure).  This strategy may be
difficult to implement in an area where there is a high volume of weekend tourist traffic.
Consideration should be given to avoiding weekends in areas that may have a high volume
of special events or tourist traffic.

D12.  Pedestrian/Bicycle Access Improvements.   This requirement involves providing
alternate facilities for bicyclists and pedestrians per DD-64-R1 in places where the work
zone may impact their accessibility and movement during highway work activities.
Provisions of shuttle service may be necessary (see Section E9).

D13.  Maintain Business Access.   When a project has a direct impact on businesses,
accessibility issues may warrant signage or specific information to direct motorists to the
businesses and relocation of access locations.
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D14.  A+B Bidding.  A+B bidding encourages contractors to minimize construction impacts
by reducing construction time.  Part A refers to the contractor’s bid for the actual items of
work.  Part B is the total number of days bid to complete the project multiplied by the daily
road user cost (road user cost plus standard liquidated damages) stipulated in the contract.
The combined values of the A and B parts determine the winning bid.  The contractor may
be assessed additional liquidated damages if the work is not completed and will impact the
designated routes specified in the special provision.  A+B bidding is primarily used on
projects of $5 million or more with a daily road user delay cost of $5,000 or more.

D15.  Incentive/Disincentive Clauses.   This strategy involves the use of incentives and
disincentives in the construction contract to minimize construction duration.  Calculations to
support incentive and disincentive clauses are prepared with the proposed specification
language.

D16.  Innovative Construction Techniques (for example, pr ecast members, rapid cure
materials).   These strategies involve the use of special materials, such as rapid curing
concrete or precast items (for example, culverts, bridge deck slabs, and pavement slabs) to
minimize the duration of construction or maintenance activities where traffic restrictions need
to be minimized (for example, roadways with high volumes), and when work activities need
to be completed during night or weekend periods to allow reopening travel lanes for normal
weekday travel.

D17.  Railroad Crossing Controls.   When a rail crossing is located within a work zone or
on a detour or diversion route, traffic control enhancements at the crossing may become
necessary for safety purposes, especially if work zone delays and congestion have the
potential to force vehicles to stop on the tracks or between the crossing gates.
Enhancements may include advance warning signs, railroad crossing signs, pavement
markings, flashing lights, gate arms, flaggers or law enforcement officers, and possibly
closure of crossing to traffic during work periods.

D18.  Coordination with Adjacent Construction Site( s).  This strategy involves
combining, coordinating or staging projects within a specific corridor to minimize the
combined impacts on the motoring public and community.  The objective is to ensure that
adequate capacity remains available to accommodate the anticipated travel demand within
the corridor by not implementing work zones on adjacent or parallel highways at the same
time.  This may entail communicating information about the timing of lane closures and
coordinating diversion routes.  It may also involve the completion of needed capacity and
safety improvements on a highway prior to its use to carry traffic diverted or detoured from
another project.  Construction staging can be used to remove work at the same location or
traffic control conflicts between adjacent projects.

D19.  Speed Limit Reduction.  A reduced speed limit may improve traffic and worker safety
in a work zone.  Speed limit reductions may be implemented through an entire work zone or
only in active work areas.  Reduced speed limits may also be appropriate on detours where
traffic volumes and conflicts are increased.  This strategy can be used in combination with a
speed radar trailer (dynamic speed message sign) to alert motorists of their speed.

D20.  Traffic or “Gawk” Screens.   Traffic screens help prevent driver distractions in work
zones by blocking the motorist’s view of the activities.  This strategy helps to keep traffic
moving and enhance safety.  Screens may be mounted on top of temporary traffic barriers
to discourage gawking.
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D21.  Bus Priority Access.   Providing bus-only lanes or other features to ensure buses can
travel through a construction zone with minimal delay will entice the public to use transit and
decrease the number of vehicles that travel through the corridor.

1.2.5  CATEGORY E.   DEMAND MANAGEMENT

Demand management strategies can be used to encourage motorists to travel either in
carpools or mass transit vehicles, or to vary work hours to reduce the typical peak hour
traffic volumes.  Rideshare incentives include free transit tickets or tickets at a reduced
price.  Park-and-ride lots can be built as a part of the project to encourage commuters to
travel together, not only during but also after construction is completed.

TMP teams should contact local transit providers to establish a plan, using the elements
below, to use existing transit services and resources to lessen the impact of the construction
project on person-throughput throughout the corridor.  Public information methods should
educate the public on the plan and transit elements that are available.  This could lead to a
short-term reduction of traffic during construction and might lead to long-term benefits of
increased ridership after the project is finished.  Transit incentives should be considered for
all projects and implemented when deemed effective.

E1.  Telecommuting.   Telecommuting means working
outside of the traditional office or workplace, usually at
home. Motorists, particularly in an urbanized area, who
normally travel through the work zone, can be
encouraged to telecommute for the duration of a project
to reduce the travel demand.

E2.  Truck/Heavy Vehicle Restrictions.   This strategy
encourages truckers to use detours or alternate routes
during specific periods or at all times increasing
passenger vehicle capacity of the roadway on a facility
that normally has a high truck volume.

E3.  Parking Supply Management.   This strategy involves reducing traffic demand in the
work zone area by limiting parking supply, typically through price increases.

E4.  Variable Work Hours.  This strategy involves encouraging motorists who typically
travel through the work zone during peak periods to work variable hours (off-peak) to reduce
travel demand.

E5.  Ramp Metering.   Ramp meters are traffic signals located on on-ramps or freeway
connectors designed to decrease demand on a highway facility by controlling the entrance
of vehicles, matching entering vehicles to gaps in the traffic stream.  Various strategies for
ramp metering include preset timing, traffic actuated metering changes (based on mainline
traffic volumes), or centrally controlled metering.  Ramp metering may be used during peak
periods or all day to modify on-ramp traffic directly upstream of the work zone.  Portable or
temporary ramp meters are options.
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E6.  Ramp Closures.   Temporary closure of one or more on-ramps in or around the work
zone may be used to improve traffic flow on the mainline.  Consideration must be given to
notify emergency services and to provide adequate alternatives for emergency vehicles.

E7.  Transit Service Improvements.   Where appropriate, transit service improvements may
include the modification of transit schedules or routes, increases in frequency, or the
establishment of transit service in or near the project corridor.

E8.  Transit Incentives.  Transit incentives include employer or traveler transit subsidies
and guaranteed ride home programs.

E9.  Shuttle Services.   Shuttles and charter buses can reduce traffic volumes through a
work zone if a sufficient number of users along the corridor are anticipated to use the
service.  Shuttle services must be used where pedestrians or bicyclists are allowed and do
not have alternate access through a work zone.

E10.  Ridesharing/Carpooling Incentives.   This strategy involves the use of
rideshare/carpool incentives to reduce the number of vehicles traveling through a work
zone.  Incentives may include preferential parking for carpools, the addition of mainline
High-Occupancy Vehicle (HOV) lanes or bypass lanes on ramps, and provisions for vanpool
vehicles.

E11.  Park-and-Ride Promotion.   This involves the development, expansion, and
promotion (advertising) of Park-and-Ride lots to encourage ridesharing or transit use, thus
reducing the number of vehicles traveling through the work zone.

1.2.6  CATEGORY F.   ALTERNATE ROUTES (OR DETOURS)

Alternate route (or detour) strategies can be used to give
travelers the opportunity to avoid the work zone
completely by diverting to other highways or adjacent
surface streets.  This strategy includes examining the
adequacy of detour or alternate routes and coordinating
with the agencies responsible for those routes and the
transit services on the routes.  Use of a detour may
require improving the effectiveness of the detour route by
restricting parking or placing traffic control officers at
critical intersections to help move traffic along during peak
periods.  Bicycle and pedestrian accommodations (for
example, access and length) must be considered when
using alternate routes during construction.

F1.  Off-site Detours/Use of Alternate Routes.   This strategy involves rerouting some or
all traffic from the roadway under construction or repair to other roadways.  Detours need to
be evaluated to accommodate extra-high and extra-wide trucks; any restrictions must be
reported to the Transportation Permit Office.  Before the work begins, it is advised to record
the condition of the detour route to allow assessment of the roadway condition after the work
is completed.  During the work, traffic conditions on detours should be monitored to make
sure that motorist delays remain within acceptable levels.
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F2.  Signal Timing/Coordination Improvements.   This strategy involves retiming traffic
signals to increase vehicle throughput of the roadway(s), improve traffic flow, and optimize
intersection capacity in and around the work zone.  Signal timing and coordination could
include transit vehicle priority.

F3.  Temporary Traffic Signals.   The installation of temporary traffic signals can be used to
improve traffic flow through and near the work zone.  At a corridor or network level, the use
of temporary traffic signals is more effective than stop signs or flaggers for providing mobility
through the work zone area.  These temporary traffic signals may also be coordinated with
existing signals.

F4.  Street/Intersection Improvements.   Improvements on streets and intersections for the
roadway or alternate routes may be necessary to provide increased capacity to handle the
traffic through the work zone or within the adjacent corridor.  This may include improvements
to the mainline and intersections, including roadway or shoulder widening and construction
of new through lanes and turn lanes.  Pedestrian, bicycle, and transit needs should be
carefully considered to maximize the positive impact of alternative modes.

F5.  Bus Turnouts.  This strategy involves the construction of bus stop areas that are
recessed from the travel lanes.  This strategy may be helpful in work zones or on detour
routes with a high frequency of bus traffic.

F6.  Turn Restrictions.   This involves restricting turning movements for driveways and
intersections to increase roadway capacity, reduce potential congestion and delays, and
improve safety.  Restrictions may be applied during peak periods or all day.

F7.  Parking Restrictions.   This strategy involves the restriction of parking in all or part of
the work zone or alternate routes during work hours or peak traffic periods along alternate
routes. Parking restrictions can be used to:

• Increase capacity by converting the parking lane to an additional travel lane.
• Reduce traffic conflicts.
• Provide improved access to the work area.

1.3  PRELIMINARY INFORMATION NEEDED FOR DEVELOPING A TMP

When developing a preliminary TMP, use the most current layout of the roadway
(geometrics) information and plans available.  The most current traffic volumes either at the
specific location or as close as possible to the work zone site should be used to determine
possible traffic impacts.  Traffic information can be accessed through various sources:
through the Department’s Internet traffic data Web site (http://www.dot.ca.gov/hq/traffops/
saferesr/trafdata/), the Freeway Performance Measurement System (PeMS –
https://pems.eecs.berkeley.edu) via the loop detection system (devices set into the
pavement that collect traffic data), special manual vehicle and occupancy counts, and
through tachometer surveys which provide time and speed information.  If current traffic
counts are not readily available, a request for a new count should be submitted to the
Department’s Traffic Data and Photolog Office.



1.0 – WHAT’S IN A TMP?

1-14
Transportation Management Plan Guidelines, 2009 Edition

The data is typically used to determine the expected traffic delay at the work site and the
work windows that will be made available.  Sometimes projects that have been programmed
and funded are “shelved” or delayed for a year or more, due to funding or environmental
issues.  When these projects are put back on the schedule, the traffic volumes and
associated work windows need to be reviewed and updated to reflect the latest traffic
conditions.

Information to consider when developing a TMP is listed in the following table.

Table 1.0  Items for Consideration in Developing a TMP

• Latest traffic volumes (motorized,
nonmotorized and truck traffic).

• Concurrent corridor (including
conflicting) construction projects.

• Lane closure policies and procedures. • Length of project (miles).
• Political or environmental issues. • Urban versus rural conditions.
• Multijurisdictional communication and buy-in. • Time constraints (including duration).
• CHP and local law enforcement involvement. • Transit and Railroad services.
• Percentage of truck volume. • Viability of alternate routes.
• Business and affected activity centers

impacts.
• Impacts on bicyclists, pedestrians,

senior citizen facilities, or schools.
• Clearance of alternate routes for Surface

Transportation Assistance Act and oversized
trucks.

• Current project layout and staging.

1.4  TMP CLASSIFICATIONS

TMPs can be classified by the anticipated impact of the highway work on the traveling
public.  The District TMP Manager determines the level of treatment required for the
proposed work.  The three classifications are described below.

1.4.1  “Blanket” TMPs

Certain low-impact Maintenance and Encroachment Permit activities do not require the
development of detailed work specific TMPs.  Those activities performed during off-peak
hours on roadways with low volumes might be treated adequately with a “blanket” TMP.  A
blanket TMP may range in detail from approval for a lane closure by the DTM to a few
selected strategies (such as PCMS activation) that would be taken to keep delay below the
delay threshold (see example in Appendix C).  District Maintenance and Encroachment
Permit offices should have a list of activities to which blanket TMPs apply.  Depending on
the type and duration of the proposed work, a blanket TMP may also include a one-page
description of the activities to be performed and contact information for personnel involved in
the activities.

1.4.2  “Minor” TMPs

Certain activities may result in traffic impacts on the State Highway System that are not
“significant,” as defined in this document, and may require a “Minor” TMP.  A Minor TMP will
likely include lane requirement charts specifying when the work can be conducted.
Depending on the type and duration of the proposed work, a Minor TMP may also include a
schedule and detailed description of the activities to be performed and the TMP strategies to
be used, such as enhanced enforcement services, motorist information (such as PCMS),
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freeway service patrol during peak hours, and advance public information provided to the
media.

1.4.3  “Major” TMPs

“Major” TMPs are prepared for capital, permit, and maintenance projects that could
significantly impact traffic.  Major TMPs may involve full closures (Interstate 5 “Boat” Project
closures in District 3, alternating in the northbound and then southbound direction), weekend
closures (Interstate 80 San Francisco Oakland-Bay Bridge Labor Day weekend closures in
District 4) and continuous closures (Interstate 15 Devore closures in District 8).  Generally,
major TMPs are typically identified as follows:

• Multijurisdictional in scope, often encompassing the interests of CHP, local law
enforcement, city, county, and regional governments, bordering state transportation
departments, employers, merchants, developers, transit operators, ridesharing
agencies, neighborhood and special interest groups, emergency services, and
transportation management associations.

• Multifaceted, comprised of traffic operations, facility enhancement, demand-
management, and public relations strategies, as well as more traditional work zone
actions, construction methods and contract incentives, customized to meet the unique
needs of the impacted corridor.

• In place over an extended period of time, sometimes implemented a year or more
before the start of actual construction, with specific elements often implemented
incrementally to coincide with construction phasing.

Major TMPs may include the full spectrum of strategies, including lane requirement charts,
special provisions for unique project characteristics, a large-scale public awareness
campaign (with brochures, public meetings, project Web site, and telephone hotline),
COZEEP services, freeway service patrol, detours to alternate highways or surface streets,
and special arrangements with local transit services to accommodate a significant increase
in ridership.  Due to the effort typically required on major TMPs, the Districts may choose to
contract with a consultant.

1.5 TMP RESOURCES

The development of TMP strategies is a continuous effort to efficiently and effectively
manage traffic in work zones on the State Highway System.  Appendix D provides contact
information and additional supporting TMP information sources.
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2.0 TRANSPORTATION MANAGEMENT PLAN PROCESS

2.1  PROCESS OVERVIEW

TMP development begins at the initiation of the planning process.  In the case of capital
projects, it begins with the preparation of a TMP datasheet or checklist for each phase of the
project as part of the Project Initiation Document (PID) process.  The TMP is a “living”
document and continues to be modified as work information warrants it.  Frequently after
construction or maintenance activities begin, if traffic conditions differ from what was
anticipated, changes in TMP strategies may be necessary to keep motorist delays below
acceptable levels.  When modifications are made in the TMP, they should be approved by
the TMP Manager.

2.1.1  Corridor, Regional, Multifunctional Area TMP s

When multiple or consecutive projects are within the same general corridor, the cumulative
impact can result in excessive traffic delays, detour conflicts, direct traffic control, and work
conflicts.  These may be multiple capital projects, the involvement of more than one District
or local jurisdiction, or a combination of capital projects and encroachment permit and
maintenance activities.  Corridor, regional, or local coordination will mitigate these impacts
thereby minimizing inconvenience to the traveling public.

When multiple projects are in the same corridor or on corridors within the same traffic area,
it may be possible to develop a single corridor or regional TMP.  In other cases, individual
TMPs are developed and funded from their own sources and a “bare bones” corridor or
regional TMP addresses the cumulative impact.  Each project covered by corridor and
regional TMP contributes resources in proportion to its traffic impact.

The TMP Manager coordinates the development and implementation of corridor and
regional TMPs.  The TMP Manager forms a TMP team including, at a minimum,
representatives from the Department’s Divisions of Construction, Maintenance, Project
Management, and Traffic Operations for each of the affected Districts.  The District PIO and
CHP participate as needed.  The initial meeting is held several months in advance of
construction to set milestones, and to allow time to prepare and distribute project
information.

During TMP implementation, the TMC serves as an information clearinghouse and
coordinates operations.  The TMC helps identify conflicts and recommends appropriate
action.  When provided with accurate and up-to-date lane closure information, the TMC
provides real-time traffic information via electronic media, PCMS, and HAR.

The corridor/regional TMP may call for strategies in addition to those provided by the
individual TMP for each project.  Those elements may include CMS at key locations outside
individual project limits, the establishment of an information hotline, Web sites for all projects
involved, use of the statewide 511, and the use of TMCs as a central reporting hub.

If the corridor/regional TMP calls for strategies beyond the individual project TMP, it is
recommended that:



2.0 – TRANSPORTATION MANAGEMENT PLAN PROCESS

2-2
Transportation Management Plan Guidelines, 2009 Edition

• The service be provided through a Construction Change Order on one of the corridor
projects.

• The requirement be included in one of the corridor projects as part of the project
plans and standard special provisions.

2.1.2  TMP Team

For Major TMPs, the TMP Manager solicits team members based on the projects proposed
TMP elements, and anticipated traffic impacts.  The TMP team may include representatives
from the following:

• Divisions of Design, Project Management, Construction, and Traffic Operations.
• Local law enforcement, transit, and emergency services agencies.
• FHWA and CHP.
• District transit representative, District bicycle and pedestrian coordinator, and field

staff from the Division of Maintenance.
• Other entities as appropriate.

2.2  TMP IN THE PROJECT INITIATION DOCUMENT PHASE

The extent of a TMP is determined by the District TMP Manager during the preliminary
studies of a capital project.  At the request of the project initiating unit (typically Design or
Planning), the TMP Manager coordinates the preparation of TMP information that will be
included in the PID phase.  Projects are generally programmed, budgeted, and scheduled
upon project approval at the end of the PID phase.  It is extremely important to identify the
proper scope and cost of the TMP activities in the PID, as significant post-PID approval
changes will be difficult to obtain.

As soon as possible and prior to PID approval, the initiating unit sends conceptual
geometrics to the District Office of Traffic Operations for evaluation.  The TMP Manager and
the DTM estimate the extent of the TMP required and determine whether potential traffic
delays are anticipated that cannot be mitigated by traditional traffic handling practices or
well-planned construction staging.

2.2.1  TMP Datasheet Preparation

During the PID process, the TMP Manager coordinates the development of the TMP
datasheet.  The datasheet identifies the proposed TMP strategies that may be included to
minimize the traffic impacts of the planned work (see Appendix E).  Contact your District
TMP Manager to identify the information that will be needed.

For all TMPs, an itemized estimate of the proposed strategies and their respective costs
may be included in the TMP for proper funding consideration.  If an itemized estimate is not
included, the TMP Manager should review the project cost estimate prepared for the PID.
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2.2.2  TMP Cost Estimate

A TMP cost estimate should be developed for each alternative being considered and should
not be based only on the project cost.  The cost of a TMP could range from a small
percentage of project cost to 20 percent or more and often is not dependent on the size of
the project.  The cost of the TMP strategies should be weighed against the potential delay
savings that the motorists might experience, as well as mobility and safety effects on all
modes of travel.

Further guidance can be obtained from the Department’s Project Development Procedures
Manual.

2.3  TMP DURING THE PROJECT APPROVAL AND ENVIRONMEN TAL
DOCUMENT PHASE (PA&ED)

During this phase, studies of the identified alternatives are performed to determine the
preferred TMP alternative.  During the development of the project concept and staging, the
Division of Design has the opportunity to incorporate traffic considerations that could
potentially eliminate the need for extensive and expensive TMP strategies.  During this
phase the highest level deliverables completed are the Final Project Report and the Final
Environmental Document.

2.3.1 TMP Refinement During the PA&ED Process

The planning or design team should work with traffic engineering/operations personnel and
other relevant technical specialists (such as right-of-way experts, pavement engineers, and
environmental specialists) to obtain the necessary project information and help identify
potential issues or concerns.  This collaboration can help to develop the best combination of
design, construction phasing/staging, and work zone management strategies.  With proper
planning, potential traffic problems can be eliminated by modifying the design or
construction phasing.

If traffic studies are needed to develop TMP strategies, these should be initiated as soon as
possible to make sure that the needed data is available.   As information becomes available
during the PA&ED phase, the preliminary scope and cost of the overall TMP and the
individual elements should continue to be refined.  The TMP Manager (or TMP team for a
major project) will coordinate the TMP strategies with the project engineer and appropriate
functional units, with each team member handling their area of expertise.  For major
projects, subcommittees or task forces may be formed to handle the planning,
implementation, monitoring, and evaluation details of specific elements.  The TMP Manager
will keep the Project Manager and District Construction Coordinator updated and must sign
off on the TMP datasheet of the project report.

It is appropriate at this point to develop a schedule for major TMPs.  Many TMP elements
may be bid and constructed or initiated separately from the project or may be included in the
project plans and installed or implemented as the first order of work.  On major capital
projects, public awareness campaigns may need to be initiated well before the actual work
begins, oftentimes a year or more in advance.  For example, if new park-and-ride lots are
necessary for the ridesharing element, the planning phase would have to be extended for
several months and a design phase added.
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An additional activity involves analyzing the existing traffic volume and user mix (such as
pedestrians, bicyclists, trucks, and buses in the corridor, both on the freeway and surface
streets).  This will provide a basis for establishing the goal of the TMP, that is, the number of
vehicles that should be removed from the freeway, and in determining the capability of the
surrounding surface streets to handle the additional vehicular demand and the impact on
bicycle and pedestrian traffic.  Assessing transit alternatives available and considering
service enhancements may decrease the need for other investments and will show the
public that the Department encourages partnerships with transit agencies.

2.4  TMP DURING THE PLANS, SPECIFICATIONS AND ESTIM ATES (PS&E)
PHASE

The Project Engineer should coordinate with the TMP Manager to ensure that all TMP
requirements are addressed in the Standard Special Provisions (SSPs), Engineer’s
Estimate, and project plans.

2.4.1  Preparation of TMPs During Design

During project design, the TMP strategies may be further developed or modified by the TMP
Manager as the details of the work become more specific.  Design engineers should
consider work zone impacts in the evaluation and selection of the project alternatives.  For
some projects, it may be possible to choose a design alternative that alleviates many work
zone impacts.  These broader strategies cross various disciplines and highlight the need for
a multidisciplinary approach.  As the design progresses, a selected alternative is typically
chosen and the TMP is reviewed and updated to reflect the most current project information.
During this time the highway historical conditions and current traffic volumes are evaluated
to determine the anticipated traffic impacts during construction and to verify that the
appropriate TMP strategies are being proposed.

The TMP Manager receives input from the other Divisions that may be involved on the
Project Development Team or the TMP Team if one is established.  The other Divisions on
the team would typically include Design, Project Management, Construction, Traffic
Operations, Maintenance, and the PIO.  The team should also include CHP and local
agencies that might be affected by the project.  When applicable, it is recommended that a
representative from Environmental Analysis be included in the Project Development Team.

The Department maintains Standard Plans and Standard Specifications that include generic
traffic control plans.  Any deviations from those Standard Plans and Specifications (such as
detours or special work windows) require the inclusion of specific SSPs or special details in
the project plans for TMP-related work that needs to be implemented by the contractor.  All
TMP-related special details and SSPs or changes to those SSPs must be approved by the
TMP Manager.  Nonstandard special provisions must be approved by the District Deputy
Director of Traffic Operations or designee.

2.4.2  Acceptable Delay Thresholds

Lane requirement charts are prepared based on historical traffic volumes at the specific
location.  Typically they are prepared so that no congestion will result from work; that is,
“zero delay” will be expected.  If the project has been shelved, the charts should be
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reviewed in case updating is needed.  The best available traffic data should always be used
to develop the charts.  If that data is not available, information on appropriate traffic
projections may be obtained from the Planning Division.

Certain activities (such as approach slab replacement) may require more time than allowed
by the original lane requirement charts.  In those instances, the Design Engineer should
contact the Engineer of Record (the group that developed the charts) to request a longer
work window.  If that individual determines that minimal delays would be acceptable based
on current traffic conditions, the charts may be adjusted to provide a longer work window.
The TMP would then need to be modified to mitigate the traffic impacts created by the
longer work window.

2.4.3  Construction Work Windows

Congestion in work zones with high traffic volumes is typically minimized by only allowing
work to be conducted during off-peak commute periods.  For example, in urban areas, peak
hours might occur between 6 a.m. – 10 a.m. and 3 p.m. – 7 p.m. during weekdays.  Peak
hour traffic volumes during weekdays do not allow for adequate day work windows; certain
highway work activities often can only be done at night.  Night work that involves noisy
equipment and operations could create a nuisance for residential housing nearby; pile
driving during working hours could also be a nuisance for businesses in the area.

Through TMPs, the Department strives to strike a balance between reducing the overall
construction duration, minimizing disruption to the traveling public, and maximizing safety in
the work zone.  DD-60-R1 states that, when possible, the maximum allowable delay at any
location at any time should be limited to less than 30 minutes.  Application of this criterion
has resulted in a general shift from day work activities to night work, particularly for capital
projects.

This strategy has been successfully implemented in general.  However, its effectiveness has
been questioned in circumstances where materials or methods require day work conditions
or where longer work windows are required to complete certain activities.  Overall delay over
an extended construction period could have significant impacts on the traveling public, as
well as on commercial interests in the project area.

Alternative construction strategies and work windows should be considered early in the
design phase, for example, during the Project Development Team process.  These
alternatives might include:

• Extended closure options:
o 55-hour weekend closures (typically from 10 p.m. on Friday until 5 a.m. on

Monday).
o 72-hour weekday closures.
o Continuous closures (for example, 10 days including weekends).

• Full closures in one direction.
• Full facility closures (in both directions).
• Closed facility for all vehicles except for buses.

Extended work windows and full closures often provide a shorter project duration, which in
turn may result in cost savings and in overall delay savings to the traveling public.  The time
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for setting up and breaking down traffic control and construction equipment mobilization is
reduced, resulting in more effective work time.  For example, in 2006 the Interstate 15
Devore Pavement Rehabilitation Project team opted for a continuous nine-day closure of the
full facility (alternately in each direction) rather than six months of night work.  These
alternatives also enhance safety.

Projects with the following characteristics might be likely candidates for full closures:

• Projected night time or weekend closures, indicating the potential for significant delay.
• Available alternate routes or ability to increase transit service, or both.
• A significant reduction in the number of working days.
• Sufficient lead time available for TMP development, specifically focusing on a public

information campaign.
• Willing partners at the local and regional levels.
• Possibility of mitigating impact of major special events, holidays, or other major traffic

generators.

Use of alternative work windows must include consideration of the need for revised or
additional public awareness strategies.  The District PIO should be included when
determining which strategies are needed and the appropriate timing for implementation.

Use of alternative work windows or extended work windows beyond the lane requirement
chart hours must also include consideration of the need for monitoring traffic flow
approaching the work zone to protect motorists approaching the “end of queue.”  These
queues can often result in secondary traffic collisions (usually rear-end collisions) when
motorists fail to slow down.  This monitoring can be done by the contractor or a District
Traffic Management Team.

If the work methods cannot be modified or avoided, select the least detrimental period and
be sure to notify the public why the work is necessary and when it will occur.

2.4.4  Pedestrian and Bicycle Traffic

Work zone activities can disrupt the public’s mobility and access.  Temporary lane
restrictions, use of shoulders as travel lanes, detours, and other transportation management
strategies should be designed to accommodate nonmotorized travelers wherever they are
legally permitted.  Safe and convenient access should be maintained for pedestrians and
bicyclists, who are susceptible to disruptions because of their slower speeds and sensitivity
to noise, airborne dust, road debris, and fumes.  Special care should be taken to consider
areas where schools or senior citizen centers are located.  A travel path that replicates, if
possible, the most desirable characteristics of their usual travel route should be provided.

The needs and control of all road users (motorists, bicyclists, and pedestrians within the
highway, including persons with disabilities in accordance with the Americans with
Disabilities Act of 1990 (ADA)) through a Temporary Traffic Control (TTC) zone shall be an
essential part of highway construction, utility work, maintenance operations, and the
management of traffic incidents.  The California Manual of Uniform Traffic Control Devices
(MUTCD) Part 6 contains figures that can be adapted for traffic handling plans.  Figure 6H-
29, “Crosswalk Closures and Pedestrian Detours,” of the California MUTCD is an example
of accommodating the needs and control of pedestrians.  Public participation should be
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used to ascertain the extent of public impacts of proposed construction activities and to
discuss the appropriate temporary accommodations that can be reasonably achieved.

DD-64-R1 - Complete Streets - Integrating the Transportation S ystem  requires full
consideration of nonmotorized travelers (including pedestrians, bicyclists and persons with
disabilities) in all programming, planning, maintenance, construction, operations, and project
development activities and products.

Design Information Bulletin 82 - Pedestrian Accessi bility Guidelines for Highway
Projects  provides highway design guidance to accommodate persons with disabilities within
the public rights-of-way.  This document satisfies the requirements of the ADA.  SSP 12-150
contains details on pedestrian walkway materials and construction.  Further guidance for
pedestrian and bicyclist accommodations is provided in the California MUTCD, Part 6
“Temporary Traffic Control.”

California MUTCD  Part 6 addresses the needs and control of all road users (motorists,
bicyclists, and pedestrians) within the highway, including persons with disabilities in
accordance with the ADA, through a TTC zone.  The TTC shall be an essential part of
highway construction, utility work, maintenance operations, and the management of traffic
incidents.

2.4.5   Transit Services

In preparing a TMP, the team should meet with local transit providers to understand existing
transit services, to ensure the transit level of service remains at an acceptable rate, and
entice commuters to use this transportation mode.  Higher transit ridership leads to a
decrease in the number of vehicles the Department must accommodate during project
construction.

2.4.6  TMP Certification

When preparation of the PS&E package is complete and the project is Ready to List (RTL)
for bid, certification that all the latest TMP strategies are included must be obtained from the
TMP Manager.  If the project is shelved, the TMP strategies need to be reviewed, updated,
and recertified before RTL.

2.4.7   Retrofitting TMPs for Programmed Projects

Generally, the extent of the TMP is determined prior to programming (PID approval).
However, it may be necessary to retrofit a TMP to a project that is already programmed due
to project changes, policy changes, emergencies, or unforeseen conditions.  These projects
must be handled on a case-by-case basis since the course of action will depend on how far
along the project development process is and how extensive the TMP needs to be.  A
project that was initially designed to be constructed as a night time operation over several
months may be converted just prior to construction to a full closure or a continuous closure
to reduce the overall project duration.  The Interstate 15 Devore project is an example of
continuous closures implemented over a nine-day period in each direction of travel, rather
than several months of night closures.
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2.5  TMP MODIFICATIONS DURING CONSTRUCTION

Contract-related TMP strategies are implemented by the contractor with Department
oversight.   Strategies related to public awareness may also be implemented by Department
personnel.  If project conditions change, traffic volumes increase or project staging changes,
the DTM or the TMP Manager must be notified and consulted to determine if the TMP needs
to be revised.  The District PIO also needs to be involved early in the planning phase to
ensure adequate public awareness funding will be available throughout the project.

At times, certain activities may require more time than allowed by the lane requirement
charts.  In those instances, the Registered Engineer (RE) should contact the Engineer of
Record (the group that developed the charts) or DTM and TMP Manager to request a longer
work window.  If that individual determines that minimal delays would be acceptable based
on current traffic conditions, the charts may be adjusted to provide a longer work window.
When work is allowed outside of the original work window, the District Transportation
Management Team (TMT) should be contacted to monitor potential traffic backups.

2.5.1  Traffic Monitoring During Construction

The RE should ensure that inspectors monitor traffic conditions while work is being
performed to avoid impacts in excess of what was identified in the TMP.  When excessive
queues occur, the TMC should be notified to initiate mitigation.

When congestion due to highway work zone activities is anticipated, traffic monitoring can
be made a part of the construction contract or conducted by District TMT personnel.  The
traffic monitor typically uses a vehicle with a truck-mounted CMS and stations the vehicle
where approaching motorists can clearly read the CMS.  This strategy provides periodic
assessments of the effectiveness of project safety features and is often done at the
beginning of a project to make sure that the TMP strategies are effective.  Electronic
monitoring and warning systems can also be used for this purpose.

2.5.2  TMP Coordination During Construction

TMP activities are to be monitored and evaluated by the TMP Manager or the TMP team
and those elements found ineffective should be appropriately modified.

During construction, those TMP elements that are part of the main contract or
Encroachment Permit are implemented under the general direction of District Construction
or Encroachment Permits.  Those separate contracts or agreements, for example, for
rideshare and transit activities and public awareness campaigns, will be under the direction
of their respective contract managers.

Special effort should be given to assure that CMS, HAR, and other media tools provide
accurate and timely information to motorists, bicyclists, and pedestrians regarding lane
closure times and locations.
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2.5.3  Late Lane Closure Pickup

The RE needs to ensure that lane closures will not be picked up beyond the lane closure
window.  Exceptions can occur when the activity needs to be completed for the safety of the
public and workers.  The RE should coordinate with the DTM if the contractor needs to work
outside the lane requirement chart hours.  The TMC should also be notified and the TMT
may need to be called to monitor possible queuing.

In order to avoid significant traffic impacts, it is essential to monitor and respond immediately
to delay, pick up closures on time, and have solid traffic handling and contractor
(construction operations) contingency plans.

Contractor compliance with lane closure pickup deadlines can be enforced in two ways.
SSP 12-220 is often included in the contract allowing the contractor to be assessed for
damages based on the value of traffic delay when the contractor exceeds the lane closure
window.  The minimum damages are generally $1,000 per 10 minutes, but the damages can
greatly exceed the minimum, depending on traffic volumes and the highway facility.  Traffic
Operations staff (normally the DTM) calculates the delay damages during PS&E.  The
second method to ensure that the lane closures are picked up on time is for the RE to
suspend the contract work.

A contractor or departmental forces (such as Maintenance) can be ordered to pick up a lane
closure early if traffic impacts become significant either due to a project incident or activities
outside the project area.  During construction, remedial actions may be based on
contingency plans submitted by the contractor.  Early pickup should only be ordered when
traveler and worker safety will not be compromised.  The SSPs for “maintaining traffic” for
capital projects provide for compensating contractors for early pickup.  Encroachment Permit
provisions require the permittee to pick up a closure early without compensation.

A Department staff member who can make informed decisions about implementing
contingency plans and modifying, terminating, or extending approved lane closures should
be available to respond to significant delays and other unexpected events whenever lane
closures are in place.  The designated employee(s) may be Traffic Operations, Construction,
or TMC staff, depending on the District.

2.5.4  “After-Action” Reporting

At the end of a major project, where the actual delay exceeded the threshold set by the
DTM, the District LCRC or HQ LCRC may request that a brief “After-Action” (post-TMP)
report be completed by the TMP Manager (for example, the San Francisco-Oakland Bay
Bridge Labor Day closures in District 4).  Post TMP meetings with the CHP and other
partners can be held to identify the elements that went well and those that could have been
done differently.  Samples of past “After-Action” reports can be obtained from the individual
District Traffic Operations offices.
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2.6  CONTINGENCY PLANS

There are two types of contingency plans.  The “Construction Operations Contingency Plan”
is developed for the purpose of construction operations equipment and materials backup;
the second plan developed by the Division of Traffic Operations is referred to as the “Traffic
Handling Contingency Plan.”

2.6.1  Construction Operations Contingency Plan

The contingency plan is developed by the contractor to identify operations, equipment,
processes, and materials that may fail and cause delayed opening of lane closures.  The
contingency plan identifies alternative or additional equipment, materials, or workers
necessary to ensure continuing operations and on-time opening of closures when a failure
occurs.  If the alternative or additional equipment, materials, or workers are not on site, the
contingency plan specifies the method of mobilizing these items and the required time to
complete the mobilization.

Critical pieces of equipment are those that are necessary to complete the planned work in
the closure, for which no close on-site substitutes exist, and which, if rendered inoperative,
would cause the closure to have to be kept in place past the pick-up time indicated in the
requirement charts.

Critical work operations are any work to be performed in a lane, shoulder, or ramp closure
that will render any portion of the traveled way unsuitable for use by public traffic, or that
would make the use of the traveled way unsafe, and would therefore cause the closure to
remain in place past the pick-up time indicated in the lane requirement charts.

As the SSP is written, the RE determines when the contractor will be required to submit a
contingency plan.  The contractor develops a contingency plan and submits the plan within
one day of the RE request.  The contingency plan should be discussed at the partnering
meeting or at the project preconstruction meeting.

The following list provides samples of operations that may require a contingency plan:

• Slab replacement
• Roadway excavation
• Cold planning asphalt concrete
• Asphalt paving
• Asphalt or concrete grinding
• Chip seal
• Asphalt or concrete pavement sealing operations
• Bridge work
• Placement of reinforcing steel or structural members
• Erection of falsework
• Bridge demolition
• Striping
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The Construction Operations Contingency Plan describes:

• Critical stage for each operation when the alternative or additional equipment,
materials, or workers are to be activated.

• Communication equipment (cellular telephones) and procedures to be followed when
communicating with the RE's field representative(s) during activation of the
contingency plan.

• Intended amount of work to be done during each lane, shoulder, or ramp closure.
The amount of work is described in terms of length, width, and unit of measure
conforming to the appropriate progress pay items.

• Operation work schedule with a time line set at 20 minute intervals.
• Contractor plans to comply with the projected material delivery rates to the jobsite.

Material delivery may be delayed due to various factors including, but not limited to,
plant breakdown, loss of trucking due to breakdown, independent truckers leaving to
another job, or trucking delayed by traffic congestion due to accidents or the project
itself.

• Times for beginning and ending critical work operations for work being conducted in
lane, shoulder, or ramp closure.

• A general time-scaled logic diagram displaying the major activities and sequence of
planned operations that comply with the requirements of these special provisions
and a set of “contingency action plans” for each stage of the operations to prevent
late opening of the traffic lanes shall be specified.  “Early finish” and “late finish”
milestones shall be clearly identified for every major activity.  The “contingency
action plans” shall include detailed operations that will be conducted should a major
activity pass the “late finish” milestone.

• Anticipated cooling times for asphalt concrete pavements necessary prior to opening
a lane, shoulder, or ramp to public traffic.

• Anticipated time it will take to completely pick up the lane, shoulder, or ramp
closure(s) rounded to the nearest 5 minutes.

• Anticipated time(s) for beginning pickup of lane, shoulder, route, or ramp closure(s).
• Timelines for the contractor and the RE to meet at the worksite to review actual

progress and forecast the time work will be stopped to open the lane, shoulder,
ramp, or route to public.

The contractor verifies or updates the contingency plan concurrent with submission of the
written schedule of planned closures.  If a revision is required, the contractor should not
close any lanes until the contingency plan has been reviewed by the RE.

2.6.2  Traffic Handling Contingency Plan

The Traffic Handling Contingency Plan is a method of operation consisting of strategies or
actions taken to restore or minimize effects on traffic when the congestion or delay resulting
from construction, maintenance, or permit activities exceeds original TMP estimates.  This
situation may result from unforeseen events such as work zone incidents, higher-than-
predicted traffic demand, or late lane closure pickups.
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These traffic handling contingency strategies may include, but are not limited to, the
following:

• Notification to the TMC
• Request for TMT assistance
• Activation of CMS or PCMS
• Activation of the HAR system
• Notification to the CHP
• Notification to transit agencies
• Notification to the media
• Activation of a detour
• Follow-up with the RE if activation of the contractor’s (construction operations)

contingency plan is appropriate
• Notification to the HQ Communication Center if the District TMC is not available

Depending on the District or the situation, these strategies may be implemented by the
DTM, the Construction Traffic Manager, or the TMC.

On lane closures that will be implemented outside of typical lane closure hours and that are
expected to have significant traffic impacts, the Project Development Team or TMP Team
should develop a specific traffic handling contingency plan that may include:

• Activation of a TMT when available to monitor congestion and queues.
• Trigger points to identify when certain traffic handling strategies should be taken.
• “Decision tree” with clearly defined lines of communication and authority.
• Specific duties of all participants during lane closure operations, such as coordination

with CHP or local agencies.
• Names, telephone numbers, and pager numbers for the DTM or their designee, RE,

Maintenance Superintendent, Encroachment Permit Inspector, on-site traffic advisor,
CHP Division or Area Commander, and appropriate local agency representatives.
(One means of disseminating this contact information would be via the
COZEEP/MAZEEP Pocket Guide (see Appendix B), which should be prepared for
individual projects.)

• Coordination strategy (and special agreements if applicable) between DTM, RE, on-
site traffic advisor, Maintenance, CHP, local agencies, and the Office of Public
Information.
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3.0 TMP ROLES AND RESPONSIBILITIES

DD-60-R1, released in September 2007, clearly defines the roles and responsibilities of
Department personnel involved in the TMP process, including:

• District Directors
• Chief, Division of Traffic Operations
• Deputy District Directors of Construction, Design, Project Management, Maintenance

and Traffic Operations
• Chief District Public Information Officer (PIO)
• District Lane Closure Review Committee (LCRC)
• HQ LCRC
• District TMP Managers
• District Project Managers
• District Traffic Manager
• District Design, Office Engineer, Maintenance, and Encroachment Permit Engineers
• District Construction Engineers, RE, Encroachment Permit Inspectors, and

Maintenance Supervisors/Superintendents
• Construction Traffic Managers
• TMC Staff

DD-60-R1 is included in this document as Appendix A.



4.0 – LANE CLOSURE REVIEW COMMITTEE

4-1
Transportation Management Plan Guidelines, 2009 Edition

4.0   LANE CLOSURE REVIEW COMMITTEE

4.1  SIGNIFICANT TRAFFIC IMPACTS AND MAJOR LANE CLOSURE
APPROVAL BY THE DISTRICT LCRC

This process applies to all “major” lane closures on the State Highway System.  Major lane
closures are those lane closures that are expected to result in significant traffic impacts
despite the implementation of TMP strategies.  A “significant traffic impact” is defined in DD-
60-R1 as a delay of 30 minutes or more above normal recurring traffic delay on the facility,
but may also refer to work that may affect traffic conditions over a long period.  When a
planned lane closure is expected to have a significant traffic impact, District LCRC review
and approval are required.  The functional unit directly involved in the work must submit the
major lane closure request to the District LCRC for approval as detailed below.  The District
LCRC is comprised of the Deputy District Directors of Construction, Design, Maintenance,
and Traffic Operations, and the District PIO.  The CHP may also need to participate as
appropriate.

The District LCRC does not have to review and approve emergency closures due to natural
events or incidents.  However, the TMC and the DTM must be notified, and every effort must
be made to minimize traveler delay and reopen traffic lanes as soon as practical.

4.2  HQ LCRC REVIEW

The District LCRC will decide when to submit lane closure requests to the HQ LCRC for
their review and recommendations or approval.  The District LCRC would usually consider
lane closures that are of an interregional, statewide, environmental, or otherwise sensitive
nature.  The District LCRC is expected to resolve most issues at the District level with the
focus on mitigating delay over 30 minutes or developing full or extended closures that would
reduce overall traveler delay for projects that may extend for several months or years.

The HQ LCRC is comprised of the Division Chiefs from Construction, Maintenance, Design,
and Traffic Operations, along with the Deputy Director of External Affairs, and a
representative from CHP. The HQ LCRC may review the closure or leave the decision to the
District LCRC.  As a notification process, information on planned lane closures that are
reviewed by the District LCRC should be provided to the Chief of the Office of System
Management Operations.

The Division Chief of Traffic Operations serves as Chair of the HQ LCRC and may refer the
decision back to the District or meet first with the District to discuss major concerns before
deciding to call the full committee together.  A full HQ LCRC review is only warranted in rare
circumstances (for example, full closure of the San Francisco-Oakland Bay Bridge in the
eastbound direction over Labor Day Weekend 2006).

If the District is confident that the necessary TMP strategies are planned and will be
implemented when needed, it is not necessary to request a meeting with the HQ LCRC.
The District LCRC, however, should prepare adequate information (one-page or two-page
fact sheet) so that the District Director can inform the Director of the steps being taken to
minimize potential traffic problems for those projects that may be press worthy.
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In its evaluation of the proposal, the District LCRC will give consideration to the accuracy,
reliability, and completeness of information provided, as well as other reliable sources of
information available to the District LCRC.

Proposals will be evaluated on the basis of effectiveness in the following areas:

• Traveler and worker safety improvements.
• TMP strategies.
• Plans for coordination with adjacent construction, maintenance, encroachment

permits, and special events activities.
• Plans for coordination with TMC and field personnel.
• Plans for coordination with public media.
• Plans for use of existing field elements such as traffic surveillance loops, CMS, HAR

and CCTV cameras.
• Lines of communication and authority (top to bottom).
• Plans for monitoring delay (or corresponding queue length) during lane closure

operations.
• Alternatives to proposed closures.
• Contingency plan viability.
• Plans for coordination with local agencies, particularly as strategies pertain to detours

on local roadways.
• Plans for coordination with the trucking industry on routes with heavy truck traffic.
• Transit agency coordination plan.

4.3  CONTENTS OF MAJOR LANE CLOSURE REQUEST SUBMITT AL

The functional unit that plans to request the lane closure and is responsible for its
performance prepares a major lane closure request submittal with support from the TMP
Manager and the DTM.  Sufficient information is provided to ensure complete understanding
of the proposal.  At a minimum, the following information is recommended:

• Location and vicinity maps showing the State highway(s), local street network, and
other adjacent lane closures or nearby work that may affect traffic during the same
period, including special events.

• Dates, times, and locations of the lane closure(s).
• Brief description of the work being performed during the lane closure(s).
• Brief description of each lane closure and its anticipated effect on traffic conditions

and transit services.
• Amount of expected delay and corresponding queue length for each lane closure.
• Summary of TMP strategies that will be used to reduce delay and motorist

inconvenience during the lane closure(s).  A copy of the approved TMP for the
project, if available.

• Detailed detour information if applicable.
• Construction operations contingency plan.
• Map of transit routes in pedestrian/bicycle facilities.
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5.0   TMP EVALUATION PROCESS

5.1  TMP STRATEGY EFFECTIVENESS

Monitoring traffic impacts during highway work should help determine how well or poorly the
TMP strategies are performing and if the TMP strategies have been properly implemented.
Field personnel should observe traffic conditions to determine if the actual impacts comply
with the Department’s policies and fall within a reasonable range of the impacts that were
expected.  Monitoring strategies may involve manual traffic volume counts, surveys using
“floating cars” to assess travel time through the work zone, or automatic measuring devices.
Record keeping on project events and traffic incidents (collisions and traffic queues) may
also serve as good sources of information.

The RE, DTM and TMP Manager should determine whether the implemented strategies are
reaching the predetermined goals for reducing congestion within reasonable cost limits.  If
an element’s predetermined goal is not immediately reached during implementation, but
there is a general trend toward meeting that goal, the element can remain in effect but may
be modified as appropriate.  Elements that show no sign of approaching their predetermined
goals as determined by the TMP Manager should be revised or dropped and other actions
may be needed to minimize congestion through the work zone.

The effectiveness of TMP strategies can be evaluated through various ways:

A. Field Counts and Surveys
• Field measurements of actual delay to the public (through electronic or manual data

collection).
• Field observation of congestion queues by Department TMT personnel or by the

contractor.

B. Public Surveys
• Questionnaires regarding how and when the public found out about the work.
• Logging of public complaints on Department Web pages or through telephone calls.

C. TMP Effectiveness Checklist Reporting on Factors , such as:
• The actual delay experienced
• Additional travel time
• Queue length
• Number of incidents in or near the work zone
• Incident response
• Impacts on adjacent construction activities
• The number of times that planned lane closures were picked up late and the reason
• Delay to transit services and ridership impacts
• Delay to bicyclists and pedestrians.
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5.2   POSTCLOSURE EVALUATION STATEMENT

A Postclosure Evaluation statement may be submitted to HQ Division of Traffic Operations,
Office of System Management Operations, on projects that cause major delay.  Typically,
the majority of postclosure evaluation statements are prepared for closures formally
approved by the District LCRC under this process.  However, any delay over 30 minutes
should trigger a postclosure evaluation statement.

No more than one page is suggested.  The functional unit performing or overseeing the lane
closure will prepare the statement within five working days of the date the lane closure
exceeded the threshold criteria.  The statement should explain the following:

• The cause and impact of delays.
• Either actions taken or to be taken to avoid or mitigate an occurrence or recurrence.
• Why the expected delay was exceeded and why it was necessary to exceed the

closure window.
• How the situation can be avoided in the future.

5.3   TMP PROCESS REVIEW

The objective of the process review is to evaluate statewide TMP practices and strategies
and use the results to guide improvements in the Department’s policies and procedures
regarding safety and mobility.  These reviews may include the evaluation of work zone data
at the State level or field observations of selected projects.  The information gathered is
typically brought to the attention of the DTMs and the TMP Managers.  They may analyze
and review the information and make recommendations to revise policy or standard
specifications, identify training needs, or update guidelines if needed.

By reviewing possible trends, the Department may determine that some adjustments to its
practices would be appropriate, such as changes to standard design specifications.  For
example, during a process review, a DTM or TMP Manager might determine that work zone
traffic delays in one part of the region have been more than experienced in the past and
may warrant modifications in permitted lane closure times.  During a process review, the
Department may review its training requirements to determine whether they are still
adequate.

The DTMs and TMP Manager’s throughout the State meet twice a year to discuss ongoing
issues relating to traffic management.  These meetings address evaluations of traffic
management strategies for work zone activities.  Presentations are often given on strategies
that have been used on past or current projects, whether or not those strategies were
effective, and lessons learned.  Discussions are held on proposed projects and strategies;
feedback is provided by the various Districts on whether these strategies might be improved
or modified.  The review process may include changes to strategies on a statewide basis for
future work zone activities.  Some of the issues that have been recently addressed include
the effectiveness of COZEEP and MAZEEP, monitoring the end of queue during
construction, damages assessed for late lane closure pickup, construction and traffic
handling contingency plans, flexible work windows, and the use of truck-mounted
attenuators for lane closure installation and removal.
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Department personnel from Construction, Maintenance, PIO and Traffic Operations, as well
as representatives from FHWA, CHP, universities, consultants, contractors, suppliers, and
local agencies participate on a joint Work Zone Safety Committee.  This committee meets
quarterly to address safety and mobility issues and makes recommendations to influence
policy.

The Division of Construction conducts ongoing reviews of construction practices on
randomly selected projects.  The Division of Construction publishes a report entitled the
Contract Administration Process Evaluation every four years.  Example issues that have
been addressed in recent years include work zone safety equipment and apparel,
construction contingency plans, A+B bidding practices, construction methods, and flexible
work windows.

Construction safety meetings are held twice a year to discuss work zone safety issues and
make recommendations to improve policy and specifications, to modify the construction
manual, and to improve work zone training.  Other topics have included discussions on
collision data and changes that may be needed in work zone practices to improve safety.
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6.0   TMP TRAINING

6.1  TRAINING PROGRAM AND MATERIALS

TMP training courses are conducted in all 12 Districts throughout the State.  The training
program and materials were initially prepared by Capital Project Skills Development (CPSD)
and the Office of System Management Operations staff and have been modified and
updated by the Districts to reflect their own issues.  This eight-hour course consists of
several PowerPoint presentations and videos, as well as technical handouts and interactive
class exercises.  The subject matter includes the TMP process, strategies, and roles and
responsibilities.

The course is conducted by the District TMP Manager and DTM staff, with the assistance of
the HQ TMP coordinator and the CPSD coordinator as required.  Course materials can be
found at:

http://onramp.dot.ca.gov/hq/traffops/otrafopr/system_development/tmp.htm

6.2  TARGET AUDIENCE

TMP training is mandatory for all statewide personnel directly involved in the TMP process,
generally, the Divisions of Planning, Environmental Analysis, Design, Program
Management, Traffic Operations, Maintenance, and Construction.
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7.0   TMP FUNDING AND PROGRAMMING

7.1  TMP CHARGING PRACTICES

When identifying funding for various TMP elements, it is important to distinguish between capital
outlay costs and capital outlay support (COS) costs.  Work done by District staff for the planning
and design of TMP activities for capital projects is a normal part of the project development
process and should be captured as capital outlay support.  The TMP Manager and each
functional manager should work closely with the project manager to ensure that TMP activities
are included in all project work plans.

TMP support activities to consider include ridesharing programs, Freeway Service Patrol (FSP),
public awareness campaigns, parallel route improvements, temporary bicycle and pedestrian
facilities, and the Request for Proposal (RFP) process up to award of the contract.  Some of
these activities may also have a capital component in addition to the support component
discussed here.

The workload required to develop and implement TMPs is estimated in advance.  Workload
hours for TMP activities must be included in the COS project's work plan in order to be
resourced (funded) by COS.  These activities should then be charged to each project's
expenditure authorization (EA) number, using the appropriate Work Breakdown Structure
(WBS) code for that stage of the project.  TMP-related work should be charged only to the WBS
codes reserved for those activities.  These codes can be found on the Department’s Division of
Project Management’s intranet site in a document entitled “Guide to Project Development
Workplan Standards”.

Work performed by District staff for implementing TMP elements during construction of capital
projects is also a normal part of the project development process.  Again, workload (hours) for
implementing TMP activities must be included in the project’s work plans to be resourced by
COS.  These activities should then be charged to the appropriate project's phase 3 EA, and
WBS code, that is, 270 (Perform Construction Engineering and Contract Administration), 270.65
(TMP Implementation during Construction).

Some funds necessary to implement TMP elements not done by staff, including consultant
contracts, can be sourced from capital outlay funds allocated by the California Transportation
Commission (CTC) as itemized in the plans, specifications, and estimates.  Various TMP
elements, such as parallel route improvements and HAR, could be a phase of the construction
contract or separate construction contracts while others such as public awareness campaigns
and transit subsidies must be separate contracts or cooperative agreements.

The TMP elements that need to be in place prior to start of construction are identified and
funded as stage construction or first order of work under a single package presented to the
CTC.  Service contracts such as those for public service or consultant contracts, information
campaigns, or establishing telephone hotlines must be arranged separately with consultants
and other providers.  For most projects, it takes four to six months to obtain a service contract.
This means that all consultant contracts have been advertised, the consultant selected, and the
contract ready for signature and awarded immediately following CTC allocation of funds.  Other
activities such as parallel route improvements are usually included in the main construction
contract and as a first order of work under a cooperative agreement.
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In some cases, the CTC can be petitioned to fund a portion of the TMP as an initial phase of the
main project.  This is usually for a high-priority project where plans, specifications, and
estimates for the main project are not finalized, but early funds are needed to initiate TMP
activities such as making transit arrangements with local governments.  The petition to fund an
initial phase comes from the District, explaining why a portion of the project must proceed
before funding for the main project is allocated.  These early funds reduce the programmed
funds for the main project accordingly.

The FHWA supports the TMP concept and views major reconstruction projects as an excellent
opportunity to initiate continuing TMP strategies that provide improved traffic operations long
beyond the completion of work.

7.2  CHARGING FOR MAINTENANCE AND ENCROACHMENT PERM IT TMP
ACTIVITIES

TMPs and contingency plans for Encroachment Permit projects are developed by the permittee
or by Department staff.  Staff time for development, review, and implementation of TMPs for
Encroachment Permits is charged to the permit.  Maintenance normally develops TMPs for its
projects.  Maintenance and staff from other functional areas that expend time on a Maintenance
TMP charge to the designated Maintenance EA.  The Office of Public Information should be
notified on all Encroachment Permit TMP and contingency plans to ensure proper expenditure
charging.

7.3  FREEWAY SERVICE PATROL FUNDING

The Freeway Service Patrol (FSP) is a congestion relief program of roving tow trucks operating
in most metropolitan and some rural areas.  The FSP program is operated by Regional
Transportation Planning Agencies (RTPAs) with funding from the Department.  The Department
also reimburses CHP for training and supervisory services provided for the FSP.  The RTPAs
contract with tow companies for commute time service and some weekend and mid-day service
to assist motorists with simple repairs (for example, flat tire or one gallon of gasoline) or tow the
automobile from the highway.

FSP is available for incident management during construction.  However, construction-related
FSP service needs to be funded as part of the TMP.  A cooperative agreement with the RTPA is
required, outlining the services provided and the fund transfer.  An interagency agreement with
the CHP is also required for any support services (field supervision and dispatch operator
services).  These agreements should be initiated with the RTPA and the CHP as soon as it is
determined that FSP should be in the project TMP.

The Department’s HQ Division of Traffic Operations no longer initiates Master Agreements with
the RTPAs for future FSP services.  The Master Agreement is developed at the District level,
usually by the TMP Manager.  Having a Master Agreement in place will simplify the process for
both the Department and the RTPAs by eliminating the need for a cooperative agreement for
each project.  Only a task order form will be needed for each project.  A similar agreement is
handled at HQ with the CHP.  A simple task order can be completed by the District for CHP
supervision funded by the construction project.  Please contact HQ Division of Traffic
Operations, Freeways Operations Branch for more information.
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7.4  COZEEP AND MAZEEP FUNDING

The Department has contracted with CHP to provide enhanced enforcement services in work
zones through the COZEEP and the MAZEEP.  CHP is the sole provider of these services.  On
oversight projects, the local agency typically contracts with the CHP to provide these services.
Contact CHP, Special Projects Unit, for more information at webmaster@chp.ca.gov.

7.5  BASIC ENGINEERS ESTIMATE SYSTEM (BEES) ITEM CO DES

Those TMP elements that are not part of the main contract, but are identified as Capital Outlay
costs tied to the main project, should be itemized as State Furnished Materials and Expenses
using the appropriate BEES item cost (see Table 7.1).
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TABLE 7.1   TMP BEES ITEM CODES

066003  State-Furnished Materials

066004  Miscellaneous State-Furnished Materials

066005  Concurrent Work

066006  Miscellaneous Concurrent Work

066008  Incentive Payment

066009  Utility Expense

066010  Work by Others

066060  Additional Traffic Control

066061  CHP Enhanced Enforcement

066062  COZEEP Contract

066063  Traffic Management Plan Public Information

066064  Specter Radar Unit

066065  Tow Truck Service Patrol

066066  Public Transit Support

066067  Rideshare Promotion

066070  Maintain Traffic

066072  Maintain Detour

066074  Traffic Control

066076  Temporary Traffic Control

066077  Install Traffic Control Devices

066578  Portable Changeable Message Signs

066825  Temporary Striping

066872  Service Contract

120100  Traffic Control System

128602  Traffic Control System (One Way)

128650  Portable Changeable Message Sign

129150  Temporary Traffic Screen

860793  Telephone Service (Location 1)

860811  Detector Loop

860925  Traffic Monitoring Station (Count)

860927  Traffic Monitoring Station (Incident)

860930  Traffic Monitoring Station

861088  Modify Ramp Metering System

869070  Power and Telephone Service

994920  Bicycle Parking Rack

995000  Bus Shelter
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7.6  CHARGE TO OTHER PROJECT PHASE 4 (CONSTRUCTION)  FUNDS

Funds from other construction contracts in the District may be used if those projects are in the
vicinity of, or will be affected by, the project requiring TMP funds.  At the discretion of the Deputy
District Director for Construction, a list of chargeable project EAs may be submitted to HQ
Division of Accounting for prorated charging.

7.7  LOCAL INVOLVEMENT (SPECIAL-FUNDED PROJECTS)

DD-60-R1 applies to all projects on State facilities, including those not funded by the State.
District Directors are responsible for assuring local compliance.  Since many measure projects
are split funded, the Department and local entities must work cooperatively to develop an
effective TMP.  The Department is responsible for approving all Project Study Reports, and it is
at this point that agreements should be reached concerning the costs and scope of TMP
strategies.

The TMP Manager has not always been included in discussions regarding these types of
projects and often traffic-handling issues have been set aside until the last minute.  The TMP
unit is then asked to approve a traffic handling plan that would not be acceptable for a project
designed and implemented by the Department.  The consultant preparing the lane requirement
charts is often unfamiliar with the process and the specification requirements.  This results in
additional work for the TMP group as well as the DTM.  The TMP Manager must be contacted
early in the project development phase to ensure that adequate TMP strategies and hours for
TMP and DTM tasks are included for special-funded projects.
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Deputy Directive Number: DD-60-R1

Refer to
Director's Policy: DP-03

Safety and Health
DP-05
Multimodal Alternatives Analysis
DP-08
Freeway System

Management

Effective Date: September 2007

Supersedes: DD-60 (06-15-00)

TITLE Transportation Management Plans
                                                                                                                                                            

POLICY

The California Department of Transportation (Department) minimizes disruption to
the traveling public during construction or other planned activities necessary on the
State Highway System.  The Department uses innovative means to accelerate
completion of highway work activities while taking necessary steps to maintain
public and worker safety and the quality of the work being performed.

Transportation Management Plans are required for all planned activities on the State
Highway System.  Transportation Management Plan measures and associated road
user costs and additional construction costs are considered during the project
initiation or planning stage to the fullest extent feasible.  Transportation Management
Plans include strategies that strive to minimize work-related traffic delays while
reducing overall duration of work activities where appropriate. Strategies that may
result in a net reduction of overall delay for motorists include: full facility closures,
extended weekend closures, continuous weekday closures, A+B contract
specifications, and performance-based traffic handling specifications.

BACKGROUND

The Department’s major emphasis on transportation projects has largely shifted from
new construction to reconstruction, operation, and maintenance of existing facilities.
With the ever-increasing traffic volumes on California’s State Highway System and
more complex project corridors, the need to actively manage the State’s highway
facilities has become critical.
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In order to prevent unreasonable traffic delays resulting from planned work,
Transportation Management Plans must be carefully developed and implemented to
maintain acceptable levels of service and safety during all work activities on the State
Highway System.

The Federal Highway Final Rule, 23 Code of Federal Regulations 630, Subpart J,
referred to as “Work Zone Safety and Mobility” requires the Department to adopt a
policy that implements Transportation Management Plans on all federally-funded
highway projects.   Transportation Management Plans are to be consistent with the
Final Rule guidelines for developing and implementing that policy.

Transportation Management Plans are to be consistent with Deputy Directive-64,
“Accommodating Non-Motorized Travel.”

DEFINITIONS

Transportation Management Plan is a program of activities for alleviating or
minimizing work-related traffic delays by the effective application of traditional
traffic handling practices and an innovative combination of various strategies. These
strategies encompass public awareness campaigns, motorist information, demand
management, incident management, system management, construction methods and
staging, and alternate route planning.  Depending on the complexity of the work or
magnitude of anticipated traffic impacts, a Transportation Management Plan may
provide lane closure charts, Standard Special Provisions for maintaining traffic,
traffic control plans, and for a major project, a separate comprehensive report. The
Department’s “Transportation Management Plan Guidelines” provide more
information on the recommended level of detail for Transportation Management
Plans.

Major Lane Closures are those that are expected to result in significant traffic impacts
despite the implementation of Transportation Management Plans.

Significant Traffic Impact is defined as being an individual traffic delay of
30 minutes or more above normal recurrent travel time on the existing facility.
Transportation Management Plan strategies are designed to maintain additional
delays below this maximum threshold, i.e. less than 15 or 20 minutes.  This 30 minute
maximum delay may be exceeded with approval by the District Lane Closure Review
Committee.

District Lane Closure Review Committee is comprised of the Deputy District
Directors of Construction, Design, Maintenance and Traffic Operations, and the
District Public Information Officer (PIO).
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Headquarters Lane Closure Review Committee is comprised of the Division Chiefs of
Construction, Design, Maintenance and Traffic Operations, and the Deputy Director
of External Affairs.  The California Highway Patrol (CHP) will be called upon to
participate as appropriate at the District or Headquarters Level.

RESPONSIBILITIES

District Directors:
• Enforce Transportation Management Plans and lane closure policies to ensure

compliance with established procedures, guidelines, and policies.
• Ensure that resources for all Transportation Management Plan activities are

provided.

Chief, Division of Traffic Operations:
• Develops, implements, and maintains statewide policy regarding

Transportation Management Plans.
• Provides direction and assistance to District staff on all Transportation

Management Plan activities as well as resources for training of District staff
involved in Transportation Management Plans.

• Ensures consistency among the Districts on the development and
implementation of Transportation Management Plans.

Deputy District Directors, Construction, Design, Project Management,
Maintenance and Traffic Operations:
• Require all staff involved in Transportation Management Plan activities to

participate in Transportation Management Plan training.
• Ensure that staff involved in highway work activities consider alternatives that

will strike a balance between reducing the overall construction duration and
minimizing disruption to the traveling public.

Chief District PIO:
• Participates in the project development phase of appropriate projects as

determined by the Project Development Team to provide input on the cost of
public awareness campaigns, which should be included in the construction
contract allotment under State Furnished Materials and Expenses.

• Attends preconstruction or planning meetings as needed and prepare a project
plan for community outreach strategies.

• Works with the District Project Manager to ensure that Transportation
Management Plan funding for community outreach strategies is planned
accordingly as well as expended appropriately, and that personnel time is
included in the Work Breakdown Structure for the project.

• Assists or be the lead in implementation of a project’s public awareness
campaign.
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• Develops and maintains liaisons with the media, affected local jurisdictions
and legislators, and other external partners both prior to and during the
construction period, as needed.

District Lane Closure Review Committee:
• Reviews proposed work activities and approves or makes recommendations in

a timely manner when planned activities are expected to 1) result in
significant traffic impacts, or 2) be of an interregional, statewide, or otherwise
sensitive nature.

• When the District Lane Closure Review Committee determines that
consultation or approval by the Headquarters Lane Closure Review
Committee is appropriate, requests through the District Traffic Manager that
the Headquarters committee convene to discuss a specific project and its
anticipated impacts.

District Transportation Management Plan Managers:
• Act as single focal points for planning and development of Transportation

Management Plans.  Participate in the evaluation of design, potential traffic
impacts and mitigation measures for project alternatives and in the preparation
of Project Study Reports, Project Reports, Plans, Specifications, and
Estimates.  The Transportation Management Plan Manager should involve
District Traffic Manager, members of the Planning, Maintenance and
Construction Divisions and the Project Development Team in the planning
and development of the Transportation Management Plan to address all
pertinent issues, including multi-modal strategies, roadway maintenance
during temporary closures, and constructability review.

• Work with the District Traffic Manager, District Design, Project Manager,
Construction and PIO as appropriate to determine the extent of a
Transportation Management Plan and ensure that the Transportation
Management Plans are updated during all phases of a project.  Facilitate
review, approval, modification or disapproval of all Transportation
Management Plan measures.

• Consider the cumulative impact of multiple projects as well as other activities
that may create or generate an increase in traffic demand within the limits and
during the work period.  Oversee implementation and coordination of inter-
regional Transportation Management Plans between corridors, districts,
neighboring states and Mexico.

• Ensure that Transportation Management Plan planning and implementation is
coordinated with the CHP and other local and regional transportation
stakeholders as appropriate.
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District Project Managers:
• Require Transportation Management Plans to be considered in the earliest

stages of development for all projects and activities performed on the State
Highway System.

• Identify needed project resources for all Transportation Management Plan
measures and activities.

• Schedule projects to combine with other work activities to the extent possible.
• Encourage the use of innovative construction staging and contracting methods

to accelerate project completion when appropriate.
• Include the District Transportation Management Plan Manager, the District

Traffic Manager, and the PIO as needed on Project Development Teams from
project initiation through completion of construction and provide adequate
project information for review.

• Coordinate development of Transportation Management Plans with affected
local and regional transportation stakeholders as needed.

District Traffic Managers:
• Consult with the Transportation Management Plan Manager during the

planning and development of the Transportation Management Plan.
• Responsible with the District Construction Engineers, Resident Engineers,

Encroachment Permit Inspectors, Maintenance Supervisors/Superintendents
and PIO to ensure implementation of the Transportation Management Plan
and make changes to the Transportation Management Plan if needed during
conduct of the work.

• Determine when review of work activities by the District Lane Closure
Review Committee or Headquarters Lane Closure Review Committee is
required or necessary.

• Responsible for the day-to-day traffic decisions pertaining to traffic impacts
from planned activities on the State Highway System.

• Coordinate with the Transportation Management Center or District
Communication Center staff to respond with appropriate measures when
significant travel delays occur on the State Highway System.

• Facilitate review, approval, modification, or disapproval of planned lane
closure requests on the State Highway System.

• Recommend termination or modification of active planned lane closure
operations without compromising the safety of the public or workers, when
traffic impact becomes significant.

• Review construction contingency plans.

District Design, Office Engineer, Maintenance, and Encroachment Permit
Engineers:
• Ensure Transportation Management Plan measures are fully incorporated in

the development of a project.
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• Coordinate with the District Traffic Manager and the District Transportation
Management Plan Manager to consider alternative strategies as appropriate to
determine the best alternatives for balancing traffic impact cost, and
construction duration and cost.

• Ensure that impacts of Transportation Management Plan options are fully
considered during the development of work schedules and cost estimates.

• Coordinate with District Traffic Management and District Transportation
Management Plan Manager if changes in Transportation Management Plan
strategies are warranted during all phases of the work.  Ensure that
Transportation Management Plan content is up-to-date by obtaining
certification of the Transportation Management Plan by District Traffic
Manager and District Transportation Management Plan Manager before
submittal to the Office Engineer at Ready-to-List phase.

• Develop project information in consultation with the Project Manager, District
Traffic Manager and Transportation Management Plan Manager to present to
the District Lane Closure Review Committee or Headquarters Lane Closure
Review Committee when deemed appropriate.

District Construction Engineers, Resident Engineers, Encroachment Permit
Inspectors, and Maintenance Supervisors/Superintendents:
• Ensure full implementation of approved Transportation Management Plans in

close coordination with the District Traffic Manager so that disruption to the
traveling public is minimized.

• Work with the District Traffic Manager to ensure that project activities
conform to the Transportation Management Plan, contingency plans are
implemented if necessary, and disruption to the traveling public is minimized
and does not exceed limits established in the Transportation Management
Plan.

• Include the District Transportation Management Plan Manager, the District
Traffic Manager, and the PIO as appropriate in preconstruction or work
planning meetings.

• Determine when a construction contingency plan from the contractor is
required.

• Ensure contractor is prepared to comply with Transportation Management
Plans as related to work performance.

• Notify District Communication Centers or Transportation Management
Centers when unforeseen traffic impacts result from planned work.

• Notify the District Communication Center or Traffic Management Centers to
report the status of all lane closures in a timely manner (when closures are put
in place and when they are picked up) so that accurate information is provided
to the public.  When reporting, provide specific details, particularly when a
planned lane closure may be picked up late and significant traffic impacts are
expected to result.
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• Coordinate work activities with the CHP and other local and regional
transportation stakeholders as appropriate.

Traffic Management Center Staff:
• Status lane closures in the statewide Lane Closure System.
• Activate Transportation System Management elements in support of the

Transportation Management Plan.
• Inform the District Traffic Manager when notified of potential significant

impacts due to planned highway activities.

APPLICABILITY

All departmental employees involved in Transportation Management Plan activities.
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List of activities that occur typically occur off t he traveled way:

• Litter removal • Right-of -Way fence repair work
• Freeway Patrol for debris and litter • Sump pump repairs/cleaning
• Tree work (trimming/pruning) • Ditch and channel cleaning work
• Landscaping area work (irrigation and

repair, weed control, trimming,  pruning,
thinning, replacing)

• Rest Area/Vista Points/Map View
Area/Weigh Station/Park and Ride Lot
(Public Facilities) maintenance work

• Delineator/post mile marker
repairs/replacement

• Graffiti abatement/cleanup on
walls/signs/equipment cabinets

• Culvert/drainage facility work
(cleaning/inspection)

• Nonlandscaped area
tree/brush/vegetation work

• Sign repairs/replacement • Nontraveled way electrical work
• Off travel way median barrier/guard

rail/attenuator repairs
• Roadside mowing
• Shoulder area grading for lateral support

Work that can be terminated (shoulder/lane closure picked up) if unacceptable
delay occurs:

• Pavement marking operations • Pothole repairs
• Sign lighting repair • Drain inlet cleaning
• Traffic signal knockdown repairs • Pavement striping operations
• Sweeping litter/debris operations • Raised pavement marker replacement
• Moving shoulder/lane closure operations
• Asphalt Concrete (AC) and Portland

• Sign and highway lighting relamping
operations

• Cement Concrete (PCC) pavement crack
sealing

• Roadside vegetation control
(spraying/mowing) operations

Work that must be completed prior to reopening to t raffic (shoulder/lane
closure pick-up):

• Moving shoulder/lane closure operations • AC pavement blankets
• PCCP slab replacement • Pavement mudjack operations
• Pavement chip seals • Most bridge repair on traveled way
• Culvert replacement operations
• Guardrail/gore attenuator repairs

• Pavement grinding (AC Digouts)
operations
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STATEWIDE TMP RESOURCES

For further guidance or questions on TMP content and this process, contact the TMP Manager
in your District.  For questions regarding TMP policy, contact HQ Office of System Management
Operations.  Organizational charts and contact information are on the Department’s intranet at
http://onramp.dot.ca.gov/hq/traffops/otrafopr/system_development/tmp.htm.  External entities
may contact their local Office of System Management at http://www.dot.ca.gov/localoffice.htm.

SOURCES OF TMP INFORMATION

A publication by the Federal Highway Administration, “Developing and Implementing
Transportation Management Plans for Work Zones,” contains a comprehensive work zone
strategies matrix which that provides information on triggers for considering various strategies,
potential benefits and challenges, and other considerations that might help to determine the
strategies that would work best.

Two sources for guidance on selecting the most effective TMP elements, in terms of cost and
informational content are Wilbur Smith Associates’ “Traffic Management Plan Effectiveness
Study (May 1993)” and Frank Wilson & Associates’ “A Traffic Management Plan Study for State
Route 91 During Construction of HOV Lanes.”  Both of these publications can be obtained from
HQ Traffic Operations, Office of System Management Operations.

The Public Information Office in each District is also an experienced source for public
awareness campaign strategies, and they can help the TMP Manager estimate the cost and
effectiveness of the proposed TMP strategies in reducing traffic demand through the project
area.
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TRANSPORTATION MANAGEMENT PLAN DATASHEET
(Preliminary TMP Elements and Costs)

Co/Rte/KP           EA           Alternative No.           

Project Limit           

Project Description           

Expected Construction Schedule           

1) Public Information

 a. Brochures and Mailers $          

 b. Press Release

 c. Paid Advertising $          

 d. Public Information Center/Kiosk $          

 e. Public Meeting/Speakers Bureau

 f. Telephone Hotline

 g. Internet

 h. Others $          

2) Motorists Information Strategies

 a. Changeable Message Signs (Fixed) $          

 b. Changeable Message Signs  (Portable) $          

 c. Ground Mounted Signs $          

 d. Highway Advisory Radio $          

 e. Caltrans Highway Information Network (CHIN)

 f. Others           $          

3) Incident Management

 a. Construction Zone Enhanced Enforcement
Program (COZEEP) $          

 b. Freeway Service Patrol $          

 c. Traffic Management Team

 d. Helicopter Surveillance $          

 e. Traffic Surveillance Stations
(Loop Detector and CCTV) $          

 f. Others           $          
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4) Construction Strategies

 a. Lane Closure Chart

 b. Reversible Lanes

 c. Total Facility Closure

 d. Contra Flow

 e. Truck Traffic Restrictions $          

 f. Reduced Speed Zone $          

 g. Connector and Ramp Closures

 h. Incentive and Disincentive Clause $          

 i. Moveable Barrier $          

 j. Others           $          

5) Demand Management

 a. HOV Lanes/Ramps (New or Convert) $          

 b. Park and Ride Lots $          

 c. Rideshare Incentives $          

 d. Variable Work Hours

 e. Telecommute

 f. Ramp Metering (Temporary Installation) $          

 g. Ramp Metering (Modify Existing) $          

 h. Others           $          

6) Alternative Route Strategies

 a. Add Capacity to Freeway Connector $          

 b. Street Improvement (widening, traffic signal... etc) $          

 c. Traffic Control Officers $          

 d. Parking Restrictions

 e. Others           $          

7) Other Strategies

 a. Application of New Technology $          

 e. Others           $          

TOTAL ESTIMATED COST OF TMP ELEMENTS = $          



APPENDIX – E
SAMPLE TMP DATASHEET

E-3
Transportation Management Plan Guidelines, 2009 Edition

Project Notes:

Assumptions/ Comments:

1.  Entire project will take approximately XX working days to construct.

2.  Current dollar values used.  Inflation was not factored into the estimate.
3. Traffic Control/Maintain Traffic costs were not provided.  Please consult with the OE or
Construction office for this estimate.
4.  Portable CMS specified for this project by this estimate are designated for congestion relief as
outlined by DD-60.  Portable CMS required for other purposes should be included under other
specifications.
5.  The COZEEP specified for this project by this estimate is designated for congestion relief as
outlined by DD-60.  The COZEEP required for other purposes should be included under other
specifications.

          

          

          
Note 1:  All projects who's contract value is $5 million or more, and/or meet certain other criteria
should be evaluated for applicability of A+B Bidding.  Consult the Lane Closure Charts Coordinator for
the analysis, and the OE for more details about A+B Bidding.
Note 2:  As outlined in Deputy Directive 60, this TMP is a living document, subject to change as
required by changing circumstances.  If there is material change to the project scope which will affect
the function or adequacy of the TMP, then changes to the TMP must be addressed.  If traffic conditions
at the project site demonstrate that TMP elements need to be adjusted to adequately address congestion,
then the TMP shall be altered accordingly.
Note 3: Hospitals with emergency services and fire stations that may require access through work zones
at all hours should be accommodated.  Schools, major venues, shopping malls, and other heavily
utilized areas should also be notified of construction activities that may impact their services.

PREPARED BY           DATE           

APPROVED BY           DATE           
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ENVIRONMENTAL SOIL INVESTIGATION  
DOYLE DRIVE REPLACEMENT PROJECT CONTRACT 4 

San Francisco, California 

1 INTRODUCTION 
This report has been prepared by BASELINE Environmental Consulting for ARUP.  This report 
presents the results of environmental soil sampling along Doyle Drive near the Golden Gate 
Bridge in San Francisco, California. 

1.1 Project Description 
The Project is the Contract 4 area of the proposed Doyle Drive Replacement Project (“DDRP”) 
in San Francisco, California, and is sponsored by the San Francisco County Transportation 
Authority and the State of California Department of Transportation (“Caltrans”).  The Contract 4 
area is located within Presidio Trust Lands.  The DDRP will upgrade a portion of Doyle Drive 
within the Presidio to meet current design and safety standards.  The Project is the second phase 
of the DDRP, and will upgrade some of the central portion of the DDRP between the intersection 
of Lincoln Boulevard with Crissy Field Avenue and east of the intersection of Lincoln Boulevard 
and Taylor Road, as shown on Figure 1.  Construction is currently scheduled to begin in 
December 2009. This report includes both the north and south-bound portions of the central 
DDRP and therefore extends slightly beyond the Contract 4 boundary.   

The Project will include excavation of soil (“cut areas”) and possible filling in potential fill areas.  
Figure 2 shows cut areas within the Project; the areas not identified as cut areas could potentially 
receive fill.  Limited excavation also may occur in areas not identified as cut areas prior to 
potential placement of fill (i.e., while readying the ground surface for placement of fill).  

1.2 Investigation Objectives 
The objectives of the environmental soil sampling discussed in this report were to: 1) pre-
characterize soil for potential disposal off-site at a permitted facility or off-site reuse; 2) pre-
characterize soil for potential reuse within the limits of the Project, in accordance with Presidio 
Trust reuse criteria,1 3) obtain chemical quality information of the soil and groundwater2 for 
preparation of future worker health and safety plan(s). 

2 SOIL SAMPLING WORKPLAN 
Soil sampling was conducted in accordance with a Soil and Groundwater Sampling Work Plan 
(“Workplan”) (Caltrans and ARUP PB Joint Venture, 2008).  The Workplan was also reviewed 
and accepted by the Presidio Trust and they issued a License to Enter and Conduct Geotechnical 

                                                 
1 Evaluation of whether the chemical quality of some or all excavated soil would meet Presidio Trust reuse 

criteria (EKI, 2002) will be evaluated in a separate report by BASELINE. 
2 Groundwater quality data collected in the Project was presented in Caltrans and ARUP PB Joint Venture, 

2009a.  
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Investigations, Modification No. 2 (Presidio Trust, 2008).  The Workplan and License to Enter 
are attached in Appendices A and B, respectively.   

The Workplan was designed to meet the investigation objectives by: 1) collection of 
representative samples from soil to be excavated during Project construction in general 
accordance with U.S. Environmental Protection Agency (“EPA”) SW-846 (EPA, 1986) 
guidance; 2) selection of an analytical approach for soil samples that would meet landfill 
requirements for pre-approval of soil disposal, and that would meet Presidio Trust analytical 
requirements for potential reuse of soil within the Project limits without additional 
characterization after excavation; 3) collection and analysis of representative samples to allow 
Caltrans to prepare project specifications addressing worker health and safety; and 4) to allow 
the contractor to prepare an appropriate health and safety plan for construction workers. 

2.1 Soil Boring Locations and Depths  

Soil samples were collected from 26 borings (E059 through E082, E077A, and E078A) drilled 
within the Project area, as shown on Figure 2.  Two shallow hand auger borings (E077A and 
E078A) were advanced near the primary borings (E077 and E078).  These shallow boring 
locations were the first choice for boring location; however, they were not accessible with the 
drill rig.  Therefore, only shallow soil samples were collected at these two locations, and the 
deeper boring was located as close as possible to the original borings and in an area accessible 
with a drill rig.   

The boring locations were selected using a systematic, random approach as described in EPA 
SW-846 guidance (EPA, 1986). An initial, random boring location was selected, and subsequent 
boring locations were identified approximately every 200 lateral feet along the north- and 
southbound portions of the Project alignment, as requested by Caltrans. 

The majority of the borings (20) were located in proposed cut areas, and the remaining borings 
(6) were located within potential fill areas (Figure 2).  Table 1 lists the borings drilled within the 
Project area and Table 1 and Figure 2 indicate their location in cut or potential fill areas.  

Borings located in potential fill areas were drilled to a depth of 2.5 feet below ground surface 
(“bgs”) to characterize only surficial soil, which may be removed to ready the area for potential 
surcharge materials (Table 1).  With the exception of borings E077A and E078A, discussed 
above, borings located within proposed cut areas were drilled to a depth of approximately two 
feet below the proposed depth of cut, or five feet below top of bedrock, if bedrock was 
encountered.  These borings ranged in depth from 7.5 to 40 feet bgs.   

2.2 Soil Sampling and Analysis Approach 
In general, soil samples were collected at depths of 0.5 to 1.0 and 2.0 to 2.5 feet bgs in every 
environmental boring and every five feet thereafter to the proposed depth of each boring.  
Discrete samples from the ground surface to a depth of 2.5 feet bgs were analyzed for lead.  
Samples collected below a depth of 2.5 feet bgs were composited and analyzed for multiple 
chemicals identified by Presidio Trust as potential contaminants of concern in the Presidio (EKI, 
2002).  
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Borings within contiguous cut or potential fill areas were identified as a single composite area 
(Figure 2).  Samples collected from borings within a given composite area were composited with 
samples from other borings within that composite area.  The soil analysis approach is described 
in more detail below in Section 3.4. 

3 METHODOLOGY 

3.1 Field Preparations 
Dig Permits were obtained from the Presidio Trust for all borings (Appendix B).  Each boring 
location was marked in white paint, and locations not covered by asphalt or concrete were also 
identified using a wooden or metal stake.  A private utility locator, Otis Haskin (“OHJ”), cleared 
all boring locations.  Underground Service Alert (“USA”) was then contacted for utility 
clearance, and the Dig Permit was requested from Presidio Trust.  Presidio Trust reviewed and 
checked the borehole locations with their equipment, maps, and site knowledge before issuing 
the Dig Permit authorizing drilling to commence. 

3.2 Drilling Activities 
Drilling operations were performed in general accordance with the applicable Standard 
Operating Procedures (“SOPs”) included in the Presidio Trust’s Presidio-Wide Quality 
Assurance Project Plan (“QAPP”) (Tetra Tech EM, Inc., 2001).  Deviations from the QAPP 
SOPs are described in the Workplan (Appendix A).  BASELINE staff performed fieldwork in 
accordance with BASELINE’s site-specific Health and Site Safety Plan, included in the 
Workplan. 

Drilling and hand augering activities were conducted by Gregg Drilling & Testing, Inc. (“Gregg 
Drilling”) of Martinez, California, a C-57 licensed driller.  Borings were drilled using direct-push 
equipment, a hollow-stem auger drill rig, or a hand auger (Table 1).  Drilling augers and rods 
were cleaned between borings with a steam cleaner.  Soil sampling equipment was 
decontaminated between samples by scrubbing with a laboratory-grade detergent solution and 
rinsing in two sequential pails of potable water.  

A professional BASELINE geologist supervised all drilling activities and logged lithology using 
the Unified Soil Classification System.  Boring logs are included in Appendix C.   

Borings completed without encountering groundwater were backfilled with bentonite pellets or 
chips, hydrated in one-foot lifts, to within about one foot bgs.  All borings with standing 
groundwater at the time of completion were backfilled with a neat cement grout to one foot bgs. 
The grout was placed using a tremie pipe.  Surface completions matched existing conditions 
(e.g., soil or asphalt).  After backfilling, each boring location was marked using a wooden stake, 
or white paint if the boring was located in concrete or asphalt, in preparation for surveying.  A 
licensed surveyor, Chaudhary & Associates, located the borings after completion in accordance 
with the Presidio Trust QAPP.  Survey coordinates are provided in both Project datum (NAD 83 
and NAVD 88) and Presidio Trust datum (NAD27 and Presidio Low Low Water) on Table 1.  
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3.3 Soil Sampling and Handling Procedures 
If asphalt or baserock was present at a boring location, the planned 0.5 to 1.0 foot bgs sample 
was collected from the first soil interval below the asphalt and baserock. Soil samples within 
proposed cut areas were also collected every five feet to the proposed depth of the cut.  If 
bedrock was encountered within the planned depth of the boring, a sample was collected near the 
top of the bedrock and, if possible, five feet below the top of bedrock.  Additional bedrock 
samples were not collected if bedrock was encountered, as it was assumed that the same type of 
bedrock was present at depth.  Bedrock encountered included sandstone and shale. The sampling 
procedures for Colma Sand were the same as bedrock units because, although Colma Sand is not 
consolidated, BASELINE understands it will be used as a bearing formation for construction. 

Soil samples were collected directly into clean six-inch long brass or stainless steel liners or 
micro-core tubes.  The collected samples were capped with Teflon and plastic end caps, labeled, 
and immediately stored in ice-cooled chests. 

Samples were labeled with the boring number (e.g., E082), soil type, and sample depth in feet 
bgs.  Soil type categories included fill (F), alluvium (A), Colma Sand (C), or Bedrock (BR).  
Although Bay Mud and serpentinite bedrock were encountered during the previous investigation 
for the Contract 3 area (Caltrans and ARUP PB Joint Venture, 2009b), they were not 
encountered during this investigation. Alluvial and marine sediments were included in the 
“alluvium” category for the purpose of compositing chemically similar soil types.  If serpentinite 
was observed in a sample, an “S” was added to the soil type descriptor (e.g., fill with serpentinite 
would be labeled “FS”).  Sample depth indicated on the sample label was the bottom of the six-
inch sample interval.   

Composite sample instructions were provided to the laboratory within five days of the sample 
collection date.  Composite samples were identified with “EC” indicating Environmental 
Composite, followed by the composite area number, the soil type descriptor, and the sample 
number.  A list of composite samples and the discrete samples used to make up each composite 
sample is presented in Table 2.  A total of four composite areas (9 through 12) were designated 
in the Project area. 

The samples were either picked up in the field daily during drilling activities by Curtis & 
Tompkins, Ltd. of Berkeley, California, a state-certified laboratory, or were delivered by 
BASELINE directly to the laboratory.  In both cases, the samples were handled under chain-of-
custody procedures. 

3.4 Soil Sample Analyses 
All laboratory analyses were conducted by Curtis & Tompkins, Ltd. of Berkeley, California with 
the exception of asbestos and herbicides analyses, which were performed by Forensic Analytical 
of Hayward, California and APPL, Inc. of Fresno, California, respectively.  These laboratories 
are state-certified for the analyses conducted.  Laboratory analyses performed on each sample are 
summarized in Table 3.  The analytical scheme for the collected samples is described below. 

• Fill samples 

− Discrete samples from depths of 1.0 and 2.5 feet bgs were analyzed for total lead.   
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− Up to five discrete fill samples, collected within five days from the same composite 
area, were composited and analyzed for Sampling Suite A.3   

− If any metal concentration was greater than 10 times the Soluble Threshold Limit 
Concentration (“STLC”), the sample was also analyzed for the soluble metal by the 
Waste Extraction Test (“WET”).  If any sample contained greater than 20 times the 
Toxicity Characteristic Leaching Procedure (“TCLP”), the sample was analyzed for 
leachable metal contents by TCLP.  

− Discrete fill samples observed in the field to contain serpentinite were also analyzed 
for asbestos using the California Air Resources Board (“CARB”) Method. 

• Alluvium/Marine and Bay Mud Sediment Samples 

− Up to five native alluvial/colluvial/marine deposit samples, collected within five days 
from the same composite area, were composited and analyzed for Sampling Suite B.4 

− Up to five Bay Mud samples collected within five days from the same composite area 
would have been composited and analyzed for Sampling Suite B. Bay Mud was not 
encountered during this investigation. 

 

• Bedrock Samples 

− Up to five Colma Sand samples, collected within five days from the same composite 
area, were composited for analysis of Sampling Suite B. 

− Up to five bedrock samples, other than Colma Sand, collected within five days from 
the same composite area, were composited and analyzed for Title 22 metals.   
If any metal concentration was greater than 10 times the STLC, the sample was also 
analyzed for the soluble metal by WET.  If any sample contained greater than 20 times 
the TCLP threshold, the sample was analyzed for leachable metal by TCLP. 

− Up to five bedrock samples, collected within five days from the same composite area 
were, composited and analyzed for cyanide, sulfide, and corrosivity (“pH”).  The 
samples were analyzed for reactivity if cyanide was greater than or equal to 250 
milligrams per kilogram (mg/kg), and/or sulfide was greater than or equal to 500 
mg/kg.  Ignitability was determined if total VOCs were greater than one percent.  

− Up to five bedrock samples consisting of serpentinite and collected within five days 
from the same composite area would have been composited and analyzed for asbestos. 
Serpentinite bedrock was not encountered during this investigation. However, three 
geotechnical borings previously drilled by ARUP (BTNB-R2, BTNB-R3, and BTSB-
R2) in Composite Area 12 encountered serpentinite bedrock.  These boring locations 

                                                 
3 Sampling Suite A consists of Sampling Suite B, listed below, plus organochlorine pesticides by EPA 

Method 8081A and herbicides by EPA Method 8151A. 
4 Sampling Suite B consists of Title 22 metals by EPA Methods 6020/7000 series; volatile organic compounds 

(“VOCs”) by EPA Method 8260B; semi-volatile organic compounds (“SVOCs”) by EPA Method 8270C; total 
petroleum hydrocarbons (“TPH”) as gasoline (g), diesel (d), and fuel oil (fo) by EPA Method 8015M/CA LUFT; 
silica gel cleanup on TPHd and TPHfo by EPA Method 3630; polycyclic aromatic hydrocarbons (“PAHs”) by EPA 
Method 8310; polychlorinated biphenyls (“PCBs”) by EPA Method 8082; cyanide by Standard Method 4500-CN-E; 
sulfide by EPA Method 9034; and corrosivity (pH) by EPA Method 9045D. 
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are shown on Figure 2.  At the request of Caltrans, BASELINE collected six samples 
of serpentinite bedrock from the cores which had been stored since the borings were 
drilled in February, May, and July of 2008.  These six samples were analyzed for 
asbestos, nickel, and chromium.  Boring logs for these geotechnical borings were 
included in a previous report (Caltrans and ARUP PB Joint Venture, 2009c) and are 
also presented in this report in Appendix C. 

3.5 Laboratory Quality Assurance 
Curtis & Tompkins and APPL, Inc. performed laboratory analyses and quality assurance/quality 
control procedures in accordance with Presidio Trust’s QAPP (Tetra Tech, 2001), with 
exceptions presented in the Responsibilities and Assumptions Document (BASELINE, 2008) 
attached as Appendix D.  Presidio Trust reviewed the proposed QAPP deviations and did not 
request changes.   

The field sample data were reviewed by Laboratory Data Consultants, Inc. (“LDC”) of 
Sacramento, California for compliance with the Presidio Trust QAPP.  Data were reviewed 
based on the appropriate EPA methods referenced (EPA, 1986), National Functional Guidelines 
for Organic Data Review (EPA, 1999), National Functional Guidelines for Inorganic Data 
Review (EPA, 2004), and the project-specific control limits provided in the QAPP or Presidio-
approved variances requested by Curtis & Tompkins.  Where specific guidance was not 
available, the data were evaluated in a conservative manner consistent with industry standards 
using professional experience.  

Data review by LDC concluded that all soil sample analytical results were valid, as analytical 
methods and reporting were consistent with the Presidio Trust QAPP, National Functional 
Guidelines, or project-specific control limits.  In addition, Level IV data validation packages 
were provided by Curtis & Tompkins and APPL, Inc., and reviewed by LDC, as required by the 
Presidio Trust QAPP.  LDC’s data validation reports are attached as Appendix E.  Electronic 
data are also provided on CD in the Presidio Trust electronic data deliverable (“EDD”) format 
with data qualifiers added by LDC (Appendix E).   

3.6 Data Evaluation Methodology  
Chemical data from the laboratory were loaded into a database.  Soil quality data were screened 
against federal and state hazardous waste thresholds and California Regional Water Quality 
Control Board, San Francisco Bay Region (“Water Board”) residential and commercial/industrial 
Environmental Screening Levels (“ESLs”) (Water Board, 2008).  Statistical analysis of subsets 
of data was performed, as needed, using guidelines and software developed by the EPA (EPA, 
2009) and standard-industry practices.  The results of the data evaluation are presented, below, in 
Section 6. 

3.7 Investigation-Derived Waste Disposal 
Drill cuttings (typically dry to wet soil or rock) were placed in approved U.S. Department of 
Transportation (“DOT”) 55-gallon drums.  Water, used to clean augers and soil sampling 
equipment, was collected in separate drums and sampled to evaluate disposal options.  The 
drums were sealed, labeled, and stored for no longer than 90 days at the drum storage area along 
Mason Street.  Drums were hauled off-site to an appropriate disposal facility as soon as possible 
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after laboratory results were available and pick-up by a licensed waste hauler could be 
scheduled.   

Thirty drums of soil and groundwater generated during drilling activities conducted between 12 
January 2009 and 18 February 2009 were picked up on 15 April 2009 by Clearwater 
Environmental of Union City, California.  Five drums of liquid and 21 soil drums were disposed 
of as non-hazardous waste at Alviso Independent Oil of Alviso, California. Four drums of soil 
were disposed of as non-RCRA hazardous waste within 90 days of generation at Siemens Water 
Technologies Corporation (“Siemens”) in Vernon, California.  BASELINE understands that 
Siemens forwards the waste to Kettleman Hills Hazardous Waste Facility in Kettleman, 
California after re-packaging.  Waste disposal manifests are in Appendix F.  

4 SOIL REUSE OR DISPOSAL FRAMEWORK 

4.1 Criteria for Federal and California Hazardous and Non-Hazardous 
Waste 

A soil, once excavated, may be classified as a federal hazardous waste, a California hazardous 
waste, or a non-hazardous waste depending on its characteristics.  A soil is considered a federal 
hazardous waste if it contains leachable concentrations of select chemicals, determined by TCLP, 
equal to or greater than the thresholds established in Title 40 of the Code of Federal Regulations 
(“CFR”), Section 261.24.  The TCLP method uses a dilution ratio of 20:1 in the extraction 
process; therefore, a waste with a total concentration equal to or greater than 20 times the TCLP 
threshold could potentially be a federal hazardous waste, depending on the fraction of the total 
concentration that is soluble.  There are no thresholds for total concentrations of compounds for 
federal hazardous wastes. 

In California, a waste is considered hazardous if the total concentration of a chemical is equal to 
or greater than the Total Threshold Limit Concentration (“TTLC”) and/or if the soluble 
concentration of a chemical, determined by the WET, is greater than or equal to the STLC.  The 
WET method uses a dilution ratio of 10:1 in the extraction process; therefore, a waste with a total 
concentration equal to or greater than ten times the STLC value could potentially be a California 
hazardous waste, depending on the fraction of the total concentration that is soluble.  The TTLC 
and STLC values are established in Title 22 of the California Code of Regulations, Section 
66261.24. 

A waste that does not exceed the federal and the California hazardous waste criteria is a non-
hazardous waste.  Federal hazardous wastes are only accepted for disposal at a Class I-permitted 
landfill.  A nonfederal, California hazardous waste may be disposed of at a Class I-permitted 
landfill or an out-of-state landfill permitted to accept such waste.  Non-hazardous wastes are 
generally accepted at Class II and Class III landfills, depending on the individual landfill’s 
permit. 

4.2 ESLs 
Soil excavated during Project construction demonstrated to be a non-hazardous waste may be 
transported offsite and reused for other Caltrans projects and/or become the property of the 
contractor.  The Water Board has developed ESLs (Water Board, 2008) for the protection of 
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residential and commercial land uses and construction workers for chemical compounds 
commonly found on contaminated sites.  The ESLs are chemical-specific concentrations that, if 
not exceeded, would not be expected to present a significant threat to human health and/or the 
environment.  The screening values were developed by the Water Board using conservative 
(worst-case) exposure assumptions.  Since it is unknown where soils from the Project may be 
reused, ESLs for shallow soils for residential and commercial/industrial land uses where 
groundwater is considered an actual or potential drinking water source were used for screening 
purposes. 

5 INVESTIGATION RESULTS 

5.1 Lithologic Units and Potential Waste Streams 
Lithologic units encountered during drilling included fill (F), alluvium (A), Colma Sand (C), and 
Bedrock (BR). These lithologic units were considered potential waste streams for the purpose of 
compositing chemically similar soil types.  Alluvial and marine sediments were included in the 
“alluvium” category.  Lithologic units encountered within each composite area are summarized 
below.  Boring logs are included in Appendix C.    

5.1.1 Composite Area 9  
Fill was present in two of the three borings in this composite area (E059 and E060) to depths of 
7.5 and 10.0 feet bgs, the maximum extent of these borings. Fill was present to a depth of 1.0 
feet bgs in the other boring (E061) and was underlain by Colma Sand to a depth of 12.5 feet bgs, 
the maximum depth of the boring. The fill in boring E060 included serpentinite clasts from 
approximately 0.5 to 2.5 feet bgs. 

5.1.2 Composite Area 10 
In this composite area fill was encountered in three of the five borings (E067, E069, and E071) 
to depths of 5.0 to 11.0 feet bgs, and was underlain by alluvium to depths of 16 to 21 ft bgs.  
Below the alluvium, Colma Sand was encountered to depths of 22.5 to 27.5 feet bgs, the 
maximum depth of the borings.  

Fill was encountered in the other two borings (E065 and E063) to a depth of 22.5 feet bgs, the 
maximum depth of the borings.  Serpentinite clasts were included in the fill from boring E063 at 
depths of 20.0 to 22.5 feet bgs.  

5.1.3 Composite Area 11   
Fill was encountered in all six borings in this composite area to a depth of 2.5 feet bgs, the 
maximum depth of the borings.  

5.1.4 Composite Area 12 
Fill was encountered in eight of the twelve borings in this composite area (E074 through E081) 
to depths of 1.0 to 7.0 feet bgs.  Fill was encountered in boring E073 to a depth of 13.0 feet bgs. 
The fill was underlain by alluvium in most of the borings to depths of 18 to 31 feet bgs. Fill was 
not present in borings E077A, E078A, or E082, and the alluvium extended to 11.0 feet bgs 
(E082).  Bedrock was encountered below the fill or alluvium at depths from 7.0 feet (E081) to 31 
feet bgs (E079).  Bedrock consisted of sandstone, shale, or Colma Sand.  
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Serpentinite bedrock was not encountered in the environmental borings.  However, serpentinite 
bedrock was encountered in one geotechnical boring within the depth of the proposed Battery 
Tunnel in Composite Area 12 (BTNB-R2) and below the depth of the tunnel in two geotechnical 
borings just east of the tunnel (BTNB-R3 and BTSB-R2).  

5.2 Analytical Results  

5.2.1 Chemical Compounds 
Analytical results for all the soil samples are summarized in Tables 4 through 12. Only 
compounds that were identified above laboratory reporting limits in at least one sample are 
presented on the tables. Semi-volatile organic compounds (analyzed by EPA Method 8270C) and 
herbicides (analyzed by EPA Method 8151A) were not reported above laboratory reporting 
limits; therefore, the results are not tabulated.  

Hazardous waste thresholds and ESLs are also listed in the tables for compounds with 
established values.  Concentrations that exceed any of the thresholds or ESLs are shaded in the 
tables.  

5.2.2 Asbestos 
Asbestos was analyzed for two fill samples in Composite Areas 9 and 10 (E060FS-2.5 and 
E063FS-22.5, respectively) due to the presence of serpentinite clasts in fill material. Asbestos 
was not reported in these samples above 0.25 percent (Table 11 and Appendix C). Material 
containing friable asbestos equal to or greater than one percent is classified as a California 
hazardous waste. An asbestos dust mitigation plan is required by the California Code of 
Regulations, Title 17 and the Bay Area Air Quality Management District before grading in areas 
where asbestos has been reported above 0.25 percent.5  Based on the results of these two 
samples, fill material containing serpentinite in Composite Areas 9 and 10 are not hazardous, and 
a dust mitigation plan is not required before grading. Serpentinite was not encountered in fill 
materials in Composite Areas 11 and 12. 

Asbestos was analyzed for six serpentinite bedrock samples collected from cores of three 
previously drilled geotechnical borings (BTNB-R2, BTNB-R3, and BTSB-R2) in Composite 
Area 12 (Table 11 and Figure 2). Asbestos was reported in these samples at concentrations 
ranging from 0.75 to 2.5%, above the California Code of Regulations, Title 17 limit of 0.25%, 
indicating a dust mitigation plan is required during excavation of serpentinite bedrock in 
Composite Area 12 (California Code of Regulations, 2002). The serpentinite bedrock in 
Composite Area 12 is a California hazardous waste due to asbestos and nickel, as discussed 
below in Section 6.1.6. 

6 WASTE CLASSIFICATION AND SOIL MANAGEMENT 
Data evaluation was conducted in two phases.  The initial phase was to identify soil types and/or 
locations where the soil would be classified as a hazardous waste.  The second phase was to 
screen those soils that were determined to be non-hazardous wastes for disposal purposes against 
                                                 

5 California Code of Regulations, 2002, Title 17, Section 93105, Final Regulation Order, Asbestos Airborne 
Toxic Control Measure for Construction, Grading, Quarrying, and Surface Mining Operations, July 22. 
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ESLs established by the Water Board for residential and commercial/industrial land uses where 
the groundwater is considered a current or potential source of drinking water (Table A, Water 
Board, 2008), and against ESLs for construction/trench worker direct exposure (Table K-3, 
Water Board, 2008).  Screening against ESLs was performed to provide information for Caltrans 
and/or the contractor use to assess health and safety concerns and possible soil reuse options 
either within the Project or at other locations. 

Evaluation of possible reuse of soils within the Project area in accordance with Presidio Trust 
reuse criteria may be presented in a separate report to be prepared by BASELINE.  BASELINE 
understands the contractor will be preparing a Soil Management Plan based on recommendations 
of this report and Presidio Trust’s response to our request for soil reuse. 

6.1 Evaluation for Waste Classification 
The first step in the data evaluation process to determine whether soil may be considered a 
California or federal hazardous waste was to systematically explore all the soil quality data to 
identify compounds that may exceed hazardous waste thresholds.  The only chemical that had 
one or more concentrations exceeding hazardous waste thresholds was lead (Table 5).  The 
following discussion regarding hazardous waste thresholds is therefore limited to evaluation of 
lead. 

None of the soil quality data collected during this investigation exceeded any federal TCLP 
hazardous waste thresholds.  All samples with total lead concentrations that exceeded 100 mg/kg 
(20 times the TCLP threshold) were analyzed for soluble TCLP lead, and all the results were 
below the federal TCLP hazardous waste threshold of 5 mg/L (Table 5).  Therefore, all the soils 
are not considered federal hazardous wastes. 

6.1.1 Top 2.5 Feet of Soil in All Composite Areas (9 to 12) 
In general, soil samples were collected from 0.5-1.0 and 2.0-2.5 feet bgs and analyzed discretely 
for total lead.  Initial examination of the data revealed that the total lead concentration in 
Composite Area 11 appeared to be different than in the other Composite Areas, as can be seen in 
the histograms below. 
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The histogram for Composite Area 11 (in green) has a much longer tail toward higher 
concentrations, whereas the histograms for the other Composite Areas appear similar.  Therefore, 
the data for the 40 samples collected from 0-2.5 feet bgs in the proposed cut areas (Composite 
Areas 9, 10, and 12) were initially considered one subset and data for the 12 samples collected 
from 0-2.5 feet bgs in the proposed fill area (Composite Area 11) were considered a second 
subset.   

Histograms of the total lead concentrations in the two subsets are shown below.  The histograms 
illustrate that the lead concentrations in the subset of samples from Composite Area 11, which is 
a potential fill area (charge area), have a significantly longer tail toward higher concentrations, 
whereas total histogram for Composite Areas 9, 10, and 12, which are proposed excavation areas 
(cut areas), falls relatively steeply at lower concentrations.  
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The total lead concentrations in the two subsets were also statistically evaluated using the 
Wilcoxon-Mann-Whitney test, which is a nonparametric (i.e., no assumption on data 
distribution) statistical test, to determine whether a difference exists in the two subsets.6  Using 
the null hypothesis that the total lead concentrations in the shallow soil from the proposed fill 
area subset (Composite Area 11) are greater than or equal to those in the proposed cut area 
subset (Composite Areas 9, 10, and 12) (Form 2), the test found that the null hypothesis should 
not be rejected at an alpha value of 0.05.  Using the null hypothesis that the lead concentrations 
in soil from the proposed cut area subset are greater than or equal to those in the proposed fill 
area subset (Form 2), the test found that the null hypothesis should be rejected at an alpha value 
of 0.05.  These results indicate that the lead concentrations in the two subsets were sufficiently 
different that they should be evaluated separately.  The ProUCL outputs for this test are provided 
in Appendix H. 

The majority of the samples collected from the top 2.5 feet of soil in Contract 4 were of fill.  
Alluvium in shallow soils was encountered sporadically in the western half of Composite Area 
12.  Separation of shallow fill and alluvium would likely be impractical given that fill and 
alluvium appeared to be intermixed in this area.  Therefore, no attempt was made to classify 
alluvium separately from fill in the top 2.5 feet of soil.   

While all the discrete samples in the two subsets (fill versus cut areas) were analyzed for total 
lead, only those samples with total lead concentrations greater than 50 mg/kg (ten times the 
STLC) were analyzed for WET lead.  Therefore, to conservatively estimate WET lead 

                                                 
6 The Wilcoxon-Mann-Whitney test was performed on total lead concentrations, rather than on WET lead 

concentrations, because only 19 of the 52 discrete samples collected in the top 2.5 feet of soil across all the 
Composite Areas were actually analyzed for WET lead.  The WET lead data set would have been biased because 
only samples with total lead concentrations above 50 mg/kg would have been analyzed for WET lead. 
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concentrations for the samples not actually analyzed for WET lead, the WET lead concentrations 
were assumed to be 10 percent of the total lead concentrations.   

The basic statistics for total and WET lead (analyzed and estimated) concentrations in samples 
collected in the top 2.5 feet from the proposed cut and fill areas are summarized below. 

  
No. of 
Samples Minimum Maximum Mean Median Variance 

Standard 
Deviation 

Total Lead (fill) (mg/kg) 12 8.6 1,000 218 125 86,910 294.8 
Total Lead (cut (mg/kg) 40 1.6 320 46 13 4,393 66.28 
WET Lead  (fill) (mg/L) 12 0.86 23 6.9 4.9 41.85 6.469 
WET Lead (cut)) (mg/L) 40 0.16 15 1.9 1.2 7.068 2.659 

 

Since the maximum total lead concentration in the proposed fill area subset equaled the TTLC of 
1,000 mg/kg, and the maximum WET lead concentrations in both the fill and cut subsets 
exceeded the STLC of 5 mg/L, these parameters were evaluated further to determine whether 
representative concentrations exceed California hazardous waste thresholds.   

Guidance in the EPA SW-846 specifies that the one-tailed 90 percent upper confidence limit 
(“UCL”) on the mean (which is equivalent to the two-tailed 80 percent UCL) should be 
calculated and compared to hazardous waste thresholds.  If the calculated 90 percent UCL is less 
than the hazardous waste threshold, then the chemical is not considered to be present in the waste 
above the threshold, and the waste represented by the data is not considered a hazardous waste 
due to that chemical (EPA, 1986). 

Using ProUCL version 4.00.04 software, estimates of the 90 percent UCL for WET lead 
concentrations in the less than 2.0 feet bgs subset were calculated (the data and UCL output file 
is provided in Appendix H).  The software tests the data to determine if it is consistent with a 
normal, lognormal, or gamma distributions, and also calculates UCLs assuming these three 
distributions as well using nonparametric methods.   

6.1.1.1 Total and Soluble WET Lead in Top 2.5 Feet of Soil in Proposed Fill Area 
(Composite Area 11) 

The total and WET lead concentrations in the shallow soil samples collected from Composite 
Area 11 were higher than from other areas, as discussed in Section 6.1.1, above.  Six soil 
samples were collected from 0.5-1.0 feet bgs and and six samples were collected from 2.0-2.5 
feet bgs in Composite Area 11.  The total lead concentrations in the two subsets of data were 
compared using the Wilcoxon-Mann-Whitney test, and test results were inclusive (neither one of 
the opposite null hypotheses could be rejected).  Histograms of the two subsets are shown below.   
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Therefore, all 12 samples from the top 2.5 feet in Composite Area 11 were considered one group.  
The basic statistics for total and WET lead concentrations were presented in 6.1.1, above.  One 
of the total lead concentrations equaled the TTLC of 1,000 mg/kg.  The seven samples that had 
total lead concentrations greater than ten times the STLC were analyzed for soluble WET lead, 
and six of the WET lead concentrations exceeded the STLC of 5 mg/L.   

ProUCL was used to estimate the 90 percent UCL for WET lead concentrations in this subset, 
assuming WET lead concentrations equal to ten percent of the total lead concentration for those 
samples not actually analyzed for WET lead.  The data and UCL output file are provided in 
Appendix H. 

The WET lead concentrations are not normal but are consistent with lognormal and gamma 
distributions at a five percent significance level. The estimated 90 percent UCLs calculated 
assuming lognormal and gamma distributions are:  

• Gamma Distribution Methods 

− 90% Approximate Gamma UCL =11 mg/L 
− 90% Adjusted Gamma UCL = 11 mg/L 

• Lognormal Distribution Methods 

− 90% H-UCL = 15 mg/L 
− 90% Chebyshev (MVUE)  UCL = 14 mg/L 

The 90% UCL estimates are all greater than the STLC for WET lead of 5 mg/L. Therefore, the 
representative WET lead concentration in the top 2.5 feet of soil in the proposed fill area 
(Composite Area 11) would cause the shallow soil above 2.5 feet bgs to be considered a 
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California hazardous waste.  Because this subset is already considered hazardous due to WET 
lead concentrations, further evaluation of total lead concentrations in this subset is not necessary.  

6.1.1.2 Total and Soluble WET Lead in Top 2.5 Feet of Soil in Proposed Cut 
Areas (Composite Areas 9, 10, and 12) 

Twenty-one soil samples were collected from 0.5-2.0 feet bgs and nineteen samples were 
collected from 2.0-2.5 feet bgs in the proposed cut areas (Composite Areas 9, 10, and 12).  
Histograms of the total lead concentrations in the two subsets are shown below. 

 

 
 
The total lead concentrations in the two subsets of data were compared using the Wilcoxon-
Mann-Whitney test, and test results indicate that the two subsets were different at an alpha level 
of 0.5, and therefore, should be evaluated separately.  The outputs from ProUCL are provided in 
Appendix H. 

6.1.1.2.1 Total and Soluble WET Lead in Soil in Top Two Feet Subset in Proposed 
Cut Areas  

The basic statistics on total and WET concentrations in the 21 samples collected from 0.5-2.0 
feet bgs are presented below. 

  No. of 
Samples Minimum Maximum Mean Median Variance 

Standard 
Deviation

Tot Lead (cut1) 21 2.2 320 65 20 6,075 77.94 
WET Lead (cut1) 21 0.22 15 2.6 1.4 11.3 3.362 

 

The maximum total lead concentration was 320 mg/kg, below the TTLC.  The maximum WET 
lead concentration was 15 mg/L, which exceeded the STLC.  Using the ten actual soluble WET 
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lead concentrations and ten estimated WET lead concentrations (assuming ten percent of total 
lead concentrations) in the less than 2 feet bgs subset, 90 percent UCLs were calculated using 
ProUCL.  The data and ProUCL output are provided in Appendix H.  The data do not follow a 
normal distribution, but are consistent with both a lognormal and gamma distribution at a five 
percent significance level. The estimated 90 percent UCLs, assuming lognormal and gamma 
distributions, are:  

• Gamma Distribution Methods 

− 90% Approximate Gamma UCL = 3.6 mg/L 
− 90% Adjusted Gamma UCL = 3.6 mg/L 

• Lognormal Distribution Methods 

− 90% H-UCL = 4.0 mg/L 
− 90% Chebyshev (MVUE)  UCL = 4.4 mg/L 

The 90% UCL estimates are all less than the STLC for WET lead of 5 mg/L. Therefore, the 
representative WET lead concentration in the less than 2 feet bgs subset in the proposed cut areas 
(Composite Areas 9, 10, and 12) would not cause the shallow soil to be considered a California 
hazardous waste. 

6.1.1.2.2 Total and Soluble WET Lead in Soil in 2.0-2.5 Feet bgs Subset in Proposed 
Cut Areas (Composite Areas 9, 10, and 12)  

The total and soluble WET lead concentrations in the 19 samples collected from 2.0-2.5 feet bgs 
in the proposed cut areas are presented below. 

Sample ID 
Sample Depth 

(feet bgs) 
Lead 

(mg/kg) 
WET Lead 

(mg/L) 
E059F-2.5 2.5 120 1.1 
E060FS-2.5 2.5 21 Not analyzed 
E061C-2.5 2.5 2.5 Not analyzed 
E063F-2.5 2.5 160 1.9 
E065F-2.5 2.5 23 Not analyzed 
E067F-2.5 2.5 13 Not analyzed 
E069F-2.5 2.5 4 Not analyzed 
E073F-2.5 2.5 3 Not analyzed 
E074F-2.5 2.5 4.6 Not analyzed 
E075F-2.5 2.5 30 Not analyzed 
E076F-2.5 2.5 2.4 Not analyzed 
E077A-2.5 2.5 1.8 Not analyzed 
E077AA-2.5 2.5 6.9 Not analyzed 
E078A-2.5 2.5 1.9 Not analyzed 
E078AA-2.5 2.5 2.8 Not analyzed 
E079F-2.5 2.5 49 Not analyzed 
E080A-2.5 2.5 1.6 Not analyzed 
E081F-2.5 2.5 13 Not analyzed 
E082A-2.5 2.5 5.1 Not analyzed 
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The maximum total lead concentration was 160 mg/kg, less than the TTLC.  The two samples 
that had total lead concentrations greater than ten times the STLC were analyzed for soluble 
WET lead, and none of the WET lead concentrations exceeded the STLC of 5 mg/L.  Therefore, 
neither the total nor soluble WET lead concentrations in the proposed cut areas (Composite 
Areas 9, 10, and 12) would cause the soil in the 2.0-2.5 feet bgs subset to be considered a 
California hazardous waste. 

6.1.2 Fill Deeper than 2.5 Feet bgs in Proposed Cut Areas (Composite Areas 9, 10, 
and 12) 

During the field investigation, a total of 11 composite samples of fill were analyzed from the 
proposed cut areas (Composite Areas 9, 10, and 12).7  All but one of the composite samples were 
made up of one or more discrete samples collected from shallower than 2.5 feet bgs.8  Since the 
shallow soils are known to have higher lead concentrations, the composite sample results were 
not considered representative of the deeper fill.  To obtain representative lead concentrations in 
the deeper fill, three new composite samples, made up of all the discrete fill samples collected 
from deeper than 2.5 feet bgs that was not already appropriately composited to characterize 
deeper fill, were analyzed.  One new composite sample was analyzed for each of Composite 
Areas 9, 10, and 12.  Lead concentrations in the three additional and one original composite 
samples of discrete samples of fill collected from deeper than 2.5 feet bgs are presented below.  

Sample ID 

Sample 
Depth 

(feet bgs) 
Lead 

(mg/kg) 
WET Lead 

(mg/L) 
EC09-F005 7.5-12.5 7.3 Not analyzed 
EC10-F004 7.5-22.5 21 Not analyzed 
EC10-F005 7.5-22.0 18 Not analyzed 
EC12-F006 7.5-12.5 3.1 Not analyzed 

 

Total lead concentrations ranged from 3.1 to 21 mg/kg, which are below the TTLC.  None of the 
samples contained total lead above 50 mg/kg so none was analyzed for WET lead.  Therefore, 
fill deeper than 2.5 feet bgs in Composite Areas 9, 10, and 12 would not be considered a 
California hazardous waste due to lead.   

6.1.3 Alluvium Deeper than 2.5 Feet bgs in Composite Areas 10 and 12 
Alluvium deeper than 2.5 feet bgs was only encountered in Composite Areas 10 and 128 during 
the investigation.  Lead concentrations from nine composite samples of alluvium from 
Composite Areas 10, and 12 are presented below.9   

 

 
                                                 

7 Soil samples were not collected below a depth of 2.5 feet in the proposed fill area (Composite Area 11) since 
excavation was not planned in that area. 

8 The primary purpose for the composite sample analyses was for the analysis of the Title 22 metals other than 
lead and organic constituents. 

9 Note that four of the composite samples included discrete samples collected from 2.5 feet bgs and above.   
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Sample ID 
Sample Depth 

(feet bgs) 
Lead 

(mg/kg) 
WET Lead 

(mg/L) 
EC10-A001 7.0-17.5 5.5 Not analyzed 
EC10-A002 7.5-17.0 4.1 Not analyzed 
EC12-A001 7.5-17.0 5.2 Not analyzed 
EC12-A002 1.0-7.5 5.9 Not analyzed 
EC12-A003 7.5-27.5 2.7 Not analyzed 
EC12-A004 2.5-22.5 2 Not analyzed 
EC12-A005 1.0-27.5 4.5 Not analyzed 
EC12-F006 1.0-17.5 4.9 Not analyzed 
EC12-A007 12.5-22.5 4.4 Not analyzed 

 

Total lead concentrations ranged from 2 to 5.5 mg/kg, which are below the TTLC.  None of the 
samples contained total lead above 50 mg/kg so none was analyzed for WET lead.  Therefore, 
alluvium deeper than 2.5 feet bgs in Composite Areas 10 and 12 would not be considered a 
California hazardous waste due to lead.   

6.1.4 Colma Sand Deeper than 2.5 Feet bgs in Proposed Cut Areas (Composite 
Areas 9, 10, and 12) 

Lead concentrations of five composite samples of Colma Sand collected from deeper than 2.5 
feet bgs in the proposed cut areas (Composite Areas 9, 10, and 12) are presented below.10   

Sample ID 
Sample Depth 

(feet bgs) 
Lead 

(mg/kg) 
WET Lead 

(mg/L) 
EC09-C001 2.5-12.5 2.5 Not analyzed 
EC10-C001 17.5-27.5 2.7 Not analyzed 
EC12-C001 17.5-32.5 3.3 Not analyzed 
EC12-C002 12.5-37.5 2.9 Not analyzed 
EC12-C003 22.5-32.5 2.9 Not analyzed 

 

Total lead concentrations ranged from 2.5 to 3.3 mg/kg, which are below the TTLC.  None of the 
samples contained total lead above 50 mg/kg so WET lead was not analyzed.  Therefore, Colma 
Sand deeper than 2.5 feet bgs in Composite Areas 9, 10, and 12 would not be considered a 
California hazardous waste due to lead.   

6.1.5 Non-Serpentinite Bedrock in Composite Area 12 
Non-serpentinite bedrock was only encountered in Composite Area 12 during the investigation.  
Lead concentrations from the two composite samples of bedrock collected from Composite Area 
12 are presented below.   

Sample ID 
Sample Depth 

(feet bgs) 
Lead 

(mg/kg) 
WET Lead 

(mg/L) 
EC12-BR001 7.5-22.5 9.2 Not analyzed 
EC12-BR002 23.0-38.0 7.3 Not analyzed 

                                                 
10 Soil samples were not collected below a depth of 2.5 feet in the proposed fill area (Composite Area 11) since 

excavation was not planned in that area. 
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Total lead concentrations were 7.3 and 9.2 mg/kg, which are below the TTLC.  Neither of the 
samples contained total lead above 50 mg/kg so they were not analyzed for WET lead.  
Therefore, the non-serpentinite bedrock encountered in Composite Area 12 would not be 
considered a California hazardous waste due to lead.   

6.1.6  Serpentinite Bedrock in Composite Area 12 
Six discrete samples from geotechnical borings BTNB-R3, BTNB-R2, and BTSB-R2 of 
serpentinite bedrock were analyzed for nickel and chromium.  The total chromium 
concentrations in these samples ranged from 220 to 1,200 mg/kg. The total nickel concentrations 
in these samples ranged from 1,900 to 3,100 mg/kg and the average was 2,300 mg/kg, which is 
greater than the TTLC of 2,000 mg/kg (Table 4).  Therefore, serpentinite bedrock in Composite 
Area 12 should be considered a California hazardous waste due to nickel. 

Asbestos was analyzed for six serpentinite bedrock samples collected from cores of three 
previously drilled geotechnical borings (BTNB-R2, BTNB-R3, and BTSB-R2) in Composite 
Area 12 (Table 11 and Figure 2). Asbestos was reported in these samples at concentrations 
ranging from 0.75 to 2.5%, indicating a dust mitigation plan is required during excavation of 
serpentinite bedrock in Composite Area 12. The mean concentration of asbestos in these six 
samples was 1.78%, above the TTLC of 1%, and the asbestos was identified as chrysotile, a 
friable form of serpentine. Therefore, the serpentinite bedrock in Composite Area 12 is a 
California hazardous waste due to asbestos. 

6.2 Screening against ESLs 
Chemical concentrations quantified above laboratory reporting limits associated with soils that 
were classified as non-hazardous wastes were screened against ESLs established by the Water 
Board for residential and commercial/industrial land uses where the groundwater is considered a 
current or potential source of drinking water (Table A, Water Board, 2008), and against ESLs for 
construction/trench worker direct exposure (Table K-3, Water Board, 2008).  The ESLs are listed 
in Tables 4 through 10.  The compounds that exceeded one or more ESLs in the different soil 
types that were determined to be non-hazardous wastes are summarized below.  

Soil Type Compound  ESL(s) Exceeded 
Arsenic Residential and commercial/industrial land uses Alluvium in 

Composite Areas 
9, 10, and 12 

Vanadium Residential land use  

Arsenic Residential and commercial/industrial land uses Bedrock (not 
serpentinite) in 
Composite Area 
12   

Vanadium Residential land use 

Arsenic Residential and commercial/industrial land uses Colma Sand in 
Composite Areas 
9, 10, and 12 

Vanadium Residential land use 

Arsenic Residential and commercial/industrial land uses 
Lead Residential land use 

Fill in Composite 
Areas 9, 10, and 
12  

Vanadium Residential land use 

  Benzo(a)anthracene Residential and commercial/industrial land uses 
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Soil Type Compound  ESL(s) Exceeded 

  Benzo(a)pyrene Residential and commercial/industrial land uses, and construction 
worker direct contact 

  Benzo(b)fluoranthene Residential and commercial/industrial land uses 

  Benzo(k)fluoranthene Residential land use 

  Dibenz(a,h)anthracene Residential and commercial/industrial land uses 

  Indeno(1,2,3-c,d) 
pyrene 

Residential land use 

  TPH as diesel Residential and commercial/industrial land uses 

  TPH as motor oil Residential land use 

 

The information summarized above should be considered a preliminary screening only, and more 
detailed evaluation may be needed for specific scenarios.  The following issues should be 
considered when reviewing the information: 

• Even if only one of numerous samples contained a compound that exceeded an ESL, that 
compound is listed in the above table.  For example, only one out of the 11 samples of fill 
that were analyzed for PAHs contain benzo(b)fluoranthene above the ESL for residential 
land use.  

• Arsenic ESLs are based on human health risk concerns.  Background concentrations for 
arsenic established by the Lawrence Berkeley National Laboratory (“LBNL”) are 
substantially higher than the ESLs for residential and commercial/industrial land uses.  The 
95th percentile for arsenic determined by the LBNL is 17 mg/kg (LBNL, 2009), whereas 
the residential and commercial/industrial ESLs are 0.39 and 1.6 mg/kg, respectively. 
Background concentrations for arsenic established by Presidio Trust are also higher than 
the ESLs for residential and commercial/industrial land uses and range from 3.2 to 6.2 
mg/kg, depending on lithology (EKI, 2002). 

7 CONCLUSIONS 
A systematic investigation of the quality of soils that are expected to be excavated within the 
Project has provided data to support waste classification of the soils for disposal purposes and 
preliminary screening against ESLs established by the Water Board.    

The results of the waste classification are summarized in Table 13.  The following soil group or 
soil types are classified as California hazardous wastes:   

• All soil in the top 2.5 feet in Composite Area 11, which consisted of only fill. Excavation 
was not planned in Composite Area 11, and therefore, no samples were collected from 
deeper than 2.5 feet bgs during this investigation.  Additional characterization of soils 
below 2.5 feet bgs should be performed if excavation below 2.5 feet were to occur. 

• Serpentinite bedrock in Composite Area 12.  

The following soil types are classified as non-hazardous wastes: 



 

Y0239-04.A3.01291_rpt_rev1.doc-8/25/09 -21- 

• Soil in the top 2.5 feet in Composite Areas 9, 10, and 12. 

• Fill deeper than 2.5 feet bgs in Composite Areas 9, 10, and 12. 

• Alluvium deeper than 2.5 feet bgs in Composite Areas 10 and 12. Alluvium was not 
encountered in Composite Area 9.  

• Colma Sand deeper than 2.5 feet bgs in Composite Areas 9, 10, and 12.   

• Bedrock (not serpentinite) in Composite Area 12. Bedrock was not encountered in 
Composite Areas 9 or 10. 

A preliminary screening of chemical constituents against ESLs in shallow soils for residential 
and commercial/industrial land uses where groundwater is a current or potential drinking water 
source, and against ESLs for construction/trench workers, indicates that one or more samples of 
each soil group classified as a non-hazardous waste exceeds one or more ESLs.  A more detailed 
evaluation should be performed to assess specific scenarios of possible soil reuse. 

8 LIMITATIONS 
BASELINE’s objective is to perform our work with care, exercising the customary thoroughness 
and competence of earth science, environmental, and engineering consulting professionals, in 
accordance with the standard for professional services for a consulting firm at the time these 
services were provided.  It is important to recognize that even the most comprehensive scope of 
services may fail to detect environmental conditions and potential liability at a particular site.  
Therefore, BASELINE cannot act as insurers and cannot “certify or underwrite” that a site is free 
of environmental contamination, and no expressed or implied representation or warranty is 
included or intended in this report except that the work was performed within the limits 
prescribed with the customary thoroughness and competence of our profession. 

The passage of time, manifestation of latent conditions, or occurrence of future events may 
require further exploration at the project site, analysis of the data, and re-evaluation of the 
findings, observations, conclusions, and recommendations expressed in the report. 

The findings, observations, conclusions, and recommendations expressed by BASELINE in this 
report are limited by the scope of services and should not be considered an opinion concerning 
the compliance of any past or current owner or operator of the site with any federal, state, or 
local law or regulation.  No warranty or guarantee, whether expressed or implied is made with 
respect to the data reported or findings, observations, conclusions, and recommendations 
expressed in this report. 
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TABLE 2: Soil Composite and Discrete Sample Correlations 
Contract 4 of Doyle Drive Replacement Project

Composite 
Sample ID

Discrete 
Sample ID Lithology

EC09-C001 E061C-12.5 C
E061C-2.5
E061C-7.5

EC09-F001 E057F-1.0 F
E059F-1.0
E059F-2.5
E059F-7.5
E061F-1.0

EC09-F003 E055F-12.5 F/FS
E055F-7.5
E060F-1.0
E060FS-2.5

EC09-F004 E058F-1.0 F
E058F-2.5
E058F-7.5
E060F-7.5

EC09-F005 E055F-7.5 F
E055F-12.5
E058F-7.5
E059F-7.5
E060F-7.5

EC10-A001 E069A-12.5 A
E069A-7.0
E071A-12.5
E071A-17.5

EC10-A002 E067A-12.5 A
E067A-7.5
E069A-17.5

EC10-C001 E067C-17.5 C
E067C-22.5
E069C-22.5
E071C-22.5
E071C-27.5

EC10-F001 E069F-1.0 F
E069F-2.5
E071F-1.0
E071F-2.0
E071F-7.5

EC10-F002 E065F-1.0 F
E065F-2.5
E065F-7.5
E067F-1.0
E067F-2.5

EC10-F003 E063F-1.0 F
E063F-2.5
E065F-12.5
E065F-17.5
E065F-22.0

EC10-F004 E063F-11.51 F/FS
E063F-17.5
E063F-7.5
E063FS-22.5

10

10

10

10

10

10

10

9

9

9

9

Composite
Area

9
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TABLE 2: Soil Composite and Discrete Sample Correlations 
Contract 4 of Doyle Drive Replacement Project

Composite 
Sample ID

Discrete 
Sample ID Lithology

Composite
Area

EC10-F005 E065F-7.5 F
E065F-12.5
E065F-17.5
E065F-22.0
E071F-7.5

EC11-F001 E070F-1.0 F
E070F-2.5
E072F-1.0
E072F-2.52

EC11-F002 E066F-1.0 F
E066F-2.5
E068F-1.0
E068F-2.5

EC11-F003 E062F-1.0 F
E062F-2.5
E064F-1.0
E064F-2.5

EC12-A001 E074A-12.5 A
E074A-7.5
E076A-12.5
E076A-17.5
E076A-7.5

EC12-A002 E080A-2.5 A
E080A-7.5
E082A-1.0
E082A-2.5
E082A-7.5

EC12-A003 E079A-12.5 A
E079A-17.5
E079A-22.5
E079A-27.5
E079A-7.5

EC12-A004 E078A-12.5 A
E078A-17.5
E078A-2.5
E078A-22.5
E078A-7.5

EC12-A005 E077A-2.5 A
E077A-7.5
E078A-27.5
E078AA-1.0
E078AA-2.5

EC12-A006 E075A-7.5 A
E077A-12.5
E077A-17.5
E077AA-1.0
E077AA-2.0

EC12-A007 E073A-17.5 A
E073A-22.5
E075A-12.5
E075A-17.5

EC12-BR001 E080BR-12.5 BR12

12

12

12

12

12

12

12

11

11

11

10

Y0239-04.A3.01291.v3.xls - 8/25/09 Page 2 of 3



TABLE 2: Soil Composite and Discrete Sample Correlations 
Contract 4 of Doyle Drive Replacement Project

Composite 
Sample ID

Discrete 
Sample ID Lithology

Composite
Area

E080BR-17.5
E081BR-7.5
E082BR-17.5
E082BR-22.5

EC12-BR002 E077BR-23.0 BR
E077BR-28.0
E079BR-33.0
E079BR-38.0

EC12-C001 E074C-17.5 C
E074C-22.5
E076C-22.5
E076C-27.5
E076C-32.5

EC12-C002 E074C-27.5 C
E074C-32.5
E074C-37.5
E082C-12.5

EC12-C003 E073C-27.5 C
E073C-32.5
E075C-22.5
E075C-27.5

EC12-F002 E078F-1.0 F
E079F-1.0
E079F-2.5
E081F-1.0
E081F-2.5

EC12-F003 E073F-1.0 F
E075F-1.0
E075F-2.5
E077F-1.0

EC12-F004 E073F-12.5 F
E073F-2.5
E073F-7.5

EC12-F005 E074F-1.0 F
E074F-2.5
E076F-1.0
E076F-2.5
E080F-1.0

EC12-F006 E073F-7.5 F
E073F-12.5

Notes:
Boring locations are shown on Figure 2.

bgs = below ground surface.

1

2

The laboratory sample identification was E063F-12.5.  BASELINE changed the sample identification to E063F-11.5 based 
on review of the boring log. 
The laboratory sample identification was E072F-2.0.  BASELINE changed the sample identification to E072F-2.5 based on 
review of the boring log. 

Key to Discrete Sample IDs: E061C-2.5 indicates sample collected from environmental boring number E061, lithology of 
sample is Colma sand (C=Colma sand), and sample depth is 2.0 to 2.5 feet bgs.
Key to Composite Sample IDs: EC09-C001 indicates an environmental composite sample made up of discrete samples 
collected from Composite Area 9, and lithology of sample is Colma sand (C=Colma sand).
Key to Lithologies:  F = Fill; FS = Fill with serpentinite; A = Alluvium; C = Colma Sand; BR = Bedrock.

12

12

12

12

12

12

12

12

12
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TABLE 5: Total and Soluble Chromium and Lead Concentrations in Soil 
Contract 4 of Doyle Drive Replacement Project

Boring
ID Sample ID

Sample 
Depth

(feet bgs)
Sample

Date C
hr

om
iu

m

C
hr

om
iu

m
, T

C
L

P

C
hr

om
iu

m
, W

E
T

L
ea

d

L
ea

d,
 T

C
L

P

L
ea

d,
 W

E
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Units mg/kg mg/L mg/L mg/kg mg/L mg/L
E059 E059F-1.0 1.0 1/23/2009 -- -- -- 2.2 -- --
E059 E059F-2.5 2.5 1/23/2009 -- -- -- 120 <0.03 1.1
E060 E060F-1.0 1.0 1/23/2009 -- -- -- 9.9 -- --
E060 E060FS-2.5 2.5 1/23/2009 -- -- -- 21 -- --
E061 E061C-2.5 2.5 1/22/2009 -- -- -- 2.5 -- --
E061 E061F-1.0 1.0 1/22/2009 -- -- -- 8.2 -- --
E062 E062F-1.0 1.0 1/16/2009 -- -- -- 34 -- --
E062 E062F-2.5 2.5 1/16/2009 -- -- -- 27 -- --
E063 E063F-1.0 1.0 1/22/2009 -- -- -- 110 0.071 7.8
E063 E063F-2.5 2.5 1/22/2009 -- -- -- 160 <0.03 1.9
E064 E064F-1.0 1.0 1/16/2009 -- -- -- 570 0.038 5.1
E064 E064F-2.5 2.5 1/16/2009 -- -- -- 1,000 0.031 7.5
E065 E065F-1.0 1.0 1/22/2009 -- -- -- 100 0.23 15
E065 E065F-2.5 2.5 1/22/2009 -- -- -- 23 -- --
E066 E066F-1.0 1.0 1/16/2009 -- -- -- 140 <0.03 7.9
E066 E066F-2.5 2.5 1/16/2009 -- -- -- 130 1.3 13
E067 E067F-1.0 1.0 1/21/2009 -- -- -- 160 <0.03 2.9
E067 E067F-2.5 2.5 1/21/2009 -- -- -- 13 -- --
E068 E068F-1.0 1.0 1/16/2009 -- -- -- 47 -- --
E068 E068F-2.5 2.5 1/16/2009 -- -- -- 120 0.57 23
E069 E069F-1.0 1.0 1/21/2009 -- -- -- 20 -- --
E069 E069F-2.5 2.5 1/21/2009 -- -- -- 4 -- --
E070 E070F-1.0 1.0 1/16/2009 -- -- -- 8.6 -- --
E070 E070F-2.5 2.5 1/16/2009 -- -- -- 190 <0.03 0.98
E071 E071F-1.0 1.0 1/21/2009 -- -- -- 79 -- 1.9
E071 E071F-2.0 2.0 1/21/2009 -- -- -- 12 -- --
E072 E072F-1.0 1.0 1/16/2009 -- -- -- 17 -- --
E072 E072F-2.51 2.5 1/16/2009 -- -- -- 330 0.7 12
E073 E073F-1.0 1.0 1/15/2009 -- -- -- 120 0.056 4.9
E073 E073F-2.5 2.5 1/15/2009 -- -- -- 3 -- --
E074 E074F-1.0 1.0 1/12/2009 -- -- -- 59 -- 1.2
E074 E074F-2.5 2.5 1/12/2009 -- -- -- 4.6 -- --
E075 E075F-1.0 1.0 1/15/2009 -- -- -- 320 0.063 2.7
E075 E075F-2.5 2.5 1/15/2009 -- -- -- 30 -- --
E076 E076F-1.0 1.0 1/12/2009 -- -- -- 130 <0.03 2
E076 E076F-2.5 2.5 1/12/2009 -- -- -- 2.4 -- --
E077 E077A-2.5 2.5 1/15/2009 -- -- -- 1.8 -- --

E077A E077AA-1.0 1.0 1/14/2009 -- -- -- 20 -- --
E077A E077AA-2.5 2.5 1/14/2009 -- -- -- 6.9 -- --
E077 E077F-1.0 1.0 1/15/2009 -- -- -- 14 -- --
E078 E078A-2.5 2.5 1/14/2009 -- -- -- 1.9 -- --

E078A E078AA-1.0 1.0 1/14/2009 -- -- -- 7.4 -- --
E078A E078AA-2.5 2.5 1/14/2009 -- -- -- 2.8 -- --
E078 E078F-1.0 1.0 1/14/2009 -- -- -- 8.2 -- --
E079 E079F-1.0 1.0 1/16/2009 -- -- -- 120 0.033 4.3
E079 E079F-2.5 2.5 1/16/2009 -- -- -- 49 -- --
E080 E080A-2.5 2.5 1/14/2009 -- -- -- 1.6 -- --
E080 E080F-1.0 1.0 1/14/2009 -- -- -- 60 -- 1.112
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TABLE 5: Total and Soluble Chromium and Lead Concentrations in Soil 
Contract 4 of Doyle Drive Replacement Project
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E081 E081F-1.0 1.0 1/13/2009 -- -- -- 3.7 -- --
E081 E081F-2.5 2.5 1/13/2009 -- -- -- 13 -- --
E082 E082A-1.0 1.0 1/13/2009 -- -- -- 4.1 -- --
E082 E082A-2.5 2.5 1/13/2009 -- -- -- 5.1 -- --

-- EC09-C001 2.5-12.5 1/22/2009 80 -- <0.25 2.5 -- --
-- EC09-F001 1.0-7.5 1/22/2009 72 -- <0.25 12 -- --
-- EC09-F003 1.0-12.5 1/23/2009 79 -- <0.25 6.5 -- --
-- EC09-F004 1.0-7.5 1/23/2009 45 -- -- 140 0.32 3.7
-- EC09-F005 7.5-12.5 1/23/2009 -- -- -- 7.3 -- --
-- EC10-A001 7.0-17.5 1/21/2009 77 -- <0.25 5.5 -- --
-- EC10-A002 7.5-17.5 1/21/2009 110 <0.05 <0.25 4.1 -- --
-- EC10-C001 17.5-27.5 1/21/2009 82 -- <0.25 2.7 -- --
-- EC10-F001 1.0-7.5 1/21/2009 62 -- <0.25 24 -- --
-- EC10-F002 1.0-7.5 1/21/2009 63 -- <0.25 96 -- 6.7
-- EC10-F003 1.0-22.0 1/22/2009 69 -- <0.25 90 -- 1.1
-- EC10-F004 7.5-22.5 1/22/2009 78 -- 0.45 21 -- --
-- EC10-F005 7.5-22.0 1/22/2009 -- -- -- 18 -- --
-- EC11-F001 1.0-2.5 1/16/2009 3.7 -- -- 9.1 -- --
-- EC11-F002 1.0-2.5 1/16/2009 47 -- -- 110 0.28 9
-- EC11-F003 1.0-2.5 1/16/2009 37 -- -- 150 0.031 4.4
-- EC12-A001 7.5-17.5 1/12/2009 68 -- <0.25 5.2 -- --
-- EC12-A002 1.0-7.5 1/13/2009 48 -- -- 5.9 -- --
-- EC12-A003 7.5-27.5 1/16/2009 43 -- -- 2.7 -- --
-- EC12-A004 2.5-22.5 1/14/2009 42 -- -- 2 -- --
-- EC12-A005 1.0-27.5 1/14/2009 35 -- -- 4.5 -- --
-- EC12-A006 1.0-17.5 1/14/2009 44 -- -- 4.9 -- --
-- EC12-A007 12.5-22.5 1/15/2009 69 -- -- 4.4 -- --
-- EC12-BR001 7.5-22.5 1/13/2009 36 -- -- 9.2 -- --
-- EC12-BR002 23.0-38.0 1/15/2009 64 -- <0.25 7.3 -- --
-- EC12-C001 17.5-32.5 1/12/2009 70 -- <0.25 3.3 -- --
-- EC12-C002 12.5-37.5 1/12/2009 55 -- <0.25 2.9 -- --
-- EC12-C003 22.5-32.5 1/15/2009 75 -- <0.25 2.9 -- --
-- EC12-F002 1.0-2.5 1/13/2009 43 -- -- 34 -- --
-- EC12-F003 1.0-2.5 1/15/2009 39 -- -- 120 0.14 1.2
-- EC12-F004 2.5-12.5 1/15/2009 45 -- -- 3.6 -- --
-- EC12-F005 1.0-2.5 1/12/2009 60 -- 0.28 50 -- 0.67
-- EC12-F006 7.5-12.5 1/15/2009 -- -- -- 3.1 -- --

BTNB-R2 BTNB-R2-27.0-27.5 1 27.0-27.5 8/14/2009 420 -- -- -- -- --
BTNB-R2 BTNB-R2-29.5-30.0 1 29.5-30.0 8/14/2009 220 -- -- -- -- --
BTSB-R2 BTSB-R2-51.0-51.5 1 51.0-51.5 8/14/2009 860 -- -- -- -- --
BTSB-R2 BTSB-R2-53.5-54.0 1 53.5-54.0 8/14/2009 1200 -- -- -- -- --
BTNB-R3 BTNB-R3-48.5-49.0 1 48.5-49.0 8/14/2009 610 -- -- -- -- --
BTNB-R3 BTNB-R3-51.0-51.5 1 51.0-51.5 8/14/2009 880 -- -- -- -- --

California Hazardous Waste Criteria - TTLC (mg/kg) 2 2,500 NV NV 1,000 NV NV
California Hazardous Waste Criteria - STLC (mg/L) 2 NV NV 560 NV NV 5

RCRA Hazardous Waste Criteria - TCLP (mg/L) 3 NV 5 NV NV 5 NV
ESL for Residential Land Use (mg/kg) 4 750 NV NV 200 NV NV

ESL for Commerical/Industrial Land Use (mg/kg) 5 750 NV NV 750 NV NV
ESL for Construction/Trench Worker Exposure (mg/kg) 6 1.2E+06 NV NV 750 NV NV
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TABLE 5: Total and Soluble Chromium and Lead Concentrations in Soil 
Contract 4 of Doyle Drive Replacement Project

Notes:
Boring locations are shown on Figure 2.
Laboratory reports are included in Appendix G.

Values shown in bold indicate compound was quantified above the laboratory reporting limit.

Title 22 Metals analyzed by Environmental Protection Agency ("EPA") Methods 6020, 6010B, and 7471A (Mercury).
Total chromium and lead analyzed by EPA Methods 6010B and 6020.

Total chromium and lead reported in milligrams per kilogram ("mg/kg").
Soluble chromium and lead report in milligrams per liter ("mg/L").
bgs = below ground surface.
<x.x = Compound was not identified above laboratory reporting limit of x.x.
-- = Not analyzed or not applicable.
NV = No Value.

1

2 California Code of Regulations, Title 22, Division 4.5, Chapter 11.
3 Code of Federal Regulations, Title 40, Chapter 1, Section 261.24.
4

5

6

Key to Discrete Sample IDs: E061C-2.5 indicates sample collected from environmental boring number E061, 
lithology of sample is Colma sand (C=Colma sand), and sample depth is 2.0 to 2.5 feet bgs.
Key to Composite Sample IDs: EC09-C001 indicates an environmental composite sample made up of discrete 
samples collected from Composite Area 9, and lithology of sample is Colma sand (C=Colma sand).
Key to Lithologies:  F = Fill; FS = Fill with serpentinite; A = Alluvium; C = Colma Sand; BR = Bedrock.
Soil results are reported on a dry-weight basis in accordance with the Presidio Trust Quality Assurance Project Plan 
(QAPP).

Shaded cells indicate concentrations were greater than or equal to hazardous waste criteria or Environmental 
Screening Levels ("ESLs").

California Regional Water Quality Control Board, San Francisco Bay Region, 2008, Screening for Environmental 
Concerns at Sites with Contaminated Soil and Groundwater, Interim Final, May, Table A, Environmental Screening 
Levels, Shallow Soils (≤ 3 meters bgs), Groundwater is a Current or Potential Source of Drinking Water, 
Residential Land Use.  
California Regional Water Quality Control Board, San Francisco Bay Region, 2008, Screening for Environmental 
Concerns at Sites with Contaminated Soil and Groundwater, Interim Final, May, Table A, Environmental Screening 
Levels, Shallow Soils (≤ 3 meters bgs), Groundwater is a Current or Potential Source of Drinking Water, 
Commercial/Industrial Land Use.  
California Regional Water Quality Control Board, San Francisco Bay Region, 2008, Screening for Environmental 
Concerns at Sites with Contaminated Soil and Groundwater, Interim Final, May, Table K-3, Direct Exposure Soil 
Screening Levels, Construction/Trench Worker Exposure Scenario.  

Soluble chromium and lead by Waste Extraction Test ("WET") and Toxicity Characteristic Leaching Procedure 
("TCLP") methods.

The laboratory sample identification was E072F-2.0.  BASELINE changed the sample identification to E072F-2.5 
based on review of the boring log. 
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TABLE 6: Total Petroleum Hydrocarbon Concentrations in Soil (mg/kg, dry weight basis)
Contract 4 of Doyle Drive Replacement Project
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EC09-C001 2.5-12.5 1/22/2009 <1.1 <1.2 <5.9
EC09-F001 1.0-7.5 1/22/2009 <1.2 22 94
EC09-F003 1.0-12.5 1/23/2009 <1.1 24 240
EC09-F004 1.0-7.5 1/23/2009 <1.1 29 260
EC10-A001 7.0-17.5 1/21/2009 <1.1 <1.1 <5.7
EC10-A002 7.5-17.5 1/21/2009 <1.2 <1.1 <5.7
EC10-C001 17.5-27.5 1/21/2009 <1.2 <1.1 <5.7
EC10-F001 1.0-7.5 1/21/2009 <1.1 5.4 32
EC10-F002 1.0-7.5 1/21/2009 <1 11 49
EC10-F003 1.0-22.0 1/22/2009 <1.1 19 74
EC10-F004 7.5-22.5 1/22/2009 <1.2 20 66
EC11-F001 1.0-2.5 1/16/2009 <1.1 19 120
EC11-F002 1.0-2.5 1/16/2009 <1.1 25 99
EC11-F003 1.0-2.5 1/16/2009 <1.1 100 580
EC12-A001 7.5-17.5 1/12/2009 <1.2 <1.2 <5.8
EC12-A002 1.0-7.5 1/13/2009 <1.2 3.8 <5.5
EC12-A003 7.5-27.5 1/16/2009 <1 1.4 <5.4
EC12-A004 2.5-22.5 1/14/2009 <0.97 <1 <5.2
EC12-A005 1.0-27.5 1/14/2009 <0.96 <1 <5.2
EC12-A006 1.0-17.5 1/14/2009 <1.2 <1.1 <5.4
EC12-A007 12.5-22.5 1/15/2009 <1.2 <1.2 <5.9
EC12-C001 17.5-32.5 1/12/2009 <1.2 <1.2 <5.9
EC12-C002 12.5-37.5 1/12/2009 <1.3 <1.2 <5.9
EC12-C003 22.5-32.5 1/15/2009 <1.2 <1.2 <5.8
EC12-F002 1.0-2.5 1/13/2009 <1.1 7.7 19
EC12-F003 1.0-2.5 1/15/2009 <1.1 8.1 49
EC12-F004 2.5-12.5 1/15/2009 <1.1 7.8 <5.3
EC12-F005 1.0-2.5 1/12/2009 <1.1 10 49

California Hazardous Waste Criteria (mg/kg) 1 NV NV NV
ESL for Residential Land Use (mg/kg) 2 83 83 370

ESL for Commerical/Industrial Land Use (mg/kg) 3 83 83 2500
ESL for Construction/Trench Worker Exposure (mg/kg) 4 4200 4200 12000
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TABLE 6: Total Petroleum Hydrocarbon Concentrations in Soil (mg/kg, dry weight basis)
Contract 4 of Doyle Drive Replacement Project

Notes:
Boring locations are shown on Figure 2.
Laboratory reports are included in Appendix G.

Values shown in bold indicate compound was quantified above the laboratory reporting limit.

Total Petroleum Hydrocarbons analyzed by EPA Method 8015B.
bgs = below ground surface.
mg/kg = milligram per kilogram.
<x.x = Compound was not identified above laboratory reporting limit of x.x.
NV = No Value.

1 California Code of Regulations, Title 22, Division 4.5, Chapter 11.
2

3

4 California Regional Water Quality Control Board, San Francisco Bay Region, 2008, Screening for Environmental 
Concerns at Sites with Contaminated Soil and Groundwater, Interim Final, May, Table K-3, Direct Exposure Soil 
Screening Levels, Construction/Trench Worker Exposure Scenario.  

Shaded cells indicate concentrations were greater than or equal to hazardous waste criteria or Environmental 
Screening Levels ("ESLs").

California Regional Water Quality Control Board, San Francisco Bay Region, 2008, Screening for Environmental 
Concerns at Sites with Contaminated Soil and Groundwater, Interim Final, May, Table A, Environmental 
Screening Levels, Shallow Soils (≤ 3 meters bgs), Groundwater is a Current or Potential Source of Drinking 
Water, Residential Land Use.  
California Regional Water Quality Control Board, San Francisco Bay Region, 2008, Screening for Environmental 
Concerns at Sites with Contaminated Soil and Groundwater, Interim Final, May, Table A, Environmental 
Screening Levels, Shallow Soils (≤ 3 meters bgs), Groundwater is a Current or Potential Source of Drinking 
Water, Commercial/Industrial Land Use.  

Key to Discrete Sample IDs: E061C-2.5 indicates sample collected from environmental boring number E061, 
lithology of sample is Colma sand (C=Colma sand), and sample depth is 2.0 to 2.5 feet bgs.
Key to Composite Sample IDs: EC09-C001 indicates an environmental composite sample made up of discrete 
samples collected from Composite Area 9, and lithology of sample is Colma sand (C=Colma sand).
Key to Lithologies:  F = Fill; FS = Fill with serpentinite; A = Alluvium; C = Colma Sand; BR = Bedrock.
Soil results are reported on a dry-weight basis in accordance with the Presidio Trust Quality Assurance Project Plan 
(QAPP).
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TABLE 7: Volatile Organic Compound Concentrations in Soil (mg/kg, dry weight basis)
Contract 4 of Doyle Drive Replacement Project

Sample ID
Sample Depth
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EC09-C001 2.5-12.5 1/22/2009 <0.022 <0.022
EC09-F001 1.0-7.5 1/22/2009 0.031 <0.021
EC09-F003 1.0-12.5 1/23/2009 <0.022 0.0047
EC09-F004 1.0-7.5 1/23/2009 <0.021 <0.021
EC10-A001 7.0-17.5 1/21/2009 <0.023 <0.023
EC10-A002 7.5-17.5 1/21/2009 <0.022 <0.022
EC10-C001 17.5-27.5 1/21/2009 <0.022 <0.022
EC10-F001 1.0-7.5 1/21/2009 <0.021 <0.021
EC10-F002 1.0-7.5 1/21/2009 <0.021 <0.021
EC10-F003 1.0-22.0 1/22/2009 <0.022 0.0028
EC10-F004 7.5-22.5 1/22/2009 0.029 0.0032
EC11-F001 1.0-2.5 1/16/2009 0.019 0.0024
EC11-F002 1.0-2.5 1/16/2009 <0.021 <0.021
EC11-F003 1.0-2.5 1/16/2009 <0.021 0.0025
EC12-A001 7.5-17.5 1/12/2009 <0.019 <0.019
EC12-A002 1.0-7.5 1/13/2009 <0.022 <0.022
EC12-A003 7.5-27.5 1/16/2009 0.011 <0.021
EC12-A004 2.5-22.5 1/14/2009 0.0022 <0.019
EC12-A005 1.0-27.5 1/14/2009 <0.021 <0.021
EC12-A006 1.0-17.5 1/14/2009 <0.021 <0.021
EC12-A007 12.5-22.5 1/15/2009 0.0031 <0.023
EC12-C001 17.5-32.5 1/12/2009 <0.023 <0.023
EC12-C002 12.5-37.5 1/12/2009 <0.024 <0.024
EC12-C003 22.5-32.5 1/15/2009 0.0042 <0.022
EC12-F002 1.0-2.5 1/13/2009 <0.02 <0.02
EC12-F003 1.0-2.5 1/15/2009 <0.021 <0.021
EC12-F004 2.5-12.5 1/15/2009 0.0085 <0.021
EC12-F005 1.0-2.5 1/12/2009 <0.023 <0.023

California Hazardous Waste Criteria (mg/kg) 1 NV NV
ESL for Residential Land Use (mg/kg) 2 0.5 0.077

ESL for Commerical/Industrial Land Use (mg/kg) 3 0.5 0.077
ESL for Construction/Trench Worker Exposure (mg/kg) 4 100,000 630
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TABLE 7: Volatile Organic Compound Concentrations in Soil (mg/kg, dry weight basis)
Contract 4 of Doyle Drive Replacement Project

Notes:
Boring locations are shown on Figure 2.
Laboratory reports are included in Appendix G.

Values shown in bold indicate compound was quantified above the laboratory reporting limit.

Volatile Organic Compounds analyzed by EPA Method 8260B.
bgs = below ground surface.
mg/kg = milligram per kilogram.
<x.x = Compound was not identified above laboratory reporting limit of x.x.
NV = No Value.

1 California Code of Regulations, Title 22, Division 4.5, Chapter 11.
2

3

4

California Regional Water Quality Control Board, San Francisco Bay Region, 2008, Screening for Environmental 
Concerns at Sites with Contaminated Soil and Groundwater, Interim Final, May, Table A, Environmental 
Screening Levels, Shallow Soils (≤ 3 meters bgs), Groundwater is a Current or Potential Source of Drinking 
Water, Commercial/Industrial Land Use.  
California Regional Water Quality Control Board, San Francisco Bay Region, 2008, Screening for Environmental 
Concerns at Sites with Contaminated Soil and Groundwater, Interim Final, May, Table K-3, Direct Exposure Soil 
Screening Levels, Construction/Trench Worker Exposure Scenario.  

Key to Lithologies:  F = Fill; FS = Fill with serpentinite; A = Alluvium; C = Colma Sand; BR = Bedrock.
Soil results are reported on a dry-weight basis in accordance with the Presidio Trust Quality Assurance Project Plan 
(QAPP).

Only compounds that were identified above laboratory reporting limits in at least one sample are presented.

Key to Discrete Sample IDs: E061C-2.5 indicates sample collected from environmental boring number E061, 
lithology of sample is Colma sand (C=Colma sand), and sample depth is 2.0 to 2.5 feet bgs.
Key to Composite Sample IDs: EC09-C001 indicates an environmental composite sample made up of discrete 
samples collected from Composite Area 9, and lithology of sample is Colma sand (C=Colma sand).

California Regional Water Quality Control Board, San Francisco Bay Region, 2008, Screening for Environmental 
Concerns at Sites with Contaminated Soil and Groundwater, Interim Final, May, Table A, Environmental 
Screening Levels, Shallow Soils (≤ 3 meters bgs), Groundwater is a Current or Potential Source of Drinking 
Water, Residential Land Use.  
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TABLE 9: Pesticide Concentrations in Soil (mg/kg, dry weight basis)
Contract 4 of Doyle Drive Replacement Project

Sample ID

Sample 
Depth

(feet bgs)
Sample

Date 4,
4'

-D
D

D

4,
4'

-D
D

T

al
ph

a-
C

hl
or

da
ne

ga
m

m
a-

C
hl

or
da

ne

EC09-F001 1.0-7.5 1/22/2009 <0.0037 <0.0037 <0.0019 <0.0019
EC09-F003 1.0-12.5 1/23/2009 <0.019 <0.019 <0.0099 <0.0099
EC09-F004 1.0-7.5 1/23/2009 0.027 0.026 0.14 0.12
EC10-F001 1.0-7.5 1/21/2009 <0.0036 <0.0036 <0.0018 <0.0018
EC10-F002 1.0-7.5 1/21/2009 <0.0036 <0.0036 <0.0018 <0.0018
EC10-F003 1.0-22.0 1/22/2009 <0.036 <0.036 <0.019 <0.019
EC10-F004 7.5-22.5 1/22/2009 <0.0039 <0.0039 <0.002 <0.002
EC11-F001 1.0-2.5 1/16/2009 <0.0036 <0.0036 <0.0019 <0.0019
EC11-F002 1.0-2.5 1/16/2009 <0.0037 <0.0037 0.014 0.011
EC11-F003 1.0-2.5 1/16/2009 <0.038 <0.038 <0.019 <0.019
EC12-F002 1.0-2.5 1/13/2009 <0.0036 <0.0036 <0.0018 <0.0018
EC12-F003 1.0-2.5 1/15/2009 <0.0037 0.0091 <0.0019 <0.0019
EC12-F004 2.5-12.5 1/15/2009 <0.0035 <0.0035 <0.0018 <0.0018
EC12-F005 1.0-2.5 1/12/2009 <0.0038 <0.0038 <0.002 <0.002

California Hazardous Waste Criteria (mg/kg) 1 1 1 2.5 2.5
ESL for Residential Land Use (mg/kg) 2 2.4 1.7 0.44 0.44

ESL for Commerical/Industrial Land Use (mg/kg) 3 10 4 1.7 1.7
ESL for Construction/Trench Worker Exposure (mg/kg) 4 120 87 21 21

Notes:
Boring locations are shown on Figure 2.
Laboratory reports are included in Appendix G.

Values shown in bold indicate compound was quantified above the laboratory reporting limit.

Pesticides analyzed by EPA Method 8081A.
bgs = below ground surface.
mg/kg = milligram per kilogram.
<x.x = Compound was not identified above laboratory reporting limit of x.x.
-- = Not analyzed or not applicable.
NV = No Value.

1 California Code of Regulations, Title 22, Division 4.5, Chapter 11.
2

3

4

California Regional Water Quality Control Board, San Francisco Bay Region, 2008, Screening for Environmental Concerns at Sites 
with Contaminated Soil and Groundwater, Interim Final, May, Table A, Environmental Screening Levels, Shallow Soils (≤ 3 
meters bgs), Groundwater is a Current or Potential Source of Drinking Water, Residential Land Use.  
California Regional Water Quality Control Board, San Francisco Bay Region, 2008, Screening for Environmental Concerns at Sites 
with Contaminated Soil and Groundwater, Interim Final, May, Table A, Environmental Screening Levels, Shallow Soils (≤ 3 
meters bgs), Groundwater is a Current or Potential Source of Drinking Water, Commercial/Industrial Land Use.  
California Regional Water Quality Control Board, San Francisco Bay Region, 2008, Screening for Environmental Concerns at Sites 
with Contaminated Soil and Groundwater, Interim Final, May, Table K-3, Direct Exposure Soil Screening Levels, 
Construction/Trench Worker Exposure Scenario.  

Soil results are reported on a dry-weight basis in accordance with the Presidio Trust Quality Assurance Project Plan (QAPP).

Only compounds that were identified above laboratory reporting limits in at least one sample are presented.

Composite
Area

9
9
9

10
10
10
10
11
11
11
12

Key to Composite Sample IDs: EC09-C001 indicates an environmental composite sample made up of discrete samples collected from 
Composite Area 9, and lithology of sample is Colma sand (C=Colma sand).
Key to Lithologies:  F = Fill; FS = Fill with serpentinite; A = Alluvium; C = Colma Sand; BR = Bedrock.

12
12
12

Key to Discrete Sample IDs: E061C-2.5 indicates sample collected from environmental boring number E061, lithology of sample is 
Colma sand (C=Colma sand), and sample depth is 2.0 to 2.5 feet bgs.
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TABLE 10: Polychlorinated Biphenyl Concentrations in Soil (mg/kg, dry weight basis)
Contract 4 of Doyle Drive Replacement Project

Sample ID

Sample 
Depth

(feet bgs)
Sample

Date A
ro

cl
or

-
12

54

A
ro

cl
or

-
12

60

EC12-F005 1.0-2.5 1/12/2009 <0.014 <0.014
EC12-F004 2.5-12.5 1/15/2009 <0.013 <0.013
EC12-F003 1.0-2.5 1/15/2009 0.046 0.018
EC12-F002 1.0-2.5 1/13/2009 <0.013 <0.013
EC12-C003 22.5-32.5 1/15/2009 <0.014 <0.014
EC12-C002 12.5-37.5 1/12/2009 <0.014 <0.014
EC12-C001 17.5-32.5 1/12/2009 <0.014 <0.014
EC12-A007 12.5-22.5 1/15/2009 <0.014 <0.014
EC12-A006 1.0-17.5 1/14/2009 <0.013 <0.013
EC12-A005 1.0-27.5 1/14/2009 <0.013 <0.013
EC12-A004 2.5-22.5 1/14/2009 <0.013 <0.013
EC12-A003 7.5-27.5 1/16/2009 <0.013 <0.013
EC12-A002 1.0-7.5 1/13/2009 <0.013 <0.013
EC12-A001 7.5-17.5 1/12/2009 <0.014 <0.014
EC11-F003 1.0-2.5 1/16/2009 <0.014 0.042
EC11-F002 1.0-2.5 1/16/2009 <0.013 0.028
EC11-F001 1.0-2.5 1/16/2009 0.025 0.034
EC10-F004 7.5-22.5 1/22/2009 <0.014 <0.014
EC10-F003 1.0-22.0 1/22/2009 <0.013 <0.013
EC10-F002 1.0-7.5 1/21/2009 <0.013 <0.013
EC10-F001 1.0-7.5 1/21/2009 <0.013 <0.013
EC10-C001 17.5-27.5 1/21/2009 <0.014 <0.014
EC10-A002 7.5-17.5 1/21/2009 <0.014 <0.014
EC10-A001 7.0-17.5 1/21/2009 <0.014 <0.014
EC09-F004 1.0-7.5 1/23/2009 <0.014 0.04
EC09-F003 1.0-12.5 1/23/2009 <0.014 <0.014
EC09-F001 1.0-7.5 1/22/2009 <0.013 <0.013
EC09-C001 2.5-12.5 1/22/2009 <0.014 <0.014

California Hazardous Waste Criteria (mg/kg) 1 50 50
ESL for Residential Land Use (mg/kg) 2 0.22 0.22

ESL for Commerical/Industrial Land Use (mg/kg) 3 0.74 0.74
ESL for Construction/Trench Worker Exposure (mg/kg) 4 6.7 6.7

9

10
9
9
9

10
10
10
10

11
11
10
10

12
12
12
11

12
12
12
12

12
12
12
12

Composite
Area

12
12
12
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TABLE 10: Polychlorinated Biphenyl Concentrations in Soil (mg/kg, dry weight basis)
Contract 4 of Doyle Drive Replacement Project

Notes:
Boring locations are shown on Figure 2.
Laboratory reports are included in Appendix G.

Values shown in bold indicate compound was quantified above the laboratory reporting limit.

Polychlorinated Biphenyls analyzed by EPA Method 8082.
bgs = below ground surface.
mg/kg = milligram per kilogram.
<x.x = Compound was not identified above laboratory reporting limit of x.x.
NV = No Value.

1 California Code of Regulations, Title 22, Division 4.5, Chapter 11.
2

3

4

Key to Discrete Sample IDs: E061C-2.5 indicates sample collected from environmental boring number E061, 
lithology of sample is Colma sand (C=Colma sand), and sample depth is 2.0 to 2.5 feet bgs.
Key to Composite Sample IDs: EC09-C001 indicates an environmental composite sample made up of discrete 
samples collected from Composite Area 9, and lithology of sample is Colma sand (C=Colma sand).
Key to Lithologies:  F = Fill; FS = Fill with serpentinite; A = Alluvium; C = Colma Sand; BR = Bedrock.
Soil results are reported on a dry-weight basis in accordance with the Presidio Trust Quality Assurance Project 
Plan (QAPP).

Only compounds that were identified above laboratory reporting limits in at least one sample are presented.

California Regional Water Quality Control Board, San Francisco Bay Region, 2008, Screening for 
Environmental Concerns at Sites with Contaminated Soil and Groundwater, Interim Final, May, Table A, 
Environmental Screening Levels, Shallow Soils (≤ 3 meters bgs), Groundwater is a Current or Potential Source 
of Drinking Water, Residential Land Use.  
California Regional Water Quality Control Board, San Francisco Bay Region, 2008, Screening for 
Environmental Concerns at Sites with Contaminated Soil and Groundwater, Interim Final, May, Table A, 
Environmental Screening Levels, Shallow Soils (≤ 3 meters bgs), Groundwater is a Current or Potential Source 
of Drinking Water, Commercial/Industrial Land Use.  
California Regional Water Quality Control Board, San Francisco Bay Region, 2008, Screening for 
Environmental Concerns at Sites with Contaminated Soil and Groundwater, Interim Final, May, Table K-3, 
Direct Exposure Soil Screening Levels, Construction/Trench Worker Exposure Scenario.  
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TABLE 12: Miscellaneous Parameters in Soil
Contract 4 of Doyle Drive Replacement Project

Boring
ID Sample ID

Sample 
Depth

(feet bgs)
Sample

Date C
ya

ni
de

Su
lfi

de

Ig
ni

ta
bi

lit
y

pH M
oi

st
ur

e

Units mg/kg mg/kg °F SU %
E062 E062F-1.0 1.0 1/16/2009 -- -- -- -- 5
E062 E062F-2.5 2.5 1/16/2009 -- -- -- -- 11
E064 E064F-1.0 1.0 1/16/2009 -- -- -- -- 10
E064 E064F-2.5 2.5 1/16/2009 -- -- -- -- 21
E066 E066F-1.0 1.0 1/16/2009 -- -- -- -- 7
E066 E066F-2.5 2.5 1/16/2009 -- -- -- -- 16
E068 E068F-1.0 1.0 1/16/2009 -- -- -- -- 10
E068 E068F-2.5 2.5 1/16/2009 -- -- -- -- 11
E070 E070F-1.0 1.0 1/16/2009 -- -- -- -- 5
E070 E070F-2.5 2.5 1/16/2009 -- -- -- -- 20
E072 E072F-1.0 1.0 1/16/2009 -- -- -- -- 10
E072 E072F-2.51 2.5 1/16/2009 -- -- -- -- 17
E075 E075F-1.0 1.0 1/15/2009 -- -- -- -- 13
E075 E075F-2.5 2.5 1/15/2009 -- -- -- -- 6
E077 E077A-2.5 2.5 1/15/2009 -- -- -- -- 2
E077 E077F-1.0 1.0 1/15/2009 -- -- -- -- 7
E079 E079F-1.0 1.0 1/16/2009 -- -- -- -- 8
E079 E079F-2.5 2.5 1/16/2009 -- -- -- -- 9
E081 E081F-1.0 1.0 1/13/2009 -- -- -- -- 6
E081 E081F-2.5 2.5 1/13/2009 -- -- -- -- 8
E082 E082A-1.0 1.0 1/13/2009 -- -- -- -- 10
E082 E082A-2.5 2.5 1/13/2009 -- -- -- -- 10

-- EC09-C001 2.5-12.5 1/22/2009 <1.2 <12 -- 7.5 15
-- EC09-F001 1.0-7.5 1/22/2009 <1.1 <11 -- 7.6 11
-- EC09-F003 1.0-12.5 1/23/2009 <1.1 <11 -- 7.9 13
-- EC09-F004 1.0-7.5 1/23/2009 <1.1 <11 -- 7.3 13
-- EC09-F005 7.5-12.5 1/23/2009 -- -- -- -- 18
-- EC10-A001 7.0-17.5 1/21/2009 <1.1 <11 -- 7.1 13
-- EC10-A002 7.5-17.5 1/21/2009 <1.1 <11 -- 6.2 12
-- EC10-C001 17.5-27.5 1/21/2009 <1.1 <11 -- 6.9 12
-- EC10-F001 1.0-7.5 1/21/2009 <1.1 <11 -- 6.9 8
-- EC10-F002 1.0-7.5 1/21/2009 <1.1 <11 -- 7 8
-- EC10-F003 1.0-22.0 1/22/2009 <1.1 <11 -- 7.8 9
-- EC10-F004 7.5-22.5 1/22/2009 <1.2 <12 -- 7.3 16
-- EC10-F005 7.5-22.0 1/22/2009 -- -- -- -- 7
-- EC11-F001 1.0-2.5 1/16/2009 <1.1 <11 -- 7.2 9
-- EC11-F002 1.0-2.5 1/16/2009 <1.1 <11 -- 7.9 11
-- EC11-F003 1.0-2.5 1/16/2009 <1.1 <11 -- 8.1 12
-- EC12-A001 7.5-17.5 1/12/2009 <1.1 <11 -- 7.2 13
-- EC12-A002 1.0-7.5 1/13/2009 <1.1 <11 -- 5.6 9
-- EC12-A003 7.5-27.5 1/16/2009 <1.1 <11 -- 6.8 7
-- EC12-A004 2.5-22.5 1/14/2009 <1 <10 -- 5.9 4
-- EC12-A005 1.0-27.5 1/14/2009 <1 <10 -- 6 4
-- EC12-A006 1.0-17.5 1/14/2009 <1.1 <11 -- 6.2 7
-- EC12-A007 12.5-22.5 1/15/2009 <1.2 <12 -- 6.5 15
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TABLE 12: Miscellaneous Parameters in Soil
Contract 4 of Doyle Drive Replacement Project

Boring
ID Sample ID

Sample 
Depth

(feet bgs)
Sample

Date C
ya

ni
de

Su
lfi

de

Ig
ni

ta
bi

lit
y

pH M
oi

st
ur

e

Units mg/kg mg/kg °F SU %

Composite
Area

-- EC12-BR001 7.5-22.5 1/13/2009 <1.2 <12 >1000 6.5 16
-- EC12-BR002 23.0-38.0 1/15/2009 <1.2 <12 >1000 7 14
-- EC12-C001 17.5-32.5 1/12/2009 <1.2 <12 -- 6.8 15
-- EC12-C002 12.5-37.5 1/12/2009 <1.2 <12 -- 7.6 16
-- EC12-C003 22.5-32.5 1/15/2009 <1.2 <12 -- 6.8 14
-- EC12-F002 1.0-2.5 1/13/2009 <1.1 <11 -- 5.8 7
-- EC12-F003 1.0-2.5 1/15/2009 <1.1 <11 -- 6 10
-- EC12-F004 2.5-12.5 1/15/2009 <1.1 <11 -- 6 6
-- EC12-F005 1.0-2.5 1/12/2009 <1.2 <12 -- 6.4 14
-- EC12-F006 7.5-12.5 1/15/2009 -- -- -- -- 5

Notes:
Boring locations are shown on Figure 2.
Laboratory reports are included in Appendix G.

Cyanide analyzed by Standard Method 4500-CN-E.
Sulfide analyzed by EPA Method 9034.
Ignitability analyzed by EPA Method 1030.
pH analyzed by EPA Method 9045D.
Moisture analyzed by ASTM Method D2216/CLP.
bgs = below ground surface.
mg/kg = milligram per kilogram.
°F = degrees fahrenheit
SU = standard units
% = percent
<x.x = Compound was not identified above laboratory reporting limit of x.x.
-- = Not analyzed or not applicable.

1 The laboratory sample identification was E072F-2.0.  BASELINE changed the sample identification to E072F-2.5 
based on review of the boring log. 

12

Soil results for cyanide and sulfide are reported on a dry-weight basis in accordance with the Presidio Trust Quality 
Assurance Project Plan (QAPP).

Key to Discrete Sample IDs: E061C-2.5 indicates sample collected from environmental boring number E061, lithology 
of sample is Colma sand (C=Colma sand), and sample depth is 2.0 to 2.5 feet bgs.
Key to Composite Sample IDs: EC09-C001 indicates an environmental composite sample made up of discrete samples 
collected from Composite Area 9, and lithology of sample is Colma sand (C=Colma sand).
Key to Lithologies:  F = Fill; FS = Fill with serpentinite; A = Alluvium; C = Colma Sand; BR = Bedrock.

12

12
12
12
12

12
12
12
12
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TABLE 13: Summary of Waste Classification Results by Composite Area
Contract 4 of Doyle Drive Replacement Project

9 10 11 12
Top 2.5 Feet of Soil Non-hw Non-hw CA hw Non-hw
Fill Deeper than 2.5 Feet bgs Non-hw Non-hw NE Non-hw
Alluvium Deeper than 2.5 Feet bgs NE Non-hw NE Non-hw
Colma Sand Deeper than 2.5 Feet bgs Non-hw Non-hw NE Non-hw
Non-Serpentinite Bedrock NE NE NE Non-hw
Serpentinite Bedrock NE NE NE CA hw

Notes:
CA hw = California hazardous waste.
Non-hw = Nonhazardous waste.
NE = Not encountered during investigation.
See Figure 2 for location of composite areas.

COMPOSITE AREA
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REPORT LIMITATIONS 

This asbestos and lead-containing paint (LCP) survey was conducted in conformance with generally 
accepted standards of practice for identifying and evaluating asbestos and LCP in structures. Due to the 
nature of structure surveys, asbestos and LCP use, and laboratory analytical limitations, some asbestos 
or LCP in the structures may not have been identified. Structure spaces such as cavities, crawlspaces, 
and pipe chases may have been concealed to our investigator. Previous structure renovation work may 
have concealed or covered spaces or materials, or may have partially demolished materials and left 
debris in inaccessible areas. Additionally, renovation activities may have partially replaced asbestos 
with indistinguishable non-asbestos materials. Asbestos or LCP may exist in areas of the structures not 
accessible or sampled in conjunction with this Task Order. 
 
During renovation or demolition operations, suspect materials may be uncovered which are different 
from those accessible for sampling during this assessment. Personnel in charge of 
renovation/demolition should be alerted to note materials uncovered during such activities that differ 
substantially from those included in this or previous assessment reports. If suspect materials are found, 
additional sampling and analysis should be performed to determine if the materials contain asbestos or 
lead. 
 
This report has been prepared exclusively for the State of California Department of Transportation 
(Caltrans) District 4. The information contained herein is only valid as of the date of the report, and 
will require an update to reflect additional information obtained. 
 
This report is not a comprehensive site characterization and should not be construed as such. The 
findings as presented in this report are predicated on the results of the limited sampling and laboratory 
testing performed. In addition, the information obtained is not intended to address potential impacts 
related to sources other than those specified herein. Therefore, the report should be deemed conclusive 
with respect to only the information obtained. We make no warranty, express or implied, with respect 
to the content of this report or any subsequent reports, correspondence or consultation. Geocon strived 
to perform the services summarized herein in accordance with the local standard of care in the 
geographic region at the time the services were rendered. 
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EXECUTIVE SUMMARY 

This asbestos and lead-containing paint (LCP) survey report for the Doyle Drive Project was prepared 
by Geocon Consultants, Inc., under California Department of Transportation (Caltrans) Contract 
No. 04A2912 and Task Order 28 (TO-28), under the following four EAs: 1) EA 04-163741, 
2) EA 04-163751, 3) EA 04-163761, and 4) EA 04-163771. This work was conducted at Highway 101 
(Doyle Drive) from Post Mile (PM) 8.0 to PM 9.8, associated exit and entrance connectors, and 
Highway 1 from PM 6.8 to PM 7.1 in San Francisco, California. We performed an asbestos and LCP 
survey on the following Doyle Drive and Highway 1 roadway segments and bridges: 

• Marina Viaduct - Bridge No. 34-0014; 
• Presidio Viaduct - Bridge No. 34-0019; 
• Lincoln Boulevard Undercrossing (UC) - Bridge No. 34-0062; 
• N101-S1 Connector UC - Bridge No. 34-0020; 
• N1-N101 Connector Pedestrian Undercrossing (PUC) - Bridge No. 34-0023G; 
• N101-S1 Connector PUC - Bridge No. 34-0025G; 
• N1-S101 Connector Overcrossing (OC) - Bridge No. 34-0040G; 
• Ruckman Avenue UC - Bridge No. 34-0018; and 
• Richardson Avenue connectors to the northbound and southbound Marina Viaduct. 

 
The project location is depicted on the Vicinity Map, Figure 1, and Site Plans, Figures 2a through 2f. 
Caltrans has requested an investigation at the project location to provide data regarding the presence of 
asbestos and LCP prior to demolition activities. 

 
This report documents the investigation sampling methods and laboratory analytical data. The primary 
objective of our survey was to determine and quantify asbestos and deteriorated LCP at the project 
location prior to demolition activities. The information obtained from this investigation will be used by 
Caltrans to coordinate proposed demolition activities, determine appropriate abatement/disposal costs, 
and identify health and safety concerns during improvements. 
 
The field investigation was performed on April 7, 9, and 15, 2009. The following field activities were 
performed during asbestos and LCP sampling efforts: 

• Collected 50 bulk suspect asbestos samples at the project location; 

• Collected 14 suspect LCP sample at the project location; and 

• Transported samples to Caltrans-approved, California-certified environmental laboratories. 
 
Samples were collected from locations as shown in the Site Plans (Figures 2a through 2f). Suspect 
asbestos and LCP sample identification numbers are presented in Tables 1 and 2, respectively. 
Materials represented by the samples collected are presented in the Site Photographs. 
 
Bulk suspect asbestos samples were collected after first wetting friable material with a light mist of 
water. The samples were then cut from the substrate and transferred to labeled containers and sealed. 
Doyle Drive Project, Task Order 24  Contract 04A2912, Multiple EAs 
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Twenty-four suspect materials were identified during the survey (see Table 1). When multiple samples 
of a material were collected, the sampling locations were distributed throughout the homogeneous 
areas (spaces where the material was observed). 
 
We relinquished bulk samples for asbestos analysis using standard chain-of-custody documentation. 
Asbestos content was determined using EPA Test Method 600/R-93/116 for polarized light microscopy 
(PLM). We requested laboratory analyses to be within a 24-hour turn-around-time. 
 
Bulk paint samples were collected using techniques presented in U.S. Department of Housing and 
Urban Development (HUD) guidelines. Fourteen paint systems were identified during the survey 
(see Table 2). 

It was not Geocon’s intent during this inspection to conduct an evaluation of lead-based 
paint hazards in accordance with HUD guidelines. HUD protocol generally requires a 
very extensive sampling strategy that includes sampling of paint on each surface type. 

 
We relinquished the bulk paint samples for lead analysis using standard chain-of-custody 
documentation. Total lead content was determined using EPA Test Method 6010B. Soluble (Waste 
Extraction Test [WET]) lead content was determined following EPA Test Method 7420. Soluble 
(Toxicity Characteristic Leaching Procedure [TCLP]) lead content was determined following EPA Test 
Method 1311. We requested laboratory analyses to be within a 24-hour turn-around-time. 
 
The laboratory analyses for asbestos indicated the following: 

• Chrysotile asbestos at a concentration of 2% was detected in samples representing nonfriable 
black abutment joint material (surface coat) on the Marina Viaduct (Bridge No. 34-0014) in the 
northbound direction. We were unable to quantify the material due to safety constraints (i.e., 
traffic). 

• Chrysotile asbestos at a concentration of less than (<) 0.1% was detected in a sample 
representing approximately 1,000 square feet of nonfriable silver paint applied to the 
pedestrian stairway at the Richardson Avenue merge with the Marina Viaduct (Bridge 
No. 34-0014). The material was analyzed using PLM point count analysis (1,000 points). 

• Chrysotile asbestos at a concentration of 2% was detected in samples representing nonfriable 
black deck joint material at the Richardson Avenue merge with the Marina Viaduct (Bridge 
No. 34-0014). We were unable to quantify the material due to safety constraints (i.e., traffic). 
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• Chrysotile asbestos at a concentration of 3% was detected in samples representing nonfriable 
black bent joint fill material at the Marina Viaduct (Bridge No. 34-0014) southbound exit to 
Richardson Avenue. We were unable to quantify the material due to safety constraints (i.e., 
traffic). 

No asbestos was detected in samples of the remaining suspect materials collected during our survey. 
Laboratory results for the asbestos samples are summarized on Table 1. Reproductions of the 
laboratory report and chain-of-custody documentation are presented in Appendix A. 

The laboratory analyses for lead paint indicated the following: 

• A bulk sample representing intact red paint used on the Marina Viaduct (Bridge No. 34-0014) 
bent footings at Halleck Street exhibited a total lead concentration of 19,000 milligrams per 
kilogram (mg/kg) and a soluble (TCLP) lead concentration of 100 milligrams per liter (mg/l). 

• A bulk sample representing intact silver paint used on the pedestrian stairway at the 
Richardson Avenue merge with the northbound Marina Viaduct (Bridge No. 34-0014) 
exhibited a total lead concentration of 76 mg/kg and a soluble (WET) lead concentration of 
7.2 mg/l. 

• A bulk sample representing intact beige paint used on the Marina Viaduct (Bridge 
No. 34-0014) bents (seismic retrofit collars) exhibited a total lead concentration of 64 mg/kg 
and a soluble (WET) lead concentration of 0.86 mg/l. 

• A bulk sample representing intact red paint used on the Presidio Viaduct (Bridge No. 34-0019) 
girder and truss systems exhibited a total lead concentration of 76 mg/kg and a soluble (WET) 
lead concentration of 5.2 mg/l. 

• A bulk sample representing intact red paint used on the Presidio Viaduct (Bridge No. 34-0019) 
girder system exhibited a total lead concentration of 480 mg/kg, a soluble (WET) lead 
concentration of 3.4 mg/l, and a soluble (TCLP) lead concentration of 0.28 mg/l. 

• A bulk sample representing intact white paint used on the Lincoln Boulevard UC (Bridge 
No. 34-0062) seismic retrofit collars exhibited a total lead concentration of <2.0 mg/kg. 

• A bulk sample representing intact white graffiti abatement paint used on the Lincoln Boulevard 
UC (Bridge No. 34-0062) bent wall exhibited a total lead concentration of 23 mg/kg. 

• A bulk sample representing deteriorated red paint used on the Marina Viaduct (Bridge 
No. 34-0014) light posts exhibited a total lead concentration of 32,000 mg/kg and a soluble 
(TCLP) lead concentration of 67 mg/l. We were unable to quantify the deteriorated paint due 
to safety constraints (i.e., traffic). 

• A bulk sample representing intact white roadway striping used on the Marina Viaduct (Bridge 
No. 34-0014) exhibited a total lead concentration of 28 mg/kg. 

• A bulk sample representing approximately 500 square feet of deteriorated green paint used on 
the pedestrian railing of the Lincoln Boulevard UC (Bridge No. 34-0062) exhibited a total lead 
concentration of 130,000 mg/kg and a soluble (TCLP) lead concentration of 9.5 mg/l. 

• A bulk sample representing intact multi-layered graffiti abatement paint used in the N101-S1 
Connector PUC (Bridge No. 34-0025G) exhibited a total lead concentration of 13 mg/kg. 

• A bulk sample representing deteriorated red paint used on light posts on Doyle Drive exhibited 
a total lead concentration of 52,000 mg/kg and a soluble (TCLP) lead concentration of 54 mg/l. 
We were unable to quantify the deteriorated paint due to safety constraints (i.e., traffic). 
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• A bulk sample of deteriorated green paint used on the pedestrian sidewalk fence adjacent to 
westbound Doyle Drive approaching the Golden Gate Bridge toll plaza exhibited a total lead 
concentration of 220,000 mg/kg and a soluble (TCLP) lead concentration of 3.7 mg/l. 

• A bulk sample representing intact white paint used on the Ruckman Avenue UC (Bridge 
No. 34-0018) bent exhibited a total lead concentration of 100 mg/kg and a soluble (WET) lead 
concentration of 1.9 mg/l. 

Geocon paint sample laboratory results are summarized on Table 2. Reproductions of the lead 
laboratory report and chain-of-custody documentation are presented in Appendix A.  
 
We provide the following conclusions and recommendations based on the results of our investigation. 
 
NESHAP regulations do not require that asbestos-containing joint material (a Category I 
nonfriable/nonhazardous material) or asbestos-containing paint identified during this survey be 
removed prior to demolition or be treated as hazardous waste. However, the disturbance of the 
materials is still covered by the Cal/OSHA asbestos standard (Title 8, CCR Section 1529). We 
recommend that demolition activities be performed by a licensed contractor registered with Cal/OSHA 
for asbestos-related work (or by a certified asbestos abatement contractor) following Cal/OSHA 
asbestos work requirements if the asbestos-containing materials are left in place during demolition. 
Contractors are responsible for informing the landfill of the contractor’s intent to dispose of asbestos 
waste. Some landfills may require additional waste characterization. Contractors are responsible for 
segregating and characterizing waste streams prior to disposal. 
 
Geocon also recommends the notification of contractors (that will be conducting demolition, 
renovation, or related activities) of the presence of asbestos in their work areas (i.e., provide the 
contractor[s] with a copy of this report and a list of asbestos removed by asbestos abatement 
contractor[s] during subsequent abatement activities). Contractors (not involved in asbestos abatement) 
should be instructed not to disturb asbestos during their work. 
 
In accordance with Bay Area Air Quality Management District (BAAQMD) Regulation 11, Rule 2, 
written notification is required ten working days prior to commencement of any demolition activity 
(whether asbestos is present or not). In accordance with Title 8, CCR 341.9, written notification to the 
nearest Cal/OSHA district office is required at least 24 hours prior to certain asbestos-related work. 
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Based on the analytical test results, we recommend that deteriorated LCP on the light posts, pedestrian 
railing, and fencing (a California and Federal [RCRA] hazardous waste) be removed and disposed of 
prior to renovation, demolition, or other activities that would disturb the paint. We recommend that the 
contractor be required to use personnel who have lead-related construction certification as supervisors 
or workers, as appropriate, from the California Department of Public Health for LCP removal work. 
Loose and peeling/flaking LCP require removal prior to demolition for waste segregation purposes: to 
separate potentially hazardous waste (Category III concentrated lead such as loose paint, paint sludge, 
vacuum debris, and vacuum filters) from non-hazardous demolition debris (Category II intact lead-
painted architectural components such as doors, windows, framework, cladding, and trim). Category I 
waste is low lead waste (typically non-hazardous) such as construction materials, filtered wash water, 
and plastic sheeting. Contractors are responsible for informing the landfill of the contractor’s intent to 
dispose of RCRA waste, California hazardous waste, and/or architectural components containing intact 
LCP. Some landfills may require additional waste characterization. Contractors are responsible for 
segregating and characterizing waste streams prior to disposal. 
 
We recommend that all paints at the project location be treated as lead-containing for purposes of 
determining the applicability of the Cal/OSHA lead standard during any future maintenance, 
renovation, and demolition activities. This recommendation is based on LCP sample results and the 
fact that lead was a common ingredient of paints manufactured before 1978 and is still an ingredient of 
some industrial paints. In accordance with Title 8, CCR, Section 1532.1(p), written notification to the 
nearest Cal/OSHA district office is required at least 24 hours prior to certain lead-related work. 
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ASBESTOS AND LEAD-CONTAINING PAINT SURVEY REPORT 

1.0 INTRODUCTION 

This asbestos and lead-containing paint (LCP) survey report for the Doyle Drive Project was prepared 
by Geocon Consultants, Inc., under California Department of Transportation (Caltrans) Contract 
No. 04A2912 and Task Order 28 (TO-28), under the following four EAs: 1) EA 04-163741, 
2) EA 04-163751, 3) EA 04-163761, and 4) EA 04-163771. This work was conducted at Highway 101 
(Doyle Drive) from Post Mile (PM) 8.0 to PM 9.8, associated exit and entrance connectors, and 
Highway 1 from PM 6.8 to PM 7.1 in San Francisco, California. This report documents the 
investigation sampling methods and laboratory analytical data. 

1.1 Site Description and Proposed Improvements 

We performed an asbestos and LCP survey on the following Doyle Drive and Highway 1 roadway 
segments and bridges: 

• Marina Viaduct - Bridge No. 34-0014; 
• Presidio Viaduct - Bridge No. 34-0019; 
• Lincoln Boulevard Undercrossing (UC) - Bridge No. 34-0062; 
• N101-S1 Connector UC - Bridge No. 34-0020; 
• N1-N101 Connector Pedestrian Undercrossing (PUC) - Bridge No. 34-0023G; 
• N101-S1 Connector PUC - Bridge No. 34-0025G; 
• N1-S101 Connector Overcrossing (OC) - Bridge No. 34-0040G; 
• Ruckman Avenue UC - Bridge No. 34-0018; and 
• Richardson Avenue connectors to the northbound and southbound Marina Viaduct. 

The project location is depicted on the Vicinity Map, Figure 1, and Site Plans, Figures 2a through 2f. 
Caltrans has requested an investigation at the project location to provide data regarding the presence of 
asbestos and LCP prior to demolition activities.  

1.2 Purpose 

This report documents the investigation sampling methods and laboratory analytical data. The primary 
objective of our survey was to determine and quantify asbestos and deteriorated LCP at the project 
location prior to demolition activities. The information obtained from this investigation will be used by 
Caltrans to coordinate proposed demolition activities, determine appropriate abatement/disposal costs, 
and identify health and safety concerns during improvements. 
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2.0 BACKGROUND 

The Code of Federal Regulations (CFR), 40 CFR 61, Subpart M, National Emissions Standards for 
Hazardous Air Pollutants (NESHAP) and Federal Occupational Safety and Health Administration 
(FED OSHA) classify asbestos-containing material (ACM) as any material or product that contains 
greater than 1% asbestos. Nonfriable ACM is classified by NESHAP as either Category I or 
Category II material defined as follows: 

• Category I – asbestos-containing packings, gaskets, resilient floor coverings, and asphalt roofing 
products. 

• Category II – all remaining types of nonfriable asbestos-containing material not included in Category 
I that when dry, cannot be crumbled, pulverized, or reduced to powder by hand pressure. 

Regulated asbestos-containing material (RACM), a hazardous waste when friable, is classified as any 
manufactured material that contains greater than 1% asbestos by dry weight and is: 

• Friable; or 

• Category I material that has become friable; or 

• Category I material that has been subjected to sanding, grinding, cutting, or abrading; or 

• Category II nonfriable material that has a high probability of becoming crumbled, pulverized, or 
reduced to a powder during demolition or renovation activities. 

 
Activities that disturb materials containing any amount of asbestos are subject to certain requirements 
of the Cal/OSHA asbestos standard contained in Title 8, CCR Section 1529. Typically, removal or 
disturbance of more than 100 square feet of material containing more than 0.1% asbestos must be 
performed by a registered asbestos abatement contractor, but associated waste labeling is not required 
if the material contains 1% or less asbestos. When the asbestos content of a material exceeds 1%, 
virtually all requirements of the standard become effective. 
 
Materials containing more than 1% asbestos are also subject to NESHAP regulations (40 CFR Part 61, 
Subpart M). RACM (friable ACM and nonfriable ACM that will become friable during demolition 
operations) must be removed from structures prior to demolition. Certain nonfriable ACM and 
materials containing 1% or less asbestos may remain in structures during demolition; however, there 
are waste handling/disposal issues and Cal/OSHA work requirements that must be followed. 
Contractors are responsible for segregating and characterizing waste streams prior to disposal. 
 
With respect to potential worker exposure, notification, and registration requirements, Cal/OSHA 
defines asbestos-containing construction material (ACCM) as construction material that contains more 
than 0.1% asbestos (Title 8, CCR 341.6). 
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2.2 Lead Paint 

Construction activities (including demolition) that disturb materials or paints containing any amount of 
lead are subject to certain requirements of the Cal/OSHA lead standard contained in Title 8, CCR, 
Section 1532.1. Deteriorated paint is defined by Title 17, CCR, Division 1, Chapter 8, §35022 as a 
surface coating that is cracking, chalking, flaking, chipping, peeling, non-intact, failed, or otherwise 
separating from a component. Demolition of a deteriorated LCP component would require waste 
characterization and appropriate disposal. Most landfill facilities and recyclers currently accept intact 
LCP on a component; however, contractors are responsible for segregating and characterizing waste 
streams prior to disposal. 
 
For a solid waste containing lead, the waste is classified as California hazardous when: 1) the total lead 
content equals or exceeds the respective Total Threshold Limit Concentration (TTLC) of 
1,000 milligrams per kilogram (mg/kg); or 2) the soluble lead content equals or exceeds the respective 
Soluble Threshold Limit Concentration (STLC) of 5 milligrams per liter (mg/l) based on the standard 
Waste Extraction Test (WET). A waste has the potential for exceeding the lead STLC when the waste’s 
total lead content is greater than or equal to ten times the respective STLC value since the WET uses a 
1:10 dilution ratio. Hence, when total lead is detected at a concentration greater than or equal to 
50 mg/kg, and assuming that 100 percent of the total lead is soluble, soluble lead analysis is required. 
Lead-containing waste is classified as “Resource, Conservation, and Recovery Act” (RCRA) 
hazardous, or Federal hazardous, when the soluble lead content equals or exceeds the Federal 
regulatory level of 5 mg/l based on the Toxicity Characteristic Leaching Procedure (TCLP). 
 
The above regulatory criteria are based on chemical concentrations. Wastes may also be classified as 
hazardous based on other criteria such as ignitability; however, for the purposes of this investigation, 
toxicity (i.e., lead concentrations) is the primary factor considered for waste classification since waste 
generated during the construction activities would not likely warrant testing for ignitability or other 
criteria. Waste that is classified as either California hazardous or RCRA hazardous requires 
management as a hazardous waste. 
 
Potential hazards exist to workers who remove or cut through LCP coatings during demolition. Dust 
containing hazardous concentrations of lead may be generated during scraping or cutting materials 
coated with LCP. Torching of these materials may produce lead oxide fumes. Therefore, air monitoring 
and/or respiratory protection may be required during the demolition of materials coated with LCP. 
Guidelines regarding regulatory provisions for construction work where workers may be exposed to 
lead are presented in the Title 8, CCR, Section 1532.1. 

2.3 Architectural Drawings and Previous Survey Activities 

Architectural drawings and previous survey reports for the project were not available for our review. 
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3.0 SCOPE OF SERVICES 

The following scope of services was performed: 

3.1 Pre-Field Activities 

• Prepared a Health and Safety Plan, dated April 2009, to provide guidelines on personal safety 
during the field activities.  

• Prepared a Workplan, dated April 8, 2009, to summarize the scope of services to be performed by 
Geocon. 

• Retained the services of EMSL, Inc. (EMSL), a Caltrans-approved laboratory accredited by the 
National Voluntary Laboratory Accreditation Program (NVLAP), to perform the asbestos analyses. 

• Retained the services of Advance Technology Laboratories, Inc. (ATL), a Caltrans-approved 
laboratory, to perform the lead paint analyses. 

3.2 Field Activities 

Mr. Chris Giuntoli, a California-certified Asbestos Consultant (CAC), Certification No. 02-3163 
(expiration June 18, 2010), and Certified Lead Paint Inspector with the California Department of 
Public Health (DPH), Certification No. I-5502 (expiration June 14, 2010) performed the asbestos and 
LCP survey on April 7, 9, and 15, 2009. Fifty bulk samples of suspect ACM were collected. Fourteen 
bulk samples of suspect LCP were collected. 

4.0 INVESTIGATIVE METHODS 

4.1 Asbestos 

Bulk suspect asbestos samples were collected after first wetting friable material with a light mist of 
water. The samples were then cut from the substrate and transferred to labeled containers and sealed. 
We observed 24 suspect materials during the survey (see Table 1). When multiple samples of a 
material were collected, the sampling locations were distributed throughout the homogeneous areas 
(spaces where the material was observed). 
 
We relinquished bulk samples for asbestos analysis using standard chain-of-custody documentation. 
Asbestos content was determined using EPA Test Method 600/R-93/116 for polarized light microscopy 
(PLM). We requested laboratory analyses to be within a 24-hour turn-around-time. 
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4.2 Lead Paint 

Bulk paint samples were collected using techniques presented in U.S. Department of Housing and 
Urban Development (HUD) guidelines. Fourteen paint systems were identified during the survey 
(see Table 2). 

It was not Geocon’s intent during this inspection to conduct an evaluation of lead-based 
paint hazards in accordance with HUD guidelines. HUD protocol generally requires a 
very extensive sampling strategy that includes sampling of paint on each surface type. 

 
We relinquished the bulk paint sample for lead analysis using standard chain-of-custody 
documentation. Total lead content was determined using EPA Test Method 6010B. Soluble (WET and 
TCLP) lead content was determined following EPA Test Methods 7420 and 1311, respectively. We 
requested laboratory analyses to be within a 24-hour turn-around-time. 

5.0 INVESTIGATIVE RESULTS 

5.1 Asbestos 

The laboratory analyses for asbestos indicated the following: 

• Chrysotile asbestos at a concentration of 2% was detected in samples representing nonfriable 
black abutment joint material (surface coat) on the Marina Viaduct (Bridge No. 34-0014) in the 
northbound direction. We were unable to quantify the material due to safety constraints (i.e., 
traffic). 

• Chrysotile asbestos at a concentration of less than (<) 0.1% was detected in a sample 
representing approximately 1,000 square feet of nonfriable silver paint applied to the 
pedestrian stairway at the Richardson Avenue merge with the Marina Viaduct (Bridge 
No. 34-0014). The material was analyzed using PLM point count analysis (1,000 points). 

• Chrysotile asbestos at a concentration of 2% was detected in samples representing nonfriable 
black deck joint material at the Richardson Avenue merge with the Marina Viaduct (Bridge 
No. 34-0014). We were unable to quantify the material due to safety constraints (i.e., traffic). 

• Chrysotile asbestos at a concentration of 3% was detected in samples representing nonfriable 
black bent joint fill material at the Marina Viaduct (Bridge No. 34-0014) southbound exit to 
Richardson Avenue. We were unable to quantify the material due to safety constraints (i.e., 
traffic). 

No asbestos was detected in samples of the remaining suspect materials collected during our survey. 
Laboratory results for the asbestos samples are summarized on Table 1. Reproductions of the 
laboratory report and chain-of-custody documentation are presented in Appendix A. 
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5.2 Lead Paint 

The laboratory analyses for lead paint indicated the following: 

• A bulk sample representing intact red paint used on the Marina Viaduct (Bridge No. 34-0014) 
bent footings at Halleck Street exhibited a total lead concentration of 19,000 mg/kg and a 
soluble (TCLP) lead concentration of 100 mg/l. 

• A bulk sample representing intact silver paint used on the pedestrian stairway at the 
Richardson Avenue merge with the northbound Marina Viaduct (Bridge No. 34-0014) 
exhibited a total lead concentration of 76 mg/kg and a soluble (WET) lead concentration of 
7.2 mg/l. 

• A bulk sample representing intact beige paint used on the Marina Viaduct (Bridge 
No. 34-0014) bents (seismic retrofit collars) exhibited a total lead concentration of 64 mg/kg 
and a soluble (WET) lead concentration of 0.86 mg/l. 

• A bulk sample representing intact red paint used on the Presidio Viaduct (Bridge No. 34-0019) 
girder and truss systems exhibited a total lead concentration of 76 mg/kg and a soluble (WET) 
lead concentration of 5.2 mg/l. 

• A bulk sample representing intact red paint used on the Presidio Viaduct (Bridge No. 34-0019) 
girder system exhibited a total lead concentration of 480 mg/kg, a soluble (WET) lead 
concentration of 3.4 mg/l, and a soluble (TCLP) lead concentration of 0.28 mg/l. 

• A bulk sample representing intact white paint used on the Lincoln Boulevard UC (Bridge 
No. 34-0062) seismic retrofit collars exhibited a total lead concentration of <2.0 mg/kg. 

• A bulk sample representing intact white graffiti abatement paint used on the Lincoln Boulevard 
UC (Bridge No. 34-0062) bent wall exhibited a total lead concentration of 23 mg/kg. 

• A bulk sample representing deteriorated red paint used on the Marina Viaduct (Bridge 
No. 34-0014) light posts exhibited a total lead concentration of 32,000 mg/kg and a soluble 
(TCLP) lead concentration of 67 mg/l. We were unable to quantify the deteriorated paint due 
to safety constraints (i.e., traffic). 

• A bulk sample representing intact white roadway striping used on the Marina Viaduct (Bridge 
No. 34-0014) exhibited a total lead concentration of 28 mg/kg. 

• A bulk sample representing approximately 500 square feet of deteriorated green paint used on 
the pedestrian railing of the Lincoln Boulevard UC (Bridge No. 34-0062) exhibited a total lead 
concentration of 130,000 mg/kg and a soluble (TCLP) lead concentration of 9.5 mg/l. 

• A bulk sample representing intact multi-layered graffiti abatement paint used in the N101-S1 
Connector PUC (Bridge No. 34-0025G) exhibited a total lead concentration of 13 mg/kg. 

• A bulk sample representing deteriorated red paint used on light posts on Doyle Drive exhibited 
a total lead concentration of 52,000 mg/kg and a soluble (TCLP) lead concentration of 54 mg/l. 
We were unable to quantify the deteriorated paint due to safety constraints (i.e., traffic). 

• A bulk sample of deteriorated green paint used on the pedestrian sidewalk fence adjacent to 
westbound Doyle Drive approaching the Golden Gate Bridge toll plaza exhibited a total lead 
concentration of 220,000 mg/kg and a soluble (TCLP) lead concentration of 3.7 mg/l. 

• A bulk sample representing intact white paint used on the Ruckman Avenue UC (Bridge 
No. 34-0018) bent exhibited a total lead concentration of 100 mg/kg and a soluble (WET) lead 
concentration of 1.9 mg/l. 
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Geocon paint sample laboratory results are summarized on Table 2. Reproductions of the lead 
laboratory report and chain-of-custody documentation are presented in Appendix A.  
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6.0 CONCLUSIONS 

6.1 Asbestos 

NESHAP regulations do not require that asbestos-containing joint material (a Category I 
nonfriable/nonhazardous material) or asbestos-containing paint identified during this survey be 
removed prior to demolition or be treated as hazardous waste. However, the disturbance of the 
materials is still covered by the Cal/OSHA asbestos standard (Title 8, CCR Section 1529). We 
recommend that demolition activities be performed by a licensed contractor registered with Cal/OSHA 
for asbestos-related work (or by a certified asbestos abatement contractor) following Cal/OSHA 
asbestos work requirements if the asbestos-containing materials are left in place during demolition. 
Contractors are responsible for informing the landfill of the contractor’s intent to dispose of asbestos 
waste. Some landfills may require additional waste characterization. Contractors are responsible for 
segregating and characterizing waste streams prior to disposal. 
 
Geocon also recommends the notification of contractors (that will be conducting demolition, 
renovation, or related activities) of the presence of asbestos in their work areas (i.e., provide the 
contractor[s] with a copy of this report and a list of asbestos removed by asbestos abatement 
contractor[s] during subsequent abatement activities). Contractors (not involved in asbestos abatement) 
should be instructed not to disturb asbestos during their work. 
 
In accordance with Bay Area Air Quality Management District (BAAQMD) Regulation 11, Rule 2, 
written notification is required ten working days prior to commencement of any demolition activity 
(whether asbestos is present or not). In accordance with Title 8, CCR 341.9, written notification to the 
nearest Cal/OSHA district office is required at least 24 hours prior to certain asbestos-related work. 

6.2 Lead Paint 

Based on the analytical test results, we recommend that deteriorated LCP applied to the light posts, 
pedestrian railing, and fencing along Doyle Drive (California and Federal [RCRA] hazardous waste) be 
removed and disposed of prior to renovation, demolition, or other activities that would disturb the 
paint. We recommend that the contractor be required to use personnel who have lead-related 
construction certification as supervisors or workers, as appropriate, from the California DPH for LCP 
removal work. Loose and peeling/flaking LCP require removal prior to demolition for waste 
segregation purposes: to separate potentially hazardous waste (Category III concentrated lead such as 
loose paint, paint sludge, vacuum debris, and vacuum filters) from non-hazardous demolition debris 
(Category II intact lead-painted architectural components such as doors, windows, framework, 
cladding, and trim). Category I waste is low lead waste (typically non-hazardous) such as construction 
materials, filtered wash water, and plastic sheeting. Contractors are responsible for informing the 
landfill of the contractor’s intent to dispose of RCRA waste, California hazardous waste, and/or 
architectural components containing intact LCP. Some landfills may require additional waste 
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characterization. Contractors are responsible for segregating and characterizing waste streams prior to 
disposal. 
 
We recommend that all paints at the project location be treated as lead-containing for purposes of 
determining the applicability of the Cal/OSHA lead standard during any future maintenance, 
renovation, and demolition activities. This recommendation is based on LCP sample results and the 
fact that lead was a common ingredient of paints manufactured before 1978 and is still an ingredient of 
some industrial paints. In accordance with Title 8, CCR, Section 1532.1(p), written notification to the 
nearest Cal/OSHA district office is required at least 24 hours prior to certain lead-related work. 
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TABLE 1
SUMMARY OF ANALYTICAL LABORATORY TEST RESULTS - ASBESTOS

Polarized Light Microscopy (PLM) - EPA Test Method 600/R-93/116

Sample Approximate Site Asbestos
Group ID1 Description of Suspect Material Location Quantity Friable Photo Content

DD-1 Bent joint fill material (styrene) Marina Viaduct (Bridge No. 34-0014) 
exit to Richardson Avenue NA NA 11 ND

DD-2 Brown fiber board Marina Viaduct (Bridge No. 34-0014) 
exit to Richardson Avenue NA NA 12 ND

DD-3 Brown fiber board (seismic anchor 
covers)

Marina Viaduct (Bridge No. 34-0014) 
exit to Richardson Avenue NA NA 13 ND

DD-4 Bent joint fill material (styrene) Marina Viaduct (Bridge No. 34-0014) NA NA 14 ND

DD-5 Elastomeric deck joint material Marina Viaduct (Bridge No. 34-0014) NA NA 14 ND

DD-6 Black abutment joint fill material Marina Viaduct (Bridge No. 34-0014) Unable to safely quantify No 15 2% - Surface coat
ND - Felt

DD-7 Brown fiber board (seismic anchor 
covers) Marina Viaduct (Bridge No. 34-0014) NA NA 13 ND

DD-8 Silver paint
Pedestrian stairway at Richardson 

Avenue merge with Marina Viaduct 
(Bridge No. 34-0014)

1,000 square feet No 16 <0.1%*

DD-9 Elastomeric deck joint material Marina Viaduct (Bridge No. 34-0014) NA NA 17 ND

DD-10 Elastomeric deck joint material Marina Viaduct (Bridge No. 34-0014) NA NA 18 ND

DOYLE DRIVE ACM AND LCM PROJECT
SAN FRANCISCO, CALIFORNIA
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TABLE 1
SUMMARY OF ANALYTICAL LABORATORY TEST RESULTS - ASBESTOS

Polarized Light Microscopy (PLM) - EPA Test Method 600/R-93/116

Sample Approximate Site Asbestos
Group ID1 Description of Suspect Material Location Quantity Friable Photo Content

DOYLE DRIVE ACM AND LCM PROJECT
SAN FRANCISCO, CALIFORNIA

DD-11 Elastomeric deck joint material Richardson Avenue merge with Marina 
Viaduct (Bridge No. 34-0014) NA NA 19 ND

DD-12 Black deck joint fill material Richardson Avenue merge with 
Marina Viaduct (Bridge No. 34-0014) Unable to safely quantify No 20 2%

DD-13 Sidewalk joint fill material Presidio Viaduct (Bridge No. 34-0019) NA NA 21 ND

DD-14 Retaining wall joint fill material N101-S1 Connector Pedestrian 
Undercrossing (Bridge No. 34-0025G) NA NA 22 ND

DD-15 Retaining wall joint fill material N1-N101 Connector Pedestrian 
Undercrossing (Bridge No. 34-0023G) NA NA 23 ND

DD-16 Retaining wall joint fill material N101-S1 Connector Undercrossing 
(Bridge No. 34-0020) NA NA 24 ND

DD-17 Bent joint fill material (styrene) Marina Viaduct (Bridge No. 34-0014) NA NA 25 ND

DD-18 Elastomeric bent joint material Marina Viaduct (Bridge No. 34-0014) NA NA 26 ND

DD-19 Bent joint fill material (styrene) Richardson Avenue NA NA 27 ND

DD-20 Brown fiber board Richardson Avenue NA NA 27 ND

Project No. E8435-06-24 2 of 3 August 2009



TABLE 1
SUMMARY OF ANALYTICAL LABORATORY TEST RESULTS - ASBESTOS

Polarized Light Microscopy (PLM) - EPA Test Method 600/R-93/116

Sample Approximate Site Asbestos
Group ID1 Description of Suspect Material Location Quantity Friable Photo Content

DOYLE DRIVE ACM AND LCM PROJECT
SAN FRANCISCO, CALIFORNIA

DD-21 Drain pipe packing (foam sheeting) Richardson Avenue NA NA 28 ND

DD-22 Bent joint fill material (styrene) Marina Viaduct exit to Richardson 
Avenue NA NA 29 ND

DD-23 Black bent joint fill material Marina Viaduct exit to Richardson 
Avenue Unable to safety quantify No 30 3%

DD-24 Black joint fill material Ruckman Aveune Undercrossing 
(Bridge No. 34-0018) NA NA 31 ND

Notes:
1 Each sample group represents one or more samples of similar material. When multiple samples of a material were collected, the sampling locations were distributed 

throughout the homogeneous area (spaces where the material was observed).
NA = Not applicable
ND = No Asbestos fibers detected

* = Material analyzed using PLM Point Count (1,000 points)
Identified asbestos is of the chrysotile variety unless otherwise indicated
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Approximate Quantity Site Total WET TCLP
Sample No. Paint Description Peeling/Flaking Photo Lead (mg/kg) Lead (mg/l) Lead (mg/l)

DD-P1A Red paint - Marina Viaduct (Bridge No. 34-0014) bent 
at Halleck Street Intact 32 19,000 --- 100

DD-P2A
Silver paint - Pedestrian stairway at Richardson Avenue 

merge with Marina Viaduct 
(Bridge No. 34-0014)

Intact 16 76 7.2 ---

DD-P3A Beige paint - Marina Viaduct 
(Bridge No. 34-0014) seismic retrofit collars on bents Intact 33 64 0.86 ---

DD-P4A Red paint - Presidio Viaduct 
(Bridge No. 34-0019) girders and trusses Intact 34 76 5.2 ---

DD-P5A Red paint - Presidio Viaduct 
(Bridge No. 34-0019) girders Intact 35 480 3.4 0.28

DD-P6A White paint - Lincoln Boulevard Undercrossing 
(Bridge No. 34-0062) seismic retrofit collars on bents Intact 36 <2.0 --- ---

DD-P7A White graffiti abatement paint - Lincoln Boulevard 
Undercrossing (Bridge No. 34-0062) bent wall Intact 37 23 --- ---

DD-P8A Red paint - Marina Viaduct (Bridge No. 34-0014) 
light post Unable to safely quantify 38 32,000 --- 67

TABLE 2
SUMMARY OF ANALYTICAL LABORATORY TEST RESULTS - PAINT

SAN FRANCISCO, CALIFORNIA

Total and Soluble Lead

DOYLE DRIVE ACM AND LCM PROJECT
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Approximate Quantity Site Total WET TCLP
Sample No. Paint Description Peeling/Flaking Photo Lead (mg/kg) Lead (mg/l) Lead (mg/l)

TABLE 2
SUMMARY OF ANALYTICAL LABORATORY TEST RESULTS - PAINT

SAN FRANCISCO, CALIFORNIA

Total and Soluble Lead

DOYLE DRIVE ACM AND LCM PROJECT

DD-P9A White paint - Marina Viaduct 
(Bridge No. 34-0014) roadway striping Intact 39 28 --- ---

DD-P10A
Green paint - Lincoln Boulevard Undercrossing 

(Bridge No. 34-0062) 
sidewalk railing

500 square feet 40 130,000 --- 9.5

DD-P11A
Multi-layer graffiti abatement paint - N101-S1 

Connector Pedestrian Undercrossing
(Bridge No. 34-0025G)

Intact 41 13 --- ---

DD-P12A Red paint - Doyle Drive light post Unable to safely quantify 42 52,000 --- 54

DD-P13A
Green paint - pedestrian sidewalk fence adjacent to 

westbound Doyle Drive (approaching the Golden Gate 
Bridge toll plaza)

Unable to safely quantify 43 220,000 --- 3.7

DD-P14A White paint - Ruckman Avenue Undercrossing (Bridge 
No. 34-0018) Intact 44 100 1.9 ---

Notes:
mg/kg = milligrams per kilogram (EPA Test Method 6010)
mg/l = milligrams per liter
WET = Waste Extraction Test (EPA Test Method 7420)
TCLP = Toxicity Characteristic Leaching Procedure (EPA Test Method 1311)
--- = Not Analyzed
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Photo 1 – Richardson Avenue at the eastern end of the project limits, looking west 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 2 – Marina Viaduct (Bridge No. 34-0014) near the eastern end of the project limits, looking east 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 3 – Marina Viaduct (Bridge No. 34-0014) near the eastern end of the project limits, looking west 
 

PHOTOGRAPHS 1, 2, & 3 
Doyle Drive ACM and LCM Project 

San Francisco County, California 
E8435-06-24  August 2009 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 4 – Richardson Avenue at the eastern portion of the project area, looking west 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 5 – Richardson Avenue and the Marina Viaduct merge at the eastern portion of the project area, 
looking west 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 6 – Marina Viaduct (Bridge No. 34-0014) at the central portion of the project area, looking west 
 

PHOTOGRAPHS 4, 5, & 6 
Doyle Drive ACM and LCM Project 

San Francisco County, California 
E8435-06-24  August 2009 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 7 – Marina Viaduct (Bridge No. 34-0014) at the central portion of the project area, looking west 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 8 – Presidio Viaduct (Bridge No. 34-0019) at the western portion of the project area, looking west 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 9 – Doyle Drive near the western project limits, looking east 
 

PHOTOGRAPHS 7, 8, & 9 
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Photo 10 – Doyle Drive at the western end of the project limits, looking north towards the toll plaza 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 11 – Bridge bent fill material (styrene) on the underside of the Marina Viaduct (Bridge No. 34-0014) deck at 
the central and eastern portions of the project area (representative of Sample Group 1 material) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 12 – Bridge bent fill material (brown fiberboard) on the underside of the Marina Viaduct deck at the 
central and eastern portions of the project area (representative of Sample Group 2 material) 

 
PHOTOGRAPHS 10, 11, & 12 

Doyle Drive ACM and LCM Project 
San Francisco County, California 
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Photo 13 – Brown fiberboard behind seismic retrofit cable covers on the underside of Marina Viaduct deck at the 
central and eastern portions of the project area (representative of Sample Group 3 and 7 materials) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 14 – Bent joint material (styrene) and underlying black elastomeric material at the sides of Marina Viaduct 
at the central and eastern portions of the project area (representative of Sample Group 4 and 5 materials) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 15 – Asbestos-containing black joint fill material on the Marina Viaduct abutment Drive near the eastern 
end of the project limits (representative of Sample Group 6 material) 

 PHOTOGRAPHS 13, 14, & 15 
Doyle Drive ACM and LCM Project 

San Francisco County, California 
E8435-06-24  August 2009 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 16 – Asbestos-containing silver paint on the pedestrian stairway at the merge of Richardson Ave. and the 
Marina Viaduct (representative of Sample Group 8 material and paint sample 2A) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 17 – Elastomeric deck joint material on the Marina Viaduct at the eastern portion of the project area 
(representative of Sample Group 9 material) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 18 – Elastomeric deck joint material on Marina Viaduct at the eastern portion of the project area 
(representative of Sample Group 10 material) 

 PHOTOGRAPHS 16, 17, & 18 
Doyle Drive ACM and LCM Project 

San Francisco County, California 
E8435-06-24  August 2009 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 19 – Elastomeric deck joint material on Richardson Avenue at the merge with the Marina Viaduct  
(representative of Sample Group 11 material) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 20 – Asbestos-containing black (brittle) deck joint fill material at the Richardson Avenue merge with  
the Marina Viaduct (representative of Sample Group 12 material) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 21 – Black sidewalk joint material on northbound Presidio Viaduct (Bridge No. 34-0019)  
(representative of Sample Group 13 material) 

 
PHOTOGRAPHS 19, 20, & 21 

Doyle Drive ACM and LCM Project 
San Francisco County, California 
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Photo 22 – Retaining wall joint fill material on the N101-S1 Connector PUC (Bridge No. 34-0025G) 
[pedestrian tunnel] (representative of Sample Group 14 material) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 23 – Retaining wall joint fill material on the N1-N101 Connector PUC (Bridge No. 34-0023) 
[pedestrian tunnel] (representative of Sample Group 15 material) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 24 – Black abutment joint fill material on the N101-S1 Connector (Bridge No. 34-0020)  
(representative of Sample Group 16 material) 

 
PHOTOGRAPHS 22, 23, & 24 

Doyle Drive ACM and LCM Project 
San Francisco County, California 

E8435-06-24  August 2009 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 25 – Bridge bent joint fill material (styrene) on underside of the Marina Viaduct deck at the eastern portion 
of the project area (representative of Sample Group 17 material) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 26 – Elastomeric bent joint material on underside of southbound Marina Viaduct connector to  
Richardson Avenue at the eastern portion of the project area (representative of Sample Group 18 material) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 27 – Bridge bent joint fill material (styrene and brown fiberboard) on Richardson Avenue connector to  
northbound Marina Viaduct (representative of Sample Group 19 and 20 materials) 

 
PHOTOGRAPHS 25, 26, & 27 

Doyle Drive ACM and LCM Project 
San Francisco County, California 

E8435-06-24  August 2009 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 28 – Drain pipe packing (foam sheeting) on Richardson Avenue connector to northbound Marina Viaduct   
(representative of Sample Group 21 material) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 29 – Bridge bent joint fill material (styrene) on southbound Marina Viaduct connector to  
Richardson Avenue (representative of Sample Group 22 material) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 30 – Asbestos-containing black deck joint material on southbound Marina Viaduct connector to  
Richardson Avenue (representative of Sample Group 23 material) 

 
PHOTOGRAPHS 28, 29, & 30 

Doyle Drive ACM and LCM Project 
San Francisco County, California 

E8435-06-24  August 2009 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 31 – Black joint fill material on Ruckman Avenue UC (Bridge No. 34-0018)  
(representative of Sample Group 24 material) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 32 – Intact red paint on bent footings at Halleck Street beneath the Marina Viaduct 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 33 – Intact beige paint on seismic retrofit collar on the Marina Viaduct bridge bents 
 

PHOTOGRAPHS 31, 32, & 33 
Doyle Drive ACM and LCM Project 

San Francisco County, California 
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Photo 34 – Intact red paint on the Presidio Viaduct (Bridge No. 34-0019) girders and trusses 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 35 – Intact red paint on the Presidio Viaduct (Bridge No. 34-0019) girders 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 36 – Intact white paint on seismic retrofit collar on the Lincoln Boulevard UC (Bridge No. 34-0062) bents 
 

PHOTOGRAPHS 34, 35, & 36 
Doyle Drive ACM and LCM Project 

San Francisco County, California 
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Photo 37 – Intact off-white graffiti abatement paint on the Lincoln Boulevard UC (Bridge No. 34-0062) bent wall 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 38 – Deteriorated red paint on the Marina Viaduct (Bridge No. 34-0014) light posts 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 39 – Intact white roadway striping paint on the Marina Viaduct (Bridge No. 34-0014) 
 

PHOTOGRAPHS 37, 38, & 39 
Doyle Drive ACM and LCM Project 

San Francisco County, California 
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Photo 40 – Deteriorated green paint on pedestrian walkway railing at the Lincoln Boulevard UC  
(Bridge No. 34-0062) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 41 – Intact multi-layered graffiti abatement paint on N101-S1 Connector PUC (Bridge No. 34-0025) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 42 – Deteriorated red paint on Doyle Drive light posts (approach to Golden Gate Bridge toll plaza) 
 

PHOTOGRAPHS 40, 41, & 42 
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Photo 43 – Deteriorated green paint on pedestrian walkway fence adjacent to westbound Doyle Drive 
(approaching the Golden Gate Bridge toll plaza) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 44 – Intact white paint on Ruckman Avenue UC (Bridge No. 34-0018) bents 
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 APPENDIX  A



Sample Location Appearance %  Type

AsbestosNon-Asbestos

%     Fibrous %   Non-Fibrous

Asbestos Analysis of Bulk Materials via EPA 600/R-93/116 Method using Polarized 
Light Microscopy

090902610

Attn: Chris Giuntoli
Geocon Consultants
6671 Brisa Street
Livermore, CA 94550

Customer PO: E8435-06-24
Received: 04/09/09 2:50 PM

E8435-06-**
E8435-06-24

Customer ID: GECN21

Fax: (925) 371-5915 Phone: (925) 371-5900
Project:

EMSL Order:

EMSL Proj:
4/9/2009Analysis Date:

Report Date: 4/17/2009

EMSL Analytical, Inc
2235 Polvorosa Ave , Suite 230, San Leandro, CA 94577
Phone:  (510) 895-3675        Fax:  (510) 895-3680     Email:   milpitaslab@emsl.com

DD-1A, Bent joint fill 
material
090902610-0001

White None Detected

Non-Fibrous

Homogeneous

Non-fibrous (other)100%

DD-1B,  Bent joint 
fill material
090902610-0002

White None Detected

Non-Fibrous

Homogeneous

Non-fibrous (other)100%

DD-1B, Mortar
090902610-0002A

Gray None Detected

Non-Fibrous
Homogeneous

Non-fibrous (other)100%

DD-1C,  Bent joint 
fill material
090902610-0003

White None Detected

Non-Fibrous

Homogeneous

Non-fibrous (other)100%

DD-1D,  Bent joint 
fill material
090902610-0004

White None Detected

Non-Fibrous

Homogeneous

Non-fibrous (other)100%

DD-2A, Brown fiber 
board
090902610-0005

Brown None Detected

Fibrous

Homogeneous

Cellulose80% Non-fibrous (other)20%

DD-2B, Brown fiber 
board
090902610-0006

Brown None Detected

Fibrous

Homogeneous

Cellulose80% Non-fibrous (other)20%

1

Baojia Ke, Laboratory Manager
or other approved signatory

PLM-1

Analyst(s)

Due to magnification limitations inherent in PLM, asbestos fibers in dimensions below the resolution capability of PLM may not be detected.  Samples reported as <1% or none detected 
may require additional testing by TEM to confirm asbestos quantities.  The above test report relates only to the items tested and may not be reproduced in any form without the express 
written approval of EMSL Analytical, Inc.  EMSL’s liability is limited to the cost of analysis.  EMSL bears no responsibility for sample collection activities or analytical method limitations.  
Interpretation and use of test results are the responsibility of the client.Samples received in good condition unless otherwise noted.
NVLAP Lab Code 101048-3

Adam C. Fink (23)
Nonette Patron (11)

mailto:milpitaslab@emsl.com


Sample Location Appearance %  Type

AsbestosNon-Asbestos

%     Fibrous %   Non-Fibrous

Asbestos Analysis of Bulk Materials via EPA 600/R-93/116 Method using Polarized 
Light Microscopy

090902610

Attn: Chris Giuntoli
Geocon Consultants
6671 Brisa Street
Livermore, CA 94550

Customer PO: E8435-06-24
Received: 04/09/09 2:50 PM

E8435-06-**
E8435-06-24

Customer ID: GECN21

Fax: (925) 371-5915 Phone: (925) 371-5900
Project:

EMSL Order:

EMSL Proj:
4/9/2009Analysis Date:

Report Date: 4/17/2009

EMSL Analytical, Inc
2235 Polvorosa Ave , Suite 230, San Leandro, CA 94577
Phone:  (510) 895-3675        Fax:  (510) 895-3680     Email:   milpitaslab@emsl.com

DD-3A, Brown fiber 
board
090902610-0007

Brown None Detected

Fibrous

Homogeneous

Cellulose80% Non-fibrous (other)20%

DD-4A, Bent joint fill 
material
090902610-0008

White None Detected

Non-Fibrous

Homogeneous

Non-fibrous (other)100%

DD-4B, Bent joint fill 
material
090902610-0009

White None Detected

Non-Fibrous

Homogeneous

Non-fibrous (other)100%

DD-5A, Elastomeric 
deck jojnt material
090902610-0010

Black None Detected

Non-Fibrous

Homogeneous

Non-fibrous (other)100%

DD-5B, Elastomeric 
deck jojnt material
090902610-0011

Black None Detected

Non-Fibrous

Homogeneous

Non-fibrous (other)100%

DD-6A, Black 
abutment joint fill 
material
090902610-0012

Black None Detected

Non-Fibrous

Homogeneous

Cellulose20% Non-fibrous (other)80%

2

Baojia Ke, Laboratory Manager
or other approved signatory

PLM-1

Analyst(s)

Due to magnification limitations inherent in PLM, asbestos fibers in dimensions below the resolution capability of PLM may not be detected.  Samples reported as <1% or none detected 
may require additional testing by TEM to confirm asbestos quantities.  The above test report relates only to the items tested and may not be reproduced in any form without the express 
written approval of EMSL Analytical, Inc.  EMSL’s liability is limited to the cost of analysis.  EMSL bears no responsibility for sample collection activities or analytical method limitations.  
Interpretation and use of test results are the responsibility of the client.Samples received in good condition unless otherwise noted.
NVLAP Lab Code 101048-3

Adam C. Fink (23)
Nonette Patron (11)

mailto:milpitaslab@emsl.com


Sample Location Appearance %  Type

AsbestosNon-Asbestos

%     Fibrous %   Non-Fibrous

Asbestos Analysis of Bulk Materials via EPA 600/R-93/116 Method using Polarized 
Light Microscopy

090902610

Attn: Chris Giuntoli
Geocon Consultants
6671 Brisa Street
Livermore, CA 94550

Customer PO: E8435-06-24
Received: 04/09/09 2:50 PM

E8435-06-**
E8435-06-24

Customer ID: GECN21

Fax: (925) 371-5915 Phone: (925) 371-5900
Project:

EMSL Order:

EMSL Proj:
4/9/2009Analysis Date:

Report Date: 4/17/2009

EMSL Analytical, Inc
2235 Polvorosa Ave , Suite 230, San Leandro, CA 94577
Phone:  (510) 895-3675        Fax:  (510) 895-3680     Email:   milpitaslab@emsl.com

DD-6A-A, Black 
Surfacing
090902610-0012A

Black
Non-Fibrous

Homogeneous

Chrysotile2%Cellulose5% Non-fibrous (other)93%

DD-6A-B, Felt
090902610-0012B

Black None Detected

Non-Fibrous
Homogeneous

Cellulose80% Non-fibrous (other)20%

DD-6B-A,  Black 
abutment joint fill 
material
090902610-0013

Black None Detected

Non-Fibrous

Homogeneous

Cellulose20% Non-fibrous (other)80%

DD-6B-A,  Black 
Surfacing
090902610-0013A

Black
Non-Fibrous

Homogeneous

Chrysotile2%Cellulose5% Non-fibrous (other)93%

DD-7A, Brown 
fiberboard
090902610-0014

Brown None Detected

Fibrous

Homogeneous

Cellulose80% Non-fibrous (other)20%

DD-7B,  Brown 
fiberboard
090902610-0015

Brown None Detected

Fibrous

Homogeneous

Cellulose80% Non-fibrous (other)20%

DD-8A, Silver paint
090902610-0016

Silver
Non-Fibrous
Homogeneous

Chrysotile<1%Non-fibrous (other)100%

3

Baojia Ke, Laboratory Manager
or other approved signatory

PLM-1

Analyst(s)

Due to magnification limitations inherent in PLM, asbestos fibers in dimensions below the resolution capability of PLM may not be detected.  Samples reported as <1% or none detected 
may require additional testing by TEM to confirm asbestos quantities.  The above test report relates only to the items tested and may not be reproduced in any form without the express 
written approval of EMSL Analytical, Inc.  EMSL’s liability is limited to the cost of analysis.  EMSL bears no responsibility for sample collection activities or analytical method limitations.  
Interpretation and use of test results are the responsibility of the client.Samples received in good condition unless otherwise noted.
NVLAP Lab Code 101048-3

Adam C. Fink (23)
Nonette Patron (11)

mailto:milpitaslab@emsl.com


Sample Location Appearance %  Type

AsbestosNon-Asbestos

%     Fibrous %   Non-Fibrous

Asbestos Analysis of Bulk Materials via EPA 600/R-93/116 Method using Polarized 
Light Microscopy

090902610

Attn: Chris Giuntoli
Geocon Consultants
6671 Brisa Street
Livermore, CA 94550

Customer PO: E8435-06-24
Received: 04/09/09 2:50 PM

E8435-06-**
E8435-06-24

Customer ID: GECN21

Fax: (925) 371-5915 Phone: (925) 371-5900
Project:

EMSL Order:

EMSL Proj:
4/9/2009Analysis Date:

Report Date: 4/17/2009

EMSL Analytical, Inc
2235 Polvorosa Ave , Suite 230, San Leandro, CA 94577
Phone:  (510) 895-3675        Fax:  (510) 895-3680     Email:   milpitaslab@emsl.com

DD-9A, Elastomeric 
deck jojnt material
090902610-0017

Black None Detected

Non-Fibrous

Homogeneous

Non-fibrous (other)100%

DD-9B, Elastomeric 
deck jojnt material
090902610-0018

Black None Detected

Non-Fibrous

Homogeneous

Non-fibrous (other)100%

DD-10A, 
Elastomeric deck 
jojnt material
090902610-0019

Black None Detected

Non-Fibrous

Heterogeneous

Non-fibrous (other)100%

DD-11A, 
Elastomeric deck 
jojnt material
090902610-0020

Black None Detected

Non-Fibrous

Homogeneous

Non-fibrous (other)100%

DD-11B, 
Elastomeric deck 
jojnt material
090902610-0021

Black None Detected

Non-Fibrous

Heterogeneous

Non-fibrous (other)100%

DD-12A, Black joint 
fill material
090902610-0022

Non-Fibrous

Heterogeneous

Chrysotile2%Cellulose10% Non-fibrous (other)88%

4

Baojia Ke, Laboratory Manager
or other approved signatory

PLM-1

Analyst(s)

Due to magnification limitations inherent in PLM, asbestos fibers in dimensions below the resolution capability of PLM may not be detected.  Samples reported as <1% or none detected 
may require additional testing by TEM to confirm asbestos quantities.  The above test report relates only to the items tested and may not be reproduced in any form without the express 
written approval of EMSL Analytical, Inc.  EMSL’s liability is limited to the cost of analysis.  EMSL bears no responsibility for sample collection activities or analytical method limitations.  
Interpretation and use of test results are the responsibility of the client.Samples received in good condition unless otherwise noted.
NVLAP Lab Code 101048-3

Adam C. Fink (23)
Nonette Patron (11)

mailto:milpitaslab@emsl.com


Sample Location Appearance %  Type

AsbestosNon-Asbestos

%     Fibrous %   Non-Fibrous

Asbestos Analysis of Bulk Materials via EPA 600/R-93/116 Method using Polarized 
Light Microscopy

090902610

Attn: Chris Giuntoli
Geocon Consultants
6671 Brisa Street
Livermore, CA 94550

Customer PO: E8435-06-24
Received: 04/09/09 2:50 PM

E8435-06-**
E8435-06-24

Customer ID: GECN21

Fax: (925) 371-5915 Phone: (925) 371-5900
Project:

EMSL Order:

EMSL Proj:
4/9/2009Analysis Date:

Report Date: 4/17/2009

EMSL Analytical, Inc
2235 Polvorosa Ave , Suite 230, San Leandro, CA 94577
Phone:  (510) 895-3675        Fax:  (510) 895-3680     Email:   milpitaslab@emsl.com

DD-12B, Black 
abutment joint fill 
material
090902610-0023

Black
Non-Fibrous

Heterogeneous

Chrysotile2%Cellulose10% Non-fibrous (other)88%

DD-13A, Sidewalk 
joint fill material
090902610-0024

Black None Detected

Non-Fibrous

Heterogeneous

Cellulose10% Non-fibrous (other)90%

DD-13B, Sidewalk 
joint fill material
090902610-0025

Black None Detected

Non-Fibrous

Heterogeneous

Cellulose10% Non-fibrous (other)90%

DD-14A, Retaining 
wall joint fill material
090902610-0026

Black None Detected

Non-Fibrous

Heterogeneous

Cellulose20% Non-fibrous (other)80%

DD-14B, Retaining 
wall joint fill material
090902610-0027

Black None Detected

Non-Fibrous

Heterogeneous

Cellulose20% Non-fibrous (other)80%

DD-15A, Retaining 
wall joint fill material
090902610-0028

Black None Detected

Non-Fibrous

Heterogeneous

Cellulose20% Non-fibrous (other)80%

5

Baojia Ke, Laboratory Manager
or other approved signatory

PLM-1

Analyst(s)

Due to magnification limitations inherent in PLM, asbestos fibers in dimensions below the resolution capability of PLM may not be detected.  Samples reported as <1% or none detected 
may require additional testing by TEM to confirm asbestos quantities.  The above test report relates only to the items tested and may not be reproduced in any form without the express 
written approval of EMSL Analytical, Inc.  EMSL’s liability is limited to the cost of analysis.  EMSL bears no responsibility for sample collection activities or analytical method limitations.  
Interpretation and use of test results are the responsibility of the client.Samples received in good condition unless otherwise noted.
NVLAP Lab Code 101048-3

Adam C. Fink (23)
Nonette Patron (11)

mailto:milpitaslab@emsl.com


Sample Location Appearance %  Type

AsbestosNon-Asbestos

%     Fibrous %   Non-Fibrous

Asbestos Analysis of Bulk Materials via EPA 600/R-93/116 Method using Polarized 
Light Microscopy

090902610

Attn: Chris Giuntoli
Geocon Consultants
6671 Brisa Street
Livermore, CA 94550

Customer PO: E8435-06-24
Received: 04/09/09 2:50 PM

E8435-06-**
E8435-06-24

Customer ID: GECN21

Fax: (925) 371-5915 Phone: (925) 371-5900
Project:

EMSL Order:

EMSL Proj:
4/9/2009Analysis Date:

Report Date: 4/17/2009

EMSL Analytical, Inc
2235 Polvorosa Ave , Suite 230, San Leandro, CA 94577
Phone:  (510) 895-3675        Fax:  (510) 895-3680     Email:   milpitaslab@emsl.com

DD-15B, Retaining 
wall joint fill material
090902610-0029

Black None Detected

Non-Fibrous

Heterogeneous

Cellulose20% Non-fibrous (other)80%

DD-16A, Abutment 
joint fill material
090902610-0030

Black None Detected

Non-Fibrous

Heterogeneous

Cellulose5% Non-fibrous (other)95%

6

Baojia Ke, Laboratory Manager
or other approved signatory

PLM-1

Analyst(s)

THIS IS THE LAST PAGE OF THE REPORT.

Due to magnification limitations inherent in PLM, asbestos fibers in dimensions below the resolution capability of PLM may not be detected.  Samples reported as <1% or none detected 
may require additional testing by TEM to confirm asbestos quantities.  The above test report relates only to the items tested and may not be reproduced in any form without the express 
written approval of EMSL Analytical, Inc.  EMSL’s liability is limited to the cost of analysis.  EMSL bears no responsibility for sample collection activities or analytical method limitations.  
Interpretation and use of test results are the responsibility of the client.Samples received in good condition unless otherwise noted.
NVLAP Lab Code 101048-3

Adam C. Fink (23)
Nonette Patron (11)

mailto:milpitaslab@emsl.com


Sample Location Appearance %  Type
AsbestosNon-Asbestos

%     Fibrous %   Non-Fibrous

Asbestos Analysis of Bulk Material via EPA 600/R-93/116. Quantitation using the 1,000 
Point Count Procedure

090902610

Attn: Chris Giuntoli
Geocon Consultants
6671 Brisa Street
Livermore, CA 94550

Customer PO: E8435-06-24
Received: 04/09/09 2:50 PM

E8435-06-**
E8435-06-24

Customer ID: GECN21

Fax: (925) 371-5915 Phone: (925) 371-5900
Project:

EMSL Order:

EMSL Proj:
4/16/2009Analysis Date:

Report Date: 4/17/2009

EMSL Analytical, Inc
2235 Polvorosa Ave , Suite 230, San Leandro, CA 94577
Phone:  (510) 895-3675        Fax:  (510) 895-3680     Email:   milpitaslab@emsl.com

DD-8A, Silver paint
090902610-0016

Silver
Non-Fibrous
Homogeneous

Chrysotile<0.1%Non-fibrous (other)100.00%

Baojia Ke, Laboratory Manager
or other approved signatory

PLMPointCount-1 1

Analyst(s)

THIS IS THE LAST PAGE OF THE REPORT.
NVLAP Lab Code 101048-3

Alan Tahran (1)

mailto:milpitaslab@emsl.com






Sample Location Appearance %  Type

AsbestosNon-Asbestos

%     Fibrous %   Non-Fibrous

Asbestos Analysis of Bulk Materials via EPA 600/R-93/116 Method using Polarized 
Light Microscopy

090902789

Attn: Chris Giuntoli
Geocon Consultants
6671 Brisa Street
Livermore, CA 94550

Customer PO: E8435-06-24
Received: 04/16/09 9:00 AM

E8435-06-**
E8435-06-24

Customer ID: GECN21

Fax: (925) 371-5915 Phone: (925) 371-5900
Project:

EMSL Order:

EMSL Proj:
4/16/2009Analysis Date:

Report Date: 4/16/2009

EMSL Analytical, Inc
2235 Polvorosa Ave , Suite 230, San Leandro, CA 94577
Phone:  (510) 895-3675        Fax:  (510) 895-3680     Email:   milpitaslab@emsl.com

DD-17A-Styrene 
Bent Joint Fill 
Material
090902789-0001

Gray/White None Detected

Non-Fibrous

Heterogeneous

Non-fibrous (other)100%

DD-17B-Styrene 
Bent Joint Material
090902789-0002

Gray/White None Detected

Non-Fibrous

Heterogeneous

Non-fibrous (other)100%

DD-18A-Styrene 
Bent Joint Material
090902789-0003

Gray/White None Detected

Non-Fibrous

Heterogeneous

Non-fibrous (other)100%

DD-18B-
Elastomeric Bent 
Joint Material
090902789-0004

Black None Detected

Non-Fibrous

Homogeneous

Non-fibrous (other)100%

DD-19A-
Elastomeric Bent 
Joint Material
090902789-0005

Black None Detected

Non-Fibrous

Homogeneous

Non-fibrous (other)100%

DD-19B-Styrene 
Bent Joint Fill 
Material
090902789-0006

Gray/White None Detected

Non-Fibrous

Heterogeneous

Non-fibrous (other)100%

1

Baojia Ke, Laboratory Manager
or other approved signatory

PLM-1

Analyst(s)

Due to magnification limitations inherent in PLM, asbestos fibers in dimensions below the resolution capability of PLM may not be detected.  Samples reported as <1% or none detected 
may require additional testing by TEM to confirm asbestos quantities.  The above test report relates only to the items tested and may not be reproduced in any form without the express 
written approval of EMSL Analytical, Inc.  EMSL’s liability is limited to the cost of analysis.  EMSL bears no responsibility for sample collection activities or analytical method limitations.  
Interpretation and use of test results are the responsibility of the client.Samples received in good condition unless otherwise noted.
NVLAP Lab Code 101048-3

Alan Tahran (20)

mailto:milpitaslab@emsl.com


Sample Location Appearance %  Type

AsbestosNon-Asbestos

%     Fibrous %   Non-Fibrous

Asbestos Analysis of Bulk Materials via EPA 600/R-93/116 Method using Polarized 
Light Microscopy

090902789

Attn: Chris Giuntoli
Geocon Consultants
6671 Brisa Street
Livermore, CA 94550

Customer PO: E8435-06-24
Received: 04/16/09 9:00 AM

E8435-06-**
E8435-06-24

Customer ID: GECN21

Fax: (925) 371-5915 Phone: (925) 371-5900
Project:

EMSL Order:

EMSL Proj:
4/16/2009Analysis Date:

Report Date: 4/16/2009

EMSL Analytical, Inc
2235 Polvorosa Ave , Suite 230, San Leandro, CA 94577
Phone:  (510) 895-3675        Fax:  (510) 895-3680     Email:   milpitaslab@emsl.com

DD-19C-Styrene 
Bent Joint Fill 
Material
090902789-0007

Gray/White None Detected

Non-Fibrous

Heterogeneous

Non-fibrous (other)100%

DD-19D-Styrene 
Bent Joint Fill 
Material
090902789-0008

Gray/White None Detected

Non-Fibrous

Heterogeneous

Non-fibrous (other)100%

DD-20A-Fiber Board
090902789-0009

White None Detected

Fibrous
Homogeneous

Cellulose80% Non-fibrous (other)20%

DD-20B-Fiber Board
090902789-0010

Brown None Detected

Fibrous
Homogeneous

Cellulose80% Non-fibrous (other)20%

DD-20C-Fiber Board
090902789-0011

Brown None Detected

Fibrous
Homogeneous

Cellulose80% Non-fibrous (other)20%

DD-20D-Fiber Board
090902789-0012

None Detected
Fibrous
Homogeneous

Cellulose80% Non-fibrous (other)20%

DD-21A-Foam 
Drain Pipe Packing
090902789-0013

White None Detected

Non-Fibrous

Homogeneous

Non-fibrous (other)100%

2

Baojia Ke, Laboratory Manager
or other approved signatory

PLM-1

Analyst(s)

Due to magnification limitations inherent in PLM, asbestos fibers in dimensions below the resolution capability of PLM may not be detected.  Samples reported as <1% or none detected 
may require additional testing by TEM to confirm asbestos quantities.  The above test report relates only to the items tested and may not be reproduced in any form without the express 
written approval of EMSL Analytical, Inc.  EMSL’s liability is limited to the cost of analysis.  EMSL bears no responsibility for sample collection activities or analytical method limitations.  
Interpretation and use of test results are the responsibility of the client.Samples received in good condition unless otherwise noted.
NVLAP Lab Code 101048-3

Alan Tahran (20)

mailto:milpitaslab@emsl.com


Sample Location Appearance %  Type

AsbestosNon-Asbestos

%     Fibrous %   Non-Fibrous

Asbestos Analysis of Bulk Materials via EPA 600/R-93/116 Method using Polarized 
Light Microscopy

090902789

Attn: Chris Giuntoli
Geocon Consultants
6671 Brisa Street
Livermore, CA 94550

Customer PO: E8435-06-24
Received: 04/16/09 9:00 AM

E8435-06-**
E8435-06-24

Customer ID: GECN21

Fax: (925) 371-5915 Phone: (925) 371-5900
Project:

EMSL Order:

EMSL Proj:
4/16/2009Analysis Date:

Report Date: 4/16/2009

EMSL Analytical, Inc
2235 Polvorosa Ave , Suite 230, San Leandro, CA 94577
Phone:  (510) 895-3675        Fax:  (510) 895-3680     Email:   milpitaslab@emsl.com

DD-22A-Styrene 
Bent Joint Fill 
Material
090902789-0014

Gray/White None Detected

Non-Fibrous

Heterogeneous

Non-fibrous (other)100%

DD-22B-Styrene 
Bent Joint Fill 
Material
090902789-0015

Gray/White None Detected

Non-Fibrous

Heterogeneous

Non-fibrous (other)100%

DD-22C-Styrene 
Bent Joint Fill 
Material
090902789-0016

Gray/White None Detected

Non-Fibrous

Heterogeneous

Non-fibrous (other)100%

DD-23A-Bent Joint 
Fill Material
090902789-0017

Black
Fibrous

Homogeneous

Chrysotile3%Cellulose30% Non-fibrous (other)67%

DD-23B-Bent Joint 
Fill Material
090902789-0018

Black
Non-Fibrous

Homogeneous

Chrysotile3%Cellulose30% Non-fibrous (other)67%

DD-23C-Bent Joint 
Fill Material
090902789-0019

Black
Non-Fibrous

Heterogeneous

Chrysotile3%Cellulose30% Non-fibrous (other)67%

3

Baojia Ke, Laboratory Manager
or other approved signatory

PLM-1

Analyst(s)

Due to magnification limitations inherent in PLM, asbestos fibers in dimensions below the resolution capability of PLM may not be detected.  Samples reported as <1% or none detected 
may require additional testing by TEM to confirm asbestos quantities.  The above test report relates only to the items tested and may not be reproduced in any form without the express 
written approval of EMSL Analytical, Inc.  EMSL’s liability is limited to the cost of analysis.  EMSL bears no responsibility for sample collection activities or analytical method limitations.  
Interpretation and use of test results are the responsibility of the client.Samples received in good condition unless otherwise noted.
NVLAP Lab Code 101048-3

Alan Tahran (20)

mailto:milpitaslab@emsl.com


Sample Location Appearance %  Type

AsbestosNon-Asbestos

%     Fibrous %   Non-Fibrous

Asbestos Analysis of Bulk Materials via EPA 600/R-93/116 Method using Polarized 
Light Microscopy

090902789

Attn: Chris Giuntoli
Geocon Consultants
6671 Brisa Street
Livermore, CA 94550

Customer PO: E8435-06-24
Received: 04/16/09 9:00 AM

E8435-06-**
E8435-06-24

Customer ID: GECN21

Fax: (925) 371-5915 Phone: (925) 371-5900
Project:

EMSL Order:

EMSL Proj:
4/16/2009Analysis Date:

Report Date: 4/16/2009

EMSL Analytical, Inc
2235 Polvorosa Ave , Suite 230, San Leandro, CA 94577
Phone:  (510) 895-3675        Fax:  (510) 895-3680     Email:   milpitaslab@emsl.com

DD-24A-
Elastomeric Bent 
Joint Material
090902789-0020

Black None Detected

Non-Fibrous

Homogeneous

Non-fibrous (other)100%

4

Baojia Ke, Laboratory Manager
or other approved signatory

PLM-1

Analyst(s)

THIS IS THE LAST PAGE OF THE REPORT.

Due to magnification limitations inherent in PLM, asbestos fibers in dimensions below the resolution capability of PLM may not be detected.  Samples reported as <1% or none detected 
may require additional testing by TEM to confirm asbestos quantities.  The above test report relates only to the items tested and may not be reproduced in any form without the express 
written approval of EMSL Analytical, Inc.  EMSL’s liability is limited to the cost of analysis.  EMSL bears no responsibility for sample collection activities or analytical method limitations.  
Interpretation and use of test results are the responsibility of the client.Samples received in good condition unless otherwise noted.
NVLAP Lab Code 101048-3

Alan Tahran (20)

mailto:milpitaslab@emsl.com








 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

13-Apr-09Date:Advanced Technology Laboratories

Project: CALTRANS-DOYLE DRIVE, E8435-06-24
CLIENT: Geocon Consultants, Inc.

Lab Order: 104965
CASE NARRATIVE

Analytical Comments for Method 6010

Dilution was necessary for sample 104965-001A, due to sample matrix.

Page 1 of 1

2 of 5



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: CALTRANS-DOYLE DRIVE, E8435-06-24
CLIENT: Geocon Consultants, Inc. Lab Order: 104965

Advanced Technology Laboratories Print Date: 13-Apr-09
ANALYTICAL RESULTS

Client Sample ID: DD-P1A
Lab ID: 104965-001 Collection Date: 4/7/2009

Matrix: PAINT CHIP

Analyses Result Qual Units Date AnalyzedDFPQL

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090413B 54640QC Batch: PrepDate: 4/13/2009

Lead 4/13/2009 02:53 PM10 mg/Kg 519000

Client Sample ID: DD-P2A
Lab ID: 104965-002 Collection Date: 4/7/2009

Matrix: PAINT CHIP

Analyses Result Qual Units Date AnalyzedDFPQL

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090413B 54640QC Batch: PrepDate: 4/13/2009

Lead 4/13/2009 02:57 PM2.0 mg/Kg 176

Client Sample ID: DD-P3A
Lab ID: 104965-003 Collection Date: 4/7/2009

Matrix: PAINT CHIP

Analyses Result Qual Units Date AnalyzedDFPQL

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090413B 54640QC Batch: PrepDate: 4/13/2009

Lead 4/13/2009 03:02 PM3.4 mg/Kg 164

Client Sample ID: DD-P4A
Lab ID: 104965-004 Collection Date: 4/7/2009

Matrix: PAINT CHIP

Analyses Result Qual Units Date AnalyzedDFPQL

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090413B 54640QC Batch: PrepDate: 4/13/2009

Lead 4/13/2009 03:16 PM2.0 mg/Kg 176

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out

3 of 5



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: CALTRANS-DOYLE DRIVE, E8435-06-24
CLIENT: Geocon Consultants, Inc. Lab Order: 104965

Advanced Technology Laboratories Print Date: 13-Apr-09
ANALYTICAL RESULTS

Client Sample ID: DD-P5A
Lab ID: 104965-005 Collection Date: 4/7/2009

Matrix: PAINT CHIP

Analyses Result Qual Units Date AnalyzedDFPQL

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090413B 54640QC Batch: PrepDate: 4/13/2009

Lead 4/13/2009 03:20 PM2.0 mg/Kg 1480

Client Sample ID: DD-P6A
Lab ID: 104965-006 Collection Date: 4/7/2009

Matrix: PAINT CHIP

Analyses Result Qual Units Date AnalyzedDFPQL

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090413B 54640QC Batch: PrepDate: 4/13/2009

Lead 4/13/2009 03:24 PM2.0 mg/Kg 1ND

Client Sample ID: DD-P7A
Lab ID: 104965-007 Collection Date: 4/7/2009

Matrix: PAINT CHIP

Analyses Result Qual Units Date AnalyzedDFPQL

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090413B 54640QC Batch: PrepDate: 4/13/2009

Lead 4/13/2009 03:30 PM2.0 mg/Kg 123

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out

4 of 5



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

13-Apr-09Date:Advanced Technology Laboratories

Project: CALTRANS-DOYLE DRIVE, E8435-06-24

CLIENT: Geocon Consultants, Inc.
Work Order: 104965

ANALYTICAL QC SUMMARY REPORT
TestCode: 6010_S

Sample ID: LCS-54640

Batch ID: 54640 TestNo: EPA 6010B Analysis Date: 4/13/2009

Prep Date: 4/13/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: LCSS

RunNo: 108041

SeqNo: 1694432

LCSSampType: TestCode: 6010_S

EPA 3050B

Lead 50.00 99.0 80 1201.0 049.511

Sample ID: LCSD-54640

Batch ID: 54640 TestNo: EPA 6010B Analysis Date: 4/13/2009

Prep Date: 4/13/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: LCSS02

RunNo: 108041

SeqNo: 1694433

LCSDSampType: TestCode: 6010_S

EPA 3050B

Lead 50.00 90.1 80 120 201.0 0 49.51 9.4245.058

Sample ID: MB-54640MS

Batch ID: 54640 TestNo: EPA 6010B Analysis Date: 4/13/2009

Prep Date: 4/13/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: ZZZZZZ

RunNo: 108041

SeqNo: 1694444

MSSampType: TestCode: 6010_S

EPA 3050B

Lead 125.0 87.9 33 1201.0 0109.881

Sample ID: MB-54640MSD

Batch ID: 54640 TestNo: EPA 6010B Analysis Date: 4/13/2009

Prep Date: 4/13/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: ZZZZZZ

RunNo: 108041

SeqNo: 1694445

MSDSampType: TestCode: 6010_S

EPA 3050B

Lead 125.0 92.1 33 120 201.0 0 109.9 4.66115.121

Sample ID: MB-54640

Batch ID: 54640 TestNo: EPA 6010B Analysis Date: 4/13/2009

Prep Date: 4/13/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: PBS

RunNo: 108041

SeqNo: 1694493

MBLKSampType: TestCode: 6010_S

EPA 3050B

Lead 1.0ND

Qualifiers: 
B Analyte detected in the associated Method Blank E Value above quantitation range H Holding times for preparation or analysis exceeded

ND Not Detected at the Reporting Limit R RPD outside accepted recovery limits S Spike/Surrogate outside of limits due to matrix interference
DO Surrogate Diluted Out Calculations are based on raw values

5 of 5







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

29-Apr-09Date:Advanced Technology Laboratories

Project: CALTRANS-DOYLE DRIVE, E8435-06-24
CLIENT: Geocon Consultants, Inc.

Lab Order: 104965
CASE NARRATIVE

Analytical Comments for Method 7420

Dilution was necessary for samples 104965-001A, 104965-002A and 104965-004A, due to sample 
matrix.

Matrix Spike (MS) and /or Matrix Spike Duplicate (MSD) are/is outside recovery criteria for samples 
105193-001AMS and 105193-001AMSD; however, the analytical batch was validated by the 
Laboratory Control Sample (LCS).

Page 1 of 1

2 of 8



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: CALTRANS-DOYLE DRIVE, E8435-06-24

Laboratory Results Date DateUnits

CLIENT: Geocon Consultants, Inc. Lab Order: 104965

DF

Advanced Technology Laboratories Date: 4/29/2009

Client Sample
ID Collected AnalyzedID

Analyte: Lead
Project No: Matrix: Paint Chip

Date Received 4/10/2009 9:10:00 AM

LEAD BY ATOMIC ABSORPTION (STLC)
WET/ EPA 7420

Analyst: VV

PQLQC Batch

ANALYTICAL RESULTS

DD-P2A 4/7/2009 4/29/2009mg/L7.2 55009 10104965-002A 2.5

DD-P3A 4/7/2009 4/29/2009mg/L0.86 55009 1104965-003A 0.25

DD-P4A 4/7/2009 4/29/2009mg/L5.2 55009 10104965-004A 2.5

DD-P5A 4/7/2009 4/29/2009mg/L3.4 55009 1104965-005A 0.25

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out

3 of 8



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: CALTRANS-DOYLE DRIVE, E8435-06-24

Laboratory Results Date DateUnits

CLIENT: Geocon Consultants, Inc. Lab Order: 104965

DF

Advanced Technology Laboratories Date: 4/29/2009

Client Sample
ID Collected AnalyzedID

Analyte: Lead
Project No: Matrix: Paint Chip

Date Received 4/10/2009 9:10:00 AM

LEAD BY ATOMIC ABSORPTION (TCLP)
EPA 1311/ 7420

Analyst: RQ

PQLQC Batch

ANALYTICAL RESULTS

DD-P1A 4/7/2009 4/28/2009mg/L100 55028 20104965-001A 5.0

DD-P5A 4/7/2009 4/28/2009mg/L0.28 55028 1104965-005A 0.25

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out

4 of 8



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

29-Apr-09Date:Advanced Technology Laboratories

Project: CALTRANS-DOYLE DRIVE, E8435-06-24

CLIENT: Geocon Consultants, Inc.
Work Order: 104965

ANALYTICAL QC SUMMARY REPORT
TestCode: 6010_S

Sample ID: LCS-54640

Batch ID: 54640 TestNo: EPA 6010B Analysis Date: 4/13/2009

Prep Date: 4/13/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: LCSS

RunNo: 108041

SeqNo: 1694432

LCSSampType: TestCode: 6010_S

EPA 3050B

Lead 50.00 99.0 80 1201.0 049.511

Sample ID: LCSD-54640

Batch ID: 54640 TestNo: EPA 6010B Analysis Date: 4/13/2009

Prep Date: 4/13/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: LCSS02

RunNo: 108041

SeqNo: 1694433

LCSDSampType: TestCode: 6010_S

EPA 3050B

Lead 50.00 90.1 80 120 201.0 0 49.51 9.4245.058

Sample ID: MB-54640MS

Batch ID: 54640 TestNo: EPA 6010B Analysis Date: 4/13/2009

Prep Date: 4/13/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: ZZZZZZ

RunNo: 108041

SeqNo: 1694444

MSSampType: TestCode: 6010_S

EPA 3050B

Lead 125.0 87.9 33 1201.0 0109.881

Sample ID: MB-54640MSD

Batch ID: 54640 TestNo: EPA 6010B Analysis Date: 4/13/2009

Prep Date: 4/13/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: ZZZZZZ

RunNo: 108041

SeqNo: 1694445

MSDSampType: TestCode: 6010_S

EPA 3050B

Lead 125.0 92.1 33 120 201.0 0 109.9 4.66115.121

Sample ID: MB-54640

Batch ID: 54640 TestNo: EPA 6010B Analysis Date: 4/13/2009

Prep Date: 4/13/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: PBS

RunNo: 108041

SeqNo: 1694493

MBLKSampType: TestCode: 6010_S

EPA 3050B

Lead 1.0ND

Qualifiers: 
B Analyte detected in the associated Method Blank E Value above quantitation range H Holding times for preparation or analysis exceeded

ND Not Detected at the Reporting Limit R RPD outside accepted recovery limits S Spike/Surrogate outside of limits due to matrix interference
DO Surrogate Diluted Out Calculations are based on raw values

5 of 8



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: CALTRANS-DOYLE DRIVE, E8435-06-24

CLIENT: Geocon Consultants, Inc.
Work Order: 104965

ANALYTICAL QC SUMMARY REPORT
TestCode: 7420_ST

Sample ID: MB-55009

Batch ID: 55009 TestNo: WET/ EPA 74 Analysis Date: 4/29/2009

Prep Date: 4/27/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: PBS

RunNo: 108596

SeqNo: 1704179

MBLKSampType: TestCode: 7420_ST

WET

Lead 0.25ND

Sample ID: LCS-55009

Batch ID: 55009 TestNo: WET/ EPA 74 Analysis Date: 4/29/2009

Prep Date: 4/27/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: LCSS

RunNo: 108596

SeqNo: 1704180

LCSSampType: TestCode: 7420_ST

WET

Lead 5.000 97.2 80 1200.25 04.859

Sample ID: 105193-001A-DUP

Batch ID: 55009 TestNo: WET/ EPA 74 Analysis Date: 4/29/2009

Prep Date: 4/27/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: ZZZZZZ

RunNo: 108596

SeqNo: 1704182

DUPSampType: TestCode: 7420_ST

WET

Lead 201.2 23.84 0.89323.624

Sample ID: 105193-001A-MS

Batch ID: 55009 TestNo: WET/ EPA 74 Analysis Date: 4/29/2009

Prep Date: 4/27/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: ZZZZZZ

RunNo: 108596

SeqNo: 1704183

MSSampType: TestCode: 7420_ST

WET

Lead 5.000 94.1 80 1201.2 23.8428.541

Sample ID: 105193-001A-MSD

Batch ID: 55009 TestNo: WET/ EPA 74 Analysis Date: 4/29/2009

Prep Date: 4/27/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: ZZZZZZ

RunNo: 108596

SeqNo: 1704184

MSDSampType: TestCode: 7420_ST

WET

Lead 5.000 76.3 80 120 20 S1.2 23.84 28.54 3.1727.651

Qualifiers: 
B Analyte detected in the associated Method Blank E Value above quantitation range H Holding times for preparation or analysis exceeded

ND Not Detected at the Reporting Limit R RPD outside accepted recovery limits S Spike/Surrogate outside of limits due to matrix interference
DO Surrogate Diluted Out Calculations are based on raw values
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: CALTRANS-DOYLE DRIVE, E8435-06-24

CLIENT: Geocon Consultants, Inc.
Work Order: 104965

ANALYTICAL QC SUMMARY REPORT
TestCode: 7420_TC

Sample ID: MB-55028A

Batch ID: 55028 TestNo: EPA 1311/ 74 Analysis Date: 4/28/2009

Prep Date: 4/28/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: PBS

RunNo: 108555

SeqNo: 1703567

MBLKSampType: TestCode: 7420_TC

EPA3010A

Lead 0.25ND

Sample ID: MB-55007A TCLP

Batch ID: 55028 TestNo: EPA 1311/ 74 Analysis Date: 4/28/2009

Prep Date: 4/28/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: PBS

RunNo: 108555

SeqNo: 1703568

MBLKSampType: TestCode: 7420_TC

EPA3010A

Lead 0.25ND

Sample ID: LCS-55028

Batch ID: 55028 TestNo: EPA 1311/ 74 Analysis Date: 4/28/2009

Prep Date: 4/28/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: LCSS

RunNo: 108555

SeqNo: 1703569

LCSSampType: TestCode: 7420_TC

EPA3010A

Lead 1.000 108 80 1200.25 01.079

Sample ID: 105017-434A-DUP

Batch ID: 55028 TestNo: EPA 1311/ 74 Analysis Date: 4/28/2009

Prep Date: 4/28/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: ZZZZZZ

RunNo: 108555

SeqNo: 1703579

DUPSampType: TestCode: 7420_TC

EPA3010A

Lead 200.25 0.4245 1.180.420

Sample ID: 105017-434A-MS

Batch ID: 55028 TestNo: EPA 1311/ 74 Analysis Date: 4/28/2009

Prep Date: 4/28/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: ZZZZZZ

RunNo: 108555

SeqNo: 1703580

MSSampType: TestCode: 7420_TC

EPA3010A

Lead 2.500 105 70 1300.25 0.42453.051

Qualifiers: 
B Analyte detected in the associated Method Blank E Value above quantitation range H Holding times for preparation or analysis exceeded

ND Not Detected at the Reporting Limit R RPD outside accepted recovery limits S Spike/Surrogate outside of limits due to matrix interference
DO Surrogate Diluted Out Calculations are based on raw values
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: CALTRANS-DOYLE DRIVE, E8435-06-24

CLIENT: Geocon Consultants, Inc.
Work Order: 104965

ANALYTICAL QC SUMMARY REPORT
TestCode: 7420_TC

Sample ID: MB-55028B

Batch ID: 55028 TestNo: EPA 1311/ 74 Analysis Date: 4/28/2009

Prep Date: 4/28/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: PBS

RunNo: 108555

SeqNo: 1703581

MBLKSampType: TestCode: 7420_TC

EPA3010A

Lead 0.25ND

Sample ID: MB-55007B TCLP

Batch ID: 55028 TestNo: EPA 1311/ 74 Analysis Date: 4/28/2009

Prep Date: 4/28/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: PBS

RunNo: 108555

SeqNo: 1703582

MBLKSampType: TestCode: 7420_TC

EPA3010A

Lead 0.25ND

Sample ID: 105193-001A-DUP

Batch ID: 55028 TestNo: EPA 1311/ 74 Analysis Date: 4/28/2009

Prep Date: 4/28/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: ZZZZZZ

RunNo: 108555

SeqNo: 1703588

DUPSampType: TestCode: 7420_TC

EPA3010A

Lead 200.25 7.599 0.4947.636

Sample ID: 105193-001A-MS

Batch ID: 55028 TestNo: EPA 1311/ 74 Analysis Date: 4/28/2009

Prep Date: 4/28/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: ZZZZZZ

RunNo: 108555

SeqNo: 1703589

MSSampType: TestCode: 7420_TC

EPA3010A

Lead 2.500 -27.2 70 130 S0.50 7.5996.918

Sample ID: 105193-001A-MSD

Batch ID: 55028 TestNo: EPA 1311/ 74 Analysis Date: 4/28/2009

Prep Date: 4/28/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: ZZZZZZ

RunNo: 108555

SeqNo: 1703590

MSDSampType: TestCode: 7420_TC

EPA3010A

Lead 2.500 -34.6 70 130 20 S0.50 7.599 6.918 2.696.734

Qualifiers: 
B Analyte detected in the associated Method Blank E Value above quantitation range H Holding times for preparation or analysis exceeded

ND Not Detected at the Reporting Limit R RPD outside accepted recovery limits S Spike/Surrogate outside of limits due to matrix interference
DO Surrogate Diluted Out Calculations are based on raw values
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

13-Apr-09Date:Advanced Technology Laboratories

Project: CALTRANS-DOYLE DRIVE, E8435-06-24
CLIENT: Geocon Consultants, Inc.

Lab Order: 104966
CASE NARRATIVE

Analytical Comments for Method 6010

Dilution was necessary for sample 104966-001A, 104966-003A, 104966-005A and 104966-006A, due 
to sample matrix.
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: CALTRANS-DOYLE DRIVE, E8435-06-24
CLIENT: Geocon Consultants, Inc. Lab Order: 104966

Advanced Technology Laboratories Print Date: 13-Apr-09
ANALYTICAL RESULTS

Client Sample ID: DD-P8A
Lab ID: 104966-001 Collection Date: 4/9/2009

Matrix: PAINT CHIP

Analyses Result Qual Units Date AnalyzedDFPQL

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090413B 54640QC Batch: PrepDate: 4/13/2009

Lead 4/13/2009 03:43 PM20 mg/Kg 1032000

Client Sample ID: DD-P9A
Lab ID: 104966-002 Collection Date: 4/9/2009

Matrix: PAINT CHIP

Analyses Result Qual Units Date AnalyzedDFPQL

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090413B 54640QC Batch: PrepDate: 4/13/2009

Lead 4/13/2009 03:47 PM1.0 mg/Kg 128

Client Sample ID: DD-P10A
Lab ID: 104966-003 Collection Date: 4/9/2009

Matrix: PAINT CHIP

Analyses Result Qual Units Date AnalyzedDFPQL

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090413B 54640QC Batch: PrepDate: 4/13/2009

Lead 4/13/2009 01:28 PM100 mg/Kg 100130000

Client Sample ID: DD-P11A
Lab ID: 104966-004 Collection Date: 4/9/2009

Matrix: PAINT CHIP

Analyses Result Qual Units Date AnalyzedDFPQL

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090413C 54641QC Batch: PrepDate: 4/13/2009

Lead 4/13/2009 03:56 PM2.0 mg/Kg 113

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: CALTRANS-DOYLE DRIVE, E8435-06-24
CLIENT: Geocon Consultants, Inc. Lab Order: 104966

Advanced Technology Laboratories Print Date: 13-Apr-09
ANALYTICAL RESULTS

Client Sample ID: DD-P12A
Lab ID: 104966-005 Collection Date: 4/9/2009

Matrix: PAINT CHIP

Analyses Result Qual Units Date AnalyzedDFPQL

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090413C 54641QC Batch: PrepDate: 4/13/2009

Lead 4/13/2009 02:17 PM100 mg/Kg 10052000

Client Sample ID: DD-P13A
Lab ID: 104966-006 Collection Date: 4/9/2009

Matrix: PAINT CHIP

Analyses Result Qual Units Date AnalyzedDFPQL

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090413C 54641QC Batch: PrepDate: 4/13/2009

Lead 4/13/2009 02:21 PM200 mg/Kg 100220000

Client Sample ID: DD-P14A
Lab ID: 104966-007 Collection Date: 4/9/2009

Matrix: PAINT CHIP

Analyses Result Qual Units Date AnalyzedDFPQL

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090413C 54641QC Batch: PrepDate: 4/13/2009

Lead 4/13/2009 03:59 PM4.1 mg/Kg 1100

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

13-Apr-09Date:Advanced Technology Laboratories

Project: CALTRANS-DOYLE DRIVE, E8435-06-24

CLIENT: Geocon Consultants, Inc.
Work Order: 104966

ANALYTICAL QC SUMMARY REPORT
TestCode: 6010_S

Sample ID: LCS-54640

Batch ID: 54640 TestNo: EPA 6010B Analysis Date: 4/13/2009

Prep Date: 4/13/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: LCSS

RunNo: 108041

SeqNo: 1694432

LCSSampType: TestCode: 6010_S

EPA 3050B

Lead 50.00 99.0 80 1201.0 049.511

Sample ID: LCSD-54640

Batch ID: 54640 TestNo: EPA 6010B Analysis Date: 4/13/2009

Prep Date: 4/13/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: LCSS02

RunNo: 108041

SeqNo: 1694433

LCSDSampType: TestCode: 6010_S

EPA 3050B

Lead 50.00 90.1 80 120 201.0 0 49.51 9.4245.058

Sample ID: MB-54640MS

Batch ID: 54640 TestNo: EPA 6010B Analysis Date: 4/13/2009

Prep Date: 4/13/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: ZZZZZZ

RunNo: 108041

SeqNo: 1694444

MSSampType: TestCode: 6010_S

EPA 3050B

Lead 125.0 87.9 33 1201.0 0109.881

Sample ID: MB-54640MSD

Batch ID: 54640 TestNo: EPA 6010B Analysis Date: 4/13/2009

Prep Date: 4/13/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: ZZZZZZ

RunNo: 108041

SeqNo: 1694445

MSDSampType: TestCode: 6010_S

EPA 3050B

Lead 125.0 92.1 33 120 201.0 0 109.9 4.66115.121

Sample ID: MB-54640

Batch ID: 54640 TestNo: EPA 6010B Analysis Date: 4/13/2009

Prep Date: 4/13/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: PBS

RunNo: 108041

SeqNo: 1694493

MBLKSampType: TestCode: 6010_S

EPA 3050B

Lead 1.0ND

Qualifiers: 
B Analyte detected in the associated Method Blank E Value above quantitation range H Holding times for preparation or analysis exceeded

ND Not Detected at the Reporting Limit R RPD outside accepted recovery limits S Spike/Surrogate outside of limits due to matrix interference
DO Surrogate Diluted Out Calculations are based on raw values
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: CALTRANS-DOYLE DRIVE, E8435-06-24

CLIENT: Geocon Consultants, Inc.
Work Order: 104966

ANALYTICAL QC SUMMARY REPORT
TestCode: 6010_S

Sample ID: MB-54641

Batch ID: 54641 TestNo: EPA 6010B Analysis Date: 4/13/2009

Prep Date: 4/13/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: PBS

RunNo: 108046

SeqNo: 1694494

MBLKSampType: TestCode: 6010_S

EPA 3050B

Lead 1.0ND

Sample ID: LCS-54641

Batch ID: 54641 TestNo: EPA 6010B Analysis Date: 4/13/2009

Prep Date: 4/13/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: LCSS

RunNo: 108046

SeqNo: 1694495

LCSSampType: TestCode: 6010_S

EPA 3050B

Lead 50.00 94.8 80 1201.0 047.403

Sample ID: LCSD-54641

Batch ID: 54641 TestNo: EPA 6010B Analysis Date: 4/13/2009

Prep Date: 4/13/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: LCSS02

RunNo: 108046

SeqNo: 1694496

LCSDSampType: TestCode: 6010_S

EPA 3050B

Lead 50.00 93.4 80 120 201.0 0 47.40 1.5146.691

Sample ID: MB-54641MS

Batch ID: 54641 TestNo: EPA 6010B Analysis Date: 4/13/2009

Prep Date: 4/13/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: ZZZZZZ

RunNo: 108046

SeqNo: 1694501

MSSampType: TestCode: 6010_S

EPA 3050B

Lead 125.0 97.6 33 1201.0 0122.043

Sample ID: MB-54641MSD

Batch ID: 54641 TestNo: EPA 6010B Analysis Date: 4/13/2009

Prep Date: 4/13/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: ZZZZZZ

RunNo: 108046

SeqNo: 1694502

MSDSampType: TestCode: 6010_S

EPA 3050B

Lead 125.0 106 33 120 201.0 0 122.0 8.43132.783

Qualifiers: 
B Analyte detected in the associated Method Blank E Value above quantitation range H Holding times for preparation or analysis exceeded

ND Not Detected at the Reporting Limit R RPD outside accepted recovery limits S Spike/Surrogate outside of limits due to matrix interference
DO Surrogate Diluted Out Calculations are based on raw values
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

29-Apr-09Date:Advanced Technology Laboratories

Project: CALTRANS-DOYLE DRIVE, E8435-06-24
CLIENT: Geocon Consultants, Inc.

Lab Order: 104966
CASE NARRATIVE

Analytical Comments for Method 7420

Dilution was necessary for samples 104966-001A, 104966-003A and 104966-005A, due to sample 
matrix.

Matrix Spike (MS) and /or Matrix Spike Duplicate (MSD) are/is outside recovery criteria for samples 
105193-001AMS and 105193-001AMSD; however, the analytical batch was validated by the 
Laboratory Control Sample (LCS).

Page 1 of 1
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: CALTRANS-DOYLE DRIVE, E8435-06-24

Laboratory Results Date DateUnits

CLIENT: Geocon Consultants, Inc. Lab Order: 104966

DF

Advanced Technology Laboratories Date: 4/29/2009

Client Sample
ID Collected AnalyzedID

Analyte: Lead
Project No: Matrix: Paint Chip

Date Received 4/10/2009 9:10:00 AM

LEAD BY ATOMIC ABSORPTION (STLC)
WET/ EPA 7420

Analyst: VV

PQLQC Batch

ANALYTICAL RESULTS

DD-P14A 4/9/2009 4/29/2009mg/L1.9 55009 1104966-007A 0.25

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: CALTRANS-DOYLE DRIVE, E8435-06-24

Laboratory Results Date DateUnits

CLIENT: Geocon Consultants, Inc. Lab Order: 104966

DF

Advanced Technology Laboratories Date: 4/29/2009

Client Sample
ID Collected AnalyzedID

Analyte: Lead
Project No: Matrix: Paint Chip

Date Received 4/10/2009 9:10:00 AM

LEAD BY ATOMIC ABSORPTION (TCLP)
EPA 1311/ 7420

Analyst: RQ

PQLQC Batch

ANALYTICAL RESULTS

DD-P8A 4/9/2009 4/28/2009mg/L67 55028 20104966-001A 5.0

DD-P10A 4/9/2009 4/28/2009mg/L9.5 55028 2104966-003A 0.50

DD-P12A 4/9/2009 4/28/2009mg/L54 55028 20104966-005A 5.0

DD-P13A 4/9/2009 4/28/2009mg/L3.7 55028 1104966-006A 0.25

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

29-Apr-09Date:Advanced Technology Laboratories

Project: CALTRANS-DOYLE DRIVE, E8435-06-24

CLIENT: Geocon Consultants, Inc.
Work Order: 104966

ANALYTICAL QC SUMMARY REPORT
TestCode: 7420_ST

Sample ID: MB-55009

Batch ID: 55009 TestNo: WET/ EPA 74 Analysis Date: 4/29/2009

Prep Date: 4/27/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: PBS

RunNo: 108596

SeqNo: 1704179

MBLKSampType: TestCode: 7420_ST

WET

Lead 0.25ND

Sample ID: LCS-55009

Batch ID: 55009 TestNo: WET/ EPA 74 Analysis Date: 4/29/2009

Prep Date: 4/27/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: LCSS

RunNo: 108596

SeqNo: 1704180

LCSSampType: TestCode: 7420_ST

WET

Lead 5.000 97.2 80 1200.25 04.859

Sample ID: 105193-001A-DUP

Batch ID: 55009 TestNo: WET/ EPA 74 Analysis Date: 4/29/2009

Prep Date: 4/27/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: ZZZZZZ

RunNo: 108596

SeqNo: 1704182

DUPSampType: TestCode: 7420_ST

WET

Lead 201.2 23.84 0.89323.624

Sample ID: 105193-001A-MS

Batch ID: 55009 TestNo: WET/ EPA 74 Analysis Date: 4/29/2009

Prep Date: 4/27/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: ZZZZZZ

RunNo: 108596

SeqNo: 1704183

MSSampType: TestCode: 7420_ST

WET

Lead 5.000 94.1 80 1201.2 23.8428.541

Sample ID: 105193-001A-MSD

Batch ID: 55009 TestNo: WET/ EPA 74 Analysis Date: 4/29/2009

Prep Date: 4/27/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: ZZZZZZ

RunNo: 108596

SeqNo: 1704184

MSDSampType: TestCode: 7420_ST

WET

Lead 5.000 76.3 80 120 20 S1.2 23.84 28.54 3.1727.651

Qualifiers: 
B Analyte detected in the associated Method Blank E Value above quantitation range H Holding times for preparation or analysis exceeded

ND Not Detected at the Reporting Limit R RPD outside accepted recovery limits S Spike/Surrogate outside of limits due to matrix interference
DO Surrogate Diluted Out Calculations are based on raw values
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: CALTRANS-DOYLE DRIVE, E8435-06-24

CLIENT: Geocon Consultants, Inc.
Work Order: 104966

ANALYTICAL QC SUMMARY REPORT
TestCode: 7420_TC

Sample ID: MB-55028A

Batch ID: 55028 TestNo: EPA 1311/ 74 Analysis Date: 4/28/2009

Prep Date: 4/28/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: PBS

RunNo: 108555

SeqNo: 1703567

MBLKSampType: TestCode: 7420_TC

EPA3010A

Lead 0.25ND

Sample ID: MB-55007A TCLP

Batch ID: 55028 TestNo: EPA 1311/ 74 Analysis Date: 4/28/2009

Prep Date: 4/28/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: PBS

RunNo: 108555

SeqNo: 1703568

MBLKSampType: TestCode: 7420_TC

EPA3010A

Lead 0.25ND

Sample ID: LCS-55028

Batch ID: 55028 TestNo: EPA 1311/ 74 Analysis Date: 4/28/2009

Prep Date: 4/28/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: LCSS

RunNo: 108555

SeqNo: 1703569

LCSSampType: TestCode: 7420_TC

EPA3010A

Lead 1.000 108 80 1200.25 01.079

Sample ID: 105017-434A-DUP

Batch ID: 55028 TestNo: EPA 1311/ 74 Analysis Date: 4/28/2009

Prep Date: 4/28/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: ZZZZZZ

RunNo: 108555

SeqNo: 1703579

DUPSampType: TestCode: 7420_TC

EPA3010A

Lead 200.25 0.4245 1.180.420

Sample ID: 105017-434A-MS

Batch ID: 55028 TestNo: EPA 1311/ 74 Analysis Date: 4/28/2009

Prep Date: 4/28/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: ZZZZZZ

RunNo: 108555

SeqNo: 1703580

MSSampType: TestCode: 7420_TC

EPA3010A

Lead 2.500 105 70 1300.25 0.42453.051

Qualifiers: 
B Analyte detected in the associated Method Blank E Value above quantitation range H Holding times for preparation or analysis exceeded

ND Not Detected at the Reporting Limit R RPD outside accepted recovery limits S Spike/Surrogate outside of limits due to matrix interference
DO Surrogate Diluted Out Calculations are based on raw values
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: CALTRANS-DOYLE DRIVE, E8435-06-24

CLIENT: Geocon Consultants, Inc.
Work Order: 104966

ANALYTICAL QC SUMMARY REPORT
TestCode: 7420_TC

Sample ID: MB-55028B

Batch ID: 55028 TestNo: EPA 1311/ 74 Analysis Date: 4/28/2009

Prep Date: 4/28/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: PBS

RunNo: 108555

SeqNo: 1703581

MBLKSampType: TestCode: 7420_TC

EPA3010A

Lead 0.25ND

Sample ID: MB-55007B TCLP

Batch ID: 55028 TestNo: EPA 1311/ 74 Analysis Date: 4/28/2009

Prep Date: 4/28/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: PBS

RunNo: 108555

SeqNo: 1703582

MBLKSampType: TestCode: 7420_TC

EPA3010A

Lead 0.25ND

Sample ID: 105193-001A-DUP

Batch ID: 55028 TestNo: EPA 1311/ 74 Analysis Date: 4/28/2009

Prep Date: 4/28/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: ZZZZZZ

RunNo: 108555

SeqNo: 1703588

DUPSampType: TestCode: 7420_TC

EPA3010A

Lead 200.25 7.599 0.4947.636

Sample ID: 105193-001A-MS

Batch ID: 55028 TestNo: EPA 1311/ 74 Analysis Date: 4/28/2009

Prep Date: 4/28/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: ZZZZZZ

RunNo: 108555

SeqNo: 1703589

MSSampType: TestCode: 7420_TC

EPA3010A

Lead 2.500 -27.2 70 130 S0.50 7.5996.918

Sample ID: 105193-001A-MSD

Batch ID: 55028 TestNo: EPA 1311/ 74 Analysis Date: 4/28/2009

Prep Date: 4/28/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: ZZZZZZ

RunNo: 108555

SeqNo: 1703590

MSDSampType: TestCode: 7420_TC

EPA3010A

Lead 2.500 -34.6 70 130 20 S0.50 7.599 6.918 2.696.734

Qualifiers: 
B Analyte detected in the associated Method Blank E Value above quantitation range H Holding times for preparation or analysis exceeded

ND Not Detected at the Reporting Limit R RPD outside accepted recovery limits S Spike/Surrogate outside of limits due to matrix interference
DO Surrogate Diluted Out Calculations are based on raw values

7 of 7





 

 
 

180 River Road, Rio Vista, CA 94571 
Tel:  707-374-6800   Fax:  707-374-6801 

An ISO 9001:2000 Company 

 
 

QUOTATION #0909-0064Q-rev. 1 
 

Date: October 22nd, 2009 
 
 
 
To: Sabine VanderSluis 
 Parsons Brinckerhoff 

303 Second Street, Suite 700 North 
San Francisco CA 94107-1317 

   
Job:    Ca. Doyle Drive Project       
 
Dear Ms. VanderSluis; 
 
Attached please find our quotation for the lease/rental of 24” QMB Moveable Barrier, 
Barrier Transfer Machine BTM and Absorb 350 for the following periods.  If you need 
the addressee changed to a Caltrans person or addressee please let me know and I will 
resend it to you with the correct information. 
 
  Series 200 Construction Barrier - Lease/Rental 
 
 6,580 L.ft (2,006m) "black" hardware and reinforcements (not painted, 
 galvanized, or epoxy coated). Does not include reflectors or striping. 
 Barriers may be new or used. 

We can supply more or fewer units at the same unit prices. 
 
 Term of Lease  Price per Lineal Foot*  Additional Months 
    

6 months  $42.00    $3.60 per L.ft per month 
12 months  $55.00    $3.60 per L.ft per month 
18 months  $70.00    $3.60 per L.ft per month 

 24 months  $84.00    $3.60 per L.ft per month 
 
 

Variable Length Barrier - VLB  
 

 All VLB’s for the job as designed will be included in the price above. VLB units 
will be substituted one for one for concrete and will be charged at the same unit 
price as concrete units. (Exact amounts will be determine after reviewing the 
proposed layout of the systems and the road geometry) 
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An ISO 9001:2000 Company 

 
 

  QMB ABSORB 350 TL-3 (Sale Item Only) 
 

$7,900.00 each (To be supplied by local distributor – Statewide Safety Systems)  
 
 

QMB Barrier Transfer Machine  
 
 One Standard Machine with No Options per Specification TB 960515 Rev 2 
 

(The type of machine will be determined after reviewing the proposed layout of 
the systems and the road geometry).  Machine may be new or reconditioned. 

 
 Term of Lease  Price Per Each*  Additional Months 
   

6 months  $103,000.00   $14,000.00 per month 
12 months  $171,000.00   $14,000.00 per month 
18 months  $236,000.00   $14,000.00 per month 
24 months  $248,000.00   $14,000.00 per month 
 

  
* The full lease amount is payable net 30 days from date of invoice.  If additional 

months are then required, they are payable monthly in advance. 
 
 

NOTE:  Machines will be shipped partially disassembled.  The mainframe 
has lifting lugs and a 20-ton crane or similar equipment must be available 
for unloading.  In conjunction with training, we will furnish a technician to 
supervise the assembly of the machines using your men and equipment.  
The approximate time required is two men for a day.  The equipment 
required in addition to the crane for unloading is a forklift and a set of 
general mechanic's tools. 

 
Cost of machine includes 2 consecutive days’ set-up and training (2 weeks notice 
required).  Additional training days are available as follows: 

 
 Additional consecutive days: $1,300.00 per day 
 Additional non-consecutive days: $1,300.00 per day 
   (portal to portal)   plus air fare. 
 
Barriers are one meter long and will be billed as 3.28 feet per barrier times the per foot 
price for the number of barriers needed to fulfill the linear foot requirement of the order.  
By necessity, the lineal feet billed may be up to 3.27 feet more than the quantity ordered. 
 



 

 
 

180 River Road, Rio Vista, CA 94571 
Tel:  707-374-6800   Fax:  707-374-6801 

An ISO 9001:2000 Company 

 
Maintenance: Regular maintenance of the machine is required and periodic 

adjustment of the wall may be necessary.   
 
 Lessor will provide all parts to maintain the machine to factory 

specifications (not including consumables such as fuel, lubrication 
and hydraulic fluids).  Lessor will also provide quarterly 
inspections to help Lessee maintain the machine to factory 
specifications.  Lessee is responsible for providing access to the 
machine for Lessor’s employees and for providing the labor for 
routine maintenance.  Any parts damaged due to an accident or 
negligence will be the responsibility of Lessee. 

 
 If additional information is required, please contact our 

Engineering Department at 707-374-6800. 
 
Taxes:   This quotation is exclusive of federal, state and local taxes, which 

the parties agree are the responsibility of the lessee.  Lessor will 
add the amount of any applicable federal, state or local sales or 
equivalent taxes to the quotation unless the Lessee provides seller 
with an acceptable resale or exemption certificate. 

 
Insurance:  Lessee will provide both liability and casualty insurance with a 

minimum limit of $1 million for bodily injury and Property 
Damage and a $10 million umbrella limit. 

 
Storage:  Finished parts will be stored at no charge for 30 days following 

completion of the order.  Additional storage time, if required, may 
be available.  Arrangements for additional storage time must be 
made by the Lessee with the landlord of the property where the 
barrier is stored. 

  
Delivery 
Point: 
    Barriers: Barriers will be available for pickup at a designated yard within 

100 miles of jobsite.  Lessee is responsible to load and unload the 
barriers for shipment. 

    
Machine: Rio Vista, CA., freight prepaid & add (Lessee is responsible for all 

shipping charges) 
 

VLB’s: Rio Vista, Ca., freight prepaid & add (Lessee is responsible for all 
shipping charges) 
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Specifications: 
 

24” Series 200 barriers will be manufactured by the wet or dry cast 
method using forms. Minimum concrete 28 day compressive 
strength shall be  4000 PSI. "Bugholes" caused by trapped air 
bubbles will be permitted.  Rock  pockets or other voids caused by 
inadequate consolidation of the concrete shall be filled.  Used 
barriers may have non-structural damage such as chipped edges or 
corners, etc. 

 
   All materials shall be on the approved list of the State in which the 

barriers are manufactured.  Air entrainment shall be as specified by 
the ordering agency plus or minus 1-1/2 percentage points.  All 
steel hardware and reinforcements shall be "black" (not galvanized, 
painted, or epoxy coated) unless otherwise quoted. All materials 
shall be of U.S. origin except that up to 5% by value foreign origin 
material may be used if required. 

 
All inspections shall be performed by Barrier Systems Sales & 
Service (B.S.S.&S.) who will certify that the product is in 
compliance with their specifications and shop drawings.  If 
additional State specifications and/or inspections are required, an 
additional charge may be made which will be quoted upon receipt 
of additional specifications. 
 

 
Terms of 
Payment:  Lease/rental payments shall be due and payable as follows: 
 
 Barrier: Lease Period starts upon delivery. The full lease amount is payable 

net 30 days from date of invoice, upon approval of credit.  No 
retentions will be withheld from Lessor. No rebates will be 
allowed. 

 
 Machine: Lease Period starts upon delivery. The full lease amount is payable 

net 30 days from date of invoice, upon approval of credit.  No 
retentions will be withheld from Lessor. No rebates will be 
allowed. 

 
 * If additional month-by-month lease/rental is continued, payment is due 

monthly, in advance.  
 Finance 
 Charge: A Financing Charge of 1-1/3% per month (16% per annum) will be 

computed on past due amounts.  Lessee agrees that all collection 
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An ISO 9001:2000 Company 

costs, court costs, investigation costs, legal fees and all other 
incidental costs incurred in the collection of his past due account 
will be paid by the lessee. 

   
      
  PLEASE NOTE THAT THE TERMS OF THIS QUOTATION ARE 

INDEPENDENT OF THE TERMS OF PAYMENT BY THE STATE  
  TO THE LESSEE. 

 
 
Return on  All barrier shall be returned to a designated site within 100 
Completion  miles of the project. Lessee is responsible for loading, trucking,  
of Project: unloading and stacking (see TB-000626 Rev.0) items for and from 

shipment. (Lessee is responsible for all shipping charges) 
 
   Machines and VLB’s will be returned to Rio Vista Freight Prepaid 

with Insurance. (Lessee is responsible for all shipping charges) 
  

 
   Lessee will be responsible for unloading barriers at Lessor’s yard 

and for loading machine for return to Rio Vista, Ca. 
 
   All items shall be returned in "as received" condition less ordinary 

wear and tear. 
 
   All barrier sections, which are not reusable, will be invoiced at 

$492 per 24” barrier and $6,000 per VLB. 
 
   Unusual damage or wear to the machine will be repaired at 

Lessee's expense. 
 
 
Delivery: 
 
 Barrier: Available 60 days after receipt and acceptance of a signed Lease 

Agreement. 
 Machine: Available 60 days after receipt and acceptance of a signed Lease 

Agreement. 
 
 

Note:   These quotation prices are valid and locked up to April 1st, 2010 
and are subject to the execution of a satisfactory lease/rental 
agreement.   
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PLEASE NOTE: Any modifications, including additions or reductions in 
quantity, or additions to the terms hereof will constitute a 
counteroffer by lessee.  Any such modifications or additions 
may result in adjustments to the lease/rental price. 

 
 
Warranty and    This quotation is subject to the following attachments which 
Terms:    are herewith made a part of this quotation: 

 
Warranty - W030587 Rev. 6 
24” QMB Barrier Specification  - TB 950222 Rev. 2 
BTM Specification  - TB 960515 Rev 2 
Barrier Deployment – TB 941025 Rev 3 
QMB 24” Barrier Stacking Specification – TB000626 Rev. 0 
Allowable transfer widths TB 980202 Rev. 1 
 
   

Thank you for giving us this opportunity to quote on this project.  Please advise when 
barrier and machines will be required, giving at least 30 days of advance notice. 
 
If a different lease period is required please let us know and we will provide additional 
pricing.  
 
Cordially, 
 
BARRIER SYSTEMS SALES AND SERVICE LLC 
 
 
 
 
Harry Villegas 
Sr. Applications Engineer 



VARIABLE MESSAGE SIGN (VMS) DETAILS 
 

1. Dimensions: 69” (h) x 112” (l) x 9”(d) 
2. Weight:  500 lbs 
3. Distance Arm: Specific to each location. 
4. Walkway:  Specific to each location. 
5. Flashing Beacons: No 
6. Connection: One Angle Bar -3”(h) x 3”(w) x 112”(l) x 1/4”(thick)- at 

the top.  One Angle Bar -3”(h) x 3”(w) x 112”(l) x 1/4”(thick)- at the bottom, 
with an Aluminum Tubing in the center as well. 

7. Manufacturer: Ver Mac (ver-mac.com) 







































































































































































































































































































































































































State of California Business, Transportation and Housing Agency 

“Caltrans improves mobility across California” 

 
 M e m o r a n d u m   Flex your power! 
 Be energy efficient! 

 
 

To: MR. MINH HA Date: July 13, 2009 
Chief, Structure Design Branch 4 
Division of Engineering Services 
  
Attn:  Linan Wang File: 04-SF-1,101-PM9.0 
   04-163701 
        Presidio Viaduct Substation 

 Bridge No. 34-0157W 

 
From: CAROLINE CHEN     MAHMOOD MOMENZADEH 
 Transportation Engineer     Chief, Branch C 
 Office of Geotechnical Design-West  Office of Geotechnical Design-West 
 Division of Engineering Services   Division of Engineering Services 
 

 
Subject: Foundation Recommendations 

 
 
This report presents the Foundation Recommendations for the proposed Presidio Viaduct 
Substation (34-0157W) in the city of San Francisco.  This structure are part of the overall 
proposal to replace the existing 70-year-old Doyle Drive, a 1.5 mile stretch of Highway 
101 in the northern part of the city extending from Marina Boulevard and Lombard 
Streets to the southern approach of the Golden Gate Bridge Toll Plaza.   
 
PROJECT DESCRIPTION 

 
The proposed structure is located behind the Abutment 1 of Presidio Viaduct SB, 
between  “SB” Line Stations 86+62 and 87+26, with footprint about 64 ft by 62 ft.  
 
GEOLOGY AND SUBSURFACE CONDITIONS 
 
Regional Geology 
 
The project site location falls in the Coast Range geomorphic province, which is 
characterized by a series of nearly parallel mountain ranges that trend obliquely to the 
coast in a northwesterly direction.  This trend in direction is emphasized by the alignment 
of the fault zone, the fold axes and geologic units. 
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The San Francisco Bay area has long record of seismic activity.  The entire project area 
has also been strongly influenced by changes related to the Pleistocene glaciers and the 
presence of the San Francisco Bay trough, resulting in variable thickness of recent 
deposits of soft to medium stiff Holocene clays (Bay Mud), an older stiffer Pleistocene 
clay (Old Bay Mud) and sand deposits. 
 
Site Specific Geologic Conditions 
 

 The varying topography within the project site is the result of a diverse range of geologic 
conditions.  Shallow bedrock of the Franciscan Formation generally dominates at the 
project location overlain by a relatively thin cover of soil.  The Franciscan Formation 
consists of heavily folded and sheared assemblage of Shale, Sandstone, and Greywacke.  
The overburden soils are made up of slope debris, dune sand, and/or the Colma sand, 
which is medium dense to very dense.  
 
Subsurface Conditions 
 
The Office of Geotechnical Design-West conducted subsurface investigations in 2008  
and 2009 for the proposed Presidio Viaduct SB and Presidio Viaduct NB, consisting of 
dozens of mud rotary borings. Three of those borings (34-0157SB-A1, 34-0157SB-B2R, 
and 34-0157SB-B2L) are near the proposed substation. Boring 34-0157SB-A1 is on the 
west end of the substation, and Borings 34-0157SB-B2R and 34-0157SB-B2L are 
approximately 180 ft west to the substation.  The elevations at top of the boreholes are 
81.2 ft, 63.1 ft, and 62.0 ft for 34-0157SB-A1, 34-0157SB-B2R, and 34-0157SB-B2L, 
respectively. The deepest boring reached Elevation –61.9 ft, or 125 ft below ground 
surface.  

 
Base on Boring 34-0157SB-A1, the site is underlain by approximately 20 ft of very dense 
sand underlain by predominantly sandstone with shale, ranging from slightly weathered 
to decomposed, from very soft to very hard.  The sand layer encountered in Borings 34-
0157SB-B2R and 34-0157SB-B2L reaches approximately depth of 60 ft. The first 20 ft 
underlying the surface consists of medium dense sand, underlain by about 40 ft of dense 
to very dense sand. Boring 34-0257SB-B2L has a very stiff, high plasticity fat clay layer 
with sand layer between 18 and 12 feet below grade. Below the sand and clay, the 
bedrock consists of sandstone, shale, and greywacke.    
 
Ground water was not measured during the drilling of these borings. During the 2008 
subsurface investigation for the Presidio Viaduct, piezometers were installed at four 
locations (Boreholes 34-0157NB-A1-PZ, 34-0157NB-B3R-PZ, 34-0157SB-B3L-PZ, and 
34-0157NB-B4R-PZ) along the Presidio Viaduct, which are approximately 30 ft, 400 ft, 
400 ft, and 800 ft, away from the proposed structure, respectively.   Based on the latest 
readings dated July and October 2008, the water table is approximately 24 ft below 
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ground in 34-0157NB-A1-PZ, 20 feet below ground in 34-0157NB-B3R, 10 feet below 
ground in 34-0157SB-B3L, and 16 feet below ground in 34-0157NB-B4R, or at 
approximate Elevations 56 ft, 12 ft, 32 ft, and 22 ft, respectively. We recommend design 
groundwater at approximate Elevation 56 ft. Groundwater elevation is subject to seasonal 
fluctuations and will be encountered at higher or lower elevations depending on seasonal 
conditions. 
 
SCOUR POTENTIAL 
 
The structure does not span any watercourse.  Therefore, there is no scour potential at the 
site. 
 
LIQUEFACTION POTENTIAL 
 
The subsurface consists of medium dense well above ground water, very dense sand, and 
sandstone bedrock. Liquefaction is not anticipated. 
 
CORROSION 
 
Corrosion tests were performed on soil samples collected from the borings. Test results 
shown on Table 1 indicate the site is considered non-corrosive based on the current 
Caltrans guidelines.  

Table 1 Corrosivity Test Results 
 

Boring No. Depth (ft) pH Minimum 
Resistivity (ohm-cm)

Chloride 
(ppm) 

Sulfate 
(ppm) 

34-0157SB-A1 5-6.5 6.32 2886 - - 

34-0157SB- A1 15-16.5 7.41 4171 - - 

34-0157SB-B2R 5-6.5 8.06 11996 - - 

34-0157SB-B2R 15-16.5 7.31 14313 - - 

34-0157SB-B2R 30-31.5 7.39 10049 - - 

34-0157SB-B2L 10-11.5 7.08 13915 - - 

34-0157SB-B2L 20-21.5 6.25 9204 - - 

34-0157SB-B2L 35-36.5 6.92 9086 - - 

34-0157SB-B2L 50-51.5 7.31 2580 - - 
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ENVIRONMENTAL/HAZARDOUS CONSIDERATIONS  
 
District 4 Division of Environmental Planning & Engineering completed an extensive 
soil investigation for the Doyle Drive project.  The draft report titled “Soil Investigation 
Report” is in the process of being finalized and will be available as part of the 
supplemental handout for the contractor and will include the characterization of the soil 
and groundwater of the entire Doyle Drive project for potential contaminants and 
hazardous waste.  This includes testing and characterization of project areas subject to 
both roadway and structure excavation including CIDH pile locations, and the testing of 
all existing structures within the project for asbestos and lead-based paint.  
 
For further information, please contact Mr. Ray Boyer, District Branch Chief - Hazardous 
Waste, Office of Environmental Engineering, Division of Environmental Planning & 
Engineering, Caltrans - District 04, at (510) 286-5668. 
 
FAULT AND SEISMIC DATA 
 
Hossain Salimi of the Office of Geotechnical Design-West will provide seismic 
recommendations for this structure. 
 
FOUNDATION RECOMMENDATIONS 
 
Based on general Plans, foundation data, and loads provided by structure designer shown 
on Tables 2 and 3, and the subsurface conditions, Cast-In-Drilled-Hole (CIDH) pile is 
feasible type of foundation for the proposed structure. Foundation design 
recommendations are presented on Tables 4 and 5.  The CIDH piles are anticipated to tip 
into the rock. Settlement of CIDH piles under service load is minimal. 

  
Table 2 Foundation Data 

 

Pile Cap (ft) 
Support 
Location 

Design 
Method 

Pile 
Type 

Finished 
Grade 

Elevation 
(ft) 

Cut-off 
Elevation 

(ft) 
B L 

Permissible 
Settlement 

under 
Service 

Load (in) 

No. of 
Piles 
per 

Support

Abut 1 WSD 24 inch 
CIDH 71.5 66.75 14 75.5 1 39 

Bent 2 LRFD 
24 inch 
CIDH 

Extension 
71.5 71.5 - - 1 10 

Bent 3 LRFD 
24 inch 
CIDH 

Extension 
71.5 71.5 - - 1 8 
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Table 3 - Foundation Design Loads Provided by Structure Designer 

 
Service 1 Limit State (kips) Strength Limit State                

(Controlling Group, kips) 
Extreme Event Limit State 
(Controlling Group) (kips) 

Total Load Permanent 
Loads 

Compression Tension Compression Tension 

 
 

Support 
Location 

Per 
Support 

Max Per 
Pile 

Per 
Support 

Per 
Support 

Max Per 
Pile 

Per 
Support 

Max 
Per Pile 

Per 
Support

Max 
Per 
Pile 

Per 
Support

Max Per 
Pile 

Abut 1 4750 121 4446 N/A N/A N/A N/A N/A N/A N/A N/A 

Bent 2 1031 
 

N/A 557 1584 159 N/A 80 1496 150 N/A 75 

Bent 3 740 N/A 332 1176 147 N/A 70 1104 138 N/A 60 

 
 

Table 4 - Foundation Design Recommendations for Abutment 1  
 

LRFD Service-I Limit 
State Load (kips) per 

Support Support 
Location Pile Type 

Cut-off 
Elevation 

(ft) 
Total Permanent

LRFD Service-I 
Limit State Total 

Load (kips) per Pile 
(Compression) 

Nominal 
Resistance 

(kips) 

Design Tip 
Elevations 

(ft) 

Specified 
Tip 

Elevation 
(ft) 

Abut. 1 24 inch 
CIDH  66.75 4750  4446 121  250  

 
45.0 (1)  

 
45.0  

 
Notes: 
1. The design tip elevations are controlled by (1) Compression.  
2. Specified pile tip elevations shall not be raised.  
3. The structure designer is to provide design tip elevations for lateral loads, if there are any. 
 

  
The structure designer should show on the plans, in the pile data table, the design pile tip 
elevation controlled by the lateral load demands. If the design pile tip elevation required 
to meet lateral load demands exceeds the specified pile tip elevations given within this 
report, the Office of Geotechnical Design-West shall be contacted for further 
recommendations. 
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Table 5 - Foundation Design Recommendations for Bents   
 

 
Required factored Nominal Resistance 

(kips) 
 

Strength Limit 
 

Extreme Event 
Support 

Location 

 
 
 

Pile 
Type 

 

 
 

Cut-Off 
Elevation 

(ft) 

 
Service-I 

Limit State 
Load per 
Support 

(kips) 

Total 
Permissible 

Support 
Settlement

 Comp. 
(ϕ=0.7) 

Tension 
(ϕ=0.7) 

Comp. 
(ϕ=1) 

Tension 
(ϕ=1) 

 
 

Design Pile 
Tip 

Elevation 
(ft) 

 
 

 
Specified 
Pile Tip 

Elevation 
(ft) 

 

Bent 2 
24 inch 
CIDH 

Extension 
71.5 1031 1 230 120 150 80 47.5 (1)    

54.0 (2) 47.5 

Bent 3 
24 inch 
CIDH 

Extension 
71.5 740 1 210 100 140 60 47.5 (1)    

55.0 (2) 47.5 

 
Notes: 
1. The design tip elevations are controlled by (1) Compression, (2) Tension.  
2. Specified pile tip elevations shall not be raised.  
3. The structure designer is to provide design tip elevations for lateral loads, if there are any. 
 
CONSTRUCTION CONSIDERATIONS 
 
• Rock is anticipated to be encountered during installation of CIDH piles. The 

formational rock encountered at the site is extremely variable in hardness, fracturing, 
and weathering, ranging from very hard to very soft, slightly to very intensely 
fractured, and slightly weathered to decomposed. Therefore the contractor should 
anticipate variable drilling conditions in the formational rock similar to the 
exploratory drilling conditions and the need to alternate from soft and hard rock 
drilling techniques to drill the holes.   

 
• The contractor should also be prepared for potential caving conditions within the 

formational unit.   
 
•  The drilled shaft shall be drilled and filled with concrete before any adjacent holes 

are drilled. 
 
• Groundwater is likely to be encountered during drilling to install CIDH piles. 

Temporary casing may be needed due to cave in potential.  
 
• Contractor should design the shoring appropriately when excavating to install the pile 

cap. 
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The recommendations contained in this report are based on specific project information 
including structure type, support locations, and design loads that have been provided by 
the Office of Bridge Design-West. If any changes are made during final project design, 
the Office of Geotechnical Design-West, should review those changes to determine if 
these foundation recommendations are still applicable 
 
If you have any questions or need additional information, please contact Caroline Chen at 
916-227-1066 or Mahmood Momenzadeh at 510-286-5732.  
 
 
c. TPokrywka, MMomenzadeh, CChen, HSalimi, Daily File, Route File, Translab 

File 
      John Mook, PCE-PPRM                                   
      Project Manager 
      District Design Chief 
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1 Introduction 
This Foundation Report provides foundation recommendations for the Southbound Battery 
Tunnel structure, a cut-and-cover tunnel located in San Francisco, California.  The proposed 
structure is part of the Doyle Drive Replacement Project which will replace the freeway that 
stretches from the west end of Lombard Street, through the Presidio of San Francisco, 
ending at the Golden Gate Bridge toll plaza.  The cut-and-cover tunnel will be landscaped 
above to restore some of the natural beauty of the Presidio, which is now part of the United 
States National Park System.  The Southbound Battery Tunnel will be located in the west 
portion of the project in a bluff adjacent to a reclaimed tidal marsh as shown on Figure 1. 

Two tunnels (the Southbound and Northbound Battery Tunnels) are proposed to replace the 
existing at-grade portion of Doyle Drive in approximately the same location.  The underground 
structures are comprised of an approximately 56-foot-wide, 800-foot-long Northbound Tunnel 
and an approximately 66-foot-wide, 1,000-foot-long Southbound Tunnel.  The two tunnels will 
be constructed separately in different stages in order to maintain normal traffic flow during 
construction.  The Southbound Tunnel will be constructed first and after completion will 
accommodate traffic flow in both directions while existing Doyle Drive is taken out of service 
for construction of the Northbound Tunnel.  The Southbound Tunnel is considered a shallow 
tunnel and will be constructed with conventional cut-and-cover methods.  The Southbound 
Tunnel begins at Station 75+80 (The East Portal) and extends to Station 86+14 (The West 
Portal).  The Southbound Tunnel transitions to permanent retaining walls beyond both portals.  
Retaining Wall 8 is located adjacent to the East Portal and Retaining Wall 6, which is part of 
the substation located in the abutment of the Southbound Presidio Viaduct (Bridge No. 34-
157L), is located adjacent to West Portal.  Foundation Reports for both Retaining Wall 8 and 
Retaining Wall 6 will be provided by the Department.   

Construction of the Battery Tunnels will require excavations up to approximately 43 feet 
deep.  In order to support excavations of this depth, temporary retaining structures will need 
to be constructed along the north and south sides of the excavation.  Retaining Wall A will 
be installed on the south side of the tunnel and Retaining Wall B will be installed on the 
north side.  Retaining Walls A and B will remain in place after tunnel construction, but are 
considered temporary. 

A Preliminary Foundation Report for collective Battery Tunnels was issued to the Caltrans 
office of Geotechnical Design – West for their review and comments.  A draft of the 
Preliminary Foundation Report was submitted on April 15, 2008.  We received comments 
back from the Department via email on May 13, 2008.  The comments were addressed and 
incorporated in the Preliminary Foundation Report Battery Tunnels dated January 2009.  
This Foundation Report serves to update the Preliminary Foundation Report, incorporating 
the latest structural design elements.  A draft of this Foundation Report was issued on 
June 4, 2009 and we received comments from the Department on June 24, 2009 and 
August 5, 2009.  The comments have been addressed and incorporated into this 
Foundation Report. 

2 Site Exploration Program 
The site exploration program for the Battery Tunnels included the following:  1) exploratory 
soil and rock boreholes; 2) a comprehensive laboratory testing program; 3) in-situ 
geophysical tests; 4) oriented rock coring; 5) in-situ permeability (packer) testing; and 
6) installation of standpipe piezometers at selected locations to monitor groundwater levels 
and periodic readings of groundwater levels in the piezometers. 
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The exploratory programs for both the Northbound and Southbound Tunnels were 
performed concurrently and as such, much of the data collected pertains to the design of 
both structures.  All data collected during the exploratory programs is presented in this 
Foundation Report and where appropriate, data related specifically to the design of the 
Southbound Tunnel has been highlighted. 

2.1 Exploratory Boreholes 

The Arup/PB Joint Venture (Arup/PB) drilled exploratory boreholes in 18 locations in the 
vicinity of the Battery Tunnels.  Boreholes were drilled in 3 of the locations specifically for the 
foundation design of the Southbound Battery Tunnel.  Boreholes were drilled in 3 of the 
locations for the design of adjacent Retaining Wall 6 and Retaining Wall 8.  Boreholes were 
drilled in 3 of the locations by hand auger at the base of the Battery bluff for the purpose of 
monitoring groundwater.  Logs of Test Borings (LOTBs) are included in Appendix A.1 and 
Boring Records are included in Appendix A.2.  The locations of boreholes drilled by Arup/PB 
are shown on Figure 2 and summarized on Table 1 including installation and survey data. 

The Department drilled 3 boreholes for the design of adjacent structures that were used as 
part of this report (RW8-R2, 34-0157NB-A1-PZ, and 34-0157SB-A1).  These boreholes will 
be included in Caltrans Foundation Reports, but draft copies of the field logs are also 
included in Appendix A.3 of this report and shown on Figure 2. 

Two adjacent boreholes that were drilled as part of a previous investigation are also 
included in Appendix A.3 and are shown on Figure 2. 

2.2 Laboratory Testing 

A comprehensive laboratory testing program was undertaken to evaluate the physical and 
engineering characteristics of the major soil and rock strata of interest and to determine 
appropriate parameters for design.  In order to better determine average values for design, 
test results for both the Southbound and Northbound tunnel alignments were considered.  The 
results of the laboratory testing program are presented in Appendix B.  Summaries of the 
laboratory test results on soil and rock are presented on Tables 2 and 3, respectively.  All of 
the test reports received from the testing laboratories are included in a CD in Appendix B. 

The laboratory testing program included the following types of tests: 

• Index tests such as moisture content, total unit weight, gradation, organic content, and 
Atterberg (plasticity) limits.  The primary purpose of these tests is for soil classification 
and for correlation with the engineering properties of the respective soils. 

• Consolidation tests were performed on samples of the stiff Sandy Clay layer that is 
present above and below the Colma Sand layer to evaluate the stress history and 
compressibility characteristics of cohesive soils.  Consolidation tests were 
performed using the incremental loading (IL) procedure in accordance with the 
American Society for Testing and Materials (ASTM) D2435-96 test method.  The 
incremental loading procedure was modified from the ASTM specifications, by using 
very small load increments in the recompression zone so as to better define the 
compression curve and the maximum past pressure of the soil. 

• Direct shear tests were performed on samples of Colma Sand, sandy Fill, and sandy 
Buried Soil Horizon to evaluate the strength characteristics of cohesionless soils. 

• Unconsolidated Undrained Triaxial Compression (TXUU) tests were performed on 
samples of the Sandy Clay, Buried Soil Horizon, and also Colma Sand samples with 
appreciable amounts of clay or silt.  Additionally, TXUU tests were performed on 
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samples of very intensely weathered or decomposed sandstone, serpentinite, 
Mélange Matrix, and gabbro to evaluate their undrained shear strength. 

• Isotropically Consolidated Undrained Triaxial (TXICU) tests were performed on 
samples of the Colma Sand layer to provide information on the effective-stress-
strength and deformation characteristics of the Colma Sand.  The tests were 
performed in general accordance with the ASTM D4767-95 test method.  The 
ASTM test method was developed for cohesive soils, but in practice the same 
general procedures and test equipment can be used to perform undrained, or 
drained triaxial tests on cohesionless soils as well.  The information generated from 
the TXICU tests is required to develop input parameters in terms of strength and 
stiffness of the Colma Sand for the analyses of the excavations and for other 
evaluations as well. 

• Point Load Index (PLI) tests were performed on intact rock cores for evaluation of 
the uniaxial compressive strength of rock.  The point load index strength also 
provides information that can be used in combination with fracture frequency 
information to evaluate the excavatability of rock.  Point Load Index tests are 
particularly useful because they can be performed on relatively small test 
specimens, as opposed to uniaxial compression tests that require specimens 
6 inches long or longer for the test.  A large number of PLI tests should be 
performed in order to representative values for the PLI. Because the Franciscan 
Complex is highly sheared and weathered, invalid tests were common, typically 
when the break occurred not through the rock mass, but through pre-existing 
fractures.  The PLI tests were performed primarily on samples of sandstone. 

• Uniaxial Compression (UCS) tests were performed on intact rock cores for 
determination of the strength, Young’s Modulus (modulus of elasticity), and 
Poisson’s ratio of the rock.  The tests were performed on rock core, including 
sandstone, gabbro, and serpentinite.  The test requires a minimum length of core of 
twice the diameter, but in some cases shorter samples were used and the values 
corrected to account for the short sample. 

• Splitting (Indirect) Tensile Tests (Brazilian) were performed on cores of sandstone 
and gabbro.  The tests were performed in accordance with the ASTM D3967-95 test 
method.  The tensile strength of rock is used as one of the index parameters for 
boreability evaluations.  The results of these tests can be used to evaluate the level 
of difficulty of drilling into rock and wear on equipment.  

• Slake Durability Tests were performed on samples of serpentinite.  The tests were 
performed in accordance with the ASTM D4644-98 test method.  The purpose of 
these tests was to evaluate the tendency for deterioration of the rock when it 
becomes exposed to air, humidity, and/or seepage, as well as to construction 
activities after excavation. 

• Other tests were performed to evaluate the boreability of the rock.  This category 
includes Punch Penetration tests and Cerchar Abrasivity tests.  These are specialized 
index tests performed to qualitatively evaluate the boreability of the rock. 

• Petrographic Analysis Tests were performed to identify the mineral composition of 
the rocks tested.  The tests were performed in accordance with the ASTM C295 test 
method. 
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2.3 Geophysical Testing 

Suspension P-S velocity logging was performed in boreholes BTSB-R2, BTSB-R3-PZ-D, 
RW6-R1-PZ, RW6-R2-PZ-D, and RW8-R1-PZ to obtain information about the stiffness 
characteristics of the soil and rock below the tunnel and adjacent retaining walls.   GEOVision 
Inc. (GEOVision) of Corona, California performed the logging.  Suspension velocity logging 
was also performed in boreholes BTNB-R4-PZ, BTNB-R5-PZ-D, and BTNB-R7-PZ-D for 
design of the Northbound Battery Tunnel.  The velocity results for all boreholes are presented 
in the GEOVision Report, which is attached in Appendix C of this report on a CD. 

The measured shear wave velocity of the Fill ranged from 450 feet per second (fps) to 
820 fps.  The shear wave velocity of the Colma Sand ranged from 950 fps to 1,750 fps.  The 
shear wave velocity of the serpentinite ranged from 1,780 fps to 4,860 fps.  The shear wave 
velocity of the sandstone typically ranged from 1,470 fps to 7,020 fps, however, the shear 
wave velocity of the sandstone in BTSB-R3-PZ-D was as high as 8,750 fps indicating a 
block of very hard sandstone with a low degree of fracturing.  

GEOVision also performed acoustic televiewer testing in boreholes BTSB-R3-PZ-D, 
RW6-R2-PZ-D, and RW8-R1-PZ adjacent to the Southbound Tunnel and boreholes 
BTNB-R4-PZ, BTNB-R5-PZ-D, BTNB-R7-PZ-D adjacent to the Northbound Tunnel.  All 
acoustic televiewer test results are presented on the CD in Appendix C. 

The purpose of the acoustic televiewer tests was to determine if a repeatable joint orientation 
exists and if groundwater could be conveyed from the south side of the tunnels into the 
corresponding bedrock fractures on the north side of the tunnels recreating the groundwater 
flow as if the tunnel structures were not present.  The acoustic televiewer results were very 
good in locations of harder rock, such as sandstone, but degraded in sections of Mélange 
Matrix or soft serpentinite.  In order to evaluate if repeatable joint orientations exist through 
which groundwater flows, the test results from the Southbound Tunnel and the Northbound 
Tunnel must be compared and all results are evaluated in this report. 

Several mean fracture sets are present in each borehole and are summarized on Table 4.  
No mean fracture sets are presented for borehole BTNB-R4-PZ because only a limited 
number of fractures were observed.  No consistent fracture sets were obtained in borehole 
RW8-R1-PZ as the bedrock encountered was predominantly serpentinite. 

2.4 Oriented Rock Coring 

Oriented rock coring was performed in boreholes BTNB-R5-PZ-D, BTNB-R6-PZ-D, 
BTNB-R7-PZ-D, BTSB-R3-PZ-D, and RW6-R2-PZ-D to supplement the acoustic televiewer 
results and attempt to determine potentially repeatable joint orientations that could convey 
groundwater. 

The oriented core was obtained using the EZY-MARK Core Orientation System.  The EZY-
MARK system works by drilling the borehole at a slight incline (approximately 5°) and inserting 
the EZY-MARK tool into the core barrel.  The tool will mark the top of the core stub in the 
ground with a pencil and a series of pins as well as orienting itself with the “downside” of the 
inclined borehole.  After completion of the core run, the top of the obtained core and the tool 
are aligned and the relation of the obtained core to the borehole orientation is determined. 

The mean fracture sets determined from the oriented rock coring are summarized on 
Table 5.  The strike and dip data is presented on the Boring Records in Appendix A.2. 
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2.5 Packer Testing 

Packer tests were performed at 6 locations to measure the hydraulic conductivity of the 
bedrock below the Battery Tunnels.  The hydraulic conductivity in the serpentinite bedrock 
ranged from 1.3x10-7 cm/s to 1.5x10-4 cm/s and in the sandstone ranged from very small 
(test interval did not take any water) to 1.6x10-4 cm/s.  The results of the packer tests are 
summarized on Table 6 and presented in detail in Appendix D. 

2.6 Piezometer Installation and Groundwater Readings 

Seven standpipe piezometers were installed in 5 locations below the Southbound Battery 
Tunnel and adjacent retaining walls in permeable soil and rock strata to verify the 
groundwater conditions.  Where multiple piezometers were installed at the same location, 
the screened interval was changed to evaluate conditions in different soil and rock strata. 

Piezometer RW8-R1-PZ was not installed properly and was abandoned per the Presidio 
Trust Environmental Standard Operating Procedure for Well Maintenance and 
Abandonment, SOP No. 006, Revision No. 00.  The abandoned piezometer was replaced 
with piezometer RW8-R1A-PZ. 

All piezometers were developed by Gregg Drilling and Testing, typically by pumping 10 
times the well volume of water out of the well and measuring the turbidity of the pumped 
water.  The results of our well development program are summarized on Table 7.  The 
results of our groundwater monitoring, including piezometer screen intervals, and screened 
materials, are presented on Table 8. 

3 Site Geology and Subsurface Conditions 
3.1 General Site Geology 

The regional topography of the San Francisco peninsula is characterized by relatively 
rugged hills formed by Jurassic- to Cretaceous-aged bedrock surrounded by low flat-lying 
areas which are underlain by Quaternary sedimentary deposits.  Bedrock consists of highly 
deformed and fractured rocks of the Franciscan assemblage.  Locally, the Franciscan 
Complex contains large through-going shear zones such as the City College and Fort Point-
Potrero Hill-Hunters Point shear zones.  The Fort Point-Potrero Hill-Hunters Point shear 
zone traverses the study area as may be seen on Figure 3.  It should therefore be expected 
that the Franciscan Complex would be intensely fractured, containing moderately weathered 
to decomposed (soil-like) inclusions. 

In the Peninsula area, Quaternary sediments lie unconformably on the eroded bedrock 
surface and consist of an alternating sequence of terrestrial and estuarine deposits that reflect 
major sea level fluctuations during the Pleistocene and Holocene epochs.  Low stands of sea 
level are recorded by the deposition of terrestrial sediments, such as Colma Sand, whereas 
estuarine sediments such as the Yerba Buena Mud (also known locally as Old Bay Mud) and 
Bay Mud were deposited during high sea-level stands (Sloan, 1992).  The Colma Sand is 
deposited in coastal and estuarine environments during the last interglacial period.  It is 
typically composed of fine to medium sand and it commonly contains Sandy Clay and Sandy 
Silt layers.  The Old Bay Mud was deposited in an estuarine environment similar to that which 
presently exists in San Francisco Bay, and therefore has a lateral distribution similar to that of 
the younger estuarine Bay Mud.  Historical development of the San Francisco Bay area has 
resulted in placement of artificial fill material over substantial portions of modern estuaries, 
marshlands and creek beds in an effort to reclaim land. 
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The Tunnel is located on a raised bluff in the western portion of the project where estuarine 
Bay Mud, Old Bay Mud, and marshland deposits do not exist. 

3.2 Site Specific Subsurface Conditions 

Figures 4 and 5 present generalized subsurface cross sections, showing the soils 
encountered below the Northbound and Southbound Battery Tunnels.  Transverse cross 
sections at the East Portal, and Stations 78+00, 81+00, and 85+00 are presented on 
Figures 6, 7, 8, and 9, respectively. 

The depth of the bedrock is variable along the alignment of the tunnels.  At the east end of 
the tunnel, about 60 feet of soils exist over bedrock whereas, near the west end, about 
12 feet of soils exist above bedrock. 

The surficial soil unit is a medium dense sandy Fill that is present along the entire alignment.  
The Fill is related to site grading performed while the Presidio was used for military activities 
and ranges between 3 and 23 feet thick.  Much of the Fill appears to have been derived from 
Dune Sand.  Verification of large amounts of Fill was given by overlaying ground surface 
elevations from 1871 and 2000 which indicate that the ground surface has risen due to site 
grading and filling (Barnaal, The Presidio Trust, 2008).  Figure 10 presents approximate 
changes in the site grading in the area of the Battery Tunnels.  This figure is provided solely to 
show that fill has been placed in this area and should not be used for any other purpose.  

The Fill is underlain at some locations by a thin Buried Soil Horizon.  When present, this unit 
ranges from 3.5 to 5 feet thick and is characterized by soft, dark brown silts with sand and a 
strong organic odor.  

At the east end, below the Buried Soil Horizon is a layer of medium stiff Sandy Silts and 
Sandy Clays ranging up to 16 feet thick.  The Sandy Silt and Sandy Clay layer is underlain 
by up to 19 feet of Colma Sand.  The Colma Sand is dense to very dense with typically a 
trace of fines (about 5 percent) to about 20 percent fines.  A second layer of Sandy Clay 
exists below the Colma Sand, which in turn is underlain by Residual Soil over bedrock, 
although Colluvium or Residual Soil was not encountered in all boreholes composed of stiff 
gravelly and sandy clay.   

At the east end Colluvium was encountered within the slope of the bluff. At the west end, the 
Fill is underlain by Residual Soil over bedrock. 

Bedrock beneath the Battery Tunnels is of the Franciscan Complex.  This formation consists 
of a variety of heavily folded and sheared assemblages of sandstone, siltstone, serpentinite, 
Mélange Matrix (a plastic bedrock unit which is similar to a gravelly clay), shale, gabbro, 
greenstone, granulite and claystone.  The hardness of these bedrock units typically ranges 
from very soft to hard and may vary in short distances, but large blocks (on the order of 
hundreds of feet) of very hard rock may be encountered.  Fracture frequency typically 
ranged from very intensely fractured to moderately fractured.  Because of the pervasive 
fracturing, distinct joint sets could not be determined during the field investigation.  
Photographs of typical geologic features within the bedrock are shown on Figure 11.  The 
types and nature of bedrock encountered can also vary over short distances within the 
Franciscan Complex.  Below the east portion of the tunnels, bedrock was typically 
comprised of serpentinite, whereas to towards the west portion, of the tunnel, a large block 
of sandstone was encountered.   Mélange Matrix was encountered between the serpentinite 
and sandstone.  The results of petrographic analyses are presented in Appendix B. 
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3.3 Groundwater Conditions 

Groundwater was encountered at various elevations across the tunnel alignments, 
increasing in elevation from east to west.  At the east portion, groundwater was encountered 
in the Colma Sand between elevations 40 feet and 50 feet.  To the west, as the bedrock 
surface rises in elevation, a seasonal groundwater layer was typically encountered perched 
on the soil-rock interface and was encountered as high as elevation 88 feet. 

Average groundwater readings and piezometer screen intervals are shown on the 
longitudinal and transverse Cross Sections (Figures 4 through 9) and Table 8. 

BASELINE Environmental Inc. (BASELINE) is performing a comprehensive groundwater 
monitoring program for the bluff.  The program involves quarterly readings of all of the 
piezometers and installation of leveloggers at several critical locations along the tunnel 
alignment.  Leveloggers were installed in piezometers BTNB-R7-PZ-D, BTNB-R7A-PZ-S, 
BTNB-R5-PZ-D, BTNB-R5A-PZ-S, BTSB-R3-PZ-D, BTSB-R3A-PZ-S, RW6-R2-PZ-D and 
RW8-R1A-PZ.  A levelogger is essentially a vibrating wire piezometer that is programmed to 
take water level readings at set intervals.  The results of the work done by BASELINE will be 
submitted separately. 

The results of the Packer tests were submitted to the Department for evaluation of flow rates 
into the excavation. 

Construction dewatering and a long-term groundwater management plans are required and 
are discussed further in the Section 9, Construction Concerns. 

4 Scour 
Scour will not be a concern on this portion of the project because water is not flowing in 
contact with the structure.  However, surface runoff flowing over sloping surfaces may cause 
erosion if engineered fill and native soils are not properly compacted, covered with 
vegetation, or covered by a low permeability material.  Appropriate erosion control 
measures should be provided by the landscape architect. 

5 Corrosivity 
Five soil samples were collected for corrosion testing.  Sampling and testing of the site soils 
were in conformance with the Corrosion Guidelines for Foundation Investigations (Caltrans, 
2003).  The results of the corrosion testing are presented on Table 9. 

Caltrans (2003) considers a site to be corrosive to foundation elements if one or more of the 
following conditions exist for the representative soil and/or water samples taken at the site: 

• Chloride concentration is greater than or equal to 500 ppm; 

• Sulfate concentration is greater than or equal to 2,000 ppm; or 

• The pH is 5.5 or less. 

Based on the results of the corrosion analyses and the Caltrans criteria, the site is 
considered non-corrosive. 

6 Seismicity 
Structural design criteria has been proposed in the report titled Structural Design Criteria: 
Cut-and-Cover Tunnels and Non-Standard Retaining Walls, Draft-Revision 4, dated March 
2009 prepared by Arup/PB.  This document summarizes the seismic demand placed on the 
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structure.  In addition, Amec Geomatrix, in conjunction with Dr. Norm Abrahamson, were 
retained to provide the following services: 

• Perform a site-specific seismic hazard assessment and develop rock response spectra 
for Functional Evaluation Earthquake (FEE) and Safety Evaluation Earthquake (SEE) 
events; 

• Develop three independent sets of spectrum-compatible rock motions for each of the 
FEE and SEE events; and 

• Perform 1-Dimensional site response analyses for both fault-normal and fault-parallel 
components and for all three sets of time histories. 

The results of the AMEC Geomatrix study are presented in their report: Seismic Hazard 
Assessment and Site Response Analysis Prepared for the Doyle Drive Replacement 
Project, Parts 1 and 2, dated May 2009 and Part 3, dated July 2009.  The complete report is 
attached in Appendix E of this report on a CD. 

For the Battery Tunnels, two soil and rock profiles were considered for the site response 
analyses: a shallow profile and a deep profile.  The shallow profile refers to the west end of 
the tunnels where the depth to bedrock is shallow and the tunnels will be founded in the 
rock.  The deep profile refers to the east end of the tunnels where the depth to bedrock is 
deeper and the tunnels will be founded on soil. 

6.1 Liquefaction 

The results of the site response analyses by AMEC Geomatrix were used to evaluate the 
potential for liquefaction triggering below the Tunnel.  The site response analyses calculated 
the shear stresses at depth for both the shallow and deep soil and rock profiles.  The shear 
stresses were then used to evaluate the potential for soil liquefaction triggering for the SEE. 

The liquefaction analysis was performed following the procedure proposed by Seed, et al. 
(2003) using the results of standard penetration tests.  Blowcounts from the Modified 
California (MC) sampler were converted to equivalent Standard Penetration Test (SPT) 
blowcounts by multiplying by 0.75 for sandy soils, 0.71 for silts, and 0.52 for clays.  The 
correlations were determined from approximately 150 sets of consecutively driven MC and 
SPT samplers that were conducted during the geotechnical exploration program for the 
Doyle Drive Replacement Project. 

Soils susceptible to liquefaction do not exist in the Battery Tunnels area because of the low 
water table and the typically medium dense to dense soil.  The medium dense sandy Fill is 
typically not saturated.  In areas where the water table is located within the overburden 
soils, it is typically found within the dense Colma Sand layer.  Additionally, significant 
amounts of soil will be excavated in order to reach the bottom grade of the tunnel and as 
such, some of the loose soils will be removed and replaced either with the tunnel structure 
or engineered backfill. 

Figures 12 and 13 show the probability of liquefaction triggering in the Fill and Colma Sand 
from the SPT correlations, respectively.  The analyses indicate that the likelihood of 
liquefaction triggering is small below or adjacent to the Battery Tunnels. 

The liquefaction triggering evaluation procedure is addressed in detail in the Liquefaction 
Triggering from Standard Penetration Tests calculation package attached in Appendix F.1.  
The calculation package also includes information regarding the blowcount correction 
applied to the Modified California sampler. 



San Francisco County Transportation Authority Doyle Drive Replacement Project
Foundation Report

 
 

Q:\131558\4A ARUP INTERNAL PROJECT DATA\4A-15 GEOTECH\4A-015-
001 REPORTS AND NARRATIVES\2009-08 SBBT FOUNDATION 
REPORT\2009-08  FDN REPORT SB_BATTERYTUNNELREV1.DOC 
  

Page 9 Arup North America Ltd
Rev.1   August 24, 2009

 

6.2 Seismic Earth Pressures 

The results of the site response analyses were also used to evaluate seismic earth 
pressures on the temporary and permanent walls for the Southbound Battery Tunnel using 
the Mononabe-Okabe method as modified by Lam and Martin (1986).  The results of the 
analyses are incorporated into Section 8 and the procedure is addressed in detail in the 
Lateral Earth Pressure calculation package attached in Appendix F.2. 

7 Foundation Type Recommendations 
7.1 Tunnel Foundations 

The Southbound Battery Tunnel structure should be founded on a reinforced mat 
foundation.  For design, a spring constant approach may be used. 

Spring constants in the Preliminary Foundation Report have been revised for the 
Foundation Report.  The spring constants for design of the Southbound Tunnel have been 
separated into three portions; from the East Portal to Station 78+50 where bedrock is not 
anticipated to be exposed when excavating for the structure, from Station 78+50 to 
Station 81+50 where moderately hard, moderately fractured sandstone is expected to be 
encountered, and from Station 81+50 to the West Portal where moderately hard, intensely 
fractured sandstone is expected to be encountered.  Small amounts of other soil or rock 
types (such as serpentinite) may be encountered at the base of the excavation, but they are 
not anticipated to affect the design. 

The spring constants for this foundation report have been estimated using typical values 
presented in the Naval Facilities Engineering Command Design Manual 7 (NAVFAC DM7) 
and are presented using a pseudo-coupled analysis.  In a pseudo-coupled analysis, varying 
spring constants are applied to the mat such that the value in the center of the mat is less 
than those computed for the perimeter of the mat while maintaining the weighted average of 
the spring constants by area equal to the average spring constant for the entire mat.  The 
mat was divided into three equal, concentric areas.  The perimeter values are equal to two 
times the central values with one intermediate value. 

The estimated spring constants are shown on Figure 14 and detailed below: 

• From the southbound East Portal to southbound Station 78+50, the average spring 
constant is 360 ksf/ft.  The spring constant for the outer zone of the tunnel is ks = 
485 ksf/ft.  For the intermediate zone ks = 364 ksf/ft and for the inner zone ks = 
243 ksf/ft 

• From southbound Station 78+50 to southbound Station 81+50, the average spring 
constant is 700 ksf/ft.  The spring constant for the outer zone of the tunnel is ks = 
1,018 ksf/ft.  For the intermediate zone ks = 764 ksf/ft and for the inner zone ks = 
509 ksf/ft. 

• From southbound Station 81+50 to the southbound West Portal, the average spring 
constant is 500 ksf/ft.  The spring constant for the outer zone of the tunnel is ks = 
674 ksf/ft.  For the intermediate zone ks = 505 ksf/ft and for the inner zone ks = 
337 ksf/ft. 

These spring constants assume that all soft or loose materials are removed prior to the 
construction of the mat foundation.  If soft materials, especially clays, are encountered 
below the base of the mat, these materials will need to be excavated and replaced with 
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compacted structural backfill.  The method of estimation of the spring constants is presented 
in the calculation package in Appendix F.3. 

Because of the excavation depths required to reach the final grade of the Battery Tunnels, 
the net load on the supporting soil and rock is small and in many locations negative.  The 
small to negative final loading conditions and the lack of compressible soils anticipated 
beneath the Battery Tunnels indicate that total and differential settlements are expected to 
be less than ½ inch.  A check of the bearing capacity indicates that the factor of safety 
against bearing failure is greater than 3.0.  Calculations are presented in Appendix F.4. 

7.2 Portal Foundations 

The East and West Portals for the Southbound Tunnels may be supported at grade.  The 
East Portal for the Southbound Tunnel is expected to be supported on Colma Sand.  The 
Southbound West Portal is anticipated to be supported on sandstone. 

For design, a spring constant approach may be used.  For this report, an average spring 
constant was calculated for the portal structures.  The East Portal, which will be supported 
on Colma Sand, may be designed using an average spring constant of ks,avg = 360 ksf/ft.  
The West Portal, which will be supported on sandstone, may be designed using an average 
spring constant of ks,avg = 500 ksf/ft.  The method of estimation of the spring constants is 
presented in the calculation package in Appendix F.3. 

7.3 Retaining Walls 

Lateral design of the temporary retaining walls can be performed using a horizontal spring 
constant approach.  An average horizontal spring constant of kh,avg = 200 ksf/ft may be used.  
The method of estimation of the spring constants is presented in the calculation package in 
Appendix F.3.  Additional parameters for design are discussed in Section 8. 

8 Earth Pressures on the Tunnel Structure 
8.1 Vertical Earth Pressures 

Soil cover over the top of the tunnel structure will exert a distributed vertical load on the roof 
of the structures.  This dead load pressure will be equal to 140 pcf times the depth of the 
compacted fill.  For example, if there is 5 feet of fill material placed over the structures, the 
applied distributed load from this material will be 700 psf. 

We understand that between Station 76+05 and Station 79+99, up to 6 feet of light weight 
aggregate fill will be used to reduce the vertical earth pressures on the tunnel structure.  
Lightweight aggregate, such as Expanded Shale, Clay and Slate, will exert a vertical dead 
load pressure of approximately 40 to 65 pcf times the depth of fill. 

8.2 At-Rest Earth Pressures 

Static design of the tunnel shall be based on the calculated at-rest earth pressures.  
Figures 15 through 17 present the results of at-rest (long-term static) earth pressure 
calculations at Stations 78+00, 81+00, and 85+00, respectively, along the Southbound 
Battery Tunnel.  These three stations represent the three typical conditions that are 
expected to be encountered: deep, intermediate, and shallow bedrock. 

Drainage panels will be installed on the temporary retaining walls in order to relieve 
hydrostatic pressures that would  act on the tunnel walls. 
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Over the side of the tunnel walls, the earth pressure will be a triangular or trapezoidal 
distributed force.  Resultants may be easily determined using standard methods.  For 
estimation of the at-rest earth pressures at a given depth below the top of the tunnel wall, z, 
the following equations can be used at the each of the typical sections: 

• Station 78+00:  425+60*z, psf/ft 

• Station 81+00:  760+56*z in soil, 430+30*z, in rock, psf/ft 

• Station 85+00:  200+55*z in soil, 400+30*z in rock, psf/ft 

Alternatively, and for non-typical locations, the pressures can be designed using equivalent 
fluid weight values for each of the different soils layers expected to be encountered.  
Equivalent fluid weight values for each of the soil types, as well as the earth pressure 
coefficients and the soil parameters used to develop them are summarized on Table 10. 

8.3 Seismic Earth Pressures 

Lateral earth pressures as a result of seismic loading have been evaluated using the results 
of the site response analyses.  During an earthquake, the walls move and the active 
condition occurs, with at-rest pressures no longer being applicable.  Therefore, for the long-
term seismic loading condition, the seismic pressure as a result of the SEE earthquake is 
applied on top of active pressures.  The results are presented on Figures 18 through 20 
corresponding to Stations 78+00, 81+00, and 85+00, respectively.  The anticipated lateral 
seismic earth pressures, in psf, range from 9 times the height of the wall (9H) at 
Stations 81+00 and 85+00 to 11 times the height of the wall (11H) at Station 78+00 and are 
summarized on Table 11. 

For estimation of the long-term seismic earth pressures at a given depth below the top of 
the tunnel wall, z, the following equations can be used at the each of the typical sections: 

• Station 78+00:  250+35*z + 11*H, psf/ft 

• Station 81+00:  450+33*z in soil, 230+16*z, in rock +9*H, psf/ft 

• Station 85+00:  120+33*z in soil, 220+16*z in rock +9*H, psf/ft 

Alternatively, and for non-typical locations, the active pressures can be determined using 
equivalent fluid weight values for each of the different soils layers expected to be 
encountered as presented in Table 10.  A calculation package is included as Appendix F.2. 

8.4 Lateral Resistance 

In their final configurations, the Southbound and Northbound Tunnels will be embedded into 
the Bluff soils on both the south and north sides of the tunnels, providing equal and opposite 
lateral soil pressures on the sides of the Tunnels.  However, the Southbound Tunnel is 
longer than the Northbound Tunnel and beyond approximately Southbound Station 83+90, 
the Northbound alignment will be constructed at-grade and as such, cannot resist the lateral 
pressures on the Southbound Tunnel.  In order to resist these loads, the soldier piles for 
Retaining Wall B will be extended deeper into the bedrock and become part of the 
permanent design.  Recommended pile tip elevations for Retaining Wall B are summarized 
on Table 13. 

Calculations to support the required installation depths are presented in Appendix F.6. 
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9 Construction Concerns 
9.1 Environmental Considerations 

Caltrans District 4 Division of Environmental Planning & Engineering completed an 
extensive environmental soil investigation for the Doyle Drive Project.  The draft report titled 
“Soil Investigation Report for Contract No. 4,” is in the process of being finalized and will be 
available as part of the supplemental handout for the contractor.  The report will include a 
characterization of the soil and groundwater for the entire Doyle Drive project for potential 
contaminants and hazardous waste.  This includes testing and characterization of the soils 
to be excavated for construction of the Southbound Battery Tunnel. 

For further information, please contact Mr. Ray Boyer, District Branch Chief – Hazardous 
Waste, Office of Environmental Engineering, Division of Environmental Planning & 
Engineering, Caltrans – District 04, at 510.286.5668. 

9.2 Temporary Retaining Structures 

In concurrence with the Department, the shoring wall will be designed by Arup/PB.  
Construction of the Battery Tunnels will require excavations up to approximately 43 feet 
deep.  In order to support excavations of this depth, temporary retaining structures will need 
to be constructed along the north and south sides of the excavation.  Retaining Wall A will 
be installed on the south side of the tunnel and Retaining Wall B will be installed on the 
north side. 

We recommend Retaining Walls A and B constructed using soldier piles and lagging for soil 
support as presented in our Type Selection Report dated January 15, 2009.   Lagging will 
be only taken down to the top of the bedrock.  The rock formation may be shored with 
lagging or shotcrete. 

Ground anchors will not be allowed below the National Cemetery and can only be used in 
limited areas.  Where ground anchors cannot be used, the temporary soldier pile and 
lagging wall will require internal bracing to limit deflections. 

Table 11 summarizes the recommended earth pressure conditions for each of the stages of 
construction. 

Tables 12 and 13 present the sizes, pile tips, and pile tops of the soldier piles for Retaining 
Walls A and B, respectively. 

9.2.1 Apparent Pressures 
Internal bracing and ground anchors will be used to support Retaining Walls A and B and as 
a result, apparent earth pressures will develop on the temporary retaining walls.  Figures 21 
through 23 present the results of apparent pressure calculations at Stations 78+00, 81+00, 
and 85+00, respectively, along the Southbound Battery Tunnel.  The apparent pressures 
are based on the Terzaghi and Peck, 1969 method as presented in Fang (1991). 

For estimation of the apparent earth pressures acting on the retaining walls, the following 
equations can be used at the each of the typical sections: 

• Station 78+00:  965 psf/ft 

• Station 81+00:  680 psf/ft in soil, 345 psf/ft, in rock 

• Station 85+00:  735 psf/ft in soil, 345 psf/ft in rock 
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Over the sides of the walls, the apparent earth pressures will be a rectangular distributed 
force.  Resultants may be easily determined using standard methods. 

Prior to the installation of the first row of struts, the cantilevered wall may be design with 
active earth pressures using the equivalent fluid weight values presented on Table 10. 

Drainage will be provided behind the retaining walls to relieve hydrostatic pressure. 

During the construction of the Southbound Battery Tunnel, the existing Doyle Drive will 
remain open to traffic and will impose an additional surcharge on Retaining Wall B, which 
should be applied in addition to the recommended apparent pressures.  The recommended 
surcharge pressures are shown on Figure 24. 

Details regarding the calculation of the apparent pressures are attached in Appendix F.2 
and are summarized on Table 10. 

9.2.2 Construction Earthquake Event 
Retaining Walls A and B should also be designed for a Construction Earthquake Event.  
According to the Caltrans Memo to Designers 20-12, the construction earthquake event 
should be equal to the earthquake corresponding to a 10% probability of exceedance in 
10 years or twice the expected construction time, whichever is larger.  Construction of the 
Southbound Battery Tunnel is expected to take 2 years and as such the Construction 
Earthquake Event is defined as a 10% probability of exceedance in 10 years or an 
approximately 100-year return period.  However, as part of the site response analyses, 
AMEC Geomatrix evaluated a Functional Evaluation Earthquake (FEE) which corresponded 
to a 108-year return period.  For convenience and conservatism, the FEE was used as the 
Construction Earthquake Event. 

The Construction Earthquake Event should be applied in addition to the apparent pressures 
or active earth pressures and ranges from 1H to 2H as indicated on Table 11. 

9.2.3 Wall Deflections and Soil Settlement 
The temporary retaining walls for support of excavation should be constructed to limit lateral 
deflections to less than 1 inch.  If wall deflections are limited to 1 inch, vertical settlements 
behind the wall will be less than 1 inch.  The vertical settlement will be at a maximum 
directly behind the wall and is anticipated to reduce to zero at a distance behind the wall of 
approximately twice the height of the wall, or a maximum of 80 feet behind the wall.  
Calculations showing the anticipated wall deflections and vertical settlements are attached 
in Appendix F.5 and summarized on Tables 12 and 13.  The calculations show that as 
designed, the retaining walls are expected to deflect less than ½ inch, with vertical 
settlements also being less than ½ inch. 

9.2.4 External Rakers 
Beyond approximately Station 84+00, the ground surface behind Retaining Wall B slopes 
down reducing the passive resistance capacity to the wall.  Without full passive resistance 
behind the wall for support, the strut loads from the internally braced excavation will cause 
large displacements in both Retaining Walls A and B. 

In order to provide lateral support to limit wall deflections, external rakers will be installed at 
the location of each strut.  The rakers will connect from the backside of Retaining Wall B to 
drilled piers embedded into the bedrock. 

The drilled piers will consist of a W14x99 steel beam encased in concrete in a 30-inch 
diameter hole.  The drilled piers should be a minimum of 10 feet long and embedded at 
least 5 feet into bedrock to limit deflections to less than 1 inch.  Table 14 presents a 
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summary of the rakers and the expected settlements and lateral deflection.  Calculations to 
support the required raker installation depths are presented in Appendix F.6. 

Additionally, the use of the rakers causes an uplift on the adjacent solider piles.  The 
embedment of the soldier piles should be increased in order resist this uplift.  We 
recommend that the solider piles be embedded at least 10 feet below the base of the 
excavation with a minimum embedment of 5 feet into the sandstone.  The required pile tip 
elevations are presented on Table 14 and the calculations are presented in Appendix F.8. 

9.2.5 Passive Arching Factor 
The temporary retaining walls for support of excavation will be designed using 30 inch 
diameter soldier piles with typically 6-foot center to center spacings.  For this configuration a 
passive arching factor of 3.0 may be used without overlapping stresses.  

There are five wall niches in the tunnel that will require the soldier spacing between piles to 
be 9 feet center to center, although the pile remain 30 inches in diameter.  At these 
locations, the passive arching factor should be 3.25. 

9.2.6 Lagging Arching Factor 
An arching factor may be applied to the lagging.  Per the Caltrans Trenching and Shoring 
Manual, the lagging design load may be taken to be 0.6 times the shoring design load with a 
maximum lagging load of 400 psf. 

9.2.7 Ground Anchors  
Temporary ground anchors will be required at the east ends of Retaining Walls A and B.  
The ground anchors will be required between Station 76+32 (Solider Pile PA-25) and 
Station 76+62 (Solider Pile PA-30) for Retaining Wall A and Station 75+71 (Solider Pile 
PB-15) and Station 76+55 (Solider Pile PB-30) for Retaining Wall B, as internal bracing 
cannot be used at these locations.  Ground anchors for Retaining Wall B will have to extend 
below the existing Doyle Drive and would be removed during construction of the Northbound 
Tunnel.  Ground anchors for Retaining Wall A will extend to the limits of the National 
Cemetery and would remain in place after construction, but will not be considered for 
permanent design.  The ground anchors are anticipated to be founded in Colma Sand.  
Ground anchors should be installed no steeper than 15° to minimize vertical loads on the 
wall.  Apparent pressures should be used for the design of the ground anchors. 

The temporary walls are 40 feet high where the ground anchors are required and 3 rows of 
ground anchors will be required.  Table 15 presents the depths of the ground anchors and 
the required unbonded lengths.  The ground anchor design calculations are attached as 
Appendix F.7. 

9.2.8 Axial Loads 
The ground anchors will cause an axial (downward) force on the solider piles.  The solider 
pile should be embedded a minimum of 8 feet below the excavation (into the Colma Sand) 
to resist these loads.  The required pile tip elevations are presented on Tables 12 and 13 for 
Retaining Walls A and B, respectively.  The calculations are presented in Appendix F.8. 

 

9.3 Additional Surcharges 

Surcharges adjacent to the excavation and tunnel limits will add increased lateral earth 
pressures to the temporary shoring and the permanent tunnel.  Different surcharge 
conditions exist on the south and north sides of the Southbound Battery Tunnel.  On the 
south side, the National Cemetery limits the placements of loads and on the north side, the 
in service Doyle Drive will increase the lateral loads for design. 
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9.3.1 South Side of the Southbound Battery Tunnel and Retaining Wall A 

The temporary braced excavation will be designed using apparent pressures.  The apparent 
pressure diagrams used for design of the temporary braced excavation include typical 
construction loads and additional surcharge loads are not required for design of Retaining 
Wall A provided surcharge loads are limited to less than 150 psf 

After completion of the Southbound Battery Tunnel, construction activities will begin for the 
construction of the adjacent Northbound Battery Tunnel and the area above and around the 
Southbound Tunnel will be used for construction activities.  Therefore, the effect of an 
additional vertical surcharge pressure of 250 psf should be applied to the long-term static 
and long-term seismic conditions to account for these loads being applied to the permanent 
structure. 

A uniform vertical surcharge will produce a non-uniform horizontal pressure on the wall.  For 
simplification, the horizontal pressure was converted to uniform pressures applied on the 
wall, such that the same moment is imposed on the base of the tunnel wall from the non-
uniform pressures and the equivalent uniform pressures.  The recommended surcharge 
pressures are shown on Figure 24. 

9.3.2 North Side of the Southbound Battery Tunnel and Retaining Wall B 

During construction of the Southbound Battery Tunnel and prior to construction of the 
Northbound Battery Tunnel, the existing Doyle Drive will remain in service adjacent to the 
north side of the excavation.  The traffic loads from the Doyle Drive roadway will impose 
lateral pressures on Retaining Wall B and the permanent structure.  A uniform vertical 
surcharge of 250 psf can be used to account for the active roadway loads and any typical 
construction loads that may be present between the edge of the excavation and the 
roadway.  These loads should be applied to the braced excavation in addition to the 
apparent pressures and to the permanent structure in addition to the long-term static and 
long-term seismic pressures. 

A uniform vertical surcharge will produce a non-uniform horizontal pressure on the wall.  For 
simplification, the horizontal pressure was converted to uniform pressures applied on the 
wall, such that the same moment is imposed on the base of the wall from the non-uniform 
pressures and the equivalent uniform pressures.  The recommended surcharge pressures 
are shown on Figure 24. 

9.4 Excavatability 

In order to reach final grade, approximately 26,000 yd3 of rock will need to be excavated for 
the Southbound Battery Tunnel.  Much of the rock to be excavated is rippable to marginally 
rippable sandstone and rippable Mélange Matrix and serpentinite (additional comments 
regarding the excavation of serpentine are presented in Section 9.5).  However, it should be 
anticipated that there will be blocks of moderately hard to hard, moderately fractured 
sandstone that must be excavated, particularly in the vicinity of borehole BTSB-R3-PZ-D. 

Mechanical means beyond ripping may be required to excavate the moderately hard to 
hard, moderately fractured sandstone, such as controlled blasting, use of a hoe-ram, or one 
of several low-vibration techniques. 

Controlled blasting may be the most cost-effective, but will generate potentially large 
vibrations and noise that will need to be monitored.  Use of a hoe-ram produces lower 
vibrations and noises, but, over a longer period of time compared to the short blast 
durations of controlled blasting.  There are several low-vibration techniques available such 
as expansive grout or plasma rock splitting, but they may be more expensive than controlled 
blasting or hoe-ramming.  Also, these methods may require closer spaced drillholes than 
controlled blasting. 
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Potential vibrations and noise associated with the chosen excavation technique must be 
carefully considered because construction will be taking place in the sensitive environment 
of a National Park. 

Figure 25 shows empirical correlations of excavatability with compression wave velocity and 
point load strength.  Measurements of compression wave velocities can be affected by the 
presence of groundwater.  Compression waves travel through water at a speed of 
approximately 6,000 ft/sec creating a lower bound of the measurements.  Rock with 
compression wave velocities less than 6,000 ft/sec may not be detected.  Additionally plots 
of RQD are shown on Figures 4 through 9 and also on the LOTBs.  Laboratory test results 
that can be used to further evaluate the excavatability of the rock, such as Uniaxial 
Compression Tests, Indirect Tensile (Brazillian) Tests, Punch Penetration Tests, and 
Cerchar Abrasivity Tests are presented in Appendix B. 

9.5 Excavation of Serpentinite 

Excavation to the final grade for the Southbound Tunnel may require excavation of 
serpentinite bedrock.  The predominate bedrock anticipated within the excavation for the 
Southbound Tunnel is sandstone, however, serpentinite is present in the area and it is likely 
that  serpentinite will be encountered during the excavation.  We estimate that 
approximately 6,000 cubic yards of serpentinite will need to be excavated.  Serpentinite may 
contain naturally occurring asbestos, which presents a potential health concern.  Testing to 
determine the presence of asbestos has indicated that the serpentinite contains elevated 
levels of asbestos and Nickel and will be considered California Hazardous Waste.  Proper 
procedures must be followed as detailed in the Design Documents. 

For further information, please contact Mr. Ray Boyer, District Branch Chief – Hazardous 
Waste, Office of Environmental Engineering, Division of Environmental Planning & 
Engineering, Caltrans – District 04, at 510.286.5668. 

9.6 Groundwater Control 

Groundwater control consists of two phases: construction dewatering and a long-term water 
management plan. 

9.6.1 Construction Dewatering 
The invert of the Southbound Tunnel will be constructed from 30 to 43 feet below the 
existing grade.  Groundwater conditions will be encountered during excavation that will 
require construction dewatering to facilitate the installation of the solider pile and lagging 
walls.  If construction dewatering is not performed, a blowout of the soils could occur during 
installation of the lagging.  A blowout occurs when water flows through a gap in the wall 
such as after excavation, but prior to installation of lagging, and carries soil with it, creating a 
void behind the wall.  A system of well-points installed south of Retaining Wall A is 
anticipated to be adequate to drawdown perched water flowing on top of the bedrock so that 
the wall lagging can be installed.  Sumps and pumps are anticipated to be adequate to 
drawdown the water level during excavation of the tunnel after the shoring is constructed. 

After installation of the temporary retaining walls a drainage panel will be installed on the 
face of the solider pile and lagging walls.  The drainage panel will collect water in a pipe at 
the base of the south wall.  The water will be conveyed below the tunnel in a sub-drain 
system to the north side of the excavation.  The sub-drain system will consist of perforated 
High Density Polyethylene (HDPE) pipes encased in Class 1, Type B Permeable Material 
(as per Caltrans Standard Specification Section 68-1.025) and wrapped in a geotextile.  The 
1-foot high by 4-foot wide sub-drains will be installed transverse to the alignment at 24-foot 
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center to center spacing.  Groundwater collected from the drainage panel and sub-drains 
will temporarily be collected in an outlet pipe aligned along the north side of the Southbound 
Battery Tunnel excavation, at the base of Retaining Wall B.  The collected water can be 
temporarily discharged to the San Francisco Public Utility Commission sewer system or re-
applied to the Battery Bluff through a drip system.  Pre-treatment of construction dewatering 
may be required before the collected water can be discharged to the sewer system or re-
applied to the bluff. 

9.6.2 Long-Term Groundwater Management Plan 
A small wetlands area exists at the base of the bluff, offset approximately 300 feet from the 
Southbound Tunnel alignment, extending from approximate Station 77+00 to Station 82+00.  
A large effort was undertaken to understand the groundwater regime in the bluff area, 
particularly with respect to the wetlands.  The effort included a monitoring program by 
BASELINE, as well as acoustic televiewer tests and oriented rock coring during this 
investigation in order to determine the flow path of the groundwater. 

Televiewer tests and oriented coring were performed in an attempt to determine if a there 
was a repeatable joint orientation that may act as a flow path for the groundwater through 
the bedrock from the hillside south of the Battery Tunnels to the wetlands at the base of the 
bluff to the north.  The results of the acoustic televiewer tests and the oriented rock coring 
are compared on Figure 26.  The results indicate that the fractures are randomly oriented 
and that the bedrock is highly fractured and sheared and as a result many groundwater flow 
paths are present.  Fracture frequency typically ranged from very intensely fractured to 
moderately fractured.  Because of the pervasive fracturing, distinct joint sets could not be 
determined during the field investigation. 

Because of the highly fractured nature of the bedrock, the long-term groundwater 
management plan conveys the groundwater from the south side of the tunnel structures to 
the north side and allows it to percolate back into fractured rock and reach the wetlands in a 
manner similar to the existing, pre-construction condition.  This long-term groundwater 
management plan will also provide a pressure relief system below the tunnel structures to 
prevent unfavorable hydrostatic uplift pressures from occurring. 

The transverse perforated pipe installed for the construction dewatering phase will be 
connected to the drainage of the Northbound Tunnel and will become part of the long-term 
groundwater management plan.  The groundwater will be collected from the drainage 
panels and conveyed through the sub-drain system and delivered to a series of “drywells” 
on the north side of the tunnels which will allow the water to percolate back into the ground.  
The final design of the long-term groundwater management plan will be incorporated into 
the design of the Northbound Tunnel. 

9.7 Seepage 

The bottom of the excavation is anticipated to extend below the initial groundwater level.  
Analyses were performed by the Department to estimate the flow rate of groundwater into 
the excavation.  The analyses were based on the results of the Packer Tests presented in 
Section 2.5 in the rock units and slug tests performed in the Colma Sand and presented in 
the Final Report Aquifer Testing by BASELINE Environmental Consulting. 

The analyses indicate that groundwater may flow into the excavation through the Colma 
Sand and rock at an average rate of 2 gallons/day/ft2 of excavation surface area below the 
initial groundwater level. 

The analysis was based on the procedure presented in the Federal Highway Administration 
(1990) publication. 
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The seepage analyses do not address the storativity of the groundwater. 

9.8 Soil to Rock Bearing Transition 

At approximately Station 78+50 the tunnel will transition from bearing on Colma Sand to 
bearing on sandstone.  This transition represents an abrupt change in the stiffness of the 
bearing strata and as such may affect the performance of the tunnel, particularly during an 
earthquake event.  In order to “soften” this transition, a two-foot-thick granular mat should be 
constructed below the tunnel structure.  The granular mat should consist of 3/4–inch 
maximum, Class 2 Aggregate Base (as per Caltrans Standard Specification Section 26-
1.02A) compacted in accordance with Caltrans standard specification.  The tunnel response 
to this transition will also be modeled with the Soil-Structure Interaction software SASSI. 

9.9 Stability at West Portal 

At the West Portal, the existing slope will be cut and re-graded around the portal structure 
as part of the landscaping.  The proposed slope was evaluated for static and dynamic 
(pseudo-static) stability.  As currently detailed, the re-graded slope should not pose a 
stability concern.  Figure 27 shows the results of the stability analyses for the two steepest 
sections of the re-grading.  Additionally, the West Portal will be founded on sandstone and is 
not susceptible to being undermined by a slope failure.  The analyses are presented in 
Appendix F.9. 

9.10 Light Pole Foundations 

Six light pole will be installed over the Southbound Battery Tunnel.  Wherever possible, the 
light pole will be supported using the Caltrans standard detail consisting of a 5-foot-long, 
30-inch-diameter CIDH pile.  However, in some areas above the Southbound Battery 
Tunnel, there is less than 5 feet of soil cover over the tunnel structure.  In these locations, 
the light pole will be supported on shallow spread footings.  The spread footings will be 
6 feet by 6 feet square. 

In order to provide sufficient resistance to sliding forces and overturning moments, the CIDH 
piles and spread footings should be surrounded by at least 7 feet of structure backfill, from 
the centerline of the light pole.  Where it is necessary for other reasons, lightweight fill may 
be used in lieu of the structure backfill.  Additionally, any topsoil should be limited to a 
maximum of 6 inches thick within this 7-foot zone. 

The analyses are presented in Appendix F.10. 

10 Conclusion 
Any questions regarding the above recommendations should be directed to the attention of 
Francis R. Greguras at 415-946-0255 or Terrence Carroll at 415-946-1659. 
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Borehole ID Northing Easting Elevation
34-0157NB-A1-PZ 2120509.438 5993931.703 80.911

34-0157SB-A1 2120481.342 5993926.250 81.209
BTNB-R1 2120470.078 5994297.737 91.378
BTNB-R2 2120407.628 5994505.431 89.420
BTNB-R3 2120351.985 5994725.980 86.286

BTNB-R4-PZ 2120366.979 5994998.299 70.422
BTNB-R5A-PZ-S 2120582.620 5994169.980 79.370
BTNB-R5-PZ-D 2120581.324 5994178.193 79.635

BTNB-R6A-PZ-S 2120558.479 5994527.552 83.531
BTNB-R6-PZ-D 2120559.949 5994521.542 83.591

BTNB-R7A-PZ-S 2120461.975 5994829.468 78.961
BTNB-R7-PZ-D 2120459.851 5994825.735 79.353
BTSB-R1-PZ 2120323.729 5994396.263 101.030

BTSB-R2 2120218.262 5994858.344 92.121
BTSB-R3A-PZ-S 2120227.544 5994550.875 98.049
BTSB-R3-PZ-D 2120225.975 5994556.115 97.900
M-9/RW7-A1A 2120378.671 5995179.887 17.928

M-10 2120511.047 5995523.129 11.908
M-11 2120559.565 5995764.236 12.472

RW5-R1 2120520.291 5994131.737 93.094
RW6-R1-PZ 2120380.700 5994104.938 108.507

RW6-R2A-PZ-S 2120266.257 5993963.449 108.315
RW6-R2-PZ-D 2120270.083 5993967.843 108.659
RW8-R1A-PZ 2120200.018 5995013.992 90.063
RW8-R1-PZ 2120199.669 5995008.466 90.616

RW8-R2 2120192.938 5995167.458 82.348
HA-1-PZ 2120752.489 5994220.945 27.802
HA-2-PZ 2120690.897 5994579.932 25.348
HA-3-PZ 2120613.038 5994884.724 22.315

SUMMARY OF SURVEYED BOREHOLE LOCATIONS
TABLE 1

Note: Table entries denoted in bold face type are specifically for the Southbound 
Battery Tunnel. All collected data is presented for completeness.

Q:\131558\4a Arup Internal Project Data\4a-15 Geotech\4a-015-002 Site Exploration Data\Survey Data.xls [Battery]
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Borehole
ID Depth Elevation,

(NAVD88) Soil Unit
Moisture 
Content, 

w o

Total Unit 
Weight, γt

Liquid 
Limit, w l

Plastic 
Limit, w p

Plasticity 
Index, Ip

Liquidity 
Index, LI

Dry Unit 
Weight, γd

Percent 
Fines

Type of 
Test

Normal or 
Confining 

Stress

Shear 
Strength1

Friction 
Angle at 

10% Strain2

Over 
Consolidation 

Ratio, OCR

Compression/
Recompression 

Ratio, CR/RR

(ft) (ft) (%) (pcf) (%) (%) (%) (pcf) (%) (psf) (psf) (degrees)

BTNB-R3 11.6 74.7 Sandy Clay 18.9 130.0 41 17 24 0.08 109.4

BTNB-R3 18.3 68.0 Colma Sand 18.2     

BTNB-R3 31.7 54.6 Colma Sand 23.1 125.6 102.1 12.6

BTNB-R4-PZ 8.3 62.2 Sandy Clay 13.7 130.7 32 16 16 -0.14 114.9 81.1

BTNB-R4-PZ 13.4 57.1 Sandy Silt 14.1 136.8 119.8 54.4

BTNB-R4-PZ 23.5 47.0 Colma Sand 19.5 131.9 110.4 14.3 DS 2,700 2,640

BTNB-R4-PZ 23.5 47.0 Colma Sand 19.4 129.0 108.0 DS 3,300 3,336

BTNB-R4-PZ 23.5 47.0 Colma Sand 18.8 127.8 107.6 DS 4,000 4,020

BTNB-R4-PZ 33.1 37.4 Colma Sand 20.1 132.9 110.7 9.5

BTNB-R4-PZ 48.1 22.4 Colma Sand 21.2 134.2 110.8 14.2

BTNB-R6-PZ-D 8.2 75.4 Fill 14.7 124.3 108.3 9.5

BTNB-R6-PZ-D 13.0 70.6 Sandy Clay 20.5 129.3 34 17 17 0.21 107.3 TXUU 2,250 2,442

BTNB-R6-PZ-D 18.3 65.3 Sandy Silt 18.0 134.0 113.5 59.1

BTNB-R6-PZ-D 23.6 60.0 Colma Sand 15.7 136.3 117.8 17.9

BTNB-R6-PZ-D 27.6 56.0 Colma Sand 14.9 124.4 108.3 10.9 TXICU 4,650 39.0

BTNB-R7A-PZ-S 9.8 69.2 Buried Soil Horizon 20.4   30 15 15 0.36   

BTNB-R7A-PZ-S 18.3 60.7 Sandy Clay 20.8 130.1 107.7 52.5 TXUU 3,100 1,240

BTNB-R7A-PZ-S 19.8 59.2 Sandy Clay 23.6   30 14 16 0.60   

BTNB-R7A-PZ-S 23.1 55.9 Colma Sand 19.9 133.6 111.5 17.6

BTNB-R7A-PZ-S 33.3 45.7 Colma Sand 20.9 132.1 109.3 18.2 TXICU 5,800 38.4

BTNB-R7-PZ-D 13.3 66.1 Sandy Clay 16.8 134.5 23 15 8 0.23 115.1 TXUU 2,250 1,740

BTSB-R1-PZ 13.3 87.8 Fill 15.0 121.7 105.8 3.3

BTSB-R1-PZ 22.8 78.3 Fill 26.4 127.0 100.5 2.1 DS 2,650 2,208

BTSB-R1-PZ 22.8 78.3 Fill 25.3 126.2 100.7 DS 3,300 2,508

BTSB-R1-PZ 22.8 78.3 Fill 30.8 125.4 95.9 DS 4,000 3,012

BTSB-R1-PZ 27.5 73.5 Sandy Clay 22.0 129.9 106.5 TXUU 5,200 1,480

BTSB-R1-PZ 28.8 72.3 Sandy Clay 22.8 123.5 100.6 4.1 0.124/ 0.006

BTSB-R1-PZ 28.8 72.3 Sandy Clay 37 16 21

BTSB-R1-PZ 28.8 72.3 Sandy Clay 39 18 21

BTSB-R2 3.3 88.9 Fill 5.3 118.8 112.9

BTSB-R2 12.8 79.3 Sandy Clay 22.5 128.2 38 18 20 0.23 104.6 TXUU 2,250 1,854

BTSB-R2 17.8 74.3 Colma Sand 19.1 135.8 114.0 48.3 TXUU 3,100 1,854

BTSB-R2 28.3 63.9 Colma Sand 21.8 130.1 106.8 11.4 DS 3,200 3,120

BTSB-R2 28.3 63.9 Colma Sand 20.7 129.9 107.6 DS 4,000 3,744

BTSB-R2 28.3 63.9 Colma Sand 20.6 130.0 107.8 DS 4,800 4,404

BTSB-R2 33.6 58.6 Colma Sand 21.2 128.5 106.0 13.0 TXICU 5,700 34.6

TABLE 2
SUMMARY OF LABORATORY  TEST RESULTS ON SOIL

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Lab Data\Index Tests\Index Tests Soil Battery.xls  [Table 2 Soil]
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Borehole
ID Depth Elevation,

(NAVD88) Soil Unit
Moisture 
Content, 

w o

Total Unit 
Weight, γt

Liquid 
Limit, w l

Plastic 
Limit, w p

Plasticity 
Index, Ip

Liquidity 
Index, LI

Dry Unit 
Weight, γd

Percent 
Fines

Type of 
Test

Normal or 
Confining 

Stress

Shear 
Strength1

Friction 
Angle at 

10% Strain2

Over 
Consolidation 

Ratio, OCR

Compression/
Recompression 

Ratio, CR/RR

TABLE 2
SUMMARY OF LABORATORY  TEST RESULTS ON SOIL

BTSB-R2 37.8 54.3 Sandy Clay 20.7 130.4 30 17 13 0.28 108.1 TXUU 6,550 2,296

BTSB-R2 38.3 53.8 Sandy Clay 22.3 127.6 45 21 24 0.05 104.3 TXUU 6,550 3,675

BTSB-R2 42.8 49.3 Sandy Clay 19.4 132.4 40 20 20 -0.03 110.9 TXUU 7,400 6,274

BTSB-R3A-PZ-S 3.1 95.0 Fill 6.7 115.6 108.4 1.8

BTSB-R3A-PZ-S 9.3 88.8 Fill 9.2 109.1 99.9 1.4 DS 1,000 936

BTSB-R3A-PZ-S 9.3 88.8 Fill 10.4 112.9 102.3 DS 1,300 1,044

BTSB-R3A-PZ-S 9.3 88.8 Fill 9.3 109.7 100.4 DS 1,600 1,500

BTSB-R3A-PZ-S 12.8 85.2 Buried Soil Horizon 18.6 131.8 23 16 7 0.37 111.2 TXUU 2,250 775

M-9/RW7-A1A 6.3 11.7 Hydraulic Fill 39.7 113.5 81.3 31.2

M-9/RW7-A1A 12.8 5.2 Hydraulic Fill 22.0     25.5 DS 1,275 1,152

M-9/RW7-A1A 17.3 0.7 Marine Sand 24.8     45.5 DS 1,600 1,248

M-9/RW7-A1A 26.1 -8.1 Colluvium 50.9 DS 1,900 1,452

M-9/RW7-A1A 30.8 -12.8 Colluvium 58.4

M-9/RW7-A1A 35.3 -17.3 Colluvium 24.1

M-10 4.8 7.2 Hydraulic Fill 22.7 4.6 DS 2,800 2,112

M-10 10.8 1.2 Hydraulic Fill 28.3 121.4 94.6 4.2

M-10 10.8 1.2 Hydraulic Fill 26.5 123.1 97.3

M-10 10.8 1.2 Hydraulic Fill 27.2 124.5 97.9

M-10 14.6 -2.6 Colma Sand 19.3 133.9 112.2

M-10 24.6 -12.6 Colma Sand 23.7 130.6 105.5 7.6

M-10 41.3 -29.3 Colma Sand 20.6     15.3

M-11 16.1 -3.6 Hydraulic Fill 23.9 129.4 104.4 1.4

M-11 16.1 -3.6 Hydraulic Fill 26.6 130.3 102.9

M-11 16.1 -3.6 Hydraulic Fill 24.9 127.9 102.4

M-11 21.2 -8.7 Hydraulic Fill 19.6 132.2 110.6 2.8

RW5-R1 3.3 89.8 Colma Sand 13.8 134.0 117.7 49.9

RW6-R1-PZ 3.1 105.5 Fill 15.4 124.3 107.7 49.5

RW6-R1-PZ 7.9 100.7 Sandy Clay 15.7 28 15 13 0.05 75.6

RW6-R1-PZ 12.9 95.7 Colma Sand 16.6 128.7 110.4 21.5 DS 1,000 1,236

RW6-R1-PZ 12.9 95.7 Colma Sand 16.8 127.2 108.9 DS 1,200 1,320

RW6-R1-PZ 12.9 95.7 Colma Sand 16.3 129.1 111.0 DS 1,400 1,764

RW6-R1-PZ 17.3 91.3 Colma Sand 21.2 131.1 108.2 27.4 DS 2,000 1,884

RW6-R1-PZ 17.3 91.3 Colma Sand 22.1 131.0 107.3 DS 2,500 2,100

RW6-R1-PZ 17.3 91.3 Colma Sand 18.7 134.1 113.0 DS 3,000 2,652

RW6-R2A-PZ-S 3.8 104.6 Fill 4.5 104.2 99.7 4.5

RW6-R2A-PZ-S 8.1 100.3 Fill 24.3 126.3 101.6 2.7 DS 1,000 972

RW6-R2A-PZ-S 8.1 100.3 Fill 21.7 131.2 107.8 DS 1,200 1,092

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Lab Data\Index Tests\Index Tests Soil Battery.xls  [Table 2 Soil]
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Borehole
ID Depth Elevation,

(NAVD88) Soil Unit
Moisture 
Content, 

w o

Total Unit 
Weight, γt

Liquid 
Limit, w l

Plastic 
Limit, w p

Plasticity 
Index, Ip

Liquidity 
Index, LI

Dry Unit 
Weight, γd

Percent 
Fines

Type of 
Test

Normal or 
Confining 

Stress

Shear 
Strength1

Friction 
Angle at 

10% Strain2

Over 
Consolidation 

Ratio, OCR

Compression/
Recompression 

Ratio, CR/RR

TABLE 2
SUMMARY OF LABORATORY  TEST RESULTS ON SOIL

RW6-R2A-PZ-S 8.1 100.3 Fill 18.2 124.7 105.5 DS 1,400 1,200

RW6-R2A-PZ-S 18.6 89.8 Colma Sand 13.2 129.6 114.5 16.4

RW6-R2-PZ-D 31.0 77.7 Sandstone 160.5

RW8-R1-PZ 8.8 81.9 Fill 9.6 109.0 99.5

RW8-R1-PZ 13.3 77.4 Sandy Clay 22.4 127.3 24 17 7 0.77 104.0 83.4

RW8-R1-PZ 18.8 71.9 Sandy Clay 19.0 131.3 29 19 10 -0.004 110.4

RW8-R1-PZ 23.1 67.5 Sandy Clay 19.6 126.4 25 13 12 0.55 105.7 60.1 TXUU 4,200 1,457 4.7 0.126/0.007

RW8-R1-PZ 24.4 66.2 Colma Sand 18.2 131.0 23 16 7 0.31 110.8 47.2 TXICU 4,650 34.6

RW8-R1-PZ 29.8 60.9 Colma Sand 15.3 20.4

RW8-R1-PZ 33.3 57.4 Colma Sand 19.6 130.3 108.9 21.3 DS 4,150 3,852

RW8-R1-PZ 33.3 57.4 Colma Sand 20.0 130.3 108.6 DS 5,200 4,476

RW8-R1-PZ 33.3 57.4 Colma Sand 19.5 133.2 111.5 DS 6,225 5,124

RW8-R1-PZ 43.3 47.4 Sandy Clay 23.1 126.9 29 16 13 0.55 103.1 TXUU 8,175 1,282

RW8-R1-PZ 43.8 46.9 Sandy Clay 21.1 124.0 29 18 11 0.28 102.4 0.8 0.094/0.007
1Shear strength values represent peak or undrained shear strength
2Friction angle at 10% strain calculated assuming c = 0

Note: Table entries denoted in bold face type are specifically for the Southbound Battery Tunnel. 
All collected data is presented for completeness.
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Borehole
ID Depth Elevation

(NAVD88) Soil Unit
Moisture 
Content, 

w o

Total Unit 
Weight, γt

Liquid 
Limit, w l

Plastic 
Limit, w p

Plasticity 
Index, Ip

Liquidity 
Index, LI

Dry Unit 
Weight, γd

Percent 
Fines

Type of 
Test Confining StressShear Strength Compressive 

Strength Other Tests

(ft) (ft) (%) (pcf) (%) (%) (%) (pcf) (%) (psf) (psf) (psi)
BTNB-R1 51.9 39.5 Mélange Matrix 10.3 149.7 22 15 7 -0.67 135.6 TXUU 9,500 935

BTNB-R4-PZ 60.3 10.1 Serpentinite 16.5 139.4 Non-Plastic Non-Plastic Non-Plastic 119.7 TXUU 10,500 729

BTNB-R4-PZ 70.2 0.2 Serpentinite 7.2 Slake Durability Index = 94.2

BTNB-R4-PZ 75.6 -5.2 Serpentinite 6.03 Slake Durability Index = 65.2

BTNB-R4-PZ 87.6 -17.2 Serpentinite 16.8 138.5 Non-Plastic Non-Plastic Non-Plastic 118.6 TXUU 16,000 832

BTNB-R4-PZ 96.48 -26.1 Serpentinite 142.4 1,280

BTNB-R5A-PZ-S 25.1 54.3 Sandstone 167.5 Splitting Tensile Strength = 690 psi

BTNB-R5A-PZ-S 25.1 54.3 Sandstone Cerchar Abrasivity Index = 1.2

BTNB-R5A-PZ-S 25.45 53.9 Sandstone 165.6 9,800

BTNB-R5-PZ-D 54.5 25.1 Mélange Matrix 9.3 158.6 27 16 11 -0.61 145.1

BTNB-R5-PZ-D 88.35 -8.7 Sandstone 163.8 8,810

BTNB-R6A-PZ-S 28.3 55.2 Serpentinite 48.8 108.8 73.1 31.8 TXUU 4,850 1,487

BTNB-R6-PZ-D 47.7 35.9 Serpentinite 132.1 400

BTNB-R6-PZ-D 83.8 -0.2 Serpentinite 151.1 3,650

BTNB-R6-PZ-D 90.7 -7.1 Serpentinite 14.9 140.4 39 33 6 -3.02 122.2 TXUU 17,000 875

BTNB-R7-PZ-D 86.4 -7.0 Gabbro 14.8 140.3 30 28 2 -6.60 122.2 TXUU 16,000 570

BTSB-R1-PZ 36.25 64.8 Sandstone 164.6 10,840

BTSB-R1-PZ 36.625 64.4 Sandstone 165.3 Splitting Tensile Strength = 610 psi

BTSB-R1-PZ 45.175 55.9 Sandstone, Shale 166.4 12,610

BTSB-R3A-PZ-S 17.8 80.2 Sandstone 10.5 142.2 128.7 33.1 TXUU 3,100 2,561

BTSB-R3-PZ-D 24.775 73.1 Sandstone Cerchar Abrasivity Index = 1.0

BTSB-R3-PZ-D 25.075 72.8 Sandstone 158.2 4,870

BTSB-R3-PZ-D 25.45 72.5 Sandstone Peak Slope (Punch Test) = 61 kips/in

BTSB-R3-PZ-D 30.2 67.7 Sandstone 159.5 3,350

BTSB-R3-PZ-D 44.45 53.5 Sandstone 161.3 9,430

BTSB-R3-PZ-D 44.85 53.1 Sandstone 166.7 Splitting Tensile Strength = 790 psi

BTSB-R3-PZ-D 50.4 47.5 Sandstone 164.9 16,800

BTSB-R3-PZ-D 81.65 16.3 Sandstone 166.2 3,510

M-9/RW7-A1A 41.1 -23.1 Serpentinite 44 23 21

M-9/RW7-A1A 46.925 -29.0 Gabbro 162.9 7,850

M-9/RW7-A1A 47.275 -29.3 Gabbro 160 Splitting Tensile Strength = 630 psi

RW6-R1-PZ 26.575 81.9 Sandstone Cerchar Abrasivity Index = 0.4

RW6-R1-PZ 26.9 81.6 Sandstone 152.6 3,090

RW6-R1-PZ 45.325 63.2 Sandstone 163.4 14,480

RW6-R1-PZ 49.85 58.7 Sandstone 166.5 Splitting Tensile Strength = 1,090 psi

RW6-R2-PZ-D 30.95 77.7 Sandstone 160.5 3,770

RW8-R1-PZ 76.475 14.1 Serpentinite 7.69 Slake Durability Index = 61.8

RW8-R1-PZ 121.9 -31.3 Serpentinite 150.5 1,770

TABLE 3
SUMMARY OF LABORATORY TEST RESULTS ON ROCK

Note: Table entries denoted in bold face type are specifically for the Southbound Battery Tunnel. 
All collected data is presented for completeness.
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147 51
71 54
220 39
290 47
252 15
22 32
181 57
209 38
323 31
324 65
4 64
93 46
286 65
154 64
87 50
221 75
249 79
315 74
284 41
358 34
76 62
117 47

Note: Table entries denoted in bold face type are specifically for the Southbound Battery Tunnel. 
All collected data is presented for completeness.

Dip Azimuth Mean DipBorehole ID

TABLE 4

SUMMARY OF ACOUSTIC TELEVIEWER TEST RESULTS

BTSB-R3-PZ-D

RW6-R2-PZ-D

RW6-R1-PZ

BTNB-R5-PZ-D

BTNB-R7-PZ-D

Q:\131558\4a Arup Internal Project Data\4a-15 Geotech\4a-015-002 Site Exploration Data\03 Field Tests\Oriented Coring\
Strike Dip Summary Table.xls[Table 4]
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186 55
255 44
36 53
336 17
299 29
208 25
128 52
209 29
320 40
358 12
1 38

270 79
172 50
107 37
120 44
38 53
217 89
349 25
244 22

Note: Table entries denoted in bold face type are specifically for the Southbound Battery Tunnel. 
All collected data is presented for completeness.

BTSB-R3-PZ-D

RW6-R2-PZ-D

TABLE 5

SUMMARY OF ORIENTED ROCK CORING RESULTS

Borehole ID Dip Azimuth Mean Dip

BTNB-R5-PZ-D

BTNB-R7-PZ-D

BTNB-R6-PZ-D

Q:\131558\4a Arup Internal Project Data\4a-15 Geotech\4a-015-002 Site Exploration Data\03 Field Tests\Oriented Coring\
Strike Dip Summary Table.xls[Table 5]
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Royle [1] Bureau of 
Reclamation [2]

(cm/s) (cm/s)
55 to 66 15 to 26 Serpentinite 1.31E-07 1.37E-07

63 to 74 7 to 18 Serpentinite 1.15E-06 1.05E-06

73 to 84 -3 to 8.4 Serpentinite 2.06E-04 2.15E-04

83 to 94 -13 to -1.6 Serpentinite 1.50E-04 1.62E-04

89 to 100 -9 to 1.6 Sandstone 2.05E-04 2.14E-04

99 to 110 -19 to -8.4 Sandstone 1.66E-04 1.73E-04

53 to 64 26 to 37 Greenstone 4.84E-04 3.87E-04

67 to 78 12 to 23 Greenstone 8.30E-05 8.64E-05

77 to 88 2 to 13 Greenstone, Gabbro 8.23E-06 8.58E-06

87 to 98 -8 to 3.4 Gabbro, Serpentinite 6.04E-05 6.29E-05

24 to 35 74 to 85 Sandstone No Take No Take

35 to 46 63 to 74 Sandstone 8.36E-05 8.71E-05

46 to 57 52 to 63 Sandstone 1.56E-04 1.63E-04

57 to 68 41 to 52 Sandstone 4.61E-04 4.79E-04

68 to 79 30 to 41 Sandstone, Shale 2.71E-05 2.83E-05

82 to 93 16 to 27 Sandstone, Shale 9.49E-06 9.89E-06

30 to 41 79 to 90 Sandstone 1.17E-05 1.21E-05

40 to 51 69 to 80 Sandstone 9.27E-04 9.98E-04

32 to 43 77 to 88 Sandstone 2.31E-04 2.42E-04

41 to 52 68 to 79 Sandstone 2.99E-04 3.12E-04

54 to 65 55 to 66 Sandstone 7.16E-06 7.46E-06

65 to 76 44 to 55 Sandstone 9.47E-06 9.86E-06

76 to 87 33 to 44 Sandstone 2.98E-06 3.11E-06

87 to 98 22 to 33 Sandstone, Shale 2.85E-06 3.00E-06
[1] Royle, Michael (October, 2006) Standard Operating Procedures for Borehole Packer Testing, SRK Consulting
[2] United States Department of the Interior, Procedure for Constant Head Hydraulic Conductivity Tests in Single Drilled Holes, USBR 7310-89

Note: Table entries denoted in bold face type are specifically for the Southbound Battery Tunnel.
All collected data is presented for completeness.

RW6-R1-PZ

TABLE 6

(ft)

SUMMARY OF PACKER TEST RESULTS

BTNB-R4-PZ

RW6-R2-PZ-D

BTNB-R5-PZ-D

Hydraulic ConductivityDepth 
Interval Rock Type(s)Borehole ID

(ft)

Elevation 
Interval 

(NAVD88)

BTSB-R3-PZ-D

BTNB-R7-PZ-D

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Packer Tests\Packer Summary Table.xls
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pH Electrical 
Conductivity Turbidity Temperature 

(ft) (ft) (ft) (ft) (ft) (min) (ft) (Y/N) (Y/N) (gpm) (ft) (gal) (mS/cm) (NTU) (°C)

34-0157NB-A1-PZ Caltrans 2/26/2008 2120509.438 5993931.703 80.911 15.0 to 25.0 14.0 to 25.0 6/11/2008 14:05 14:40 35 Dry N N N/A N/A 0.5 N/A N/A N/A N/A 1.5" diameter well

BTNB-R4-PZ Pitcher Drilling 2/18/2008 2120366.979 5994998.299 70.422 49.5 to 69.5 47.0 to 69.5 6/9/2008 15:55 18:19 144 25.15 Y Y 1 to 0.5 Varied 50 6.99 0.456 5 17.4 Well pumped dry.  Pumping continued after 
allowing it to recharge.

BTNB-R5A-PZ-S Pitcher Drilling 4/11/2008 2120582.620 5994169.980 79.370 15.0 to 35.0 14.0 to 36.0 6/13/2008 10:05 11:55 110 3.07 Y Y 1.0 5.17 55 7.31 1.03 -5 15.2

BTNB-R5-PZ-D Pitcher Drilling 4/10/2008 2120581.324 5994178.193 79.635 78.0 to 98.0 77.0 to 99.0 6/13/2008 7:40 10:00 140 53.84 Y Y 1.0 Not Measured 75 7.31 1.01 -5 15.2 Unable to measure water level during pumping 
because well is inclined.

BTNB-R6A-PZ-S Pitcher Drilling 3/27/2008 2120558.479 5994527.552 83.531 17.0 to 32.0 15.0 to 32.0 6/13/2008 14:25 15:30 65 27.46 N N N/A N/A 2 N/A N/A N/A N/A After bailing, well was dry and did not recharge.

BTNB-R6-PZ-D Pitcher Drilling 3/28/2008 2120559.949 5994521.542 83.591 60.0 to 80.0 58.5 to 80.5 6/13/2008 12:05 14:10 125 26.78 Y Y 1.0 Not Measured 91 8.27 6.97 10 16.5 Unable to measure water level during pumping 
because well is inclined.

BTNB-R7A-PZ-S Pitcher Drilling 4/1/2008 2120461.975 5994829.468 78.961 28.5 to 43.5 26.5 to 43.5 6/10/2008 8:20 10:25 125 28.45 Y Y 0.5 Not Measured 25 6.60 0.586 1 18.7

BTNB-R7-PZ-D Pitcher Drilling 4/3/2008 2120459.851 5994825.735 79.353 50.0 to 70.0 47.0 to 70.0 6/10/2008 10:30 15:50 320 11.84 Y Y 0.5 Not Measured 100 8.51 0.687 140 19.7 Unable to measure water level during pumping 
because well is inclined.

BTSB-R1-PZ Pitcher Drilling 1/23/2008 2120323.729 5994396.263 101.030 23.5 to 33.5 21.5 to 33.5 6/12/2008 8:25 10:45 140 18.48 Y Y <0.01 Varied 26 6.89 0.599 94 20.7 Well pumped dry.  Pumping continued after 
allowing it to recharge.

BTSB-R3A-PZ-S Pitcher Drilling 4/23/2008 2120227.544 5994550.875 98.049 9.0 to 18.0 7.0 to 19.3 6/12/2008 11:00 11:35 35 15.00 N N N/A N/A 1 N/A N/A N/A N/A After bailing, well was dry and did not recharge.

BTSB-R3-PZ-D Pitcher Drilling 4/23/2008 2120225.975 5994556.115 97.900 50.0 to 70.0 48.5 to 71.0 6/12/2008 11:45 14:55 190 11.85 Y Y 1.0 33.30 100 7.19 0.617 10 19.1

RW6-R1-PZ Pitcher Drilling 2/28/2008 2120380.700 5994104.938 108.507 12.0 to 22.0 10.0 to 22.0 6/9/2008 9:00 9:45 45 19.87 N N N/A N/A 0.25 N/A N/A N/A N/A After bailing, well was dry and did not recharge.

RW6-R2A-PZ-S Pitcher Drilling 4/17/2008 2120266.257 5993963.449 108.315 12.0 to 29.0 13.0 to 28.0 6/9/2008 9:50 10:15 25 Dry N N N/A N/A 0.25 N/A N/A N/A N/A Well was dry prior to bailing.

RW6-R2-PZ-D Pitcher Drilling 4/17/2008 2120270.083 5993967.843 108.659 76.0 to 98.0 77.0 to 97.0 6/9/2008 10:20 15:05 285 41.70 Y Y 1 Varied 94 7.35 1.37 209 17.9 Well pumped dry.  Pumping continued after 
allowing it to recharge.

RW8-R1-PZ Pitcher Drilling 1/17/2008 2120199.669 5995008.466 90.616 25.0 to 45.0 20.0 to 46.0 6/11/2008 12:30 13:30 60 39.45 N Y N/A N/A 5 N/A N/A N/A N/A

Note: Table entries denoted in bold face type are specifically for the Southbound Battery Tunnel. 
All collected data is presented for completeness.

TABLE 7
SUMMARY OF WELL DEVELOPMENT DATA

Initial Water 
Depth from 

Ground 
Surface

Pumping 
Rate

Average Water Depth 
from Ground Surface 

During Pumping Remarks
Pumped Surged Water 

Collected

Water Quality at Last ReadingDate of 
Development Time Start Time 

Completed
Duration of 

DevelopmentPiezometer ID
Slotted 
Interval 
Depth

Sand Interval 
DepthInstalled By Northing Easting Elevation

(NAVD88)
Date of 

Installation
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Borehole ID 34-0157NB-A1-PZ BTNB-R4-PZ BTNB-R5-PZ-D BTNB-R5A-PZ-S BTNB-R6-PZ-D BTNB-R6A-PZ-S BTNB-R7-PZ-D BTNB-R7A-PZ-S BTSB-R1-PZ BTSB-R3-PZ-D BTSB-R3A-PZ-S RW6-R1-PZ RW6-R2-PZ-D RW6-R2A-PZ-S RW8-R1A-PZ

Piezometer ID Deep Shallow Deep Shallow Deep Shallow Deep Shallow Deep Shallow

Elevation, NAVD88 
(ft) 80.911 70.422 79.635 79.37 83.591 83.531 79.353 78.961 101.03 97.9 98.049 108.507 108.659 108.315 90.063

Screen Depth 
Inverval (ft) 15.0 to 25.0 49.5 to 69.5 78.0 to 98.0 15.0 to 35.0 60.0 to 80.0 17.0 to 32.0 50.0 to 70.0 28.5 to 43.5 23.5 to 33.5 50.0 to 70.0 8.0 to 18.0 12.0 to 22.0 76.0 to 98.0 12.0 to 29.0 25.0 to 45.0

Screened Material Colma Sand Colma Sand Mélange Matrix,
Sandstone Sandstone

Greenstone,
Sandstone,
Serpentinite

Sandy Silt,
Colma Sand Greenstone Colma Sand,

Greenstone

Buried Soil 
Horizon,

Sandstone
Sandstone

Fill,
Buried Soil 

Horizon, Sandy 
Clay, Sandstone

Colma Sand,
Sandstone

Sandstone,
Shale

Colma Sand,
Sandstone

Colma Sand, 
Sandy
Clay,

Residual Soil

Pipe Inside Diameter 
(in) 1.5 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

Date Installed 2/28/2008 2/18/2008 4/10/2008 4/11/2008 3/28/2008 3/27/2008 4/3/2008 4/1/2008 1/23/2008 4/23/2008 4/23/2008 2/28/2008 4/17/2008 4/17/2008 6/5/2008

Date Developed 6/11/2008 6/9/2008 6/13/2008 6/13/2008 6/13/2008 6/13/2008 6/10/2008 6/10/2008 6/12/2008 6/12/2008 6/12/2008 6/9/2008 6/9/2008 6/9/2008 6/11/2008

Date Read

03/04/08

03/28/08 17.15

06/09/08 25.15 19.87 41.70 Dry

06/10/08 11.84 28.45

06/11/08 Dry 39.45

06/12/08 18.48 11.85 15.00

06/13/08 53.84 3.07 26.78 27.46

07/18/08 24.03 29.69 51.64 3.37 27.58 29.04 30.31 29.81 20.20 17.18 17.79 20.21 50.41 28.20 38.73

08/29/08 24.46 30.02 51.44 4.01 27.68 29.58 30.43 30.04 21.48 17.42 14.80 20.60 52.20 28.55 38.80

Average 24.2 29.9 51.5 3.7 27.6 29.3 30.4 29.9 20.8 17.3 16.3 20.4 51.3 28.4 38.8
Dry? Dry?

Reading taken before piezometer was developed.

TABLE 8
SUMMARY OF GROUNDWATER MONITORING RESULTS

Note: Table entries denoted in bold face type are specifically for the Southbound Battery Tunnel. 
All collected data is presented for completeness.
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Depth Soil Unit Resistivity Chloride** Sulfate***

(ft) (ohms-cm) (mg/kg) (mg/kg)
BTSB-R2 22.8 - 24.0 Colma Sand 7.2 5,500 -- 15

BTSB-R3A-PZ-S 0 - 2.5 Fill 7.2 5,100 -- --

BTSB-R3A-PZ-S 0 - 2.5 Fill 7.1 25,000 -- --

BTSB-R1-PZ 8.0 - 9.0 Fill 7.0 6,100 -- 19
Method: CT 532/643 CT 532/643 CT 422/ASTM D4327 CT 417/ASTM D4327

Note: Table entries denoted in bold face type are specifically for the Southbound Battery Tunnel.
All collected data is presented for completeness.

TABLE 9

***The sulfate ion concentrations range from zero to 23 mg/kg.  Since these concentrations are below 2,000 mg/kg, they are determined to be 
insufficient to be potentially deterimental to reinforced concrete structures and cement mortar-coated steel.

** The chloride iron concentrations range from zero to 20 mg/kg. Since these concentrations are below 300 mg/kg,
they are determined to be insufficient to attack embedded steel in a concrete mortar coating.

* The pH of the soils range from 7.0 to 7.9 which does not present corrosion problems
 for buried iron, steel, mortar-coated steel and reinforced concrete structures.

SUMMARY OF CORROSIVITY ANALYSIS

Borehole ID pH*

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Lab Data\Corrosion\Corrosivity Summary.xls
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Ka
Equivalent Fluid 
Pressure (pcf)

K0
Equivalent Fluid 
Pressure (pcf)

Kp
Equivalent Fluid 
Pressure (pcf)

0 to17 Sandy Fill/Sandy Silts 
and Sandy Clays 120 32 0 16 0.28 33 0.47 56 5.8 693

17 to 36.5 Colma Sand 130 38 0 19 0.22 28 0.38 50 9.6 1253

36.5 to 45 Sandy Silts and 
Sandy Clays 120 32 0 16 0.28 33 0.47 56 5.8 693

Below 45 Serpentinite (srp)/
Mélange Matrix (mg) 150 0 1400 0 1.00 0 1.00 0 1.0 2950

0 to 20 Sandy Fill/Sandy Silts 
and Sandy Clays 120 32 0 16 0.28 33 0.47 56 5.8 693

Below 20 Sandstone (ss) 165 55 0 28 0.10 16 0.18 30 12.0 1980

0 to 8.5 Sandy Fill/Sandy Silts 
and Sandy Clays 120 32 0 16 0.28 33 0.47 56 5.8 693

8.5 to 18 Colma Sand 130 38 0 19 0.22 28 0.38 50 9.6 1253

Below 18 Sandstone (ss) 165 55 0 28 0.10 16 0.18 30 12.0 1980

Notes:

78+50 to 82+50

82+50 to 86+14

TABLE 10
Earth Pressure Coefficients and Equivalent Fluid Weight Values

75+80 to 78+50

Expected Soil 
UnitStation Limits Depth

(ft)

Passive Resistance
γ δ

1) The wall friction angle, δ, is taken to be one-half of the soil friction angle, φ.  No wall friction is considered for the at-rest case.

φ c'

1) Typically c' values for Mélange Matrix are higher than for the serpentinite however, we do not have site specific data to determine separate values.

2) No factor of safety has been applied to the passive pressures.  We recommend a minimum factor of safety of 2.5.

4) The ground surface behind the walls is typically level.
3) The value of Kp for the sandstone was capped at 12.

Active Pressures At Rest Pressures

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Lateral Earth Pressures\BT LEP Calcs Dewatering.xls[NEW Soil Parameters]
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Structure Station Limits Active Pressures At Rest Pressures Apparent 
Pressures

Safety 
Evaluation 
Earthquake

Construction 
Evaluation 
Earthquake

Surcharges

75+80 to 78+50 - 965, psf/ft - 2H

78+50 to 82+50 - 680, psf/ft (soil)
345, psf/ft (rock) - 1H

82+50 to 86+14 - 735, psf/ft (soil)
345, psf/ft (rock) - 1H

75+80 to 78+50 250+35*z, psf/ft 425+60*z, psf/ft - 11H -

78+50 to 82+50 450+33*z, psf/ft (soil)
230+16*z, psf/ft (rock)

760+56*z, psf/ft (soil)
430+30*z, psf/ft (rock) - 9H -

82+50 to 86+14 120+33*z, psf/ft (soil)
220+16*z, psf/ft (rock)

200+55*z, psf/ft (soil)
400+30*z, psf/ft (rock) - 9H -

TABLE 11
Summary of Loading Conditions

Retaining Wall A:
300 psf/ft 0'-10' below top of wall

150 psf/ft 10'-20' below top of wall
Retaining Wall B:

350 psf/ft 0'-10' below top of wall
175 psf/ft 10'-20' below top of wall

South Wall:
300 psf/ft 0'-10' below top of wall

150 psf/ft 10'-20' below top of wall
North Wall:

350 psf/ft 0'-10' below top of wall
175 psf/ft 10'-20' below top of wall

Retaining 
Walls

May be used prior to 
installation of 1st Strut: 

Use equivalent fluid weights 
presented on Table 10

Tunnel 
Structure
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Compression (a) Tension (b) Compression© Tension (d) Compression (e) Tension (f) Settlement Deflection (a) (b) (c) (d) (e) (f) (g)
(ft) (ft) (ft) (kips) (kips) (kips) (kips) (kips) (kips) (in) (in) (ft) (ft) (ft) (ft) (ft) (ft) (ft)

PA1-PA24 Not Used 2.5 N/A N/A - - - - - - - - - - - - - - - -
PA25-PA30 2 - MC18x42.7 2.5 92.00 37.52 70 0 Self Weight 0 Self Weight 0 <0.5 <1.0 42.52 N/A 42.52 N/A 42.52 N/A 37.52 (g)
PA31-PA34 W18x65 2.5 92.00 37.52 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 43.60 N/A 43.60 N/A 43.60 N/A 38.60 (g)
PA35-PA40 W18x65 2.5 93.50 39.31 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 44.31 N/A 44.31 N/A 44.31 N/A 39.31 (g)
PA41-PA46 W18x65 2.5 93.00 40.43 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 45.43 N/A 45.43 N/A 45.43 N/A 40.43 (g)
PA47-PA52 W18x65 2.5 93.50 41.46 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 46.46 N/A 46.46 N/A 46.46 N/A 41.46 (g)
PA53-PA58 W18x65 2.5 94.50 42.54 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 47.54 N/A 47.54 N/A 47.54 N/A 42.54 (g)
PA59-PA64 W18x65 2.5 94.90 43.61 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 48.61 N/A 48.61 N/A 48.61 N/A 43.61 (g)
PA65-PA70 W18x65 2.5 95.80 44.68 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 49.68 N/A 49.68 N/A 49.68 N/A 44.68 (g)
PA71-PA76 W18x65 2.5 96.60 45.73 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 50.73 N/A 50.73 N/A 50.73 N/A 45.73 (g)
PA77-PA82 W18x65 2.5 96.80 51.51 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 51.51 N/A 51.51 N/A 51.51 N/A 51.51 (g)
PA83-PA88 W18x65 2.5 96.60 52.33 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 52.33 N/A 52.33 N/A 52.33 N/A 52.33 (g)
PA89-PA94 W18x65 2.5 102.00 53.23 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 53.23 N/A 53.23 N/A 53.23 N/A 53.23 (g)
PA95-PA100 W18x65 2.5 103.00 53.99 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 53.99 N/A 53.99 N/A 53.99 N/A 53.99 (g)
PA101-PA106 W18x65 2.5 97.80 54.88 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 54.88 N/A 54.88 N/A 54.88 N/A 54.88 (g)
PA107-PA112 W18x65 2.5 99.30 55.79 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 55.79 N/A 55.79 N/A 55.79 N/A 55.79 (g)
PA113-PA118 W18x65 2.5 100.30 56.72 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 56.88 N/A 56.88 N/A 56.88 N/A 56.88 (g)
PA119-PA124 W18x65 2.5 101.40 57.69 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 57.89 N/A 57.89 N/A 57.89 N/A 57.89 (g)
PA125-PA130 W18x65 2.5 103.30 58.89 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 59.10 N/A 59.10 N/A 59.10 N/A 59.10 (g)
PA131-PA136 W18x65 2.5 104.90 61.15 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 60.37 N/A 60.37 N/A 60.37 N/A 60.37 (g)
PA137-PA142 W18x65 2.5 106.00 62.44 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 61.66 N/A 61.66 N/A 61.66 N/A 61.66 (g)
PA143-PA146 W18x65 2.5 106.80 63.76 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 62.98 N/A 62.98 N/A 62.98 N/A 62.98 (g)
PA147-PA184 W18x65 2.5 106.80 64.64 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 65.00 N/A 65.00 N/A 65.00 N/A 65.00 (g)
PA185-PA190 W18x65 2.5 110.70 66.91 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 65.91 N/A 65.91 N/A 65.91 N/A 66.91 (g)
PA191-PA195 W18x65 2.5 110.70 68.30 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 67.30 N/A 67.30 N/A 67.30 N/A 68.30 (g)
PA196-PA201 W18x65 2.5 108.30 69.72 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 68.48 N/A 68.48 N/A 68.48 N/A 69.48 (g)
PA202-PA212 W18x86 2.5 108.30 69.16 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 69.92 N/A 69.92 N/A 69.92 N/A 70.92 (g)

Notes:
1) Loads provided by structural Engineer are per pile location
2) For applied lateral loads, see Figures 15 through 24 in Foundation Design Report

Size

3) The design tip elevations are controlled by (a) Compression (Service 1 - Limit), (b) Tension (Service 1 - Limit) (c) Compression (Strength Limit), (d) Tension (Strength Limit), (e) Compression (Extreme Event), (f) Tension (Extreme 
Event), (g) Lateral Loads

Service 1 - Limit State Strength Limit State Extreme Event Limit State Expected Movements

Table 12
Soldier Pile Schedule - Retaining Wall A

Hole
Diameter

Pile Top
Elevation

Pile Tip
Elevation

Design Loads Provided by Structural Engineer1

Controlling 
Load

Foundation Design Recommendations
Minimum Required Tip Elevation for Considered LoadingsPile No.
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Compression (a) Tension (b) Compression© Tension (d) Compression (e) Tension (f) Settlement Deflection (a) (b) (c) (d) (e) (f) (g)
(ft) (ft) (ft) (kips) (kips) (kips) (kips) (kips) (kips) (in) (in) (ft) (ft) (ft) (ft) (ft) (ft) (ft)

PB1-PB9 Not Used - - - - - - - - - - - - - - - - - - -
PB10-PB14 W18x65 2.5 77.58 32.28 42 0 42 0 31 0 <0.5 <1.0 33.89 N/A 33.89 N/A 33.89 N/A 31.89 (g)
PB15-PB23 2 - MC18x42.7 2.5 77.58 32.28 112 0 112 0 83 0 <0.5 <1.0 33.89 N/A 33.89 N/A 33.89 N/A 31.89 (g)
PB24-PB30 2 - MC18x42.7 2.5 78.82 33.67 70 0 70 0 52 0 <0.5 <1.0 35.57 N/A 35.57 N/A 35.57 N/A 33.57 (g)

PB31 W14x99 2.5 85.20 33.67 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 39.87 N/A 39.87 N/A 39.87 N/A 34.87 (g)
PB32 W14x99 2.5 85.20 33.67 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 40.06 N/A 40.06 N/A 40.06 N/A 35.06 (g)
PB33 W18x65 2.5 85.20 36.06 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 40.24 N/A 40.24 N/A 40.24 N/A 35.24 (g)
PB34 W18x65 2.5 85.20 36.23 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 40.43 N/A 40.43 N/A 40.43 N/A 35.43 (g)

PB35-PB40 W18x65 2.5 88.36 35.61 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 40.61 N/A 40.61 N/A 40.61 N/A 35.61 (g)
PB41-PB46 W18x65 2.5 89.34 36.71 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 41.71 N/A 41.71 N/A 41.71 N/A 36.71 (g)
PB47-PB52 W18x65 2.5 90.32 37.81 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 42.81 N/A 42.81 N/A 42.81 N/A 37.81 (g)
PB53-PB58 W18x65 2.5 91.25 38.91 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 43.91 N/A 43.91 N/A 43.91 N/A 38.91 (g)
PB59-PB64 W18x65 2.5 92.23 40.00 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 45.00 N/A 45.00 N/A 45.00 N/A 40.00 (g)
PB65-PB70 W18x65 2.5 93.17 41.11 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 51.00 N/A 51.00 N/A 51.00 N/A 46.00 (g)
PB71-PB76 W18x65 2.5 94.16 42.21 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 53.80 N/A 53.80 N/A 53.80 N/A 48.80 (g)
PB77-PB82 W18x65 2.5 95.49 48.33 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 57.50 N/A 57.50 N/A 57.50 N/A 52.50 (g)
PB83-PB88 W18x65 2.5 96.08 49.44 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 61.30 N/A 61.30 N/A 61.30 N/A 56.30 (g)
PB89-PB94 W18x65 2.5 101.10 50.55 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 64.30 N/A 64.30 N/A 64.30 N/A 59.30 (g)
PB95-PB100 W18x119 2.5 102.15 51.66 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 68.50 N/A 68.50 N/A 68.50 N/A 63.50 (g)

PB101-PB106 W18x119 2.5 102.91 52.85 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 72.50 N/A 72.50 N/A 72.50 N/A 67.50 (g)
PB107-PB112 W18x119 2.5 100.00 54.03 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 69.40 N/A 69.40 N/A 69.40 N/A 64.40 (g)
PB113-PB118 W18x119 2.5 101.07 55.23 Self Weight 0 Self Weight 0 Self Weight 0 <0.5 <1.0 64.90 N/A 64.90 N/A 64.90 N/A 59.90 (g)
PB119-PB124 W18x65 2.5 102.08 46.46 Self Weight 150 Self Weight 150 Self Weight 150 <0.5 <1.0 62.30 46.67 62.30 46.67 62.30 46.67 57.30 (b), (d), (f)
PB125-PB130 W18x65 2.5 103.91 47.71 Self Weight 150 Self Weight 150 Self Weight 150 <0.5 <1.0 65.50 47.92 65.50 47.92 65.50 47.92 60.50 (b), (d), (f)
PB131-PB136 W18x65 2.5 104.80 49.97 Self Weight 150 Self Weight 150 Self Weight 150 <0.5 <1.0 70.70 49.19 70.70 49.19 70.70 49.19 65.70 (b), (d), (f)
PB137-PB142 W18x65 2.5 106.46 51.26 Self Weight 150 Self Weight 150 Self Weight 150 <0.5 <1.0 76.70 50.48 76.70 50.48 76.70 50.48 71.70 (b), (d), (f)
PB143-PB146 W18x65 2.5 107.45 52.57 Self Weight 150 Self Weight 150 Self Weight 150 <0.5 <1.0 81.20 51.80 81.20 51.80 81.20 51.80 76.20 (b), (d), (f)
PB147-PB152 W18x65 2.5 108.66 53.46 Self Weight 150 Self Weight 150 Self Weight 150 <0.5 <1.0 85.00 52.69 85.00 52.69 85.00 52.69 80.00 (b), (d), (f)
PB153-PB156 W18x65 2.5 109.69 53.81 Self Weight 150 Self Weight 150 Self Weight 150 <0.5 <1.0 86.00 54.04 86.00 54.04 86.00 54.04 81.00 (b), (d), (f)
PB157-PB162 W18x65 2.5 111.08 54.73 Self Weight 150 Self Weight 150 Self Weight 150 <0.5 <1.0 86.60 54.96 86.60 54.96 86.60 54.96 81.60 (b), (d), (f)
PB163-PB168 W18x65 2.5 112.48 56.12 Self Weight 150 Self Weight 150 Self Weight 150 <0.5 <1.0 86.30 56.36 86.30 56.36 86.30 56.36 81.30 (b), (d), (f)
PB169-PB174 W18x65 2.5 116.94 57.54 Self Weight 150 Self Weight 150 Self Weight 150 <0.5 <1.0 85.30 57.78 85.30 57.78 85.30 57.78 80.30 (b), (d), (f)
PB175-PB180 W18x65 2.5 118.38 58.97 Self Weight 150 Self Weight 150 Self Weight 150 <0.5 <1.0 84.70 59.22 84.70 59.22 84.70 59.22 79.70 (b), (d), (f)
PB181-PB183 W18x65 2.5 124.33 60.44 Self Weight 150 Self Weight 150 Self Weight 150 <0.5 <1.0 84.20 60.68 84.20 60.68 84.20 60.68 79.20 (b), (d), (f)
PB184-PB187 W18x65 2.5 124.33 61.18 Self Weight 150 Self Weight 150 Self Weight 150 <0.5 <1.0 84.00 61.18 84.00 61.18 84.00 61.18 79.00 (b), (d), (f)
PB188-PB191 W18x119 2.5 97.30 61.50 Self Weight 150 Self Weight 150 Self Weight 150 <0.5 <1.0 83.00 62.40 83.00 62.40 83.00 62.40 78.00 (b), (d), (f)

Notes:
1) Loads provided by structural Engineer are per pile location
2) For applied lateral loads, see Figures 15 through 24 in Foundation Design Report

Table 13
Soldier Pile Schedule - Retaining Wall B

Controlling 
Load

Expected Movements
Hole

Diameter
Pile Top
Elevation

Pile Tip
Elevation Service 1 - Limit State Extreme Event Limit State

3) The design tip elevations are controlled by (a) Compression (Service 1 - Limit), (b) Tension (Service 1 - Limit) (c) Compression (Strength Limit), (d) Tension (Strength Limit), (e) Compression (Extreme Event), (f) Tension (Extreme 
Event), (g) Lateral Loads

Foundation Design Recommendations
Minimum Required Tip Elevation for Considered LoadingsStrength Limit State

Design Loads Provided by Structural Engineer 1

Pile No. Size
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Compression (a) Lateral @ Top (b) Compression © Lateral @ Top (d) Compression (e) Lateral @ Top (f) Settlement Deflection (a) (b) (c) (d) (e) (f)
(ft) (ft) (ft) (kips) (kips) (kips) (kips) (kips) (kips) (in) (in) (ft) (ft) (ft) (ft) (ft) (ft)

PR1-PR9 Not Used - - - - - - - - - - - - - - - - - -
PR10 W14x99 30 92.00 61.28 140 140 140 140 140 140 <0.5" <1.0" 77.00 84.00 77.00 84.00 77.00 84.00 (b), (d), (f)
PR11 W14x99 30 93.20 62.99 140 140 140 140 140 140 <0.5" <1.0" 78.20 85.20 78.20 85.20 78.20 85.20 (b), (d), (f)
PR12 W14x99 30 93.30 63.84 140 140 140 140 140 140 <0.5" <1.0" 78.30 85.30 78.30 85.30 78.30 85.30 (b), (d), (f)
PR13 W14x99 30 93.49 65.56 140 140 140 140 140 140 <0.5" <1.0" 78.49 85.49 78.49 85.49 78.49 85.49 (b), (d), (f)
PR14 W14x99 30 93.58 66.41 140 140 140 140 140 140 <0.5" <1.0" 78.58 85.58 78.58 85.58 78.58 85.58 (b), (d), (f)
PR15 W14x99 30 93.76 68.12 140 140 140 140 140 140 <0.5" <1.0" 78.76 85.76 78.76 85.76 78.76 85.76 (b), (d), (f)
PR16 W14x99 30 93.85 68.98 140 140 140 140 140 140 <0.5" <1.0" 78.85 85.85 78.85 85.85 78.85 85.85 (b), (d), (f)
PR17 W14x99 30 94.03 70.69 140 140 140 140 140 140 <0.5" <1.0" 79.03 86.03 79.03 86.03 79.03 86.03 (b), (d), (f)
PR18 W14x99 30 94.10 71.55 140 140 140 140 140 140 <0.5" <1.0" 79.10 86.10 79.10 86.10 79.10 86.10 (b), (d), (f)
PR19 W14x99 30 94.14 73.26 140 140 140 140 140 140 <0.5" <1.0" 79.14 86.14 79.14 86.14 79.14 86.14 (b), (d), (f)
PR20 W14x99 30 94.16 74.12 140 140 140 140 140 140 <0.5" <1.0" 79.16 86.16 79.16 86.16 79.16 86.16 (b), (d), (f)
PR21 W14x99 30 94.20 75.83 140 140 140 140 140 140 <0.5" <1.0" 79.20 86.20 79.20 86.20 79.20 86.20 (b), (d), (f)
PR22 W14x99 30 94.22 76.68 140 140 140 140 140 140 <0.5" <1.0" 79.22 86.22 79.22 86.22 79.22 86.22 (b), (d), (f)
PR23 W14x99 30 94.26 78.40 140 140 140 140 140 140 <0.5" <1.0" 79.26 86.26 79.26 86.26 79.26 86.26 (b), (d), (f)
PR24 W14x99 30 94.30 79.25 140 140 140 140 140 140 <0.5" <1.0" 79.30 86.30 79.30 86.30 79.30 86.30 (b), (d), (f)
PR25 W14x99 30 94.42 79.42 140 140 140 140 140 140 <0.5" <1.0" 79.42 86.42 79.42 86.42 79.42 86.42 (b), (d), (f)
PR26 W14x99 30 94.48 79.48 140 140 140 140 140 140 <0.5" <1.0" 79.48 86.48 79.48 86.48 79.48 86.48 (b), (d), (f)
PR27 W14x99 30 94.54 79.54 140 140 140 140 140 140 <0.5" <1.0" 79.54 86.54 79.54 86.54 79.54 86.54 (b), (d), (f)
PR28 W14x99 30 94.60 79.60 140 140 140 140 140 140 <0.5" <1.0" 79.60 86.60 79.60 86.60 79.60 86.60 (b), (d), (f)
PR29 W14x99 30 94.66 79.66 140 140 140 140 140 140 <0.5" <1.0" 79.66 86.66 79.66 86.66 79.66 86.66 (b), (d), (f)
PR30 W14x99 30 94.72 79.72 140 140 140 140 140 140 <0.5" <1.0" 79.72 86.72 79.72 86.72 79.72 86.72 (b), (d), (f)
PR31 W14x99 30 94.80 79.80 140 140 140 140 140 140 <0.5" <1.0" 79.80 86.80 79.80 86.80 79.80 86.80 (b), (d), (f)
PR32 W14x99 30 94.85 79.85 140 140 140 140 140 140 <0.5" <1.0" 79.85 86.85 79.85 86.85 79.85 86.85 (b), (d), (f)
PR33 W14x99 30 94.90 79.90 140 140 140 140 140 140 <0.5" <1.0" 79.90 86.90 79.90 86.90 79.90 86.90 (b), (d), (f)
PR34 W14x99 30 94.95 79.95 140 140 140 140 140 140 <0.5" <1.0" 79.95 86.95 79.95 86.95 79.95 86.95 (b), (d), (f)
PR35 W14x99 30 95.00 80.00 140 140 140 140 140 140 <0.5" <1.0" 80.00 87.00 80.00 87.00 80.00 87.00 (b), (d), (f)
PR36 W14x99 30 95.05 80.05 140 140 140 140 140 140 <0.5" <1.0" 80.05 87.05 80.05 87.05 80.05 87.05 (b), (d), (f)
PR37 W14x99 30 95.10 80.10 140 140 140 140 140 140 <0.5" <1.0" 80.10 87.10 80.10 87.10 80.10 87.10 (b), (d), (f)
PR38 W14x99 30 95.15 80.15 140 140 140 140 140 140 <0.5" <1.0" 80.15 87.15 80.15 87.15 80.15 87.15 (b), (d), (f)
PR39 W14x99 30 95.20 80.20 140 140 140 140 140 140 <0.5" <1.0" 80.20 87.20 80.20 87.20 80.20 87.20 (b), (d), (f)
PR40 W14x99 30 95.32 80.32 140 140 140 140 140 140 <0.5" <1.0" 80.32 87.32 80.32 87.32 80.32 87.32 (b), (d), (f)
PR41 W14x99 30 95.44 80.44 140 140 140 140 140 140 <0.5" <1.0" 80.44 87.44 80.44 87.44 80.44 87.44 (b), (d), (f)
PR42 W14x99 30 95.56 80.56 140 140 140 140 140 140 <0.5" <1.0" 80.56 87.56 80.56 87.56 80.56 87.56 (b), (d), (f)
PR43 W14x99 30 95.68 80.68 140 140 140 140 140 140 <0.5" <1.0" 80.68 87.68 80.68 87.68 80.68 87.68 (b), (d), (f)
PR44 W14x99 30 95.80 80.80 140 140 140 140 140 140 <0.5" <1.0" 80.80 87.80 80.80 87.80 80.80 87.80 (b), (d), (f)
PR45 W14x99 30 95.92 80.92 140 140 140 140 140 140 <0.5" <1.0" 80.92 87.92 80.92 87.92 80.92 87.92 (b), (d), (f)
PR46 W14x99 30 96.04 81.04 140 140 140 140 140 140 <0.5" <1.0" 81.04 88.04 81.04 88.04 81.04 88.04 (b), (d), (f)
PR47 W14x99 30 96.10 81.10 140 140 140 140 140 140 <0.5" <1.0" 81.10 88.10 81.10 88.10 81.10 88.10 (b), (d), (f)
PR48 W14x99 30 96.22 81.22 140 140 140 140 140 140 <0.5" <1.0" 81.22 88.22 81.22 88.22 81.22 88.22 (b), (d), (f)
PR49 W14x99 30 96.34 81.34 140 140 140 140 140 140 <0.5" <1.0" 81.34 88.34 81.34 88.34 81.34 88.34 (b), (d), (f)
PR50 W14x99 30 96.46 81.46 140 140 140 140 140 140 <0.5" <1.0" 81.46 88.46 81.46 88.46 81.46 88.46 (b), (d), (f)
PR51 W14x99 30 96.58 81.58 140 140 140 140 140 140 <0.5" <1.0" 81.58 88.58 81.58 88.58 81.58 88.58 (b), (d), (f)

1) Loads provided by structural Engineer are per pile location
2) No tensile (uplift) loads are expected on the rakers.

3) The design tip elevations are controlled by (a) Compression (Service 1 - Limit), (b) Lateral (Service 1 - Limit) (c) Compression (Strength Limit), (d) Lateral (Strength Limit), (e) Compression (Extreme Event), (f) Lateral (Extreme Event).

Table 14
Raker Schedule

Pile Tip
Elevation

Design Loads Provided by Structural Engineer 1 Foundation Design Recommendations
Service 1 - Limit State Strength Limit State Extreme Event Limit State Expected Movements inimum Required Tip Elevation for Considered Loading

Controlling 
Load

Adjacent
Pile No. Size

Hole
Diameter

Pile Top
Elevation
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Depth Below Top of Wall Required Unbonded Length
(ft) (ft)

1 6 27
2 14 20
3 34 14

Table 15
Summary of Ground Anchor Requirements

Ground Anchor 
Level
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SITE VICINITY MAP
Doyle Drive Replacement Project

Southbound Battery Tunnel Foundation Report
San Francisco County Transportation Authority

 August 2009                                     San Francisco, California

FIGURE 1

Source: USGS, San Francisco North Quadrangle, California, 7.5-Minute Series (Topographic), 1996
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Subsurface Stratigraphy Cross Section D-D'

Transverse Cross Section at Station 78+00 SB
 Across Battery Tunnels (Bridge No. 34-0161 R/L)
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Transverse Cross Section at Station 81+00 SB
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Subsurface Stratigraphy, Section F-F' 

Transverse Cross Section at Station 85+00 SB
 Across Battery Tunnels (Bridge No. 34-0161 R/L)
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San Francisco County Transportation Authority
Southbound Battery Tunnel Foundation Report

Doyle Drive Replacement Project

August 2009

FIGURE 11

PHOTOGRAPHS OF TYPICAL GEOLOGIC FEATURES

Brecciated Sandstone:  Small blocks of sandstone filled around by soft white clay.
(Borehole: RW8-R1-PZ, Depth: 51.2 to 51.95 feet)

Mylonized Sandstone: Very intensely weathered and sheared.  Comprised of up to 50% clay.
(Borehole: RW6-R2-PZ-D, Depth: 45.0 to 45.9 feet)

Mélange Matrix:  Sandstone blocks within a Sheared Shale Matrix.
(Borehole: BTNB-R5-PZ-D, Depth: 49.5 to 50.5 feet)

Sandstone and Shale: Bedding distorted by soft sediment deformation and micro-faulting.
Surface of core is pitted.
(Borehole: BTSB-R1, Depth: 45.5 to 46.3 feet)

Slickensides: Evidence of shearing
on fracture surface in sandstone.
(Borehole: BTSB-R1, Depth: 35.9 feet)

SANDSTONE SHALE

Sandstone Block

Slickensides: Evidence of shearing on
fracture surface in serpentinite. Secondary
white mineral deposit on fracture surface.
(Borehole: BTNB-R2, Depth: 61.8 feet)

Fibrous Texture: Fibers (asbestos?) present in serpentinite.
(Borehole: BTNB-R2, Depth: 37.5 to 37.9 feet)
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FIGURE 12

SPT-BASED LIQUEFACTION
TRIGGERING CORRELATION: FILL

FILL

Note:
     Probabilistic liquefaction (PL) curves are for  an 
     earthquake moment magnitude, Mw= 7.5 and an
     effective overburden stress, σ'v =1 .0 atm

Symbol Borehole
BTSB-R1-PZ
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FIGURE 13

SPT-BASED LIQUEFACTION
TRIGGERING CORRELATION: COLMA SAND

COLMA SAND

Note:
     Probabilistic liquefaction (PL) curves are for  an 
     earthquake moment magnitude, Mw= 7.5 and an
     effective overburden stress, σ'v =1 .0 atm

Symbol Borehole
BTNB-R3
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Doyle Drive Replacement Project
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FIGURE 14

ESTIMATED VERTICAL SPRING CONSTANTS
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FIGURE 15

LONG-TERM STATIC EARTH PRESSURE DIAGRAM FOR THE
SOUTHBOUND BATTERY TUNNEL AT STATION 78+00
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FIGURE 16

LONG-TERM STATIC EARTH PRESSURE DIAGRAM FOR THE
SOUTHBOUND BATTERY TUNNEL AT STATION 81+00
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FIGURE 17

LONG-TERM STATIC EARTH PRESSURE DIAGRAM FOR THE
SOUTHBOUND BATTERY TUNNEL AT STATION 85+00
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FIGURE 18

LONG-TERM SEISMIC EARTH PRESSURE DIAGRAM FOR THE
SOUTHBOUND BATTERY TUNNEL AT STATION 78+00
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FIGURE 19

LONG-TERM SEISMIC EARTH PRESSURE DIAGRAM FOR THE
SOUTHBOUND BATTERY TUNNEL AT STATION 81+00
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FIGURE 20

LONG-TERM SEISMIC EARTH PRESSURE DIAGRAM FOR THE
SOUTHBOUND BATTERY TUNNEL AT STATION 85+00
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FIGURE 21

APPARENT PRESSURE DIAGRAM FOR BRACED EXCAVATIONS
ALONG THE SOUTHBOUND BATTERY TUNNEL AT STATION 78+00
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FIGURE 22

APPARENT PRESSURE DIAGRAM FOR BRACED EXCAVATIONS
ALONG THE SOUTHBOUND BATTERY TUNNEL AT STATION 81+00
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FIGURE 23

APPARENT PRESSURE DIAGRAM FOR BRACED EXCAVATIONS
ALONG THE SOUTHBOUND BATTERY TUNNEL AT STATION 85+00
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FIGURE 24

EQUIVALENT SURCHARGES TO BE APPLIED
TO THE TUNNEL AND RETAINING WALLS
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FIGURE 25

EMPIRICAL ESTIMATES OF EXCAVATABILITY OF
ROCK BASED ON THE RESULTS OF POINT
LOAD AND SUSPENSION VELOCITY TESTS
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Above Foundation
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Foundation
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Symbol Rock Identification
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Excavation
Sandstone >10' Below 

Excavation
Gabbro Below 
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Melange Matrix Below 

Excavation
Serpentinite Below 
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Greenstone Below 
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Notes:
    1.) Excavatability of rock based on criteria as shown in Fig. 8 of Naval Facilities Engineering
    Command, Design Manual 7.02 (1986).
    2.) Blasting criteria are as shown in Fig. 9 of Naval Facilities Engineering Command,
    Design Manual 7.02 (1986).
    3.) Velocity data presented is from P-wave results obtained from suspension velocity logging.
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FIGURE 26

COMPARISON OF RESULTS FROM
ACOUSTIC TELEVIEWER TESTS AND ORIENTED

ROCK CORING TESTS PLOTTED ON STEREONETS

Oriented Coring Results Televiewer Results

Borehole: BTNB-R7-PZ-D

Oriented Coring Results Televiewer Results

Borehole: BTNB-R6-PZ-D

Oriented Coring Results

Borehole: BTSB-R3-PZ-D

Oriented Coring Results Televiewer Results

Borehole: RW6-R2-PZ-D

Oriented Coring Results Televiewer Results

Notes:
   1.)  Stereonet plots are equal area, lower hemisphere projections.
   2.)  Groupings of similar rock orientations are shown on each plot along with the corresponding pole location.
   3.)  An acoustic televiewer test was not performed in Borehole BTNB-R6-PZ-D.  Oriented Coring was not
         performed in borehole RW6-R1-PZ
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FIGURE 27

STABILITY ANALYSIS  OF THE PROPOSED
RE-GRADING AT THE WEST PORTAL OF THE

SOUTHBOUND BATTERY TUNNEL
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APPENDIX A.1 
Logs of Test Borings 



This LOTB sheet was prepared in accordance with

the CALTRANS Soil & Rock Logging, Classification,

and Presentation Manual (June 2007), with the exception

of Section 2.3.

NOTE:-

"NB" LINE

"SB"LINE

BENCH MARK

BM SF 14 Elev 96.261

N 2121118.081

S 5992820.017

DATUM:

Horizontal NAD83

Vertical NAVD88

LOCATION AND DESCRIPTION:

Set 1" Caltrans brass plug in concrete, northbound Lincold Blvd,

approx. 205’ north of the north over-crossing of Doyle Drive, on

a concrete vista point structure, 21.1’ north of the first bollard

after a bus turnout, 14.4’ southeast of 1.3’ wide raised wall

in the vista point structure, 2’ west of the east edge.
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Grades brown.

Grades very stiff.

Grades dense, with black specks.

Grades yellowish brown with black mottling and iron-oxide staining.

Fractures are variably oriented, heavy iron-oxide staining on fracture surfaces.

Healed white anastomized fractures.
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Termination at El -39.4

Elev -35.7’, gabbroic.

Elev -32.5’, light greenish gray, soft, intensely fractured (non-gabbroic).

Elev -30.9’, fibrous secondary mineral deposit on fracture.

Elev -31.53’ to Elev -32.4’, white mineral vein infilling.

Elev -30.0’ to Elev -32.5’, very dark gray, gabbroic, dense, moderately hard, moderately fractured.
Elev -28.7’, fibrous texture noted.
Elev -27.3’ to Elev -29.4’, brecciated zone.
Elev -26.3’ to Elev -29.3’, polished surfaces on fractures.

Elev -17.4’ to Elev -20.1’, intensely fractured (mechanical).

Elev 5.7’ to Elev 4.8’, white apparent decomposition to talc?

Elev 11.1’ to Elev 10.8’ and Elev 10.3’ to Elev 10.0’, white apparent decomposition to talc?

Elev 20.8’ to Elev 20.0’, interbedded siltstone lenses (soft sediment deformation?).

Elev 29.2’ to Elev 27.8’, very intensely fractured (fragments of sandstone and siltstone mylonized)

Elev 31.4’ to Elev 30.6’, interbedded siltstone lenses (0.1 to 0.3’ thick) with soft sediment deformation.

Elev 39.3’ to Elev 38.4’, brecciated zone.

Elev 88.6’ to Elev 88.1’, remnant BRICK structure.

This LOTB sheet was prepared in accordance with

the CALTRANS Soil & Rock Logging, Classification,

and Presentation Manual (June 2007), with the exception

of Section 2.3.

560 Mission Street, Suite 700

San Francisco, CA 94105

Arup PB Joint Venture
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FOR PLAN VIEW SEE "LOG OF TEST BORINGS 1 OF 17"

78+000 79+000

Poorly graded SAND with CLAY (SP-SC), medium dense, reddish brown, moist, fine to medium, with occasional coarse SAND.

Lean CLAY (CL), stiff to very stiff, reddish brown, moist, with trace SAND, with frequent black specks and crushable nodules. 

Lean CLAY (CL), reddish brown, with crushed nodules, with white veins, slight rock structure, completely weathered rock. 

SEDIMENTARY ROCK (SANDSTONE BRECCIA), fine grained, dark brown and yellowish brown, moderately weathered, soft with harder inclusions, moderately fractured.

METAMORPHIC ROCK (SERPENTINITE), dark greenish gray, intensely weathered, very soft, very intensely fractured, pervasively sheared.

SEDIMENTARY ROCK (SANDSTONE BRECCIA), fine to medium grained, dark yellowish brown, moderately weathered, soft (with 0.05’ to 0.1’ thick fragments of siltstone and sandstone).

Elev -2.4’, white secondary mineral "blocks" and vein fillings common throughout interval (up to 0.05’ thick).

Elev -33.73’, 0.01’ thick fibrous secondary mineral deposit on fracture-oriented perpendicular to fracture.

METAMORPHIC ROCK (SERPENTINITE), light greenish gray and dark greenish gray, slightly weathered to fresh, very soft to moderately hard, moderately to slightly fractured, common 

white secondary mineral veins, commonly intensely sheared.
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SILTY SAND (SM), dark brown, moist, fine, with fine angular GRAVEL, with roots and plant debris, earthy odor detected. [FILL]

Poorly graded SAND with SILT (SP-SM), loose, yellowish brown, moist, fine, with wood pieces, earthy odor detected. [FILL]

Poorly graded SAND (SP), loose, yellowish brown, moist, very fine, trace fines. [FILL]

Grades dark brown.

Silty CLAY (CL-ML), medium stiff, dark brown, moist, trace fine SAND, earthy odor detected.

Lean CLAY (CL), yellowish brown, with black specks and dark gray mottling, trace very fine SAND.

SAND is fine.

Grades with trace fine SAND.

SEDIMENTARY ROCK (SANDSTONE), fine to medium, reddish brown, decomposed, very soft (poorly graded SAND (SP), very dense, fine to medium, moist).

Grades to yellowish brown, moderately weathered, moderately soft to soft, moderately fractured, numerous incipiant fractures, fractures are filled with white precipitate (soft).

08/20/09
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2/19/2008

70.422

Grades with pockets of SANDY CLAY.

Black carbon nodule up to 1/4" diameter.
Grades dark yellowish brown.
Poorly graded SAND with CLAY (SP-SC), very dense, reddish brown, moist, fine.
Grades yellowish brown.
Grades reddish brown with yellowish brown layer, with occasional black specks.
Grades very dense, yellowish brown.

25.4’, grades clayey.

Greenish gray non-gabbroic, pervasively sheared, slightly weathered to fresh, soft.

Recovery is dark gray gabbroic blocks only.
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BM SF 14 Elev 96.261’

Poorly graded SAND (SP), dense, reddish brown, moist, fine, trace fines.
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Elev -23.6’, soft, secondary white mineral disceminated throughout.
Elev -21.1’, diagonal white secondary mineral vein filliing.
Elev -20.1’, iron-oxide staining.
Elev -13.9’ to Elev -14.3’, harder blocks.
Elev -12.9’, light greenish gray, very soft to soft.

Elev -10.1’, 0.3’ block of greenish gray harder serpentinite (gabbroic).
Elev -8.1’ to Elev -8.4’, dark purple block of harder serpentinite (gabbroic).

Elev -4.6’, very soft.
Elev -3.6’, surface pitted.

Elev -2.6’, green and greenish gray, very soft, slightly weathered.
Elev -1.7’, white mineral vein (0.08’ thick).

Elev -1.2’, white minearl vein (0.08’ thick) with fibrous texture.
Elev -0.6’ to Elev -1.1’, light green mineral vein infilling (chlorite?).

Elev 1.4’ to Elev -0.1’, surface of core is slightly pitted.

Elev 1.9’, green and dark gray, moderately soft, moderately fractured.
Break at Elev 68.95’ is mechanical.

Elev 8.9’, reddish brown slightly oxidized zone.

Termination at El -38.6

ERi = 72.9%

Elev 67.9’, piece of plastic.

5"

TERRENCE CARROLL

3 of 17

FOR PLAN VIEW SEE "LOG OF TEST BORINGS 1 OF 17"

78+000

SILT with SAND (ML), medium stiff, yellowish brown, dry to moist, with light yellowish brown mottling and black specks, strongly cemented, with piece of decayed vegetation.

Grades to SANDY SILT,  yellowish to reddish brown, dry to moist, SAND is fine, with light yellowish brown mottling, with black specks.

Lean CLAY with SAND (CL), very stiff, grayish and yellowish brown, moist, pockets of cemented SAND up to 1/8" diameter, occasional piece of angular fine GRAVEL.

METAMORPHIC ROCK (SERPENTINITE), dark greenish gray, moderately weathered, gabbroic recovery is broken with largest core length 0.2’.

Elev -0.1’, 0.15’ thick diagonal white mineral vein, moderate iron-oxide staining on fracture surfaces at Elev 1.0’ to Elev -0.2’.

Dark purple blocks of harder serpentinite (gabbroic) at -6.1’, -7.1’, and -6.6’ (each 0.2’ thick).

Elev -12.1’ to Elev -12.9’, dark greenish gray, intensely fractured, moderately hard, moderately strong, slightly weathered.

Elev -25.4’ to Elev -26.6’, dark greenish gray, moderately hard, intensely to moderately fractured (no secondary, not internally sheared), fibrous mineralization noted along fractures.

Elev -34.3’ to Elev -35.2’ and Elev -36.6’ to Elev -37.6’, recovery is broken, moderately hard, dark gray and green gabbroic serpentinite up to 2.5" in length.

Elev -34.6’ to Elev -35.0’, recovery is only loose, moderately strong, moderately hard, fresh blocks of dark gray and green serpentinite up to 1" in length.
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04242

163741
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Terrence Carroll

C68869

9/30/2009

560 Mission Street, Suite 700

San Francisco, CA 94105

Arup PB Joint Venture

PAUL TONKIN

TERRENCE CARROLL

9.0/9.2

34-161L
DESIGN OVERSIGHT

SIGN OFF DATE LOG OF TEST BORINGS

FRANK GREGURASNAME:RANDY ANDERSON SOUTHBOUND BATTERY TUNNEL

07/22/09        08/07/09

CLAYEY GRAVEL (GC), medium dense, reddish brown, dry to moist, fine, angular, with fine to coarse sand, with black organic mottling.  [FILL]

SANDY ORGANIC SOIL (OL), soft to medium stiff, very dark brown, moist, SAND is fine, with decayed vegetation up to 1.5" diameter, slight organic odor detected.

Grades dense with iron-oxide staining.

Grades fine to medium, with pockets of slight cementation, with occasional black specks and iron-oxide staining.

Grades fine.
Grades dense, dark yellowish brown and light yellowish brown, trace fines, grades fine to medium.

Grades yellowish brown, fine, moist, horizontally laminated, with iron-oxide mottling.

Poorly graded SAND (SP), medium dense, dark yellowish brown, wet, fine to medium, with iron-oxide mottling, with crushable black carbon nodules.

Poorly graded SAND with CLAY (SP-SC), dense, dark yellowish brown, moist, fine to very fine, with iron-oxide mottling.

08/20/09
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2/29/2008

6" ASPHALT CONCRETE.

10" Unreinforced aggregate CONCRETE.

Grades dark brown.

Poorly graded SAND, dense, yellowish brown, moist, fine, trace fines.

Grades to reddish brown with black oxidized nodules (up to 1/4" diameter).

Grades with increase in fines content.

Grades yellowish brown.

Grades with occasional pockets of SANDY CLAY (up to 1/8" diameter).

Bluish gray and very dark gray.
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BM SF 14 Elev 96.261’

Lean CLAY (CL), soft, dark brown, moist, trace fine SAND.
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Elev -4.2’ to Elev -4.7’, sand-like texture.

Elev 23.7’, white secondary mineralization forming a banding effect.

Termination at El -22.9

Elev 58.3’, grades weakly cemented.

This LOTB sheet was prepared in accordance with

the CALTRANS Soil & Rock Logging, Classification,

and Presentation Manual (June 2007), with the exception

of Section 2.3.

560 Mission Street, Suite 700

San Francisco, CA 94105

Arup PB Joint Venture

     

4 of 17

FOR PLAN VIEW SEE "LOG OF TEST BORINGS 1 OF 17"

SILT (ML), medium stiff, yellowish brown, moist, trace fine SAND, frequent dark brown oxidized nodules (up to 1/2" diameter).

SILTY SAND (SM), medium dense, yellowish brown, moist to wet, fine, with root hairs (up to 1/16" diameter), with black oxidized nodules (up to 1/16" diameter).

Poorly graded SAND with SILT (SP-SM), medium dense, yellowish brown, moist to wet, fine to medium.

Elev 57.1’, occasional fine GRAVEL (up to 1/2" diameter), subrounded, reddish brown (chert fragment).

Lean CLAY (CL), very stiff, yellowish brown and reddish brown, moist, trace fine SAND, with black specks.

Lean CLAY (CL), hard, yellowish brown and light gray, trace fine SAND, mottled, with iron-oxide staining, with black specks

SEDIMENTARY ROCK (SANDSTONE), fine to coarse grained, light yellowish brown, decomposed, very soft, very intensely fractured.  (CLAYEY SAND (SC), very dense, light 
yellowish brown, dry, fine to coarse, faint dark reddish brown predefined fracture planes, slight rock structure, with frequent manganese oxide staining.)

SEDIMENTARY ROCK (SILTSTONE), dark brown, intensely weathered, moderately hard, very intensely fractured.

METAMORPHIC ROCK (SERPENTINITE), greenish gray and yellowish brown, very intensely weathered, moderately soft, very intensely fractured.

METAMORPHIC ROCK (GRANULITE), medium to coarse SAND and fine GRAVEL-sized, yellowish brown and light greenish gray, intensely weathered, soft, very intensely 
fractured (crushed), intensely mylonized, localized sheared surfaces on more competent 0.1’ to 0.2’ thick blocks.

Elev 23.1’, dark olive gray and very dark gray, moderately weathered, moderately hard to locally soft, inensely fractured, fractures dipping 15^ to 25^, common 
secondary mineralization along closely spaced fractured/sheared surfaces throughout interval, commonly breaks 0.1’ to 0.2’ fragments (hard).

METAMORPHIC ROCK (SERPENTINITE), greenish gray and dark gray, intensely weathered, variably very soft to moderately hard, very intensely fractured, sharp changes 
in rock texture (non-grading), more intensely weathered intervals exhibit texture of SILT (ML), with SAND, soft, moist, SAND is fine.

79+000 80+000

Elev 16.3’, greenish gray and dark gray, intensely weathered, variably very soft to moderately hard, very intensely fractured.

STEPHEN MCLANDRICH
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 FRANK GREGURAS
  

PROJECT ENGINEER 

PREPARED FOR THE

STATE OF CALIFORNIA
DEPARTMENT OF TRANSPORTATION

04242

163741

04 SF 101 8.8/9.2     

Terrence Carroll

C68869

9/30/2009

560 Mission Street, Suite 700

San Francisco, CA 94105

Arup PB Joint Venture

PAUL TONKIN

TERRENCE CARROLL

9.0/9.2

34-161L
DESIGN OVERSIGHT

SIGN OFF DATE LOG OF TEST BORINGS

FRANK GREGURASNAME:RANDY ANDERSON SOUTHBOUND BATTERY TUNNEL

07/22/09        08/07/09

GRAVELLY fat CLAY (CH), loose, dark brown, moist, GRAVEL is angular, with SAND. [FILL]

Poorly graded SAND (SP), loose, dark yellowish brown, dry to moist, fine, trace fines. [FILL]

Fat CLAY (CH), very stiff, yellowish brown and grayish brown, dry to moist, trace SAND, with black specks, mottled.

08/20/09
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79.353

PL

PL

Poorly graded SAND with SILT (SM), dense, dark yellowish to reddish brown, moist,  fine.

Grades yellowish brown, with iron-oxide mottling, with black nodules (up to 1/8" diameter).

BTNB-R7-PZ-D

BM SF 14 Elev 96.261’

Poorly graded SAND (SP), loose, dark yellowish brown, moist, fine.  [FILL]

SILT (ML), soft, dark brown, wet, trace fine SAND, with crushable iron-oxide nodules.
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Termination at El -33.6

ERi=72.9%
Elev -28.4’, intensely fractured (internally sheared), soft, slightly weathered.

Elev -27.5’ to Elev -28.4’, gabbroic.

Elev -27.5’ to Elev -27.9’, dipping 40^.

Elev -27.5’, moderately fractured, moderately hard, fresh.

Elev -25.3’, healed fractures with secondary mineral formation, vein fillings.

Elev -22.5’, sub-horizontal fracture.

Elev -17.6’, dipping 70^.

Elev -18.2’, slightly weathered to fresh.

Elev -12.6’, intensely to moderately fractured (internally sheared/crushed).

Elev -9.6’, same as above, with irregular sub-horizontal surfaces.

Elev 1.4’, minor localized iron-oxide staining.

Elev 1.0’, horizontal contact.

Elev 12.4’, slightly fractured, moderately hard.

Elev 14.9’, moderately weathered, locally intensely sheared/crushed.

Elev 17.3’, serpentinized zone (0.2’).

Elev 21.4’, medium fractured, moderately hard, moderately strong, moderately weathered.

Elev 23.6’, internally crushed, very soft, intensely to moderately weathered.

Elev 23.8’, 1/4" thick mylonized clayey fracture filling.

Elev 24.9’, moderately fractured, very soft to soft, intensely to moderately weathered.

Elev 26.4’, sub-horizontal and dipping 30^ fractures.

Elev 29.2’, very intensely fractured (clayey), intensely sheared, moderately weathered.

Elev 28.1’, intensely fractured, moderately hard, slightly weathered, orthogonal fracture planes.

Elev 30.9’, intensely fractured.

Elev 31.9’, greenish gray, core broken into fragments ranging from 0.05’ to 0.2’.

Elev 32.4’, abrupt color change to purplish brown, moderately soft, moderately strong, moderately
to slightly weathered.  Orthogonal filled fractures up to 45^ dip.

Elev 34.9’, soft, moderately weathered, with moderately soft zones.

Elev 67.4’, black vertical seam of organic filling.

Elev -4.4’ to Elev -4.2’, approximately 40^ dipping shistosity.

Elev 22.1’ to Elev 21.9’, intensely fractured zone.

5"

TERRENCE CARROLL

5 of 17

FOR PLAN VIEW SEE "LOG OF TEST BORINGS 1 OF 17"

SILTY SAND (SM), medium dense, yellowish brown to reddish brown, moist, with crushable iron-oxide nodules, fine.

Crushed zones at Elev 49.0’, Elev 49.3, and Elev 49.8’. Common manganese-oxide coating on fracture planes.

Elev 21.4’, intensely fractured, soft to moderately soft, moderately weathered, iron-oxide staining on micro-fractures.

Elev 21.2’, white preciptate on fracture face (calcite?), 1/16" thick precipitate filling on additional micro-fractures throughout.

Elev 19.7’, intensely fractured, friable, very weak, severe to moderate weathering.  Highly sheared zone.

Elev 17.4’, intensely fractured, soft, locally internally sheared, moderately to slightly weathered, up to 1/4" thick tan to very light brown (calcite?) filling.

Elev 10.4’, variably oriented fractures, grades green, with anastomozing veins of (clear) gray mineral filling (translucent).

Grades to shaley serpentinite, moderately fractured, soft to moderately hard, with soft intervals (up to 0.4’ at Elev -22.7’), slightly weathered to fresh.

Elev 9.4’, intensely fractured, localized iron-oxide staining, translucent vein fillings up to 0.08’ thick, variably oriented (healed shear zones), commonly fractured.

Elev 4.9’, slightly fractured (internally intensely sheared), serpentinitic, soft (locally plastic), moderately to slightly weathered, continued translucent vein filling.

79+000

Elev 0.5’, intensely fractured, very soft, moderately weathered (internally crushed), predominantly comprised of talc.  Remnant rock fabric with serpentinite appearance, highly sheared.

METAMORPHIC ROCK (SERPENTINITE), bluish gray, very slightly fractured, slightly weathered (internally highly sheared), with "platey" texture, talc? on internal fracture planes.

Elev -26.6’, intensely fractured to crushed (internally sheared), slightly weathered to fresh, abundant chlorite? fracture and vein filling up to 1/8" wide (healed fractures).

SILT with SAND (ML), medium stiff, yellowish brown, moist, SAND is fine, with pockets of dark brown iron-oxide staining up to 1/4" diameter.

METAMORPHIC ROCK (GREENSTONE), dark greenish gray, intensely fractured, moderately hard, moderately weathered, iron-manganese rich mineral composition, internally folliated with elongated crystals, 
iron-oxide staining throughout, prominent healed fractures filled with white mineral dipping 68°.

Elev 34.3’ to Elev 34.2’ and Elev 34.1’ to Elev 33.9’, soft, 0.1’ to 0.2’ thick intensely sheared zones, locally very intensely weathered, thin mineral filled fractures in soft zones, predominantlyn 
sub-horizontal very soft zones with intersecting 45^ fractures, manganese-oxide coating on fracture planes.

Elev 18.4’, slightly fractured, moderately hard, slightly weathered, variably oriented fractures, commonly filled with tan to light brown (calcite?) filling.  Fractures are commonly closed (intensely spaced 
internally), localized iron-oxide staining.

Elev 3.4’, moderately hard, slightly weathered, abundant closed fractures, abundant fine to medium sand-sized particles along fractues, ferro-magnesium minerals predominate, localized iron-oxide 
staining (minor).

IGNEOUS ROCK (GABBRO), dark gray and bluish gray, moderately fractured (internally sheared and crushed), very soft to moderately hard, moderately to slightly weathered.  Serpentinite appearance 
with platey mineral structure common.

Elev -4.6’, very intensely to intensely fractured, moderately soft, slightly weathered.  Highly weathered (40^ to 90^), intensely sheared planes/fractures.  Locally phyllitic in appearance, secondary 
mineralization along micro-fractures, locally serpentinized appearance (chlorite?).

Elev -6.6’, intensely fractured, intensely sheared with foliated appearance, alternating light green and dark gray.  Green mineral (chlorite?) fibrous, perpendicular to veins.  Locally crushed, friable, 
plastic.  Primary orientation of folliation is vertical.

Elev -30.6’, very slightly fractured (very intensely micro-fractured), fresh (much of core has appearance of highly sheared shale with secondary (chlorite?) mineral formation along weak 
zones).
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STATE OF CALIFORNIA
DEPARTMENT OF TRANSPORTATION

04242

163741

04 SF 101 8.8/9.2     

Terrence Carroll

C68869

9/30/2009

560 Mission Street, Suite 700

San Francisco, CA 94105

Arup PB Joint Venture

PAUL TONKIN

TERRENCE CARROLL

9.0/9.2

34-161L
DESIGN OVERSIGHT

SIGN OFF DATE LOG OF TEST BORINGS

FRANK GREGURASNAME:RANDY ANDERSON SOUTHBOUND BATTERY TUNNEL

07/22/09        08/07/09

GRAVEL with SAND (GP), dark gray and brown, moist, angular, sand is fine.  [FILL]

SILTY SAND (SM), loose, dark brown, wet, fine to very fine.

Grades very dense.

08/20/09
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Grades with increased SAND content.

Heavy iron-oxide staining throughout run.

80+000

BM SF 14 Elev 96.261’

Grades very dense.

Cuttings are yellowish brown SANDY SILT.
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 GSW El. 21.6
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This LOTB sheet was prepared in accordance with

the CALTRANS Soil & Rock Logging, Classification,

and Presentation Manual (June 2007), with the exception

of Section 2.3.

Elev -1.9’ to Elev -2.2’, reduced diameter.

Elev -3.2’ to Elev -3.5’, mechanical breaks.

Elev -3.6’ to Elev -4.2’, very soft (CLAY-like), light bluish gray.

Elev -4.2’ to Elev -5.2’, variable softness (very soft to moderately hard).

Elev -7.9’ to Elev -8.3’, slightly weathered, very soft.

Elev 4.1’, very light gray.

Elev 5.3’, color change to dark bluish gray.

Elev 6.6’ to Elev 6.0’, reduced diameter.

Elev 6.8’ to Elev 6.7’, very soft (CLAY-like).

Elev 7.8’ to Elev 7.6’, very soft.

Elev 9.9’ to Elev 9.1’, heavy iron-oxide staining.

Elev 10.3’, very intensely fractured (entire run).

Elev 13.4’ to Elev 12.6’, intensely weathered, very soft serpentinite.

Elev 13.9’, light orangish brown staining.

Elev 16.7’, sub-horizontal shearing planes with heavy iron-oxide staining.

Elev 21.3’ to Elev 21.0’ and Elev 20.75’ to Elev 20.5’, zones of very soft serpentinite.
Elev 23.0’, Elev 22.85’, and Elev 22.5’, light yellowish brown CLAY infilling.

Elev 24.25’, Elev 23.8’, and Elev 23.65’, black staining on fracture surfaces (manganese-oxide?).

Elev 24.7’ to Elev 24.3’ and Elev 23.9’ to Elev 23.7’, 45^ dipping fractures.

Elev 25.8’, intensely weathered, very soft, heavy iron-oxide staining.

Elev 27.8’ to Elev 27.6’, white minerals common with tan CLAY infilling.

Elev 28.3’, moderately hard, with localized shearing.

Elev 34.3’ to Elev 33.7’, moderately hard, gabbroic with localized shearing.

Elev 36.05’, white clay seam infilling.

Elev 84.3’, serpentinite cobble up to 1/8" diameter.

Elev 85.4’ ASPHALT CONCRETE; 6" UNREINFORCED CONCRETE.

Termination at El -13.7
ERi = 72.9%

TERRENCE CARROLL AND 
BRANDAN KLUZNIAK

6 of 17

FOR PLAN VIEW SEE "LOG OF TEST BORINGS 1 OF 17"

SILTY SAND (SM), yellowish brown, moist, SAND is fine to medium, with trace subangular serpentinite fragments, with dark brown oxidized nodules.  [FILL]

Elev 82.3’, block of serpentinite, yellowish brown and greenish brown, fine-grained, decomposed (SILT (ML), stiff, dry to moist).

SANDY SILT (ML), very stiff, yellowish brown to dark yellowish brown, moist, SAND is fine, with dark brown specks, with thin gray CLAY seams.

CLAYEY SAND (SC), medium dense, yellowish brown, moist, fine to medium, with black specks, slightly cemented.

Poorly graded SAND with CLAY (SP-SC), medium dense, yellowish brown, moist, fine to medium, with black specks.

Lean CLAY with SAND and GRAVEL (CL), medium stiff to stiff, yellowish brown, moist, GRAVEL is fine to coarse, subangular serpentinite fragments.

METAMORPHIC ROCK (Serpentinite), fine-grained, yellow and greenish gray, decomposed, very soft (SILT (ML), stiff, horizontally laminated, dry).

Elev 34.8’, 0.2’ thick zone, horizontally fissured, soft, dark mineral fragments up to 0.01’ in diameter.

Elev 23.6’, moderately weathered, moderately hard, iron-oxide staining limited to fracture planes.

Elev 17.2’, white secondary mineral deposit on fracture plane, moderately to intensely weathered, moderately hard.

IGNEOUS ROCK (Gabbro), aphanitic, very dark gray to black, moderately to slightly weathered, moderately hard to hard, very intensely fractured.

Elev 11.9’, thin light gray secondary mineral deposit, localized shearing on through fractures, color change to very dark gray/black.

METAMORPHIC ROCK (Serpentinite), intensely weathered, moderately soft, light greenish gray.

greenish gray, light gray and reddish brown, intensely weathered, very intensely fractured, internally crushed and sheared (SILT (ML), medium stiff, moist to wet, trace fine to medium SAND), pervasively 
sheared, iron-oxide staining throughout rock mass.

Elev 1.6’, very soft (CLAY-like), bluish gray (gabbroic), secondary white mineral on shearing planes.

Elev -1.1’ to Elev -1.3’, Elev -1.7’ to Elev -1.9’, and Elev -2.2’ to Elev -2.4’, severely weathered,very soft.

Elev -2.5’, moderately weathered, intensely fractured, moderately hard, dark to very dark gray, predominantly gabbroic.

Elev -10.2’ to Elev -10.5’, secondary white mineral on predominant fracture plane, ipping approximately 70^.

Elev -11.2’ to Elev -11.5’, intensely fractured, slightly weathered to fresh, ery soft.

Elev -5.7’ to Elev -7.4’, moderately hard, with horizontal markings from drill bit.
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STATE OF CALIFORNIA
DEPARTMENT OF TRANSPORTATION

04242

163741

04 SF 101 8.8/9.2     

Terrence Carroll

C68869

9/30/2009

560 Mission Street, Suite 700

San Francisco, CA 94105

Arup PB Joint Venture

PAUL TONKIN

TERRENCE CARROLL

9.0/9.2

34-161L
DESIGN OVERSIGHT

SIGN OFF DATE LOG OF TEST BORINGS

FRANK GREGURASNAME:RANDY ANDERSON SOUTHBOUND BATTERY TUNNEL

07/22/09        08/07/09

SANDY SILT (ML), medium stiff, dark yellowish brown, moist, SAND is fine, with black specks.  [FILL]

Poorly graded SAND (SP), medium dense, dark brown, moist, trace SILT, fine to medium, with occasional rootlets up to 1/16" diameter.  [FILL]

Grades with iron-oxide mottling, with moderate cementation.

Grades light yellowish brown and olive gray, mottled.

Poorly graded SAND (SP), dense, yellowish brown to grayish brown, moist, fine to medium.

Grades grayish brown with iron-oxide mottling, fine.

Poorly graded SAND with CLAY (SP-SC), medium dense, yellowish brown, moist, fine, with very dark brown mottling.

08/20/09



BENCH MARK

NOTE:-

       

90

80

70

60

50

40

30

20

10

81+000 82+000 83+000

VER. 1"=10’

HOR. 1"=10’

PROFILE

-10

-20

4

26

8

50/3.5"

50/5"

1.4"

 RQD=0%

 RQD=19%

 RQD=86%

 RQD=0%

 RQD=0%

 RQD=18%

 RQD=10%

 RQD=60%

 RQD=93%

 RQD=40%

 RQD=100%

 RQD=80%

 RQD=N/A%

 RQD=N/A%

 RQD=0%

 RQD=72%

 RQD=0%

 RQD=0%

 RQD=0%

 RQD=0%

 RQD=33%

 RQD=24%

 RQD=0%

 REC=88%

 REC=100%

 REC=91%

 REC=100%

 REC=100%

 REC=100%

 REC=94%

 REC=100%

 REC=100%

 REC=100%

 REC=100%

 REC=80%

 REC=100%

 REC=74%

 REC=47%

 REC=100%

 REC=100%

 REC=70%

 REC=0%

 REC=85%

 REC=100%

 REC=91%

 REC=100%

 REC=96%

 REC=96%

UC

UC

UC

UC

UC

PL

PL

PL

PL

PL

PL

PL

PL

1.4"

1.4"

1.4"

1.4"

100

0

97.900

4/22/2008

Termination at El -15.1

Very slight iron-oxide staining, moderately to slightly fractured.

Very intensely fractured zones at 38.5’ to 38.1’ and 36.3’ to 35.8’.

Localized banding appearance of dark mineral fragments.

One core break is mechanical.

Iron-oxide along fracture planes.
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This LOTB sheet was prepared in accordance with

the CALTRANS Soil & Rock Logging, Classification,

and Presentation Manual (June 2007), with the exception

of Section 2.3.

Elev 0.9’, contact to medium to fine grained, moderately hard, dipping ~45^.

Elev 9.1’ to Elev 8.6’, sheared zone (clayey).

Elev 9.8’ to Elev 9.3’, crushed (not clayey).

Elev 11.8’, 0.2’ clay zone.

Elev 12.4’, dip ~37^.

Elev 12.75’, dip ~18^ with slickensides on fracture surface.

Elev 14.0’, slickensides parallel to strike, rake is 18^ down to SE.

Elev 15.4’ to Elev 10.0’, sheared zone (clayey).

Elev 24.9’ to Elev 24.7’, hard.

Elev 26.1’, Elev 0.1’ thick clay zone <50^.

Elev 26.2’ to Elev 25.6’, crushed.

Elev 33.0’, mechanical break.

Elev 51.7’ to Elev 51.1’, sub-vertical.

Elev 55.5’ to Elev 54.9’, irregular fracture not measured (sub-vertical).

Elev 64.9’, bluish gray, moderately weathered.

Elev 67.9’, intensely fractured.

Elev 71.4’, increase in darker minerals, fracture dips range from horizontal to 45^.

Increased iron-oxide staining at Elev 46.9’.

Elev -6.2’, quartz vein infilling.

Elev -7.1’ to Elev -7.6’, contact to fine grained.

Elev -10.1’ to Elev -11.3’, very thinly bedded.

7 OF 17

FOR PLAN VIEW SEE "LOG OF TEST BORINGS 1 OF 17"

Grades with dark gray to black laminations (horizontal), with occasional dark brown CLAY.

Lean CLAY with SAND (CL), medium stiff, yellowish brown, moist, with iron-oxide nodules and mottling.

Fine to medium grained, no indication of bedding, yellowish brown, intensely to moderately weathered, moderately hard, intensely fractured, manganese-oxide staining on fracture planes.

Elev 76.8’, approximately 1/2 face manganese-oxide stained separated by fracture from thin clay filling.

Iron-oxide staining only, limited to fracture planes, very intensely fractured zones Elev 52.3’ to Elev 52.1’ and Elev 50.7’ to Elev 50.3’.

Elev 49.9’, occasional white (quartz?) veins, aphinitic dark rock fragments (fine grained sized) within fine to medium matrix, slightly weathered.

Elev 47.9’, elongated rock fragments (aphinitic) are sub-parallel, dark minerals predominate, moderately fractured, hard.

Unfractured, continued <0.02’ thick quartz veins, continued localized dark mineral "banding", strong, fresh to slightly weathered.

SEDIMENTARY ROCK (SHALE), aphanitic, no indication of bedding, dark gray, fresh, moderately hard where intact otherwise sheared, very intensely to intensely fractured, weak to moderately strong.

Elev 24.7’ to Elev 22.8’, crushed/sheared, highly variable orientation to shears, minor green serpentine fragments.

SEDIMENTARY ROCK (SANDSTONE), fine to medium grained, dark gray, slightly weathered, moderately hard, intensely fractured, slight iron-oxide staining on some fractures, fractures ~45-90^.

Elev 17.9’, fresh, continued quartz veins, with dark mineral veins, localized soft sediment deposition.

Elev 3.4’, moderately fractured with localized very intensely fractured (crushed) zones along fractures, limited to fracture planes.

Elev -0.1’, slightly to moderately weathered.  From Elev -1.1’ to Elev -1.9’, fracture with localized crushing and slickensides.  Increase in iron-oxide staining.

Elev -3.1’ to Elev -4.3’, fine to very fine grained, moderately soft, indicating soft sediment disposition.

Elev 74.9’, fine to coarse grained, pitted texture, continued manganese-oxide staining of fractures at Elev 74.6’, Elev 74.4’, and Elev 73.6’; clay filling on fractures (up to 0.01’ thick), fracture dips range from 
sub-horizontal to 30^ with occasional up to 80^.

SEDIMENTARY ROCK (SANDSTONE), fine to medium grained, yellowish brown, very soft, decomposed, intensely fractured, with vertical and sub-horizontal partings, with manganese-oxide staining on vertical fracture planes, 
angular to subangular gravels, individual grains commonly altered around perimeter (poorly graded SAND with CLAY (SP-SC), moist, with iron-oxide mottling and nodules).

Elev 59.9’ to Elev 59.1’, very intensely fractured (crushed), with localized mylonization (variably oriented fractures with clay filling), minor pitting along some fractures, most fractures dip 20^ to 40^ with occasional 

SEDIMENTARY ROCK (SANDSTONE and SHALE), commonly crushed to fragments up to 0.1’ diameter, SANDSTONE is fine grained, variably oriented quartz veins within SANDSTONE intervals, light green mineral (chlorite?) 
within SHALE intervals, soft, moderately weathered.

SEDIMENTARY ROCK (SANDSTONE), fine to medium grained, laminated to thinly bedded (contact between fine to medium grained and very fine gravel at 6.0’ ~60^ to 80 dip), dark gray, moderately to slightly weathered, 
moderately hard to moderately soft, intensely fractured, numerous closed fractures, fractures are randomly oriented, numerous healed micro faults.

Elev -4.5’ to Elev -5.0’, very intensely fractured (crushed), moderately weathered, with evidence of shearing.

Elev -10.1’, near parallel, sub-vertical fractures (to 110.5’), fine to medium grained from Elev -11.3, Elev -12.1’ AND Elev -13.1’ TO Elev -13.3’.

Elev -13.1’ to Elev -14.9’, frequent randomly oriented whie mineral veins (calcite?).

Elev -7.6’, frequent closed/healed fractures, ruggy, (occasional iron-oxide stained openings in the core that are not, through fracturesup to 0.2’ in length and 0.03’ wide oriented near vertical to dipping ~80^).
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 FRANK GREGURAS
  

PROJECT ENGINEER 

PREPARED FOR THE

STATE OF CALIFORNIA
DEPARTMENT OF TRANSPORTATION

04242

163741

04 SF 101 8.8/9.2     

Terrence Carroll

C68869

9/30/2009

560 Mission Street, Suite 700

San Francisco, CA 94105

Arup PB Joint Venture

PAUL TONKIN

TERRENCE CARROLL

9.0/9.2

34-161L
DESIGN OVERSIGHT

SIGN OFF DATE LOG OF TEST BORINGS

FRANK GREGURASNAME:RANDY ANDERSON SOUTHBOUND BATTERY TUNNEL

07/22/09        08/07/09

SILTY SAND (SM), loose, very dark brown, moist, fine, occasional fine gravel and coarse sand, slight organic odor, trace fine roots.  [FILL]

Poorly graded SAND (SP), loose, dark yellowish brown, moist, fine to very fine, occasional roots (up to 1/8" thick).

08/20/09
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4" ASPHALT CONCRETE.

7-8" UNREINFORCED CONCRETE.

9090

82+000

BM SF 14 Elev 96.261’

SILTY SAND (SM), loose, very dark brown, wet, fine, very strong hydrocarbon/oily odor.
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Elev 17.9’, hard rock fragments.

Elev 22.0’ to Elev 21.7’, moderately hard rock fragments (gabbro?).

Elev 22.4’, moderately weathered, increase in iron-oxide staining.

Elev 27.6’, horizontal buff sheared seam (0.01’ thick), fibrous texture noted.

Elev 29.7’, concentrated iron-oxide weathering along shear planes.

Elev 31.9’ to Elev 29.9’, recovery is light gray meta-sandstone and gabbro, moderately weathered,
hard, 0.1’ to 0.2’ fragments, significant iron-oxide staining, hard to moderately hard.

Elev 33.7’, concentration of white mineral.

Elev 34.7’, fibrous texture noted.

Elev 37.9’, very soft.

Elev 39.4’, soft to moderately soft.

Elev 45.05’, angular fragments up to 0.1’ diameter.

Elev 48.1’, slightly weathered, very soft.

Elev 49.4’, moderately weathered with common iron-oxide staining.

Elev 50.25’, thin (0.01’ thick) white mineral (talc?) vein dipping 50^.

Elev 50.75’, fibrous texture noted as long as 0.02’.

Elev 51.4’, dark bluish gray with infilling of light greenish gray.

Elev 51.4’, soft.

Elev 51.5’, moderately soft, bluish gray.

Elev 51.7’, fibrous texture noted as long as 0.02’.

Elev 52.0’, soft to moderately soft, faint iron-oxide staining on fracture surfaces.

Elev 68.9’, grades grayish brown, stiff, without odor, without organics.

Elev 72.9’, rig chatter.

Termination at El 17.9

ERi = 76.2%

This LOTB sheet was prepared in accordance with

the CALTRANS Soil & Rock Logging, Classification,

and Presentation Manual (June 2007), with the exception

of Section 2.3.

8 of 17

FOR PLAN VIEW SEE "LOG OF TEST BORINGS 1 OF 17"

3" Poorly graded SAND (SP),  yellowish brown, dry to moist, fine, clean, frequent roots up to 1/4" diameter.   [FILL]

Fat CLAY with SAND, medium stiff to stiff, very dark brown, wet, SAND is fine, with rootlets, very strong hydrocarbon odor.

METAMORPHIC ROCK (SERPENTINITE), very soft, yellowish brown, greenish gray and dark gray, moist, decomposed, very intensely fractured (SANDY SILT (ML), medium stiff, sand is fine - moist).

dark greenish gray and dark gray, moderately to intensely weathered, very soft, very intensely fractured, common iron-oxide staining (localized), occasional small moderately soft zones.

Elev 60.4’, grades soft, intensely sheared throughout, fibrous texture common throughout (ML - SANDY SILT, SAND is fine, moist).

Elev 57.4’, slight iron-oxide staining, slightly weathered, harder fragments (angular) of SERPENTINITE with softer material washed away, fragments are moderately hard, up to 0.1’ in diameter 
(SM - SILTY SAND, fine to coarse, angular, with fine GRAVEL fragments, angular to subangular, moist).

Elev 41.5’ to Elev 40.8’, moderately hard, very intensely fractured, fragments of harder rock, dark gray.

Elev 35.2’, very intensely fractured zone, fragments are moderately hard, dark bluish gray, overall matrix is very soft.

Elev 29.9’, moderately weathered, soft, light greenish gray and orangish brown, heavy iron-oxide staining.

Elev 27.9’, moderately soft, slightly weathered, greenish gray to olive gray, with moderately hard, white and dark gray minerals (white mineral has very fine, fibrous texture developed 
along planar surfaces, asbestos?  White mineral also common with powdery texture disseminated thorught rock mass).

Elev 26.9’, bluish gray, clayey, with green chlorite? minerals, moderately to slightly weathered, very soft.

Elev 19.2’, moderately to slightly weathered, increase in white mineral (talc) disseminated throughout.
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 FRANK GREGURAS
  

PROJECT ENGINEER 

PREPARED FOR THE

STATE OF CALIFORNIA
DEPARTMENT OF TRANSPORTATION

04242

163741

04 SF 101 8.8/9.2     

Terrence Carroll

C68869

9/30/2009

560 Mission Street, Suite 700

San Francisco, CA 94105

Arup PB Joint Venture

PAUL TONKIN

TERRENCE CARROLL

9.0/9.2

34-161L
DESIGN OVERSIGHT

SIGN OFF DATE LOG OF TEST BORINGS

FRANK GREGURASNAME:RANDY ANDERSON SOUTHBOUND BATTERY TUNNEL

07/22/09        08/07/09

SILTY SAND with GRAVEL (SM), medium dense, yellowish brown, moist, fine, GRAVEL is fine to coarse, slight horizontal laminations (from compaction?).  [FILL]

SANDY SILT (ML), medium dense, yellowish brown, moist, SAND is fine to medium, piece of coarse GRAVEL.  [FILL]

CLAYEY GRAVEL (GC), loose, yellowish brown and green, moist, coarse, rounded, serpentinite fragments (up to 3" diameter in shoe at 8.5’).  [FILL]

CLAYEY SAND (SC),medium dense, yellowish brown, fine to coarse, with fine GRAVEL (subrounded to rounded, serpentinite fragments in CLAYEY SAND matrix).  [FILL]

Lean CLAY with GRAVEL and SAND (CL), soft, brown and greenish gray, moist to wet, GRAVEL is angular serpentinite fragments, GRAVEL is fine to coarse, SAND is fine to coarse.  [FILL]

08/20/09
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This LOTB sheet was prepared in accordance with

the CALTRANS Soil & Rock Logging, Classification,

and Presentation Manual (June 2007), with the exception

of Section 2.3.

560 Mission Street, Suite 700

San Francisco, CA 94105

Arup PB Joint Venture

     

83.591

3/28/2008

Termination at El -14.409
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 RQD=0%
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 REC=80%
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 REC=90%

 REC=0%

 REC=0%

 REC=67%

 REC=83%

 REC=43%
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 REC=60%

 REC=91%

 REC=69%

 REC=73%

 REC=86%

 REC=73%

 REC=33%

 REC=72%

 REC=100%

 REC=72%

 REC=100%

 REC=100%

 REC=100%

UC

UC

PL

Grades dark brown, grades without medium SAND, with pockets of black organic material (up to 1/8" diameter).

Grades to CLAY with SAND, with black specks, rootlets.

SANDY SILT (ML), stiff, light yellowish brown, moist, with thin horizontal laminations.

Talc? is non-fibrous.

With less talc?

Preferential fracture planes parallel to platey structure, alternately zones of very soft to moderately soft.

Grades less crystalline (micro crystalline).

METAMORPHIC ROCK (Serpentinite), green and yellowish brown, moderately weathered, soft.

Elev 23.6’ to 22.8’, intensely fractured (open and closed, internal shearing characterized by microstriations on plane surfaces).

Elev 74.5’, grades with yellowish brown mottling.

Elev 73.9’, 1/4" diameter root.

Elev 50.1’, grades soft, decreased iron-oxide staining.

Elev 47.4’ and 47.0’, 40^ dip highly polished.

Elev 47.4’ to 47.0’, dark greenish gray, moderately hard, slightly weathered.

Elev 45.6’, sub-horizontal fracture, moderately hard.

Elev 44.0’ to 43.4’ near vertical (80^) 1/8" thick mylonized zone along fracture.

Elev 43.6’, soft to very soft, abundant very light green mineral (talc?).

Elev 42.6’, sub-horizontal fracture surfaces typically polished and sheared.

Straight drill from Elev 40.1’ to 39.6’.

Elev 38.4’, additional random fractures (1/16" thick) with talc? infilling.

Elev 29.6’, very soft to soft.

Elev 28.3’, mechanized fracture dips ~45^.

Elev 23.2’, dip 40^.

Elev 22.8’, intensely fractured, moderately hard.

Elev 21.2’, dip 70^.

Elev 20.7’, dip 70^.

Elev 18.0’, moderately weathered.

Elev 14.0’ to 13.2’, very intensely fractured.

Elev 11.6’, fractures infilled with fibrous mineral (asbestos?)

Elev 11.3’, moderately weathered with abundant iron-oxide staining throughout, very soft, very intensely fractured.

Elev 10.6’, moderately to slightly fractured, hard, moderately weathered.

Elev 7.6’ to 6.2’ and 5.6’ to 5.2’, crushed zones (very soft, severely weathered, with abundant iron-oxide staining).

5"

3.8"

Elev 0.1’ to -0.7’, slightly fractured, veinlettes of fibrous minerals.

Elev -3.4’, very intensely fractured and sheared (crushed), soft to very soft, moderately weathered.

Very dark gray, intensely fractured, moderately hard, severely weathered, talc/chlorite in fractures.

Elev -5.5’, very soft with zones of moderately hard, common green vitreous appearance (chlorite?).

Elev -7.6’, fibrous, light green, translucent minerals oriented parallel to dip.

Elev -10.9’, very dark gray, intensely fractured, moderately hard, slightly weathered.

Elev -11.4’, internally sheared/crushed.

Elev -13.4’ to -13.9’, very intensely to intensely fractured.

BTNB-R6-PZ-D

FOR PLAN VIEW SEE "LOG OF TEST BORINGS 1 OF 17"

9 of 17

 RQD=69%

 RQD=11%

 RQD=37.5%

 RQD=20%

 RQD=28%

ERi = 72.9%

SEDIMENTARY ROCK (Greywacke), fine grained to aphanitic, yellowish brown, slightly weathered, hard, healed very thin fractures.

Recovery is dark greenish gray and dark gray pieces of serpentine and greenstone, moderately hard - not representative of rock layer.

Elev 27.8’, grades with abundant iron-oxide staining, indirect fractures are sub-horizontal, continued internally sheared polished surfaces.

Poorly graded SAND with SILT (SP-SM), very dense, yellowish brown, moist, fine to medium, with trace rock fragments up to 1/4" diameter, rock fragments are subangular SILTSTONE and SERPENTINITE.

Grades soft, very dark greenish gray, with chlorite and talc? vein fillings variably oriented throughout mass, no indication of fibrous texture, fractures are irregular (sub-horizontal).

Lean CLAY (CL), stiff, yellowish brown and grayish brown, moist, mottled, trace fine to medium sand, with black oxidized nodules (up to 1/8" diameter).

Elev 20.2’ to 18.0’, very intensely fractured, very soft (with hard pieces, crumbles to 1/16" to 1" pieces, moderately weathered, with abundant iron-oxide staining).

Elev -7.5’, moderately fractured, moderately hard, slightly weathered at 90.0’, platey secondary mineral formation (chlorite?) pervasively throughout.

Elev -8.7’, internally sheared/crushed, very soft to soft, moderately weathered, platey secondary mineral formation pervasively throughout (chlorite?) portions of core - one locally micro-fractured with chlorite? filling.

Elev 15.6’, intensely fractured, moderately hard, moderately weathered, fractures horizontal to 45^, filled (vertical at 70.5’), fracture with similar appearance to rest of rock, scattered fibrous minerals at random 
orientations (asbestos?), few appararent unique crystals.

METAMORPHIC ROCK (Greenstone), dark greenish gray, slightly weathered, moderately hard to hard, intensely fractured with very intensely to intensely fractured zones, fractures franging from horizontal to 20^ dip. 
 Open and healed fractures with filling and staining of black magnesium oxide.  Subrounded vitreous crystals predominant throughout mass (pyroxene/olivine?), localized black vugular zones (maximum 0.2’ thick).

SILTY SAND (SM), very dense, yellowish brown, moist, fine to medium, with trace rock fragments up to 1/4" diameter, rock fragments are subangular SILTSTONE and SERPENTINITE, with SANDY CLAY partings, with black 
specks.

METAMORPHIC ROCK (Serpentinite), dark greenish gray and very dark bluish gray, moderately weathered, very soft, moderately fractured (intensely crushed), fractures are planar to sub-planar 20^ from 
horizontal, highly sheared throughout, with micro-slickensided surfaces throughout, light brown iron-oxide staining throughout, local sub-horizontal folliation.
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 FRANK GREGURAS
  

PROJECT ENGINEER 

PREPARED FOR THE

STATE OF CALIFORNIA
DEPARTMENT OF TRANSPORTATION

04242

163741

04 SF 101 8.8/9.2     

Terrence Carroll

C68869

9/30/2009

560 Mission Street, Suite 700

San Francisco, CA 94105

Arup PB Joint Venture

PAUL TONKIN

TERRENCE CARROLL

9.0/9.2

34-161L
DESIGN OVERSIGHT

SIGN OFF DATE LOG OF TEST BORINGS

FRANK GREGURASNAME:RANDY ANDERSON SOUTHBOUND BATTERY TUNNEL

07/22/09        08/07/09

CLAYEY GRAVEL (GC), loose, reddish brown, moist, gravel is subangular, trace roots (1/4" diameter).  [FILL]

Poorly graded SAND (SP), loose, yellowish brown, moist, fine, trace fines, trace medium sand.  [FILL]

Poorly graded SAND with CLAY (SP-SC), medium dense, reddish brown, moist, fine, with shell fragments.  [FILL]

Elev 64.6’, grades with slight iron-oxide mottling.

08/20/09



BENCH MARK

NOTE:-

       

90

80

70

60

50

40

30

20

10

82+000 83+000 84+000
85+000

VER. 1"=10’

HOR. 1"=10’

PROFILE

-10

-20

100

0

PP

PP

13

7

24

20

40

25

33

22

12

3

50/2"

PI

PI

UW

UW

UW

UW

UW

UU

DS

DS

DS

M

M

M

M

M

2.4"

1.4"

 RQD=33%

 RQD=60%

 RQD=55%

 RQD=40%

 RQD=0%

 RQD=0%

 RQD=0%

 RQD=0%

 RQD=0%

 RQD=0%

 RQD=0%

 RQD=0%

 REC=90%

 REC=100%

 REC=100%

 REC=90%

 REC=20%

 REC=40%

 REC=100%

 REC=60%

 REC=65%

 REC=53%

 REC=90%

 REC=63%

PA

PA

UC

UC

PL

PL

PL

101.030

2.4"

1.4"

2.4"

1.4"

2.4"

1.4"

2.4"

1.4"

3.0"

2.4"
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CLAYEY SAND (SC), loose, dark brown, dry, fine, with GRAVEL.  [FILL]

Grades dry to moist.

Grades no GRAVEL, grades with pockets of yellowish brown CLAY.

Grades dark yellowish brown.

Grades yellowish brown to light yellowish brown, medium dense.

Grades moist.

Grades with black organic mottling, medium stiff to stiff.
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This LOTB sheet was prepared in accordance with

the CALTRANS Soil & Rock Logging, Classification,

and Presentation Manual (June 2007), with the exception

of Section 2.3.

Termination at El 25.5

Elev 41.7’, hard piece of meta-sandstone (0.3’).

Elev 53.7’ to Elev 53.4’, surface of core is commonly pitted.

Elev 59.2’, slightly weathered to fresh.
Elev 63.4’ to Elev 63.1’, intensely fractured.
Elev 65.8’, slightly weathered, moderately to intensely fractured.

Grades brown.

10 OF 17

FOR PLAN VIEW SEE "LOG OF TEST BORINGS 1 OF 17"

Lean CLAY with SAND (CL), soft, very dark gray to black, wet, with brown mottling, occasional small decayed vegetation.

Grades yellowish brown with gray clay lenses and pocket of very stiff gray CLAYEY SAND.

SEDIMENTARY ROCK (SANDSTONE), fine to medium grained, massive gray to dark gray, moderately weathered, moderately hard, intensely fractured, anastomizing white secondary mineral vein infilling.

SEDIMENTARY ROCK, MELANGE MATRIX, very dark gray gravel, slightly weathered to fresh, very soft, very intensely fractured (hard meta-sandstone fragments in sheared shale matrix) 
(lean clay with gravel (CL), soft, gravel is fine to coarse, angular, moist to wet).

SEDIMENTARY ROCK, SANDSTONE and SHALE, sandstone is medium to fine grained, laminated to moderately bedded (distorted by soft sediment deformation and micro faulting white secondary mineral 
vein infilling occurs along faults), gray to dark gray, slightly weathered to fresh, moderately hard, moderately fractured,  surface of core is occasionally pitted, fractures are commonly 
polished and slickensided.
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04242

163741

04 SF 101 8.8/9.2     

Terrence Carroll

C68869

9/30/2009

560 Mission Street, Suite 700

San Francisco, CA 94105

Arup PB Joint Venture

PAUL TONKIN

TERRENCE CARROLL

9.0/9.2

34-161L
DESIGN OVERSIGHT

SIGN OFF DATE LOG OF TEST BORINGS

FRANK GREGURASNAME:RANDY ANDERSON SOUTHBOUND BATTERY TUNNEL

07/22/09        08/07/09

BTSB-R1-PZ

Grades fine to medium.

Grades fine.

Poorly graded SAND, loose, reddish brown, dry to moist, fine.  [FILL]

08/20/09
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91.378

3.75" ASPHALT, 7.5" CONCRETE.

Grades with SANDSTONE, SILTSTONE, and SHALE fragments.

Grades with SHALE fragments.

Fragments are up to 0.02’ thick.

CLAY matrix is dark greenish gray, serpentinized.

Grades slightly more gray than green and slightly more SILTSTONE layer.

White secondary mineral is more common.
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Elev 17.4’, sheared SHALE matrix commonly has sandy intervals.

Elev 22.4’ to Elev 21.6’, crushed granular interval.

Elev 22.9’, white secondary mineral deposit.

Elev 28.4’, slightly weathered.

Elev 30.4’, moderately weathered, with slight iron-oxide staining throughout.

Elev 36.0’ to Elev 35.4’, fragments are meta-SANDSTONE (up to 0.25’ thick).

Elev 41.6’, light gray, completely sheared throughout.

Elev 44.9’, 1.5" greenish gray, serpentinized interval.

Elev 49.4’, SHALE fragments, moderately soft.

Elev 49.9’ to Elev 49.75’, reddish brown (CHERT?) fragment.

Elev 58.4’, slightly weathered.

Elev 61.4’ to Elev 60.6’, slightly serpentinized or chloritized interval.

Elev 66.4’ to Elev 66.1’, hard SILTSTONE piece.

Elev 68.4’ to Elev 68.0’, SANDSTONE piece.

NOTE:- This LOTB sheet was prepared in accordance with

the CALTRANS Soil & Rock Logging, Classification,

and Presentation Manual (June 2007), with the exception

of Section 2.3.

Termination at El -6.6

ERi = 72.9%

Grades yellow brown.

11 of 17

FOR PLAN VIEW SEE "LOG OF TEST BORINGS 1 OF 17"

SILT with SAND (ML), hard, brown and yellowish brown, dry, trace GRAVEL, GRAVEL is angular to subangular.

SILTY SAND (SM), very dense, brown to reddish brown, moist, trace GRAVEL, GRAVEL is fine to coarse, highly weathered sandstone fragments.

Elev 53.9’ to Elev 53.1’, moderately hard SILTSTONE fragments with some SERPENTINITE.

Elev 48.4’, SILTSTONE and fine grained SANDSTONE fragments (up to 0.1 thick) in sheared SHALE matrix.

SEDIMENTARY ROCK (SANDSTONE BRECCIA), reddish brown, fine grained moderately weathered,core is broken, contains CLAY and SILT, SANDSTONE pieces are hard, with soft CLAYEY, thinly weathered portions.

SEDIMENTARY ROCK (MELANGE MATRIX), gray, intensely fractured, moderately weathered, moderately hard, fine-grained SANDSTONE fragments (up to 0.25’ thick) in sheared SHALE matrix.
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SILTY SAND with GRAVEL (SM), light brown, dry, fine to medium, GRAVEL is fine, angular to subangular.  [FILL]

08/20/09
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4" ASPHALT, 6" CONCRETE, 3/4" BITUMENOUS LAYER.

Mylonized from 69.45’ to 67.0’.

BM SF 14 Elev 96.261’
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Elev 49.1’, mylonized zone.

Elev 49.3’ to Elev 49.2’, very fine grained.

Elev 54.5’, moderately fractured, hard to moderately hard.

Elev 55.1’, gold colored disseminated minerals noted (pyrite?)

Elev 72.9’, intensely fractured and broken.

Elev 75.3’, slickensides on fracture plane.

Elev 83.1’, moderately fractured.

NOTE:- This LOTB sheet was prepared in accordance with

the CALTRANS Soil & Rock Logging, Classification,

and Presentation Manual (June 2007), with the exception

of Section 2.3.

Termination at El 46.9

12 of 17

FOR PLAN VIEW SEE "LOG OF TEST BORINGS 1 OF 17"

SILTY SAND (SM), dense, dark yellowish brown, dry to moist, fine, soil appears to have been compacted.

SANDY lean CLAY (CL), stiff, dark yellowish brown, moist, SAND is fine to medium.

SEDIMENTARY ROCK (SANDSTONE), fine grained, intensely weathered, yellowish brown, very soft, very intensely fractured.

intensely weathered, moderately hard, yellowish brown, intensely fractured, some fractures infilled with lean clay dipping ~45^ up to 0.03’ thick.

SEDIMENTARY ROCK (SHALE), 2-3" seam, moderately soft, intensely weathered, slickensides on fracture plane not parallel to shale bedding.

SEDIMENTARY ROCK (SANDSTONE), fine to medium grained, moderately weathered, light grayish brown, moderately hard, moderately fractured, thin white vein fillings locally open.

METAMORPHIC ROCK (META-SILTSTONE), dark gray, moderately weathered, moderately hard, intensely fractured and broken.

METAMORPHIC ROCK (META-GRAYWACKE SANDSTONE), fine to medium grained, moderately weathered, light grayish brown, moderately hard, very intensely fractured.

SEDIMENTARY ROCK (SANDSTONE BRECCIA), moderately weathered, moderately hard, pegmatic fragments in soft matrix.

SEDIMENTARY ROCK (SANDSTONE), fine grained, moderately weathered, light grayish brown, moderately hard, intensely to moderately fractured.

Core run is broken to fragments up to 0.1’ in diameter with occasional intact core lengths up to 0.4’ long.

Elev 61.1’, occasionally ruggy, with gray lean CLAY on fracture surfaces, slightly weathered.

Elev 58.1’ to Elev 57.6’, steeply dipping fractures, slightly weathered to fresh, light grayish brown, continued white vein infilling.

Elev 53.2’, fracture dipping ~75^ white vein infilling, intensely to moderately fractured.

SEDIMENTARY ROCK (SANDSTONE BRECCIA), mylonized, pegmatic, with moderately soft fragments (gravel-size pieces of SANDSTONE), yellowish brown, moderately to slightly weathered, matrix is very 
soft, intensely fractured.

PETER RYAN

ERi = 76.2%
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SANDY lean CLAY (CL), stiff, reddish brown, moist, SAND is fine.  [FILL]
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1/2" ASPHALT CONCRETE.

Iron-oxide staining common on fracture faces, moderately weathered.

SEDIMENTARY ROCK (MELANGE MATRIX), dark gray, fresh, very soft.
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Elev -28.7’ to Elev -29.9’, additional sub-vertical fractures.

Elev -16.8’, mylonized clay zone with quartz vein filling.

Elev -15.4’, crushed zone.

Elev -14.8’, intensely to moderately fractured, mylonized zone.

Elev -12.4’, mylonized seam (0.02’ thick).
Elev -11.4’, hard, moderately fractured.
Elev -10.0’ to Elev -11.4’, fractured mylonized zones.

Elev -2.7’ to Elev -3.0’, crushed zone.

Elev -1.5’, chlorite? vein (1/4" thick).

Elev 11.4’, subangular sandstone fragments (up to 0.05’) in olive brown clay matrix.

Elev 12.1’ to Elev 11.4’, scattered quartz vein filling.

Elev 12.1’, continued highly sheared shale.

Elev 13.85’, dipping 35^.

Elev 20.4’, crushed/sheared zone without clay.

Elev 23.1’, less clayey (more intact shale).

Elev 27.2’ to Elev 26.7’, clayey.

Elev 27.5’ to Elev 27.2’, crushed, very fine grained.

Elev 28.5’ to Elev 27.5’, clayey (primarily clay with hard fragments).

Elev 29.6’ to Elev 28.5’, crushed, very fine grained.

Elev 41.3’, 0.05’ quartz vein.

Elev 43.2’, very intensely fractured (crushed) (silty, fine SAND shear zone).

Elev 48.6’, contact to fine grained SAND (medium grained above).

Elev 48.7’, 0.08’ thick shear zone (light gray, silty, fine sand).

NOTE:- This LOTB sheet was prepared in accordance with

the CALTRANS Soil & Rock Logging, Classification,

and Presentation Manual (June 2007), with the exception

of Section 2.3.

Elev 56.6’, hard, fresh to slightly weathered (absence of iron-oxide stains).

Elev 58.6’, very intensely to intensely fractured with one length from 58.1’ to
Elev 57.6’ intact.

Elev 60.6’, slightly weathered (slight iron-oxide staining).

Elev 63.1’, slickensides parallel to dip.
Elev 63.7’, seam infilling with clay.
Elev 67.6’, fracture orientation and spacings remain consistent with above.

Elev 56.2’, white mineral, vein, hard (non-quartz).

Elev 56.0’, CLAY seam infilling.

Termination at El -34.4

ERi = 72.9%

Elev 3.9’, horizontal to 10^ fractures, clay filled sheared fracture at Elev 3.3’.

13 of 17

FOR PLAN VIEW SEE "LOG OF TEST BORINGS 1 OF 17"

Elev 46.2’, fine to medium grained (core broken with silty fine SAND fragments (0.01’ to 0.2’).

Elev 41.6’, 0.3’ intact fragment (laminated showing soft sediment deformation), no visible sand grains.

Elev 31.1’, fresh, fragments are fine grained, lithic SANDSTONE, occasional quartz? veins, fragments range from <0.01’ to core diameter.

Scattered green mineral filling within small cavities (up to 0.08" diameter) (chlorite?).

Elev 26.6’, highly sheared shale with internal slickensided shear planes within rock mass and very fine grained sandstone fragments.

Elev 22.8’ to Elev 19.2’, Elev 0.15’ hard resistant rock fragments, core breaks are irregular sub-horizontal to 10^dip.

Elev 15.1’, very minor local staining on surfaces (chlorite?), iron-oxide staining throughout, primarily sheared fragments with sub-horizontal fissillity.

Elev 14.1’, interval ranges from pervasively sheared shale (clayey) to hard gray sandstone fragments (up to 0.25’).

SEDIMENTARY ROCK (SANDSTONE), fine grained, hard, very intensely fractured, moderately weathered with heavy iron-oxide staining on fracture surfaces and extending slightly into the rock mass.

Elev 7.1’, iron-oxide staining on some surfaces, but not all, suggesting mechanical breaks.

Elev 5.6’, continued mechanical breaks, multiple fracture orientations, quartz vein (20^ dip) at 74.7’ (0.02’ thick).

Elev -2.0’, quartz vein (1/4" thick), sheared shale with hard sandstone pieces (up to 1/4"diameter).

SEDIMENTARY ROCK (SANDSTONE), dark gray, fine grained, moderately hard, very intensely fractured, fresh, not clayey.

METAMORPHIC ROCK (META-SANDSTONE), steeply dipping, laminated relic bedding offset by healed micro-faults, dark gray, fresh, hard, moderately to slightly fractured, milky white vein filling.

Elev -19.4’, continued quartz vein filling, parallel and not parallel to fractures, moderately fractured.

Elev -23.6’, sheared/mylonized, dark gray and yellowish brown, iron-oxide staining throughout fractures, very intensely fractured (crushed), slickensides of fractures at Elev -23.6’ parallel to dip.

Elev -24.4’, pervasively fractured, mylonized, with pervasive secondary clay formation, remanant intersecting fracture planes at 30^ to 40^ dip, moderately weathered.

Elev -26.9’, predominantly moderately hard, intensely weathered, clay smearing and iron-oxide staining on fractures at Elev -29.4’.

Elev -26.9’ to Elev -27.3’ and Elev -28.9’ to Elev -28.6’, clayey mylonized zones (with subangular sandstone fragments in clay matrix).

Elev -29.4’, gray clay along predominant fracture.  Quartz? veins continued, primarily unrelated to fracures.  Multiple fracture sets primarily between 50^ - 30^.

Elev -31.1 to Elev -32.6’, pervasively sheared with a substantial portion mylonized, random fracture orientations.

Elev -32.9’, pervasively oxidized, intensely fractured, variably oriented fractures.

Elev 72.8’, finer grained with decrease in medium grained, darker minerals, moderately to slightly weathered.

69.6’, clayey sand sheared filling, entire interval appears massive (no Elev indication of bedding).

Elev 61.7’ to Elev 60.6’, near vertical fracture, undulating surface intersecting fractures average orientation is 345/81E.

Elev 56.6’, multiple vertical fractures entire length of core with additional sub-horizontal fractures.

Elev 52.6’ to Elev 51.6’, white mineral vein fillings (unrelated to fracturing) pervasively fractured (from fragments to 0.2’).

Elev 51.6’, intensely fractured, fractures dipping commonly 60^ to 70^, continued localized white mineral vein fillings.

medium grained to fine grained, no indication of bedding, dark grayish brown, moderately weathered, moderately hard, moderately fractured, heavy iron-oxide staining on fracture surfaces, light 
staining within rock mass at Elev 75.1’, vein infilling up to 0.02’ thick (calcite?), grades very thinly bedded, intensely fractured, fracture dipping ranges from 20^ to 70^, fractures are typically 
intensely weathered.  Grains are angular to subangular, uniform, numerous insipient fractures, very dense/lithified.

SEDIMENTARY ROCK (MELANGE MATRIX), dark gray (consisting of fine grained SANDSTONE, very hard SILTSTONE, and fragmented hard SHALE), very intensely fractured (crushed), slightly weathered to fresh. 
Very soft to hard.

SEDIMENTARY ROCK (MELANGE MATRIX), dark gray, slightly weathered to fresh, soft, very intensely fractured (crushed), mylonized (CLAY-like) with subangular sandstone fragments, variably oriented 
contacts dipping up to 30^.  SANDSTONE fragments up to 0.2’ thick localized shearing along thin fractures.

Elev -9.4’, clayey infilling common, very intensely fractured (crushed), random quartzitic vein filling, locally associated with fractures and planes of weakness, harder pieces within mylonized 
zone are moderately hard overall matrixes soft.
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SEDIMENTARY ROCK (SANDSTONE), fine, dark gray, intensely weathered, moderately soft, intensely fractured, with yellowish brown CLAY infilling.

08/20/09
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This LOTB sheet was prepared in accordance with

the CALTRANS Soil & Rock Logging, Classification,

and Presentation Manual (June 2007), with the exception

of Section 2.3.

Termination at El 44.5

Elev 45.4’, crushed (primarily mechanical?).
Elev 46.0’ to Elev 45.4’, very closely fractured (mechanical).
Elev 46.5’, crushed (primarily mechanical?)
Elev 49.0’, mineral precipitate on naturally occuring fracture planes.
Elev 51.5’ to Elev 50.2’, vertical fracture.
Elev 52.5’, crushed (mechanical?)

Elev 58.2’ to Elev 57.3’, crushed zone.

Elev 60.8’ to Elev 59.7’, multiple near vertical fractures.

Elev 71.5’, slightly weathered.

Elev 75.3’, dark gray.
Elev 79.5’ to Elev 75.2’, crushed zone with clay.

Elev 84.0’, intensely fractured, moderate oxidation staining on fractured planes.

Crushed zones (0.05’ thick) at Elev 83.3’, Elev 83.0’, and Elev 82.4’.
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FOR PLAN VIEW SEE "LOG OF TEST BORINGS 1 OF 17"

CLAYEY SAND (SC),  loose, dark brown, dry to moist, fine, with occasional roots, with pieces of crushable black nodules, strong organic odor.  [FILL]

SILT with SAND (ML), stiff, yellowish brown, dry to moist, with iron-oxide staining, SAND is very fine, with black organic mottling and pieces of decayed vegetation.

SILTY SAND (SM), medium dense, yellowish brown, dry to moist, very fine, with frequent black specks and piece of decayed vegetation up to 1/8" diameter.

Grades yellowish brown, medium dense, with iron-oxide mottling, and seams of light yellowish brown CLAY.

SEDIMENTARY ROCK (SANDSTONE), yellowish brown, decomposed, soft (poorly graded SAND with CLAY (SP-SC), very dense, moist, SAND is fine with light gray CLAY infilling and black organic mottling).

Elev 82.3’, medium fractured, variably oriented dark gray lamination due to soft sediment deformation.

Elev 57.75’, fresh, moderately hard to hard, with mineral precipitate infilling of fractures (no evidence of shearing).

Elev 55.5’, white mineral veins aligned at 45̂  occasionally correspond to fractures, additional fractures not aligned with veins.
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

1 to 2

2 to 4

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

< 0.25

0.25 to 0.50

0.50 to 1.0

> 4.0

1 to 2

2 to 4

< 0.25

0.25 to 0.50

0.50 to 1.0

> 4.0

< 0.12

0.12 to 0.25

0.25 to 0.50

> 2.0

0.50 to 1.0

1.0 to 2.0

Description

Unconfined

Compressive

Strength (tsf)

Pocket

Penetrometer

Measurement (tsf)

Torvane

Measurement (tsf)

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

Size

Size

S
i
z
e

S
i
z
e

PLASTICITY OF FINE-GRAINED SOILS

A 1/8-inch thread cannot be rolled at any water content.Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

3"

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Casing driven

Top Hole El.

L
o
c
a
t
i
o
n
 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o
c
a
t
i
o
n
 

Hole I.D.

1"

Pulled Pipe

Ground water
surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o
c
a
t
i
o
n
 

Top Hole El.

Elev.

100

180/
0-
9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

CONE PENETRATION TEST (CPT) SOUNDING

2

on tip element

Hole I.D.

L
o
c
a
t
i
o
n
 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

2

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Hand driven (1-inch soil tube)

Hand Auger

Note: Size in inches.

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Terminated at Elev
Terminated at Elev

Blows per 12"

(Using 28 lb hand 

hammer with a 12"

drop or as noted) Driving rate in

seconds per 12"

(using a Stanley

MB 156 percussion

hammer and a 2.2"

cone, or as noted)

Size of Sampler 

(inches)

8
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

FIELD AND LABORATORY

TESTING

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

Corrosivity Testing 

(CTM 643, CTM 422, CTM 417)

Consolidated Undrained 

Triaxial (ASTM D 4767)

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Plasticity Index (AASHTO T 90) 

Liquid Limit (AASHTO T 89)

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)

> 12"

No. 4 to 3/4"

SPT N   (Blows / 12 inches)

3/4" to 3"

3" to 12"

9
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IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Discoloration or oxida-

tion is limited to sur-

face of, or short dis-

tance from, fractures;

some feldspar crystals

are dull.

Discoloration or oxida-

tion extends from frac-

tures usually through-

out; Fe-Mg minerals are

"rusty," feldspar 

crystals are "cloudy."

Discolored or oxidized

throughout, but resis-

tant minerals such as

quartz may be unaltered;

all feldspars and Fe-Mg

minerals are completely

altered to clay.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

Discoloration or oxi-

dation throughout; all

feldspars and Fe-Mg

minerals are altered

to clay to some extent; 

or chemical alteration 

produces in-situ dis-

aggregation, see grain 

boundary conditions.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Lengths greater than 3 feet.

No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Description

Lengths from 1 to 3 feet with few lengths less than 1 foot or

greater than 3 feet.

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

x 100%REC =

RQD = x 100%

>

Top Hole El.

B
o
r
i
n
g
 

l
o
c
a
t
i
o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Term

Strong

Weak

Very Weak

Very Strong 

> 30,000

14,500 - 30,000

7,000 - 14,500

3,500 - 7,000

700 - 3,500

150 - 700

< 150

RELATIVE STRENGTH OF INTACT ROCK

Uniaxial Compressive Strength (PSI)

Extremely Strong

Medium Strong

Extremely Weak

Description Thickness / Spacing

Massive Greater than 10 ft

3 to 10 ft

1 to 3 ft

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

BEDDING SPACING

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Lengths mostly in 4" to 1 foot range with most lengths about 8"

Length of intact core pieces   4"

Specimen can be grooved 1/6" deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

3-5/8" to 1 ft

1-1/4" to 3-5/8"

3/8" to 1-1/4"

Less than 3/8"

Lengths average from 1 to 4" with scattered fragmented

intervals with lengths less than 4"

Total length of core run (inches)

Total length of core run (inches)

Length of the recovered core pieces (inches)

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer blows.
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Bulk sample collected from 0 to 5'

Rig chatter at 12'; switch to rock
coring (101 system)

20
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3.75" ASPHALT CONCRETE, 7.5" UNREINFORCED
CONCRETE.
SILTY SAND with GRAVEL (SM), light brown, dry, fine to
medium, GRAVEL is fine, angular to subangular.  [FILL]

SILT with SAND (ML), hard, brown and yellowish brown, dry,
trace GRAVEL, GRAVEL is angular to subangular.

SILTY SAND (SM), very dense, brown to reddish brown,
moist, trace GRAVEL, GRAVEL is fine to coarse, highly
weathered sandstone fragments.

SEDIMENTARY ROCK (Sandstone Breccia), reddish brown,
fine grained, moderately weathered, core is broken, contains
CLAY and SILT, SANDSTONE pieces are hard, with soft
CLAYEY, thinly weathered portions.

SEDIMENTARY ROCK (Mélange Matrix), gray, intensely
fractured, moderately weathered, moderately hard,
fine-grained SANDSTONE fragments (up to 0.25' thick) in
sheared SHALE matrix.

23.0' - 23.4', SANDSTONE piece.

S. McLandrich 5-31-08
BOREHOLE LOCATION (Offset, Station, Line)

DURING DRILLING AFTER DRILLING (DATE)

HOLE ID

6-1-08

Gregg Drilling and Testing, Inc.

5 in. (soil); 4 in. (rock)

Automatic, 140 lbs., 30-inch drop

Neat Cement Grout Backfill

BTNB-R1

91.378 ft (NAVD88)

Fraste Multi-drill (track)

N2120470.078 / E5994297.737  (NAD83)

DRILLING METHOD DRILL RIG

SPT HAMMER TYPE

BOREHOLE BACKFILL AND COMPLETION GROUNDWATER
READINGS

BEGIN DATE COMPLETION DATELOGGED BY

DRILLING CONTRACTOR

HAMMER EFFICIENCY, ERiSAMPLER TYPE(S) AND SIZE(S) (ID)

BOREHOLE DIAMETER

72.9%MC (2.4"), SPT (1.4"), Grab, Bulk, 101-Sampler

Mud Rotary

SURFACE ELEVATION

BOREHOLE LOCATION (Lat/Long or North/East and Datum)

TOTAL DEPTH OF BORING

98 ft

Offset 77ft R Sta 83+61 NB Alignment

Not Recorded
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135.610.3
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0
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Begin Box 2 at 35'

Losing circulation

Begin Box 3 at 51'

PI
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SEDIMENTARY ROCK (Mélange Matrix), gray, intensely
fractured, moderately weathered, moderately hard,
fine-grained SANDSTONE fragments (up to 0.25' thick) in
sheared SHALE matrix.
25.0' - 25.3', hard SILTSTONE piece.
Grades with SANDSTONE, SILTSTONE, and SHALE
fragments.

30.0' - 30.8', slightly serpentinized or chloritized interval.

33.0', slightly weathered.

Grades with SHALE fragments.

37.5' - 38.3', moderately hard SILTSTONE fragments with
some SERPENTINITE.

41.5' - 41.65', reddish brown (CHERT?) fragment.
42.0', SHALE fragments, moderately soft.

43.0', SILTSTONE and fine grained SANDSTONE fragments
(up to 0.1 thick) in sheared SHALE matrix.

46.5', 1.5" greenish gray, serpentinized interval.

49.8', light gray, completely sheared throughout.

Fragments are up to 0.02' thick.
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Losing circulation

Begin Box 4 at 73'

Drill with tricone through hard
material from 82.5' to 84'
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SEDIMENTARY ROCK (Mélange Matrix), gray, intensely
fractured, moderately weathered, moderately hard,
fine-grained SANDSTONE fragments (up to 0.25' thick) in
sheared SHALE matrix.
55.4' - 56.0', fragments are meta-SANDSTONE (up to 0.25'
thick).

61.0', moderately weathered, with slight iron-oxide staining
throughout.

63.0', slightly weathered.

CLAY matrix is dark greenish gray, serpentinized.

68.5', white secondary mineral deposit.
Grades slightly more gray than green and with increase in
SILTSTONE content.
69.0' - 69.8', crushed granular interval.

White secondary mineral is more common.

74.0', sheared SHALE matrix commonly has sandy intervals.
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0
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Drill with tricone through hard
material from 87' to 89'

Begin Box 5 at 92'
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SEDIMENTARY ROCK (Mélange Matrix), gray, intensely
fractured, moderately weathered, moderately hard,
fine-grained SANDSTONE fragments (up to 0.25' thick) in
sheared SHALE matrix.

Borehole terminated at a depth of 98 feet on 6/1/2008.

See Boring Record Legend for soil classification chart and
key to test data and sampler type.
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6

500
psi,
last
18"

1000
psi

61

Slight horizontal laminations (from
compaction?)

Modified California sample at 12.5'
was unlined

Very strong hydrocarbon/oily odor
Very strong hydrocarbon/oily odor

Without odor, without organics

PP =
1.5

PP =
1.63
 1.63
 1.75

4" ASPHALT CONCRETE.
7-8" UNREINFORCED CONCRETE.

3" Poorly graded SAND (SP),  yellowish brown, dry to moist,
fine, clean, frequent roots up to 1/4" diameter.   [FILL]
SILTY SAND with GRAVEL (SM), medium dense, yellowish
brown, moist, fine, GRAVEL is fine to coarse.

SANDY SILT (ML), medium dense, yellowish brown, moist,
SAND is fine to medium, piece of coarse GRAVEL.

CLAYEY GRAVEL (GC), loose, yellowish brown and green,
moist, coarse, rounded, serpentinite fragments (up to 3"
diameter in shoe at 8.5').

CLAYEY SAND (SC), medium dense, yellowish brown, fine to
coarse, with fine GRAVEL (subrounded to rounded,
serpentinite fragments in CLAYEY SAND matrix).

Lean CLAY with GRAVEL and SAND (CL), soft, brown and
greenish gray, moist to wet, GRAVEL is angular serpentinite
fragments, GRAVEL is fine to coarse, SAND is fine to
coarse.

16.5', rig chatter.
SILTY SAND (SM), loose, very dark brown, wet, fine.
Fat CLAY with SAND, medium stiff to stiff, very dark brown,
wet, SAND is fine, with rootlets.

20.5', grades grayish brown, stiff.

METAMORPHIC ROCK (Serpentinite), very soft, yellowish
brown, greenish gray and dark gray, moist, decomposed,
very intensely fractured (SANDY SILT (ML), medium stiff,

T. Carroll 5-31-08
BOREHOLE LOCATION (Offset, Station, Line)

DURING DRILLING AFTER DRILLING (DATE)

HOLE ID

6-1-08

Gregg Drilling and Testing, Inc.

5 in. (soil); 4 in. (rock)

Automatic, 140 lbs., 30-inch drop

Neat Cement Grout Backfill

BTNB-R2

89.420 ft (NAVD88)

Fraste Multi-drill (truck)

N2120407.628 / E5994505.431  (NAD83)

DRILLING METHOD DRILL RIG

SPT HAMMER TYPE

BOREHOLE BACKFILL AND COMPLETION GROUNDWATER
READINGS

BEGIN DATE COMPLETION DATELOGGED BY

DRILLING CONTRACTOR

HAMMER EFFICIENCY, ERiSAMPLER TYPE(S) AND SIZE(S) (ID)

BOREHOLE DIAMETER

76.2%MC (2.4"), SPT (1.4"), Bulk, Shelby (2.87"), 101-Sampler

Mud Rotary

SURFACE ELEVATION

BOREHOLE LOCATION (Lat/Long or North/East and Datum)

TOTAL DEPTH OF BORING

71.5 ft

Offset 70ft R Sta 81+44 NB Alignment

Not Recorded
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C12

C13

C14
C15

C16

C17

C18

C19

C20

C21

C22

C23

C24

C25

C26

C27

0

N/A

N/A
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

101-Coring System

C14, shoe plugged, replaced with
smaller shoe

Slower drilling at 38'

End Box #1 at 42'

15

50

100
68

37

50

100

100

100

50

65

40

100

70

32

75

sand is fine - moist).
METAMORPHIC ROCK (Serpentinite), dark greenish gray
and dark gray, moderately to intensely weathered, very soft,
very intensely fractured, common iron-oxide staining
(localized), occasional small moderately soft zones.

29.0', grades soft, intensely sheared throughout, fibrous
texture common throughout (ML - SANDY SILT, SAND is
fine, moist).

32.0', slight iron-oxide staining, slightly weathered, harder
fragments (angular) of SERPENTINITE with softer material
washed away, fragments are moderately hard, up to 0.1' in
diameter (SM - SILTY SAND, fine to coarse, angular, with
fine GRAVEL fragments, angular to subangular, moist).

37.4', soft to moderately soft, faint iron-oxide staining on
fracture surfaces.
37.7', fibrous texture noted as long as 0.02'.
37.9', moderately soft, bluish gray.
38.0', soft.
38.0', dark bluish gray with infilling of light greenish gray.
38.65', fibrous texture noted as long as 0.02'.
39.15', thin (0.01' thick) white mineral (talc?) vein dipping 50°.
40.0', moderately weathered with common iron-oxide
staining.
41.3', slightly weathered, very soft.

44.35', angular fragments up to 0.1' diameter.

47.9' - 48.6', moderately hard, very intensely fractured,
fragments of harder rock, dark gray.

50.0', soft to moderately soft.

51.5', very soft.

54.2', very intensely fractured zone, fragments are
moderately hard, dark bluish gray, overall matrix is very soft.
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C28

C29

C30

C31

C32

C33

C34

C35

C36

C37

C38

C39
C40

N/A

0

0

N/A

0

N/A

N/A

N/A

N/A

N/A

N/A

N/A
Switch to HQ at 71'

40

50

33

75

100

100

20

89

54

43

75

0
100

54.7', fibrous texture noted.
METAMORPHIC ROCK (Serpentinite), dark greenish gray
and dark gray, moderately to intensely weathered, very soft,
very intensely fractured, common iron-oxide staining
(localized), occasional small moderately soft zones.
55.7', concentration of white mineral.
57.5' - 59.5', recovery is light gray meta-sandstone and
gabbro, moderately weathered, hard, 0.1' to 0.2' fragments,
significant iron-oxide staining, hard to moderately hard.

59.5', moderately weathered, soft, light greenish gray and
orangish brown, heavy iron-oxide staining.
59.7', concentrated iron-oxide weathering along shear planes.

61.5', moderately soft, slightly weathered, greenish gray to
olive gray, with moderately hard, white and dark gray
minerals (white mineral has very fine, fibrous texture
developed along planar surfaces, asbestos?  White mineral
also common with powdery texture disseminated thorught
rock mass).
61.8', horizontal buff sheared seam (0.01' thick), fibrous
texture noted.
62.5', bluish gray, clayey, with green chlorite? minerals,
moderately to slightly weathered, very soft.

67.0', moderately weathered, increase in iron-oxide staining.
67.4' - 67.7', moderately hard rock fragments (gabbro?).

70.2', moderately to slightly weathered, increase in white
mineral (talc) disseminated throughout.
71.5', hard rock fragments.
Borehole terminated at a depth of 71.5 feet on 6/1/2008.

See Boring Record Legend for soil classification chart and
key to test data and sampler type.
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83

83

50

0

100

50

83

100

94

67

109.418.9

18.2

9
12
14

4
8
9

6
8
10

4
6
9

9
13
18

5
7
7

8
11
15

7
11
13

17
23
34

16
21
22

B1

S2

S3

S4

S5

S6

S7

S8

S9

S10

S11

26

17

18

15

31

14

26

24

57

43

Augering slow at 2'

Driller reports easier drilling/harder
zone alternating from 6' to 7.5'

PI

Drills faster at 12.5'

With increased SAND content

Slight bouncing of drill rods at 24.5'

PP =
2.0

PP =
2.125
 2.125

4.5" ASPHALT CONCRETE; 6" UNREINFORCED
CONCRETE.
SILTY SAND (SM), yellowish brown, moist, SAND is fine to
medium, with trace subangular serpentinite fragments, with
dark brown oxidized nodules.  [FILL]
2.0', serpentinite cobble up to 1/8" diameter.
SANDY SILT (ML), medium stiff, dark yellowish brown, moist,
SAND is fine, with black specks.

4.0', block of serpentinite, yellowish brown and greenish
brown, fine-grained, decomposed (SILT (ML), stiff, dry to
moist).

Poorly graded SAND (SP), medium dense, dark brown,
moist, trace SILT, fine to medium, with occasional rootlets up
to 1/16" diameter.

SANDY SILT (ML), very stiff, yellowish brown to dark
yellowish brown, moist, SAND is fine, with dark brown
specks, with thin gray seams.
Cuttings are yellowish brown SANDY SILT.

CLAYEY SAND (SC), medium dense, yellowish brown, moist,
fine to medium, with black specks, slightly cemented.

Poorly graded SAND with CLAY (SP-SC), medium dense,
yellowish brown, moist, fine to medium, with black specks.

Grades very dense.

B. Kluzniak 7-26-08
BOREHOLE LOCATION (Offset, Station, Line)

DURING DRILLING AFTER DRILLING (DATE)

HOLE ID

7-26-08

Gregg Drilling and Testing, Inc.

5 in. (soil); 4 in. (rock)

Automatic, 140 lbs., 30-inch drop

Neat Cement Grout Backfill

BTNB-R3

86.286 ft (NAVD88)

Fraste Multi-drill (track)

N2120351.985 / E5994725.98  (NAD83)

DRILLING METHOD DRILL RIG

SPT HAMMER TYPE

BOREHOLE BACKFILL AND COMPLETION GROUNDWATER
READINGS

BEGIN DATE COMPLETION DATELOGGED BY

DRILLING CONTRACTOR

HAMMER EFFICIENCY, ERiSAMPLER TYPE(S) AND SIZE(S) (ID)

BOREHOLE DIAMETER

72.9%MC (2.4"), SPT (1.4"), Bulk, 101-Sampler

Mud Rotary

SURFACE ELEVATION

BOREHOLE LOCATION (Lat/Long or North/East and Datum)

TOTAL DEPTH OF BORING

100 ft

Offset 67ft R Sta 79+10 NB Alignment

21.6 feet
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94

89

94

100

83

89

83

89

61

52

102.123.1

19
25
33

13
17
20

15
19
22

10
15
21

20
36
55

11
15
30

23
36
36

9
11
12

9
15
27

30
50/
5.5"

S12

S13

S14

S15

S16

S17

S18

S19

S20

S21

C22

C23

N/A

N/A

58

37

41

36

91

45

72

23

42

50/
5.5"

With decrease in CLAY content

Without iron-oxide staining, with
decrease in CLAY content

Run #3 dropped from barrel, unable
to recover

100

77

Poorly graded SAND with CLAY (SP-SC), medium dense,
yellowish brown, moist, fine to medium, with black specks.

Grades with iron-oxide mottling, with moderate cementation.

Grades light yellowish brown and olive gray, mottled.

Poorly graded SAND (SP), dense, yellowish brown to grayish
brown, moist, fine to medium.

Grades grayish brown with iron-oxide mottling, fine.

Poorly graded SAND with CLAY (SP-SC), medium dense,
yellowish brown, moist, fine, with very dark brown mottling.

Lean CLAY with SAND and GRAVEL (CL), medium stiff to
stiff, yellowish brown, moist, GRAVEL is fine to coarse,
subangular serpentinite fragments.
METAMORPHIC ROCK (Serpentinite), fine-grained, yellow
and greenish gray, decomposed, very soft (SILT (ML), stiff,
horizontally laminated, dry).

Grades greenish gray, light gray and reddish brown, intensely
weathered, very soft, very intensely fractured, internally
crushed and sheared (SILT (ML), medium stiff, moist to wet,
trace fine to medium SAND), pervasively sheared, iron-oxide
staining throughout rock mass.
50.25', white clay seam infilling.

51.5', 0.2' thick zone, horizontally fissured, soft, dark mineral
fragments up to 0.01' in diameter.
52.0' - 52.6', moderately hard, gabbroic with localized
shearing.
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C24

C25

C26

C27

C28
C29

C30

C31

C32

C33

C34

C35

0

0

N/A

N/A
N/A

N/A

N/A

N/A

N/A

N/A

10

0

100

95

28

100
95

100

90

100

88

83

67

METAMORPHIC ROCK (Serpentinite), fine-grained, yellow
and greenish gray, decomposed, very soft (SILT (ML), stiff,
horizontally laminated, dry).

58.0', moderately hard, with localized shearing.
58.5' - 58.7', white minerals common with tan CLAY infilling.

60.5', intensely weathered, very soft, heavy iron-oxide
staining.

61.6' - 62.0' and 62.4' - 62.6', 45° dipping fractures.
62.05', 62.5', and 62.65', black staining on fracture surfaces
(manganese-oxide?).
62.7', moderately weathered, moderately hard, iron-oxide
staining limited to fracture planes.
63.3', 63.65', and 63.8', light yellowish brown CLAY infilling.

65.0' - 65.3' and 65.55' - 65.8', zones of very soft
serpentinite.

Heavy iron-oxide staining throughout run.

69.1', white secondary mineral deposit on fracture plane,
moderately to intensely weathered, moderately hard.
69.6', sub-horizontal shearing planes with heavy iron-oxide
staining.

72.4', light orangish brown staining.
72.9' - 73.7', intensely weathered, very soft serpentinite.

IGNEOUS ROCK (Gabbro), aphanitic, very dark gray to
black, moderately to slightly weathered, moderately hard to
hard, very intensely fractured.
74.4', thin light gray secondary mineral deposit, localized
shearing on through fractures, color change to very dark
gray/black.
76.0', very intensely fractured (entire run).
76.4' - 77.2', heavy iron-oxide staining.

METAMORPHIC ROCK (Serpentinite), intensely weathered,
moderately soft, light greenish gray.
78.5' - 78.7', very soft.
79.5' - 79.6', very soft (CLAY-like).
79.7' - 80.3', reduced diameter.

81.0', color change to dark bluish gray.

82.2', very light gray.
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C36

C37

C38

C39

C40

10

20

N/A

20

N/A

100

100

100

100

60

84.7', very soft (CLAY-like), bluish gray (gabbroic), secondary
white mineral on shearing planes.
METAMORPHIC ROCK (Serpentinite), intensely weathered,
moderately soft, light greenish gray.

87.4' - 87.6', 88.0' - 88.2', and 88.5' - 88.7', severely
weathered, very soft.
88.2' - 88.5', reduced diameter.

88.8', moderately weathered, intensely fractured, moderately
hard, dark to very dark gray, predominantly gabbroic.
89.5' - 89.8', mechanical breaks.
89.9' - 90.5', very soft (CLAY-like), light bluish gray.
90.5' - 91.5', variable softness (very soft to moderately hard).

92.0' - 93.7', moderately hard, with horizontal markings from
drill bit.

94.2' - 94.6', slightly weathered, very soft.

96.5' - 96.8', secondary white mineral on predominant
fracture plane, dipping approximately 70°.

97.5' - 97.8', intensely fractured, slightly weathered to fresh,
very soft.
97.8' - 100.0', moderately hard, with very soft to soft zones at
98.0', 98.4', and 98.6'.

Borehole terminated at a depth of 100 feet on 7/26/2008.

See Boring Record Legend for soil classification chart and
key to test data and sampler type.
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100

83

100

67

72

67

83

83

86

100

130.7

136.8

131.9
129.0
127.0

13.7

14.1

19.5
19.4
18.8

17
9
8

4
8
13

19
22
31

12
17
22

12
23
29

10
15
19

19
32
49

14
19
25

27
47
50/
5.5"

S1

S2

S3

S4

S5

S6

S7

S8

S9

S10

17

21

53

39

52

34

81

44

97/
11.5"

48

PI, PA

PA

CR

PADS =
1.32
DS =

CLAYEY GRAVEL (GC), mediuim dense, reddish brown, dry
to moist, fine, angular, with fine to coarse SAND, with black
organic mottling.  [FILL]

2.5', piece of plastic.

SANDY ORGANIC SOIL (OL), soft to medium stiff, very dark
brown, moist, SAND is fine, with decayed vegetation up to
1.5" diameter, slight organic odor detected.
SILT with SAND (ML), medium stiff, yellowish brown, dry to
moist, with light yellowish brown mottling and black specks,
strongly cemented, with piece of decayed vegetation.

Grades dense with iron-oxide staining.

SANDY SILT (ML), yellowish to reddish brown, dry to moist,
SAND is fine, with light yellowish brown mottling, with black
specks.

Grades with pockets of SANDY CLAY.

Poorly graded SAND (SP), dense, reddish brown, moist, fine,
trace fines.
Black carbon nodule up to 1/4" diameter.

Grades dark yellowish brown.

Poorly graded SAND with CLAY (SP-SC), very dense,
reddish brown, moist, fine.

Grades yellowish brown.

T. Carroll 2-18-08
BOREHOLE LOCATION (Offset, Station, Line)

DURING DRILLING AFTER DRILLING (DATE)

HOLE ID

2-19-08

Gregg Drilling and Testing, Inc.

5 in. (soil); 4 in. (rock)

Automatic, 140 lbs., 30-inch drop

2" dia. Standpipe Piezo Screened 49.5 to 69.5 ft

BTNB-R4-PZ

70.422 ft (NAVD88)

Fraste Multi-drill (track)

N2120366.979 / E5994998.299  (NAD83)

DRILLING METHOD DRILL RIG

SPT HAMMER TYPE

BOREHOLE BACKFILL AND COMPLETION GROUNDWATER
READINGS

BEGIN DATE COMPLETION DATELOGGED BY

DRILLING CONTRACTOR

HAMMER EFFICIENCY, ERiSAMPLER TYPE(S) AND SIZE(S) (ID)

BOREHOLE DIAMETER

72.9%MC (2.4"), SPT (1.4"), HQ Core

Mud Rotary

SURFACE ELEVATION

BOREHOLE LOCATION (Lat/Long or North/East and Datum)

TOTAL DEPTH OF BORING

124 ft

Offset 100ft R Sta 76+22 NB Alignment

Not Recorded
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89

83

83

83

94

67

86

100

83

100

83

83

132.9

134.2

20.1

21.2

16
23
25

18
33
43

17
23
30

20
27
31

17
23
33

21
27
36

11
22
31

30
43
50/
5.5"
11
19
16

15
22
34

11
11
21

7
12
18

12
50/6"

S11

S12

S13

S14

S15

S16

S17

S18

S19

S20

S21

S22

76

53

58

56

63

53

93/
11.5"

35

56

32

30

50/6"

PA

Appears to be a water bearing layer
at 44'

PA

1.67
DS =
2.01

PP =
1.875

Poorly graded SAND with CLAY (SP-SC), very dense,
reddish brown, moist, fine.

Grades reddish brown with yellowish brown layer, with
occasional black specks.

Grades very dense, yellowish brown.

Grades fine to medium, with frequent pockets of slight
cementation, with occasional black specks and iron-oxide
staining.

Grades fine.

Grades dense, dark yellowish brown and light yellowish
brown, trace fines, grades fine to medium.

45.0', grades clayey.
Grades yellowish brown, fine, moist, horizontally laminated,
with iron-oxide mottling.

Poorly graded SAND (SP), medium dense, dark yellowish
brown, wet, fine to medium, with iron-oxide mottling, with
crushable black carbon nodules.

Poorly graded SAND with CLAY (SP-SC), dense, dark
yellowish brown, moist, fine to very fine, with iron-oxide
mottling.

Lean CLAY with SAND (CL), very stiff, grayish and yellowish
brown, moist, pockets of cemented SAND up to 1/8"
diameter, occasional piece of angular fine GRAVEL.

METAMORPHIC ROCK (Serpentinite), greenish gray, very
intensely weathered, soft, very intensely fractured (Lean
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119.716.5

7.2

6.03

C23

C24

C25

C26

C27

C28

C29

C30

C31

C32

0

0

0

N/A

0

46

0

0

N/A

0

HQ-3 syntek bit

59', switch to diamond bit

PI

Increase in drill rate at 73.4', stopped
run at 74'

48

27

90

56

40

100

100

94

73

81

UU =
0.36

CLAY with SAND (CL), very stiff, moist).
54.5', grades moderately strong and moderately weathered.
METAMORPHIC ROCK (Serpentinite), dark greenish gray,
moderately weathered, gabbroic recovery is broken with
largest core length 0.2'.

Greenish gray non-gabbroic, pervasively sheared, slightly
weathered to fresh, soft.

61.5', reddish brown slightly oxidized zone.

Recovery is dark gray gabbroic blocks only.

68.5', green and dark gray, moderately fractured, moderately
soft.
Break at 68.95' is mechanical.
69.0' - 70.5', surface of core is slightly pitted.

70.5', 0.15' thick diagonal white mineral vein, moderate
iron-oxide staining on fracture surfaces at 69.4' and 70.6'.
71.0' - 71.5', light green mineral vein infilling (chlorite?).
71.6', white minearl vein (0.08' thick) with fibrous texture.
72.1', white mineral vein (0.08' thick).

73.0', green and greenish gray, very soft, slightly weathered.

74.0', surface pitted.

75.0', very soft.

Dark purple blocks of harder serpentinite (gabbroic) at 76.5',
77.5', and 77.0' (each 0.2' thick).

78.5' - 78.8', dark purple block of harder serpentinite
(gabbroic).

80.5', 0.3' block of greenish gray harder serpentinite
(grabbroic).

82.5' - 83.3', dark greenish gray, intensely fractured,
moderately hard, moderately strong, slightly weathered.
83.3', light greenish gray, very soft to soft.

84.3' - 84.7', harder blocks.
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118.616.8

C33

C34
C35

C36

C37

C38

C39

C40

C41

N/A

N/A
N/A

11

N/A

N/A

N/A

N/A

70

PI

Lost circulation at 88' to 88.5'

Harder drilling 115' - 116'
Harder drilling 123' - 124'

Straight drill to 124'

100

100
67

78

64

100

78

50

100

UU =
0.42

UC =
92

METAMORPHIC ROCK (Serpentinite), dark greenish gray,
moderately weathered, gabbroic recovery is broken with
largest core length 0.2'.

90.5', iron-oxide staining.

91.5', diagonal white secondary mineral vein filliing.

94.0', soft, secondary white mineral disceminated throughout.

95.8' - 97.0', dark greenish gray, moderately hard, intensely
to moderately fractured (no secondary, not internally
sheared), fibrous mineralization noted along fractures.

104.7' - 105.6' and 107.0' - 108.0', recovery is broken,
moderately hard, dark gray and green gabbroic serpentinite
up to 2.5" in length.
105.0' - 105.4', recovery is only loose, moderately strong,
moderately hard, fresh blocks of dark gray and green
serpentinite up to 1" in length.
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METAMORPHIC ROCK (Serpentinite), dark greenish gray,
moderately weathered, gabbroic recovery is broken with
largest core length 0.2'.

Borehole terminated at a depth of 124 feet on 2/19/2008.

See Boring Record Legend for soil classification chart and
key to test data and sampler type.
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C1

C2

C3

C4

C5

C6

C7

0

20

39

0

0

30

26

0' to 1' straight drill to set casing

PL

PL

At 18.5' switch from face discharge
bit to side discharge/ impregnated bit

PL

95

88

96

80

88

95

82

SEDIMENTARY ROCK (Sandstone), fine to medium grained,
no apparent bedding, yellowish brown and gray, intensely to
moderately weathered, moderately soft, intensely to
moderately fractured.

1.85', moderately hard, moderately weathered.

2.8' and 5.4', heavy iron-oxide staining on fracture surfaces,
sheared/mylonized clay filled fractures, slight iron-oxide
staining throughout rock mass, randomly oriented fracture
surfaces.

Iron-oxide staining reduced to fracture surfaces only.

9.0', very intensely to intensely fractured zone (0.5' thick).

10.7', crushed/mylonized zone (0.3' thick).

12.0', very thinly bedded (alternating light gray and gray),
slightly weathered, moderately to slightly fractured, slight
weathering on fracture planes, intact rock mass is unstained,
hard.

14.0', intensely fractured.

16.5', sheared/crushed/clay-filled zone (0.3' thick).
17.0', very intensely fractured, less iron-oxide staining, no
indication of bedding, fine-grained.

18.5', intensely fractured, with mylonized/clay-filled zones at
19.0' and 20.0' up to 0.1' thick.

21.0', slightly weathered to fresh.
21.3' - 22.1', very intensely fractured.

22.1', intensely to moderately fractured.

23.0', intensely to moderately fractured with very intensely
fractured zone from 24.1' to 24.9'.

T. Carroll 4-9-08
BOREHOLE LOCATION (Offset, Station, Line)

DURING DRILLING AFTER DRILLING (DATE)

HOLE ID

4-10-08

Gregg Drilling and Testing, Inc.

4 in.

N/A

2" dia. Standpipe Piezo Screened 15.0 to 35.0 ft

BTNB-R5A-PZ-S

79.370 ft (NAVD88)

Fraste Multi-drill (track)

N2120582.62 / E5994169.98  (NAD83)

DRILLING METHOD DRILL RIG

SPT HAMMER TYPE

BOREHOLE BACKFILL AND COMPLETION GROUNDWATER
READINGS

BEGIN DATE COMPLETION DATELOGGED BY

DRILLING CONTRACTOR

HAMMER EFFICIENCY, ERiSAMPLER TYPE(S) AND SIZE(S) (ID)

BOREHOLE DIAMETER

HQ Core

Mud Rotary

SURFACE ELEVATION

BOREHOLE LOCATION (Lat/Long or North/East and Datum)

TOTAL DEPTH OF BORING

76 ft

Offset 154ft R Sta 85+13 NB Alignment

Not Recorded
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C8 0

Straight drill at 30.5' to 70.6' for
PS-logging

92

UC =
706

SEDIMENTARY ROCK (Sandstone), fine to medium grained,
no apparent bedding, yellowish brown and gray, intensely to
moderately weathered, moderately soft, intensely to
moderately fractured.
25.0', occasional thin white vein infilling (quartz?).

28.0', very intensely to intensely fractured, slight clay infilling
of fractures.
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SEDIMENTARY ROCK (Sandstone), fine to medium grained,
no apparent bedding, yellowish brown and gray, intensely to
moderately weathered, moderately soft, intensely to
moderately fractured.

Borehole terminated at a depth of 76 feet on 4/10/2008.

See Boring Record Legend for soil classification chart and
key to test data and sampler type.
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78S1

C2

C3

C4

C5

C6

C7

C8

C9

13

0

15

0

10

0

25

0

50/3"

9.1', 2/58W
9.2', 347/4E
9.6', 31/90
10.1', 82/44S
10.3', 336/28W
10.5', 352/34E
10.7', 353/39E
PL
11.1', 337/36W
11.3', 38/44W
11.3', 28/48E
11.5', 292/24N
11.7', 344/68E

15.1', 78/49N

15.75', 359/12E
15.9', 21/42E
16.5', 5/25E

17.6', 44/55E

18.3', 3/18E
18.35', 345/81E
18.5', 309/19N

Hole taking a little fluid at 23'

80

100

100

92

95

78

75

47

1/2" ASPHALT CONCRETE.
SEDIMENTARY ROCK (Sandstone), medium grained to fine
grained, no indication of bedding, dark grayish brown,
moderately weathered, moderately hard, moderately
fractured, heavy iron-oxide staining on fracture surfaces, light
staining within rock mass at 4.5', vein infilling up to 0.02' thick
(calcite?), grades very thinly bedded, intensely fractured,
fracture dipping ranges from 20° to 70°, fractures are typically
intensely weathered.  Grains are angular to subangular,
uniform, numerous insipient fractures, very dense/lithified.

6.8', finer grained with decrease in medium grained, darker
minerals, moderately to slightly weathered.

10.01', CLAYEY SAND sheared filling, entire interval appears
massive (no indication of bedding).

12.0', fracture orientation and spacings remain consistent
with above.

15.9', seam infilling with CLAY.

16.5', slickensides parallel to dip.

~17.9' to 19.0", near vertical fracture, undulating surface
intersecting fractures average orientation is 345/81E.

19.0', slightly weathered (slight iron-oxide staining).

21.0', very intensely to intensely fractured with one length
from 21.5' to 22.0' intact.

23.0', hard, fresh to slightly weathered (absence of iron-oxide
stains).
23.0', multiple vertical fractures entire length of core with
additional sub-horizontal fractures.

T. Carroll 4-5-08
BOREHOLE LOCATION (Offset, Station, Line)

DURING DRILLING AFTER DRILLING (DATE)

HOLE ID

4-8-08

Gregg Drilling and Testing, Inc.

5 in. (soil); 4 in. (rock)

Automatic, 140 lbs., 30-inch drop

2" dia. Standpipe Piezo Screened 78.0 to 98.0 ft

BTNB-R5-PZ-D

79.635 ft (NAVD88)

Fraste Multi-drill (track)

N2120581.324 / E5994178.193  (NAD83)

DRILLING METHOD DRILL RIG

SPT HAMMER TYPE

BOREHOLE BACKFILL AND COMPLETION GROUNDWATER
READINGS

BEGIN DATE COMPLETION DATELOGGED BY

DRILLING CONTRACTOR

HAMMER EFFICIENCY, ERiSAMPLER TYPE(S) AND SIZE(S) (ID)

BOREHOLE DIAMETER

72.9%SPT (1.4"), HQ Core

Mud Rotary

SURFACE ELEVATION

BOREHOLE LOCATION (Lat/Long or North/East and Datum)

TOTAL DEPTH OF BORING

114 ft

Offset 154ft R Sta 85+5 NB Alignment

Not Recorded
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145.19.3

C10

C11

C12

C13

C14

C15

C16

C17

C18

C19

C20

C21

0

24

37

0

0

0

0

N/A

N/A

N/A

N/A

N/A

PL

30.9', 48/33S

Lost circulation 31.5' to 32.5'
32', 61/53S

PL
32.6', 15/26W
Taking a little water at 33'
33.3', 66/92
33.3', 34/64E
33.3', 14/56W
Apparent bedding caused by coring
(typical 31.9' to 32.2)
35.35', 300/55N
35.35', 333/84W
36.4', 292/30N

37.75', 88/78N
37.75', 67/42N

40' to 41', straight drill
At 40' rock contact gradual based on
drilling change
Recovery is broken fragments of
core, not representative of zone.

Straight drill 44' to 45'

Switch to 101 sampler at 48.5'

PI

100

100

80

48

65

25

40

1

73

127

97

100

23.4', white mineral, vein, hard (non-quartz).
23.6', CLAY seam infilling.
SEDIMENTARY ROCK (Sandstone), medium grained to fine
grained, no indication of bedding, dark grayish brown,
moderately weathered, moderately hard, moderately
fractured, heavy iron-oxide staining on fracture surfaces, light
staining within rock mass at 4.5', vein infilling up to 0.02' thick
(calcite?), grades very thinly bedded, intensely fractured,
fracture dipping ranges from 20° to 70°, fractures are typically
intensely weathered.  Grains are angular to subangular,
uniform, numerous insipient fractures, very dense/lithified.
27.0' - 28.0', white mineral vein fillings (unrelated to
fracturing) pervasively fractured (from fragments to 0.2').
28.0', intensely fractured, fractures dipping commonly 60° to
70°, continued localized white mineral vein fillings.
30.9', 0.08' thick shear zone (light gray, silty, fine SAND).
31.0', contact to fine grained SAND (medium grained above).

33.4', fine to medium grained (core broken with silty fine
SAND fragments <0.01' to 0.2').

36.4', very intensely fractured (crushed) (silty, fine SAND
shear zone).

38.0', 0.3' intact fragment (laminated showing soft sediment
deformation), no visible sand grains.
38.3', 0.05' quartz vein.

SEDIMENTARY ROCK (Mélange Matrix), dark gray
(consisting of fine grained SANDSTONE, very hard
SILTSTONE, and fragmented hard SHALE), very intensely
fractured (crushed), slightly weathered to fresh.

Very soft to hard.

48.5', fresh, fragments are fine grained, lithic SANDSTONE,
occasional quartz? veins, fragments range from <0.01' to
core diameter.

50.0' - 51.1', crushed, very fine grained.

51.1' - 52.1', clayey (primarily CLAY with hard fragments).

52.1' - 52.4', crushed, very fine grained.
52.4' - 52.9', clayey.
Scattered green mineral filling within small cavities (up to
0.08" diameter)(chlorite?).
53.0', highly sheared SHALE with internal slickensided shear
planes within rock mass and very fine grained
SANDSTONEfragments.

BORING RECORD

E
LE

V
A

T
IO

N
 (

ft)

Doyle Drive Replacement Project

S.F. 1637018.3/9.4

PREPARED BY DATE

C
A

LT
R

A
N

S
 F

O
R

M
A

T
  

D
O

Y
LE

D
R

IV
E

_A
R

U
P

LO
G

S
.G

P
J 

 A
R

U
P

 L
IB

R
A

R
Y

_C
A

LT
R

A
N

S
 F

O
R

M
A

T
.G

LB
  8

/2
4/

09

PROJECT OR BRIDGE NAME

BRIDGE NUMBER

Department of Transportation

101

BTNB-R5-PZ-D

SHEET

R
ec

ov
er

y 
(%

)

Geotechnical Services

S
am

pl
e 

Lo
ca

tio
n

D
ry

 U
ni

t W
ei

gh
t

(p
cf

)

M
oi

st
ur

e
C

on
te

nt
 (

%
)

C
as

in
g 

D
ep

th

 34-0161L

B
lo

w
s 

pe
r 

6 
In

M
at

er
ia

l
G

ra
ph

ic
s

HOLE ID

EADIST. COUNTY

(continued)

ROUTE

8-24-09

S
am

pl
e 

N
um

be
r

R
Q

D
 (

%
)

B
lo

w
s 

pe
r 

F
oo

t

4

REPORT TITLE

2  of  5

POSTMILE

53.64

51.64

49.64

47.64

45.64

43.64

41.64

39.64

37.64

35.64

33.64

31.64

29.64

27.64

25.64

D
ril

lin
g 

M
et

ho
d

T. Carroll

Division of Engineering Services

RemarksD
E

P
T

H
 (

ft)

S
he

ar
 S

tr
en

gt
h

(t
sf

)

Description
25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55



C22

C23

C24

C25

C26

C27

C28

C29
C30
C31

C32

C33

C34

N/A

N/A

N/A

N/A

N/A

O

0
0

0

N/A

N/A

N/A

Contact based on drilling change.

84.5' to 85', straight drill

100

28

100

70

28

72

100

100
75
14

100

100

80

SEDIMENTARY ROCK (Mélange Matrix), dark gray
(consisting of fine grained SANDSTONE, very hard
SILTSTONE, and fragmented hard SHALE), very intensely
fractured (crushed), slightly weathered to fresh.
56.5', less clayey (more intact SHALE).
56.8' and 60.4', 0.15' hard resistant rock fragments, core
breaks are irregular sub-horizontal to 10°dip.

59.2', crushed/sheared zone without CLAY.

Iron-oxide staining common on fracture faces, moderately
weathered.

64.5', very minor local staining on surfaces (chlorite?),
iron-oxide staining throughout, primarily sheared fragments
with sub-horizontal fissillity.
65.5', interval ranges from pervasively sheared SHALE
(clayey) to hard gray SANDSTONE fragments (up to 0.25').
65.75', dipping 35°.

67.5', continued highly sheared SHALE.
67.5' - 68.2', scattered quartz vein filling.
68.2', subangular SANDSTONE fragments (up to 0.05') in
olive brown CLAY matrix.

SEDIMENTARY ROCK (Sandstone), fine grained, hard, very
intensely fractured, moderately weathered with heavy
iron-oxide staining on fracture surfaces and extending slightly
into the rock mass.
72.5', iron-oxide staining on some surfaces, but not all,
suggesting mechanical breaks.
74.0', continued mechanical breaks, multiple fracture
orientations, quartz vein (20° dip) at 74.7' (0.02' thick).
75.7', horizontal to 10° fractures, CLAY filled sheared fracture
at 76.3'.

SEDIMENTARY ROCK (Mélange Matrix), dark gray, fresh,
very soft.

81.1', chlorite? vein (1/4" thick).
81.6', quartz vein (1/4" thick), sheared SHALE with hard
SANDSTONE pieces (up to 1/4"diameter).
SEDIMENTARY ROCK (Sandstone), dark gray, fine grained,
moderately hard, very intensely fractured, fresh, not clayey.
82.3' - 82.6', crushed zone.
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C35

C36

C37

C38

C39

C40

C41

C42

C43

1.5/4'

1.6

0

62

N/A

0

0

O

0

Switch to HQ core barrel at 85'

PL
PL

94.4', 39/65E

95', 60/80N
95', 2/52W
95.5', 40/24E
95.6', 74/73N
96.2', 23/72E
96.4', 73/28S
96.6', 61/90
97.6', 88/62N

98.5', 43/63W
98.8', 328/90
99.4', 42/61E

100.2', 307/63N
100.3', 345/54W
100.9', 44/54E
101.1', 80/40N
101.7', 275/61N

102.4', 40/42E

103.2', 294/47S

At 104', fluid color change from light
gray to yellow brown

93

98

100

100

72

100

90

100

0

UC =
634

SEDIMENTARY ROCK (Mélange Matrix), dark gray, slightly
weathered to fresh, soft, very intensely fractured (crushed),
mylonized (CLAY-like) with subangular sandstone fragments,
variably oriented contacts dipping up to 30°.  SANDSTONE
fragments up to 0.2' thick localized shearing along thin
fractures.
METAMORPHIC ROCK (Meta-Sandstone), steeply dipping,
laminated relic bedding offset by healed micro-faults, dark
gray, fresh, hard, moderately to slightly fractured, milky white
vein filling.
89.0', clayey infilling common, very intensely fractured
(crushed), random quartzitic vein filling, locally associated
with fractures and planes of weakness, harder pieces within
mylonized zone are moderately hard overall matrixes soft.
89.6' - 91.0', fractured mylonized zones.
91.0', hard, moderately fractured.

92.0', mylonized seam (0.02' thick).

94.4', intensely to moderately fractured, mylonized zone.

95.0, crushed zone.

96.4', mylonized CLAY zone with quartz vein filling.

99.0', continued quartz vein filling, parallel and not parallel to
fractures, moderately fractured.

103.2', sheared/mylonized, dark gray and yellowish brown,
iron-oxide staining throughout fractures, very intensely
fractured (crushed), slickensides of fractures at 103.2' parallel
to dip.
104.0', pervasively fractured, mylonized, with pervasive
secondary CLAY formation, remanant intersecting fracture
planes at 30° to 40° dip, moderately weathered.

106.5', predominantly moderately hard, intensely weathered,
CLAY smearing and iron-oxide staining on fractures at
109.0'.
106.5' - 106.9' and 108.5' and 108.8', clayey mylonized zones
(with subangular sandstone fragments in clay matrix).
108.3' - 109.5', additional sub-vertical fractures.
109.0', gray CLAY along predominant fracture.  Quartz?
veins continued, primarily unrelated to fracures.  Multiple
fracture sets primarily between 50° - 30°.

110.7' - 112.2', pervasively sheared with a substantial portion
mylonized, random fracture orientations.

112.5', pervasively oxidized, intensely fractured, variably
oriented fractures.
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.

Borehole terminated at a depth of 114 feet on 4/8/2008.

See Boring Record Legend for soil classification chart and
key to test data and sampler type.

Additional Notes:

1.  Oriented rock coring performed.   Where valid results
were obtained, they are listed in the remarks column by depth
using the following system:  Depth, Strike/Dip.
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50
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67

50

83
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83
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4
6
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2
3
3

5
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4
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7
13
17

4
6
11

10
18
24

7
11
12

13
19
23

S1

S2
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S4

S5

S6

S7

S8

S9

S10

14

6

17

18

30

17

42

23

42

38

Roots up to 1/4" diameter

Drilling slowed at 15.5'

PP =
2.0

1/2" ASPHALT CONCRETE
GRAVELLY CLAY (GC), poorly compacted, reddish brown,
moist, GRAVEL is subangular.  [FILL]
Poorly graded SAND (SP), loose, fine, dark yellowish brown,
moist, trace medium SAND, trace fines.

Grades medium dense, with yellowish brown and reddish
brown mottling, abundant rootlets (up to 1/16" diameter).
8.0', 1/2" diameter angular chert fragment.

SILT (ML),  very stiff, yellowish brown and grayish brown,
mottled, moist, trace fine to medium SAND, with black
oxidized nodules (up to 1/8" diameter), occasional rootlet,
with pockets of SANDY CLAY (up to 1/8" diameter).
14.0', grades to SILT with SAND.

19.0', grades to SANDY SILT, without rootlets, horizontally
fissured (up to 1/4").

Poorly graded SAND with SILT (SP-SM), dense, yellowish
brown to dark yellowish brown, moist, fine to medium,
frequent dark reddish brown oxidized nodules (up to 1/4"
diameter).

T. Carroll 3-27-08
BOREHOLE LOCATION (Offset, Station, Line)

DURING DRILLING AFTER DRILLING (DATE)

HOLE ID

3-27-08

Gregg Drilling and Testing, Inc.

5 in.

Automatic, 140 lbs., 30-inch drop

2" dia. Standpipe Piezo Screened 17.0 to 32.0 ft

BTNB-R6A-PZ-S

83.531 ft (NAVD88)

Fraste Multi-drill (track)

N2120558.479 / E5994527.552  (NAD83)

DRILLING METHOD DRILL RIG

SPT HAMMER TYPE

BOREHOLE BACKFILL AND COMPLETION GROUNDWATER
READINGS

BEGIN DATE COMPLETION DATELOGGED BY

DRILLING CONTRACTOR

HAMMER EFFICIENCY, ERiSAMPLER TYPE(S) AND SIZE(S) (ID)

BOREHOLE DIAMETER

72.9%MC (2.4"), SPT (1.4")

Mud Rotary

SURFACE ELEVATION

BOREHOLE LOCATION (Lat/Long or North/East and Datum)

TOTAL DEPTH OF BORING

32 ft

Offset 222ft R Sta 81+61 NB Alignment

Not Recorded
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83

70
108.848.8

15
18
20

13
22
47

41
50/5.5"

S11

S12

69

50/5.5"

PA

Straight drill to 32'

UU =
0.74

Poorly graded SAND with CLAY (SP-SC),  very dense, light
yellowish brown,  fine to medium, with black specks, with
serpentinite rock fragments (up to 1/4" diameter).
METAMORPHIC ROCK (Serpentinite), no indication of
bedding,  yellowish green and very dark gray, very intensely
weathered, soft, very intensely fractured, with occasional
iron-oxide staining.  (clayey SAND (SC) very dense, moist)

Borehole terminated at a depth of 32 feet on 3/27/2008.

See Boring Record Legend for soil classification chart and
key to test data and sampler type.
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61

44
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50

83
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S1

S2

S3
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S5
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S10

18

5

13

14

27

36

41

23

68

59

With increase in fines content

With shell fragments

PA

PI

PA

PA

PP =
1.5
 1.4

UU =
1.2

PP =
1.4
 1.8
 2.1
 1.9

CLAYEY GRAVEL (GC), loose, reddish brown, moist,
GRAVEL is subangular, trace roots (1/4" diameter).  [FILL]

Poorly graded SAND (SP), loose, yellowish brown, moist,
fine, trace fines, trace medium SAND.

Grades dark brown, grades without medium SAND, with
pockets of black organic material (up to 1/8" diameter).

Poorly graded SAND with CLAY (SP-SC), medium dense,
reddish brown, moist, fine, with shell fragments.

9.1', grades with yellowish brown mottling.

9.7', 1/4" diameter root.

Lean CLAY (CL), stiff, yellowish brown and grayish brown,
moist, mottled, trace fine to medium SAND, with black
oxidized nodules (up to 1/8" diameter).

Grades to CLAY with SAND, with black specks, rootlets.

SANDY SILT (ML), stiff, light yellowish brown, moist, with thin
horizontal laminations.

19.0', grades with slight iron-oxide mottling.

SILTY SAND (SM), very dense, yellowish brown, moist, fine
to medium, with trace rock fragments up to 1/4" diameter,
rock fragments are subangular SILTSTONE and
SERPENTINITE, with SANDY CLAY partings, with black
specks.

T. Carroll 3-26-08
BOREHOLE LOCATION (Offset, Station, Line)

DURING DRILLING AFTER DRILLING (DATE)

HOLE ID

3-28-08

Gregg Drilling and Testing, Inc.

5 in. (soil); 4 in. (rock)

Automatic, 140 lbs., 30-inch drop

2" standpipe Piezo from 60' to 80'

BTNB-R6-PZ-D

83.591 ft (NAVD88)

Fraste Multi-drill (track)

N2120559.949 / E5994521.542  (NAD83)

DRILLING METHOD DRILL RIG

SPT HAMMER TYPE

BOREHOLE BACKFILL AND COMPLETION GROUNDWATER
READINGS

BEGIN DATE COMPLETION DATELOGGED BY

DRILLING CONTRACTOR

HAMMER EFFICIENCY, ERiSAMPLER TYPE(S) AND SIZE(S) (ID)

BOREHOLE DIAMETER

72.9%MC (2.4"), SPT (1.4"), Grab, HQ-Core

Mud Rotary

SURFACE ELEVATION

BOREHOLE LOCATION (Lat/Long or North/East and Datum)

TOTAL DEPTH OF BORING

98 ft

Offset 222ft R Sta 81+67 NB Alignment

Not Recorded
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73

83

108.314.9

17
27
32

40
50/5"

29
32
34

S11

S12

S13

C14

C15

C16

C17

C18
C19
C20

C21

C22

C23

N/A

N/A

N/A

20

N/A

N/A

N/A

N/A

50/5"

66

PA
CU

Rig chatter at 31.5'

35', 35/34W
35', 275/35N
35.8', 285/62N

Lost circulation at 43'

Lost fluid at 44.5', thickened mud, full
circulation at 45.5'

100

80

64

90

0

67

83

43

87

UC =
29

SILTY SAND (SM), very dense, yellowish brown, moist, fine
to medium, with trace rock fragments up to 1/4" diameter,
rock fragments are subangular SILTSTONE and
SERPENTINITE, with SANDY CLAY partings, with black
specks.

Poorly graded SAND with SILT (SP-SM), very dense,
yellowish brown, moist, fine to medium, with trace rock
fragments up to 1/4" diameter, rock fragments are
subangular SILTSTONE and SERPENTINITE.

METAMORPHIC ROCK (Serpentinite), dark greenish gray
and very dark bluish gray, moderately weathered, very soft,
moderately fractured (intensely crushed), fractures are planar
to sub-planar 20° from horizontal, highly sheared throughout,
with micro-slickensided surfaces throughout, light brown
iron-oxide staining throughout, local sub-horizontal folliation.
33.5', grades soft, decreased iron-oxide staining.

36.2' and 36.6', 40° dip highly polished.
36.2' - 36.6', dark greenish gray, moderately hard, slightly
weathered.

38.0', sub-horizontal fracture, moderately hard.

39.6' to 40.2' near vertical (80°) 1/8" thick mylonized zone
along fracture.
40.0', soft to very soft, abundant very light green mineral
(talc?).
41.0', sub-horizontal fracture surfaces typically polished and
sheared.

Straight drill from 43.5' to 44.0'.
Talc? is non-fibrous.
Grades soft, very dark greenish gray, with chlorite and talc?
vein fillings variably oriented throughout mass, no indication
of fibrous texture, fractures are irregular (sub-horizontal).
Core breaks along preferred orientation (strike N/S dip 45°
west), platey appearance parallel to joints.

47.2', additional random fractures (1/16" thick) with talc?
infilling.

With less talc?
Preferential fracture planes parallel to platey structure,
alternately zones of very soft to moderately soft.

54.0', very soft to soft.
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C24

C25

C26

C27

C28

C29

C30

C31

2.4/3.5'

0.5/4.5'

1.5/4'

0

0.8/4'

N/A

0.7/2.5'

60.4', N/A/40

62.4', N/A/70
62.9', N/A/70

PL

72.1', 100/32S

74.8', 332/25N

77.5', 58/45W

60

91

69

73

89

73

33

72

UC =
263

55.3', mechanized fracture dips ~45°.
55.8', grades with abundant iron-oxide staining, indirect
fractures are sub-horizontal, continued internally sheared
polished surfaces.
METAMORPHIC ROCK (Greenstone), dark greenish gray,
slightly weathered, moderately hard to hard, intensely
fractured with very intensely to intensely fractured zones,
fractures franging from horizontal to 20° dip.  Open and
healed fractures with filling and staining of black magnesium
oxide.  Subrounded vitreous crystals predominant throughout
mass (pyroxene/olivine?), localized black vugular zones
(maximum 0.2' thick).
60.0' - 60.8', intensely fractured (open and closed, internal
shearing characterized by microstriations on plane surfaces).
60.4', dip 40°.
60.8, intensely fractured, moderately hard.
Grades less crystalline (micro crystalline).
62.4', dip 70°.
62.9', dip 70°.
63.4' - 65.6', very intensely fractured, very soft (with hard
pieces, crumbles to 1/16" to 1" pieces, moderately
weathered, with abundant iron-oxide staining).

65.6', moderately weathered.

68.0', intensely fractured, moderately hard, moderately
weathered, fractures horizontal to 45°, filled (vertical at 70.5'),
fracture with similar appearance to rest of rock, scattered
fibrous minerals at random orientations (asbestos?), few
appararent unique crystals.
69.6' - 70.4', very intensely fractured.

72.0', fractures infilled with fibrous mineral (asbestos?)
72.3', moderately weathered with abundant iron-oxide
staining throughout, very soft, very intensely fractured.
73.0', moderately to slightly fractured, hard, moderately
weathered.

76.0' - 77.4' and 78.0' - 78.4', crushed zones (very soft,
severely weathered, with abundant iron-oxide staining).

SEDIMENTARY ROCK (Greywacke), fine grained to
aphanitic, yellowish brown, slightly weathered, hard, healed
very thin fractures.
METAMORPHIC ROCK (Serpentinite), green and yellowish
brown, moderately weathered, soft.

Recovery is dark greenish gray and dark gray pieces of
serpentine and greenstone, moderately hard - not
representative of rock layer.

Very dark gray, intensely fractured, moderately hard, severely
weathered, talc/chlorite in fractures.

83.5' - 84.3', slightly fractured, veinlettes of fibrous minerals.
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C32

C33

C34

C35

C36

N/A

N/A

0

0

0

89.1', 328/42W

PI
91.2', 70/12N
91.3', 15/39S
91.3', 10/15N

93.5', 40/26W

95.1', 359/38W

95.8', 290/50S

97.5', 348/25W
97.9', 300/33N

100

72

100

100

100

METAMORPHIC ROCK (Serpentinite), green and yellowish
brown, moderately weathered, soft.
85.0', very intensely fractured and sheared (crushed), soft to
very soft, moderately weathered.

89.1', very soft with zones of moderately hard, common
green vitreous appearance (chlorite?).

91.1', moderately fractured, moderately hard, slightly
weathered at 90.0', platey secondary mineral formation
(chlorite?) pervasively throughout.
91.2', fibrous, light green, translucent minerals oriented
parallel to dip.
92.3', internally sheared/crushed, very soft to soft, moderately
weathered, platey secondary mineral formation pervasively
throughout (chlorite?) portions of core - one locally
micro-fractured with chlorite? filling.
94.5', very dark gray, intensely fractured, moderately hard,
slightly weathered.
95.0', internally sheared/crushed.

97.0' - 97.5', very intensely to intensely fractured.

Borehole terminated at a depth of 98 feet on 3/28/2008.

See Boring Record Legend for soil classification chart and
key to test data and sampler type.

Additional Notes:

1.  Oriented rock coring performed.   Where valid results
were obtained, they are listed in the remarks column by depth
using the following system:  Depth, Strike/Dip.
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94
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67
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83

100

83
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107.7

111.4

20.4

20.8

23.6

19.9

6
9
16

4
3
4

2
2
2

2
4
7

8
13
19

4
5
7

6
7
8

3
3
4

15
20
24

S1

S2

S3

S4

S5

S6

S7

S8

S9

S10

25

7

4

11

32

12

15

7

44

38

With fine roots in upper 3" (root mat)

PI

PA

PI

PA

UU =
0.62

Poorly graded SAND (SP), loose, dark yellowish to reddish
brown, moist, fine.  [FILL]

Grades with occasional angular coarse GRAVEL and pocket
of yellowish brown SANDY CLAY.
Grades yellowish brown.
Grades with occasional clumps of dark brown SANDY CLAY.

SILTY SAND (SM), poorly compacted, dark brown, wet, fine
to very fine, SAND is fine.

SILT with SAND (ML), soft, dark brown, wet, with yellowish
brown mottling, with crushable iron-oxide nodules.

Lean CLAY (CL), soft, dark brown, moist, trace fine SAND.

SILT with SAND (ML), medium stiff, yellowish brown, moist,
SAND is fine, with vertical vein of black organic filling and
black mottling.

Grades to SANDY SILT without organic vein.

SILTY SAND (SM), yellowish brown, moist, fine.

SANDY lean CLAY (CL), medium stiff, yellowish brown,
moist, SAND is fine, with veins of black CLAY.

Poorly graded SAND with SILT (SP-SM), dense, dark
yellowish brown to dark reddish brown, moist, fine to very
fine.

Grades with iron-oxide staining.

T. Carroll 4-1-08
BOREHOLE LOCATION (Offset, Station, Line)

DURING DRILLING AFTER DRILLING (DATE)

HOLE ID

4-1-08

Gregg Drilling and Testing, Inc.

5 in.

Automatic, 140 lbs., 30-inch drop

2" standpipe Piezo from 28.5' to 43.5'

BTNB-R7A-PZ-S

78.961 ft (NAVD88)

Fraste Multi-drill (track)

N2120461.975 / E5994829.468  (NAD83)

DRILLING METHOD DRILL RIG

SPT HAMMER TYPE

BOREHOLE BACKFILL AND COMPLETION GROUNDWATER
READINGS

BEGIN DATE COMPLETION DATELOGGED BY

DRILLING CONTRACTOR

HAMMER EFFICIENCY, ERiSAMPLER TYPE(S) AND SIZE(S) (ID)

BOREHOLE DIAMETER

72.9%MC (2.4"), SPT (1.4")

Mud Rotary

SURFACE ELEVATION

BOREHOLE LOCATION (Lat/Long or North/East and Datum)

TOTAL DEPTH OF BORING

45 ft

Offset 190ft R Sta 78+13 NB Alignment

Not Recorded

BORING RECORD

E
LE

V
A

T
IO

N
 (

ft)

Doyle Drive Replacement Project

S.F. 1637018.3/9.4

PREPARED BY DATE

C
A

LT
R

A
N

S
 F

O
R

M
A

T
  

D
O

Y
LE

D
R

IV
E

_A
R

U
P

LO
G

S
.G

P
J 

 A
R

U
P

 L
IB

R
A

R
Y

_C
A

LT
R

A
N

S
 F

O
R

M
A

T
.G

LB
  8

/2
4/

09

PROJECT OR BRIDGE NAME

BRIDGE NUMBER

Department of Transportation

101

BTNB-R7A-PZ-S

SHEET

R
ec

ov
er

y 
(%

)

Geotechnical Services

S
am

pl
e 

Lo
ca

tio
n

D
ry

 U
ni

t W
ei

gh
t

(p
cf

)

M
oi

st
ur

e
C

on
te

nt
 (

%
)

C
as

in
g 

D
ep

th

 34-0161R

B
lo

w
s 

pe
r 

6 
In

M
at

er
ia

l
G

ra
ph

ic
s

HOLE ID

EADIST. COUNTY

(continued)

ROUTE

8-24-09

S
am

pl
e 

N
um

be
r

R
Q

D
 (

%
)

B
lo

w
s 

pe
r 

F
oo

t

4

REPORT TITLE

1  of  2

POSTMILE

76.96

74.96

72.96

70.96

68.96

66.96

64.96

62.96

60.96

58.96

56.96

54.96

D
ril

lin
g 

M
et

ho
d

T. Carroll

Division of Engineering Services

RemarksD
E

P
T

H
 (

ft)

S
he

ar
 S

tr
en

gt
h

(t
sf

)

Description
0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25



83

89

100

89

84

89

89

109.320.9

18
18
20

13
19
22

9
10
13

20
28
32

16
23
29

28
32

50/5.5"

13
15
19

24
33
31

S11

S12

S13

S14

S15

S16

S17

41

23

60

52

82/11.5"

34

64

CU
PA

Indication of water flow in S15 at
37.5'

Rig chatter at 41.5'

Poorly graded SAND with SILT (SP-SM), dense, dark
yellowish brown to dark reddish brown, moist, fine to very
fine.

Grades yellowish brown, medium dense, fine, with iron-oxide
mottling, with pockets of iron-oxide nodules (up to 1/2"
diameter).

SILTY SAND (SM), dense, yellowish brown, moist, very fine
to fine, with dark gray mottling.

Grades very dense, with iron-oxide mottling.

Grades without iron-oxide mottling, SAND grades fine to
medium.

Poorly graded SAND with CLAY (SP-SC), dense, yellowish
brown, moist, fine, with angular rock fragments up to 3/4"
diameter.

METAMORPHIC ROCK (Greenstone), yellowish brown and
green, decomposed, very soft, very intensely fractured
(poorly graded SAND with SILT (SP-SM), moist).

Borehole terminated at a depth of 45 feet on 4/1/2008.

See Boring Record Legend for soil classification chart and
key to test data and sampler type.
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50

89

89

83

100

115.116.8

3
3
4

0
1
2

9
14
19

7
7
11

7
13
20

S1

S2

S3

S4

S5

7

3

33

18

33

Drilling slowed at 10.5'
Clay in cuttings

PI
UU =
0.87

GRAVEL with SAND (GP), dark gray and brown, moist,
angular, sand is fine.
Poorly graded SAND (SP), loose, dark yellowish brown,
moist, fine.  [FILL]

SILTY SAND (SM), loose, dark brown, wet, fine to very fine.

SILT (ML), soft, dark brown, wet, trace fine SAND, with
crushable iron-oxide nodules.

SILT with SAND (ML), medium stiff, yellowish brown, moist,
SAND is fine, with pockets of dark brown iron-oxide staining
up to 1/4" diameter.
12.0', black vertical seam of organic filling.

SILTY SAND (SM), medium dense, yellowish brown to
reddish brown, moist, with crushable iron-oxide nodules, fine.

Poorly graded SAND with SILT (SM), dense, dark yellowish to
reddish brown, moist, fine.

T. Carroll 3-28-08
BOREHOLE LOCATION (Offset, Station, Line)

DURING DRILLING AFTER DRILLING (DATE)

HOLE ID

4-3-08

Gregg Drilling and Testing, Inc.

5 in. (soil); 4 in. (rock)

Automatic, 140 lbs., 30-inch drop

2" standpipe Piezo from 50' to 70'

BTNB-R7-PZ-D

79.353 ft (NAVD88)

Fraste Multi-drill (track)

N2120459.851 / E5994825.735  (NAD83)

DRILLING METHOD DRILL RIG

SPT HAMMER TYPE

BOREHOLE BACKFILL AND COMPLETION GROUNDWATER
READINGS

BEGIN DATE COMPLETION DATELOGGED BY

DRILLING CONTRACTOR

HAMMER EFFICIENCY, ERiSAMPLER TYPE(S) AND SIZE(S) (ID)

BOREHOLE DIAMETER

72.9%SPT (1.4"), HQ-Core

Mud Rotary

SURFACE ELEVATION

BOREHOLE LOCATION (Lat/Long or North/East and Datum)

TOTAL DEPTH OF BORING

113 ft

Offset 188ft R Sta 78+17 NB Alignment

Not Recorded
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100

94

94

10
12
13

10
16
20

14
26
27

S6

S7

S8

C9

C10

C11

C12

C13

C14

C15

C16

0

N/A

0

0

0

29

0

N/A

25

36

53

48.7', 54/25N

49.35', 22/45N
49.35', 76/57W
Hole is steadily taking water
50.2', 353/40W
50.2', 306/89N

54.6', 55/60S

33

75

100

50

91

74

67

100

Poorly graded SAND with SILT (SM), dense, dark yellowish to
reddish brown, moist, fine.

Grades yellowish brown, with iron-oxide mottling, with black
nodules (up to 1/8" diameter).

37.0', harder drilling.
Grades very dense.

METAMORPHIC ROCK (Greenstone), dark greenish gray,
intensely fractured, moderately hard, moderately weathered,
iron-manganese rich mineral composition, internally folliated
with elongated crystals, iron-oxide staining throughout,
prominent healed fractures filled with white mineral dipping
68°.

~44.5', soft, moderately weathered, with moderately soft
zones.
45.1' - 45.2' and 45.3' - 45.5', soft, 0.1' to 0.2' thick intensely
sheared zones, locally very intensely weathered, thin mineral
filled fractures in soft zones, predominantly sub-horizontal
very soft zones with intersecting 45° fractures,
manganese-oxide coating on fracture planes.
47.0', abrupt color change to purplish brown, moderately soft,
moderately strong, moderately to slightly weathered.
Orthogonal filled fractures up to 45° dip.
47.5', greenish gray, core broken into fragments ranging from
0.05' to 0.2'.
48.5', intensely fractured.
Crushed zones at 49.0', 49.3', and 49.8'.  Common
manganese-oxide coating on fracture planes.
50.2', very intensely fractured (clayey), intensely sheared,
moderately weathered.
51.25', intensely fractured, moderately hard, slightly
weathered, orthogonal fracture planes.

53.0', sub-horizontal and dipping 30° fractures.
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C17

C18

C19

C20

C21

C22

C23

C24

C25

C26

C27

N/A

N/A

50

31

N/A

0

0

40

10

N/A

N/A

55', 34/60E

55.6', 310/18N

58.2', 310/47N

59', 292/53N

59.7', 345/85W
60', 14/34E
60.5', 320/20S
60.5', 326/30E

65.2', 320/20S

65.8', 320/20S

PL

78.91', 344/54E

0

70

80

89

88

93

42

100

50

100

80

54.5', moderately fractured, very soft to soft, intensely to
moderately weathered.
METAMORPHIC ROCK (Greenstone), dark greenish gray,
intensely fractured, moderately hard, moderately weathered,
iron-manganese rich mineral composition, internally folliated
with elongated crystals, iron-oxide staining throughout,
prominent healed fractures filled with white mineral dipping
68°.
55.6', 1/4" thick mylonized clayey fracture filling.
55.8', internally crushed, very soft, intensely to moderately
weathered.
57.3' - 57.5', intensely fractured zone.
58.0', intensely fractured, soft to moderately soft, moderately
weathered, iron-oxide staining on micro-fractures.
58.0', medium fractured, moderately hard, moderately strong,
moderately weathered.
58.2', white preciptate on fracture face (calcite?), 1/16" thick
precipitate filling on additional micro-fractures throughout.
59.7', intensely fractured, friable, very weak, severe to
moderate weathering.  Highly sheared zone.
61.0', slightly fractured, moderately hard, slightly weathered,
variably oriented fractures, commonly filled with tan to light
brown (calcite?) filling.  Fractures are commonly closed
(intensely spaced internally), localized iron-oxide staining.
62.0', intensely fractured, soft, locally internally sheared,
moderately to slightly weathered, up to 1/4" thick tan to very
light brown (calcite?) filling.
62.1', serpentinized zone (0.2').
64.5', moderately weathered, locally intensely
sheared/crushed.
67.0', slightly fractured, moderately hard.

69.0', variably oriented fractures, grades green, with
anastomozing veins of (clear) gray mineral filling
(translucent).
70.0', intensely fractured, localized iron-oxide staining,
translucent vein fillings up to 0.08' thick, variably oriented
(healed shear zones), commonly fractured.

74.5', slightly fractured (internally intensely sheared),
serpentinitic, soft (locally plastic), moderately to slightly
weathered, continued translucent vein filling.

76.0', moderately hard, slightly weathered, abundant closed
fractures, abundant fine to medium sand-sized particles
along fractues, ferro-magnesium minerals predominate,
localized iron-oxide staining (minor).

78.0', minor localized iron-oxide staining.
78.4', horizontal contact.
78.9', intensely fractured, very soft, moderately weathered
(internally crushed), predominantly comprised of talc.
Remnant rock fabric with serpentinite appearance, highly
sheared.

IGNEOUS ROCK (Gabbro), dark gray and bluish gray,
moderately fractured (internally sheared and crushed), very
soft to moderately hard, moderately to slightly weathered.
Serpentinite appearance with platey mineral structure
common.
84.0', very intensely to intensely fractured, moderately soft,
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122.214.8C28

C29

C30

C31

C32

C33

C34

C35

N/A

N/A

N/A

N/A

89

85

23

N/A

PI

PL

102.5', 307/24N

103.1', 30/34W

103.7', 34/4W

104.7', 331/30W

105.6', 66/48S

80

93

77

100

100

98

65

100

UU =
0.29

slightly weathered.  Highly weathered (40° to 90°), intensely
sheared planes/fractures.  Locally phyllitic in appearance,
secondary mineralization along micro-fractures, locally
serpentinized appearance (chlorite?).
84.2' - 84.4', approximately 40° dipping shistosity.
IGNEOUS ROCK (Gabbro), dark gray and bluish gray,
moderately fractured (internally sheared and crushed), very
soft to moderately hard, moderately to slightly weathered.
Serpentinite appearance with platey mineral structure
common.
86.0', intensely fractured, intensely sheared with folliated
appearance, alternating light green and dark gray.  Green
mineral (chlorite?) fibrous, perpendicular to veins.  Locally
crushed, friable, plastic.  Primary orientation of folliation is
vertical.
89.0', with irregular sub-horizontal surfaces.

92.0', intensely to moderately fractured (internally
sheared/crushed).

METAMORPHIC ROCK (Serpentinite), bluish gray, very
slightly fractured, slightly weathered (internally highly
sheared), with "platey" texture (talc?) on internal fracture
planes.

98.4', slightly weathered to fresh.

99.0', dipping 70°.

Grades to shaley serpentinite, moderately fractured, soft to
moderately hard, with soft intervals (up to 0.4' at 102.1'),
slightly weathered to fresh.
102.1', sub-horizontal fracture.

104.7', healed fractures with secondary mineral formation,
vein fillings.

106.0', intensely fractured to crushed (internally sheared),
slightly weathered to fresh, abundant chlorite? fracture and
vein filling up to 1/8" wide (healed fractures).
106.9', moderately fractured, moderately hard, fresh.
106.9' and 107.25', dipping 40°.
106.9' to 107.8', gabbroic.
107.8', intensely fractured (internally sheared), soft, slightly
weathered.

110.0', very slightly fractured (very intensely micro-fractured),
fresh (much of core has appearance of highly sheared shale
with secondary (chlorite?) mineral formation along weak
zones).
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.

Borehole terminated at a depth of 113 feet on 4/3/2008.

See Boring Record Legend for soil classification chart and
key to test data and sampler type.

Additional Notes:

1.  Oriented rock coring performed.   Where valid results
were obtained, they are listed in the remarks column by depth
using the following system:  Depth, Strike/Dip.

2.  On 4/2/2008 downhole geophysical (suspension) logging
was performed by GEOVision, Inc.  Acoustic televiewer
peformed on 4/2/2008.   Packer tests performed on 4/2/2008.
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95.9

15.0
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30.8
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CR

PA

PADS =
1.1

DS =
12.5
DS =

CLAYEY SAND (SC), loose, dark brown, dry, fine, with
GRAVEL.  [FILL]

Grades dry to moist.
Grades no GRAVEL, grades with pockets of yellowish brown
CLAY.
Poorly graded SAND (SP), loose, reddish brown, dry to moist,
fine.

Grades dark yellowish brown.

Grades yellowish brown to light yellowish brown, medium
dense.

Grades fine to medium.
Grades fine.

Grades moist.

Grades brown.

S. McLandrich 1-17-08
BOREHOLE LOCATION (Offset, Station, Line)

DURING DRILLING AFTER DRILLING (DATE)

HOLE ID

1-22-08

Gregg Drilling and Testing, Inc.

5 in. (soil); 4 in. (rock)

Automatic, 140 lbs., 30-inch drop

2" dia. Standpipe Piezo Screened 23.5 to 33.5 ft

BTSB-R1-PZ

101.030 ft (NAVD88)

Failing 1500

N2120323.729 / E5994396.263  (NAD83)

DRILLING METHOD DRILL RIG

SPT HAMMER TYPE

BOREHOLE BACKFILL AND COMPLETION GROUNDWATER
READINGS

BEGIN DATE COMPLETION DATELOGGED BY

DRILLING CONTRACTOR

HAMMER EFFICIENCY, ERiSAMPLER TYPE(S) AND SIZE(S) (ID)

BOREHOLE DIAMETER

72.8%MC (2.4"), SPT (1.4"), Shelby (2.87"), HQ Core

Mud Rotary

SURFACE ELEVATION

BOREHOLE LOCATION (Lat/Long or North/East and Datum)

TOTAL DEPTH OF BORING

75.5 ft

Offset 35ft L Sta 82+30 SB Alignment

Not Recorded
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97

100

106.5

100.6

22.0

22.8

0
1
2

8
50/2"

U11

S12

C13

C14

C15

C16

C17

C18

C19

C20

C21

33

60

55

40

0

0

0

0

0

225
psi

50/2"

C
PI
PI

PL

PL

PL

End of Box 1 at 49.0'
Lost circulation at 49.0' on Run C17,
recovered core consists primarily of
harder fragments with occasional
intervals of intact core consisting of
sheared/brecciated meta-sandstone
and shale.   We install 4' casing to
52'.

90

100

100

90

20

40

100

60

65

1.51

PP =
1.25
UU =
0.74

PP =
0.5

UC =
780

UC =
908

Poorly graded SAND (SP), loose, reddish brown, dry to moist,
fine.

Lean CLAY with SAND (CL), soft, brown, wet.  [SANDY
CLAY]

Grades yellowish brown with gray clay lenses and pocket of
very stiff gray CLAYEY SAND.

Grades with black organic mottling, medium stiff to stiff.
SEDIMENTARY ROCK (Sandstone), fine to medium grained,
massive, gray to dark gray, moderately weathered,
moderately hard, intensely fractured, anastomizing white
secondary mineral vein infilling.

35.2', slightly weathered, moderately to intensely fractured.

37.6' - 37.9', intensely fractured.

41.8', slightly weathered to fresh.

SEDIMENTARY ROCK (Sandstone and Shale), sandstone is
medium to fine grained, laminated to moderately bedded
(distorted by soft sediment deformation and micro faulting
white secondary mineral vein infilling occurs along faults),
gray to dark gray, slightly weathered to fresh, moderately
hard, moderately fractured, surface of core is occasionally
pitted, ractures are commonly polished and slickensided.

47.3' - 47.6', surface of core is commonly pitted.

SEDIMENTARY ROCK (Mélange Matrix), very dark gray
gravel, slightly weathered to fresh, very soft, very intensely
fractured (hard meta-sandstone fragments in sheared shale
matrix)(lean clay with gravel (CL), soft, gravel is fine to
coarse, angular, moist to wet).
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C22

C23

C24

0

0

0

Hole is consistently caving to about
54'; we drill with tricone to 58' and
install 4" casing to 58'

Hole caved to 60' after drilling to 67',
switch to 101-system.

Straight drill to 75.5' and monitor
cuttings - all melange matrix; the
aggregate is mostly siltstone

53

90

63

SEDIMENTARY ROCK (Mélange Matrix), very dark gray
gravel, slightly weathered to fresh, very soft, very intensely
fractured (hard meta-sandstone fragments in sheared shale
matrix)(lean clay with gravel (CL), soft, gravel is fine to
coarse, angular, moist to wet).

59.3', hard piece of meta-sandstone (0.3' diameter).

Borehole terminated at a depth of 75.5 feet on 1/22/2008.

See Boring Record Legend for soil classification chart and
key to test data and sampler type.
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89

112.8

104.6

114.0

5.3

22.5

19.1

4
4
5

4
5
6

7
7
7

3
3
4

5
9
13

5
7
8

6
9
11

6
7
7

20
30
40

S1

S2

S3

S4

S5

S6

S7

S8

S9

S10

9

11

14

7

22

7

20

14

70

60

PI

PA

CR

PP =
0.875

PP =
1.0

UU =
0.93

UU =
0.93

6" ASPHALT CONCRETE.
10" UNREINFORCED CONCRETE.

GRAVELLY fat CLAY (CH), poorly compacted, dark brown,
moist, GRAVEL is angular, with SAND.  [FILL]

Poorly graded SAND (SP), loose, dark yellowish brown, dry to
moist, fine, trace fines.

Grades dark brown.

Lean CLAY (CL), medium stiff, dark brown, moist, trace fine
SAND.

Lean CLAY (CL), medium stiff to stiff, yellowish brown, moist,
trace fine SAND, dark brown oxidized nodules (up to 1/2"
diameter).

SILTY SAND (SM), medium dense, yellowish brown, moist to
wet, fine, with root hairs (up to 1/16" diameter), with black
oxidized nodules (up to 1/16" diameter).
Poorly graded SAND with SILT (SP-SM), medium dense,
yellowish brown, moist to wet, fine to medium.

Poorly graded SAND (SP), dense, yellowish brown, moist,
fine, trace fines.

T. Carroll 2-25-08
BOREHOLE LOCATION (Offset, Station, Line)

DURING DRILLING AFTER DRILLING (DATE)

HOLE ID

2-29-08

Gregg Drilling and Testing, Inc.

5 in. (soil); 4 in. (rock)

Automatic, 140 lbs., 30-inch drop

Neat Cement Grout Backfill

BTSB-R2

92.121 ft (NAVD88)

Fraste Multi-drill (truck)

N2120218.262 / E5994858.344  (NAD83)

DRILLING METHOD DRILL RIG

SPT HAMMER TYPE

BOREHOLE BACKFILL AND COMPLETION GROUNDWATER
READINGS

BEGIN DATE COMPLETION DATELOGGED BY

DRILLING CONTRACTOR

HAMMER EFFICIENCY, ERiSAMPLER TYPE(S) AND SIZE(S) (ID)

BOREHOLE DIAMETER

76.2%MC (2.4"), SPT (1.4"), 101-Sampler

Mud Rotary

SURFACE ELEVATION

BOREHOLE LOCATION (Lat/Long or North/East and Datum)

TOTAL DEPTH OF BORING

115 ft

Offset 47ft L Sta 77+65 SB Alignment

7 feet

BORING RECORD

E
LE

V
A

T
IO

N
 (

ft)

Doyle Drive Replacement Project

S.F. 1637018.3/9.4

PREPARED BY DATE

C
A

LT
R

A
N

S
 F

O
R

M
A

T
  

D
O

Y
LE

D
R

IV
E

_A
R

U
P

LO
G

S
.G

P
J 

 A
R

U
P

 L
IB

R
A

R
Y

_C
A

LT
R

A
N

S
 F

O
R

M
A

T
.G

LB
  8

/2
4/

09

PROJECT OR BRIDGE NAME

BRIDGE NUMBER

Department of Transportation

101

BTSB-R2

SHEET

R
ec

ov
er

y 
(%

)

Geotechnical Services

S
am

pl
e 

Lo
ca

tio
n

D
ry

 U
ni

t W
ei

gh
t

(p
cf

)

M
oi

st
ur

e
C

on
te

nt
 (

%
)

C
as

in
g 

D
ep

th

 34-0161L

B
lo

w
s 

pe
r 

6 
In

M
at

er
ia

l
G

ra
ph

ic
s

HOLE ID

EADIST. COUNTY

(continued)

ROUTE

8-24-09

S
am

pl
e 

N
um

be
r

R
Q

D
 (

%
)

B
lo

w
s 

pe
r 

F
oo

t

4

REPORT TITLE

1  of  5

POSTMILE

90.12

88.12

86.12

84.12

82.12

80.12

78.12

76.12

74.12

72.12

70.12

68.12

D
ril

lin
g 

M
et

ho
d

T. Carroll

Division of Engineering Services

RemarksD
E

P
T

H
 (

ft)

S
he

ar
 S

tr
en

gt
h

(t
sf

)

Description
0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25



72

100

83

89

83

89

50

67

70

107.6
106.8
107.8

106.0

108.1

104.3

110.9

20.7
21.8
20.6

21.2

20.7

22.3

19.4

20
30
30

24
41
50

12
19
26

26
34
35

12
14
23

9
13
17

10
12
15

15
32
50

15
33
39

28
50/5.5"

S11

S12

S13

S14

S15

S16

S17

S18

S19

C20

C21

N/A

N/A

91

45

69

37

30

27

82

72

50/5.5"

Grades to reddish brown with black
oxidized nodules (up to 1/4"
diameter).
PA

Grades with increase in fines
content.

PA, CU

PI
PI

PI

68

93

DS =
1.87
DS =
1.56
DS =
2.20

UU =
1.15
PP =
1.63
UU =
1.84

PP =
>2.0
UU =
3.14

Poorly graded SAND (SP), dense, yellowish brown, moist,
fine, trace fines.

Grades medium dense, yellowish brown.

33.8', grades weakly cemented.

35.0', occasional fine GRAVEL (up to 1/2" diameter),
subrounded, reddish brown (chert fragment).
Grades with pockets of SANDY CLAY (up to 1/8" diameter).

Lean CLAY (CL), very stiff, yellowish brown and reddish
brown, moist, trace fine SAND, with black specks.

Fat CLAY (CH), stiff, yellowish brown and grayish brown, dry
to moist, trace fines, trace SAND, with black specks, mottled.

Lean CLAY (CL), hard, yellowish brown and light gray, trace
fine SAND, mottled, with iron-oxide staining, with black
specks

SEDIMENTARY ROCK (Sandstone), fine to coarse grained,
light yellowish brown, decomposed, very soft, very intensely
fractured.  (CLAYEY SAND (SC), very dense, light yellowish
brown, dry, fine to coarse, faint dark reddish brown
predefined fracture planes, slight rock structure, with frequent
manganese-oxide staining.)
SEDIMENTARY ROCK (Siltstone), dark brown, intensely
weathered, moderately hard, very intensely fractured.
METAMORPHIC ROCK (Serpentinite), greenish gray and
yellowish brown, very intensely weathered, moderately soft,
very intensely fractured.
METAMORPHIC ROCK (Granulite), medium to coarse SAND
and fine GRAVEL-sized, yellowish brown and light greenish
gray, intensely weathered, soft, very intensely fractured
(crushed), intensely mylonized, localized sheared surfaces on
more competent 0.1' to 0.2' thick blocks.
METAMORPHIC ROCK (Serpentinite), greenish gray and
dark gray, intensely weathered, variably very soft to
moderately hard, very intensely fractured, sharp changes in
rock texture (non-grading), more intensely weathered
intervals exhibit texture of SILT with SAND (ML), soft, moist,
SAND is fine.
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C22

C23

C24

C25

C26

C27

C28

C29

C30

C31

C32

C33

C34

N/A

N/A

N/A

N/A

N/A

N/A

0

0

N/A

N/A

N/A

N/A

N/A

47

95

68

95

100

100

43

100

100

100

100

100

19

METAMORPHIC ROCK (Serpentinite), greenish gray and
dark gray, intensely weathered, variably very soft to
moderately hard, very intensely fractured, sharp changes in
rock texture (non-grading), more intensely weathered
intervals exhibit texture of SILT with SAND (ML), soft, moist,
SAND is fine.

68.4', white secondary mineralization forming a banding
effect.
69.0', dark olive gray and very dark gray, moderately
weathered, moderately hard to locally soft, intensely
fractured, fractures dipping 15° to 25°, common secondary
mineralization along closely spaced fractured/sheared
surfaces throughout interval, commonly breaks 0.1' to 0.2'
fragments (hard).

75.8', greenish gray and dark gray, intensely weathered,
variably very soft to moderately hard, very intensely fractured.

Bluish gray and very dark gray.
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C35

C36

C37

C38

C39

C40

N/A

N/A

N/A

N/A

N/A

N/A

Straight drill from 98' to 115' done
with CME 550

100

95

68

100

19

58

METAMORPHIC ROCK (Serpentinite), greenish gray and
dark gray, intensely weathered, variably very soft to
moderately hard, very intensely fractured, sharp changes in
rock texture (non-grading), more intensely weathered
intervals exhibit texture of SILT with SAND (ML), soft, moist,
SAND is fine.

96.3' - 96.8', sand-like texture.
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.

Borehole terminated at a depth of 115 feet on 2/29/2008.

See Boring Record Legend for soil classification chart and
key to test data and sampler type.

Additional Notes:

1.  On 2/29/2008 downhole geophysical (suspension) logging
was performed by GEOVision, Inc.
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83

100

100

83

83

100

80

17

115.6

109.1
112.9
109.7

131.8

142.2

6.7

9.2
10.4
9.3

18.6

10.5

2
3
4

2
3
6

9
13
16

3
4
7

5
6
8

2
4
5

28
50/4"

65
50/6"

B1

S2

S3

S4

S5

S6

S7

S8

S9

S10

S11

7

9

29

11

14

9

50/4"

50/6"

CR

PA

PA

PI

Rods bouncing at 16.5'

PA

DS =
0.47
DS =
0.52
DS =
0.75

UU =
0.39

UU =
1.28

SILTY SAND (SM),  poorly compacted, dark brown, moist to
wet, fine, slight organic odor, trace fine roots.  [FILL]
CLAY with GRAVEL (CL),  poorly compacted, dark brown,
moist, GRAVEL is subangular, with chert fragments, with
veins of yellowish brown CLAY and roots.

Poorly compacted, dark yellowish brown, moist.

Grades medium dense, yellowish brown.

Lean CLAY with SAND (CL),  medium stiff, dark brown,
moist, SAND is fine to medium with dark yellowish brown
mottling.  [BURIED SOIL HORIZON]

Lean CLAY with SAND (CL),  medium stiff, yellowish brown,
moist, with iron-oxide nodules and mottling.  [SANDY CLAY]

SEDIMENTARY ROCK (Sandstone), very soft, fine to
medium grained, decomposed,  intensely fractured, with light
yellowish brown CLAY infilling (Poorly graded SAND with
CLAY (SP-SC), moist, with iron-oxide mottling and nodules).
[BEDROCK]

Borehole terminated at a depth of 19.3 feet on 4/23/2008.

See Boring Record Legend for soil classification chart and
key to test data and sampler type.

T. Carroll 4-23-08
BOREHOLE LOCATION (Offset, Station, Line)

DURING DRILLING AFTER DRILLING (DATE)

HOLE ID

4-23-08

Gregg Drilling and Testing, Inc.

5 in.

Automatic, 140 lbs., 30-inch drop

2" dia. Standpipe Piezo Screened 9.0 to 18.0 ft

BTSB-R3A-PZ-S

98.049 ft (NAVD88)

Fraste Multi-drill (track)

N2120227.544 / E5994550.875  (NAD83)

DRILLING METHOD DRILL RIG

SPT HAMMER TYPE

BOREHOLE BACKFILL AND COMPLETION GROUNDWATER
READINGS

BEGIN DATE COMPLETION DATELOGGED BY

DRILLING CONTRACTOR

HAMMER EFFICIENCY, ERiSAMPLER TYPE(S) AND SIZE(S) (ID)

BOREHOLE DIAMETER

72.9%MC (2.4"), SPT (1.4"), Grab, Bulk

Mud Rotary

SURFACE ELEVATION

BOREHOLE LOCATION (Lat/Long or North/East and Datum)

TOTAL DEPTH OF BORING

19.3 ft

Offset 92ft L Sta 80+54 SB Alignment

Not Recorded
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83

50

100

63

80

2
2
2

7
12
14

3
4
4

30
50/
3.5"

50/5"

S1

S2

S3

S4

S5
C6

C7

0

19

4

26

8

50/3.5"

50/5"

Very wet at ground surface due to
lawn watering

Drilling slowed at 16.5'

21.1', 330/31E
21.2', 38/67S
21.65', 48/63N
21.8', 90/79S
22.0', 305/70W
22.25', 200/61E
22.6', 76/90

88

100

SILTY SAND (SM), loose, very dark brown, moist, fine,
occasional fine GRAVEL and coarse SAND, slight organic
odor, trace fine roots.  [FILL]

Poorly graded SAND (SP), loose, dark yellowish brown,
moist, fine to very fine, occasional roots (up to 1/8" thick).

Grades with dark gray to black laminations (horizontal), with
occasional dark brown CLAY.

Lean CLAY with SAND (CL), medium stiff, dark brown, moist,
SAND is fine.

Lean CLAY with SAND (CL), medium stiff, yellowish brown,
moist, with iron-oxide nodules and mottling.

SEDIMENTARY ROCK (Sandstone), fine to medium grained,
yellowish brown, very soft, decomposed, intensely fractured,
with vertical and sub-horizontal partings, with
manganese-oxide staining on vertical fracture planes, angular
to subangular GRAVEL, individual grains commonly altered
around perimeter (poorly graded SAND with CLAY (SP-SC),
moist, with iron-oxide mottling and nodules).

SEDIMENTARY ROCK (Sandstone), fine to medium grained,
no indication of bedding, yellowish brown, intensely to
moderately weathered, moderately hard, intensely fractured,
manganese-oxide staining on fracture planes.
21.1', approximately 1/2 face manganese-oxide stained
separated by fracture from thin clay filling.
23.0', fine to coarse grained, pitted texture, continued
manganese-oxide staining of fractures at 23.3', 23,5', and
24.3'; CLAY filling on fractures (up to 0.01' thick), fracture
dips range from sub-horizontal to 30° with occasional up to
80°.

T. Carroll 4-18-08
BOREHOLE LOCATION (Offset, Station, Line)

DURING DRILLING AFTER DRILLING (DATE)

HOLE ID

4-22-08

Gregg Drilling and Testing, Inc.

5 in. (soil); 4 in. (rock)

Automatic, 140 lbs., 30-inch drop

2" dia. Standpipe Piezo Screened 50.0 to 70.0 ft

BTSB-R3-PZ-D

97.900 ft (NAVD88)

Fraste Multi-drill (track)

N2120225.975 / E5994556.115  (NAD83)

DRILLING METHOD DRILL RIG

SPT HAMMER TYPE

BOREHOLE BACKFILL AND COMPLETION GROUNDWATER
READINGS

BEGIN DATE COMPLETION DATELOGGED BY

DRILLING CONTRACTOR

HAMMER EFFICIENCY, ERiSAMPLER TYPE(S) AND SIZE(S) (ID)

BOREHOLE DIAMETER

72.9%SPT (1.4"), HQ Core

Mud Rotary

SURFACE ELEVATION

BOREHOLE LOCATION (Lat/Long or North/East and Datum)

TOTAL DEPTH OF BORING

113 ft

Offset 93ft L Sta 80+49 SB Alignment

Not Recorded
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C8

C9

C10

C11

C12

C13

C14

86

0

0

18

10

60

93

PL

30.5', 38/41W
30.65', 296/42N
30.9', 310/45N
31.2', 60/28N
31.5', 285W/375
31.9', 20/57E and 309/37S
32.1', 285W/37S
PL
32.9', 60/34W
33.2', 26/42E
34.0', 32/76E
34.8', 288/37S

PL

40.2', 357/62W
From 40.3' to 41.4' fracture is
curvilinear
40.3' to 40.8', 58/79S
40.8' to 41.4', 67/83N
41.6', 47/78S
41.7', 334/40N
42.95', 56/34S
43.2', 85/25S
43.4', 30/21N

45.2', 24E/29E
45.4', 8/49E
45.7', 90/82S
46.0', 290/67N
46.1', 359/44E
46.2' - 46.8', sub-vertical fracture
46.8', 33/73W
47.1', 90/75N (shearing along plane)
47.4', 352/49W

PL

PL

91

100

100

100

94

100

100

UC =
351

UC =
241

UC =
679

UC =
1210

SEDIMENTARY ROCK (Sandstone), fine to medium grained,
no indication of bedding, yellowish brown, intensely to
moderately weathered, moderately hard, intensely fractured,
manganese-oxide staining on fracture planes.
26.5', increase in darker minerals, fracture dips range from
horizontal to 45°.

30.0', intensely fractured.

33.0', bluish gray, moderately weathered.

38.0' - 38.8', very intensely fractured (crushed), with localized
mylonization (variably oriented fractures with clay filling),
minor pitting along some fractures, most fractures dip 20° to
40° with occasional vertical fractures.

Common near vertical fractures, continued localized pitting,
grain size is variable and mixed suggesting soft sediment
deposition.

42.4' - 43.0', irregular fracture not measured (sub-vertical).

Iron-oxide staining only, limited to fracture planes, very
intensely fractured zones 45.6' to 45.8' and 47.2' to 47.6'.

46.2' - 46.8', sub-vertical.

48.0', occasional white (quartz?) veins, aphinitic dark rock
fragments (fine grained sized) within fine to medium matrix,
slightly weathered.

50.0', elongated rock fragments (aphinitic) are sub-parallel,
dark minerals predominate, moderately fractured, hard.

Increased iron-oxide staining at 51.0'.

Very slight iron-oxide staining, moderately to slightly
fractured.
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C15

C16

C17

C18

C19

C20

C21

C22

40

100

80

N/A

N/A

0

72

54.85', 16/38E
54.95', 72/63N
55.1', 0/17E
PL
56.0', 75/18S

PL

PL

PL

PL

PL

81.4', 330/36W

82.7', 7/28E

83.5', 346/23E
83.9', 322/46E
84.3', 335/22E

100

100

80

100

74

47

100

100

UC =
253

SEDIMENTARY ROCK (Sandstone), fine to medium grained,
no indication of bedding, yellowish brown, intensely to
moderately weathered, moderately hard, intensely fractured,
manganese-oxide staining on fracture planes.

Very intensely fractured zones at 59.4' to 59.8' and 61.6' to
62.1'.
Localized banding appearance of dark mineral fragments.

Unfractured, continued <0.02' thick quartz veins, continued
localized dark mineral "banding", strong, fresh to slightly
weathered.

64.9', mechanical break.

One core break is mechanical.

SEDIMENTARY ROCK (Shale), aphanitic, no indication of
bedding, dark gray, fresh, moderately hard where intact
otherwise sheared, very intensely to intensely fractured, weak
to moderately strong.
71.7' - 72.3', crushed.
71.8', 0.1' thick CLAY zone <50°.

73.0' - 73.2', hard.
73.2' - 75.1', crushed/sheared, highly variable orientation to
shears, minor green serpentine fragments.

SEDIMENTARY ROCK (Sandstone), fine to medium grained,
dark gray, slightly weathered, moderately hard, intensely
fractured, slight iron-oxide staining on some fractures,
fractures ~45-90°.

80.0', fresh, continued quartz veins, with dark mineral veins,
localized soft sediment deposition.

82.5' - 87.9', sheared zone (clayey).

83.9', slickensides parallel to strike, rake is 18° down to SE.
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C23

C24
C25

C26

C27

C28

C29

C30

0

0

0

0

33

24

0

84.5', 288/54N
84.8', 4/44E

PL

98.4', 3/58E and 321/40W
PL

99.4', 297/70N and 348/71W
99.6', 74/44W
99.9', 286/59S
100.1', 352/50W
100.8', 25/42E
101.2', 335/33E

102.0', (contact) 4/83W
102.4', N42W/63SW

105.5', 304/21S

106.25', (parallel to bedding) 90/54S
106.75', 13/62E and 342/44E
106.9', 90/34S

70

0
85

100

91

100

96

96

85.15', dip ~18° with slickensides on fracture surface.
85.5', dip ~37°.
SEDIMENTARY ROCK (Sandstone and Shale), commonly
crushed to fragments up to 0.1' diameter, SANDSTONE is
fine grained, variably oriented quartz veins within
SANDSTONE intervals, light green mineral (chlorite?) within
SHALE intervals, soft, moderately weathered.
86.1', 0.2' CLAY zone.
88.1' - 88.6', crushed (not clayey).
88.8' - 89.3', sheared zone (clayey).

Iron-oxide along fracture planes.
SEDIMENTARY ROCK (Sandstone), fine to medium grained,
laminated to thinly bedded (contact between fine to medium
grained and very fine gravel at 91.9' ~60° to 80° dip), dark
gray, moderately to slightly weathered, moderately hard to
moderately soft, intensely fractured, numerous closed
fractures, fractures are randomly oriented, numerous healed
micro faults.

94.5', moderately fractured with localized very intensely
fractured (crushed) zones along fractures, limited to fracture
planes.

97.0', contact to medium to fine grained, moderately hard,
dipping ~45°.

98.0', slightly to moderately weathered.  From 99.0' to 99.8',
fracture with localized crushing and slickensides.  Increase in
iron-oxide staining.

101.0' - 102.2', fine to very fine grained, moderately soft,
indicating soft sediment disposition.

102.4' - 102.9', very intensely fractured (crushed), moderately
weathered, with evidence of shearing.

104.1', quartz vein infilling.

105.0' - 105.5', contact to fine grained.
105.5', frequent closed/healed fractures, ruggy, (occasional
iron-oxide stained openings in the core that are not, through
fractures up to 0.2' in length and 0.03' wide oriented near
vertical to dipping ~80°).

108.0', near parallel, sub-vertical fractures (to 110.5'), fine to
medium grained from 109.2' to 110.0' and 111.0' to 111.2'.
108.0' - 109.2', very thinly bedded.

111.0' to 112.8', frequent randomly oriented whie mineral
veins (calcite?).

Borehole terminated at a depth of 113 feet on 4/22/2008.

See Boring Record Legend for soil classification chart and
key to test data and sampler type.
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100

89

89

117.713.8

20
26
30

7
8
10

41
50/
3.5"

S1

S2

S3

C4

C5

C6

C7

C8

C9

33

50

88

0

0

56

18

50/
3.5"

Soil appears to have been
compacted

PL

PL

End Box #1 at 21.8'

94

86

100

93

82

90

4" ASPHALT CONCRETE, 6" UNREINFORCED
CONCRETE, 3/4" BITUMENOUS LAYER.
SANDY lean CLAY (CL), stiff, reddish brown, moist, SAND is
fine.  [FILL]

SILTY SAND (SM), dense, dark yellowish brown, dry to
moist, fine, soil appears to have been compacted.

SANDY lean CLAY (CL), stiff, dark yellowish brown, moist,
SAND is fine to medium.

SEDIMENTARY ROCK (Sandstone), fine grained, intensely
weathered, yellowish brown, very soft, very intensely
fractured.

Moderately hard, intensely fractured, some fractures infilled
with lean CLAY dipping ~45° up to 0.03' thick.

10.0', moderately fractured.

SEDIMENTARY ROCK (Sandstone Breccia), mylonized,
pegmatic, with moderately soft fragments (gravel-size pieces
of SANDSTONE), yellowish brown, moderately to slightly
weathered, matrix is very soft, intensely fractured.
SEDIMENTARY ROCK (Shale), 2-3" seam, moderately soft,
intensely weathered, slickensides on fracture plane not
parallel to shale bedding.
SEDIMENTARY ROCK (Sandstone), fine to medium grained,
moderately weathered, light grayish brown, moderately hard,
moderately fractured, thin white vein fillings locally open.

17.8', slickensides on fracture plane.

20.2', intensely fractured and broken.
METAMORPHIC ROCK (Meta-Siltstone), dark gray,
moderately weathered, moderately hard, intensely fractured
and broken.
METAMORPHIC ROCK (Meta-Graywacke Sandstone), fine
to medium grained, moderately weathered, light grayish
brown, moderately hard, very intensely fractured.

SEDIMENTARY ROCK (Sandstone Breccia), moderately
weathered, moderately hard, pegmatic fragments in soft
matrix.

P. Ryan 7-26-08
BOREHOLE LOCATION (Offset, Station, Line)

DURING DRILLING AFTER DRILLING (DATE)

HOLE ID

7-27-08

Gregg Drilling and Testing, Inc.

5 in. (soil); 4 in. (rock)

Automatic, 140 lbs., 30-inch drop

Neat Cement Grout Backfill

RW5-R1

93.094 ft (NAVD88)

Fraste Multi-drill (truck)

N2120520.291 / E5994131.737  (NAD83)

DRILLING METHOD DRILL RIG

SPT HAMMER TYPE

BOREHOLE BACKFILL AND COMPLETION GROUNDWATER
READINGS

BEGIN DATE COMPLETION DATELOGGED BY

DRILLING CONTRACTOR

HAMMER EFFICIENCY, ERiSAMPLER TYPE(S) AND SIZE(S) (ID)

BOREHOLE DIAMETER

76.2%MC (2.4"), SPT (1.4"), HQ Core

Mud Rotary

SURFACE ELEVATION

BOREHOLE LOCATION (Lat/Long or North/East and Datum)

TOTAL DEPTH OF BORING

46.2 ft

Offset 84ft R Sta 85+34 NB Alignment

11.1 feet
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C10

C11

C12

C13

C14
C15

C16

C17

C18

22

0

0

0

0

0
0

0

0

PL

Loss of fluid circulation; added
drilling polymer

Mechanical break at 39'

Continued circulation loss

100

100

92

87

100
79

53

100

100

Mylonized from 23.65' to 26.1'.

SEDIMENTARY ROCK (Sandstone), fine grained,
moderately weathered, light grayish brown, moderately hard,
intensely to moderately fractured.

Core run is broken into fragments up to 0.1' in diameter with
occasional intact core lengths up to 0.4' long.

32.0', occasionally vuggy, with gray lean CLAY on fracture
surfaces, slightly weathered.

35.0' - 35.5', steeply dipping fractures, slightly weathered to
fresh, light grayish brown, continued white vein infilling.

38.0', gold colored disseminated minerals noted (pyrite?)

38.6', moderately fractured, hard to moderately hard.
Calcite vein dipping at 45°.

39.9', fracture dipping ~75° white vein infilling, intensely to
moderately fractured.

43.8' - 43.9', very fine grained.
44.0', mylonized zone.

Borehole terminated at a depth of 46.2 feet on 7/27/2008.

See Boring Record Legend for soil classification chart and
key to test data and sampler type.
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83

67

72

56

78

67

67

71

124.3

128.7
127.2
129.1

131.1
131.0
134.1

15.4

15.7

16.6
16.8
16.3

21.2
22.1
18.7

3
3
7

3
5
7

11
19
30

14
22
20

14
21
26

13
20
25

8
12
42

34
50/1"

S1

S2

S3

S4

S5

S6

S7

S8
C9

C10

C11

0

0

32

10

12

49

42

47

45

54

50/1"

Strong organic odor

PA

PI, PA

PA

Did not clean hole prior to coring
(began coring at 17'; new hole at 19')
PA

Core has reduced diameter (0.15') at
20' due to heavy chatter.

Core at full diameter (~2.5").

47

80

100

DS =
0.62
DS =
0.66
DS =
0.88

DS =
0.94
DS =
1.05
DS =
1.33

CLAYEY SAND (SC),  loose, dark brown, dry to moist, fine,
with occasional roots, with pieces of crushable black nodules.
[FILL]

SILT with SAND (ML), stiff, yellowish brown, dry to moist,
with iron-oxide staining, SAND is very fine, with black organic
mottling and pieces of decayed vegetation.

SILTY SAND (SM), medium dense, yellowish brown, dry to
moist, very fine, with frequent black specks and piece of
decayed vegetation up to 1/8" diameter.

Grades dense.

Grades reddish brown, moist, fine, with slight black carbon
mottling.

Grades yellowish brown, medium dense, with iron-oxide
mottling, and seams of light yellowish brown CLAY.

SEDIMENTARY ROCK (Sandstone), yellowish brown,
decomposed, soft (poorly graded SAND with CLAY (SP-SC),
very dense, moist, SAND is fine with light gray CLAY infilling
and black organic mottling).
Grades fine to medium grained, massive, yellowish brown
and grayish brown, moderately weathered, moderately hard,
heavy mechanical breaks (at 0.1' to 0.2'), obscure in-situ
fractures with some evidence of variably oriented natural
fractures ranging from 50° to 80°.

T. Carroll 2-27-08
BOREHOLE LOCATION (Offset, Station, Line)

DURING DRILLING AFTER DRILLING (DATE)

HOLE ID

2-28-08

Gregg Drilling and Testing, Inc.

5 in. (soil); 4 in. (rock)

Automatic, 140 lbs., 30-inch drop

2" dia. Standpipe Piezo Screened 12.0 to 22.0 ft

RW6-R1-PZ

108.507 ft (NAVD88)

CME 550

N2120380.7 / E5994104.938  (NAD83)

DRILLING METHOD DRILL RIG

SPT HAMMER TYPE

BOREHOLE BACKFILL AND COMPLETION GROUNDWATER
READINGS

BEGIN DATE COMPLETION DATELOGGED BY

DRILLING CONTRACTOR

HAMMER EFFICIENCY, ERiSAMPLER TYPE(S) AND SIZE(S) (ID)

BOREHOLE DIAMETER

76.2%MC (2.4"), SPT (1.4"), HQ Core

Mud Rotary

SURFACE ELEVATION

BOREHOLE LOCATION (Lat/Long or North/East and Datum)

TOTAL DEPTH OF BORING

64 ft

Offset 58ft L Sta 85+24 SB Alignment

Not Recorded
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C12

C13

C14

C15

C16

C17

C18

C19

C20

C21

17

0

14

0

9

22

18

0

40

28

Decreased rotation rate to keep core
from rattling

PL

PL

Mechanical breaks at 38.75' and
38.85'

PL

PL

PL

100

67

83

65

68

100

97

100

75

93

UC =
222

UC =
1043

24.5', intensely fractured, moderate oxidation staining on
fractured planes.
SEDIMENTARY ROCK (Sandstone), yellowish brown,
decomposed, soft (poorly graded SAND with CLAY (SP-SC),
very dense, moist, SAND is fine with light gray CLAY infilling
and black organic mottling).
Crushed zones (0.05' thick) at 25.2', 25.5', and 26.1'.
26.2', medium fractured, variably oriented dark gray
lamination due to soft sediment deformation.

29.0' - 33.3', crushed zone with clay.

33.2', dark gray.

37.0', slightly weathered.

Healed and open fractures ranging from 30° to sub-vertical.

47.7' - 48.8', multiple near vertical fractures.

50.3' - 51.2', crushed zone.
50.75', fresh, moderately hard to hard, with mineral
precipitate infilling of fractures (no evidence of shearing).

53.0', white mineral veins aligned at 45° occasionally
correspond to fractures, additional fractures not aligned with
veins.
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C22

C23

C24

C25

0

0

26

0

PL

100

52

92

100

SEDIMENTARY ROCK (Sandstone), yellowish brown,
decomposed, soft (poorly graded SAND with CLAY (SP-SC),
very dense, moist, SAND is fine with light gray CLAY infilling
and black organic mottling).
56.0', crushed (mechanical?)
57.0' - 58.3', vertical fracture.

59.5', mineral precipitate on naturally occuring fracture
planes.

62.0', crushed (primarily mechanical?)
62.5' - 63.1', very closely fractured (mechanical).

63.1', crushed (primarily mechanical?).

Borehole terminated at a depth of 64 feet on 2/28/2008.

See Boring Record Legend for soil classification chart and
key to test data and sampler type.
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56

81

100

100
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100

100

100

6
6
4
2
2
2

3
4
6

1
1/12"

5
6
10

4
6
10

6
12
14

5
5
6

B1

S2

S3

S4

S5

S6

S7

S8

S9

10

4

10

1/12"

16

16

26

11

PP =
1.5

PP =
1.75

 1.875

Poorly-graded SAND (SP), brown, dry to moist, SAND is fine,
trace of roots.  [FILL]

Grades with fragments of concrete and brick up to 1.5"
diameter.

SAND is very loose to loose.

Poorly-graded SAND (SP), loose, dark brown, moist, SAND is
fine, trace SILT.

SANDY SILT (ML), soft, brown, moist, SAND is fine.
[BURIED SOIL HORIZON]
SILTY CLAY (CL-ML), soft, dark brown, wet, SAND is fine.

Lean CLAY (CL), very stiff, orangish brown, moist, with
grayish brown mottling and black specks, trace of fine SAND.
[SANDY CLAY]

Decayed root (1/8" diameter, 10" long).

Lean CLAY with SAND (CL), very stiff, yellowish brown,
moist, SAND is fine to medium.

Grades with increase in moisture content.

K. Karina 6-5-08
BOREHOLE LOCATION (Offset, Station, Line)

DURING DRILLING AFTER DRILLING (DATE)

HOLE ID

6-5-08

Gregg Drilling and Testing, Inc.

8 in.

Automatic, 140 lbs., 30-inch drop

2" dia. Standpipe Piezo Screened 25.0 to 45.0 ft

RW8-R1A-PZ

90.000 ft (NAVD88)

Mobile B53

N / E  (NAD83)

DRILLING METHOD DRILL RIG

SPT HAMMER TYPE

BOREHOLE BACKFILL AND COMPLETION GROUNDWATER
READINGS

BEGIN DATE COMPLETION DATELOGGED BY

DRILLING CONTRACTOR

HAMMER EFFICIENCY, ERiSAMPLER TYPE(S) AND SIZE(S) (ID)

BOREHOLE DIAMETER

70.0%MC (2.4"), SPT (1.4"), Bulk

Hollow Stem Auger

SURFACE ELEVATION

BOREHOLE LOCATION (Lat/Long or North/East and Datum)

TOTAL DEPTH OF BORING

46.5 ft

Offset 68 ft L Sta 76+18 SB Alignment

Not Recorded
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100

100

100

100

100

4
5
7

11
13
18

17
23
31

8
12
13

3
5
7

S10

S11

S12

S13

S14

12

31

54

25

12

CLAYEY SAND (SC), medium dense, yellowish brown, moist
to wet, fine to medium.  [COLMA SAND]

Poorly-graded SAND with CLAY (SP-SC), dense, dark
yellowish brown to reddish brown, moist, SAND is fine to
medium, with black stains.

Grades very dense, with iron-oxide staining.

Grades medium dense, moist.
40.4', piece of crushable iron-oxide nodule, seam of dark
gray staining.

Lean CLAY (CL), stiff, yellowish brown, moist, with black
specks, trace of fine SAND.  [SANDY CLAY]

Fat CLAY (CH), medium stiff, yellowish brown, moist, with
light grayish brown mottling, with rock-like structure, with
black staining and vein of iron-oxide staining.  [RESIDUAL
SOIL]
Borehole terminated at a depth of 46.5 feet on 6/5/2008.

See Boring Record Legend for soil classification chart and
key to test data and sampler type.
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100
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100

100

100

100

100

99.5

104.0

110.4

105.7

110.8

9.6

22.4

19.0

19.6

18.2

1
2
2

0
2
3

0
0
0

1
3
3

8
12
16

5
7
10

S1

S2

S3

S4

S5

S6

S7

S8

U9

4

5

0

6

28

17

100
psi

200
psi

No driven samples in top 5', because
of potential underground utilities
With roots and plant debris, earthy
odor detected.

 Earthy odor detected.

OC

Slight increase in fines content

Earthy odor detected

PA

PI

PI, PA, C

PI, PA, CU

PP =
0.375

PP =
1.85

UU =
0.73

SILTY SAND (SM), dark brown, moist, fine SAND, with fine
angular GRAVEL.  [FILL]

2.0' - 2.5', remnant BRICK structure.
Poorly graded SAND with SILT (SP-SM), loose, fine,
yellowish brown, moist, with wood pieces.  [FILL]

Grades brown.

Poorly graded SAND (SP), loose, yellowish brown, moist,
very fine SAND, trace of fines.

Grades dark brown.

Lean CLAY (CL), medium stiff, dark brown, moist, trace of
fine SAND..

Lean CLAY (CL), medium stiff, yellowish brown, with black
specks and dark gray mottling, trace of very fine SAND.

Grades very stiff.

Increase in SAND content, SAND is fine.

Grades with trace of fine SAND.

S. McLandrich 1-10-08
BOREHOLE LOCATION (Offset, Station, Line)

DURING DRILLING AFTER DRILLING (DATE)

HOLE ID

1-17-08

Gregg Drilling and Testing, Inc.

5 in. (soil); 4 in. (rock)

Automatic, 140 lbs., 30-inch drop

Neat Cement Grout Backfill

RW8-R1-PZ

90.616 ft (NAVD88)

Failing 1500

N2120199.669 / E5995008.466  (NAD83)

DRILLING METHOD DRILL RIG

SPT HAMMER TYPE

BOREHOLE BACKFILL AND COMPLETION GROUNDWATER
READINGS

BEGIN DATE COMPLETION DATELOGGED BY

DRILLING CONTRACTOR

HAMMER EFFICIENCY, ERiSAMPLER TYPE(S) AND SIZE(S) (ID)

BOREHOLE DIAMETER

72.8%MC (2.4"), SPT (1.4"), Grab, Shelby (2.87"), HQ Core

Mud Rotary

SURFACE ELEVATION

BOREHOLE LOCATION (Lat/Long or North/East and Datum)

TOTAL DEPTH OF BORING

130 ft

Offset 68ft L Sta 76+18 SB Alignment

Not Recorded
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1
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100

100

100

100

100

100

100

100

100
100

108.9
108.6
111.5

103.1
102.4

15.3

19.6
20.0
19.5

23.1
21.1

9
16
20

9
16
16

10
20
26

7
15
23

25
29
40

13
23
19

8
9
11

7
7
9

50/4"
50/5"

S10

S11

S12

S13

S14

S15

S16

S17

S18
S19

C20 NA

36

32

46

38

69

42

20

16

50/4"
50/5"

Black organic pieces in drill cuttings

PA

PA

Thin interbedded olive brown layer
noted in shoe

PI
PI, C

Begin HQ system coring at 51.0'96

DS =
1.93
DS =
2.24
DS =
2.56

UU =
0.64

PP =
1.0

Poorly graded SAND with CLAY (SP-SC), medium dense,
fine to medium, reddish brown, moist, with occasional coarse
SAND.

Grades with black specks.

Grades yellowish brown with black mottling and iron-oxide
staining.

Grades without iron-oxide staining and without black mottling.

Lean CLAY (CL), stiff to very stiff, reddish brown, moist, with
trace SAND, with frequent black specks and crushable
nodules.

Lean CLAY (CL), reddish brown, with crushed nodules, with
white veins, slight rock structure, decomposed rock.

SEDIMENTARY ROCK (Sandstone), fine to medium, reddish
brown, decomposed, very soft (poorly graded SAND (SP),
very dense, SAND is fine to medium, moist).

Grades to yellowish brown, moderately weathered,
moderately soft to soft, moderately fractured, numerous
incipiant fractures, fractures are filled with white precipate
(soft).
51.3' - 52.2', brecciated zone.
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C21

C22

C23

C24

C25

C26

C27

C28

C29

NA

7

0

14

0

0

0

12

0

PL

PL

At 74.5' we began to lose fluid and
the hole began caving
SPT from 74' to 75.5'; blowcount 4,
13, 26

After drilling to 79', hole caved to 75'

100

56

83

80

88

100

80

50

42

SEDIMENTARY ROCK (Sandstone), fine to medium, reddish
brown, decomposed, very soft (poorly graded SAND (SP),
very dense, SAND is fine to medium, moist).

59.2' - 60.0', interbedded siltstone lenses (0.1 to 0.3' thick)
with soft sediment deformation.

61.4' - 62.8', very intensely fractured (fragments of sandstone
and siltstone mylonized)

Fractures are variably oriented, heavy iron-oxide staining on
fracture surfaces.

69.8' - 70.6', interbedded siltstone lenses (soft sediment
deformation?).

SEDIMENTARY ROCK (Sandstone Breccia), fine grained,
dark brown and yellowish brown, moderately weathered, soft
with harder inclusions, moderately fractured.

METAMORPHIC ROCK (Serpentinite), dark greenish gray,
intensely weathered, very soft, very intensely fractured,
pervasively sheared.
SEDIMENTARY ROCK (Sandstone Breccia), fine to medium
grained, dark yellowish brown, moderately weathered, soft
(with 0.05' to 0.1' thick fragments of siltstone and sandstone).
METAMORPHIC ROCK (Serpentinite), light greenish gray
and dark greenish gray, slightly weathered to fresh, very soft
to moderately hard, moderately to slightly fractured, common
white secondary mineral veins, commonly intensely sheared.

79.5' - 79.8' and 80.3' - 80.6', white apparent decomposition
to talc?
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C30

C31

C32

C33

C34

C35

C36

C37

C38

0

0

50

0

0

7

0

55

0

65

60

100

83

100

93

68

93

84.9' - 85.8', white apparent decomposition to talc?
METAMORPHIC ROCK (Serpentinite), light greenish gray
and dark greenish gray, slightly weathered to fresh, very soft
to moderately hard, moderately to slightly fractured, common
white secondary mineral veins, commonly intensely sheared.

93.0', white secondary mineral "blocks" and vein fillings
common throughout interval (up to 0.05' thick).

108.0' - 110.7', intensely fractured (mechanical).

Healed white anastomized fractures.
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C39

C40

C41

22

60

0

PL

98

100

74

UC =
127

METAMORPHIC ROCK (Serpentinite), light greenish gray
and dark greenish gray, slightly weathered to fresh, very soft
to moderately hard, moderately to slightly fractured, common
white secondary mineral veins, commonly intensely sheared.

116.9' - 119.9', polished surfaces on fractures.

117.8' - 120.0', brecciated zone.

119.3', fibrous texture noted.

120.6' - 123.1', very dark gray, gabbroic, dense, moderately
hard, moderately fractured.
121.5', fibrous secondary mineral deposit on fracture.

122.15' - 123.0', white mineral vein infilling.

123.1', light greenish gray, soft, intensely fractured
(non-gabbroic).

124.35', 0.01' thick fibrous secondary mineral deposit on
fracture-oriented perpendicular to fracture.

126.3', gabbroic.

Borehole terminated at a depth of 130 feet on 1/17/2008.

See Boring Record Legend for soil classification chart and
key to test data and sampler type.
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1 Introduction 
An extensive laboratory testing program was performed to determine the index and 
engineering properties of the major subsurface strata encountered at the site.  The 
laboratory testing program included conventional tests to confirm the existing 
information on the engineering characteristics of the major strata and to refine 
some of the engineering parameters where it was deemed appropriate. 

Tests on overburden soil specimens were performed at the Signet Testing 
Laboratories in Hayward, California. 

Tests on Mélange Matrix specimens were performed at the Signet Testing 
Laboratories in Hayward, California. 

Tests on rock specimens were performed at Advanced Terra Testing, Inc., in 
Lakewood, Colorado and the Arup laboratory in San Francisco, California. 

This appendix briefly describes the testing program and procedures used for the 
different test types and presents summary tables and data plots of the test results.   

1.1 Tests Performed on Soil and Rock Samples 

In order to adequately determine the engineering properties of the soil and rock, a 
series of laboratory tests were performed on various samples of Fill, , Buried Soil 
Horizon, Sandy Clay, Sandy Silt, Colma Sand, Colluvium, Residual Soil, and the 
underlying bedrock. 

1.2 Index Tests 

Index tests were performed on both soil and rock samples to aid in classification 
and correlation with other engineering parameters.  Index tests included Atterberg 
limits, grain size analyses, organic content, and moisture content and density 
determinations.  Atterberg limits tests were performed in accordance with standard 
test method ASTM D 4318-00 (wet method).  Grain-size analyses were performed 
in accordance with standard test method ASTM D 422-63. Organic content tests 
were performed in accordance with the standard test method ASTM D 2974-87. 
Moisture content tests were performed in accordance with standard test method 
ASTM D 2216-98.  Total density tests were performed following the standard test 
method ASTM D 2216-98.  In addition to tests performed to directly measure the 
properties stated above, moisture and density measurements were performed on 
samples for One-Dimensional Consolidation, Direct Shear, and Unconsolidated 
Undrained Triaxial Compression tests. 

A summary of the results of index tests performed on soil and rock is presented in 
Table B-1.  The individual laboratory reports for Atterberg limits, sieve analyses and 
moisture and density tests are presented in Attachment B-1 of the accompanying 
CD. 

1.3 One-Dimensional Consolidation Tests 

One-Dimensional Consolidation Tests were performed on samples of Sandy Clay 
to evaluate their compressibility characteristics and past geologic-stress history.  
Consolidation tests were performed in general accordance with the procedures 
outlined in the standard test method ASTM D 2435-04. 

The maximum past pressure values (σ’p) were estimated from end-of-primary 
consolidation compression curves using the Pacheco-Silva (1970) and Casagrande 
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(1934) constructions, as well as the Becker et al. (1987) work method. The 
overconsolidation ratio (OCR) was then computed from an estimated maximum 
past pressure (σ’p) and the calculated in situ vertical effective stress (σ’vo) at the 
depth from which the sample was taken using the following expression: 

OCR = (σ’p)/(σ’vo) 

A summary of the results from the consolidation tests performed on overburden 
soils is presented in Table B-2.  The laboratory consolidation test reports showing 
the compression curves (vertical strain at the end of load increment versus log 
effective stress) are included in Attachment B-2 of the accompanying CD. 

1.4 Direct Shear Test 

Direct Shear Tests were performed on samples of Fill, Buried Soil Horizon, and 
Colma Sand to determine the drained strength parameters of these materials. 

A summary of the results from the Direct Shear Tests is presented in Table B-3.  
The laboratory reports are included in Attachment B-3 of the accompanying CD. 

1.5 Organic Content Tests 

An Organic Content Test was performed on a Buried Soil Horizon sample in 
general accordance with the procedures outlined in the standard test method 
ASTM D 2974-87. 

A summary of the results from the Organic Content Test is presented in Table B-4. 
The laboratory reports are included in Attachment B-4 of the accompanying CD. 

1.6 Unconsolidated Undrained Triaxial Compression Test 

Unconsolidated Undrained (UU) Triaxial Compression Tests were performed on 
samples of Buried Soil Horizon, Sandy Clay, Colma Sand, Serpentinite, Mélange 
Matrix, Sandstone, and Gabbro to evaluate the undrained shear strength of the 
material.  The undrained Young’s Modulus can also be determined from this test.  
These tests were performed in general accordance with the procedures outlined in 
the standard test method ASTM D 2850-95. 

A summary of the results of UU Triaxial Compression Tests is presented in 
Table B-5.  Before testing and after testing photographs of selected samples and 
the laboratory reports for all samples for these tests are included in Attachment B-5 
of the accompanying CD. 

1.7 Isotropically consolidated Undrained Triaxial Compression Test 

Isotropically Consolidated Undrained (ICU) Triaxial Compression Tests were 
performed on Colma Sand samples to determine the effective friction angle.  These 
tests were performed in general accordance with the procedures outlined in the 
standard test method ASTM D 4767-95 with pore pressure measurements. 

A summary of the results of ICU Triaxial Compression Tests is presented in 
Table B-6.  Before testing and after testing photographs of selected samples and 
the laboratory reports for all samples for these tests are included in Attachment B-6 
of the accompanying CD. 
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1.8 Uniaxial Compressive Strength Tests with Stress Strain 
Measurements 

Uniaxial Compressive Strength Tests were performed on intact rock samples of 
four to six inches long to determine the compressive strength.  These tests were 
performed in general accordance with the procedures outlined in the standard test 
method ASTM D 3148-02.  Stress-strain measurements during the tests were used 
to determine the elastic stiffness parameters of the rock specimen, namely the 
Young’s modulus and the Poisson’s ratio. 

A summary of the results from the Uniaxial Compressive Strength Tests performed 
is presented in Table B-7.  The laboratory stress-strain curves and photographs for 
these tests are included in Attachment B-7 of the accompanying CD. 

1.9 Point Load Index Tests 

Diametral Point Load Index Tests were performed to determine point load index 
strength of intact rock core specimens.  These tests were performed in general 
accordance with the procedures outlined in the standard test method ASTM 
D 5731-02.  This index test is an inexpensive way to measure the strength of the 
rock specimens without the specimen preparation and setup required for the 
Uniaxial Compressive Strength Test.  Point load tests were performed on portions 
of rock core having a length-to-diameter ratio of at least 1.0, with appropriate 
corrections being made to account for size effects.  In the point load test, rock 
specimens are loaded between steel cone tips and the load at the time of rupture is 
recorded.  The corrected point load strength, Is-(50), is given by the expression: 

Is(50) = F(P/De
2) 

Where: 

P = load at rupture 

De = distance between the steel points at failure (typically slightly 
smaller than the core diameter) 

F = specimen size correction factor to standardize the results to 
50 mm core size. 

The uniaxial compressive strength, σa, is computed from: 

σa = C x Is(50) 

Where: 

C = factor that depends on the core size. 

A summary of the results from Point Load Index Tests performed is presented in 
Table B-8.  Plots of uniaxial compressive strength versus elevation for each 
borehole tested are included in Attachment B-8 of the accompanying CD. 

1.10 Indirect Tensile Strength (Brazilian) Tests 

Indirect Tensile Strength Tests, also referred to as the Brazilian Test Method, were 
performed on five rock core samples to determine the tensile strength of the rock.  
These tests were performed in general accordance with the procedures outlined in 
the standard test method ASTM D 3967-95a.  The significant advantage of this test 
is that it is a simple and inexpensive way to measure the tensile strength. 
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A summary of the results from the Indirect Tensile Strength Tests performed is 
presented in Table B-9.  The laboratory reports, photographs and stress curves for 
these tests are included in Attachment B-9 of the accompanying CD. 

1.11 Punch Penetration Test 

A Punch Penetration Test was performed on one intact rock core specimen 
indicating relative boreability and excavatability of the rock formation, i.e., the 
energy needed for efficient chipping.  This is affected by the stiffness, brittleness, 
and porosity of the sample.  The rock sample was broken in the same way that a 
disc cutter will during tunnel construction.  The test takes into account both the 
crushing strength of the rock (failure mechanism beneath the cutter edge) and its 
resistance to chipping (failure mechanism between cutters). 

A summary of the results from the Punch Penetration Test performed is presented 
in Table B-10.  The laboratory report for this test, which includes a summary sheet, 
load versus penetration plots and before and after test photographs, is presented in 
Attachment B-10 of the accompanying CD. 

1.12 Cerchar Abrasivity Index Tests 

Cerchar Abrasivity Index Tests were performed on three rock specimens to 
determine rock abrasivity for cutter wear.  A series of sharpened steel pins of a 
known hardness are pulled across a freshly broken surface of the rock.  The 
average dimensions of the resultant wear can be related directly to cutter life in field 
operation.  The geometry of the planned excavation then allows calculation of the 
expected cutter wear per unit distance of cutter travel. 

A summary of the results from the Cerchar Abrasivity Index Tests performed is 
presented in Table B-11.  The laboratory data sheet and before and after test 
photographs are presented in Attachment B-11 of the accompanying CD. 

1.13 Slake Durability Tests 

Slake Durability Tests were performed on three rock core specimens in order to 
quantitatively estimate the durability of weak rocks and their resistance to 
weathering.  These tests were performed in general accordance with the 
procedures outlined in the standard test method ASTM D 4644-87.  Serpentinite 
and similar weak rocks absorb moisture when subjected to a simulated weathering 
process.  Moisture absorption may cause disaggregation in the form of powdering, 
spalling, flaking of the sample surface, or separations along bedding planes. 

A summary of the results from the Slake Durability Tests performed is presented in 
Table B-12.  Laboratory data reports and before and after test photographs are 
presented in Attachment B-12 of the accompanying CD. 

1.14 Thin-Section Petrographic Analyses 

Thin-Section Petrographic Analyses were performed on four rock samples to 
provide insight into the microscopic properties of the different rock types that may 
significantly impact its boreability behavior.  Such features include grain 
suturing/interlocking, certain alignment/ orientation of hard minerals, tight matrix, 
micro fractures, etc. 

A summary of the results from the Thin-Section Petrographic Analyses performed is 
presented in Table B-13.  The report prepared by the laboratory, and thin-section 
photographs are included in Attachment B-13 of the accompanying CD. 
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Borehole
ID Depth Elevation,

(NAVD88) Soil Unit
Moisture 
Content, 

w o

Total Unit 
Weight, γt

Liquid 
Limit, w l

Plastic 
Limit, w p

Plasticity 
Index, Ip

Liquidity 
Index, LI

Dry Unit 
Weight, γd

Percent 
Fines

(ft) (ft) (%) (pcf) (%) (%) (%) (pcf) (%)

BTNB-R1 51.9 39.5 Mélange Matrix 10.3 149.7 22 15 7 -0.67 135.6

BTNB-R3 11.6 74.7 Sandy Clay 18.9 130.0 41 17 24 0.08 109.4

BTNB-R3 18.3 68.0 Colma Sand 18.2     

BTNB-R3 31.7 54.6 Colma Sand 23.1 125.6 102.1 12.6

BTNB-R4-PZ 8.3 62.2 Sandy Clay 13.7 130.7 32 16 16 -0.14 114.9 81.1

BTNB-R4-PZ 13.4 57.1 Sandy Silt 14.1 136.8 119.8 54.4

BTNB-R4-PZ 23.5 47.0 Colma Sand 19.5 131.9 110.4 14.3

BTNB-R4-PZ 23.5 47.0 Colma Sand 19.4 129.0 108.0

BTNB-R4-PZ 23.5 47.0 Colma Sand 18.8 127.8 107.6

BTNB-R4-PZ 33.1 37.4 Colma Sand 20.1 132.9 110.7 9.5

BTNB-R4-PZ 48.1 22.4 Colma Sand 21.2 134.2 110.8 14.2

BTNB-R4-PZ 60.3 10.1 Serpentinite 16.5 139.4 Non-Plastic Non-Plastic Non-Plastic 119.7

BTNB-R4-PZ 70.2 0.2 Serpentinite 7.2

BTNB-R4-PZ 75.6 -5.2 Serpentinite 6.0

BTNB-R4-PZ 87.6 -17.2 Serpentinite 16.8 138.5 Non-Plastic Non-Plastic Non-Plastic 118.6

BTNB-R4-PZ 96.5 -26.1 Serpentinite 142.4

BTNB-R5A-PZ-S 25.1 54.3 Sandstone 167.5

BTNB-R5A-PZ-S 25.1 54.3 Sandstone

BTNB-R5A-PZ-S 25.5 53.9 Sandstone 165.6

BTNB-R5-PZ-D 54.5 25.1 Mélange Matrix 9.3 158.6 27 16 11 -0.61 145.1

SUMMARY OF INDEX TEST RESULTS
TABLE B-1
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Borehole
ID Depth Elevation,

(NAVD88) Soil Unit
Moisture 
Content, 

w o

Total Unit 
Weight, γt

Liquid 
Limit, w l

Plastic 
Limit, w p

Plasticity 
Index, Ip

Liquidity 
Index, LI

Dry Unit 
Weight, γd

Percent 
Fines

SUMMARY OF INDEX TEST RESULTS
TABLE B-1

BTNB-R5-PZ-D 88.4 -8.7 Sandstone 163.8

BTNB-R6A-PZ-S 28.3 55.2 Serpentinite 48.8 108.8 73.1 31.8

BTNB-R6-PZ-D 8.2 75.4 Fill 14.7 124.3 108.3 9.5

BTNB-R6-PZ-D 13.0 70.6 Sandy Clay 20.5 129.3 34 17 17 0.21 107.3

BTNB-R6-PZ-D 18.3 65.3 Sandy Silt 18.0 134.0 113.5 59.1

BTNB-R6-PZ-D 23.6 60.0 Colma Sand 15.7 136.3 117.8 17.9

BTNB-R6-PZ-D 27.6 56.0 Colma Sand 14.9 124.4 108.3 10.9

BTNB-R6-PZ-D 47.7 35.9 Serpentinite 132.1

BTNB-R6-PZ-D 83.8 -0.2 Serpentinite 151.1

BTNB-R6-PZ-D 90.7 -7.1 Serpentinite 14.9 140.4 39 33 6 -3.02 122.2

BTNB-R7A-PZ-S 9.8 69.2 Buried Soil Horizon 20.4   30 15 15 0.36   

BTNB-R7A-PZ-S 18.3 60.7 Sandy Clay 20.8 130.1 107.7 52.5

BTNB-R7A-PZ-S 19.8 59.2 Sandy Clay 23.6   30 14 16 0.60   

BTNB-R7A-PZ-S 23.1 55.9 Colma Sand 19.9 133.6 111.5 17.6

BTNB-R7A-PZ-S 33.3 45.7 Colma Sand 20.9 132.1 109.3 18.2

BTNB-R7-PZ-D 13.3 66.1 Sandy Clay 16.8 134.5 23 15 8 0.23 115.1

BTNB-R7-PZ-D 86.4 -7.0 Gabbro 14.8 140.3 30 28 2 -6.60 122.2

BTSB-R1-PZ 13.3 87.8 Fill 15.0 121.7 105.8 3.3

BTSB-R1-PZ 22.8 78.3 Fill 26.4 127.0 100.5 2.1

BTSB-R1-PZ 22.8 78.3 Fill 25.3 126.2 100.7

BTSB-R1-PZ 22.8 78.3 Fill 30.8 125.4 95.9

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Lab Data\Index Tests\Index Tests Soil Battery.xls  [Table B-1]
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Borehole
ID Depth Elevation,

(NAVD88) Soil Unit
Moisture 
Content, 

w o

Total Unit 
Weight, γt

Liquid 
Limit, w l

Plastic 
Limit, w p

Plasticity 
Index, Ip

Liquidity 
Index, LI

Dry Unit 
Weight, γd

Percent 
Fines

SUMMARY OF INDEX TEST RESULTS
TABLE B-1

BTSB-R1-PZ 27.5 73.5 Sandy Clay 22.0 129.9 106.5

BTSB-R1-PZ 28.8 72.3 Sandy Clay 22.8 123.5 100.6

BTSB-R1-PZ 28.8 72.3 Sandy Clay 37 16 21

BTSB-R1-PZ 28.8 72.3 Sandy Clay 39 18 21

BTSB-R1-PZ 36.3 64.8 Sandstone 164.6

BTSB-R1-PZ 36.6 64.4 Sandstone 165.3

BTSB-R1-PZ 45.2 55.9 Sandstone, Shale 166.4

BTSB-R2 3.3 88.9 Fill 5.3 118.8 112.9

BTSB-R2 12.8 79.3 Sandy Clay 22.5 128.2 38 18 20 0.23 104.6

BTSB-R2 17.8 74.3 Colma Sand 19.1 135.8 114.0 48.3

BTSB-R2 28.3 63.9 Colma Sand 21.8 130.1 106.8 11.4

BTSB-R2 28.3 63.9 Colma Sand 20.7 129.9 107.6

BTSB-R2 28.3 63.9 Colma Sand 20.6 130.0 107.8

BTSB-R2 33.6 58.6 Colma Sand 21.2 128.5 106.0 13.0

BTSB-R2 37.8 54.3 Sandy Clay 20.7 130.4 30 17 13 0.28 108.1

BTSB-R2 38.3 53.8 Sandy Clay 22.3 127.6 45 21 24 0.05 104.3

BTSB-R2 42.8 49.3 Sandy Clay 19.4 132.4 40 20 20 -0.03 110.9

BTSB-R3A-PZ-S 3.1 95.0 Fill 6.7 115.6 108.4 1.8

BTSB-R3A-PZ-S 9.3 88.8 Fill 9.2 109.1 99.9 1.4

BTSB-R3A-PZ-S 9.3 88.8 Fill 10.4 112.9 102.3

BTSB-R3A-PZ-S 9.3 88.8 Fill 9.3 109.7 100.4
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Borehole
ID Depth Elevation,

(NAVD88) Soil Unit
Moisture 
Content, 

w o

Total Unit 
Weight, γt

Liquid 
Limit, w l

Plastic 
Limit, w p

Plasticity 
Index, Ip

Liquidity 
Index, LI

Dry Unit 
Weight, γd

Percent 
Fines

SUMMARY OF INDEX TEST RESULTS
TABLE B-1

BTSB-R3A-PZ-S 12.8 85.2 Buried Soil Horizon 18.6 131.8 23 16 7 0.37 111.2

BTSB-R3A-PZ-S 17.8 80.2 Sandstone 10.5 142.2 128.7 33.1

BTSB-R3-PZ-D 24.8 73.1 Sandstone

BTSB-R3-PZ-D 25.1 72.8 Sandstone 158.2

BTSB-R3-PZ-D 25.5 72.5 Sandstone

BTSB-R3-PZ-D 30.2 67.7 Sandstone 159.5

BTSB-R3-PZ-D 44.5 53.5 Sandstone 161.3

BTSB-R3-PZ-D 44.9 53.1 Sandstone 166.7

BTSB-R3-PZ-D 50.4 47.5 Sandstone 164.9

BTSB-R3-PZ-D 81.7 16.3 Sandstone 166.2

RW5-R1 3.3 89.8 Colma Sand 13.8 134.0 117.7 49.9

RW6-R1-PZ 3.1 105.5 Fill 15.4 124.3 107.7 49.5

RW6-R1-PZ 7.9 100.7 Sandy Clay 15.7 28 15 13 0.05 75.6

RW6-R1-PZ 12.9 95.7 Colma Sand 16.6 128.7 110.4 21.5

RW6-R1-PZ 12.9 95.7 Colma Sand 16.8 127.2 108.9

RW6-R1-PZ 12.9 95.7 Colma Sand 16.3 129.1 111.0

RW6-R1-PZ 17.3 91.3 Colma Sand 21.2 131.1 108.2 27.4

RW6-R1-PZ 17.3 91.3 Colma Sand 22.1 131.0 107.3

RW6-R1-PZ 17.3 91.3 Colma Sand 18.7 134.1 113.0

RW6-R1-PZ 26.6 81.9 Sandstone

RW6-R1-PZ 26.9 81.6 Sandstone 152.6
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Borehole
ID Depth Elevation,

(NAVD88) Soil Unit
Moisture 
Content, 

w o

Total Unit 
Weight, γt

Liquid 
Limit, w l

Plastic 
Limit, w p

Plasticity 
Index, Ip

Liquidity 
Index, LI

Dry Unit 
Weight, γd

Percent 
Fines

SUMMARY OF INDEX TEST RESULTS
TABLE B-1

RW6-R1-PZ 45.3 63.2 Sandstone 163.4

RW6-R1-PZ 49.9 58.7 Sandstone 166.5

RW6-R2A-PZ-S 3.8 104.6 Fill 4.5 104.2 99.7 4.5

RW6-R2A-PZ-S 8.1 100.3 Fill 24.3 126.3 101.6 2.7

RW6-R2A-PZ-S 8.1 100.3 Fill 21.7 131.2 107.8

RW6-R2A-PZ-S 8.1 100.3 Fill 18.2 124.7 105.5

RW6-R2A-PZ-S 18.6 89.8 Colma Sand 13.2 129.6 114.5 16.4

RW6-R2-PZ-D 31.0 77.7 Sandstone 160.5

RW8-R1-PZ 8.8 81.9 Fill 9.6 109.0 99.5

RW8-R1-PZ 13.3 77.4 Sandy Clay 22.4 127.3 24 17 7 0.77 104.0 83.4

RW8-R1-PZ 18.8 71.9 Sandy Clay 19.0 131.3 29 19 10 -0.004 110.4

RW8-R1-PZ 23.1 67.5 Sandy Clay 19.6 126.4 25 13 12 0.55 105.7 60.1

RW8-R1-PZ 24.4 66.2 Colma Sand 18.2 131.0 23 16 7 0.31 110.8 47.2

RW8-R1-PZ 29.8 60.9 Colma Sand 15.3 20.4

RW8-R1-PZ 33.3 57.4 Colma Sand 19.6 130.3 108.9 21.3

RW8-R1-PZ 33.3 57.4 Colma Sand 20.0 130.3 108.6

RW8-R1-PZ 33.3 57.4 Colma Sand 19.5 133.2 111.5

RW8-R1-PZ 43.3 47.4 Sandy Clay 23.1 126.9 29 16 13 0.55 103.1

RW8-R1-PZ 43.8 46.9 Sandy Clay 21.1 124.0 29 18 11 0.28 102.4

RW8-R1-PZ 76.5 14.1 Serpentinite 7.7

RW8-R1-PZ 121.9 -31.3 Serpentinite 150.5
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Borehole ID Depth Elevation Soil Type
Initial 

Moisture 
Content, w i

Initial Total 
Unit Weight, 

γt

In-Situ Effective 
Vertical Stress, 

σ'vo

Maximum Past 
Pressure, σ'p

Over 
Consolidation 

Ratio, OCR

Compression 
Ratio, CR

Recompression 
Ratio, RR

Swelling 
Ratio, SR

(ft)  (ft) (%) (pcf) (psf) (psf)

BTSB-R1-PZ 28.75 72.3 Sandy Clay 22.8 123.5 1,850 7,500 4.1 0.124 0.006 0.017

RW8-R1-PZ 23.125 67.5 Sandy Clay 19.8 124.5 2,850 13,500 4.7 0.126 0.008 0.008

RW8-R1-PZ 43.75 46.9 Sandy Clay 21.1 124.0 5,580 4,400 0.8 0.094 0.007 0.007

TABLE B-2
SUMMARY OF THE RESULTS OF INCREMENTAL LOADING (IL) CONSOLIDATION TESTS
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Peak 
Friction 
Angle, φ'

Cohesion 
Intercept, c'

(ft) (ft) (%) (pcf) (psf) (psf) (psf) (degrees) (psf)
26.4 127.0 2,650 2,208 1,680
25.3 126.2 3,300 2,508 1,932
30.8 125.4 4,000 3,012 2,304
19.5 131.9 2,700 2,640 1,788
19.4 129.0 3,300 3,336 2,220
18.8 127.8 4,000 4,020 2,628
21.8 130.1 3,200 3,120 2,064
20.7 129.9 4,000 3,744 2,532
20.6 130.0 4,800 4,404 3,156
16.6 128.7 1,000 1,236 852
16.8 127.2 1,200 1,320 912
16.3 129.1 1,400 1,764 1,116
21.2 131.1 2,000 1,884 1,464
22.1 131.0 2,500 2,100 1,668
18.7 134.1 3,000 2,652 1,980
9.2 109.1 1,000 936 804
10.4 112.9 1,300 1,044 864
9.3 109.7 1,600 1,500 1,176
24.3 126.3 1,000 972 780
21.7 131.2 1,200 1,092 888
18.2 124.7 1,400 1,200 996
19.6 130.3 4,150 3,852 2,856
20.0 130.3 5,200 4,476 3,192
19.5 133.2 6,225 5,124 4,116

31 1,350RW8-R1-PZ 33.3 57.4 Colma Sand
(SC)

43 0BTSB-R2 28.3 63.9 Colma Sand
(SP-SM)

BTSB-R1-PZ 22.8 78.3 Buried Soil Horizon 
(SP)

91.3 Colma Sand
(SP-SM)RW6-R1-PZ 17.3

RW6-R1-PZ 12.9 95.7 Colma Sand
(SP-SM)

42 0

42

45

38 0

Normal 
Consolidation 

Stress, σ'vc

Peak Shear 
Stress, τmax

0

0

41

50

TABLE B-3
SUMMARY OF DIRECT SHEAR TEST RESULTS

Peak StrengthResidual 
Shear 

Stress, τres

Borehole ID Depth Elevation Soil Type
Moisture 
Content, 

w o

Total 
Unit 

Weight, 
γt

88.8 Fill (SP) 0

BTNB-R4-PZ 23.5 47.0 Colma Sand
(SP-SM) 0

BTSB-R3A-PZ-S 9.3

RW6-R2A-PZ-S 8.1 100.3 Fill (SP)
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Borehole
ID Depth Elevation,

(NAVD88) Soil Unit
Moisture 
Content, 

w o

Organic
Content Remarks

(ft) (ft) (%) (%)

RW8-R1-PZ 13.3 77.4 Buried Soil Horizon 22.4 3.5

TABLE B-4

SUMMARY OF ORGANIC CONTENT TEST RESULTS
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Borehole ID Depth Elevation Soil Unit
Water 

Content, 
w o

Total Unit 
Weight, γt 

Effective 
Vertical Stress, 

σ'v,o

Total Confining 
Stress, σc

Deviator 
Stress, σ1-σ3 

Undrained Shear 
Strength, su

su/σ'v,o

Axial 
Strain at 

Failure, σf

Undrained Young's 
Modulus at 50% 

Strain, Eu,50 

Eu,50/su
Material Description
(From Lab Records) Remarks

(ft) (ft) (%) (pcf) (ksf) (ksf) (ksf) (ksf) (%) (ksf)

BTNB-R1 51.9 39.5 Mélange Matrix 10.3 149.7 4.8 9.5 1.9 0.935 0.19 8.1 125 133 Very dark gray silty clayey 
gravel

BTNB-R4-PZ 60.3 10.1 Serpentinite 16.5 139.4 6.0 10.5 1.5 0.729 0.12 19.6 178 245 Bluish gray clayey sand

BTNB-R4-PZ 87.6 -17.2 Serpentinite 16.8 138.5 8.2 16.0 1.7 0.832 0.10 20.0 1157 1390 Bluish gray clayey sand

BTNB-R6A-PZ-S 28.3 55.2 Serpentinite 48.8 108.8 3.5 4.9 3.0 1.487 0.42 1.9 218 147 Olive brown clayey sand

BTNB-R6-PZ-D 13.0 70.6 Sandy Clay 20.5 129.3 1.6 2.3 4.9 2.442 1.56 9.4 86 35 Brown clay

BTNB-R6-PZ-D 90.7 -7.1 Serpentinite 14.9 140.4 8.6 17.0 1.8 0.875 0.10 1.8 2097 2397 Dark bluish gray silt

BTNB-R7A-PZ-S 18.3 60.7 Sandy Clay 20.8 130.1 2.2 3.1 2.5 1.240 0.56 10.3 50 40 Reddish brown sandy clay

BTNB-R7-PZ-D 13.3 66.1 Sandy Clay 16.8 134.5 1.6 2.3 3.5 1.740 1.10 9.6 58 33 Brown sandy clay

BTNB-R7-PZ-D 86.4 -7.0 Gabbro 14.8 140.3 8.1 16.0 1.1 0.570 0.07 1.0 1615 2836 Bluish gray gravelly silt

BTSB-R1-PZ 27.5 73.5 Sandy Clay 22.0 129.9 2.6 5.2 3.0 1.480 0.57 4.0 81 55 Olive brown clay with sand

BTSB-R2 12.8 79.3 Sandy Clay 22.5 128.2 1.6 2.3 3.7 1.854 1.18 15.1 74 40 Reddish brown clay

BTSB-R2 17.8 74.3 Colma Sand 19.1 135.8 2.2 3.1 3.7 1.854 0.84 10.9 44 24 Reddish brown clayey sand

BTSB-R2 37.8 54.3 Sandy Clay 20.7 130.4 4.8 6.6 4.6 2.296 0.48 13.9 105 46 Reddish brown clay

BTSB-R2 38.3 53.8 Sandy Clay 22.3 127.6 4.8 6.6 7.4 3.675 0.76 20.0 288 78 Yellowish brown clay

BTSB-R2 42.8 49.3 Sandy Clay 19.4 132.4 5.3 7.4 12.5 6.274 1.19 9.6 269 43 Yellowish brown clay

BTSB-R3A-PZ-S 12.8 85.2 Buried Soil Horizon 18.6 131.8 1.6 2.3 1.5 0.775 0.50 12.8 24 30 Dark brown sandy clay

BTSB-R3A-PZ-S 17.8 80.2 Sandstone 10.5 142.2 2.2 3.1 5.1 2.561 1.16 2.3 220 86 Yellowish brown clayey sand

RW8-R1-PZ 22.5 68.1 Sandy Clay 19.6 126.4 2.9 4.2 2.9 1.457 0.51 6.6 45 31 Brown sandy clay

RW8-R1-PZ 43.3 47.4 Sandy Clay 23.1 126.9 5.5 8.2 2.6 1.282 0.24 15.3 51 40 Brown clay with gravel

TABLE B-5

SUMMARY OF UNCONSOLIDATED UNDRAINED TRIAXIAL TEST RESULTS
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p'      q'   φ' 1           εa         p'      q'   φ' 1          

(ft) (ft) (%) (pcf) (psf) (psf) (psf) (degrees) (%) (psf) (psf) (degrees)

BTNB-R6-PZ-D 27.6 56.0 Colma Sand
(SP-SC) 14.9 124.4 4,650 39,641 24,973 39.0 5.4 33,703 21,382 39.4

BTNB-R7A-PZ-S 33.3 45.7 Colma Sand
(SP) 20.9 132.1 5,800 10,460 6,492 38.4 5.4 6,033 3,732 38.2

BTSB-R2 33.6 58.6 Colma Sand
(SP-SC) 21.2 128.5 5,700 6,268 3,562 34.6 11.1 6,343 3,596 34.5

RW8-R1-PZ 24.4 66.2 Colma Sand
(SC-SM) 18.2 131.0 4,650 6,271 3,562 34.6 4.6 5,181 2,991 35.3

1 φ' calculated assuming c = 0 Average 36.7 Average 36.8

Elevation Soil Type

TABLE B-6                                                                                                                                 

Parameters at 10% Strain Parameters at Max Obliquity

SUMMARY OF ISOTROPICALLY CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION TESTS
Moisture 
Content, 

w o

Total Unit 
Weight, γt

Effective 
Confining 
Stress, σ'c

Borehole ID Depth

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Lab Data\TXICU\TXICU Tests Battery.xls  [Table B-6]
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Borehole ID Depth Elevation 
(NAVD88) Rock Type Diameter, D Length, L L/D Mass Wet Density Failure Load Failure 

Type
Compressive 

Strength
Young's 
Modulus

Poisson's 
Ratio

(ft) (ft) (in) (in) (g) (pcf) (lb) (psi) (psi)

BTNB-R4-PZ 96.5 -26.1 Serpentinite 2.401 5.036 2.1 852.00 142.4 5,800 F/S 1,280 7.20E+05 0.171

BTNB-R5-PZ-D 88.4 -8.7 Sandstone 2.389 5.011 2.1 965.60 163.8 39,500 F 8,810 1.33E+06 0.089

BTNB-R5A-PZ-S 25.5 53.9 Sandstone 2.405 5.193 2.2 1025.70 165.6 44,500 F 9,800 4.92E+06 0.108

BTNB-R6-PZ-D 83.8 -0.2 Gabbro 2.398 5.326 2.2 954.10 151.1 16,500 F/S 3,650 1.10E+06 0.177

BTNB-R6-PZ-D 47.7 35.9 Serpentinite 2.399 5.076 2.1 795.40 132.1 1,800 F 400 1.50E+05 0.095

BTSB-R1-PZ 36.3 64.8 Sandstone 2.400 5.227 2.2 1021.60 164.6 49,050 S/F 10,840 4.23E+06 0.184

BTSB-R1-PZ 45.2 55.9 Sandstone 2.399 5.326 2.2 1051.40 166.4 57,000 F/S 12,610 6.63E+06 0.202

BTSB-R3-PZ-D 25.1 72.8 Sandstone 2.398 4.850 2.0 909.50 158.2 22,000 F 4,870 1.35E+06 0.086

BTSB-R3-PZ-D 30.2 67.7 Sandstone 2.401 3.880 1.6 735.50 159.5 15,600 F * 3,350 1.78E+06 0.197

BTSB-R3-PZ-D 44.5 53.5 Sandstone 2.395 5.437 2.3 1037.00 161.3 42,500 F 9,430 4.96E+06 0.109

BTSB-R3-PZ-D 50.4 47.5 Sandstone 2.408 5.220 2.2 1029.00 164.9 76,500 S/F 16,800 5.45E+06 0.136

BTSB-R3-PZ-D 81.7 16.3 Sandstone 2.410 5.053 2.1 1005.70 166.2 16,000 F 3,510 3.30E+06 0.193

RW6-R1-PZ 26.9 81.6 Sandstone 2.403 5.816 2.4 1056.60 152.6 14,000 F/S 3,090 4.60E+05 0.131

RW6-R1-PZ 45.3 63.2 Sandstone 2.394 5.891 2.5 751.40 163.4 67,000 S/F * 14,480 4.17E+06 0.114

RW6-R2-PZ-D 31.0 77.7 Sandstone 2.396 5.330 2.2 1012.50 160.5 17,000 F 3,770 1.25E+06 0.121

RW8-R1-PZ 121.9 -31.3 Serpentinite 2.398 5.219 2.2 931.10 150.5 8,000 F 1,770 7.60E+05 0.200

Failure Types - S: Shear Failure, M: Matrix Failure, F: Failure through Fracture/Bedding, V: Void Collapse, C: Combination

* Strength values were corrected to account for short sample (L/D < 2.0)

** Not Testable, short sample L/D < 1.5

*** Due to pre-existing conditions of the sample, meaningful measurements for the calculation of Young's modulus and Poisson's ratio were not possible

TABLE B-7
SUMMARY OF THE RESULTS OF UNIAXIAL COMPRESSION TESTS ON ROCK
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Test 
No.

Test 
Depth

Test 
Elevation,
(NAVD88) 

Rock Type Test Type Dc D' Max. 
Pressure Max. Pressure Load, P De (De)

2 Is Is F Is(50) Is(50) σa
Average σa from 

Valid Tests
Remarks

(ft) (ft) (mm) (mm) (bars) (psi) (lbf) (mm) (in2) (psi) (tsf) (psi) (tsf) (psi) (psi)

BTNB-R5-PZ-D 10.95 68.7 Sandstone Diametral 71.0 67.5 72.4 1,050 1,574 69.2 7.43 211.9 15.3 1.158 245.3 17.7 6,010 6,010

BTNB-R5-PZ-D 29.85 49.8 Sandstone Diametral 71.0 67.0 168.2 2,440 3,657 69.0 7.37 496.0 35.7 1.156 573.2 41.3 14,044 14,044

BTNB-R5-PZ-D 32.55 47.1 Sandstone Diametral 71.0 67.0 110.8 1,607 2,409 69.0 7.37 326.7 23.5 1.156 377.6 27.2 9,251 - Invalid test-- broke through pre-existing fracture

BTNB-R5-PZ-D 87.53 -7.9 Sandstone Diametral 71.0 60.0 88.4 1,282 1,922 65.3 6.60 291.1 21.0 1.127 328.2 23.6 8,040 8,040

BTNB-R5A-PZ-S 4.56 74.8 Sandstone Diametral 71.0 68.5 114.8 1,665 2,496 69.7 7.54 331.1 23.8 1.162 384.6 27.7 9,422 9,422

BTNB-R5A-PZ-S 12.71 66.7 Sandstone Diametral 71.0 66.0 152.2 2,208 3,309 68.5 7.26 455.6 32.8 1.152 524.8 37.8 12,857 12,857

BTNB-R5A-PZ-S 22.65 56.7 Sandstone Diametral 71.0 67.0 146.6 2,126 3,187 69.0 7.37 432.3 31.1 1.156 499.6 36.0 12,240 12,240

BTNB-R5-PZ-D 88.00 -8.4 Sandstone Axial 61.0 44.2 33.3 484 725 51.9 4.18 173.5 12.5 1.017 176.5 12.7 4,323 - *Test performed axially*

BTNB-R6-PZ-D 68.73 14.9 Sandstone Diametral 71.0 71.0 55.6 806 1,209 71.0 7.81 154.7 11.1 1.171 181.2 13.0 4,438 - Invalid test-- broke through pre-existing fracture

BTSB-R1-PZ 35.43 65.6 Sandstone Diametral 71.0 64.0 202.6 2,939 4,405 67.4 7.04 625.4 45.0 1.144 715.4 51.5 17,527 17,527

BTSB-R1-PZ 38.80 62.2 Sandstone Diametral 71.0 59.0 230.6 3,345 5,014 64.7 6.49 772.2 55.6 1.123 867.3 62.4 21,248 21,248

BTSB-R1-PZ 45.98 55.1 Sandstone Diametral 71.0 54.0 230.6 3,345 5,014 61.9 5.94 843.7 60.7 1.101 928.9 66.9 22,757 22,757

BTSB-R3-PZ-D 25.78 72.1 Sandstone Diametral 71.0 49.0 109.0 1,581 2,370 59.0 5.39 439.5 31.6 1.077 473.4 34.1 11,598 - Invalid test-- broke through pre-existing fracture

BTSB-R3-PZ-D 32.38 65.5 Sandstone Diametral 71.0 66.0 20.2 293 439 68.5 7.26 60.5 4.4 1.152 69.6 5.0 1,706 1,706

BTSB-R3-PZ-D 37.37 60.5 Sandstone Diametral 70.5 60.0 85.4 1,239 1,857 65.0 6.56 283.2 20.4 1.126 318.8 23.0 7,810 7,810

BTSB-R3-PZ-D 49.70 48.2 Sandstone Diametral 71.0 59.5 194.8 2,825 4,235 65.0 6.55 646.8 46.6 1.125 727.8 52.4 17,832 17,832

BTSB-R3-PZ-D 53.35 44.6 Sandstone Diametral 71.0 56.0 231.8 3,362 5,040 63.1 6.16 817.8 58.9 1.110 907.7 65.4 22,240 22,240

BTSB-R3-PZ-D 55.55 42.4 Sandstone Diametral 71.0 63.0 261.2 3,788 5,679 66.9 6.93 819.1 59.0 1.140 933.6 67.2 22,874 22,874

BTSB-R3-PZ-D 57.78 40.1 Sandstone Diametral 71.0 64.0 287.8 4,174 6,257 67.4 7.04 888.4 64.0 1.144 1016.2 73.2 24,898 - Invalid test-- broke through pre-existing fracture

BTSB-R3-PZ-D 59.93 38.0 Sandstone Diametral 71.0 64.0 190.8 2,767 4,148 67.4 7.04 589.0 42.4 1.144 673.7 48.5 16,506 16,506

BTSB-R3-PZ-D 62.43 35.5 Sandstone Diametral 71.0 64.5 145.2 2,106 3,157 67.7 7.10 444.7 32.0 1.146 509.6 36.7 12,486 12,486

BTSB-R3-PZ-D 64.75 33.2 Sandstone Diametral 71.0 68.5 33.2 482 722 69.7 7.54 95.8 6.9 1.162 111.2 8.0 2,725 - Invalid test-- broke through pre-existing fracture

BTSB-R3-PZ-D 67.41 30.5 Sandstone Diametral 70.5 62.0 258.6 3,751 5,622 66.1 6.78 829.9 59.8 1.134 941.0 67.8 23,055 23,055

BTSB-R3-PZ-D 91.80 6.1 Sandstone Diametral 70.0 68.0 1.6 23 35 69.0 7.38 4.7 0.3 1.156 5.4 0.4 134 - Invalid test-- broke through pre-existing fracture

BTSB-R3-PZ-D 98.85 -0.9 Sandstone Diametral 71.0 69.0 5.4 78 117 70.0 7.59 15.5 1.1 1.163 18.0 1.3 441 - Invalid test-- broke through pre-existing fracture

RW5-R1 10.20 82.9 Sandstone Diametral 71.0 65.0 31.8 461 691 67.9 7.15 96.7 7.0 1.148 110.9 8.0 2,718 2,718

RW5-R1 15.50 77.6 Sandstone Diametral 71.0 67.0 79.8 1,157 1,735 69.0 7.37 235.3 16.9 1.156 272.0 19.6 6,663 6,663

RW5-R1 27.18 65.9 Sandstone Diametral 71.0 68.0 44.0 638 957 69.5 7.48 127.8 9.2 1.160 148.2 10.7 3,632 - Invalid test-- broke through pre-existing fracture

RW6-R1-PZ 34.48 74.0 Sandstone Diametral 70.0 64.0 87.0 1,262 1,892 66.9 6.94 272.4 19.6 1.140 310.6 22.4 7,610 7,610

TABLE B-8
SUMMARY OF DIAMETRAL POINT LOADS INDEX TESTS

Borehole ID
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Test 
No.

Test 
Depth

Test 
Elevation,
(NAVD88) 

Rock Type Test Type Dc D' Max. 
Pressure Max. Pressure Load, P De (De)

2 Is Is F Is(50) Is(50) σa
Average σa from 

Valid Tests
Remarks

(ft) (ft) (mm) (mm) (bars) (psi) (lbf) (mm) (in2) (psi) (tsf) (psi) (tsf) (psi) (psi)

TABLE B-8
SUMMARY OF DIAMETRAL POINT LOADS INDEX TESTS

Borehole ID

RW6-R1-PZ 37.21 71.3 Sandstone Diametral 70.5 64.0 95.0 1,378 2,065 67.2 6.99 295.3 21.3 1.142 337.3 24.3 8,264 8,264

RW6-R1-PZ 40.13 68.4 Sandstone Diametral 70.0 60.0 250.0 3,626 5,435 64.8 6.51 834.9 60.1 1.124 938.3 67.6 22,988 22,988

RW6-R1-PZ 49.68 58.8 Sandstone Diametral 60.2 60.2 194.7 2,824 4,233 60.2 5.62 753.6 54.3 1.087 819.2 59.0 20,071 20,071

RW6-R1-PZ 53.03 55.5 Sandstone Diametral 70.0 64.0 74.0 1,073 1,609 66.9 6.94 231.7 16.7 1.140 264.2 19.0 6,473 - Invalid test-- broke through pre-existing fracture

RW6-R1-PZ 61.03 47.5 Sandstone Diametral 71.0 65.0 202.0 2,930 4,392 67.9 7.15 614.0 44.2 1.148 704.8 50.7 17,267 - Invalid test-- broke through pre-existing fracture

RW6-R2-PZ-D 30.15 78.5 Sandstone Diametral 71.0 70.5 33.6 487 731 70.7 7.76 94.2 6.8 1.169 110.1 7.9 2,697 2,697

RW6-R2-PZ-D 32.05 76.6 Sandstone Diametral 71.0 67.0 101.4 1,471 2,205 69.0 7.37 299.0 21.5 1.156 345.6 24.9 8,466 8,466

RW6-R2-PZ-D 37.50 71.2 Sandstone Diametral 71.0 67.5 71.6 1,038 1,557 69.2 7.43 209.6 15.1 1.158 242.6 17.5 5,944 5,944

RW6-R2-PZ-D 72.50 36.2 Sandstone Diametral 71.0 54.0 157.2 2,280 3,418 61.9 5.94 575.1 41.4 1.101 633.2 45.6 15,513 - Invalid test-- broke through pre-existing fracture

RW6-R2-PZ-D 79.43 29.2 Sandstone Diametral 71.0 68.5 53.6 777 1,165 69.7 7.54 154.6 11.1 1.162 179.6 12.9 4,399 4,399

RW6-R2-PZ-D 82.33 26.3 Sandstone Diametral 71.0 68.0 94.8 1,375 2,061 69.5 7.48 275.4 19.8 1.160 319.4 23.0 7,825 7,825

RW6-R2-PZ-D 99.15 9.5 Sandstone Diametral 71.0 55.5 232.8 3,377 5,061 62.8 6.11 828.7 59.7 1.108 918.0 66.1 22,491 22,491

RW8-R1-PZ 54.70 35.9 Sandstone Diametral 70.5 69.0 3.0 44 65 69.7 7.54 8.7 0.6 1.162 10.0 0.7 246 - Invalid test

RW8-R1-PZ 68.18 22.4 Sandstone Diametral 70.5 64.0 54.0 783 1,174 67.2 6.99 167.9 12.1 1.142 191.7 13.8 4,697 - Invalid test-- broke through pre-existing fracture

RW8-R1-PZ 122.25 -31.6 Serpentinite Diametral 60.1 60.0 8.2 119 178 60.0 5.59 31.8 2.3 1.086 34.6 2.5 847 1,643

BTNB-R7-PZ-D 73.25 6.1 Greenstone Diametral 69.0 60.0 42.6 618 926 64.3 6.42 144.3 10.4 1.120 161.7 11.6 3,961 3,961

BTNB-R7-PZ-D 98.70 -19.3 Serpentinite Diametral 70.0 66.0 1.4 20 30 68.0 7.16 4.3 0.3 1.148 4.9 0.4 120 1,643

M-9/RW7-A1A 48.03 -30.1 Gabbro Diametral 70.5 68.0 114.8 1,665 2,496 69.2 7.43 335.9 24.2 1.158 388.9 28.0 9,528 9,528
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Borehole ID Depth Elevation, 
(NAVD88) Rock Type Diameter,

D
Length,

L Mass
Wet 

Density,
γt

Failure 
Load

Failure 
Type

Splitting Tensile 
Strength

(ft) (ft) (in) (in) (g) (pcf) (lb) (psi)

BTSB-R1-PZ 36.6 64.4 Sandstone 2.385 1.209 234.40 165.3 2,753 S 610

BTSB-R3-PZ-D 44.9 53.1 Sandstone 2.388 1.379 270.30 166.7 4,071 S 790

BTNB-R5A-PZ-S 25.1 54.3 Sandstone 2.389 1.215 239.50 167.5 3,165 S 690

RW6-R1-PZ 49.9 58.7 Sandstone 2.369 1.126 216.90 166.5 4,584 S 1,090

Failure Types - S: Single Failure Plane, M: Multiple Failure Planes

TABLE B-9
SUMMARY OF BRAZILIAN (INDIRECT TENSILE STRENGTH) TEST RESULTS
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Borehole ID Depth Elevation, 
(NAVD88) Rock Type Peak Slope

(ft) (ft) (kips/in)

BTSB-R3-PZ-D 25.5 72.5 Sedimentary 61

TABLE B-10
SUMMARY OF PUNCH PENETRATION TEST RESULTS
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Borehole ID Depth Elevation, 
(NAVD88) Rock Type Abrasivity 

Index

(ft) (ft)

BTSB-R3-PZ-D 24.8 73.1 Sedimentary 1.0

BTNB-R5A-PZ-S 25.1 54.3 Sedimentary 1.2

RW6-R1-PZ 26.6 81.9 Sedimentary 0.4

TABLE B-11
SUMMARY OF CERCHAR ABRASIVITY TEST RESULTS
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Borehole ID Depth Elevation, 
(NAVD88) Rock Type Moisture 

Content

First Cycle 
Slake 

Durability 
Index, Id(2)

Second 
Cycle Slake 
Durability 
Index, Id(2)

Slake 
Durability 
Index, Id(2)

Type

(ft) (ft) (%) (%) (%) (%)

BTNB-R4-PZ 70.2 0.2 Serpentinite 7.20 94.2 91.8 94.2 I

BTNB-R4-PZ 75.6 -5.2 Serpentinite 6.03 67.4 64.7 65.2 II

RW8-R1-PZ 76.5 14.1 Serpentinite 7.69 32.6 23.9 61.8 III

TABLE B-12
SUMMARY OF SLAKE DURABILITY TEST RESULTS
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Borehole ID Depth Elevation,
(NAVD88) Rock Type

(ft) (ft) Quartz Feldspar 
(albite) Chlorite Muscovite/

Illite Kaolinite Clinochrysotile Lizardite Hydotalcite

BTSB-R3-PZ-D 44.2 97.9 ss 63% 21% 5% 4% 7% 0% 0% 0%

BTNB-R4-PZ 96.4 70.4 sp 0% 0% 0% 0% 0% 56% 0% 44%

BTNB-R6-PZ-D 84.1 83.6 ga 0% 0% 0% 0% 0% 87% 13% 0%

RW6-R1-PZ 27.3 108.5 ss 63% 30% 5% 2% 0% 0% 0% 0%

TABLE B-13
SUMMARY OF PETROGRAPHIC ANALYSIS (THIN SECTION MICROSCOPY) TEST RESULTS

Mineral Composition
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1 In-situ Geophysical Tests 
This appendix presents the results of in-situ geophysical tests performed as part of 
the exploration program for the southbound Battery Tunnel of the Doyle Drive 
Replacement Project.  Geophysical tests performed included suspension velocity 
and acoustic televiewer logging methods. 

Suspension velocity testing enables measurements of shear wave and 
compression wave velocities of soils and rocks. The acoustic televiewer (BHTV) 
provides a continuous high-resolution image in pseudo-color of the borehole wall 
that is capable of providing detailed information on the location and orientation of 
planar features such as fractures and bedding planes. 

A summary matrix of the type of geophysical testing performed in the southbound 
Battery Tunnel boreholes is presented in Table C-1. 

1.1 Suspension Velocity Testing 

Suspension velocity tests were performed in boreholes drilled as part of the 
geotechnical investigation program after the drilling and sampling was completed.  
To begin a test, the suspension velocity testing apparatus is lowered to the bottom 
of the hole.  It is raised in short depth intervals and the is test repeated, until 
measurements are obtained over the full depth of the borehole providing 
information on shear and compression wave velocities approximately at 1.5-foot 
depth intervals.  The results of the test are used to develop profiles of the variations 
of shear wave and compression velocity with depth.  The detailed information 
obtained from the suspension velocity tests allows characterization of the various 
strata in terms of their stiffness (shear and Young’s modulus), but also provides 
information of the variations of the velocities within each stratum. 

The velocity profiles also offer an indirect way of obtaining detailed information 
regarding stratigraphic changes, by correlating major changes in velocity values to 
changes in stratigraphy.  This is particularly important in cases where soft or 
weathered, relatively thin rock layers, may be embedded within stronger rock, or 
where soft soil deposits may be present within stiffer or denser soils.  More important 
however, is that the suspension velocity tests provide information to quantify the 
variability of the rock conditions not only with depth but also from location to location.  
One of the difficulties with rock coring is that often recovery may be poor, which 
means that it is not possible to identify or characterize the rock within the depth 
interval of low or no recovery.  The suspension velocity tests provide information from 
which the characteristics of the rock in the areas of low or no recovery can be 
evaluated.  The shear wave velocity measurements with the suspension velocity 
tests provide a basis for estimating the characteristics of the rock and, equally 
important, to quantify the potential variability of the rock conditions along the tunnel. 

The shear wave velocity measurements can be used also to calculate the small 
strain shear modulus of the soil deposits and rock formation.  The small strain 
shear modulus is an important parameter that is required to evaluate the seismic 
site response in the event of an earthquake and, in numerical analyses to evaluate 
stresses and deformations that would develop around the tunnel as excavation 
progresses. 

The suspension velocity measurements were performed by GEOVision 
Geophysical Services (GEOVision) of Corona, California, between January 9 and 
April 22, 2008.  Prior to the velocity measurements, the boreholes were sampled 
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and drilled under supervision of an Arup/PB engineer or geologist who maintained 
records of the field activities, classified the soils and rock types encountered and 
developed a log for the borehole.   

The GEOVision report presented in Attachment C-1 includes results from eight 
suspension velocity tests were performed in exploratory boreholes drilled for both 
the southbound and northbound Battery Tunnels. 

Figures C-1 through C-8 present the variation of the shear wave velocity 
measurements with depth for tests performed only in boreholes near the 
southbound Battery Tunnel.  The compression velocity profiles are omitted from 
these figures because compression velocity measurements may not be meaningful 
below groundwater. 

1.2 Acoustic Televiewer 

The principle behind acoustic logging is the use of a transducer to transmit an 
acoustic wave through the fluid in a borehole to obtain information about the 
borehole wall.  The presence, character and orientation of any structural features in 
the borehole wall will change the reflectivity of the acoustic wave.  By measuring 
this change in reflectivity, information can be obtained regarding the diameter and 
shape of the borehole; roughness of the borehole wall that may be caused by the 
drilling procedures or lithology, difference in rock hardness, structural features such 
as bedding, fractures, and solution openings.  The acoustic logging also permits 
calculation of orientation of fractures and of bedding planes.  BHTV provides a 
photo like image of the borehole wall. 

The test apparatus is mounted at the end of an umbilical cable that is lowed along 
the center of the borehole.  The probe uses a rotary 1.3 MHz piezoelectric 
transducer that functions both as a transmitter and receiver of either sound or 
optical waves.  The probe is lowered in short increments and rotated at 3 radians 
per second to make a full revolution to view the entire wall of the borehole.  The 
piezoelectric transducer sends and receives signals at a pulse rate of 800 times per 
second.  The high frequency acoustic energy is reflected from the borehole wall, 
but does not penetrate the rock.  A trigger pulse is transmitted to the recording 
equipment at the surface from a flux-gate magnetometer each time the transducer 
rotates past magnetic north.  This pulse triggers the sweep on an oscilloscope, 
where each sweep represents a 360º scan of the borehole wall.  The brightness of 
the oscilloscope trace is proportional to the amplitude of the reflected acoustic 
signal.  The sweeps are moved across the oscilloscope or other type of graphic 
recorder by a depth related signal derived from the cable measuring sheave.  The 
revealed information appears as a continuous log (image) of the borehole wall 
versus depth 

A camera or graphic recorder, using continuous light-sensitive paper, is used to 
make a record of the intensity of the sweeps, thus producing a continuous image.  
Fractures and other openings in the borehole wall appear as dark areas; because 
the surfaces of fractures and other openings are not at right angles to the incident 
acoustic signal, therefore, only a small fraction of the transmitted energy is reflected 
back to the transducer. 

A televiewer log can be thought of as a cylinder that has been opened along the 
north side and flattened as illustrated in Plate C-9.  Inclined features such as 
fractures or bedding planes appear as undulating (often has the shape of a 
sinusoidal wave) features on the unfolded image of the borehole wall. 
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The angle of dip or strike of fractures of bedding planes is calculated as follows: 

⎟
⎠
⎞

⎜
⎝
⎛=

D
HarctandipofAngle  

Where: 

H = the vertical intercept distance on the BHTV log as shown in the 
schematic above; and 

D = the borehole diameter. 

The direction of dip usually can be measured to the nearest 5º, using a 360º scale 
constructed to fit the width of the BHTV log, by measuring the orientation of the 
lower part of the sinusoid.  For the schematic shown in Plate C-6, the direction of 
the dip is toward magnetic south. 
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FIGURE C-1

SHEAR WAVE VELOCITY PROFILE: BTSB-R2
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FIGURE C-2

SHEAR WAVE VELOCITY PROFILE: BTSB-R3-PZ-D
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FIGURE C-3

SHEAR WAVE VELOCITY PROFILE: BTNB-R4-PZ
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FIGURE C-4

SHEAR WAVE VELOCITY PROFILE: BTNB-R5-PZ-D
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FIGURE C-5

SHEAR WAVE VELOCITY PROFILE: BTNB-R7-PZ-D
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FIGURE C-6

SHEAR WAVE VELOCITY PROFILE: RW6-R1-PZ
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FIGURE C-7

SHEAR WAVE VELOCITY PROFILE: RW6-R2-PZ-D
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FIGURE C-8

SHEAR WAVE VELOCITY PROFILE: RW8-R1-PZ
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1 Introduction 
This appendix presents the results of the packer tests performed as part of the 
exploration program for the southbound Battery Tunnel of the Doyle Drive 
Replacement Project.  The tests were performed using a Double Packer System. 

The packer test consists of isolating a section of the rock in a predrilled borehole, 
pumping water under sustained pressure, and measuring the rate of water flow into 
the rock formation.  The test apparatus consists of a segment of pipe with a packer 
at each end.  The apparatus is lowered down to the designated test depth, the 
packers are inflated to create a seal, and then water is pumped through the central 
pipe and allowed to flow through into the sealed section of the borehole into the 
rock. 

The test procedure is illustrated on Figure D-1.  Initially, the packer arrangement is 
lowered down to the lowest zone that is to be tested, and the tests performed.  
Then the packer assembly is lifted to the next highest level and the test repeated.  
This procedure is repeated as many times as deemed necessary, progressively 
raising the packer test apparatus in short length increments. 

The permeability values for the packer test were estimated following the procedures 
outlined in a manual issued by the U.S. Department of Interior, Bureau of 
Reclamation (USBR 7310-89), entitled:  “Procedure for Constant Head Hydraulic 
Conductivity Tests in Single Drilled Holes” and also in “Standard Operating 
Procedures for Borehole Packer Testing,” by Michael Royle, M.A.Sc. 

Packer tests were performed at six borehole locations drilled in rock along the 
southbound Battery Tunnel alignment.  The packer tests were performed between 
February 21 and April 22, 2008. 

2 Packer Tests Field Procedures 
The data recorded during the test consists of the flow rate and the corresponding 
pressure when steady-state conditions have been achieved.  These data are 
recorded over a number of increasing and decreasing (recovery) pressure steps.  
The range of pressures for the pressures steps are selected based on the 
anticipated permeability of the rock within the test interval.  The test scheduled 
used for this project consisted of three increasing pressure steps followed by two 
decrements of pressure that matched the pressures during the increasing phase of 
the test.  The procedures for the injections tests consisted of the following steps: 

1. The borehole is cleared by pumping and circulating water from the bottom 
up to remove all drilling mud and drill cuttings from the hole. 

2. The static water level in the borehole is measured before the test is started. 

3. The packer assembly is lowered inside the borehole to the depth of the 
lowest test interval.  The selection of the test intervals is based on the 
stratigraphy information obtained from the exploratory borehole previously 
drilled at that same location. 

4. The glands of the packers are inflated to the working pressure.  The working 
pressure should be such that it ensures a proper seal of the tests section 
and it should include the necessary pressure to overcome the hydrostatic 
pressure at that depth. 
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5. Water injection starts for the first pressure step and observations of flow are 
made every minute until three consistent reading are taken.  This should 
represent steady-state flow.  The steady-state flow rate and the 
corresponding pressure are recorded.  The injection pressure at the test 
interval is recorded with a vibrating wire piezometer. 

6. The water injection pressure is then increased to the second pressure step 
and the flow rate and the corresponding pressure are recorded when the 
steady-state condition is reached at that pressure step. 

7. The same procedure is repeated for the third pressure step and the two 
recovery pressure steps.  At this point the test is completed for the first test 
interval. 

8. The packer assembly is deflated and lifted to the depth of the next test 
interval and steps 4 through 7 are repeated. 

3 Calculation of Permeability from Double Packer 
Tests 
The permeability of the rock unit(s) within each test interval were calculated using 
two methods.  One of the methods used the following equation, presented in the 
USBR 7310-89 manual; Procedure for Constant Head Hydraulic Conductivity Tests 
in Single Drilled Holes: 

( )rHC
qk

s 4+
=  

Where: 

k = Permeability of the tested interval 

q = Constant rate of flow in the test interval 

Cs = Conductivity coefficient 

H = Differential head of water exerted at the test interval 

r = Radius of the borehole 

The differential head of water, H, is calculated as the combined pressure head 
exerted at the test interval as follows: 

)( szp hhPH −−=  

Where: 

Pp = Injection Pressure measured by a vibrating wire piezometer 

hz = Depth to the test interval 

hs = Depth to the static water level 

The permeability of the rock unit(s) within each test interval were also calculated 
using the following equation, presented in the “Standard Operating Procedures for 
Borehole Packer Testing,” by Michael Royle, M.A.Sc.: 
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Where: 

k = Permeability of the tested interval 

q = Constant rate of flow in the test interval 

L =  Length of the test interval 

Pi = Net injection pressure 

r = Radius of the borehole 

The net injection pressure Pi, is calculated as the combined pressure head exerted 
at the test interval as follows: 

)( szpi hhPP −−=  

Where: 

Pp = Injection Pressure measured by a vibrating wire piezometer 

hz = Depth to the test interval 

hs = Depth to the static water level 

4 Double Packer Permeability Test Results 
All packer test intervals were in the Franciscan rock.  Flow versus pressure curves 
for the six packer tests are presented on Figures D-2 through D-4.   
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FIGURE D-1

TYPICAL DOUBLE PACKER TEST SETUP
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FIGURE D-2

FLOW VERSUS PRESSURE CURVES:
 PACKER TESTS AT BOREHOLE BTSB-R3-PZ-D
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Note: Attempt to raise pressure to
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performed due to low intake.
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FIGURE D-3

FLOW VERSUS PRESSURE CURVES:
 PACKER TESTS AT BOREHOLE BTNB-R4-PZ
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Test No. 1 - Depth Interval: 83 - 94 ft
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Test No. 3 - Depth Interval: 55 - 66 ft

Note: Recovery stages not
performed due to low intake.

Note: Recovery stages not
performed due to low intake.

Note: Test depth interval abandoned
after Ascending Pressure stages
due to leak in Packer seal.
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FIGURE D-4

FLOW VERSUS PRESSURE CURVES:
 PACKER TESTS AT BOREHOLE BTNB-R5-PZ-D
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Test No. 2 - Depth Interval: 89 - 100 ft
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FIGURE D-5

FLOW VERSUS PRESSURE CURVES:
 PACKER TESTS AT BOREHOLE BTNB-R7-PZ-D
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Test No. 1 - Depth Interval: 87 - 98 ft

0 75 150 225 300

Pressure Head, ft of H2O

0.00

0.50

1.00

1.50

2.00

Fl
ow

, g
al

/m
in

Test No. 2 - Depth Interval: 77 - 88 ft
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Test No. 3 - Depth Interval: 63 - 74 ft
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Note: Test depth interval abandoned
after Ascending Pressure stages
due to leak in Packer seal.

Note: Test depth interval abandoned
during Ascending Pressure stages
due to leak in Packer seal.
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FIGURE D-6

FLOW VERSUS PRESSURE CURVES:
 PACKER TESTS AT BOREHOLE RW6-R1-PZ
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FIGURE D-7

FLOW VERSUS PRESSURE CURVES:
 PACKER TESTS AT BOREHOLE RW6-R2-PZ-D
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Test No. 2 - Depth Interval: 76 - 87 ft
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Test No. 3 - Depth Interval: 65 - 76 ft
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Test No. 4 - Depth Interval: 54 - 65 ft
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Test No. 5 - Depth Interval: 41 - 52 ft
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Note: Recovery stages not
performed due to low intake.
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1 Introduction 
The following calculation package presents an overview of the data and methods used to 
evaluate the probability of soil liquefaction based upon Standard Penetration Test (SPT) 
data collected at the location of the proposed Doyle Drive Replacement Project in the San 
Francisco Presidio.  As site conditions change significantly across the project site, this 
report only considers the liquefaction hazards in the vicinity of the southbound Battery 
Tunnel. 

The Doyle Drive Replacement Project is located within a region characterized by the 
seismically active San Andreas fault system, which is the principal tectonic element of the 
North American/Pacific plate boundary in California.  In the San Francisco Bay Area, 
seismic slip is partitioned onto subsidiary structures, such as the San Andreas, Hayward 
and Calaveras faults, that are distributed across the Coast Ranges province.  Figure 1 
shows the major active faults in the San Francisco Bay Area.  Many of these faults have 
been active in historical times, while earthquakes on other major faults not have been 
recorded. 

Historically, the most active components of the fault system are: the San Andreas fault, 
source of the 1906 Magnitude (Mw) 7.8 earthquake and 1989 Magnitude 6.9 (Loma Prieta) 
earthquake; the Hayward fault, source of the 1868 Magnitude 7.0 earthquake; and the 
Calaveras fault, source of the 1911 Magnitude 6 and 1984 Magnitude 6.2 earthquakes. 

The San Francisco Marina District, located just east of the project site, famously 
experienced significant damage during the Loma Prieta earthquake as a result of soil 
liquefaction.  However, there are no known reports of damage or ground movements 
associated with the Loma Prieta earthquake at the project site.  The large ground motions in 
the Marina District were a result of amplification of the motions through the deep, soft 
deposits in a bedrock basin below the Marina District.  As these deep soft deposits do not 
exist at the proposed location of the southbound Battery Tunnel, similar damage did not 
occur. 

However, because the project site is located within a seismically active area, the 
performance of the proposed southbound Battery Tunnel in the event of an earthquake is of 
concern and has to be evaluated.   
 

2 Scope of Work 
The work involved in this calculation consisted of the following scope of analyses: 

• Determine the probability of liquefaction triggering for Standard Penetration Tests 
(SPTs) run in the southbound Battery Tunnel area of the Doyle Drive Replacement 
Project. 

• Estimate post liquefaction settlements for areas where liquefaction is likely. 

3 Inputs 
The following input data was required for the analyses: 

3.1 Stratigraphy 

Figure 2 shows the locations of the boreholes in relation to the southbound Battery Tunnel 
structure.  In the vicinity of the southbound Battery Tunnel, the subsurface conditions 
typically consist of the following: 
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• FILL:  At the surface is a layer of Fill that varies in thickness from 3 to 23 feet.  The 
composition of the fill is variable and can include gravel, clay, and/or clean sand.  The 
fill is typically loose to medium dense with SPT N-values ranging from as low as 3 to as 
high as 30 blows per foot. 

• BURIED SOIL HORIZON:  Below the Fill there is a thin layer of a Buried Soil Horizon.  
Where present, the thickness of the Buried Soil Horizon ranges from about 0.5 to 4.5 
feet, but was not encountered in all boreholes.  The composition of the Buried Soil 
Horizon is typically highly organic sandy clay.  The Buried Soil Horizon deposits are 
typically loose with SPT N-values ranging from 0 to 11 blows per foot. 

• SANDY CLAY AND SANDY SILT:  Below the Buried Soil Horizon is a layer of Sandy 
Clay and Sandy Silt which is probably related to the Colma Sand layer below.  The 
Sandy Clay and Sandy Silt layer ranged from 1.5 to 15.5 feet thick.  The Sandy Clay 
and Sandy Silt layer is typically medium stiff to very stiff with SPT N-values ranging from 
7 to 39, with occasional N-values over 50 blows per foot. 

• COLMA SAND:  Below the Sandy Clay and Sandy Silt is a fine to medium grained sand 
deposit known locally as Colma Sand.  Where present, the Colma Sand ranged from 
3.5 to 35 feet thick.  The Colma Sand is typically medium dense to dense with SPT 
N-values ranging from 12 to over 60 blows per foot.  In some areas, the Colma Sand is 
also underlain by another layer of Sandy Clay and Sandy Silt. 

• COLLUVIUM/RESIDUAL SOIL:  Below the Colma Sand or the lower layer of Sandy 
Clay and Sandy Silt and above the bedrock is a thin layer of either Colluvium or 
Residual Soil.  These layers consisted mainly of stiff to very stiff gravelly clays. 

• BEDROCK:  Bedrock (Franciscan Complex) was encountered below the proposed 
southbound Battery Tunnel at depths ranging from 16.5 feet (at Borehole BTSB-R3-PZ-
D) to 47.2 feet (at Borehole RW8-R1-PZ).  The depth to bedrock generally decreases 
towards the west end of the Battery Tunnels. 

3.2 Material Properties 

The properties required for this analysis are blowcounts (commonly called N-values) from 
the Standard Penetration Test and fines contents which were determined from laboratory 
testing. 

3.3 Water Table 

Groundwater was typically encountered at or slightly above the bedrock surface.  Where the 
bedrock level dips to the east end of the project site, the groundwater level is typically found 
approximately 30 feet below the ground surface. 

Groundwater was determined from the site investigation, including the readings from several 
standpipe piezometers. 

4 Site Response Analyses 
Site response analyses were performed by Amec-Geomatrix for the southbound Battery 
Tunnel and presented in their report dated March 30, 2009.  The site response analyses 
considered two soil conditions, a shallow and a deep profile.  The shallow profile 
corresponds to ground conditions near the West Battery Tunnel where the depth to bedrock 
is relatively shallow.  The deep profile corresponds to ground conditions near the East 
Battery Tunnel where the depth to bedrock is increased. Copies of the site response 
analyses for both the shallow and deep profiles are attached in Appendix B. 
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5 Assumptions 
The following assumptions were made in these calculations: 

• The depth of the blowcount was taken to be the middle of the test depth (i.e. second 6 
inches of total drive); 

• N values that reached refusal (50 blows for less than 6 inches) were extrapolated to a 
full 12 inches for the purposes of the analysis; 

• When sieve analysis results were not available for a particular sample depth, fines 
contents were approximated from adjacent tests within the same soil layer; and 

• Silt and Clay soils and granular soils above the water table were assumed to be unable 
to liquefy and were removed from the analysis. 

6 Calculations 
This section summarizes the calculations performed to estimate the likelihood of liquefaction 
triggering in the vicinity of the southbound Battery Tunnel and estimates of the post-
liquefaction settlements.  The EXCEL file containing these calculations is located at 
Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Liquefaction 
Analyses\Liquefaction Analysis BT.xls.  Printouts of excel files (created for each borehole 
along the southbound alignment) are attached in Appendix A. 

The liquefaction analysis was performed based upon SPT correlations provided by Seed et 
al. (2003). These correlations were developed from SPT data applied to case histories of 
occurrence and non-occurrence of soil liquefaction to predict the likelihood of “triggering” 
soil liquefaction during seismic events.  Estimates of post-liquefaction settlements were 
performed also using the procedure and correlations presented in Seed (2003). 
 

6.1 Blow count correction 

6.1.1 Correction for Modified California Sampler 
Blowcounts from the Modified California (MC) sampler were converted to equivalent SPT 
blowcounts by multiplying the raw MC blowcount (N) by 0.76 for sandy soils, 0.71 for silts, 
and 0.52 for clays to create an equivalent SPT N-value.  The correlations were determined 
from approximately 150 sets of consecutively driven MC and SPT samplers that were 
conducted during the geotechnical exploration program of this project.  The development of 
the correction factors are discussed in Appendix C. 

6.1.2 Correction to N1,60,cs 
The equivalent SPT blowcounts, N, were converted to N1,60 blowcounts so that standard 
correlations can be used.  The equivalent SPT blowcounts, N, were normalized to N1,60 
blowcounts by the following equation: 

EBSRN CCCCCNN ⋅⋅⋅⋅⋅=60,1 , where 

• N = The equivalent SPT blowcount 

• CN = Overburden correction = 
v

NC
'

1
σ

= , where 

σ’v = the effective overburden stress at the depth of the sample, in atmospheres 
(atm). 
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• CR = Rod length correction (for short rod lengths) using the plot below: 

 

• CS = Correction for non-standard sampler configuration (SPTs run without brass 
liners, i.e. “unlined”).  The correction from MC blowcounts to equivalent SPT 
blowcounts was made using unlined SPT data, therefore this correction is also 
required on converted equivalent SPT data. 

100
1 60,1N

CS +=  with 1.10≤CS≤1.30 

This equation requires iteration until a CS is found to satisfy the equation. 

• CB = Correction for Borehole diameter where for a typical 150mm (approximately 
6in diameter) borehole diameter, CB = 1.05 

• CE = Correction for hammer energy efficiency 

60
ERCE =  , where 

ER = Efficiency Ratio of the SPT impact hammer in percent.  Hammer energy 
calibrations were performed on each of the drill rigs used on the jobsite.  The values 
used are listed below: 

Drill Rig Average 
Hammer Energy 

Type of 
Hammer 

Date 
Calibrated 

Failing 1500 72.8% Automatic 12/6/2007 

Fraste Multidrill 
(Track-Mounted) 72.9% Automatic 12/18/2007 

Fraste Multidrill 
(Truck-Mounted) 76.2% Automatic 12/5/2007 

Mobile B-53 70.0% Automatic 9/2/2008 

Mobile 61 69.4% Automatic 1/11/2008 

 

The N1,60 blowcounts were further corrected for fines content to equivalent “clean sand” 
blowcounts using the equation: 
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FINESCS CNN ⋅= 60,1,60,1 where, 

• 
60,1

)004.01(
N
FCFCCFINES +⋅+=  

6.2 Cycle Stress Ratio 

 
The cyclic stress ratio (CSR), as defined by Seed and Idriss (1971), was then computed: 
 

'
max65.0

v

CSR
σ
τ

= , where 

=maxτ  Peak shear stress from site response analysis 

0.65 = Factor converting τmax to τcyclic 
='

vσ Effective vertical stress 
 
A magnitude-correlated duration weighting scaling factor (DWFM) was then applied to 
produce an “equivalent uniform cyclic stress ratio,” CSR*, representing the equivalent CSR 
for a duration typical of an “average” event of moment magnitude, MW = 7.5. This correction 
was applied as follows: 
 

MDWF
CSRCSR =* , where 

DWFM was determined from the plot below, from the curve labeled “This Study”: 
 

 
 

The three input ground motions used for the site response were the 1999 Chi-Chi (Taiwan) 
Earthquake (Mw=7.6), the 1990 Manjil Earthquake (Mw=7.4), and the 1999 Kocaeli 
Earthquake (Mw=7.8).  Although the arithmetic mean of the moment-magnitude values of 
the three considered earthquakes is 7.6, conservatively a value of MW = 7.5 was 
considered, i.e. there is no magnitude scaling factor and DWFM = 1.0 
 
The computed values of CSR was then normalized to an initial effective overburden stress 
of 1 atmosphere (atm) by multiplying by a correction factor, Kσ. 
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1)'( −= f
vK σσ , where: 

σ’v = Effective overburden stress in atm 
f = 0.7 as a median value 

6.3 Probability of Liquefaction 

 
Finally, a mean estimation of the probability of liquefaction was computed as follows: 
 

( ) ( )

⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜

⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

+⋅+⋅−⋅

−⋅−⋅+⋅

−Φ=
70.2

97.4405.0)'ln(70.3)ln(53.29
ln32.13004.0160,1

FCM
CSRFCN

P vw
L

σ
 where, 

=LP Probability of liquefaction in percent 
=Φ Standard cumulative normal distribution 

6.4 Factor of Safety 

For comparison purposes, the traditional Factor of Safety was also calculated.  The Factor 
of Safety is defined as: 

MeqCSR
CRRFS

,

=  where, 

• CRR = Cyclic Resistance Ratio, defined as: 

( ) ( )
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⎟
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⎞
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⎛

Φ++⋅+⋅

−⋅−⋅+⋅

−=
−

32.13
)(70.297.4405.0)'ln(70.3

ln53.29004.01

exp
1

60,1

Lv

W

PFC

MFCN

CRR
σ

 

• 
σK

CSRCSR Meq
*

, =  

6.5 Estimation of Post Liquefaction Settlements 

Post liquefaction settlements were determined from the procedure set forth in Seed (2003).  
The procedure estimates the post liquefaction volumetric strain from the plot below: 
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Estimated volumetric strains were then applied to the adjacent soil layer to determine the 
estimated settlements or dmax.  The dmax value was then multiplied by the probability if 
liquefaction triggering (PL) to obtain the expected settlement. 

7 Results 
This section presents the results of the calculations performed for the liquefaction analysis 
for the southbound Battery Tunnel.  GRAPHER files depicting the results are located in the 
folder Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 
Geotech\Liquefaction Analyses. 

Results of the preliminary liquefaction assessment are summarized on Table 1.  In order to 
populate the dataset and evaluate the potential for liquefaction triggering across a larger 
area, test results below the northbound Battery Tunnel are also listed on Table 1 and 
considered in the analyses.  The analyses indicate that the Fill and Colma Sand layers 
below the tunnel invert have a very low probability of liquefaction triggering.  These results 
are aided by the often low groundwater level (below which liquefaction cannot occur) and 
the deep depths of excavation that will serve to remove any of the loose overburden soils.  
Figure 3 shows the probability of liquefaction triggering in the Fill.  Figure 4 shows the 
probability of liquefaction triggering in the Colma Sand. 

As there is a low probability of liquefaction triggering, post liquefaction settlements are 
expected to be negligible. 
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Borehole ID Soil Unit Soil 
Classification

Sampler 
Type Depth Elevation

Below 
Water 
Table?

N1,60,CS

Probability of 
Liquefaction,

PL

Factor of 
Safety Remarks

Expected 
Settlement
PL x dmax

(ft) (ft) (Y/N) (bpf) (in)
BTNB-R1 RESIDUAL SOIL ML MC 3.5 87.9 N 144 N/A N/A Sample is Above Tunnel Invert
BTNB-R1 RESIDUAL SOIL ML SPT 5.0 86.4 N 168 N/A N/A Sample is Above Tunnel Invert
BTNB-R1 RESIDUAL SOIL GM MC 8.5 82.9 N 107 N/A N/A Sample is Above Tunnel Invert
BTNB-R1 RESIDUAL SOIL GM SPT 9.7 81.6 N 194 N/A N/A Sample is Above Tunnel Invert
BTNB-R1 SANDSTONE BRECCIA ssb SPT 13.4 3.1 Y 175 N/A N/A Sample is Above Tunnel Invert
BTNB-R2 FILL SM MC 3.5 85.9 N 38 N/A N/A Sample is Above Tunnel Invert
BTNB-R2 FILL ML SPT 5.0 84.4 N 57 N/A N/A Sample is Above Tunnel Invert
BTNB-R2 FILL GC MC 8.5 80.9 N 20 N/A N/A Sample is Above Tunnel Invert
BTNB-R2 FILL SC SPT 10.0 79.4 N 19 N/A N/A Sample is Above Tunnel Invert
BTNB-R2 FILL CL MC 13.5 75.9 N 15 N/A N/A Sample is Above Tunnel Invert
BTNB-R2 FILL CL SPT 15.0 74.4 N 12 N/A N/A Sample is Above Tunnel Invert
BTNB-R2 BURIED SOIL HORIZON/COLMA FORMATION SM/CH SPT 17.5 71.9 Y 10 N/A N/A Sample is Above Tunnel Invert
BTNB-R2 SERPENTINITE srp SPT 24.5 64.9 Y 102 N/A N/A Sample is Above Tunnel Invert
BTNB-R3 FILL ML MC 2.5 83.8 N 71 N/A N/A Sample is Above Tunnel Invert
BTNB-R3 FILL ML SPT 4.0 82.3 N 43 N/A N/A Sample is Above Tunnel Invert
BTNB-R3 FILL SP MC 7.5 78.8 N 26 N/A N/A Sample is Above Tunnel Invert
BTNB-R3 FILL ML SPT 9.0 77.3 N 34 N/A N/A Sample is Above Tunnel Invert
BTNB-R3 COLMA FORMATION ML MC 11.0 75.3 N 46 N/A N/A Sample is Above Tunnel Invert
BTNB-R3 COLMA FORMATION ML SPT 12.5 73.8 N 27 N/A N/A Sample is Above Tunnel Invert
BTNB-R3 COLMA SAND SC MC 16.0 70.3 N 33 N/A N/A Sample is Above Tunnel Invert
BTNB-R3 COLMA SAND SC SPT 17.5 68.8 N 39 N/A N/A Sample is Above Tunnel Invert
BTNB-R3 COLMA SAND SP-SC MC 21.0 65.3 N 64 N/A N/A Sample is Above Tunnel Invert
BTNB-R3 COLMA SAND SP-SC SPT 22.5 63.8 Y 63 0% >5.0 Sample is Above Tunnel Invert
BTNB-R3 COLMA SAND SP-SC MC 26.0 60.3 Y 63 0% >5.0 Sample is Above Tunnel Invert
BTNB-R3 COLMA SAND SP-SC SPT 27.5 58.8 Y 52 0% 2.7 Sample is Above Tunnel Invert
BTNB-R3 COLMA SAND SP-SC MC 31.0 55.3 Y 43 0% 1.2 Sample is Above Tunnel Invert
BTNB-R3 COLMA SAND SP-SC SPT 32.5 53.8 Y 49 0% 1.8 Sample is Above Tunnel Invert
BTNB-R3 COLMA SAND SP MC 36.0 50.3 Y 86 0% >5.0 0.0
BTNB-R3 COLMA SAND SP SPT 37.5 48.8 Y 55 0% 2.9 0.0
BTNB-R3 COLMA SAND SP MC 41.0 45.3 Y 65 0% >5.0 0.0
BTNB-R3 COLMA SAND SP-SC SPT 42.5 43.8 Y 28 100% 0.3 Sample is Liquefiable 0.7
BTNB-R3 COLMA SAND SP-SC MC 46.0 40.3 Y 39 43% 0.7 Sample is Liquefiable 0.1
BTNB-R3 SERPENTINITE srp SPT 47.5 38.8 Y 121 N/A N/A Sample is in Rock  

BTNB-R4-PZ FILL GC/OL MC 3.5 66.9 N 33 N/A N/A Sample is Above Tunnel Invert
BTNB-R4-PZ COLMA FORMATION OL/ML SPT 5.0 65.4 N 57 N/A N/A Sample is Above Tunnel Invert
BTNB-R4-PZ COLMA FORMATION ML MC 8.5 61.9 N 83 N/A N/A Sample is Above Tunnel Invert
BTNB-R4-PZ COLMA FORMATION ML SPT 10.0 60.4 N 82 N/A N/A Sample is Above Tunnel Invert
BTNB-R4-PZ COLMA FORMATION ML MC 13.5 56.9 N 70 N/A N/A Sample is Above Tunnel Invert
BTNB-R4-PZ COLMA FORMATION ML SPT 15.0 55.4 N 63 N/A N/A Sample is Above Tunnel Invert
BTNB-R4-PZ COLMA SAND SP MC 18.5 51.9 N 92 N/A N/A Sample is Above Tunnel Invert
BTNB-R4-PZ COLMA SAND SP SPT 20.0 50.4 N 64 N/A N/A Sample is Above Tunnel Invert
BTNB-R4-PZ COLMA SAND SP-SC MC 23.5 46.9 N 109 N/A N/A Sample is Above Tunnel Invert
BTNB-R4-PZ COLMA SAND SP-SC SPT 25.0 45.4 N 66 N/A N/A Sample is Above Tunnel Invert
BTNB-R4-PZ COLMA SAND SP-SC MC 28.5 41.9 N 75 N/A N/A Sample is Above Tunnel Invert
BTNB-R4-PZ COLMA SAND SP-SC SPT 30.0 40.4 N 67 Above Water Table >5.0 Sample is Above Tunnel Invert
BTNB-R4-PZ COLMA SAND SP-SC MC 33.5 36.9 Y 54 0% 2.9 0.0
BTNB-R4-PZ COLMA SAND SP-SC SPT 35.0 35.4 Y 68 0% >5.0 0.0
BTNB-R4-PZ COLMA SAND SP-SC MC 38.5 31.9 Y 57 0% 3.2 0.0
BTNB-R4-PZ COLMA SAND SP-SC SPT 40.0 30.4 Y 62 0% 4.6 0.0
BTNB-R4-PZ COLMA SAND SP-SC MC 43.5 26.9 Y 85 0% >5.0 0.0
BTNB-R4-PZ COLMA SAND SP-SC SPT 45.0 25.5 Y 40 11% 0.8 0.0
BTNB-R4-PZ COLMA SAND SP-SC MC 48.5 21.9 Y 48 0% 1.4 0.0
BTNB-R4-PZ COLMA SAND SP-SC SPT 50.0 20.4 Y 35 80% 0.5 Sample is Liquefiable 0.3
BTNB-R4-PZ RESIDUAL SOIL CL MC 53.5 16.9 Y 18 N/A N/A Sample is Fine Grained  
BTNB-R4-PZ SERPENTINITE srp SPT 54.8 15.7 Y 109 N/A N/A Sample is in Rock  

BTNB-R5-PZ-D SANDSTONE ss SPT 3.1 76.5 N 297 N/A N/A Sample is Above Water Table  
BTNB-R6-PZ-D FILL SP-SM MC 3.5 80.1 N 40 N/A N/A Sample is Above Water Table  
BTNB-R6-PZ-D FILL SP-SM SPT 5.0 78.6 N 11 N/A N/A Sample is Above Water Table  
BTNB-R6-PZ-D FILL SP-SM MC 8.5 75.1 N 18 N/A N/A Sample is Above Water Table  
BTNB-R6-PZ-D FILL SP-SM SPT 10.0 73.6 N 26 N/A N/A Sample is Above Water Table  
BTNB-R6-PZ-D COLMA FORMATION ML MC 13.5 70.1 N 38 N/A N/A Sample is Above Water Table  
BTNB-R6-PZ-D COLMA FORMATION ML SPT 15.0 68.6 N 68 N/A N/A Sample is Above Water Table  
BTNB-R6-PZ-D COLMA FORMATION ML MC 18.5 65.1 N 51 N/A N/A Sample is Above Water Table  
BTNB-R6-PZ-D COLMA FORMATION ML SPT 20.0 63.6 N 40 N/A N/A Sample is Above Water Table  
BTNB-R6-PZ-D COLMA SAND SP-SM MC 23.5 60.1 N 76 N/A N/A Sample is Above Water Table  
BTNB-R6-PZ-D COLMA SAND SP-SM SPT 25.0 58.6 N 82 N/A N/A Sample is Above Water Table  
BTNB-R6-PZ-D COLMA SAND SP-SC MC 28.2 55.4 N 120 Above Water Table >5.0  
BTNB-R6-PZ-D COLMA SAND SP-SC SPT 29.4 54.2 N 94 Above Water Table >5.0  

BTNB-R6A-PZ-S FILL SP-SM MC 3.5 80.0 N 31 N/A N/A Sample is Above Water Table  
BTNB-R6A-PZ-S FILL SP-SM SPT 5.0 78.5 N 13 N/A N/A Sample is Above Water Table  
BTNB-R6A-PZ-S FILL SP-SM MC 8.5 75.0 N 25 N/A N/A Sample is Above Water Table  
BTNB-R6A-PZ-S FILL SP-SM SPT 10.0 73.5 N 35 N/A N/A Sample is Above Water Table  
BTNB-R6A-PZ-S COLMA FORMATION ML MC 13.5 70.0 N 42 N/A N/A Sample is Above Water Table  
BTNB-R6A-PZ-S COLMA FORMATION ML SPT 15.0 68.5 N 32 N/A N/A Sample is Above Water Table  
BTNB-R6A-PZ-S COLMA FORMATION ML MC 18.5 65.0 N 52 N/A N/A Sample is Above Water Table  
BTNB-R6A-PZ-S COLMA FORMATION ML SPT 20.0 63.5 N 40 N/A N/A Sample is Above Water Table  
BTNB-R6A-PZ-S COLMA SAND SP-SM MC 23.5 60.0 N 47 N/A N/A Sample is Above Water Table  
BTNB-R6A-PZ-S COLMA SAND SP-SM SPT 25.0 58.5 N 54 N/A N/A Sample is Above Water Table  
BTNB-R6A-PZ-S COLMA SAND/SERPENTINITE SP-SC/srp MC 28.5 55.0 N 75 Above Water Table >5.0  
BTNB-R6A-PZ-S SERPENTINITE srp SPT 29.7 53.8 N 131 N/A N/A Sample is in Rock  
BTNB-R7-PZ-D FILL SP SPT 3.5 75.9 N 18 N/A N/A Sample is Above Water Table  
BTNB-R7-PZ-D BURIED SOIL HORIZON ML SPT 8.5 70.9 N 7 N/A N/A Sample is Above Water Table  
BTNB-R7-PZ-D COLMA FORMATION ML MC 13.5 65.9 N 46 N/A N/A Sample is Above Water Table  
BTNB-R7-PZ-D COLMA SAND SM MC 18.5 60.9 N 20 N/A N/A Sample is Above Water Table  
BTNB-R7-PZ-D COLMA SAND SP-SM SPT 23.5 55.9 N 47 N/A N/A Sample is Above Water Table  
BTNB-R7-PZ-D COLMA SAND SP-SM SPT 28.5 50.9 N 33 N/A N/A Sample is Above Water Table  
BTNB-R7-PZ-D COLMA SAND SP-SM SPT 33.5 45.9 Y 44 0% 1.4 0.0

TABLE 1
SUMMARY OF LIQUEFACTION ANALYSIS FROM STANDARD PENETRATION TESTS

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Liquefaction Analyses\Liquefaction Analysis BT.xls  [Summary Table]
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BTNB-R7-PZ-D COLMA SAND SP-SM SPT 38.5 40.9 Y 63 0% >5.0 0.0
BTNB-R7A-PZ-S FILL SP MC 3.5 75.5 N 54 N/A N/A Sample is Above Water Table  
BTNB-R7A-PZ-S FILL SP SPT 5.0 74.0 N 15 N/A N/A Sample is Above Water Table  
BTNB-R7A-PZ-S BURIED SOIL HORIZON ML MC 8.5 70.5 N 7 N/A N/A Sample is Above Water Table  
BTNB-R7A-PZ-S BURIED SOIL HORIZON CL SPT 10.0 69.0 N 23 N/A N/A Sample is Above Water Table  
BTNB-R7A-PZ-S COLMA FORMATION ML MC 13.5 65.5 N 45 N/A N/A Sample is Above Water Table  
BTNB-R7A-PZ-S COLMA FORMATION ML SPT 15.0 64.0 N 22 N/A N/A Sample is Above Water Table  
BTNB-R7A-PZ-S COLMA FORMATION SM MC 18.5 60.5 N 19 N/A N/A Sample is Above Water Table  
BTNB-R7A-PZ-S COLMA FORMATION CL SPT 20.0 59.0 N 11 N/A N/A Sample is Above Water Table  
BTNB-R7A-PZ-S COLMA SAND SP MC 23.5 55.5 N 49 N/A N/A Sample is Above Water Table  
BTNB-R7A-PZ-S COLMA SAND SP SPT 25.0 54.0 N 51 N/A N/A Sample is Above Water Table  
BTNB-R7A-PZ-S COLMA SAND SP-SM MC 28.5 50.5 N 41 N/A N/A Sample is Above Water Table  
BTNB-R7A-PZ-S COLMA SAND SP-SM SPT 30.0 49.0 N 29 Above Water Table Sample is Liquefiable  
BTNB-R7A-PZ-S COLMA SAND SP MC 33.5 45.5 Y 58 0% 4.1 0.0
BTNB-R7A-PZ-S COLMA SAND SP SPT 35.0 44.0 Y 62 0% >5.0 0.0
BTNB-R7A-PZ-S COLMA SAND SP MC 38.5 40.5 Y 75 0% >5.0 0.0
BTNB-R7A-PZ-S COLMA SAND SP-SC SPT 40.0 39.0 Y 40 5% 0.9 0.0
BTNB-R7A-PZ-S SERPENTINITE srp SPT 44.5 34.5 Y 74 N/A N/A Sample is in Rock  

BTSB-R1-PZ FILL SP MC 3.0 98.0 N 30 N/A N/A Sample is Above Tunnel Invert
BTSB-R1-PZ FILL SP SPT 4.5 96.5 N 15 N/A N/A Sample is Above Tunnel Invert
BTSB-R1-PZ FILL SP MC 8.5 92.5 N 35 Above Water Table Sample is Above Tunnel Invert
BTSB-R1-PZ FILL SP SPT 10.0 91.0 N 37 Above Water Table Sample is Above Tunnel Invert
BTSB-R1-PZ FILL SP MC 13.5 87.5 N 51 Above Water Table >5.0 Sample is Above Tunnel Invert
BTSB-R1-PZ FILL SP SPT 15.0 86.0 N 40 Above Water Table Sample is Above Tunnel Invert
BTSB-R1-PZ FILL SP MC 18.5 82.5 Y 39 0% 1.4 Sample is Above Tunnel Invert
BTSB-R1-PZ FILL SP SPT 20.0 81.0 Y 34 29% 0.9 Sample is Above Tunnel Invert
BTSB-R1-PZ BURIED SOIL HORIZON CL MC 23.5 77.5 Y 11 N/A N/A Sample is Above Tunnel Invert
BTSB-R1-PZ BURIED SOIL HORIZON CL SPT 25.0 76.0 Y 6 N/A N/A Sample is Above Tunnel Invert
BTSB-R1-PZ SANDSTONE ss MC 33.1 68.0 Y 147 0 >5.0 Sample is Above Tunnel Invert

BTSB-R2 FILL CH/SP MC 3.5 88.6 N 17 N/A N/A Sample is Above Tunnel Invert
BTSB-R2 FILL SP SPT 5.0 87.1 N 26 N/A N/A Sample is Above Tunnel Invert
BTSB-R2 FILL/BURIED SOIL HORIZON SP/CL MC 8.5 83.6 N 20 N/A N/A Sample is Above Tunnel Invert
BTSB-R2 BURIED SOIL HORIZON CL SPT 10.0 82.1 N 15 N/A N/A Sample is Above Tunnel Invert
BTSB-R2 COLMA FORMATION ML MC 13.5 78.6 N 33 N/A N/A Sample is Above Tunnel Invert
BTSB-R2 COLMA FORMATION ML SPT 15.0 77.1 N 13 N/A N/A Sample is Above Tunnel Invert
BTSB-R2 COLMA SAND SM/SP-SM MC 18.5 73.6 N 28 Above Water Table Sample is Above Tunnel Invert
BTSB-R2 COLMA SAND SP-SM SPT 20.0 72.1 N 21 Above Water Table Sample is Above Tunnel Invert
BTSB-R2 COLMA SAND SP-SM MC 23.5 68.6 N 75 Above Water Table >5.0 Sample is Above Tunnel Invert
BTSB-R2 COLMA SAND SP-SM SPT 25.0 67.1 N 83 Above Water Table >5.0 Sample is Above Tunnel Invert
BTSB-R2 COLMA SAND SP-SM MC 28.5 63.6 N 95 Above Water Table >5.0 Sample is Above Tunnel Invert
BTSB-R2 COLMA SAND SP-SM SPT 30.0 62.1 N 57 Above Water Table >5.0 Sample is Above Tunnel Invert
BTSB-R2 COLMA SAND SP-SM MC 33.5 58.6 N 67 Above Water Table >5.0 Sample is Above Tunnel Invert
BTSB-R2 COLMA SAND SP-SM SPT 35.0 57.1 N 45 Above Water Table Sample is Above Tunnel Invert
BTSB-R2 COLMA FORMATION CL MC 38.5 53.6 N 20 N/A N/A Sample is Above Tunnel Invert
BTSB-R2 COLMA FORMATION CL SPT 40.0 52.1 N 36 N/A N/A Sample is Above Tunnel Invert
BTSB-R2 COLMA FORMATION CL MC 43.5 48.6 Y 55 N/A N/A Sample is Fine Grained  
BTSB-R2 COLMA FORMATION/SANDSTONE CL/ss SPT 45.0 47.1 Y 83 N/A N/A Sample is Fine Grained  
BTSB-R2 SILTSTONE st MC 48.2 43.9 Y 93 N/A N/A Sample is in Rock  

BTSB-R3-PZ-D FILL SP SPT 3.5 94.4 N 10 N/A N/A Sample is Above Tunnel Invert
BTSB-R3-PZ-D FILL SP SPT 8.5 89.4 N 52 N/A N/A Sample is Above Tunnel Invert
BTSB-R3-PZ-D BURIED SOIL HORIZON CL SPT 13.5 84.4 N 15 N/A N/A Sample is Above Tunnel Invert
BTSB-R3-PZ-D SANDSTONE ss SPT 18.5 79.4 Y 159 N/A N/A Sample is Above Tunnel Invert
BTSB-R3-PZ-D SANDSTONE ss SPT 20.2 77.7 Y 157 N/A N/A Sample is Above Tunnel Invert

RW6-R1-PZ FILL/SILT WITHIN COLMA FORMATION SC/ML MC 3.5 105.0 N 22 N/A N/A Sample is Above Tunnel Invert
RW6-R1-PZ COLMA FORMATION ML SPT 5.0 103.5 N 34 N/A N/A Sample is Above Tunnel Invert
RW6-R1-PZ COLMA FORMATION ML MC 8.0 100.5 N 77 N/A N/A Sample is Above Tunnel Invert
RW6-R1-PZ COLMA SAND SM SPT 9.5 99.0 N 86 N/A N/A Sample is Above Tunnel Invert
RW6-R1-PZ COLMA SAND SM MC 13.0 95.5 N 68 N/A N/A Sample is Above Tunnel Invert
RW6-R1-PZ COLMA SAND SM SPT 14.5 94.0 N 80 N/A N/A Sample is Above Tunnel Invert
RW6-R1-PZ COLMA SAND/SANDSTONE SM/ss MC 18.0 90.5 N 72 N/A N/A Sample is Above Tunnel Invert
RW6-R1-PZ SANDSTONE ss SPT 18.8 89.7 N 163 N/A N/A Sample is Above Tunnel Invert

RW6-R2-PZ-D FILL SP SPT 3.5 105.2 N 21 N/A N/A Sample is Above Water Table  
RW6-R2-PZ-D FILL SP SPT 8.5 100.2 N 34 N/A N/A Sample is Above Water Table  
RW6-R2-PZ-D COLMA SAND SM SPT 13.5 95.2 N 113 N/A N/A Sample is Above Water Table  
RW6-R2-PZ-D COLMA SAND SM SPT 18.5 90.2 N 68 N/A N/A Sample is Above Water Table  
RW6-R2-PZ-D COLMA SAND SM SPT 23.5 85.2 N 71 N/A N/A Sample is Above Water Table  
RW6-R2-PZ-D SANDSTONE ss SPT 28.3 80.4 N 133 N/A N/A Sample is Above Water Table  

RW6-R2A-PZ-S FILL SP MC 3.5 104.8 N 11 N/A N/A Sample is Above Water Table  
RW6-R2A-PZ-S FILL SP SPT 5.0 103.3 N 6 N/A N/A Sample is Above Water Table  
RW6-R2A-PZ-S FILL SP MC 8.5 99.8 N 43 N/A N/A Sample is Above Water Table  
RW6-R2A-PZ-S FILL/SILT WITHIN COLMA FORMATION SP/ML SPT 10.0 98.3 N 34 N/A N/A Sample is Above Water Table  
RW6-R2A-PZ-S COLMA SAND SM MC 13.5 94.8 N 127 N/A N/A Sample is Above Water Table  
RW6-R2A-PZ-S COLMA SAND SM SPT 15.0 93.3 N 95 N/A N/A Sample is Above Water Table  
RW6-R2A-PZ-S COLMA SAND SM MC 18.5 89.8 N 113 N/A N/A Sample is Above Water Table  
RW6-R2A-PZ-S COLMA SAND SM SPT 20.0 88.3 N 124 N/A N/A Sample is Above Water Table  
RW6-R2A-PZ-S OLMA SAND/CLAY WITHIN COLMA FORMATIO SM/CL MC 23.5 84.8 N 32 N/A N/A Sample is Above Water Table  
RW6-R2A-PZ-S COLMA FORMATION CL SPT 25.0 83.3 N 93 N/A N/A Sample is Above Water Table  
RW6-R2A-PZ-S COLMA FORMATION CL/ss,sh MC 26.3 82.1 N 93 N/A N/A Sample is Above Water Table  
RW6-R2A-PZ-S SANDSTONE ss, sh SPT 26.6 81.7 N 136 N/A N/A Sample is Above Water Table  

RW8-R1-PZ FILL SP MC 8.5 82.1 N 5 N/A N/A Sample is Above Tunnel Invert
RW8-R1-PZ FILL SP SPT 10.0 80.6 N 8 N/A N/A Sample is Above Tunnel Invert
RW8-R1-PZ BURIED SOIL HORIZON CL-ML MC 13.5 77.1 N 2 N/A N/A Sample is Above Tunnel Invert
RW8-R1-PZ COLMA FORMATION CL SPT 15.0 75.6 N 11 N/A N/A Sample is Above Tunnel Invert
RW8-R1-PZ COLMA FORMATION CL MC 18.5 72.1 N 24 N/A N/A Sample is Above Tunnel Invert
RW8-R1-PZ COLMA FORMATION CL SPT 20.0 70.6 N 28 N/A N/A Sample is Above Tunnel Invert
RW8-R1-PZ COLMA SAND SP-SC MC 28.5 62.1 N 36 N/A N/A Sample is Above Tunnel Invert
RW8-R1-PZ COLMA SAND SP-SC SPT 30.0 60.6 N 41 N/A N/A Sample is Above Tunnel Invert

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Liquefaction Analyses\Liquefaction Analysis BT.xls  [Summary Table]
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RW8-R1-PZ COLMA SAND SP-SC MC 33.5 57.1 N 43 N/A N/A Sample is Above Tunnel Invert
RW8-R1-PZ COLMA SAND SP-SC SPT 35.0 55.6 N 45 N/A N/A Sample is Above Tunnel Invert
RW8-R1-PZ COLMA SAND SP-SC MC 38.5 52.1 N 60 N/A N/A Sample is Above Tunnel Invert
RW8-R1-PZ COLMA SAND SP-SC SPT 40.0 50.6 Y 47 0% 1.6 Sample is Above Tunnel Invert
RW8-R1-PZ COLMA FORMATION CL MC 43.5 47.1 Y 12 N/A N/A Sample is Above Tunnel Invert
RW8-R1-PZ RESIDUAL SOIL CL SPT 45.0 45.6 Y 18 N/A N/A Sample is Above Tunnel Invert
RW8-R1-PZ SANDSTONE ss MC 47.7 42.9 Y 104 N/A N/A Sample is in Rock  
RW8-R1-PZ SANDSTONE ss SPT 48.0 42.6 Y 104 N/A N/A Sample is in Rock  

RW8-R1A-PZ FILL SP MC 6.0 84.6 N 14 N/A N/A Sample is Above Tunnel Invert
RW8-R1A-PZ FILL SP SPT 7.5 83.1 N 7 N/A N/A Sample is Above Tunnel Invert
RW8-R1A-PZ FILL SP MC 11.0 79.6 N 12 N/A N/A Sample is Above Tunnel Invert
RW8-R1A-PZ BURIED SOIL HORIZON ML/CL SPT 12.5 78.1 N 3 N/A N/A Sample is Above Tunnel Invert
RW8-R1A-PZ COLMA FORMATION CL MC 16.0 74.6 N 14 N/A N/A Sample is Above Tunnel Invert
RW8-R1A-PZ COLMA FORMATION CL SPT 17.5 73.1 N 27 N/A N/A Sample is Above Tunnel Invert
RW8-R1A-PZ COLMA FORMATION CL MC 21.0 69.6 N 21 N/A N/A Sample is Above Tunnel Invert
RW8-R1A-PZ COLMA FORMATION CL SPT 22.5 68.1 N 16 N/A N/A Sample is Above Tunnel Invert
RW8-R1A-PZ COLMA SAND SC SPT 26.0 64.6 N 15 N/A N/A Sample is Above Tunnel Invert
RW8-R1A-PZ COLMA SAND SP-SC SPT 31.0 59.6 N 38 N/A N/A Sample is Above Tunnel Invert
RW8-R1A-PZ COLMA SAND SP-SC SPT 36.0 54.6 N 61 N/A N/A Sample is Above Tunnel Invert
RW8-R1A-PZ COLMA SAND SP-SC SPT 41.0 49.6 Y 26 100% 0.3 Sample is Above Tunnel Invert
RW8-R1A-PZ RESIDUAL SOIL CH SPT 46.0 44.6 Y 13 N/A N/A Sample is Fine Grained  

GB-5 FILL SM SPT 4.9 86.3 N 58 N/A N/A Sample is Above Tunnel Invert
GB-5 BURIED SOIL HORIZON SM MC 9.8 81.3 N 130 N/A N/A Sample is Above Tunnel Invert
GB-5 BURIED SOIL HORIZON SM SPT 11.8 79.4 N 92 N/A N/A Sample is Above Tunnel Invert
GB-5 COLMA FORMATION CL SPT 15.1 76.1 N 48 N/A N/A Sample is Above Tunnel Invert
GB-5 COLMA FORMATION CL SPT 20.7 70.5 N 54 N/A N/A Sample is Above Tunnel Invert
GB-5 COLMA FORMATION CL SPT 25.3 65.9 N 54 N/A N/A Sample is Above Tunnel Invert
GB-5 COLMA SAND SC SPT 30.2 61.0 Y 132 0% >5.0 Sample is Above Tunnel Invert
GB-5 COLMA SAND SC MC 34.4 56.7 Y 128 0% >5.0 Sample is Above Tunnel Invert
GB-5 COLMA SAND SC SPT 35.8 55.4 Y 127 0% >5.0 Sample is Above Tunnel Invert
GB-5 COLMA SAND SC SPT 40.7 50.5 Y 122 0% >5.0 Sample is Above Tunnel Invert
GB-5 COLMA SAND SC SPT 45.6 45.6 Y 118 0% >5.0 0.0
GB-5 COLMA SAND SC SPT 46.2 44.9 Y 117 0% >5.0 0.0
GB-5 COLMA FORMATION CL SPT 51.2 40.0 Y 45 N/A N/A Sample is Fine Grained  
GB-5 COLMA FORMATION CL SPT 60.4 30.8 Y 113 N/A N/A Sample is Fine Grained  
GB-6 FILL CL MC 4.6 101.1 N 87 N/A N/A Sample is Above Tunnel Invert
GB-6 RESIDUAL SOIL CL SPT 5.9 99.8 N 244 N/A N/A Sample is Above Tunnel Invert
GB-6 RESIDUAL SOIL CL SPT 9.8 95.9 N 184 N/A N/A Sample is Above Tunnel Invert

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Liquefaction Analyses\Liquefaction Analysis BT.xls  [Summary Table]
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geologists have divided the time of Earth s long history into eons, eras, 
periods, and epochs of geologic time, and they have given each 
division a unique name.  When they first started using these names, 
nobody knew how old the Earth was, or how many years ago the time 
divisions were.  Instead, they based the division of time on how the 
fossils found in rocks changed from the oldest layers to the youngest.
The Quaternary  period is the name for the time in which we live.  It 
spans the two most recent geologic epochs, the Pleistocene and the 
Holocene.  Fossils from the Holocene epoch are like the animals 
living today, whereas Pleistocene fossils are much like living animals 

ground rupture 

the released energy causes an earthquake. 

Some faults are tiny, but others are part of great fault systems along 
which rocks have slid past each other for hundreds of miles.  These fault 
systems are the boundaries of the huge plates that make up the Earth’s 
crust.  In the San Francisco Bay region, the Quaternary-active faults are 
part of the boundary between the Pacific and North American plates.

these faults are the most likely source of future great 
ow what they are, where they are, and how they work.

shows Quaternary-active faults as differently colored 
e of the region.  This image combines LANDSAT 

on data, and digital water-depth data.

going work of the Northern California Quaternary 

Do all faults cause 
earthquakes?

Faults with no Quaternary 
activity are least likely to cause an 
earthquake.  Holocene-active faults 
are considered the most active.

There are literally hundreds of faults in the San Francisco Bay 
region alone.  All faults are the result of movement in the Earth’s crust, 
and all but the tiniest probably have generated earthquakes.  However, 
much of that movement and most of those earthquakes occurred far in the 
Earth’s past.  Because the pattern of stress in the crust changes over 
geologic time, faults are formed, move, and then are abandoned.

ear as the faults move.  You can try to 
ent or offset curbs and sidewalks.  Not 
find several offsets that line up, you may 

study.

active faults is Laser Imaging Detection And Ranging (LIDAR), 
m an airplane to make a detailed image of the ground surface, even 

geologists have mapped the extent of ground rupture for only three 
earthquakes: 1868 (Hayward Fault), 1906 (San Andreas Fault), and 1980 
(Greenville/Las Positas Faults).  Everywhere else, they have to determine 
the age of the most recent fault rupture in other ways.  

Earthquakes can offset and disrupt the sedimentary layers that naturally 
accumulate over time from deposition by rivers, streams, wind, and waves.  
If a layer is not cut or bent by a fault, then the last earthquake on that fault 
must have occurred before the layer was deposited.

It commonly is difficult to determine if layers are cut or bent by looking at 
the ground surface because the surface usually is smoothed out soon after 
an earthquake by rain, wind, and animal activity.  To get a clearer view of 
young layers, geologists dig trenches across faults where they know that 
young deposits have accumulated.  In some places, the subsurface view of 
the fault and the young layers reveals distinct evidence of one or more past 
earthquakes.  Trench studies also give geologists a better chance to find 
the fossils and bits of carbon (for radiometric dating) that might tell them 
how old the layers of young deposits are.

n the San Francisco Bay region.  Crystal Springs Reservoir fills the 
in San Mateo County.  A small scarp deforms the fairway of this 
n Contra Costa County (also notice the trench across the fault).

Hayward Fault

Sca rp

age channel

Sag pond

Linear ridge
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Shutter
ridge
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Linear
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he types of landforms associated with active faults.

3

This photo shows a small fault 
in San Mateo County.  Matching 
layers across the fault shows 
that it has offset the sandstone 
(lighter layers) and shale 
(darker layers) about ten feet.

The photo on the left shows a distinct bench along the Warm Springs Fault.  
Pleistocene fossils found in gravels cut by that fault, like the mammoth tooth 
shown in the photo on the right, tell geologists that the Warm Springs Fault is 
Pleistocene or younger.

Pleistocene
gravels

Warm 
Springs
Fault

5

y creep on the Hayward Fault.  Notice the 
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Some major faults can even be seen from space, as shown by this 
LANDSAT image of the San Andreas Fault in southern California.
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Doyle Drive Replacement Project
Southbound Battery Tunnel Foundation Report

San Francisco Transporation Authority
June 2009                                     San Francisco, California

MAJOR ACTIVE FAULTS IN THE
SAN FRANCISCO BAY REGION
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Southbound Battery Tunnel Draft Foundation Report
Doyle Drive Replacement Project
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FIGURE 3

SPT-BASED LIQUEFACTION
TRIGGERING CORRELATION: FILL

FILL

Note:
     Probabilistic liquefaction (PL) curves are for  an 
     earthquake moment magnitude, Mw= 7.5 and an
     effective overburden stress, σ'v =1 .0 atm

Symbol Borehole
BTSB-R1-PZ
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FIGURE 4

SPT-BASED LIQUEFACTION
TRIGGERING CORRELATION: COLMA SAND

COLMA SAND

Note:
     Probabilistic liquefaction (PL) curves are for  an 
     earthquake moment magnitude, Mw= 7.5 and an
     effective overburden stress, σ'v =1 .0 atm
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Borehole 
ID Drill Rig Soil Unit Soil 

Classification
Sampler 

Type N Depth Elevation
Total 

Vertical 
Stress

Vertical 
Effective 

Stress

Below 
Water 
Table?

Equivalent 
SPT N 
Values

CN CE CS CB CR N1,60 FC CFINES N1,60,CS rd CSReq PL

bpf (ft) (ft) (psf) (psf) (Y/N) (bpf) (bpf) (%) (bpf)
BTSB-R1-PZ Failing 1500 FILL SP MC 13 3.0 98.0 360 360 N 10 2.42 1.21 1.29 1.05 0.75 30 3 1.000 30 1.000 0.42 Above Water Table
BTSB-R1-PZ Failing 1500 FILL SP SPT 7 4.5 96.5 540 540 N 7 1.98 1.21 1.15 1.05 0.75 15 3 1.000 15 1.000 0.42 Above Water Table
BTSB-R1-PZ Failing 1500 FILL SP MC 24 8.5 92.5 1020 1020 N 18 1.44 1.21 1.30 1.05 0.81 35 3 1.000 35 1.000 0.42 Above Water Table
BTSB-R1-PZ Failing 1500 FILL SP SPT 20 10.0 91.0 1200 1200 N 20 1.33 1.21 1.30 1.05 0.84 37 3 1.000 37 1.000 0.42 Above Water Table
BTSB-R1-PZ Failing 1500 FILL SP MC 40 13.5 87.5 1620 1620 N 30 1.14 1.21 1.30 1.05 0.88 51 3.3 1.000 51 1.000 0.42 Above Water Table
BTSB-R1-PZ Failing 1500 FILL SP SPT 25 15.0 86.0 1800 1800 N 25 1.08 1.21 1.30 1.05 0.90 40 2 1.000 40 1.000 0.42 Above Water Table
BTSB-R1-PZ Failing 1500 FILL SP MC 33 18.5 82.5 2220 2064 Y 25 1.01 1.21 1.30 1.05 0.93 39 2 1.000 39 1.000 0.46 0.35%
BTSB-R1-PZ Failing 1500 FILL SP SPT 22 20.0 81.0 2400 2150 Y 22 0.99 1.21 1.30 1.05 0.94 34 2.1 1.000 34 1.000 0.47 29.10%
BTSB-R1-PZ Failing 1500 BURIED�SOIL�HORIZON CL MC 12 23.5 77.5 2820 2352 Y 6 0.95 1.21 1.10 1.05 0.96 8 70 1.359 11 1.000 0.51 CLAY/SILT
BTSB-R1-PZ Failing 1500 BURIED�SOIL�HORIZON CL SPT 3 25.0 76.0 3000 2438 Y 3 0.93 1.21 1.10 1.05 0.97 4 70 1.602 6 1.000 0.52 CLAY/SILT
BTSB-R1-PZ Failing 1500 SANDY�CLAY ss MC 300 33.1 68.0 4015 2954 Y 100 0.85 1.21 1.30 1.05 0.99 138 15 1.065 147 1.001 0.58 0.00%

* Depth is measured at midpoint of test (2nd 6")

LIQUEFACTION ANALYSIS OF BOREHOLE BTSB-R1
TABLE A-1

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Liquefaction Analyses\Liquefaction Analysis BT.xls  [BTSB-R1]
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Borehole 
ID Drill Rig Soil Unit Soil 

Classification
Sampler 

Type N Depth Elevation
Total 

Vertical 
Stress

Vertical 
Effective 

Stress

Below 
Water 
Table?

Equivalent 
SPT N 
Values

CN CE CS CB CR N1,60 FC CFINES N1,60,CS rd CSReq PL

bpf (ft) (ft) (psf) (psf) (Y/N) (bpf) (bpf) (%) (bpf)
BTSB-R2 Fraste Multi-drill (Truck) FILL CH/SP MC 9 3.5 88.6 420 420 N 6 2.24 1.27 1.15 1.05 0.75 15 15 1.110 17 1.000 0.42 Above Water Table
BTSB-R2 Fraste Multi-drill (Truck) FILL SP SPT 11 5.0 87.1 600 600 N 11 1.88 1.27 1.26 1.05 0.75 26 3 1.000 26 1.000 0.42 Above Water Table
BTSB-R2 Fraste Multi-drill (Truck) FILL/BURIED SOIL HORIZON SP/CL MC 14 8.5 83.6 1020 1020 N 11 1.44 1.27 1.21 1.05 0.81 20 3 1.000 20 1.000 0.42 Above Water Table
BTSB-R2 Fraste Multi-drill (Truck) BURIED�SOIL�HORIZON CL SPT 7 10.0 82.1 1200 1200 N 7 1.33 1.27 1.13 1.05 0.84 12 70 1.290 15 1.000 0.42 Above Water Table
BTSB-R2 Fraste Multi-drill (Truck) SANDY�CLAY ML MC 22 13.5 78.6 1630 1630 N 16 1.14 1.27 1.30 1.05 0.88 27 70 1.204 33 1.000 0.42 Above Water Table
BTSB-R2 Fraste Multi-drill (Truck) SANDY�CLAY ML SPT 7 15.0 77.1 1825 1825 N 7 1.08 1.27 1.11 1.05 0.90 10 70 1.314 13 1.000 0.42 Above Water Table
BTSB-R2 Fraste Multi-drill (Truck) COLMA�SAND SM/SP-SM MC 20 18.5 73.6 2280 2280 N 15 0.96 1.27 1.26 1.05 0.93 23 48.3 1.216 28 1.000 0.42 Above Water Table
BTSB-R2 Fraste Multi-drill (Truck) COLMA�SAND SP-SM SPT 14 20.0 72.1 2475 2475 N 14 0.92 1.27 1.24 1.05 0.94 20 10 1.065 21 1.000 0.42 Above Water Table
BTSB-R2 Fraste Multi-drill (Truck) COLMA�SAND SP-SM MC 70 23.5 68.6 2930 2930 N 53 0.85 1.27 1.30 1.05 0.96 75 3 1.000 75 1.000 0.42 Above Water Table
BTSB-R2 Fraste Multi-drill (Truck) COLMA�SAND SP-SM SPT 60 25.0 67.1 3125 3125 N 60 0.82 1.27 1.30 1.05 0.97 83 3 1.000 83 1.000 0.42 Above Water Table
BTSB-R2 Fraste Multi-drill (Truck) COLMA�SAND SP-SM MC 91 28.5 63.6 3580 3580 N 69 0.77 1.27 1.30 1.05 0.98 90 11.4 1.052 95 1.001 0.43 Above Water Table
BTSB-R2 Fraste Multi-drill (Truck) COLMA�SAND SP-SM SPT 45 30.0 62.1 3775 3775 N 45 0.75 1.27 1.30 1.05 0.98 57 3 1.000 57 1.001 0.43 Above Water Table
BTSB-R2 Fraste Multi-drill (Truck) COLMA�SAND SP-SM MC 69 33.5 58.6 4230 4230 N 52 0.71 1.27 1.30 1.05 0.99 63 13 1.062 67 1.001 0.43 Above Water Table
BTSB-R2 Fraste Multi-drill (Truck) COLMA�SAND SP-SM SPT 37 35.0 57.1 4425 4425 N 37 0.69 1.27 1.30 1.05 0.99 44 5 1.026 45 1.001 0.43 Above Water Table
BTSB-R2 Fraste Multi-drill (Truck) SANDY�CLAY CL MC 30 38.5 53.6 4880 4880 N 16 0.66 1.27 1.21 1.05 0.99 16 70 1.246 20 1.002 0.43 Above Water Table
BTSB-R2 Fraste Multi-drill (Truck) SANDY�CLAY CL SPT 27 40.0 52.1 5075 5075 N 27 0.65 1.27 1.30 1.05 0.99 30 70 1.198 36 1.002 0.43 Above Water Table
BTSB-R2 Fraste Multi-drill (Truck) SANDY�CLAY CL MC 82 43.5 48.6 5530 5312 Y 43 0.63 1.27 1.30 1.05 0.99 46 70 1.178 55 1.003 0.44 CLAY/SILT
BTSB-R2 Fraste Multi-drill (Truck) CLAY WITHIN COLMA FORMATION/ss CL/ss SPT 72 45.0 47.1 5730 5418 Y 72 0.62 1.27 1.30 1.05 0.99 78 15 1.070 83 1.004 0.45 CLAY/SILT
BTSB-R2 Fraste Multi-drill (Truck) st st MC 109 48.2 43.9 6150 5651 Y 83 0.61 1.27 1.30 1.05 1.00 87 15 1.069 93 1.005 0.46 ROCK

* Depth is measured at midpoint of test (2nd 6")

TABLE A-2
LIQUEFACTION ANALYSIS OF BOREHOLE BTSB-R2

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Liquefaction Analyses\Liquefaction Analysis BT.xls  [BTSB-R2]
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Borehole ID Drill Rig Soil Unit Soil 
Classification

Sampler 
Type N Depth Elevation

Total 
Vertical 
Stress

Vertical 
Effective 

Stress

Below 
Water 
Table?

Equivalent 
SPT N 
Values

CN CE CS CB CR N1,60 FC CFINES N1,60,CS rd CSReq PL

bpf (ft) (ft) (psf) (psf) (Y/N) (bpf) (bpf) (%) (bpf)
BTSB-R3-PZ-D Fraste Multi-drill (Track) FILL SP SPT 4 3.5 94.4 420 420 N 4 2.24 1.22 1.10 1.05 0.75 9 5 1.046 10 1.000 0.42 Above Water Table
BTSB-R3-PZ-D Fraste Multi-drill (Track) FILL SP SPT 26 8.5 89.4 1020 1020 N 26 1.44 1.22 1.30 1.05 0.81 50 5 1.025 52 1.000 0.42 Above Water Table
BTSB-R3-PZ-D Fraste Multi-drill (Track) BURIED�SOIL�HORIZON CL SPT 8 13.5 84.4 1620 1620 N 8 1.14 1.22 1.12 1.05 0.88 12 70 1.292 15 1.000 0.42 Above Water Table
BTSB-R3-PZ-D Fraste Multi-drill (Track) ss ss SPT 171 18.5 79.4 2285 2260 Y 100 0.97 1.22 1.30 1.05 0.93 150 15 1.065 159 1.000 0.43 ROCK
BTSB-R3-PZ-D Fraste Multi-drill (Track) ss ss SPT 120 20.2 77.7 2495 2376 Y 100 0.94 1.22 1.30 1.05 0.94 148 15 1.065 157 1.000 0.45 ROCK

* Depth is measured at midpoint of test (2nd 6")

LIQUEFACTION ANALYSIS OF BOREHOLE BTSB-R3
TABLE A-3

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Liquefaction Analyses\Liquefaction Analysis BT.xls  [BTSB-R3]
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Borehole ID Drill Rig Soil Unit Soil 
Classification

Sampler 
Type N Depth Elevation

Total 
Vertical 
Stress

Vertical 
Effective 

Stress

Below 
Water 
Table?

Equivalent 
SPT N 
Values

CN CE CS CB CR N1,60 FC CFINES N1,60,CS rd CSReq PL

bpf (ft) (ft) (psf) (psf) (Y/N) (bpf) (bpf) (%) (bpf)
BTSB-R3A-PZ-S Fraste Multi-drill (Track) FILL SP MC 7 3.5 94.5 420 420 N 5 2.24 1.22 1.13 1.05 0.75 13 1.8 1.000 13 1.000 0.42 Above Water Table
BTSB-R3A-PZ-S Fraste Multi-drill (Track) FILL SP SPT 9 5.0 93.0 600 600 N 9 1.88 1.22 1.19 1.05 0.75 19 5 1.033 20 1.000 0.42 Above Water Table
BTSB-R3A-PZ-S Fraste Multi-drill (Track) FILL SP MC 29 8.5 89.5 1020 1020 N 22 1.44 1.22 1.30 1.05 0.81 43 5 1.026 44 1.000 0.42 Above Water Table
BTSB-R3A-PZ-S Fraste Multi-drill (Track) FILL SP SPT 11 10.0 88.0 1200 1200 N 11 1.33 1.22 1.19 1.05 0.84 19 1.4 1.000 19 1.000 0.42 Above Water Table
BTSB-R3A-PZ-S Fraste Multi-drill (Track) BURIED�SOIL�HORIZON CL MC 14 13.5 84.5 1620 1620 N 7 1.14 1.22 1.10 1.05 0.88 10 70 1.310 14 1.000 0.42 Above Water Table
BTSB-R3A-PZ-S Fraste Multi-drill (Track) SANDY�CLAY CL SPT 9 15.0 83.0 1810 1810 N 9 1.08 1.22 1.12 1.05 0.90 13 70 1.280 16 1.000 0.42 Above Water Table
BTSB-R3A-PZ-S Fraste Multi-drill (Track) ss ss MC 150 18.2 79.9 2215 2072 Y 100 1.01 1.22 1.30 1.05 0.93 156 33.1 1.143 178 1.000 0.45 ROCK
BTSB-R3A-PZ-S Fraste Multi-drill (Track) ss ss SPT 100 19.1 79.0 2355 2149 Y 100 0.99 1.22 1.30 1.05 0.94 154 15 1.065 164 1.000 0.47 ROCK

* Depth is measured at midpoint of test (2nd 6")

TABLE A-4
LIQUEFACTION ANALYSIS OF BOREHOLE BTSB-R3A

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Liquefaction Analyses\Liquefaction Analysis BT.xls  [BTSB-R3A]



7/20/2009 Page 5 of 18

Borehole 
ID Drill Rig Soil Unit

Soil 
Classificat

ion

Sampler 
Type N Depth Elevation

Total 
Vertical 
Stress

Vertical 
effective 

stress

Below 
Water 
Table?

Equivalent 
SPT N 
Values

CN CE CS CB CR N1,60 FC CFINES N1,60,CS rd CSReq PL

bpf (ft) (ft) (psf) (psf) (Y/N) (bpf) (bpf) (%) (bpf)
BTNB-R1 Fraste Multi-Drill (Track) RESIDUAL�SOIL ML MC 64 3.5 87.9 435 435 N 45 2.21 1.22 1.30 1.05 0.75 125 70 1.154 144 1.000 0.42 Above Water Table
BTNB-R1 Fraste Multi-Drill (Track) RESIDUAL�SOIL ML SPT 64 5.0 86.4 630 630 N 64 1.83 1.22 1.30 1.05 0.75 146 70 1.152 168 1.000 0.42 Above Water Table
BTNB-R1 Fraste Multi-Drill (Track) RESIDUAL�SOIL GM MC 82 8.5 82.9 1085 1085 N 53 1.40 1.22 1.30 1.05 0.81 100 15 1.067 107 1.000 0.42 Above Water Table
BTNB-R1 Fraste Multi-Drill (Track) RESIDUAL�SOIL GM SPT 109 9.7 81.6 1215 1215 N 100 1.32 1.22 1.30 1.05 0.83 182 15 1.064 194 1.000 0.42 Above Water Table
BTNB-R1 Fraste Multi-Drill (Track) ssb ssb SPT 121 13.4 3.1 1680 1680 Y 100 1.12 1.22 1.30 1.05 0.88 164 15 1.065 175 1.000 0.42 ROCK

* Depth is measured at midpoint of test (2nd 6")

TABLE A-5
LIQUEFACTION ANALYSIS OF BOREHOLE BTNB-R1

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Liquefaction Analyses\Liquefaction Analysis BT.xls  [BTNB-R1]
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Borehole 
ID Drill Rig Rock? Soil Unit

Soil 
Classificat

ion

Sampler 
Type N Depth Elevation

Total 
Vertical 
Stress

Vertical 
effective 

stress

Below 
Water 
Table?

Equivalent 
SPT N 
Values

CN CE CS CB CR N1,60 FC CFINES N1,60,CS rd CSReq PL

bpf (ft) (ft) (psf) (psf) (Y/N) (bpf) (bpf) (%) (bpf)
BTNB-R2 Multi-Drill (Truck) FILL SM MC 16 3.5 85.9 420 420 N 12 2.24 1.27 1.30 1.05 0.75 35 15 1.081 38 1.000 0.42 Above Water Table
BTNB-R2 Multi-Drill (Truck) FILL ML SPT 20 5.0 84.4 600 600 N 20 1.88 1.27 1.30 1.05 0.75 49 70 1.176 57 1.000 0.42 Above Water Table
BTNB-R2 Multi-Drill (Truck) FILL GC MC 15 8.5 80.9 1020 1020 N 10 1.44 1.27 1.18 1.05 0.81 18 15 1.102 20 1.000 0.42 Above Water Table
BTNB-R2 Multi-Drill (Truck) FILL SC SPT 10 10.0 79.4 1200 1200 N 10 1.33 1.27 1.17 1.05 0.84 17 15 1.103 19 1.000 0.42 Above Water Table
BTNB-R2 Multi-Drill (Truck) FILL CL MC 15 13.5 75.9 1620 1620 N 8 1.14 1.27 1.12 1.05 0.88 12 70 1.289 15 1.000 0.42 Above Water Table
BTNB-R2 Multi-Drill (Truck) FILL CL SPT 6 15.0 74.4 1800 1800 N 6 1.08 1.27 1.10 1.05 0.90 9 70 1.344 12 1.000 0.42 Above Water Table
BTNB-R2 Multi-Drill (Truck)D SOIL HORIZON/CLAY WITHIN CO SM/CH SPT 6 17.5 71.9 2105 1949 Y 6 1.04 1.27 1.10 1.05 0.92 8 15 1.148 10 1.000 0.46 100.00%
BTNB-R2 Multi-Drill (T Rock srp srp SPT 61 24.5 64.9 3025 2432 Y 61 0.93 1.27 1.30 1.05 0.97 95 15 1.068 102 1.000 0.53 ROCK

* Depth is measured at midpoint of test (2nd 6")

TABLE A-6
LIQUEFACTION ANALYSIS OF BOREHOLE BTNB-R2

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Liquefaction Analyses\Liquefaction Analysis BT.xls  [BTNB-R2]
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Borehole 
ID Drill Rig Soil Unit

Soil 
Classificat

ion

Sampler 
Type N Depth Elevation

Total 
Vertical 
Stress

Vertical 
effective 

stress

Below 
Water 
Table?

Equivalent 
SPT N 
Values

CN CE CS CB CR N1,60 FC CFINES N1,60,CS rd CSReq PL

bpf (ft) (ft) (psf) (psf) (Y/N) (bpf) (bpf) (%) (bpf)
BTNB-R3 Fraste Multi-Drill (Track) FILL ML MC 26 2.5 83.8 300 300 N 18 2.66 1.22 1.30 1.05 0.75 61 70 1.169 71 1.000 0.42 Above Water Table
BTNB-R3 Fraste Multi-Drill (Track) FILL ML SPT 14 4.0 82.3 480 480 N 14 2.10 1.22 1.30 1.05 0.75 37 70 1.188 43 1.000 0.42 Above Water Table
BTNB-R3 Fraste Multi-Drill (Track) FILL SP MC 18 7.5 78.8 900 900 N 14 1.53 1.22 1.25 1.05 0.75 25 5 1.030 26 1.000 0.42 Above Water Table
BTNB-R3 Fraste Multi-Drill (Track) FILL ML SPT 15 9.0 77.3 1080 1080 N 15 1.40 1.22 1.28 1.05 0.82 28 70 1.202 34 1.000 0.42 Above Water Table
BTNB-R3 Fraste Multi-Drill (Track) SANDY�CLAY ML MC 31 11.0 75.3 1340 1340 N 22 1.26 1.22 1.30 1.05 0.85 39 70 1.185 46 1.000 0.42 Above Water Table
BTNB-R3 Fraste Multi-Drill (Track) SANDY�CLAY ML SPT 14 12.5 73.8 1535 1535 N 14 1.17 1.22 1.22 1.05 0.87 22 70 1.219 27 1.000 0.42 Above Water Table
BTNB-R3 Fraste Multi-Drill (Track) COLMA SAND SC MC 26 16.0 70.3 1990 1990 N 20 1.03 1.22 1.30 1.05 0.91 31 15 1.084 33 1.000 0.42 Above Water Table
BTNB-R3 Fraste Multi-Drill (Track) COLMA�SAND SC SPT 24 17.5 68.8 2185 2185 N 24 0.98 1.22 1.30 1.05 0.92 36 15 1.081 39 1.000 0.42 Above Water Table
BTNB-R3 Fraste Multi-Drill (Track) COLMA�SAND SP-SC MC 57 21.0 65.3 2640 2640 N 43 0.90 1.22 1.30 1.05 0.95 61 10 1.048 64 1.000 0.42 Above Water Table
BTNB-R3 Fraste Multi-Drill (Track) COLMA�SAND SP-SC SPT 43 22.5 63.8 2835 2760 Y 43 0.88 1.22 1.30 1.05 0.96 60 10 1.048 63 1.000 0.44 0.00%
BTNB-R3 Fraste Multi-Drill (Track) COLMA�SAND SP-SC MC 58 26.0 60.3 3290 2997 Y 44 0.84 1.22 1.30 1.05 0.97 60 10 1.048 63 1.000 0.47 0.00%
BTNB-R3 Fraste Multi-Drill (Track) COLMA�SAND SP-SC SPT 37 27.5 58.8 3485 3098 Y 37 0.83 1.22 1.30 1.05 0.98 49 10 1.050 52 1.001 0.48 0.00%
BTNB-R3 Fraste Multi-Drill (Track) COLMA�SAND SP-SC MC 41 31.0 55.3 3940 3335 Y 31 0.80 1.22 1.30 1.05 0.98 40 10 1.052 43 1.001 0.50 0.37%
BTNB-R3 Fraste Multi-Drill (Track) COLMA�SAND SP-SC SPT 36 32.5 53.8 4135 3436 Y 36 0.78 1.22 1.30 1.05 0.99 46 10 1.051 49 1.001 0.51 0.00%
BTNB-R3 Fraste Multi-Drill (Track) COLMA�SAND SP MC 91 36.0 50.3 4590 3673 Y 69 0.76 1.22 1.30 1.05 0.99 86 3 1.000 86 1.001 0.53 0.00%
BTNB-R3 Fraste Multi-Drill (Track) COLMA�SAND SP SPT 45 37.5 48.8 4785 3774 Y 45 0.75 1.22 1.30 1.05 0.99 55 3 1.000 55 1.002 0.54 0.00%
BTNB-R3 Fraste Multi-Drill (Track) COLMA�SAND SP MC 72 41.0 45.3 5240 4011 Y 55 0.73 1.22 1.30 1.05 0.99 65 3 1.000 65 1.002 0.56 0.00%
BTNB-R3 Fraste Multi-Drill (Track) COLMA�SAND SP-SC SPT 23 42.5 43.8 5435 4112 Y 23 0.72 1.22 1.27 1.05 0.99 27 10 1.059 28 1.003 0.56 99.98%
BTNB-R3 Fraste Multi-Drill (Track) COLMA�SAND SP-SC MC 42 46.0 40.3 5890 4349 Y 32 0.70 1.22 1.30 1.05 1.00 37 10 1.054 39 1.004 0.58 42.70%
BTNB-R3 Fraste Multi-Drill (Track) srp srp SPT 109 47.5 38.8 6095 4460 Y 100 0.69 1.22 1.30 1.05 1.00 114 15 1.067 121 1.005 0.58 ROCK

* Depth is measured at midpoint of test (2nd 6")

TABLE A-7
LIQUEFACTION ANALYSIS OF BOREHOLE BTNB-R3

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Liquefaction Analyses\Liquefaction Analysis BT.xls  [BTNB-R3]
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Borehole 
ID Drill Rig Rock? Soil Unit

Soil 
Classificat

ion

Sampler 
Type N Depth Elevation

Total 
Vertical 
Stress

Vertical 
effective 

stress

Below 
Water 
Table?

Equivalent 
SPT N 
Values

CN CE CS CB CR N1,60 FC CFINES N1,60,CS rd CSReq PL

bpf (ft) (ft) (psf) (psf) (Y/N) (bpf) (bpf) (%) (bpf)
BTNB-R4-PZe Multi-Drill (Track) FILL GC/OL MC 17 3.5 66.9 420 420 N 11 2.24 1.22 1.30 1.05 0.75 31 15 1.084 33 1.000 0.42 Above Water Table
BTNB-R4-PZe Multi-Drill (Track) SANDY�CLAY OL/ML SPT 21 5.0 65.4 605 605 N 21 1.87 1.22 1.30 1.05 0.75 49 70 1.176 57 1.000 0.42 Above Water Table
BTNB-R4-PZe Multi-Drill (Track) SANDY�CLAY ML MC 53 8.5 61.9 1060 1060 N 38 1.41 1.22 1.30 1.05 0.81 72 81.1 1.164 83 1.000 0.42 Above Water Table
BTNB-R4-PZe Multi-Drill (Track) SANDY�CLAY ML SPT 39 10.0 60.4 1255 1255 N 39 1.30 1.22 1.30 1.05 0.84 70 70 1.165 82 1.000 0.42 Above Water Table
BTNB-R4-PZe Multi-Drill (Track) SANDY�CLAY ML MC 52 13.5 56.9 1710 1710 N 37 1.11 1.22 1.30 1.05 0.88 60 54.4 1.169 70 1.000 0.42 Above Water Table
BTNB-R4-PZe Multi-Drill (Track) SANDY�CLAY ML SPT 34 15.0 55.4 1905 1905 N 34 1.05 1.22 1.30 1.05 0.90 54 70 1.173 63 1.000 0.42 Above Water Table
BTNB-R4-PZe Multi-Drill (Track) COLMA�SAND SP MC 81 18.5 51.9 2360 2360 N 62 0.95 1.22 1.30 1.05 0.93 90 5 1.023 92 1.000 0.42 Above Water Table
BTNB-R4-PZe Multi-Drill (Track) COLMA�SAND SP SPT 44 20.0 50.4 2555 2555 N 44 0.91 1.22 1.30 1.05 0.94 63 5 1.024 64 1.000 0.42 Above Water Table
BTNB-R4-PZe Multi-Drill (Track) COLMA�SAND SP-SC MC 101 23.5 46.9 3010 3010 N 77 0.84 1.22 1.30 1.05 0.96 103 14.3 1.064 109 1.000 0.42 Above Water Table
BTNB-R4-PZe Multi-Drill (Track) COLMA�SAND SP-SC SPT 48 25.0 45.4 3205 3205 N 48 0.81 1.22 1.30 1.05 0.97 63 10 1.048 66 1.000 0.42 Above Water Table
BTNB-R4-PZe Multi-Drill (Track) COLMA�SAND SP-SC MC 76 28.5 41.9 3660 3660 N 58 0.76 1.22 1.30 1.05 0.98 71 10 1.047 75 1.001 0.43 Above Water Table
BTNB-R4-PZe Multi-Drill (Track) COLMA�SAND SP-SC SPT 53 30.0 40.4 3855 3855 N 53 0.74 1.22 1.30 1.05 0.98 64 10 1.048 67 1.001 0.43 Above Water Table
BTNB-R4-PZe Multi-Drill (Track) COLMA�SAND SP-SC MC 58 33.5 36.9 4310 4127 Y 44 0.72 1.22 1.30 1.05 0.99 52 9.5 1.047 54 1.001 0.44 0.00%
BTNB-R4-PZe Multi-Drill (Track) COLMA�SAND SP-SC SPT 56 35.0 35.4 4505 4229 Y 56 0.71 1.22 1.30 1.05 0.99 65 10 1.048 68 1.001 0.45 0.00%
BTNB-R4-PZe Multi-Drill (Track) COLMA�SAND SP-SC MC 63 38.5 31.9 4960 4465 Y 48 0.69 1.22 1.30 1.05 0.99 54 10 1.049 57 1.002 0.47 0.00%
BTNB-R4-PZe Multi-Drill (Track) COLMA�SAND SP-SC SPT 53 40.0 30.4 5155 4567 Y 53 0.68 1.22 1.30 1.05 0.99 59 10 1.048 62 1.002 0.48 0.00%
BTNB-R4-PZe Multi-Drill (Track) COLMA�SAND SP-SC MC 97 43.5 26.9 5545 4770 Y 74 0.67 1.22 1.30 1.05 0.99 81 10 1.046 85 1.003 0.50 0.00%
BTNB-R4-PZe Multi-Drill (Track) COLMA�SAND SP-SC SPT 35 45.0 25.5 5740 4871 Y 35 0.66 1.22 1.30 1.05 0.99 38 10 1.053 40 1.004 0.50 11.06%
BTNB-R4-PZe Multi-Drill (Track) COLMA�SAND SP-SC MC 56 48.5 21.9 6260 5141 Y 43 0.64 1.22 1.30 1.05 1.00 45 14.2 1.073 48 1.005 0.52 0.00%
BTNB-R4-PZe Multi-Drill (Track) COLMA�SAND SP-SC SPT 32 50.0 20.4 6455 5243 Y 32 0.64 1.22 1.30 1.05 1.00 34 10 1.055 35 1.006 0.53 79.74%
BTNB-R4-PZe Multi-Drill (Track) RESIDUAL�SOIL CL MC 30 53.5 16.9 6910 5479 Y 16 0.62 1.22 1.14 1.05 1.00 14 70 1.265 18 1.009 0.54 CLAY/SILT
BTNB-R4-PZe Multi-Drill (T Rock srp srp SPT 100 54.8 15.7 7045 5552 Y 100 0.62 1.22 1.30 1.05 1.00 102 15 1.067 109 1.010 0.54 ROCK

* Depth is measured at midpoint of test (2nd 6")

TABLE A-8
LIQUEFACTION ANALYSIS OF BOREHOLE BTNB-R4

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Liquefaction Analyses\Liquefaction Analysis BT.xls  [BTNB-R4]
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Borehole 
ID Drill Rig Rock? Soil Unit

Soil 
Classificat

ion

Sampler 
Type N Depth Elevation

Total 
Vertical 
Stress

Vertical 
effective 

stress

Below 
Water 
Table?

Equivalent 
SPT N 
Values

CN CE CS CB CR N1,60 FC CFINES N1,60,CS rd CSReq PL

bpf (ft) (ft) (psf) (psf) (Y/N) (bpf) (bpf) (%) (bpf)
TNB-R5-PZ- Multi-Drill (T Rock ss ss SPT 200 3.1 76.5 420 420 N 100 2.24 1.22 1.30 1.05 0.75 279 15 1.063 297 1.000 0.42 Above Water Table

* Depth is measured at midpoint of test (2nd 6")

TABLE A-9
LIQUEFACTION ANALYSIS OF BOREHOLE BTNB-R5

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Liquefaction Analyses\Liquefaction Analysis BT.xls  [BTNB-R5]
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Borehole 
ID Drill Rig Rock? Soil Unit

Soil 
Classificat

ion

Sampler 
Type N Depth Elevation

Total 
Vertical 
Stress

Vertical 
effective 

stress

Below 
Water 
Table?

Equivalent 
SPT N 
Values

CN CE CS CB CR N1,60 FC CFINES N1,60,CS rd CSReq PL

bpf (ft) (ft) (psf) (psf) (Y/N) (bpf) (bpf) (%) (bpf)
TNB-R6-PZ- Multi-Drill (Track) FILL SP-SM MC 18 3.5 80.1 420 420 N 14 2.24 1.22 1.30 1.05 0.75 38 10 1.053 40 1.000 0.42 Above Water Table
TNB-R6-PZ- Multi-Drill (Track) FILL SP-SM SPT 5 5.0 78.6 600 600 N 5 1.88 1.22 1.10 1.05 0.75 10 10 1.091 11 1.000 0.42 Above Water Table
TNB-R6-PZ- Multi-Drill (Track) FILL SP-SM MC 13 8.5 75.1 1020 1020 N 10 1.44 1.22 1.17 1.05 0.81 17 9.5 1.066 18 1.000 0.42 Above Water Table
TNB-R6-PZ- Multi-Drill (Track) FILL SP-SM SPT 14 10.0 73.6 1200 1200 N 14 1.33 1.22 1.25 1.05 0.84 25 10 1.060 26 1.000 0.42 Above Water Table
TNB-R6-PZ- Multi-Drill (Track) SANDY�CLAY ML MC 27 13.5 70.1 1630 1630 N 19 1.14 1.22 1.30 1.05 0.88 32 60 1.195 38 1.000 0.42 Above Water Table
TNB-R6-PZ- Multi-Drill (Track) SANDY�CLAY ML SPT 36 15.0 68.6 1825 1825 N 36 1.08 1.22 1.30 1.05 0.90 58 60 1.170 68 1.000 0.42 Above Water Table
TNB-R6-PZ- Multi-Drill (Track) SANDY�CLAY ML MC 41 18.5 65.1 2280 2280 N 29 0.96 1.22 1.30 1.05 0.93 43 59.1 1.180 51 1.000 0.42 Above Water Table
TNB-R6-PZ- Multi-Drill (Track) SANDY�CLAY ML SPT 23 20.0 63.6 2475 2475 N 23 0.92 1.22 1.30 1.05 0.94 33 60 1.193 40 1.000 0.42 Above Water Table
TNB-R6-PZ- Multi-Drill (Track) COLMA�SAND SP-SM MC 68 23.5 60.1 2930 2930 N 52 0.85 1.22 1.30 1.05 0.96 70 17.9 1.084 76 1.000 0.42 Above Water Table
TNB-R6-PZ- Multi-Drill (Track) COLMA�SAND SP-SM SPT 59 25.0 58.6 3125 3125 N 59 0.82 1.22 1.30 1.05 0.97 78 10.9 1.051 82 1.000 0.42 Above Water Table
TNB-R6-PZ- Multi-Drill (Track) COLMA�SAND SP-SC MC 120 28.2 55.4 3515 3515 N 91 0.78 1.22 1.30 1.05 0.98 115 10.9 1.048 120 1.001 0.43 Above Water Table
TNB-R6-PZ- Multi-Drill (Track) COLMA�SAND SP-SC SPT 66 29.4 54.2 3645 3645 N 66 0.76 1.22 1.30 1.05 0.98 82 31.8 1.147 94 1.001 0.43 Above Water Table

TABLE A-10
LIQUEFACTION ANALYSIS OF BOREHOLE BTNB-R6

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Liquefaction Analyses\Liquefaction Analysis BT.xls  [BTNB-R6]
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Borehole 
ID Drill Rig Rock? Soil Unit

Soil 
Classificat

ion

Sampler 
Type N Depth Elevation

Total 
Vertical 
Stress

Vertical 
effective 

stress

Below 
Water 
Table?

Equivalent 
SPT N 
Values

CN CE CS CB CR N1,60 FC CFINES N1,60,CS rd CSReq PL

bpf (ft) (ft) (psf) (psf) (Y/N) (bpf) (bpf) (%) (bpf)
TNB-R6A-PZ Multi-Drill (Track) FILL SP-SM MC 14 3.5 80.0 420 420 N 11 2.24 1.22 1.29 1.05 0.75 29 10 1.057 31 1.000 0.42 Above Water Table
TNB-R6A-PZ Multi-Drill (Track) FILL SP-SM SPT 6 5.0 78.5 600 600 N 6 1.88 1.22 1.12 1.05 0.75 12 10 1.081 13 1.000 0.42 Above Water Table
TNB-R6A-PZ Multi-Drill (Track) FILL SP-SM MC 17 8.5 75.0 1020 1020 N 13 1.44 1.22 1.23 1.05 0.81 24 10 1.061 25 1.000 0.42 Above Water Table
TNB-R6A-PZ Multi-Drill (Track) FILL SP-SM SPT 18 10.0 73.5 1200 1200 N 18 1.33 1.22 1.30 1.05 0.84 33 10 1.055 35 1.000 0.42 Above Water Table
TNB-R6A-PZ Multi-Drill (Track) SANDY�SILT ML MC 30 13.5 70.0 1630 1630 N 21 1.14 1.22 1.30 1.05 0.88 36 60 1.189 42 1.000 0.42 Above Water Table
TNB-R6A-PZ Multi-Drill (Track) SANDY�SILT ML SPT 17 15.0 68.5 1825 1825 N 17 1.08 1.22 1.27 1.05 0.90 27 60 1.206 32 1.000 0.42 Above Water Table
TNB-R6A-PZ Multi-Drill (Track) SANDY�SILT ML MC 42 18.5 65.0 2280 2280 N 30 0.96 1.22 1.30 1.05 0.93 44 60 1.179 52 1.000 0.42 Above Water Table
TNB-R6A-PZ Multi-Drill (Track) SANDY�SILT ML SPT 23 20.0 63.5 2475 2475 N 23 0.92 1.22 1.30 1.05 0.94 33 60 1.193 40 1.000 0.42 Above Water Table
TNB-R6A-PZ Multi-Drill (Track) COLMA�SAND SP-SM MC 42 23.5 60.0 2930 2930 N 32 0.85 1.22 1.30 1.05 0.96 43 15 1.077 47 1.000 0.42 Above Water Table
TNB-R6A-PZ Multi-Drill (Track) COLMA�SAND SP-SM SPT 38 25.0 58.5 3125 3125 N 38 0.82 1.22 1.30 1.05 0.97 50 15 1.075 54 1.000 0.42 Above Water Table
TNB-R6A-PZ Multi-Drill (Track) COLMA SAND/srp SP-SC/srp MC 69 28.5 55.0 3585 3585 N 52 0.77 1.22 1.30 1.05 0.98 65 31.8 1.152 75 1.001 0.43 Above Water Table
TNB-R6A-PZ Multi-Drill (T Rock srp srp SPT 109 29.7 53.8 3725 3725 N 100 0.75 1.22 1.30 1.05 0.98 123 15 1.066 131 1.001 0.43 Above Water Table

* Depth is measured at midpoint of test (2nd 6")

TABLE A-11
LIQUEFACTION ANALYSIS OF BOREHOLE BTNB-R6A

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Liquefaction Analyses\Liquefaction Analysis BT.xls  [BTNB-R6A]
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Borehole 
ID Drill Rig Rock? Soil Unit

Soil 
Classificat

ion

Sampler 
Type N Depth Elevation

Total 
Vertical 
Stress

Vertical 
effective 

stress

Below 
Water 
Table?

Equivalent 
SPT N 
Values

CN CE CS CB CR N1,60 FC CFINES N1,60,CS rd CSReq PL

bpf (ft) (ft) (psf) (psf) (Y/N) (bpf) (bpf) (%) (bpf)
TNB-R7-PZ- Multi-Drill (Track) FILL SP SPT 7 3.5 75.9 420 420 N 7 2.24 1.22 1.18 1.05 0.75 18 5 1.034 18 1.000 0.42 Above Water Table
TNB-R7-PZ- Multi-Drill (Track) BURIED�SOIL�HORIZO ML SPT 3 8.5 70.9 1020 1020 N 3 1.44 1.22 1.10 1.05 0.81 5 70 1.496 7 1.000 0.42 Above Water Table
TNB-R7-PZ- Multi-Drill (Track) SANDY�CLAY ML MC 33 13.5 65.9 1640 1640 N 23 1.14 1.22 1.30 1.05 0.88 39 70 1.185 46 1.000 0.42 Above Water Table
TNB-R7-PZ- Multi-Drill (Track) COLMA�SAND SM MC 18 18.5 60.9 2290 2290 N 14 0.96 1.22 1.18 1.05 0.93 18 15 1.101 20 1.000 0.42 Above Water Table
TNB-R7-PZ- Multi-Drill (Track) COLMA�SAND SP-SM SPT 33 23.5 55.9 2940 2940 N 33 0.85 1.22 1.30 1.05 0.96 45 10 1.051 47 1.000 0.42 Above Water Table
TNB-R7-PZ- Multi-Drill (Track) COLMA�SAND SP-SM SPT 25 28.5 50.9 3590 3590 N 25 0.77 1.22 1.30 1.05 0.98 31 10 1.056 33 1.001 0.43 Above Water Table
TNB-R7-PZ- Multi-Drill (Track) COLMA�SAND SP-SM SPT 36 33.5 45.9 4240 4138 Y 36 0.72 1.22 1.30 1.05 0.99 42 10 1.052 44 1.001 0.44 0.01%
TNB-R7-PZ- Multi-Drill (Track) COLMA�SAND SP-SM SPT 53 38.5 40.9 4890 4476 Y 53 0.69 1.22 1.30 1.05 0.99 60 10 1.048 63 1.002 0.46 0.00%

* Depth is measured at midpoint of test (2nd 6")

TABLE A-12
LIQUEFACTION ANALYSIS OF BOREHOLE BTNB-R7

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Liquefaction Analyses\Liquefaction Analysis BT.xls  [BTNB-R7]
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Borehole ID Drill Rig Soil Unit Soil 
Classification

Sampler 
Type N Depth Elevation

Total 
Vertical 
Stress

Vertical 
effective 

stress

Below 
Water 
Table?

Equivalent 
SPT N 
Values

CN CE CS CB CR N1,60 FC CFINES N1,60,CS rd CSReq PL

bpf (ft) (ft) (psf) (psf) (Y/N) (bpf) (bpf) (%) (bpf)
BTNB-R7A-PZ-S Fraste Multi-Drill (Track) FILL SP MC 25 3.5 75.5 420 420 N 19 2.24 1.22 1.30 1.05 0.75 53 5 1.025 54 1.000 0.42 Above Water Table
BTNB-R7A-PZ-S Fraste Multi-Drill (Track) FILL SP SPT 7 5.0 74.0 600 600 N 7 1.88 1.22 1.14 1.05 0.75 14 5 1.037 15 1.000 0.42 Above Water Table
BTNB-R7A-PZ-S Fraste Multi-Drill (Track) BURIED�SOIL�HORIZON ML MC 4 8.5 70.5 1020 1020 N 3 1.44 1.22 1.10 1.05 0.81 5 70 1.516 7 1.000 0.42 Above Water Table
BTNB-R7A-PZ-S Fraste Multi-Drill (Track) BURIED�SOIL�HORIZON CL SPT 11 10.0 69.0 1200 1200 N 11 1.33 1.22 1.19 1.05 0.84 19 70 1.234 23 1.000 0.42 Above Water Table
BTNB-R7A-PZ-S Fraste Multi-Drill (Track) SANDY�SILT ML MC 32 13.5 65.5 1640 1640 N 23 1.14 1.22 1.30 1.05 0.88 38 70 1.186 45 1.000 0.42 Above Water Table
BTNB-R7A-PZ-S Fraste Multi-Drill (Track) SANDY�SILT ML SPT 12 15.0 64.0 1835 1835 N 12 1.07 1.22 1.17 1.05 0.90 17 70 1.241 22 1.000 0.42 Above Water Table
BTNB-R7A-PZ-S Fraste Multi-Drill (Track) SANDY�CLAY SM MC 15 18.5 60.5 2290 2290 N 11 0.96 1.22 1.15 1.05 0.93 15 52.5 1.257 19 1.000 0.42 Above Water Table
BTNB-R7A-PZ-S Fraste Multi-Drill (Track) SANDY�CLAY CL SPT 7 20.0 59.0 2485 2485 N 7 0.92 1.22 1.10 1.05 0.94 9 70 1.345 11 1.000 0.42 Above Water Table
BTNB-R7A-PZ-S Fraste Multi-Drill (Track) COLMA�SAND SP MC 44 23.5 55.5 2940 2940 N 33 0.85 1.22 1.30 1.05 0.96 45 17.6 1.090 49 1.000 0.42 Above Water Table
BTNB-R7A-PZ-S Fraste Multi-Drill (Track) COLMA�SAND SP SPT 38 25.0 54.0 3135 3135 N 38 0.82 1.22 1.30 1.05 0.97 50 5 1.025 51 1.000 0.42 Above Water Table
BTNB-R7A-PZ-S Fraste Multi-Drill (Track) COLMA�SAND SP-SM MC 41 28.5 50.5 3590 3590 N 31 0.77 1.22 1.30 1.05 0.98 39 10 1.053 41 1.001 0.43 Above Water Table
BTNB-R7A-PZ-S Fraste Multi-Drill (Track) COLMA�SAND SP-SM SPT 23 30.0 49.0 3785 3785 N 23 0.75 1.22 1.28 1.05 0.98 28 10 1.058 29 1.001 0.43 Above Water Table
BTNB-R7A-PZ-S Fraste Multi-Drill (Track) COLMA�SAND SP MC 60 33.5 45.5 4240 4099 Y 46 0.72 1.22 1.30 1.05 0.99 54 18.2 1.090 58 1.001 0.44 0.00%
BTNB-R7A-PZ-S Fraste Multi-Drill (Track) COLMA�SAND SP SPT 52 35.0 44.0 4435 4201 Y 52 0.71 1.22 1.30 1.05 0.99 61 5 1.024 62 1.001 0.45 0.00%
BTNB-R7A-PZ-S Fraste Multi-Drill (Track) COLMA�SAND SP MC 85 38.5 40.5 4890 4437 Y 65 0.69 1.22 1.30 1.05 0.99 73 5 1.023 75 1.002 0.47 0.00%
BTNB-R7A-PZ-S Fraste Multi-Drill (Track) COLMA�SAND SP-SC SPT 34 40.0 39.0 5085 4539 Y 34 0.68 1.22 1.30 1.05 0.99 38 10 1.053 40 1.002 0.48 5.05%
BTNB-R7A-PZ-S Fraste Multi-Drill (Track) srp srp SPT 64 44.5 34.5 5700 4873 Y 64 0.66 1.22 1.30 1.05 0.99 70 15 1.071 74 1.003 0.50 ROCK

TABLE A-13
LIQUEFACTION ANALYSIS OF BOREHOLE BTNB-R6A

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Liquefaction Analyses\Liquefaction Analysis BT.xls  [BTNB-R7A]
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Borehole 
ID Drill Rig Soil Unit Soil 

Classification
Sampler 

Type N Depth Elevation
Total 

Vertical 
Stress

Vertical 
Effective 

Stress

Below 
Water 
Table?

Equivalent 
SPT N 
Values

CN CE CS CB CR N1,60 FC CFINES N1,60,CS rd CSReq PL

bpf (ft) (ft) (psf) (psf) (Y/N) (bpf) (bpf) (%) (bpf)
RW6-R1-PZ CME 550 FILL/SILT WITHIN COLMA FORMATION SC/ML MC 10 3.5 105.0 420 420 N 7 2.24 1.27 1.20 1.05 0.75 18 49.5 1.240 22 1.000 0.42 Above Water Table
RW6-R1-PZ CME 550 SANDY�CLAY ML SPT 12 5.0 103.5 615 615 N 12 1.85 1.27 1.28 1.05 0.75 28 70 1.201 34 1.000 0.42 Above Water Table
RW6-R1-PZ CME 550 SANDY�CLAY ML MC 49 8.0 100.5 1005 1005 N 35 1.45 1.27 1.30 1.05 0.75 66 75.6 1.167 77 1.000 0.42 Above Water Table
RW6-R1-PZ CME 550 COLMA�SAND SM SPT 42 9.5 99.0 1200 1200 N 42 1.33 1.27 1.30 1.05 0.83 80 15 1.069 86 1.000 0.42 Above Water Table
RW6-R1-PZ CME 550 COLMA�SAND SM MC 47 13.0 95.5 1655 1655 N 36 1.13 1.27 1.30 1.05 0.88 61 21.5 1.103 68 1.000 0.42 Above Water Table
RW6-R1-PZ CME 550 COLMA�SAND SM SPT 45 14.5 94.0 1850 1850 N 45 1.07 1.27 1.30 1.05 0.90 75 15 1.070 80 1.000 0.42 Above Water Table
RW6-R1-PZ CME 550 COLMA SAND/ss SM/ss MC 54 18.0 90.5 2310 2310 N 41 0.96 1.27 1.30 1.05 0.93 63 27.4 1.131 72 1.000 0.42 Above Water Table
RW6-R1-PZ CME 550 ss ss SPT 600 18.8 89.7 2380 2380 N 100 0.94 1.27 1.30 1.05 0.93 153 15 1.065 163 1.000 0.42 Above Water Table

* Depth is measured at midpoint of test (2nd 6")

TABLE A-14
LIQUEFACTION ANALYSIS OF BOREHOLE RW6-R1

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Liquefaction Analyses\Liquefaction Analysis BT.xls  [RW6-R1]
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Borehole ID Drill Rig Soil Unit Soil 
Classification

Sampler 
Type N Depth Elevation

Total 
Vertical 
Stress

Vertical 
Effective 

Stress

Below 
Water 
Table?

Equivalent 
SPT N 
Values

CN CE CS CB CR N1,60 FC CFINES N1,60,CS rd CSReq PL

bpf (ft) (ft) (psf) (psf) (Y/N) (bpf) (bpf) (%) (bpf)
RW6-R2-PZ-D Fraste Multi-drill (Track) FILL SP SPT 8 3.5 105.2 420 420 N 8 2.24 1.22 1.21 1.05 0.75 21 5 1.032 21 1.000 0.42 Above Water Table
RW6-R2-PZ-D Fraste Multi-drill (Track) FILL SP SPT 17 8.5 100.2 1020 1020 N 17 1.44 1.22 1.30 1.05 0.81 33 5 1.028 34 1.000 0.42 Above Water Table
RW6-R2-PZ-D Fraste Multi-drill (Track) COLMA�SAND SM SPT 64 13.5 95.2 1665 1665 N 64 1.13 1.22 1.30 1.05 0.88 106 15 1.067 113 1.000 0.42 Above Water Table
RW6-R2-PZ-D Fraste Multi-drill (Track) COLMA�SAND SM SPT 43 18.5 90.2 2315 2315 N 43 0.96 1.22 1.30 1.05 0.93 64 15 1.072 68 1.000 0.42 Above Water Table
RW6-R2-PZ-D Fraste Multi-drill (Track) COLMA SAND SM SPT 49 23.5 85.2 2965 2965 N 49 0.84 1.22 1.30 1.05 0.96 66 15 1.071 71 1.000 0.42 Above Water Table
RW6-R2-PZ-D Fraste Multi-drill (Track) ss ss SPT 100 28.3 80.4 3570 3570 N 100 0.77 1.22 1.30 1.05 0.98 125 15 1.066 133 1.001 0.43 Above Water Table

* Depth is measured at midpoint of test (2nd 6")

LIQUEFACTION ANALYSIS OF BOREHOLE RW6-R2
TABLE A-15

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Liquefaction Analyses\Liquefaction Analysis BT.xls  [RW6-R2]
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Borehole ID Drill Rig Soil Unit Soil 
Classification

Sampler 
Type N Depth Elevation

Total 
Vertical 
Stress

Vertical 
Effective 

Stress

Below 
Water 
Table?

Equivalent 
SPT N 
Values

CN CE CS CB CR N1,60 FC CFINES N1,60,CS rd CSReq PL

bpf (ft) (ft) (psf) (psf) (Y/N) (bpf) (bpf) (%) (bpf)
RW6-R2A-PZ-S Fraste Multi-drill (Track) FILL SP MC 6 3.5 104.8 420 420 N 5 2.24 1.22 1.11 1.05 0.75 11 4.5 1.000 11 1.000 0.42 Above Water Table
RW6-R2A-PZ-S Fraste Multi-drill (Track) FILL SP SPT 3 5.0 103.3 600 600 N 3 1.88 1.22 1.10 1.05 0.75 6 5 1.062 6 1.000 0.42 Above Water Table
RW6-R2A-PZ-S Fraste Multi-drill (Track) FILL SP MC 29 8.5 99.8 1020 1020 N 22 1.44 1.22 1.30 1.05 0.81 43 2.7 1.000 43 1.000 0.42 Above Water Table
RW6-R2A-PZ-S Fraste Multi-drill (Track) FILL/SILT WITHIN COLMA FORMATION SP/ML SPT 17 10.0 98.3 1210 1210 N 17 1.32 1.22 1.30 1.05 0.84 31 15 1.084 34 1.000 0.42 Above Water Table
RW6-R2A-PZ-S Fraste Multi-drill (Track) COLMA�SAND SM MC 95 13.5 94.8 1665 1665 N 72 1.13 1.22 1.30 1.05 0.88 119 15 1.066 127 1.000 0.42 Above Water Table
RW6-R2A-PZ-S Fraste Multi-drill (Track) COLMA�SAND SM SPT 56 15.0 93.3 1860 1860 N 56 1.07 1.22 1.30 1.05 0.90 89 15 1.068 95 1.000 0.42 Above Water Table
RW6-R2A-PZ-S Fraste Multi-drill (Track) COLMA�SAND SM MC 94 18.5 89.8 2315 2315 N 71 0.96 1.22 1.30 1.05 0.93 106 16.4 1.073 113 1.000 0.42 Above Water Table
RW6-R2A-PZ-S Fraste Multi-drill (Track) COLMA�SAND SM SPT 81 20.0 88.3 2510 2510 N 81 0.92 1.22 1.30 1.05 0.94 116 15 1.066 124 1.000 0.42 Above Water Table
RW6-R2A-PZ-S Fraste Multi-drill (Track) COLMA SAND/CLAY WITHIN COLMA FORMATION SM/CL MC 29 23.5 84.8 2965 2965 N 22 0.84 1.22 1.29 1.05 0.96 29 15 1.085 32 1.000 0.42 Above Water Table
RW6-R2A-PZ-S Fraste Multi-drill (Track) SANDY�CLAY CL SPT 66 25.0 83.3 3160 3160 N 66 0.82 1.22 1.30 1.05 0.97 87 15 1.069 93 1.000 0.42 Above Water Table
RW6-R2A-PZ-S Fraste Multi-drill (Track) CLAY WITHIN COLMA FORMATION/ss CL/ss,sh MC 104 26.3 82.1 3290 3290 N 68 0.80 1.22 1.30 1.05 0.97 87 15 1.069 93 1.001 0.42 Above Water Table
RW6-R2A-PZ-S Fraste Multi-drill (Track) ss ss, sh SPT 300 26.6 81.7 3360 3360 N 100 0.79 1.22 1.30 1.05 0.97 128 15 1.066 136 1.001 0.42 Above Water Table

* Depth is measured at midpoint of test (2nd 6")

TABLE A-16
LIQUEFACTION ANALYSIS OF BOREHOLE RW6-R2A

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Liquefaction Analyses\Liquefaction Analysis BT.xls  [RW6-R2A]
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Borehole 
ID Drill Rig Soil Unit Soil 

Classification
Sampler 

Type N Depth Elevation
Total 

Vertical 
Stress

Vertical 
Effective 

Stress

Below 
Water 
Table?

Equivalent 
SPT N 
Values

CN CE CS CB CR N1,60 FC CFINES N1,60,CS rd CSReq PL

bpf (ft) (ft) (psf) (psf) (Y/N) (bpf) (bpf) (%) (bpf)
RW8-R1-PZ Failing 1500 FILL SP MC 4 8.5 82.1 1020 1020 N 3 1.44 1.21 1.10 1.05 0.81 5 5 1.070 5 1.000 0.42 Above Water Table
RW8-R1-PZ Failing 1500 FILL SP SPT 5 10.0 80.6 1200 1200 N 5 1.33 1.21 1.10 1.05 0.84 8 5 1.052 8 1.000 0.42 Above Water Table
RW8-R1-PZ Failing 1500 BURIED�SOIL�HORIZON CL-ML MC 0 13.5 77.1 1620 1620 N 0 1.14 1.21 1.10 1.05 0.88 0 70 175001.140 2 1.000 0.42 Above Water Table
RW8-R1-PZ Failing 1500 SANDY�CLAY CL SPT 6 15.0 75.6 1810 1810 N 6 1.08 1.21 1.10 1.05 0.90 8 70 1.354 11 1.000 0.42 Above Water Table
RW8-R1-PZ Failing 1500 SANDY�CLAY CL MC 28 18.5 72.1 2265 2265 N 15 0.97 1.21 1.19 1.05 0.93 20 70 1.228 24 1.000 0.42 Above Water Table
RW8-R1-PZ Failing 1500 SANDY�CLAY CL SPT 17 20.0 70.6 2460 2460 N 17 0.93 1.21 1.23 1.05 0.94 23 70 1.215 28 1.000 0.42 Above Water Table
RW8-R1-PZ Failing 1500 COLMA�SAND SP-SC MC 36 28.5 62.1 3565 3565 N 27 0.77 1.21 1.30 1.05 0.98 34 10 1.055 36 1.001 0.43 Above Water Table
RW8-R1-PZ Failing 1500 COLMA�SAND SP-SC SPT 32 30.0 60.6 3760 3760 N 32 0.75 1.21 1.30 1.05 0.98 39 10 1.053 41 1.001 0.43 Above Water Table
RW8-R1-PZ Failing 1500 COLMA�SAND SP-SC MC 46 33.5 57.1 4215 4215 N 35 0.71 1.21 1.30 1.05 0.99 40 10 1.052 43 1.001 0.43 Above Water Table
RW8-R1-PZ Failing 1500 COLMA�SAND SP-SC SPT 38 35.0 55.6 4410 4410 N 38 0.69 1.21 1.30 1.05 0.99 43 10 1.052 45 1.001 0.43 Above Water Table
RW8-R1-PZ Failing 1500 COLMA�SAND SP-SC MC 69 38.5 52.1 4865 4865 N 52 0.66 1.21 1.30 1.05 0.99 57 10 1.049 60 1.002 0.43 Above Water Table
RW8-R1-PZ Failing 1500 COLMA�SAND SP-SC SPT 42 40.0 50.6 5060 5060 Y 42 0.65 1.21 1.30 1.05 0.99 45 10 1.051 47 1.002 0.43 0.00%
RW8-R1-PZ Failing 1500 SANDY�CLAY CL MC 20 43.5 47.1 5515 5515 Y 10 0.62 1.21 1.10 1.05 0.99 9 70 1.335 12 1.003 0.43 CLAY/SILT
RW8-R1-PZ Failing 1500 RESIDUAL�SOIL CL SPT 16 45.0 45.6 5710 5710 Y 16 0.61 1.21 1.14 1.05 0.99 14 70 1.264 18 1.004 0.43 CLAY/SILT
RW8-R1-PZ Failing 1500 ss ss MC 150 47.7 42.9 6040 6040 Y 100 0.59 1.21 1.30 1.05 1.00 98 15 1.068 104 1.005 0.43 ROCK
RW8-R1-PZ Failing 1500 ss ss SPT 120 48.0 42.6 6110 6110 Y 100 0.59 1.21 1.30 1.05 1.00 97 15 1.068 104 1.005 0.43 ROCK

* Depth is measured at midpoint of test (2nd 6")

TABLE A-17
LIQUEFACTION ANALYSIS OF BOREHOLE RW8-R1

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Liquefaction Analyses\Liquefaction Analysis BT.xls  [RW8-R1]
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Borehole ID Drill Rig Soil Unit Soil 
Classification

Sampler 
Type N Depth Elevation

Total 
Vertical 
Stress

Vertical 
Effective 

Stress

Below 
Water 
Table?

Equivalent 
SPT N 
Values

CN CE CS CB CR N1,60 FC CFINES N1,60,CS rd CSReq PL

bpf (ft) (ft) (psf) (psf) (Y/N) (bpf) (bpf) (%) (bpf)
RW8-R1A-PZ Mobile B-53 FILL SP MC 10 6.0 84.6 720 720 N 8 1.71 1.17 1.14 1.05 0.75 14 5 1.038 14 1.000 0.42 Above Water Table
RW8-R1A-PZ Mobile B-53 FILL SP SPT 4 7.5 83.1 900 900 N 4 1.53 1.17 1.10 1.05 0.75 6 5 1.060 7 1.000 0.42 Above Water Table
RW8-R1A-PZ Mobile B-53 FILL SP MC 10 11.0 79.6 1320 1320 N 8 1.27 1.17 1.11 1.05 0.85 11 5 1.042 12 1.000 0.42 Above Water Table
RW8-R1A-PZ Mobile B-53 BURIED�SOIL�HORIZON ML/CL SPT 1 12.5 78.1 1500 1500 N 1 1.19 1.17 1.10 1.05 0.87 1 70 2.395 3 1.000 0.42 Above Water Table
RW8-R1A-PZ Mobile B-53 SANDY�CLAY CL MC 16 16.0 74.6 1935 1935 N 8 1.05 1.17 1.11 1.05 0.91 11 70 1.302 14 1.000 0.42 Above Water Table
RW8-R1A-PZ Mobile B-53 SANDY�CLAY CL SPT 16 17.5 73.1 2130 2130 N 16 1.00 1.17 1.22 1.05 0.92 22 70 1.219 27 1.000 0.42 Above Water Table
RW8-R1A-PZ Mobile B-53 SANDY�CLAY CL MC 26 21.0 69.6 2585 2585 N 14 0.90 1.17 1.17 1.05 0.95 17 70 1.245 21 1.000 0.42 Above Water Table
RW8-R1A-PZ Mobile B-53 SANDY�CLAY CL SPT 11 22.5 68.1 2780 2780 N 11 0.87 1.17 1.13 1.05 0.96 13 70 1.278 16 1.000 0.42 Above Water Table
RW8-R1A-PZ Mobile B-53 COLMA�SAND SC SPT 12 26.0 64.6 3235 3235 N 12 0.81 1.17 1.13 1.05 0.97 13 15 1.117 15 1.000 0.42 Above Water Table
RW8-R1A-PZ Mobile B-53 COLMA�SAND SP-SC SPT 31 31.0 59.6 3885 3885 N 31 0.74 1.17 1.30 1.05 0.98 36 10 1.054 38 1.001 0.43 Above Water Table
RW8-R1A-PZ Mobile B-53 COLMA�SAND SP-SC SPT 54 36.0 54.6 4535 4535 N 54 0.68 1.17 1.30 1.05 0.99 58 10 1.049 61 1.001 0.43 Above Water Table
RW8-R1A-PZ Mobile B-53 COLMA�SAND SP-SC SPT 25 41.0 49.6 5185 5064 Y 25 0.65 1.17 1.25 1.05 0.99 25 10 1.060 26 1.002 0.44 99.96%
RW8-R1A-PZ Mobile B-53 RESIDUAL�SOIL CH SPT 12 46.0 44.6 5835 5402 Y 12 0.63 1.17 1.10 1.05 1.00 10 70 1.314 13 1.004 0.46 CLAY/SILT

* Depth is measured at midpoint of test (2nd 6")

TABLE A-18
LIQUEFACTION ANALYSIS OF BOREHOLE RW8-R1A
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Appendix B 
Copy of Amec-
Geomatrix Site 
Response Analyses for 
the Southbound Battery 
Tunnel 







 

 

 
  

Appendix C 
Development of 
Correction Factors for 
Modified California 
Sampler 

 



 

 

 Introduction 
This Appendix presents the methods and results for determining factors for correcting 
Modified California (MC) blowcounts to equivalent Standard Penetration Test (SPT) 
blowcounts.   

Throughout the field investigation, double sampling was performed typically within the upper 
50 feet of the borehole.  Double sampling includes driving a MC followed directly by a SPT.  
At the conclusion of the fieldwork, the blowcounts were compared to determine an average 
value that could be used to adjust all MC N-values to equivalent SPT N-values. 

Methodology 
The methodology used to determine the correction factors was to plot each of uncorrected 
(direct blowcounts from the field) MC N-value versus uncorrected SPT N-value that 
immediately followed it.  From this plot, a best fit line was determined, the slope of which 
was taken to be the correction factor.   

Only consecutive samples taken within the same soil type were accepted.  If there was a 
change in soil type or formation, the pair of blowcounts was removed from the database. 

Results 
After comparing all of the data by soil type, it was determined that all sandy soils (FC<50%) 
should be grouped together into one correlation.  Silty soils were separated from clayey 
soils.  The following table summarizes the results. 

 

 

 

 

 

 

Figure C-1 presents the results from Sandy Soils, Figure C-2 presents the results from Silt 
(Soil Type ML), and Figure C-3 presents the results from Clay (Soil Type CL). 

 

Soil Type Number of 
Consecutive Tests 

Correction Factor Applied to 
Modified California N-values 

Sand 124 0.76 

Silt 11 0.71 

Clay 13 0.52 
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1 Introduction 
This package presents the results of our calculations of Lateral Earth Pressures for the 
Southbound Battery Tunnel portion of the Doyle Drive Replacement Project.  The Battery 
Tunnels are cut and cover tunnels that will be constructed as part of the Doyle Drive 
Replacement Project in San Francisco, California.  Temporary retaining walls will be 
constructed with soldier piles and lagging and internal bracing.  A portion of the walls east of 
the east portal will be retained using tiebacks.  These calculations should be used for design 
of the temporary retaining walls to be built for construction as well as the final design of the 
exterior walls of the Southbound Battery Tunnel. 

2 Scope of Work 
The work involved in this calculation consisted of the following scope of analyses: 

• Develop apparent pressure diagrams at three locations along the Battery Tunnels.  The 
locations analyzed were approximately the east end (Station 78+00), the midpoint 
(Station 81+00), and the west end (Station 85+00).  These three locations were chosen 
to represent the three main excavation conditions and represent the range of earth 
pressures that should be anticipated.  The three main excavation conditions are: 

• Soil over the full depth of the excavation (Station 78+00) 

• Intermediate depth of soil over bedrock (Station 81+00) 

• Shallow soil over sandstone bedrock (Station 85+00) 

• Estimate seismic earth pressures for the construction earthquake event.  The 
construction earthquake event was considered equal to the Functional Evaluation 
Earthquake (FEE), defined as a 108-year return period, and was determined from the 
site response analyses performed by Amec-Geomatrix.  The earth pressures developed 
for the construction seismic event are in addition to the calculated apparent pressures. 

• Develop at-rest earth pressure diagrams at the same three locations mentioned above.  
The at-rest earth pressures should be used in the long-term design of the Southbound 
Battery Tunnel. 

• Estimate seismic earth pressures for the Safety Evaluation Earthquake (SEE) condition.  
The SEE is defined as the larger of either the median ground motion from the maximum 
credible earthquake or the ground motion with a 1,000 year return period and was the 
determined from the site response analyses performed by Amec-Geomatrix.  The 
seismic earth pressures are in addition to active pressures that will act on the 
permanent walls during an earthquake. 

3 Inputs 
The following input data was required for the analyses. 

3.1 Stratigraphy 

The stratigraphy used for this analysis was determined from the field investigation.  Figure 1 
shows the location of boreholes that were drilled in relation to the Battery Tunnel structures.  
Figures 2 through 4 show idealized cross sections at Station 78+00, Station 81+00, and 
Station 85+00.   The major soil types are as follows: 

• The surficial unit is Sandy Fill which is as thin as 4 ft thick at Station 85+00 and as 
thick as 17 ft at Station 81+00.  The Sandy Fill is primarily comprised of loose to 
medium dense sand with some silt and clay. 
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• On the eastern portion of the site, the Sandy Fill is underlain by a Buried Soil 
Horizon.  When present, this unit ranges from 1 to 5 ft thick and is characterized by 
soft, dark brown silts with some sand and a strong organic odor. 

• Sandy Silts and Sandy Clays underlay the Buried Soil Horizon to the east and the 
Sandy Fill to the south west.  When present, this unit ranges from 3 to 7 ft thick and 
is typically medium stiff. 

• Below the Sandy Silts and Sandy Clays lies the Colma Sand.  This unit is 5 to 24 ft 
thick.  It is generally dense to very dense.  In the south east portion of the site, there 
is a layer of Sandy Silts and Sandy Clays approximately 8 ft thick below the Colma 
Sand. 

• Franciscan Formation bedrock is found between 19 to 47 ft below the site.  To the 
south west, the bedrock consists mostly of sandstone with some interbedding of 
mélange matrix. To the northeast, the bedrock is mostly serpentinite. 

 

3.2 Material Properties 

The material properties required for this analysis included unit weight (γ), friction angle (φ), 
cohesion (c).  The materials are summarized in Table 1.  The values of these properties 
were based on laboratory testing conducted for the project. 

For the purposes of the calculations, Plasticity Index of the serpentinite and Mélange Matrix 
was assumed to be equal to 5.  All other soils were taken to be Non-Plastic.  The 
Overconsolidation Ratio of all soils was taken to be 1.0. 

A wall friction value (δ) of ½ of φ was assumed. 

3.3 Site Response Analyses 

The site response analyses were performed by Amec-Geomtrix and presented in their 
report dated May 2009. 

4 Assumptions 
The following assumptions were made in these calculations: 

• The ground surface at the top of the retaining wall was assumed to be level.  The slope 
of the ground behind the retaining wall is typically very shallow.  This assumption was 
validated on the location with the steepest sloping ground. 

• The Buried Soil Horizon was assumed to have similar properties to the Sandy Fill and 
the two layers were combined for this analysis. 

• The Sandy Silts and Sandy Clays layer was assumed to act as a cohesionless soil. 

• The area behind each retaining wall was assumed to extend indefinitely. 

• Hydrostatic pressures will not act on the retaining walls or tunnel structure because 
dewatering will be performed behind the solider pile and lagging walls during 
construction and in the long-term condition drainage panels will be installed to divert the 
water. 

• The sandstone bedrock was modeled as very dense gravel (φ = 55° per Bowles 1996). 

• The serpentinite bedrock was modeled as very stiff clay. 
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5 Calculations 
This section summarizes the calculations performed for the lateral earth pressure analysis 
for the southbound Battery Tunnels.  The EXCEL file containing these calculations is 
located at Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 
Geotech\Lateral Earth Pressures\BT LEP Calcs.xls.  Printouts of the excel files are attached 
in Appendices A through C. 

5.1 Active Earth Pressure 

The first step of the analysis was to calculate profiles of the total vertical stress, zσ , and 

effective vertical stress, z'σ .  Points of calculation included the top and bottom of each soil 
layer as well as the midpoint.  However, for the layer in which the water table was located, 
the stresses were calculated at this point instead of the midpoint.  Also, the depth of the 
excavation at each location was assumed to be three feet below the bottom of the tunnel 
structure and was calculated from the file Q:\131558\4a Arup Internal Project Data\4a-04 
Calculations\4a-04-02 Geotech\Stratigraphy\Cross Sections.xls on December 8, 2008. 

Next, the coefficient of active earth pressure, aK , was calculated from the equation: 

2

2
sin45 ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
⎟
⎠
⎞

⎜
⎝
⎛−=

φo
aK , (from Coduto 2001) where 

φ  = friction angle 

Then, the active earth pressure, xσ , in psf, was calculated with depth using the equation: 

( ) ( )( )azax KcK 2' −= σσ , (from Coduto 2001) where 

c = cohesion, in psf 

The second term of this equation represents the effects of cohesion and disappears if c =0.  
When purely cohesive soils were encountered (no friction component, i.e. serpentinite 
bedrock) a total stress analysis was performed.  

Finally, the hydrostatic pressure was calculated below the water table by multiplying the unit 
weight of water (equal to 62.4 pcf) by the depth.  It was then added to the calculated earth 
pressures. 

Another way of reporting earth pressures is by equivalent fluid pressures.  The equivalent 
fluid pressure, eqγ , is the unit weight of a fictitious fluid that would exert the same horizontal 

pressures on the wall as the soil. (Coduto 2001)  For each wall of the tunnels, it was 
determined by creating a triangle on the active earth pressure diagrams that encompassed 
all pressures, excluding hydrostatic and surcharge pressures. 

Active pressures were combined with the SEE seismic pressures to represent the long-term 
seismic design pressures. 

5.2 Apparent Pressure 

Apparent pressure diagrams were calculated using Terzaghi and Peck (1969) method.  The 
Terzaghi and Peck values were used.  The formulas and methodologies were taken from 
Fang (1991).  The Terzaghi and Peck apparent pressure diagrams were developed for 
braced excavations, however Fang indicates that they can be used for tie-back walls as 
well.  They were developed from field case histories and as such contain construction 
surcharge loads. 
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The Terzaghi and Peck apparent pressures are based on the following conditions: 
 
• They apply to excavations greater than 20 feet deep. 

• An artificial loading diagram, designated “apparent” pressure, is used for determining 
strut loads. 

• Water table is below bottom of excavation.  Shear strength of clay is taken in the 
undrained state. Pore pressures are not considered. 

 

The Terzaghi and Peck apparent pressure diagram for sandy soils consists of a rectangular 
pressure diagram with a constant pressure with depth equal to: 
 

HKessureApparent aγ65.0Pr = , where 
 
Ka = active earth pressure coefficient 
γ = the highest total unit weight of all the soil layers 
H = the total height of the excavation 
 
For simplicity and to be conservative, when soil overlay sandstone bedrock, the apparent 
pressure was calculated as if the soil covered the entire depth of the excavation.  When soil 
overlay serpentinite bedrock a mixed soil conditions approach was used.  The apparent 
pressure diagram for the mixed soil condition of sand over clay consists of a rectangular 
pressure diagram with constant pressure with depth equal to: 
 

HKessureApparent mixeda ''Pr γ= , where 
 
K’a = equivalent active earth pressure for the clay and sand, 
γ’mixed = average unit weight of the clay and sand weighted by the thickness of the layer, 
and 
H = total height of the excavation 
 

⎥
⎦

⎤
⎢
⎣

⎡
−=

H
qmK

mixed

u
a '

'21'
γ

, where 

 
m = a reduction factor depending on N values, for stiff clays m = 1 
q’u = Equivalent Unconfined Compressive Strength of the clay and sand 
 

H
nqHKH

q uclaysandsandsand

u

+
=

φγ tan
'

2

, where 

 γsand = average unit weight of the sand layer 
Hsand = thickness of the sand layer 
φ = friction angle of the sand 
Hclay = thickness of the clay layer 
n = ratio of field unconfined compressive strength to that determined in the laboratory (taken 
to be 1.5) 
qu = unconfined compressive strength of the clay 
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5.3 At-Rest Earth Pressure 

The first step of the analysis was to calculate profiles of the total vertical stress, zσ , and 

effective vertical stress, z'σ .  Points of calculation included the top and bottom of each soil 
layer as well as the midpoint.   

Next, the coefficient of at-rest earth pressure, oK , was calculated from the equation: 

( ) φφ sinsin1 OCRKo −= , (Coduto 2001) where 

OCR = overconsolidation ratio 

For cohesive layers, the following equation was used: 

( )
⎥⎦
⎤

⎢⎣
⎡−=

100
%42.044.0 PIKo , (Das 2005) where 

PI = plasticity index 

The at-rest earth pressure, in psf, was calculated with depth using the equation: 

( ) ( )( )ozox KcK 2' −= σσ , (from Coduto 2001) where 

c = cohesion, in psf 

The second term of this equation represents the effects of cohesion and disappears if c =0.  
When purely cohesive soils were encountered (no friction component, i.e. serpentinite 
bedrock) a total stress analysis was performed.  

2
0Re 2

1 HKP stAt γ=−
, where 

γ  = unit weight of the backfill 
H = height of the wall 

 

The at-rest pressure calculations represent the long-term static loading case and do not 
include a seismic pressure. 

5.4 Seismic Pressure 

Seismic Pressures were calculated based upon the Mononobe-Okabe (M-O) pseudo-static 
analysis of seismic earth pressures on retaining structures. Similar to the static case, the 
total active thrust may be expressed as: 

)1(
2
1 2

vAEAE kHKP −= γ , where 

KAE = seismic (dynamic) active earth pressure coefficient 
γ  = unit weight of the backfill 
H = height of the wall 
kv = vertical seismic coefficient 

 

KAE, is given by: 
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where, 
 
φ = friction angle of the backfill 
β = slope of the backfill behind the wall 
δ = friction angle of the wall/backfill interface 
ψ = tan-1 [kh /(1-kv) , where φ – β ≥  ψ   
 
Lam and Martin (1986) graphical solutions were used to determine KAE using the horizontal 
seismic coefficient, kh. kh was determined from the site response analyses at the base of the 
wall.  This solution is based on level backfill and assumes that the total seismic active earth 
pressure is uniformly distributed over the height of the wall and therefore the earth pressure 
resultant acts at the midheight of the wall. 
 

 

Effect of seismic coefficients and friction angle on seismic active pressure 
coefficient[5]

 
The calculated PAE value includes both seismic and active pressures.  For the purposes of 
plotting, the seismic pressures were isolated and converted to a uniform pressure per height 
of wall.  This was done by calculating the active pressures and subtracting from PAE. 
 
The active pressures were calculated similarly to the at-rest pressures after substituting the 
coefficient of active earth pressure, aK , in place of the at-rest coefficient. 
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⎠
⎞

⎜
⎝
⎛−=

φo
aK , (from Coduto 2001) where 

φ  = friction angle 

Then, the active earth pressure, xσ , in psf, was calculated with depth using the equation: 

( ) ( )( )azax KcK 2' −= σσ , (from Coduto 2001) where 

c = cohesion, in psf 

The second term of this equation represents the effects of cohesion and disappears if c =0.  
When purely cohesive soils were encountered (no friction component, i.e. serpentinite 
bedrock) a total stress analysis was performed.  

2

2
1 HKP aactive γ= , where 

γ  = unit weight of the backfill 
H = height of the wall 
 

Therefore: 

activeAEEarthquake PPP −=  

Seismic pressures (PEarthquake) were evaluated at each of the three cross-section locations for 
both the FEE and SEE.  The seismic pressures from the FEE were applied on top of the 
apparent pressures and represent the anticipated seismic pressures on the temporary 
shoring walls.  The seismic pressures from the SEE were applied on top of active pressures 
and represent the anticipated long-term seismic pressures on the permanent tunnel 
structure. 

5.5 Surcharges 

Surcharges adjacent to the excavation and tunnel limits will add increased lateral earth 
pressures to the temporary shoring and the permanent tunnel.  Different surcharge 
conditions exist on the south and north sides of the Southbound Battery Tunnel.  On the 
south side, the National Cemetery limits the placements of loads and on the north side, the 
in service Doyle Drive will increase the lateral loads for design. 

5.5.1 South Side of the Southbound Battery Tunnel 

The temporary braced excavation will be designed using Apparent Pressures.  The 
Apparent Pressure diagrams used for design of the temporary braced excavation include 
typical construction loads.  Therefore, additional surcharge loads are not required for design 
of the south side of the braced excavation. 

After completion of the Southbound Battery Tunnel, construction activities will begin for the 
construction of the adjacent Northbound Battery Tunnel and the area above and around the 
Southbound Tunnel will be used for construction activities.  Therefore, the effect of an 
additional vertical surcharge pressure of 250 psf should be applied to the long-term static 
and long-term seismic conditions to account for these loads being applied to the permanent 
structure.   

A uniform vertical surcharge of 250 psf produces a non-uniform distributed horizontal 
pressure on the walls.  For simplification, the non-uniform horizontal pressure was 
converted to uniform pressures applied on the walls, such that the same moment is 
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imposed on the base of the wall from the non-uniform pressures and the equivalent uniform 
pressures. 

On the south side of the Southbound Battery Tunnel, loads cannot be placed adjacent to the 
tunnel between Stations 77+50 and 78+50 and between Stations 83+00 and 84+50 
because access is restricted by the fence of the National Cemetery.  The fence-line is very 
close to the limits of the southern tunnel wall (less than 5 feet) at these locations.  
Therefore, the additional surcharge loads do not need to be applied to the permanent 
structure at these locations. 

5.5.2 North Side of the Southbound Battery Tunnel 

During construction of the Southbound Battery Tunnel and prior to construction of the 
Northbound Battery Tunnel, the existing Doyle Drive will remain in service adjacent to the 
north side of the excavation.  The traffic loads from the Doyle Drive roadway will impose 
lateral pressures on the walls of the excavation and the permanent structure.  A uniform 
vertical surcharge of 250 psf can be used to account for the active roadway loads and any 
typical construction loads that may be present between the edge of the excavation and the 
roadway. 

A uniform vertical surcharge of 250 psf produces a non-uniform distributed horizontal 
pressure on the walls.  For simplification, the non-uniform horizontal pressure was 
converted to uniform pressures applied on the walls, such that the same moment is 
imposed on the base of the wall from the non-uniform pressures and the equivalent uniform 
pressures. 

These loads should be applied to the braced excavation in addition to the Apparent 
Pressures and to the permanent structure in addition to the Long-Term Static and Long-
Term Seismic Pressures. 

6 Results 
This section presents the results of the calculations performed for the lateral earth pressure 
analysis for the battery tunnels.  GRAPHER files depicting the results are located in the 
folder Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 
Geotech\Lateral Earth Pressures.   

6.1 Apparent Pressure 

Apparent pressures for braced excavations in soil vary from approximately 762 psf at 
Station 81+00 to 965 psf at Station 78+00. Apparent pressures for braced excavations in 
rock vary from approximately 363 psf at Station 85+00 to 384 psf at Station 81+00.  

The applied FEE seismic pressures range from 1xH at Station 81+00 to 2xH at Stations 
78+00 and 85+00. 

Apparent pressure diagrams for all three locations may be found in Figures 5 to 7. These 
diagrams include the FEE seismic pressure, with dewatering to bedrock. 

6.2 Long-Term Seismic Pressures 

The long-term seismic pressures vary from approximately 288 psf at Station 81+00 to 379 
psf at Station 78+00.  

The applied SEE seismic pressures range from 9H at Station 81+00 to 12H at Station 
78+00. 

Long-term seismic pressure diagrams for all three locations may be found in Figures 11 to 
13. These diagrams include the active pressure, SEE seismic pressure, and initial and 
uniform surcharge pressures, with dewatering to bedrock. 
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6.3 At-Rest Earth Pressure 

At-rest earth pressures in soil vary from approximately 696 psf at Station 85+00 to 2,089 psf 
at Station 78+00. In rock, at-rest earth pressures vary from approximately 847 psf at Station 
85+00 to 1,190 psf at Station 81+00. 

The highest pressures generally correspond to the areas with the deepest excavation and 
therefore, the greatest amount of soil above the tunnel wall (Station 78+00), while the lowest 
pressures are found at the location of the shallowest excavation (Station 85+00). 

At-rest earth pressures diagrams for all three locations may be found in Figures 8 to 10. 
These diagrams include initial and uniform surcharge pressures, with dewatering to 
bedrock.   

6.4 Surcharges 

We recommend the following surcharge loads.  The recommended loads not consider loads 
imposed by individual pieces of equipment, such as a crane or grout plant, and such loads 
should be evaluated separately. 

6.4.1 South Side of the Southbound Battery Tunnel 
Where appropriate, we recommend an additional 300 psf/ft of lateral load be applied to the 
upper 10 feet of the wall and 150 psf/ft be applied from 10 to 20 feet below the top of the 
wall. 

6.4.2 North Side of the Southbound Battery Tunnel 
Where appropriate, the surcharge load is simplified to a lateral pressure of 350 psf/ft applied 
to the upper 10 feet of the wall and 175 psf/ft applied from 10 to 20 feet below the top of the 
wall. 
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Ka
Equivalent Fluid 
Pressure (pcf)

K0
Equivalent Fluid 
Pressure (pcf)

Kp
Equivalent Fluid 
Pressure (pcf)

Sandy Fill 120 32 0 16 0.28 33 0.47 56 5.8 693
Sandy Silts and 

Sandy Clays 120 32 0 16 0.28 33 0.47 56 5.8 693

Colma Sand 130 38 0 19 0.22 28 0.38 50 9.6 1253
Sandstone (ss) 165 55 0 28 0.10 16 0.18 30 12.0 1980

Serpentinite (srp) 150 0 1400 0 1.00 0 1.00 0 1.0 2950
Mélange Matrix (mg) 150 0 1400 0 1.00 0 1.00 0 1.0 2950

Notes:

1) The wall friction angle, δ, is taken to be one-half of the soil friction angle, φ.  No wall friction is considered for the at-rest case.

φ c'

1) Typically c' values for Mélange Matrix are higher than for the serpentinite however, we do not have site specific data to determine separate values.

2) No factor of safety has been applied to the passive pressures.  We recommend a minimum factor of safety of 2.5.

4) The ground surface behind the walls is typically level.
3) The value of Kp for the sandstone was capped at 12.

Active Pressures At Rest Pressures Passive Resistance

γ δ

TABLE 1
Earth Pressure Coefficients and Equivalent Fluid Weight Values

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Lateral Earth Pressures\BT LEP Calcs Dewatering.xls[NEW Soil Parameters]
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SOUTH NORTH

DOYLE DRIVE REPLACEMENT PROJECT
Subsurface Stratigraphy Cross Section D-D'

Transverse Cross Section at Station 78+00 SB
 Across Battery Tunnels (Bridge No. 34-0161 R/L)
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SOUTH NORTH

DOYLE DRIVE REPLACEMENT PROJECT
Subsurface Stratigraphy Section E-E'

Transverse Cross Section at Station 81+00 SB
Across Battery Tunnels (Bridge No. 34-0161 R/L)
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7/20/2009 BRACED EXCAVATION CALCULATION Page 1 of 1

Location: Southbound Tunnel at Sta 78+00

Stratigraphy

Top of Layer Bottom of Layer Soil Profile
0 12.5 Sandy Fill

12.5 17
Sandy Silts and 

Sandy Clays

17 36.5 Colma Sand

36.5 45
Sandy Silts and 

Sandy Clays
45 srp

Height of soil above wall 0 ft
Equivalent surcharge pressure 0 psf
Groundwater Depth 40.0 ft
Bottom of Excavation 39.1 ft

Soil Unit Depth Ka
Total Stress 
Behind Wall

Hydrostatic 
Pressure

Effective Stress 
Behind Wall

0.65*Ka*γ*H
Peck

Apparent Pressure w/ 
Hydrostatic

(ft) (psf) (psf) (psf) (psf) (psf)
Sandy Fill 0.0 0.27 0 0 0 964 964
Sandy Fill 6.3 0.27 750 0 750 964 964
Sandy Fill 12.5 0.27 1500 0 1500 964 964
Sandy Silts and Sandy Clays 12.6 0.27 1500 0 1500 964 964
Sandy Silts and Sandy Clays 14.8 0.27 1764 0 1764 964 964
Sandy Silts and Sandy Clays 17.0 0.27 2028 0 2028 964 964
Colma Sand 17.1 0.24 2028 0 2028 964 964
Colma Sand 26.8 0.24 3289 0 3289 964 964
Colma Sand 36.5 0.24 4550 0 4550 964 964
Sandy Silts and Sandy Clays 36.6 0.27 4550 0 4550 964 964
Sandy Silts and Sandy Clays 37.9 0.27 4700 0 4700 964 964
Sandy Silts and Sandy Clays 39.1 0.27 4850 0 4850 964 964

Method: Peck 1969
Apparent Pressure = 0.65*Ka*γ*H
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7/20/2009 BRACED EXCAVATION CALCULATION Page 1 of 1

EQ Load
θwall 0 Wall is vertical
ψ 0.002 Depth (ft) τmax (FEE)
τmax 893 Construction Event (FEE) 35.5 842
zbottom of wall 39.1 40 906
φave 36.3 τmax (FEE) 893

γave 124.3
σv 4861
Maximum Horizontal 
Equivalent Acceleration 0.184 g
F.S. 1.2
Kh 0.110 =1/2 MHEA*F.S.
Kv 0 Assumed
KAE (Lam and Martin, 1986) 0.3
KAE (M-O)
PAE (Includes active-static) 28512 psf
Pactive-static 25755 psf
Pearthquake Only 2757 psf
Seismic Pressure 71 plf of wall
Per H of wall 2

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Lateral Earth Pressures\Braced Excavation.xls[SB Sta 78+00]



7/20/2009 BRACED EXCAVATION CALCULATION Page 1 of 1

Location: Southbound Tunnel at Sta 81+00

Stratigraphy

Top of Layer Bottom of Layer Soil Profile
0 17 Sandy Fill Notes:

17 20
Sandy Silts and 

Sandy Clays Cannot repeat depths, the second depth (top of soil layer below) must be slightly larger
20 100 ss

Height of soil above wall 0 ft
Equivalent surcharge pressure 0 psf <- Empirical values include const. surcharges (from case histories)
Groundwater Depth 37.0 ft
Bottom of Excavation 32.0 ft

Soil Unit Depth Ka
Total Stress 
Behind Wall

Hydrostatic 
Pressure

Effective Stress 
Behind Wall

0.65*Ka*γ*H
Peck

Apparent Pressure 
w/ Hydrostatic

(ft) (psf) (psf) (psf) (psf) (psf)
Sandy Fill 0.0 0.27 0 0 0 676 676
Sandy Fill 8.5 0.27 1020 0 1020 676 676
Sandy Fill 17.0 0.27 2040 0 2040 676 676
Sandy Silts and Sandy Clays 17.1 0.27 2040 0 2040 676 676
Sandy Silts and Sandy Clays 18.6 0.27 2214 0 2214 676 676
Sandy Silts and Sandy Clays 20.0 0.27 2388 0 2388 676 676
ss 20.1 0.10 2388 0 2388 341 341
ss 26.1 0.10 3370 0 3370 341 341
ss 32.0 0.10 4352 0 4352 341 341

Method: Peck 1969
Apparent Pressure = 0.65*Ka*γ*H
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7/20/2009 BRACED EXCAVATION CALCULATION Page 1 of 1

EQ Load
θwall 0 Wall is vertical
ψ 0.002 Depth (ft) τmax (FEE)
τmax 768 Construction Event (FEE) 35.5 768
zbottom of wall 32.0 40 768
φave 37.4 τmax (FEE) 768

γave 128.0
σv 4096
Maximum Horizontal 
Equivalent Acceleration 0.188
F.S. 1.2
Kh 0.113
Kv 0
KAE (Lam and Martin, 1986) 0.28
KAE (M-O)
PAE (Includes active-static) 18350
Pactive-static 17760
Pearthquake Only 590
Seismic Pressure 18
Per H of wall 1

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Lateral Earth Pressures\Braced Excavation.xls[SB Sta 81+00]



7/20/2009 BRACED EXCAVATION CALCULATION Page 1 of 1

Location: Southbound Tunnel at Sta 85+00

Stratigraphy

Top of Layer Bottom of Layer Soil Profile
0 4 Sandy Fill

4 8.5
Sandy Silts and 

Sandy Clays

8.5 18 Colma Sand

18 100 ss

Notes:
Cannot repeat depths, the second depth (top of soil layer below) must be slightly larger

Height of soil above wall 0 ft
Equivalent surcharge pressure 0 psf <- Empirical values include const. surcharges (from case histories)
Groundwater Depth 35.0 ft
Bottom of Excavation 32.0 ft

Soil Unit Depth Ka
Total Stress 
Behind Wall

Hydrostatic 
Pressure

Effective Stress 
Behind Wall

0.65*Ka*γ*H
Peck

Apparent Pressure w/ 
Hydrostatic

(ft) (psf) (psf) (psf) (psf) (psf)
Sandy Fill 0.0 0.27 0 0 0 733 733
Sandy Fill 2.0 0.27 240 0 240 733 733
Sandy Fill 4.0 0.27 480 0 480 733 733
Sandy Silts and Sandy Clays 4.1 0.27 480 0 480 733 733
Sandy Silts and Sandy Clays 6.3 0.27 744 0 744 733 733
Sandy Silts and Sandy Clays 8.5 0.27 1008 0 1008 733 733
Colma Sand 8.6 0.24 1008 0 1008 733 733
Colma Sand 13.3 0.24 1619 0 1619 733 733
Colma Sand 18.0 0.24 2230 0 2230 733 733
ss 18.1 0.10 2230 0 2230 341 341
ss 25.1 0.10 3377 0 3377 341 341
ss 32.0 0.10 4524 0 4524 341 341

Method: Peck 1969
Apparent Pressure = 0.65*Ka*γ*H
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7/20/2009 BRACED EXCAVATION CALCULATION Page 1 of 1

EQ Load
θwall 0 Wall is vertical
ψ 0.002 Depth (ft) τmax (FEE)
τmax 626 Construction Event (FEE) 30 594
zbottom of wall 32.0 35 675
φave 35.3 τmax (FEE) 626

γave 121.0
σv 3870
Maximum Horizontal 
Equivalent Acceleration 0.162 g
F.S. 1.2
Kh 0.097 =1/2 MHEA*F.S.
Kv 0 Assumed
KAE (Lam and Martin, 1986) 0.3
KAE (M-O)
PAE (Includes active-static) 18578 psf
Pactive-static 16781 psf
Pearthquake Only 1796 psf
Seismic Pressure 56 plf of wall
Per H of wall 2

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Lateral Earth Pressures\Braced Excavation.xls[SB Sta 85+00]
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7/20/2009 Long-Term Seismic Page 1 of 1

Location:  SB Tunnel at Sta. 78+00
θwall 0 Wall is vertical

Stratigraphy ψ 0.006 Depth (ft) τmax (SEE)
τmax 2171 From SEE Site Response 30 2081

Top of Layer Bottom of Layer Soil Profile zbottom of wall 32.0 35 2307
0 5 SANDY FILL φave 36.6 τmax (SEE) 2171

5 9.5
SANDY SILTS AND

SANDY CLAYS γave 125.2
9.5 29 COLMA SAND σv 4006

29 37.5
SANDY SILTS AND

SANDY CLAYS
Maximum Horizontal 
Equivalent Acceleration 0.542 g

37.5 40 srp F.S. 1.2
Kh 0.325 =1/2 MHEA*F.S.
Kv 0 Assumed
KAE (Lam and Martin, 1986) 0.46
KAE (M-O)

Height of soil above wall 7.5 ft PAE (Includes active-static) 29487 psf
Equivalent surcharge pressure 900 psf Pactive-static 17830 psf
Groundwater Depth 35 ft Pearthquake Only 11657 psf
Height of Wall 32.0 ft Seismic Pressure 364 plf of wall

Per H of wall 11

Soil Unit Depth Ka
Total Stress 
Behind Wall Hydrostatic Pressure

Effective Stress 
Behind Wall

Ka * Stress (effective for 
sands, total for clay)

Effect of 
Cohesion

L.E.P. w/o 
Hydrostatic

L.E.P. incl. 
Hydrostatic

Seismic 
Pressure

(ft) (psf) (psf) (psf) (psf) (psf) (psf) (psf) (psf)
SANDY FILL 0.0 0.28 900 0 900 250 0 250 250 364
SANDY FILL 2.5 0.28 1200 0 1200 334 0 334 334 364
SANDY FILL 5.0 0.28 1500 0 1500 417 0 417 417 364
SANDY SILTS AND�SANDY CLAYS 5.1 0.28 1500 0 1500 417 0 417 417 364
SANDY SILTS AND�SANDY CLAYS 7.3 0.28 1764 0 1764 491 0 491 491 364
SANDY SILTS AND�SANDY CLAYS 9.5 0.28 2028 0 2028 564 0 564 564 364
COLMA SAND 9.6 0.22 2028 0 2028 440 0 440 440 364
COLMA SAND 19.3 0.22 3289 0 3289 714 0 714 714 364
COLMA SAND 29.0 0.22 4550 0 4550 988 0 988 988 364
SANDY SILTS AND�SANDY CLAYS 29.1 0.28 4550 0 4550 1266 0 1266 1266 364
SANDY SILTS AND�SANDY CLAYS 30.6 0.28 4724 0 4724 1314 0 1314 1314 364
SANDY SILTS AND�SANDY CLAYS 32.0 0.28 4898 0 4898 1362 0 1362 1362 364
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7/20/2009 LONG-TERM SEISMIC Page 1 of 1

Location:  SB Tunnel at Sta. 81+00
θwall 0 Wall is vertical

Stratigraphy ψ 0.005 Depth (ft) τmax (SEE)
τmax 2064 From SEE Site Response 35.5 2064

Top of Layer Bottom of Layer Soil Profile zbottom of wall 32.0 40 2064
0 3.5 SANDY FILL φave 37.8 τmax (SEE) 2064

3.5 6.5

SANDY SILTS 
AND

SANDY CLAYS γave 129.4
6.5 100 ss σv 4139

100

Maximum 
Horizontal 
Equivalent 
Acceleration 0.499 g
F.S. 1.2
Kh 0.299 =1/2 MHEA*F.S.
Kv 0 Assumed
KAE (Lam and Martin 0.41
KAE (M-O)

Height of soil above wall 13.5 ft PAE (Includes active- 27153 psf
Equivalent surcharge pressure 1620 psf Pactive-static 18421 psf
Groundwater Depth 35 ft Pearthquake Only 8732 psf
Height of Wall 32.0 ft Seismic Pressure 273 plf of wall

Per H of wall 9

Soil Unit Depth Ka
Total Stress 
Behind Wall

Hydrostatic 
Pressure

Effective Stress 
Behind Wall

Ka * Stress (effective for 
sands, total for clay)

Effect of 
Cohesion

L.E.P. w/o 
Hydrostatic

L.E.P. incl. 
Hydrostatic

Seismic 
Pressure

(ft) (psf) (psf) (psf) (psf) (psf) (psf) (psf) (psf)
SANDY FILL 0.0 0.28 1620 0 1620 451 0 451 451 273
SANDY FILL 1.8 0.28 1830 0 1830 509 0 509 509 273
SANDY FILL 3.5 0.28 2040 0 2040 567 0 567 567 273
SANDY SILTS AND�SANDY CLAYS 3.6 0.28 2040 0 2040 567 0 567 567 273
SANDY SILTS AND�SANDY CLAYS 5.1 0.28 2214 0 2214 616 0 616 616 273
SANDY SILTS AND�SANDY CLAYS 6.5 0.28 2388 0 2388 664 0 664 664 273
ss 6.6 0.10 2388 0 2388 231 0 231 231 273
ss 19.3 0.10 4484 0 4484 434 0 434 434 273
ss 32.0 0.10 6579 0 6579 637 0 637 637 273
Blank 0.0 6579 0 6579 #N/A #N/A #N/A #N/A
Blank 0.0 #N/A 0 #N/A #N/A #N/A #N/A #N/A
Blank 0.0 #N/A 0 #N/A #N/A #N/A #N/A #N/A

Check to see if inclined ground surface is significant:
β 11 *angle of ground surface in degrees
β (rad.) 0.19
φ (rad.) 0.61

Ka cos β Ka*(cos β)
flat 0.27 1.00 0.271
inclined 0.29 0.98 0.284
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7/20/2009 LONG-TERM SEISMIC Page 1 of 1

Location:  SB Tunnel at Sta. 85+00
θwall 0 Wall is vertical

Stratigraphy ψ 0.005 Depth (ft) τmax (SEE)
τmax 1705 From SEE Site Response 30 1610

Top of Layer Bottom of Layer Soil Profile zbottom of wall 32.0 35 1847
0 0.5 SANDY FILL φave 35.3 τmax (SEE) 1705

0.5 5

SANDY SILTS 
AND

SANDY CLAYS γave 121.0
5 14.5 COLMA SAND σv 3870

14.5 100 ss

Maximum 
Horizontal 
Equivalent 
Acceleration 0.440 g

100 F.S. 1.2
Kh 0.264 =1/2 MHEA*F.S.
Kv 0 Assumed
KAE (Lam and Martin 0.43
KAE (M-O)

Height of soil above wall 3.5 ft PAE (Includes active- 26628 psf
Equivalent surcharge pressure 420 psf Pactive-static 17225 psf
Groundwater Depth 35.0 ft Pearthquake Only 9403 psf
Height of Wall 32.0 ft Seismic Pressure 294 plf of wall

Per H of wall 9

Soil Unit Depth Ka
Total Stress 
Behind Wall

Hydrostatic 
Pressure

Effective Stress 
Behind Wall

Ka * Stress (effective for 
sands, total for clay)

Effect of 
Cohesion

L.E.P. w/o 
Hydrostatic

L.E.P. incl. 
Hydrostatic

Seismic 
Pressure

(ft) (psf) (psf) (psf) (psf) (psf) (psf) (psf) (psf)
SANDY FILL 0.0 0.28 420 0 420 117 0 117 117 294
SANDY FILL 0.3 0.28 450 0 450 125 0 125 125 294
SANDY FILL 0.5 0.28 480 0 480 134 0 134 134 294
SANDY SILTS AND�SANDY CL 0.6 0.28 480 0 480 134 0 134 134 294
SANDY SILTS AND�SANDY CL 2.8 0.28 744 0 744 207 0 207 207 294
SANDY SILTS AND�SANDY CL 5.0 0.28 1008 0 1008 280 0 280 280 294
COLMA SAND 5.1 0.22 1008 0 1008 219 0 219 219 294
COLMA SAND 9.8 0.22 1619 0 1619 352 0 352 352 294
COLMA SAND 14.5 0.22 2230 0 2230 484 0 484 484 294
ss 14.6 0.10 2230 0 2230 216 0 216 216 294
ss 23.3 0.10 3666 0 3666 355 0 355 355 294
ss 32.0 0.10 5101 0 5101 494 0 494 494 294

Check to see if inclined ground surface is significant:
β 11 *angle of ground surface in degrees
β (rad.) 0.19
φ (rad.) 0.61

Ka cos β Ka*(cos β)
flat 0.27 1.00 0.271
inclined 0.29 0.98 0.284
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7/20/2009 AT-REST EARTH PRESSURE (LONG-TERM STATIC) Page 1 of 1

Location:  SB Tunnel at Sta. 78+00

Stratigraphy

Top of Layer Bottom of Layer Soil Profile
0 5 SANDY FILL

5 9.5
SANDY SILTS AND

SANDY CLAYS
9.5 29 COLMA SAND

29 37.5
SANDY SILTS AND

SANDY CLAYS
37.5 40 srp

Height of soil above wall 7.5 ft
Equivalent surcharge pressure 900 psf
Groundwater Depth 35 ft
Bottom of Excavation 32 ft

Soil Unit Depth Ko
Total Stress 
Behind Wall Hydrostatic Pressure

Effective Stress 
Behind Wall

Ka * Stress (effective for 
sands, total for clay)

Effect of 
Cohesion

L.E.P. w/o 
Hydrostatic

L.E.P. incl. 
Hydrostatic Seismic Pressure

(ft) (psf) (psf) (psf) (psf) (psf) (psf) (psf) (psf)
SANDY FILL 0.0 0.47 900 0 900 423 0 423 423 0
SANDY FILL 2.5 0.47 1200 0 1200 564 0 564 564 0
SANDY FILL 5.0 0.47 1500 0 1500 705 0 705 705 0
SANDY SILTS AND�SANDY CLAYS 5.1 0.47 1500 0 1500 705 0 705 705 0
SANDY SILTS AND�SANDY CLAYS 7.3 0.47 1764 0 1764 829 0 829 829 0
SANDY SILTS AND�SANDY CLAYS 9.5 0.47 2028 0 2028 953 0 953 953 0
COLMA SAND 9.6 0.38 2028 0 2028 779 0 779 779 0
COLMA SAND 19.3 0.38 3289 0 3289 1264 0 1264 1264 0
COLMA SAND 29.0 0.38 4550 0 4550 1749 0 1749 1749 0
SANDY SILTS AND�SANDY CLAYS 29.1 0.47 4550 0 4550 2139 0 2139 2139 0
SANDY SILTS AND�SANDY CLAYS 30.6 0.47 4724 0 4724 2221 0 2221 2221 0
SANDY SILTS AND�SANDY CLAYS 32.0 0.47 4898 0 4898 2302 0 2302 2302 0

Check to see if inclined ground surface is significant:
β 11 *angle of ground surface in degrees
β (rad.) 0.19
φ (rad.) 0.61

Ka cos β Ka*(cos β)
flat 0.27 1.00 0.271
inclined 0.29 0.98 0.284

0

5

10

15

20

25

30

35

0 500 1000 1500 2000 2500
Lateral Pressure Against Wall (psf)

D
ep

th
 (f

t)

Pore Pressures
Effective Pressures

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Lateral Earth Pressures\BT LEP Calcs Dewatering.xls[78+00 SB AR]



7/20/2009 AT-REST EARTH PRESSURE (LONG-TERM STATIC) Page 1 of 1

Location:  SB Tunnel at Sta. 81+00

Stratigraphy

Top of Layer Bottom of Layer Soil Profile
0 3.5 SANDY FILL

3.5 6.5

SANDY SILTS 
AND

SANDY CLAYS
6.5 100 ss
100

Height of soil above wall 13.5 ft
Equivalent surcharge pressure 1620 psf
Groundwater Depth 35 ft
Bottom of Excavation 32 ft

Soil Unit Depth Ko
Total Stress 
Behind Wall

Hydrostatic 
Pressure

Effective Stress 
Behind Wall

Ka * Stress (effective for 
sands, total for clay)

Effect of 
Cohesion

L.E.P. w/o 
Hydrostatic

L.E.P. incl. 
Hydrostatic Seismic Pressure

(ft) (psf) (psf) (psf) (psf) (psf) (psf) (psf) (psf)
SANDY FILL 0.0 0.47 1620 0 1620 762 0 762 762 0
SANDY FILL 1.8 0.47 1830 0 1830 860 0 860 860 0
SANDY FILL 3.5 0.47 2040 0 2040 959 0 959 959 0
SANDY SILTS AND�SANDY CLAYS 3.6 0.47 2040 0 2040 959 0 959 959 0
SANDY SILTS AND�SANDY CLAYS 5.1 0.47 2214 0 2214 1041 0 1041 1041 0
SANDY SILTS AND�SANDY CLAYS 6.5 0.47 2388 0 2388 1123 0 1123 1123 0
ss 6.6 0.18 2388 0 2388 432 0 432 432 0
ss 19.3 0.18 4484 0 4484 811 0 811 811 0
ss 32.0 0.18 6579 0 6579 1190 0 1190 1190 0

Check to see if inclined ground surface is significant:
β 11 *angle of ground surface in degrees
β (rad.) 0.19
φ (rad.) 0.61

Ka cos β Ka*(cos β)
flat 0.27 1.00 0.271
inclined 0.29 0.98 0.284
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7/20/2009 AT-REST EARTH PRESSURE (LONG-TERM STATIC) Page 1 of 1

Location:  SB Tunnel at Sta. 85+00

Stratigraphy

Top of Layer Bottom of Layer Soil Profile
0 0.5 SANDY FILL

0.5 5

SANDY SILTS 
AND

SANDY CLAYS
5 14.5 COLMA SAND

14.5 100 ss
100

Height of soil above wall 3.5 ft
Equivalent surcharge pressure 420 psf
Groundwater Depth 35.0 ft
Height of Wall 32 ft

Soil Unit Depth Ko
Total Stress 
Behind Wall

Hydrostatic 
Pressure

Effective Stress 
Behind Wall

Ka * Stress (effective for 
sands, total for clay)

Effect of 
Cohesion

L.E.P. w/o 
Hydrostatic

L.E.P. incl. 
Hydrostatic Seismic Pressure

(ft) (psf) (psf) (psf) (psf) (psf) (psf) (psf) (psf)
SANDY FILL 0.0 0.47 420 0 420 197 0 197 197 0
SANDY FILL 0.3 0.47 450 0 450 212 0 212 212 0
SANDY FILL 0.5 0.47 480 0 480 226 0 226 226 0
SANDY SILTS AND�SANDY CLAYS 0.6 0.47 480 0 480 226 0 226 226 0
SANDY SILTS AND�SANDY CLAYS 2.8 0.47 744 0 744 350 0 350 350 0
SANDY SILTS AND�SANDY CLAYS 5.0 0.47 1008 0 1008 474 0 474 474 0
COLMA SAND 5.1 0.38 1008 0 1008 387 0 387 387 0
COLMA SAND 9.8 0.38 1619 0 1619 622 0 622 622 0
COLMA SAND 14.5 0.38 2230 0 2230 857 0 857 857 0
ss 14.6 0.18 2230 0 2230 403 0 403 403 0
ss 23.3 0.18 3666 0 3666 663 0 663 663 0
ss 32.0 0.18 5101 0 5101 923 0 923 923 0

Check to see if inclined ground surface is significant:
β 11 *angle of ground surface in degrees
β (rad.) 0.19
φ (rad.) 0.61

Ka cos β Ka*(cos β)
flat 0.27 1.00 0.271
inclined 0.29 0.98 0.284
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Appendix D 
Surcharge Calculations

 



Project 131558 Reference: Caltrans Trenching and Shoring Manual p. 6-3
Doyle Drive Battery Tunnel

SURCHARGE AVERAGES

SOUTHBOUND TUNNEL

NORTH SURCHARGE
Surcharge is considered to be right at the edge of excavation

Q = 250 psf Assumed surcharge load
D = 40 ft Depth of excavation

L1 = 0 ft Right at the edge of excavation
L2 = 70 ft Average road width measured from plan

Depth Beta (rad) Sigma_h Avg S_h
0 1.57 250
5 1.50 227 239
10 1.43 205 216
20 1.29 164 184
30 1.17 128 146
40 1.05 99 113

Equivalent Pressure
Depth S_h

0 350
10 350
10 175
20 175

SOUTH SURCHARGE
Surcharge is considered to be right at the edge of excavation

Q = 250 psf Assumed surcharge load
D = 40 ft Depth of excavation

L1 = 0 ft Right at the edge of excavation
L2 = 40 ft Surcharge extends to maximum of 40 feet by the cemetary

Depth Beta (rad) Sigma_h Avg S_h
0 1.57 250
5 1.45 211 230
10 1.33 174 192
20 1.11 113 143
30 0.93 71 92
40 0.79 45 58

Equivalent Pressure
Depth S_h

0 300
10 300
10 150
20 150

Surcharge Pressures on Northside of SBBT
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1 Introduction 
The following calculation package presents an overview of the data and methods used to 
estimate soil spring constants for design of the Southbound Battery Tunnel of the proposed 
Doyle Drive Replacement Project in the San Francisco Presidio.  As site conditions change 
significantly across the project site, spring constants were estimated at several locations as 
site conditions dictated. 

2 Scope of Work 
The work involved in this calculation consisted of the following scope of analyses: 

• Estimate average soil spring constants below the Southbound Battery Tunnel 

• Distribute the average soil springs below the mat foundation such that the springs in the 
center are the lowest. 

3 Inputs 
The following input data was required for the analyses: 

3.1 Stratigraphy 

In the vicinity of the Battery Tunnels, the subsurface conditions typically consist of the 
following: 

• FILL:  At the surface is a layer of Fill that varies in thickness from 3 to 23 feet.  The 
composition of the fill is variable and can include gravel, clay, and/or clean sand.  The 
fill is typically loose to medium dense with SPT N-values ranging from as low as 3 to as 
high as 30 blows per foot. 

• BURIED SOIL HORIZON:  Below the Fill there is a thin layer of a Buried Soil Horizon.  
Where present, the thickness of the Buried Soil Horizon ranges from about 0.5 to 4.5 
feet, but was not encountered in all boreholes.  The composition of the Buried Soil 
Horizon is typically highly organic sandy clay.  The Buried Soil Horizon deposits are 
typically loose with SPT N-values ranging from 0 to 11 blows per foot. 

• SANDY CLAY AND SANDY SILT:  Below the Buried Soil Horizon is a layer of Sandy 
Clay and Sandy Silt which is probably related to the Colma Sand layer below.  The 
Sandy Clay and Sandy Silt layer ranged from 1.5 to 15.5 feet thick.  The Sandy Clay 
and Sandy Silt layer is typically medium stiff to very stiff with SPT N-values ranging from 
7 to 39, with occasional N-values over 50 blows per foot. 

• COLMA SAND:  Below the Sandy Clay and Sandy Silt is a fine to medium grained sand 
deposit known locally as Colma Sand.  Where present, the Colma Sand ranged from 
3.5 to 35 feet thick.  The Colma Sand is typically medium dense to dense with SPT 
N-values ranging from 12 to over 60 blows per foot.  In places, the Colma Sand is also 
underlain by another layer of Sandy Clay and Sandy Silt. 

• COLLUVIUM/RESIDUAL SOIL:  Below the Colma Sand or the lower layer of Sandy 
Clay and Sandy Silt and above the bedrock is a thin layer of either Colluvium or 
Residual Soil.  These layers consisted mainly of stiff to very stiff gravelly clays. 

• BEDROCK:  Bedrock (Franciscan Complex) was encountered below the proposed 
Battery Tunnels at depths ranging from at the ground surface (at Borehole BTNB-R5-
PZ-D) to 54 feet (at Borehole BTNB-R4-PZ).  The depth to bedrock generally decreases 
towards the west end of the Battery Tunnels.  The three major types of bedrock 
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encountered below the Southbound Battery tunnel were Serpentinite, Intensely 
Fractured Sandstone, and Moderately Fractured Sandstone.   

Along the alignment of the Southbound Battery Tunnel, only small amounts of serpentinite 
may be encountered at the base of the tunnel, but are not anticipated to affect the design. 

4 Assumptions 
The following assumptions were made in these calculations: 

• The Fill acts as a loose sand 

• The Colma Sand acts as a medium dense to dense sand 

• The Moderately Hard, Intensely Fractured Sandstone acts as a dense to very dense 
sand 

• The Moderately Hard, Moderately Fractured Sandstone acts similar to the high end 
range of very dense sand 

5 Calculations 
5.1 Estimation of Soil Spring Constants 

The serpentinite was typically encountered below the Colma Sand from the east end of the 
tunnel to approximately Station 78+50.  The hard strength sandstone was typically 
encountered from Station 78+50 to Station 81+50.  Average strength sandstone was 
encountered from Station 81+50 to the west end of the project.  

Average vertical soil springs were determined from the chart presented in the NAVFAC 
Design Manual 7.01, which is attached to this calculation package at Appendix A. 

Soil Unit Sand Equivalent Vertical Spring 
Constant, kv 

Fill Loose 120 ksf/ft 

Colma Sand Medium Dense to Dense 360 ksf/ft 

Intensely 
Fractured 
Sandstone 

Dense to Very Dense 500 ksf/ft 

Moderately 
Fractured 
Sandstone 

High-end Very Dense 700 ksf/ft 

 

Horizontal soils springs are required for modeling the walls near Station 78+00.  A constant 
lateral spring was determined as the average of the vertical soil springs of Colma Sand and 
the Fill. 

Colma Sand: kv = 360 ksf/ft 

Fill: kv = 120 ksf/ft 

Average kv = 240 ksf/ft, say 200 ksf/ft 
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5.2 Distribution of Average Spring Constants 

The spring constants estimated from the NAVFAC manual represent average values.  In 
reality, the values of k at the edges of the mat are approximately twice the value at the 
center of the mat (Coduto).  Therefore, the area of the tunnel was divided into three 
concentric zones.  Spring constant values were assigned to each zone such that the 
outermost zone has a value of twice the inner zone and the average spring constant 
remains constant across all three zones. 

Calculations of the spring constant distributions are shown in Appendix B to this calculation 
package. 

6 Results 
The average spring constants range from 360 ksf/ft where the tunnel bears on Colma Sand 
up to 700 ksf/ft where Hard Sandstone was encountered.  The results of the spring constant 
calculations are shown on Figure 1. 

The horizontal soil springs at Station 78+00 are a constant value of 200 ksf/ft. 
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Calculation of Soil Spring Distribution

Southbound Sta 76+55 to Sta 78+50
ks,avg 360 ksf/ft

Outer Zone
Width of Tunnel 66 ft
Length of Segment 195 ft
Gross Area of Outer Zone 12870 ft2

Net Area of Outer Zone (Aouter) 4424 ft2

Middle Zone

Width 50 ft
Length 171 ft
Gross Area of Middle Zone 8446 ft2

Net Area of Middle Zone (Amiddle) 3620 ft2

Inner Zone

Width 33 ft
Length 146 ft
Gross Area of Inner Zone 4826 ft2

Net Area of Inner Zone (Ainner) 4826 ft2

ks,outer =2(ks,inner) 485 ksf/ft
ks,middle =1.5(ks,inner) 364 ksf/ft
ks,inner =ks,inner 243 ksf/ft

tmiddle 8.25 ft
tinner 16.5 ft

Note: The calculated average soil spring ks,avg is distributed over the area of each zone so that 
the weighted average of each soil spring and zone (ks,outer, ks,middle, and ks,inner) remains equal to 
the original value.



Calculation of Soil Spring Distribution

Southbound Sta 78+50 to Sta 81+50
ks,avg 700 ksf/ft

Outer Zone
Width of Tunnel 66 ft
Length of Segment 300 ft
Gross Area of Outer Zone 19800 ft2

Net Area of Outer Zone (Aouter) 4950 ft2

Middle Zone

Width 50 ft
Length 300 ft
Gross Area of Middle Zone 14850 ft2

Net Area of Middle Zone (Amiddle) 4950 ft2

Inner Zone

Width 33 ft
Length 300 ft
Gross Area of Inner Zone 9900 ft2

Net Area of Inner Zone (Ainner) 9900 ft2

ks,outer =2(ks,inner) 1018 ksf/ft
ks,middle =1.5(ks,inner) 764 ksf/ft
ks,inner =ks,inner 509 ksf/ft

tmiddle 8.25 ft
tinner 16.5 ft

Note: The calculated average soil spring ks,avg is distributed over the area of each zone so that the 
weighted average of each soil spring and zone (ks,outer, ks,middle, and ks,inner) remains equal to the 
original value.



Calculation of Soil Spring Distribution

Southbound Sta 81+50 to Sta 85+13
ks,avg 500 ksf/ft

Outer Zone
Width of Tunnel 66 ft
Length of Segment 363 ft
Gross Area of Outer Zone 23958 ft2

Net Area of Outer Zone (Aouter) 8236 ft2

Middle Zone

Width 50 ft
Length 318 ft
Gross Area of Middle Zone 15722 ft2

Net Area of Middle Zone (Amiddle) 6738 ft2

Inner Zone

Width 33 ft
Length 272 ft
Gross Area of Inner Zone 8984 ft2

Net Area of Inner Zone (Ainner) 8984 ft2

ks,outer =2(ks,inner) 674 ksf/ft
ks,middle =1.5(ks,inner) 505 ksf/ft
ks,inner =ks,inner 337 ksf/ft

tmiddle 8.25 ft
tinner 16.5 ft

Note: The calculated average soil spring ks,avg is distributed over the area of each zone so 
that the weighted average of each soil spring and zone (ks,outer, ks,middle, and ks,inner) remains 
equal to the original value.



 

 

APPENDIX F.4 
Estimation of Bearing Capacity for the Southbound Battery Tunnel 



 
SFCTA Contract Number 06/07-29 
 

 

DOYLE DRIVE REPLACEMENT PROJECT 
Calculation Package 
Estimation of Bearing Capacity 
Southbound Battery Tunnel 

June 2009 
Prepared By: 
Arup PB Joint Venture



 

  

San Francisco County 
Transportation Authority 

Doyle Drive 
Replacement Project 

Calculation Package 
 
Estimation of Bearing 
Capacity 
 
June 2009 

 

 
  

 

 
 This report takes into account the 

particular instructions and requirements 
of our client.   
It is not intended for and should not be 
relied upon by any third party and no 
responsibility is undertaken to any third 
party 

 

Arup North America Ltd 
901 Market Street, Suite 260, San Francisco, CA 94103 
Tel +1 415 957 9445  Fax +1 415 957 9096 
www.arup.com  Job number    131558 



San Francisco County Transportation Authority Doyle Drive Replacement Project
Calculation Package

 
 

 

Contents 
 

  Page 
1 Introduction 1 
2 Scope of Work 1 
3 Inputs 1 

3.1 Stratigraphy 1 
3.2 Material Properties 2 
3.3 Water Table 2 

4 Assumptions 2 
5 Calculations 2 

5.1 Estimation of Ultimate Bearing Capacity 3 
List of References 4 
 
Figures 
Figure 1 Location Plan 
Figure 2 Soil Stratigraphy in the Vicinity of the Analysis 
Figure 3 Diagram of Foundation Dimensions 
Figure 4 Estimation of Bearing Capacity Factors 
Figure 5 Estimation of Unit Weight Factor 
 

Appendices 
 
Appendix A – Typical Calculation 
 
 

 
 



San Francisco County Transportation Authority Doyle Drive Replacement Project
Calculation Package

 
 

C:\...\DESKTOP\TEMPLATE CALC PACKAGE.DOC 
  

Page 1 Arup North America Ltd
Issue    October, 2008

 

1 Introduction 
The following calculation package presents an overview of the data and method used to 
estimate the ultimate bearing capacity for design of the Battery Tunnels of the proposed 
Doyle Drive Replacement Project in the San Francisco Presidio.  

2 Scope of Work 
The work involved in this calculation consisted of the following scope of analyses: 

• Calculate the ultimate bearing capacity for the design of the Battery Tunnels  

For this calculation, the ultimate bearing capacity was calculated at Station 78+00 
Southbound (SB).  This is the area of the tunnel that is underlain by the thickest soil layer 
and therefore will have the lowest ultimate bearing capacity.  It is conservative to use this 
value for other areas of the tunnel where the bedrock is closer to or directly beneath the 
bottom of the footing. 

3 Inputs 
The following input data was required for the analyses: 

3.1 Stratigraphy 

In the vicinity of the Battery Tunnels, the subsurface conditions typically consist of the 
following: 

• FILL:  At the surface is a layer of Fill that varies in thickness from 3 to 23 feet.  The 
composition of the fill is variable and can include gravel, clay, and/or clean sand.  The 
fill is typically loose to medium dense with SPT N-values ranging from as low as 3 to as 
high as 30 blows per foot. 

• BURIED SOIL HORIZON:  Below the Fill there is a thin layer of a Buried Soil Horizon.  
Where present, the thickness of the Buried Soil Horizon ranges from about 0.5 to 4.5 
feet, but was not encountered in all boreholes.  The composition of the Buried Soil 
Horizon is typically highly organic sandy clay.  The Buried Soil Horizon deposits are 
typically loose with SPT N-values ranging from 0 to 11 blows per foot. 

• SANDY CLAY AND SANDY SILT:  Below the Buried Soil Horizon is a layer of Sandy 
Clay and Sandy Silt which is probably related to the Colma Sand layer below.  The 
Sandy Clay and Sandy Silt layer ranged from 1.5 to 15.5 feet thick.  The Sandy Clay 
and Sandy Silt layer is typically medium stiff to very stiff with SPT N-values ranging from 
7 to 39, with occasional N-values over 50 blows per foot. 

• COLMA SAND:  Below the Sandy Clay and Sandy Silt is a fine to medium grained sand 
deposit known locally as Colma Sand.  Where present, the Colma Sand ranged from 
3.5 to 35 feet thick.  The Colma Sand is typically medium dense to dense with SPT 
N-values ranging from 12 to over 60 blows per foot.  In places, the Colma Sand is also 
underlain by another layer of Sandy Clay and Sandy Silt. 

• COLLUVIUM/RESIDUAL SOIL:  Below the Colma Sand or the lower layer of Sandy 
Clay and Sandy Silt and above the bedrock is a thin layer of either Colluvium or 
Residual Soil.  These layers consisted mainly of stiff to very stiff gravelly clays. 

• BEDROCK:  Bedrock (Franciscan Complex) was encountered below the proposed 
Battery Tunnels at depths ranging from at the ground surface (at Borehole BTNB-R5-
PZ-D) to 54 feet (at Borehole BTNB-R4-PZ).  The depth to bedrock generally decreases 
towards the west end of the Battery Tunnels.  The four major types of bedrock were 
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encountered were Serpentinite, Average Strength Sandstone, Hard Sandstone, and 
Mélange Matrix. 

3.2 Material Properties 

At Station 78+00 SB, the majority of the soil is Colma Sand.  For the calculation of ultimate 
bearing capacity, the soil surrounding the tunnel structure was assumed to be uniform and 
have the same properties of Colma Sand.  The following properties were used: 

Soil/Rock Unit 
Total Unit 
Weight, γ 

(pcf) 

Friction Angle, φ 

(°) 

Cohesion, c 

(psf) 

Colma Sand 130 38 0 

 

3.3 Water Table 

The water table was determined from several nearby piezometers, shown in the table 
below. 

Piezometer ID W.T. Elevation Distance from 
Sta. 78+00 SB 

RW8-R1-PZ 51.9 200 ft 

BTNB-R4-PZ 40.6 200 ft 

BTNB-R7-PZ-D 49.0 190 ft 

   

From this data, the water table was estimated at Elevation 45 ft, which at the considered 
location is approximately 10 ft below the bottom of the footing. 

4 Assumptions 
The following assumptions were made in these calculations: 

• The Battery tunnel structure was assumed to be level.  In reality, the structure slopes 
downward approximately 2% to the north; however, such a slight inclination did not 
necessitate an inclined slope bearing capacity analysis. 

• The depth of the foundation is not uniform on both sides of the tunnel.  However, for this 
analysis, it was assumed uniform and the depth was taken from the north side of the 
tunnel where the soil is shallower and will produce a more conservative result.  

• It was assumed that the Colma Sand extends below the tunnel to the bottom of the 
failure surface.  In reality, the bedrock is approximately 10 feet below the bottom of the 
foundation but by assuming a uniform soil layer, the calculation is greatly simplified and 
the result is conservative. 

5 Calculations 
This section is summarizes the calculations performed to estimate the ultimate bearing 
capacity for the Battery Tunnels.  All documents relating to these calculations can be found 
at Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 
Geotech\Calculation Packages\Bearing Capacity. 
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5.1 Estimation of Ultimate Bearing Capacity 

The ultimate bearing capacity was calculated from the equation presented in NAVFAC 
Design Manual 7.02[1] for rectangular shallow footings where the water table is below the 
bottom of the foundation.  The equation is: 

( )[ ] γγγγγ BNFDN
L
BcNq efftotaleffqtotalcult 4.03.01 −+++⎟
⎠
⎞

⎜
⎝
⎛ +=  

Where, 

ultq = ultimate bearing capacity, psf 

c = cohesion, psf 

cN = bearing capacity factor 

B = footing width, ft 

L = footing length, ft 

totalγ = total unit weight of soil, pcf 

D = depth of footing, ft 

qN = bearing capacity factor 

effγ = effective unit weight of soil, pcf 

F = unit weight factor 

γN = bearing capacity factor 

 

Since the cohesion of the Colma Sand is zero, the equation reduces to: 

( )[ ] γγγγγ BNFDNq efftotaleffqtotalult 4.0−++=  

Using the material properties outlines above as well as the dimensions from Figure 3 and 
the bearing capacity factors and unit weight factor from Figures 4 and 5, the resulting 
ultimate bearing capacity is 482,000 psf.  The calculation of this value can be found in 
Appendix A. 
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DOYLE DRIVE REPLACEMENT PROJECT
Subsurface Stratigraphy Cross Section D-D'
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San Francisco, California
San Francisco County Transportation Authority
Southbound Battery Tunnel Foundation Report

Doyle Drive Replacement Project

June 2009

FIGURE 3

BATTERY TUNNELS FOUNDATION DIMENSIONS
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Foundation Dimensions at Station 78+00 SB
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San Francisco, California
San Francisco County Transportation Authority

Southbound Battery Tunnel Draft Foundation Report
Doyle Drive Replacement Project

June 2009

FIGURE 4

DETERMINATION OF BEARING CAPACITY FACTORS
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San Francisco, California
San Francisco County Transportation Authority

Southbound Battery Tunnel Draft Foundation Report
Doyle Drive Replacement Project

June 2009

FIGURE 5

DETERMINATION OF UNIT WEIGHT FACTOR
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1 Introduction 
This package presents the results of our calculations to determine the performance of the 
temporary shoring walls for the Southbound Battery Tunnel. The southbound Battery Tunnel 
is a cut and cover tunnel that will be constructed as part of the Doyle Drive Replacement 
Project in San Francisco, California.  These calculations should be used for design of the 
temporary shoring walls that will be required to support the excavation for construction of 
the Southbound Battery Tunnel.   

The excavation for the Southbound Battery Tunnel is located adjacent to the San Francisco 
National Cemetery.  It is important the performance of the shoring walls is such that the 
cemetery is not affected.  The performance of the shoring walls will be evaluated by lateral 
deflection and vertical settlement behind the wall. 

2 Scope of Work 
The work involved in this calculation consisted of the following scope of analyses: 

• Estimate the lateral deflection of the temporary shoring walls due to the excavation.  
This work was performed by the structural designer. 

• Estimate the vertical settlement behind the temporary shoring walls due to the 
excavation.  This work was performed by the structural designer. 

3 Assumptions 
The following assumptions were made in these calculations: 

• The walls will be internally braced to support the excavation and limit deflections. 

• The ground surface is level behind the excavation. 

4 Calculations 
4.1 Wall Deflections 

The horizontal deflections of the temporary retaining walls were estimated by the structural 
engineer using the computer program PLAXIS.  The maximum horizontal displacement was 
calculated for each stage of construction from beginning of excavation until the tunnel is 
constructed. 

Tables 1, 2 and 3 present the material parameters that were used for Soils and Interfaces, 
Plates, and Anchors, respectively. 

4.2 Settlements Behind the Wall 

The vertical settlements behind the temporary retaining walls were estimated by the 
structural engineer using the computer program PLAXIS.  The vertical settlements was 
calculated for each stage of construction from beginning of excavation until the tunnel is 
constructed. 

The settlements behind the wall were also checked using empirical charts provided by 
Clough and O’Rourke.   

Clough and O’Rourke indicate that stiff walls typically deflect laterally at 0.2% of the height 
of the wall and settle approximately 0.15% of the height of the wall as shown below. 



 

                                                                                                                                                                                                       

 

 

By relating these two equations, the settlement behind the wall can be determined in terms 
of the expected lateral deflection of the wall.  In this way, the stiffness of the wall is taken 
into account in the determination of the settlement.  Therefore: 

δvertical = δvertical/1.3 

The study by Clough and O’Rourke shows that the for sandy soils, the vertical settlement 
behind the wall is maximum directly behind the wall and is reduced to zero at a distance 
behind the wall of approximately twice the height of the wall.  The figure below shows that 
the settlement reduces linearly. 

 

5 Results 
This section presents the results of calculations performed to assess the performance of the 
temporary shoring to support the excavation for the Southbound Battery Tunnel. 

The PLAXIS model predicts a maximum deflection is 0.45 inch, or less than ½ inch.  This 
deflection occurs immediately after removal of the 2nd Strut.  The model predicts that at this 



 

                                                                                                                                                                                                       

stage of construction, the ground will settle vertically about 0.33 inch behind the wall.  
Calculation results are presented in Appendix A. 

Table 4 presents the maximum horizontal deflection predicted for each stage of 
construction. 

The Clough and O’Rourke correlations predict that for a wall deflection of 0.45 inch, the 
vertical soil settlements behind the wall are expected to be less than 3/8 of an inch. 

The PLAXIS model predicts a vertical settlement of 0.18 inches at a distance of 65 feet 
behind the wall.  These settlements are a result of the construction surcharge loads that 
were being applied to the model, implying that settlements caused by the deflection of the 
wall have reduced to near zero at this distance. 

According to the Clough and O’Rourke correlations, the vertical settlement should be 
reduced to zero at a distance of 80 feet behind the wall for a wall height of 40 feet.  The 
PLAXIS model predicts better performance than the empirical correlations.  Considering 
both analysis procedures, ground within the cemetery is not expected to settle more than ¼ 
inch. 
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Soil Type Material Model Material Type γsat γunsat kx ky Eref ν cref φ ψ Rinter
(pcf) (pcf) (ft/day) (ft/day) (psf) (psf)

Colma Sand Mohr-Coulomb Drained 130 130 3 3 1.0E+07 0.25 250 40 0 0.3
Compacted Fill Mohr-Coulomb Drained 125 125 3 3 2.8E+06 0.25 200 40 0 0.67

Crushed Aggregate Mohr-Coulomb Drained 135 135 300 300 5.0E+06 0.25 10 40 0 0.67
Embankment Fill Mohr-Coulomb Drained 120 120 3 3 1.4E+06 0.25 200 35 0 0.67

Fill/Buried Horizon Mohr-Coulomb Drained 128 128 0.3 0.3 3.0E+05 0.275 750 0 0 0.67
Regular Strength Concrete Mohr-Coulomb Drained 150 150 0.001 0.001 5.0E+08 0.2 320000 0 0 0.3
Sandy Clay and Sandy Silt Mohr-Coulomb Drained 128 128 0.3 0.3 8.0E+05 0.275 100 35 0 0.67

Plate EA EI w ν MP NP

(plf) (lbs-ft2/ft) (plf/ft) (pft/ft) (plf)
Wall Section 7.11E+07 2.69E+07 0.05 0.3 70 122

Anchor EA Lspacing
(lbs) (ft)

Roof 1.66E+09 1
Slab 2.65E+09 1
Strut 1.74E+08 12

TABLE 1
SOIL AND INTERFACE PROPERTIES

TABLE 2
PLATE PROPERTIES

TABLE 3
ANCHOR PROPERTIES

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Calculation Packages\Settlement Behind Wall\Plaxis Outputs.xls[Sheet2]
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Maximum Horizontal Deflection in Wall
(inch)

Excavate Below First Strut 0.02
Install First Strut -0.08

Excavate Below Second Strut 0.12
Install Second Strut 0.08

Excavate Below Third Strut 0.16
Install Third Strut 0.16

Excavate to Bottom 0.34
Backfill with Aggregate 0.34
Construct Invert Slab 0.34
Remove Third Strut 0.36

Construct Tunnel Wall 0.36
Remove Second Strut 0.45
Construct Tunnel Roof 0.41

Remove First Strut 0.41
Backfill on Top of Tunnel 0.44

TABLE 4
MAXIMUM WALL DEFLECTIONS PER CALCULATION STAGE

Stage

Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Calculation Packages\Settlement Behind Wall\Plaxis Outputs.xls[Sheet1]
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1 Introduction 
This package presents the results of our lateral pile analyses at the west end of the 
Southbound Battery Tunnel portion of the Doyle Drive Replacement Project.  The Battery 
Tunnels are cut-and-cover tunnels that will be constructed as part of the Doyle Drive 
Replacement Project in San Francisco, California.   

In their final configurations, the Southbound and Northbound Tunnels will be embedded into 
the Bluff soils on both the south and north sides of the tunnels, providing equal and opposite 
lateral soil pressures on the sides of the Tunnels.  However, the Southbound Tunnel is 
longer than the Northbound Tunnel and beyond approximately Southbound Station 83+90, 
the Northbound alignment will be constructed at-grade and as such, cannot resist the lateral 
pressures on the Southbound Tunnel.  In order to resist these loads, the soldier piles for 
Retaining Wall B will be extended deeper into the bedrock and become part of the 
permanent design. 

Beyond approximately Station 84+00, the ground surface behind Retaining Wall B slopes 
down reducing the passive resistance capacity to the wall.  Without full passive resistance 
behind the wall for support, the strut loads from the internally braced excavation will cause 
large displacements in both Retaining Walls A and B. 

In order to provide lateral support to limit wall deflections, external rakers will be installed at 
the location of each strut.  The rakers will connect from the backside of Retaining Wall B to 
drilled piers embedded into the bedrock. 

2 Scope of Work 
The work involved in this calculation consisted of the following scope of analyses: 

• Determine the lateral earth pressures acting on the southern and northern walls of the 
SB Battery Tunnel at Station 85+00. 

• Determine the length of pile required at the base of the northern wall of the SB Battery 
Tunnel to prevent movement of the tunnel due to lateral earth pressures after 
construction. 

• Determine the length and size of pile required at the base of the raker supports to 
prevent movement on the retaining walls during the excavation of the SB Battery 
Tunnel. 

3 Inputs 
The following input data was required for the analyses. 

3.1 Stratigraphy 

The stratigraphy used for this analysis was determined from the field investigation.  Figure 1 
shows the location of boreholes that were drilled in relation to the Battery Tunnel structures.  
Figures 2 shows idealized cross section at Station 85+00.   The major soil types are as 
follows: 

• The surficial unit is Sandy Fill which is approximately 4 ft thick.  The Sandy Fill is 
primarily comprised of loose to medium dense sand with some silt and clay. 

• Sandy Clay underlay the Sandy Fill.  At this location, the unit it about 5 ft thick and 
is typically medium stiff. 

• Below the Sandy Clay lies the Colma Sand.  At this location, this unit is about 9 ft 
thick.  It is generally dense to very dense. 
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• Franciscan Formation bedrock is found about 18 ft below the site at this location.  
The bedrock typically consists of sandstone. Mélange matrix and serpentinite have 
also been encountered in adjacent boreholes. 

For this analysis, the most critical layer is the Franciscan Formation as this layer will provide 
the required resistance.  The Colma Sand is also important as there will be a thin layer of it 
above the bedrock during the excavation phase of the project. 

 

3.2 Material Properties 

For the Colma Sand, a total unit weight (γt) of 130 pcf (0.075231 pci) and a friction angle of 
38 degrees will be used for this analysis.  These are typical values based on laboratory 
data.  

The material properties of the sandstone bedrock required for this analysis include total unit 
weight (γt) and uniaxial compressive strength (UCS).  The values of these properties are 
based on laboratory and field testing conducted for the project.   A unit weight of 165 pcf is 
used and is based on averages from all rock in the Battery Tunnel area while the unconfined 
compressive strength used is 1,940 psi and is based on data from boreholes RW5-R1 and 
RW6-R1-PZ, which are both near Station 85+00. 

3.3 Water Table 

The water table varies by location from 18 to 33 ft below the ground surface.  However, a 
drainage plan will be implemented and the water table is assumed to be at the base of the 
Battery Tunnels.   

4 Assumptions 
The following assumptions were made in these calculations: 

• Ultimate loads were assumed so appropriate load factors or factors of safety should be 
used. 

• Any surcharge or seismic pressures on the northern wall of the SB Battery Tunnel were 
ignored to simplify the calculations since they are small enough that they would not 
significantly affect the results. 

5 Calculations 
This section summarizes the calculations performed for the pile analysis for the SB Battery 
tunnel at Station 85+00.  The LPILE files containing these calculations as well as the 
EXCEL file that summarizes the data are located at Q:\131558\4a Arup Internal Project 
Data\4a-04 Calculations\4a-04-02 Geotech\Lateral Earth Pressures\LPILE analysis as well 
as Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Lateral 
Earth Pressures\ LPILE analysis at West End with braced struts.   

5.1 Lateral Earth Pressures 

The lateral earth pressures on the southern wall of the SB Battery Tunnel at Station 85+00 
have already been calculated as part of a separate calculation package.  Both the long-term 
seismic and at-rest cases were examined and are shown in Figures 3 and 4.  When the 
pressures are summed over the vertical length of the tunnel wall, the active plus long-term 
seismic earth pressures result in a value of 28,832 lb/ft while the at rest earth pressure 
result in a value of 27,000 lb/ft.  Since the active plus seismic earth pressure value is slightly 
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higher, it will be used for this analysis.  The piles will be located 6 ft on center so the active 
earth pressure that will be transferred to the pile head is 172,992 lb, as shown in Figure 5. 

The passive earth pressure on the northern wall of the SB Battery Tunnel is calculated for 
the 3.2 feet of rock extending from the base of the NB roadway to the bottom of the SB 
tunnel.  The soil between the SB tunnel and NB retaining wall is ignored since the earth 
pressures exerted by it on the northern wall of the SB tunnel are minimal.  Using a unit 
weigh of 165 pcf and a kp of 10 based on a fiction angle of 55, the resulting earth pressure is 
844 lb/ft or 50,688 lb for each 6 ft section.   

Since these two forces act in opposite directions, the force on the northern wall is subtracted 
from the force on the southern wall, resulting in a net force of 122,304 lb acting on the pile 
head. 

5.2 LPILE Analysis on the Tunnel Structure 

To determine the length of the pile required to prevent movement of the SB Battery Tunnel 
at Station 85+00 due to the excavation of the NB road bed, the program LPILE was used.  
LPILE predicts the deflection, shear force, and bending moment in a pile over its entire 
length and the point at which these values become zero signifies the minimum pile 
embedment depth.  For these analysis, a Type I analysis was done, which is a computation 
of the pile response using elastic pile stiffness. 

A pile length of 15 ft was used since it is greater than the expected length and therefore it 
can be determined where the bending moment decreases to zero.  The piles are 3 feet or 
36 inches in diameter and 6 ft on center.  A W21x101 steel member will be installed within 
the concrete pile.  A moment of inertia of 2,420 in4 and a modulus of elasticity of 29,000 ksi 
were used for design.  These two values are for the steel pile only since it is the properties 
of the steel that will tend to dominate the reaction. 

Static loading was used with no distributed loads.  A boundary condition of shear force and 
bending moment at the pile head was used (LPILE boundary condition #1), with the shear 
force equal to the net earth pressure of 122,304 lb and the bending moment equal to zero 
since the earth pressure acts laterally. 

The Strong Rock (Vuggy Limestone) soil model was used with an effective unit weight of 
165 pcf (0.095486 pci) and a UCS of 1,940 psi.  The weak rock model was not used 
because the recommended maximum UCS for that model is 1,000 psi.  A parametric study 
was also performed by varying the UCS from 1,000 psi (the minimum for the strong rock 
model), to 1,200 psi (the minimum of all UCS tests on Battery tunnel rock), to 7,435 psi (the 
average), to 16,800 psi (the maximum). 

5.3 LPILE Analysis on the Temporary Retaining Walls 

For this analysis, two different cases were analyzed based on depth of Colma Sand above 
the bedrock.  For each case, a steel beam surrounded by 30” diameter concrete pile and a 
W14x99 beam was used with the following transformed properties: modulus of elasticity (Ec) 
= 3,500 ksi,  moment of inertia (Ix) = 48,962.7 in4 , and area (A) = 948.1 in2.  The depth of 
the Colma Sand was varied between 2 ft and 5 ft to represent varying conditions at the site.   

The force on the pile from the raker is 100 kips, which translates to 70.7 kips in both the 
horizontal and vertical direction.  In LPILE, boundary condition #1 was used, with both the 
shear force and axial load as 70.7 kips and the bending moment as zero.  The Strong Rock 
(Vuggy Limestone) soil model is used because the weak rock model has a maximum 
recommended UCS of 1,000 psi.  For the sand layer, the Sand (Reese) model was used. 
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Each analysis was initially run with a pile length of 20 ft to determine where the shear forces 
and bending moments become zero.  Then each pile was shortened to reflect that depth to 
more accurately depict the movements and forces within the pile. 

6 Results 
6.1 Results of the Analysis on the Tunnel Structure 

The results of the analysis of the piles at the base of the tunnel wall after construction are 
shown in Figures 6 to 8.  In Figure 6, the deflection at the pile head varies from 
approximately 0.001 to 0.011 inches depending on the UCS used.  For the higher UCS 
values, the deflection decreases to zero at approximately 5 ft, for a UCS of 1,940 psi, the 
deflection decreases to zero at approximately 7 ft, and for the lower UCS values, the 
deflection decreases to zero at approximately 9 ft. 

In Figure 7, the maximum bending moment varies from 450 to 900 kips-in. For the higher 
UCS values, the bending moment decreases to zero at approximately 7 ft, for a UCS of 
1,940 psi, the bending moment decreases to zero at approximately 9.5 ft, and for the lower 
UCS values, the bending moment decreases to zero at approximately 12 ft. 

The shear force in the pile is shown in Figure 8.  For the higher UCS values, the shear force 
decreases to zero at approximately 7 ft, for a UCS of 1,940 psi, the shear force decreases 
to zero at approximately 9 ft, and for the lower UCS values, the shear force decreases to 
zero at approximately 11 ft. 

GRAPHER files depicting the results are located in the folder Q:\131558\4a Arup Internal 
Project Data\4a-04 Calculations\4a-04-02 Geotech\Lateral Earth Pressures\LPILE analysis. 

6.2 Results of the Analysis on the Temporary Retaining Walls 

The results of the analysis of the piles at the base of the rakers during the excavation of the 
west end of the SB Battery Tunnel are shown in Figures 9 to 11.  Figure 9 shows the lateral 
deflection of the pile.  It varies at the pile head from 0.016 inches with two feet of soil over 
the bedrock and 0.08 inches with five feet of soil over the bedrock.   

Figure 10 shows the bending moments within the pile.  With two feet of soil over the 
bedrock, the maximum bending moment is approximately 2,000 kips-in and decreases to 
zero at a depth of approximately 8 ft.  With five feet of soil over the bedrock, the maximum 
bending moment is approximately 4,000 kips-in and decreases to zero at a depth of 
approximately 12 ft.   

Figure 11 shows the shear forces within the pile.  With two feet of soil over the bedrock, the 
shear forces decrease to zero at approximately 8.5 ft.  With five feet of soil over the 
bedrock, the shear forces decrease to zero at approximately 11.5 ft.   

In order to verify the results generated in LPILE, a hand calculation of deflection (Appendix 
A) was done with a 40 ft, 30” diameter concrete pile with a W14x99 steel beam using the 
methods outlined in the Naval Facilities Engineering Command’s “Soil Mechanics” Design 
Manual 7.01.  To simplify the calculation and to be conservative, the entire soil profile was 
assumed to be Colma Sand.  The resulting deflection at the pile head was 0.48 inches.  

The recommendation based on this analysis is to use the W14x99 beam and the pile should 
be a minimum of 10 ft long and at least 5 ft into the bedrock. 
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FIGURE 6
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FIGURE 7

BENDING MOMENTS DUE TO LATERAL EARTH
PRESSURES AT THE BASE OF THE NORTHERN WALL

OF THE SOUTHBOUND BATTERY TUNNEL AT STATION 85+00
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FIGURE 8

SHEAR FORCES DUE TO LATERAL EARTH
PRESSURES AT THE BASE OF THE NORTHERN WALL

OF THE SOUTHBOUND BATTERY TUNNEL AT STATION 85+00
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FIGURE 10

BENDING MOMENT VERSUS DEPTH
DUE TO THE EXCAVATION OF THE SOUTH-

BOUND BATTERY TUNNEL AT STATION 85+00
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FIGURE 11

SHEAR FORCE VERSUS DEPTH
DUE TO THE EXCAVATION OF THE SOUTH-

BOUND BATTERY TUNNEL AT STATION 85+00
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1 Introduction 
This package presents the results of our calculations of ground anchor forces and unbonded 
lengths required for portions of the temporary retaining walls supporting the excavation for 
the Southbound Battery Tunnel. The Southbound Battery Tunnel is a cut and cover tunnel 
that will be constructed as part of the Doyle Drive Replacement Project in San Francisco, 
California.  These calculations should be used for design of temporary Retaining Walls A 
and B that cannot be supported with internal bracing. 

Temporary ground anchors will be required at the east ends of Retaining Walls A and B.  
The ground anchors will be required between Station 76+32 (Solider Pile PA-25) and 
Station 76+62 (Solider Pile PA-30) for Retaining Wall A and Station 75+71 (Solider Pile PB-
15) and Station 76+55 (Solider Pile PB-30) for Retaining Wall B, as internal bracing cannot 
be used at these locations.  Ground anchors for Retaining Wall B in this location will have to 
extend below the existing Doyle Drive and would be removed during construction of the 
Northbound Tunnel 

2 Scope of Work 
The work involved in this calculation consisted of the following scope of analyses: 

• Determine the required un-bonded tieback length at each row of tiebacks required to 
ensure the bonded zone is beyond the limits of the failure plane. 

3 Assumptions 
The following assumptions were made in these calculations: 

• Three rows of tiebacks were assumed to be at an angle of declination of 15º, at depths 
of 6, 20, and 34 feet from the top of the wall. 

• A wall height of 40 feet 

• The ground anchors will be installed into Colma Sand and a soil friction angle of 35 
degrees was used for the analyses. 

• Apparent pressures were used to develop loads. 

4 Calculations 
This section summarizes the calculations performed to determine tieback forces and the 
required bonded and un-bonded tieback lengths required for wall sections east of the east 
portal of the southbound Battery Tunnel. EXCEL file containing these calculations is located 
at Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 
Geotech\Tiebacks\BT Tiebacks.xls.  Printouts of the excel file are attached in Appendix A. 

4.1 Un-bonded Tieback Lengths 

The un-bonded tieback length,
UnbondL , was calculated from the following equation: 

)cos(
4
α

Hz
LUnbond

+
= , where  

)tan()tan(1
)tan(
ψα

ψ
+

=
Hz , and 

H = Height of tieback from the base of wall 
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ψ = Angle of failure surface from wall = 45 - φ/2 

α = Tieback angle of declination 

5 Results 
This section presents the results of calculations performed to determine required un-bonded 
ground anchor lengths for Retaining Wall sections of the southbound Battery Tunnel.   

 

 

 

 

 

 

 

Table 1: Results of tieback analysis for 40 ft high wall 

Depth of Tieback 
from Top of Wall 

Unbonded Length 
(ft) 

6 27 

14 20 

34 14 
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Appendix A 
Calculations 

 



Battery Tunnel East Portal
Three rows of tiebacks: 1st row 6 feet from top of wall, 2nd row 20 feet from top of wall, 3rd row 34 feet from top of wall

α (angle of declination) 15 α (angle of declination) 15 α (angle of declination) 15
Hwall (ft) 40 Hwall (ft) 40 Hwall (ft) 40
Hsoil (ft) 40 Hsoil (ft) 40 Hsoil (ft) 40
Depth to 1st tieback (ft) 6 Depth to 1st tieback (ft) 6 Depth to 1st tieback (ft) 6
Depth to 2nd tieback (ft) 20 Depth to 2nd tieback (ft) 20 Depth to 2nd tieback (ft) 20
Depth to 3rd tieback (ft) 34 Depth to 3rd tieback (ft) 34 Depth to 3rd tieback (ft) 34
FHorizontal (kips) 100 FHorizontal (kips) 90 FHorizontal (kips) 80
φsoil 35 φsoil 35 φsoil 35
ψ (Angle of Failure Plane) 27.5 ψ (Angle of Failure Plane) 27.5 ψ (Angle of Failure Plane) 27.5
Fvertical on Wall (kips) 26 Fvertical on Wall (kips) 23 Fvertical on Wall (kips) 21
LUnbond (ft) 27 LUnbond (ft) 20 LUnbond (ft) 14

Station 78+00 Lower TiebackStation 78+00 Upper Tieback Station 78+00 Middle Tieback
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1 Introduction 
The following calculation package presents an overview of the data and methods used to 
evaluate the effect of axial loads on the temporary retaining walls that will be constructed as 
part of the Southbound Battery Tunnel of the proposed Doyle Drive Replacement Project in 
the San Francisco Presidio.  

2 Scope of Work 
The work involved in this calculation consisted of the following scope of analyses: 

• Estimate the required embedment depth to limit settlements on the soldier piles to less 
than 0.5 inch for solider piles that are subject to axial (downward) loads in addition to 
self weight. 

• Estimate the required embedment depth to limit uplift movements on the solider piles to 
less than 0.5 inch for solider piles on Retaining Wall B subject to uplift forces caused by 
external rakers 

3 Inputs 
The following input data was required for the analyses: 

3.1 Stratigraphy 

In the vicinity of the Southbound Battery Tunnel, the subsurface conditions typically consist 
of the following: 

• FILL:  At the surface is a layer of Fill that varies in thickness from 3 to 23 feet.  The 
composition of the fill is variable and can include gravel, clay, and/or clean sand.  The 
fill is typically loose to medium dense with SPT N-values ranging from as low as 3 to as 
high as 30 blows per foot. 

• BURIED SOIL HORIZON:  Below the Fill there is a thin layer of a Buried Soil Horizon.  
Where present, the thickness of the Buried Soil Horizon ranges from about 0.5 to 4.5 
feet, but was not encountered in all boreholes.  The composition of the Buried Soil 
Horizon is typically highly organic sandy clay.  The Buried Soil Horizon deposits are 
typically loose with SPT N-values ranging from 0 to 11 blows per foot. 

• SANDY CLAY AND SANDY SILT:  Below the Buried Soil Horizon is a layer of Sandy 
Clay and Sandy Silt which is probably related to the Colma Sand layer below.  The 
Sandy Clay and Sandy Silt layer ranged from 1.5 to 15.5 feet thick.  The Sandy Clay 
and Sandy Silt layer is typically medium stiff to very stiff with SPT N-values ranging from 
7 to 39, with occasional N-values over 50 blows per foot. 

• COLMA SAND:  Below the Sandy Clay and Sandy Silt is a fine to medium grained sand 
deposit known locally as Colma Sand.  Where present, the Colma Sand ranged from 
3.5 to 35 feet thick.  The Colma Sand is typically medium dense to dense with SPT 
N-values ranging from 12 to over 60 blows per foot.  In places, the Colma Sand is also 
underlain by another layer of Sandy Clay and Sandy Silt. 

• COLLUVIUM/RESIDUAL SOIL:  Below the Colma Sand or the lower layer of Sandy 
Clay and Sandy Silt and above the bedrock is a thin layer of either Colluvium or 
Residual Soil.  These layers consisted mainly of stiff to very stiff gravelly clays. 

• BEDROCK:  Bedrock (Franciscan Complex) was encountered below the proposed 
Battery Tunnels at depths ranging from at the ground surface (at Borehole BTNB-R5-
PZ-D) to 54 feet (at Borehole BTNB-R4-PZ).  The depth to bedrock generally decreases 
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towards the west end of the Battery Tunnels.  The four major types of bedrock were 
encountered were serpentinite, sandstone, and Mélange Matrix. 

3.2 Material Properties 

The following properties were used: 

Soil/Rock Unit 
Total Unit 
Weight, γ 

(pcf) 

Friction Angle, φ 

(°) 

Cohesion, c 

(psf) 

Colma Sand 130 38 0 

Sandstone 165 55 0 

 

4 Assumptions 
The following assumptions were made in these calculations: 

• The fractured sandstone can be modeled as a soil with a friction angle of 55º. 

• Only friction acts to resist the axial forces 

5 Calculations 
This section is summarizes the calculations performed to estimate the ultimate bearing 
capacity for the Battery Tunnels.  All documents relating to these calculations can be found 
at Q:\131558\4a Arup Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Pile 
Schedule 

5.1 Estimation of Required Embedment to Resist Uplift Forces 

The solider piles subject to uplift forces will be embedded in fractured sandstone, which was 
modeled as a high-friction angle sand. 

The required embedment depth was calculated using the following procedure: 

A critical length to diameter ratio, (L/D)critical, was determined based on the ratio Lembed/D and 
the relative density, Dr, of the sandstone (taken to be 100).  The method used is not valid if 
Lembed/D>(L/D)critical.  A maximum ratio of (L/D)critical equal to 14.5 was determined, based on 
the assigned friction angle of sandstone. 

The ratio of δ/φ was then determined based on Dr and using the chosen φ, δ was 
determined. 

Ku, the uplift coefficient, 

The uplift capacity was then determined using the equation: 

Frictional Resistance = δγ tan'
2
1

u
critical

p K
D
LP ⎟
⎠
⎞

⎜
⎝
⎛ , where: 

Pp = Perimeter of the pile 

γ' = Effective unit weight of the sandstone 

Ku = nominal uplift coefficient taken to be 1.0 for the fractured sandstone 

The calculations are attached in Appendix A. 
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5.2 Estimation of Required Embedment to Resist Axial (Downward) 
Forces 

The piles that will receive axial forces will be embedded into Colma Sand.  The Colma Sand 

provides both side (frictional) resistance and tip resistance.  However, if tip resistance is 

sufficient to resist the axial loads, then frictional resistance can be neglected. 

For estimation of the tip resistance of the piles, the Janbu method, as presented in Das 

(1999) following equation was used: 

*' qpp NqAQ = , where 

Qp = Tip resistance 

Ap = Area of pile tip 

q’ = vertical effective stress at pile tip 

Nq* = Janbu bearing capacity factor (η taken equal to 105 degrees) 

 

Additionally, settlements were calculated for the axially loaded piles.  The elastic settlement 
in the pile was calculated using the equation: 

 

pilepile

shaft
pile EA

Q
S

ξ
= , where 

Qshaft = Load in the shaft 

ξ = A factor relating the distribution of skin friction resistance, taken to be triangular here 

Apile = Area of the pile (transformed section) 

Epile = Young’s modulus of the pile (transformed section) 

 

The settlement was estimated using the equation: 

 

( ) wpsoil
soil

wp
friction I

E
Dq

S 21 υ−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= , where 

qwp = Load per area at pile tip (Q/A) 

Esoil = modulus of elasticity of the soil at the pile tip 

υsoil = Poisson’s ratio of the soil 

Iwp = influence factor equal to 2+0.35√(L/D) 

The calculations are attached in Appendix A. 
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6 Results 
6.1 Uplift Forces 

The results of the analyses indicate that solider piles with an uplift force of 150 kips 
embedded in sandstone require a minimum of 5 feet of embedment into the sandstone.  The 
effect of any soils over the rock is ignored.  The piles should extend through the soils and 
the pile tips should be located a minimum of 5 feet into the sandstone. 

6.2 Axial (downward) Forces 

The results of the analyses indicate that solider piles with an axial (downward) force of 112 
kips embedded in Colma Sand require a minimum of 8 feet of embedment.  Provided the 
minimum required embedment is achieved, settlement in the piles should be less than 0.5 
inch. 
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Uplift Capacity of Solider Piles
D 2.5 ft

WW18x65 0.065 klf
AW18x65 0.133 ft2

γconcrete 0.145 kcf
W 34 kips

Uplift 150 kips
W 34.1 kips
Perimeter 7.85 ft

Lwall 40 ft
Lembed 5 ft
Ltotal 45

Dr 100
L/D 2
(L/D)critical 14.5

δ/φ 1.45
φ 55
δ 79.8
Ku 4
γ 92.6 pcf

F.S. 1 FS = 1 because factored loads are used
Capacity 235 kips

OK



Estimation of embedment required for axial (downward) forces on solider piles

External Load Ground Anchor Load Total Load
(kips) (kips) (kips)

PB10-PB14 42 0 42
PB15-PB23 42 70 112
PB24-PB30 Self Weight 70 70

PB31-PB191 Self Weight N/A Self Weight
Note: Loads are factored

Check maximum load = 112 kips + Self Weight Elastic settlement in pile Soil Settlement

D 2.5 ft Qtip 112.0 kips Esoil 3.75E+03 ksf
WW18x65 0.065 klf Qshaft 0 kips υsoil 0.35
AW18x65 0.133 ft2 ξ 0.67
γconcrete 0.145 kcf L 10 ft Qtip 112.0 kips
Wpile 38 kips Apile 4.9 ft2 Apile 4.9 ft2

Epile 116560 ksf
Axial Force 112 kips D 2.5 ft
Axialtotal 149.9 Esteel 4.18E+06 ksf Iwp 0.85
Perimeter 7.85 ft f'c 4500 psf

Econc 3824 ksf S 0.01 ft
Find required embedment to resist loads (5 ft minimum) 0.14 in
Lwall 40 ft
Lembed 10.0 ft Asteel 0.133 ft2 total settlement
Ltotal 50.0 ft Aconc 4.8 ft2 0.2 inch

q' 676 psf Spile 0.002 ft
N*q 105 0.023 in
Apile 4.9 ft2

Qp 348 kips

Pile
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1 Introduction 
This package presents the results of our Slope Stability calculations for the Southbound 
Battery Tunnel portion of the Doyle Drive Replacement Project.  The Southbound Battery 
Tunnel is a cut and cover tunnel that will be constructed as part of the Doyle Drive 
Replacement Project in San Francisco, California.  These calculations should be considered 
when designing the tunnel as well when planning the construction activities near the site. 

A stability analysis at the West Portal of the Southbound Battery Tunnel was performed to 
evaluate the proposed re-grading plan. Two sections were modeled for the stability analysis; 
a north-south oriented section that crosses the Southbound Battery Tunnel alignment, and 
an east-west oriented section adjacent to the Battery Tunnel structure. 

2 Scope of Work 
The work involved in this calculation consists of the following scope of analyses: 

• Examine the slope stability at the West Portal of the Southbound Battery Tunnel and 
determine the factor of safety of slope failure at two representative locations. 

• Calculate the pseudostatic coefficient necessary for a factor of safety of 1.0 at both 
locations analyzed for stability. 

3 Inputs 
The following input data was required for the analyses. 

3.1 Stratigraphy 

The stratigraphy used for this analysis was determined from the field investigation.  Figure 1 
shows the location of boreholes that were drilled in relation to the Battery Tunnel structure.  
Figure 2 shows an idealized cross section at Station 85+00. The major soil types are as 
follows: 

• The surficial unit is generally Sandy Fill or Compacted Fill. The Sandy Fill is 
primarily comprised of loose to medium dense sand with some silt and clay. The 
Compacted Fill is similar to the Sandy Fill but is primarily medium dense sand. 

• Sandy Silts and Sandy Clays underlay the Sandy Fill and Compacted Fill. This unit 
is approximately 5 feet thick near the West Portal of the tunnel structure and is 
typically medium stiff. 

• Below the Sandy Silts and Sandy Clays lies the Colma Sand.  This unit is 
approximately 10 feet thick near the West Portal and is generally dense to very 
dense. 

• Franciscan Formation bedrock ranges between 20 to 25 feet below the top of the 
proposed slope near the West Portal. 

3.2 Material Properties 

The material properties required for this analysis included total unit weight (γt), friction angle 
(φ), and cohesion (c).  The material properties are summarized in the table presented in 
Figure 3.  The values of these properties were based on laboratory testing conducted for the 
project. 

4 Assumptions 
The following assumptions were made in these calculations: 
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• The Southbound Tunnel structure was assumed to be 32.5 ft high and 66 ft wide, and 
the locations are approximate.  Minor changes to these dimensions and locations are 
not expected to cause significant changes to these calculations. 

• All layers were assumed to act as purely cohesionless soils except for the Sandy Fill 
and Compacted Fill layers which were given a small amount of cohesion in order to 
prevent surface raveling. 

• The groundwater table was assumed to be at the top of the bedrock for this analysis. 
The location of the groundwater table is shown on the Figure 3. 

• The Battery Tunnel structure was assumed to be an impenetrable material in slope 
stability calculations. 

 

5 Calculations 
This section summarizes the calculations performed for the slope analysis for the Battery 
Tunnels.  The computer files containing these calculations are located at Q:\131558\4a Arup 
Internal Project Data\4a-04 Calculations\4a-04-02 Geotech\Stability Calcs\Battery Tunnel.   

5.1 Stability Analysis 

The computer program SlopeW (GeoStudio 2007, Version 7.03, Build 3678) was used to 
perform the stability analysis proposed re-grading at the West Portal of the Southbound 
Battery Tunnel. Each soil layer was modeled as Mohr-Coulomb except the bedrock, which 
was modeled as an impenetrable material.  The reported Factors of Safety are based on the 
Spencer Method.  The Spencer method was chosen because it satisfies horizontal, vertical, 
and rotational equilibrium for all slices, and is therefore potentially more accurate than less 
refined methods that make more assumptions.  Nonetheless, the more traditional Bishop, 
Janbu, and Ordinary Methods were also checked for consistency. 

To determine the most critical failure surface, the ‘Auto Locate’ slip surface option was used 
first, which searches all potential failure surfaces.  Then the ‘Grid and Radius’ and the ‘Entry 
and Exit’ options were also used to check the results from Auto Locate as well as to 
examine several different modes of failure for presentation purposes.  The Grid and Radius 
option specifies a rectangular grid within the soil, which the failure surface must pass 
through; and, another rectangular area above the soil, in which the center of the failure 
circle must lie.  This option is ideal for examining failures through a specific soil layer.  The 
Entry and Exit option specifies sections of the soil surface as entry and exit points of the 
failure surface.  This option is ideal for examining failures that enter or exit the ground 
surface at a specific point, such as toe failures.  

5.2 Pseudostatic Analysis 

For the pseudostatic analysis, an iterative approach was used within SlopeW where the 
horizontal pseudostatic coefficient, kh, was varied to determine the yield coefficient, ky.  The 
yield coefficient is the horizontal pseudostatic coefficient that results in a Factor of Safety, 
(F.S.), of 1.0 for the slope.  Therefore, if an earthquake produces a horizontal pseudostatic 
coefficient greater than the calculated yield coefficient, the slope would become unstable.  
Typically, in areas where the earthquake threat is major and great, kh will range from 0.10 to 
0.15 [3]. 
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6 Results 
6.1 Proposed Re-Grading 

From analyzing the proposed re-grading plan at a north-south section that crosses the 
Southbound Battery Tunnel, the F.S. was calculated to be 2.5. Similarly, from analyzing an 
east-west section, the F.S. was calculated to be 2.7.  Generally, a F.S. >1.5 is acceptable 
for long-term stability.  

For the pseudostatic analysis, the yield coefficient, ky, was determined to be 0.38. This yield 
coefficient is well above the horizontal pseudostatic coefficient range of 0.10 to 0.15 for 
major earthquake threats.  Therefore, this proposed re-grading slope is expected to remain 
stable during predicted seismic events. 
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FIGURE 3

STABILITY ANALYSIS  OF THE PROPOSED
RE-GRADING AT THE WEST PORTAL OF THE
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1 Introduction 
The following calculation package presents an overview of the data and methods used to 
evaluate the light post foundations that will be constructed as part of the Southbound 
Battery Tunnel of the proposed Doyle Drive Replacement Project in the San Francisco 
Presidio.  The Southbound Battery Tunnel is a cut and cover tunnel.  The tunnel will typically 
be covered with compacted structural fill, but lightweight fill will be required in some areas. 

Six light posts will be installed over the Southbound Battery Tunnel.  The light posts will be 
supported on either Caltrans Standard Cast-in-Drilled-Hole (CIDH) foundations or shallow 
spread footings 

Caltrans Standard, 5 foot long, 30 inch diameter CIDH piles will be used where possible.  
However, in several locations, the spread footings will be required because the thickness of 
cover is less than 5 feet. 

2 Scope of Work 
The work involved in this calculation consisted of the following scope of analyses: 

• Evaluate the CIDH and spread footing light post foundations for over turning. 

• Estimate the deflection of the CIDH pile. 

• Evaluate resistance to sliding of the spread footings. 

3 Inputs 
The following input data was required for the analyses: 

3.1 Loads Provided by Structural Engineer 

The following factored loads were provided by the structural engineer: 

Vertical Load at top of Footing = 279 pounds 

Lateral Load at top of Footing (wind load) = 562 pounds 

3.2 Material Properties 

The following properties were used: 

Soil/Rock Unit 
Total Unit 
Weight, γ 

(pcf) 

Friction Angle, φ 

(°) 

Cohesion, c 

(psf) 

Lightweight Fill 65 32 0 

 

4 Assumptions 
The following assumptions were made in these calculations: 

• Bearing capacity is not an issue because the foundations will be installed directly on or 
just above the roof the Southbound Battery Tunnel. 

• In order to be conservative, all foundations were assumed to be installed in lightweight 
fill. 
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5 Calculations 
This section is summarizes the calculations performed to evaluate sliding and overturning 
for both the CIDH pile foundation and the shallow spread footings.  All documents relating to 
these calculations can be found at Q:\131558\4a Arup Internal Project Data\4a-04 
Calculations\4a-04-02 Geotech\Light Poles 

5.1 Cast-in-Drilled-Hole Pile Foundation 

5.1.1 Evaluation of Deflection of the CIDH Foundations 
Deflection of the CIDH piles were evaluated as shallow piers using the Evans and Duncan 
(1982) procedure as presented in Coduto (2001). 

The Evans and Duncan procedure determines a characteristic shear load, Vc.  Vc is then 
normalized by the applied shear load, V, and related to the deflection. 

( )n
m

I

p
Ic RE

REBV 50
2 ε

σ
λ ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
⋅

⋅= , where 

Vc = Characteristic shear load 

λ = Dimensionless parameter based on stress-strain behavior of the soil 

B = Diameter of the CIDH 

E = Modulus of the CIDH 

RI = Moment of inertia ratio, equal to 1.0 for a circular cross-section 

σp = Passive pressure of the soil 

ε50 = Axial strain at 50% of soil strength 

m,n = Empirical values used to determine characteristic shear 

 

The value of V/Vc is then related to yt/B through empirical charts provided by Evans and 
Duncan, where yt is equal to the deflection at the pile head. 

The calculations are attached in Appendix A. 

5.1.2 Evaluation of Overturning 
Overturning was calculated by comparing the driving and resisting forces about the base of 
the CIDH pile and a factor of safety was determined.  Because factored loads were used, a 
factor of safety of 1.0 is acceptable. 

The resisting forces are the weight of the CIDH pile, the vertical load from the light post, and 
the passive resistance of the soil.  The driving force is the wind load acting at the head of 
the CIDH pile. 

The calculations are attached in Appendix A. 

5.2 Shallow Spread Footings 

5.2.1 Evaluation of Sliding 
The spread footings were evaluated for sliding using the following equation: 

2

2
1)( HKWPV presist γμ ++= , where: 
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V = Resistance to sliding 

P+W = Applied vertical load plus the weight of the spread footing 

μ = Friction factor equal to tan(φ) 

The calculations are attached in Appendix A. 

5.2.2 Evaluation of Overturning 
Overturning was calculated by comparing the driving and resisting forces about the base of 
the CIDH pile and a factor of safety was determined.  Because factored loads were used, a 
factor of safety of 1.0 is acceptable. 

The resisting forces are the weight of the spread footing and the vertical load from the light 
post.  The driving force is the wind load acting at the top of the spread footing. 

The calculations are attached in Appendix A. 

6 Results 
6.1 CIDH Piles 

The results of the analyses indicate that the for the given wind and axial loads, the light 
posts supported on Caltrans Standard CIDH piles will deflect less than 0.5 inch and are not 
susceptible to overturning. 

6.2 Axial (downward) Forces 

The results of the analyses indicate that light posts supported on the shallow spread 
footings will not be susceptible to sliding or overturning. 
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Spread Footings

B 6 ft
D 2.5 ft

γ 65 pcf
φ 32 degrees

V 562 lbs
P 279 lbs
Wftg 9375 lbs

Check for Bearing Capacity

N/A only 1 ft of soil over tunnel
not enough to develop passive wedge

d0 > 1 ft

Check for Sliding Resistance Check for Overturning

μ 0.625 Lftg 6 ft
P+W 9654 lbs Mftg 28125 lbs-ft

Kp 3.25 P 279 lbs
H 1.5 ft MP 837 lbs-ft

Mresist 28962 lbs-ft
Vresist 6270 lbs

V 562 lbs
Vdriving 562 lbs Hftg 4 ft

Mdriving 2108 lbs-ft
FSsliding >3

FSoverturn >3



Shallow Piers overturning
Evans and Duncan 1982 procedure

D 2.5 ft
λ 1 for sands L 5 ft
B 30 inches γconc 145 pcf
E 3604997 psi Wconc 3559 lbs
RI 1 for circular cross-section Paxial 279 lbs
σp 24 Wftg 3838 lbs
γ 0.038 pci
φ' 32 degrees φ 35 degrees
Cp 3.2 kp 3.69
ε50 0.002 for sands γl-w fill 65 pcf
m 0.57 for Vc FSpassive 1.5
n -0.22 for Vc

Vc 14094515 lbs V 562 lbs

V 562 lbs Mdriving 2810 lbs-ft

V/Vc 0.00004 Mresist-ftg 4797
Mresist-soil 666 w/ FS on passive

yt/B 0.001 From Chart
Deflection Mresist-total 5463.6 lbs-ft
yt 0.03 inches

FS 1.94
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1 Introduction 
An extensive laboratory testing program was performed to determine the index and 
engineering properties of the major subsurface strata encountered at the site.  The 
laboratory testing program included conventional tests to confirm the existing 
information on the engineering characteristics of the major strata and to refine 
some of the engineering parameters where it was deemed appropriate. 

Tests on overburden soil specimens were performed at the Signet Testing 
Laboratories in Hayward, California. 

Tests on Mélange Matrix specimens were performed at the Signet Testing 
Laboratories in Hayward, California. 

Tests on rock specimens were performed at Advanced Terra Testing, Inc., in 
Lakewood, Colorado and the Arup laboratory in San Francisco, California. 

This appendix briefly describes the testing program and procedures used for the 
different test types and presents summary tables and data plots of the test results.   

1.1 Tests Performed on Soil and Rock Samples 

In order to adequately determine the engineering properties of the soil and rock, a 
series of laboratory tests were performed on various samples of Fill, , Buried Soil 
Horizon, Sandy Clay, Sandy Silt, Colma Sand, Colluvium, Residual Soil, and the 
underlying bedrock. 

1.2 Index Tests 

Index tests were performed on both soil and rock samples to aid in classification 
and correlation with other engineering parameters.  Index tests included Atterberg 
limits, grain size analyses, organic content, and moisture content and density 
determinations.  Atterberg limits tests were performed in accordance with standard 
test method ASTM D 4318-00 (wet method).  Grain-size analyses were performed 
in accordance with standard test method ASTM D 422-63. Organic content tests 
were performed in accordance with the standard test method ASTM D 2974-87. 
Moisture content tests were performed in accordance with standard test method 
ASTM D 2216-98.  Total density tests were performed following the standard test 
method ASTM D 2216-98.  In addition to tests performed to directly measure the 
properties stated above, moisture and density measurements were performed on 
samples for One-Dimensional Consolidation, Direct Shear, and Unconsolidated 
Undrained Triaxial Compression tests. 

A summary of the results of index tests performed on soil and rock is presented in 
Table B-1.  The individual laboratory reports for Atterberg limits, sieve analyses and 
moisture and density tests are presented in Attachment B-1 of the accompanying 
CD. 

1.3 One-Dimensional Consolidation Tests 

One-Dimensional Consolidation Tests were performed on samples of Sandy Clay 
to evaluate their compressibility characteristics and past geologic-stress history.  
Consolidation tests were performed in general accordance with the procedures 
outlined in the standard test method ASTM D 2435-04. 

The maximum past pressure values (σ’p) were estimated from end-of-primary 
consolidation compression curves using the Pacheco-Silva (1970) and Casagrande 
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(1934) constructions, as well as the Becker et al. (1987) work method. The 
overconsolidation ratio (OCR) was then computed from an estimated maximum 
past pressure (σ’p) and the calculated in situ vertical effective stress (σ’vo) at the 
depth from which the sample was taken using the following expression: 

OCR = (σ’p)/(σ’vo) 

A summary of the results from the consolidation tests performed on overburden 
soils is presented in Table B-2.  The laboratory consolidation test reports showing 
the compression curves (vertical strain at the end of load increment versus log 
effective stress) are included in Attachment B-2 of the accompanying CD. 

1.4 Direct Shear Test 

Direct Shear Tests were performed on samples of Fill, Buried Soil Horizon, and 
Colma Sand to determine the drained strength parameters of these materials. 

A summary of the results from the Direct Shear Tests is presented in Table B-3.  
The laboratory reports are included in Attachment B-3 of the accompanying CD. 

1.5 Organic Content Tests 

An Organic Content Test was performed on a Buried Soil Horizon sample in 
general accordance with the procedures outlined in the standard test method 
ASTM D 2974-87. 

A summary of the results from the Organic Content Test is presented in Table B-4. 
The laboratory reports are included in Attachment B-4 of the accompanying CD. 

1.6 Unconsolidated Undrained Triaxial Compression Test 

Unconsolidated Undrained (UU) Triaxial Compression Tests were performed on 
samples of Buried Soil Horizon, Sandy Clay, Colma Sand, Serpentinite, Mélange 
Matrix, Sandstone, and Gabbro to evaluate the undrained shear strength of the 
material.  The undrained Young’s Modulus can also be determined from this test.  
These tests were performed in general accordance with the procedures outlined in 
the standard test method ASTM D 2850-95. 

A summary of the results of UU Triaxial Compression Tests is presented in 
Table B-5.  Before testing and after testing photographs of selected samples and 
the laboratory reports for all samples for these tests are included in Attachment B-5 
of the accompanying CD. 

1.7 Isotropically consolidated Undrained Triaxial Compression Test 

Isotropically Consolidated Undrained (ICU) Triaxial Compression Tests were 
performed on Colma Sand samples to determine the effective friction angle.  These 
tests were performed in general accordance with the procedures outlined in the 
standard test method ASTM D 4767-95 with pore pressure measurements. 

A summary of the results of ICU Triaxial Compression Tests is presented in 
Table B-6.  Before testing and after testing photographs of selected samples and 
the laboratory reports for all samples for these tests are included in Attachment B-6 
of the accompanying CD. 
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1.8 Uniaxial Compressive Strength Tests with Stress Strain 
Measurements 

Uniaxial Compressive Strength Tests were performed on intact rock samples of 
four to six inches long to determine the compressive strength.  These tests were 
performed in general accordance with the procedures outlined in the standard test 
method ASTM D 3148-02.  Stress-strain measurements during the tests were used 
to determine the elastic stiffness parameters of the rock specimen, namely the 
Young’s modulus and the Poisson’s ratio. 

A summary of the results from the Uniaxial Compressive Strength Tests performed 
is presented in Table B-7.  The laboratory stress-strain curves and photographs for 
these tests are included in Attachment B-7 of the accompanying CD. 

1.9 Point Load Index Tests 

Diametral Point Load Index Tests were performed to determine point load index 
strength of intact rock core specimens.  These tests were performed in general 
accordance with the procedures outlined in the standard test method ASTM 
D 5731-02.  This index test is an inexpensive way to measure the strength of the 
rock specimens without the specimen preparation and setup required for the 
Uniaxial Compressive Strength Test.  Point load tests were performed on portions 
of rock core having a length-to-diameter ratio of at least 1.0, with appropriate 
corrections being made to account for size effects.  In the point load test, rock 
specimens are loaded between steel cone tips and the load at the time of rupture is 
recorded.  The corrected point load strength, Is-(50), is given by the expression: 

Is(50) = F(P/De
2) 

Where: 

P = load at rupture 

De = distance between the steel points at failure (typically slightly 
smaller than the core diameter) 

F = specimen size correction factor to standardize the results to 
50 mm core size. 

The uniaxial compressive strength, σa, is computed from: 

σa = C x Is(50) 

Where: 

C = factor that depends on the core size. 

A summary of the results from Point Load Index Tests performed is presented in 
Table B-8.  Plots of uniaxial compressive strength versus elevation for each 
borehole tested are included in Attachment B-8 of the accompanying CD. 

1.10 Indirect Tensile Strength (Brazilian) Tests 

Indirect Tensile Strength Tests, also referred to as the Brazilian Test Method, were 
performed on five rock core samples to determine the tensile strength of the rock.  
These tests were performed in general accordance with the procedures outlined in 
the standard test method ASTM D 3967-95a.  The significant advantage of this test 
is that it is a simple and inexpensive way to measure the tensile strength. 
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A summary of the results from the Indirect Tensile Strength Tests performed is 
presented in Table B-9.  The laboratory reports, photographs and stress curves for 
these tests are included in Attachment B-9 of the accompanying CD. 

1.11 Punch Penetration Test 

A Punch Penetration Test was performed on one intact rock core specimen 
indicating relative boreability and excavatability of the rock formation, i.e., the 
energy needed for efficient chipping.  This is affected by the stiffness, brittleness, 
and porosity of the sample.  The rock sample was broken in the same way that a 
disc cutter will during tunnel construction.  The test takes into account both the 
crushing strength of the rock (failure mechanism beneath the cutter edge) and its 
resistance to chipping (failure mechanism between cutters). 

A summary of the results from the Punch Penetration Test performed is presented 
in Table B-10.  The laboratory report for this test, which includes a summary sheet, 
load versus penetration plots and before and after test photographs, is presented in 
Attachment B-10 of the accompanying CD. 

1.12 Cerchar Abrasivity Index Tests 

Cerchar Abrasivity Index Tests were performed on three rock specimens to 
determine rock abrasivity for cutter wear.  A series of sharpened steel pins of a 
known hardness are pulled across a freshly broken surface of the rock.  The 
average dimensions of the resultant wear can be related directly to cutter life in field 
operation.  The geometry of the planned excavation then allows calculation of the 
expected cutter wear per unit distance of cutter travel. 

A summary of the results from the Cerchar Abrasivity Index Tests performed is 
presented in Table B-11.  The laboratory data sheet and before and after test 
photographs are presented in Attachment B-11 of the accompanying CD. 

1.13 Slake Durability Tests 

Slake Durability Tests were performed on three rock core specimens in order to 
quantitatively estimate the durability of weak rocks and their resistance to 
weathering.  These tests were performed in general accordance with the 
procedures outlined in the standard test method ASTM D 4644-87.  Serpentinite 
and similar weak rocks absorb moisture when subjected to a simulated weathering 
process.  Moisture absorption may cause disaggregation in the form of powdering, 
spalling, flaking of the sample surface, or separations along bedding planes. 

A summary of the results from the Slake Durability Tests performed is presented in 
Table B-12.  Laboratory data reports and before and after test photographs are 
presented in Attachment B-12 of the accompanying CD. 

1.14 Thin-Section Petrographic Analyses 

Thin-Section Petrographic Analyses were performed on four rock samples to 
provide insight into the microscopic properties of the different rock types that may 
significantly impact its boreability behavior.  Such features include grain 
suturing/interlocking, certain alignment/ orientation of hard minerals, tight matrix, 
micro fractures, etc. 

A summary of the results from the Thin-Section Petrographic Analyses performed is 
presented in Table B-13.  The report prepared by the laboratory, and thin-section 
photographs are included in Attachment B-13 of the accompanying CD. 
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Borehole
ID Depth Elevation,

(NAVD88) Soil Unit
Moisture 
Content, 

w o

Total Unit 
Weight, γt

Liquid 
Limit, w l

Plastic 
Limit, w p

Plasticity 
Index, Ip

Liquidity 
Index, LI

Dry Unit 
Weight, γd

Percent 
Fines

(ft) (ft) (%) (pcf) (%) (%) (%) (pcf) (%)

BTNB-R1 51.9 39.5 Mélange Matrix 10.3 149.7 22 15 7 -0.67 135.6

BTNB-R3 11.6 74.7 Sandy Clay 18.9 130.0 41 17 24 0.08 109.4

BTNB-R3 18.3 68.0 Colma Sand 18.2     

BTNB-R3 31.7 54.6 Colma Sand 23.1 125.6 102.1 12.6

BTNB-R4-PZ 8.3 62.2 Sandy Clay 13.7 130.7 32 16 16 -0.14 114.9 81.1

BTNB-R4-PZ 13.4 57.1 Sandy Silt 14.1 136.8 119.8 54.4

BTNB-R4-PZ 23.5 47.0 Colma Sand 19.5 131.9 110.4 14.3

BTNB-R4-PZ 23.5 47.0 Colma Sand 19.4 129.0 108.0

BTNB-R4-PZ 23.5 47.0 Colma Sand 18.8 127.8 107.6

BTNB-R4-PZ 33.1 37.4 Colma Sand 20.1 132.9 110.7 9.5

BTNB-R4-PZ 48.1 22.4 Colma Sand 21.2 134.2 110.8 14.2

BTNB-R4-PZ 60.3 10.1 Serpentinite 16.5 139.4 Non-Plastic Non-Plastic Non-Plastic 119.7

BTNB-R4-PZ 70.2 0.2 Serpentinite 7.2

BTNB-R4-PZ 75.6 -5.2 Serpentinite 6.0

BTNB-R4-PZ 87.6 -17.2 Serpentinite 16.8 138.5 Non-Plastic Non-Plastic Non-Plastic 118.6

BTNB-R4-PZ 96.5 -26.1 Serpentinite 142.4

BTNB-R5A-PZ-S 25.1 54.3 Sandstone 167.5

BTNB-R5A-PZ-S 25.1 54.3 Sandstone

BTNB-R5A-PZ-S 25.5 53.9 Sandstone 165.6

BTNB-R5-PZ-D 54.5 25.1 Mélange Matrix 9.3 158.6 27 16 11 -0.61 145.1

SUMMARY OF INDEX TEST RESULTS
TABLE B-1
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Borehole
ID Depth Elevation,

(NAVD88) Soil Unit
Moisture 
Content, 

w o

Total Unit 
Weight, γt

Liquid 
Limit, w l

Plastic 
Limit, w p

Plasticity 
Index, Ip

Liquidity 
Index, LI

Dry Unit 
Weight, γd

Percent 
Fines

SUMMARY OF INDEX TEST RESULTS
TABLE B-1

BTNB-R5-PZ-D 88.4 -8.7 Sandstone 163.8

BTNB-R6A-PZ-S 28.3 55.2 Serpentinite 48.8 108.8 73.1 31.8

BTNB-R6-PZ-D 8.2 75.4 Fill 14.7 124.3 108.3 9.5

BTNB-R6-PZ-D 13.0 70.6 Sandy Clay 20.5 129.3 34 17 17 0.21 107.3

BTNB-R6-PZ-D 18.3 65.3 Sandy Silt 18.0 134.0 113.5 59.1

BTNB-R6-PZ-D 23.6 60.0 Colma Sand 15.7 136.3 117.8 17.9

BTNB-R6-PZ-D 27.6 56.0 Colma Sand 14.9 124.4 108.3 10.9

BTNB-R6-PZ-D 47.7 35.9 Serpentinite 132.1

BTNB-R6-PZ-D 83.8 -0.2 Serpentinite 151.1

BTNB-R6-PZ-D 90.7 -7.1 Serpentinite 14.9 140.4 39 33 6 -3.02 122.2

BTNB-R7A-PZ-S 9.8 69.2 Buried Soil Horizon 20.4   30 15 15 0.36   

BTNB-R7A-PZ-S 18.3 60.7 Sandy Clay 20.8 130.1 107.7 52.5

BTNB-R7A-PZ-S 19.8 59.2 Sandy Clay 23.6   30 14 16 0.60   

BTNB-R7A-PZ-S 23.1 55.9 Colma Sand 19.9 133.6 111.5 17.6

BTNB-R7A-PZ-S 33.3 45.7 Colma Sand 20.9 132.1 109.3 18.2

BTNB-R7-PZ-D 13.3 66.1 Sandy Clay 16.8 134.5 23 15 8 0.23 115.1

BTNB-R7-PZ-D 86.4 -7.0 Gabbro 14.8 140.3 30 28 2 -6.60 122.2

BTSB-R1-PZ 13.3 87.8 Fill 15.0 121.7 105.8 3.3

BTSB-R1-PZ 22.8 78.3 Fill 26.4 127.0 100.5 2.1

BTSB-R1-PZ 22.8 78.3 Fill 25.3 126.2 100.7

BTSB-R1-PZ 22.8 78.3 Fill 30.8 125.4 95.9
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Borehole
ID Depth Elevation,

(NAVD88) Soil Unit
Moisture 
Content, 

w o

Total Unit 
Weight, γt

Liquid 
Limit, w l

Plastic 
Limit, w p

Plasticity 
Index, Ip

Liquidity 
Index, LI

Dry Unit 
Weight, γd

Percent 
Fines

SUMMARY OF INDEX TEST RESULTS
TABLE B-1

BTSB-R1-PZ 27.5 73.5 Sandy Clay 22.0 129.9 106.5

BTSB-R1-PZ 28.8 72.3 Sandy Clay 22.8 123.5 100.6

BTSB-R1-PZ 28.8 72.3 Sandy Clay 37 16 21

BTSB-R1-PZ 28.8 72.3 Sandy Clay 39 18 21

BTSB-R1-PZ 36.3 64.8 Sandstone 164.6

BTSB-R1-PZ 36.6 64.4 Sandstone 165.3

BTSB-R1-PZ 45.2 55.9 Sandstone, Shale 166.4

BTSB-R2 3.3 88.9 Fill 5.3 118.8 112.9

BTSB-R2 12.8 79.3 Sandy Clay 22.5 128.2 38 18 20 0.23 104.6

BTSB-R2 17.8 74.3 Colma Sand 19.1 135.8 114.0 48.3

BTSB-R2 28.3 63.9 Colma Sand 21.8 130.1 106.8 11.4

BTSB-R2 28.3 63.9 Colma Sand 20.7 129.9 107.6

BTSB-R2 28.3 63.9 Colma Sand 20.6 130.0 107.8

BTSB-R2 33.6 58.6 Colma Sand 21.2 128.5 106.0 13.0

BTSB-R2 37.8 54.3 Sandy Clay 20.7 130.4 30 17 13 0.28 108.1

BTSB-R2 38.3 53.8 Sandy Clay 22.3 127.6 45 21 24 0.05 104.3

BTSB-R2 42.8 49.3 Sandy Clay 19.4 132.4 40 20 20 -0.03 110.9

BTSB-R3A-PZ-S 3.1 95.0 Fill 6.7 115.6 108.4 1.8

BTSB-R3A-PZ-S 9.3 88.8 Fill 9.2 109.1 99.9 1.4

BTSB-R3A-PZ-S 9.3 88.8 Fill 10.4 112.9 102.3

BTSB-R3A-PZ-S 9.3 88.8 Fill 9.3 109.7 100.4
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Borehole
ID Depth Elevation,

(NAVD88) Soil Unit
Moisture 
Content, 

w o

Total Unit 
Weight, γt

Liquid 
Limit, w l

Plastic 
Limit, w p

Plasticity 
Index, Ip

Liquidity 
Index, LI

Dry Unit 
Weight, γd

Percent 
Fines

SUMMARY OF INDEX TEST RESULTS
TABLE B-1

BTSB-R3A-PZ-S 12.8 85.2 Buried Soil Horizon 18.6 131.8 23 16 7 0.37 111.2

BTSB-R3A-PZ-S 17.8 80.2 Sandstone 10.5 142.2 128.7 33.1

BTSB-R3-PZ-D 24.8 73.1 Sandstone

BTSB-R3-PZ-D 25.1 72.8 Sandstone 158.2

BTSB-R3-PZ-D 25.5 72.5 Sandstone

BTSB-R3-PZ-D 30.2 67.7 Sandstone 159.5

BTSB-R3-PZ-D 44.5 53.5 Sandstone 161.3

BTSB-R3-PZ-D 44.9 53.1 Sandstone 166.7

BTSB-R3-PZ-D 50.4 47.5 Sandstone 164.9

BTSB-R3-PZ-D 81.7 16.3 Sandstone 166.2

RW5-R1 3.3 89.8 Colma Sand 13.8 134.0 117.7 49.9

RW6-R1-PZ 3.1 105.5 Fill 15.4 124.3 107.7 49.5

RW6-R1-PZ 7.9 100.7 Sandy Clay 15.7 28 15 13 0.05 75.6

RW6-R1-PZ 12.9 95.7 Colma Sand 16.6 128.7 110.4 21.5

RW6-R1-PZ 12.9 95.7 Colma Sand 16.8 127.2 108.9

RW6-R1-PZ 12.9 95.7 Colma Sand 16.3 129.1 111.0

RW6-R1-PZ 17.3 91.3 Colma Sand 21.2 131.1 108.2 27.4

RW6-R1-PZ 17.3 91.3 Colma Sand 22.1 131.0 107.3

RW6-R1-PZ 17.3 91.3 Colma Sand 18.7 134.1 113.0

RW6-R1-PZ 26.6 81.9 Sandstone

RW6-R1-PZ 26.9 81.6 Sandstone 152.6
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Borehole
ID Depth Elevation,

(NAVD88) Soil Unit
Moisture 
Content, 

w o

Total Unit 
Weight, γt

Liquid 
Limit, w l

Plastic 
Limit, w p

Plasticity 
Index, Ip

Liquidity 
Index, LI

Dry Unit 
Weight, γd

Percent 
Fines

SUMMARY OF INDEX TEST RESULTS
TABLE B-1

RW6-R1-PZ 45.3 63.2 Sandstone 163.4

RW6-R1-PZ 49.9 58.7 Sandstone 166.5

RW6-R2A-PZ-S 3.8 104.6 Fill 4.5 104.2 99.7 4.5

RW6-R2A-PZ-S 8.1 100.3 Fill 24.3 126.3 101.6 2.7

RW6-R2A-PZ-S 8.1 100.3 Fill 21.7 131.2 107.8

RW6-R2A-PZ-S 8.1 100.3 Fill 18.2 124.7 105.5

RW6-R2A-PZ-S 18.6 89.8 Colma Sand 13.2 129.6 114.5 16.4

RW6-R2-PZ-D 31.0 77.7 Sandstone 160.5

RW8-R1-PZ 8.8 81.9 Fill 9.6 109.0 99.5

RW8-R1-PZ 13.3 77.4 Sandy Clay 22.4 127.3 24 17 7 0.77 104.0 83.4

RW8-R1-PZ 18.8 71.9 Sandy Clay 19.0 131.3 29 19 10 -0.004 110.4

RW8-R1-PZ 23.1 67.5 Sandy Clay 19.6 126.4 25 13 12 0.55 105.7 60.1

RW8-R1-PZ 24.4 66.2 Colma Sand 18.2 131.0 23 16 7 0.31 110.8 47.2

RW8-R1-PZ 29.8 60.9 Colma Sand 15.3 20.4

RW8-R1-PZ 33.3 57.4 Colma Sand 19.6 130.3 108.9 21.3

RW8-R1-PZ 33.3 57.4 Colma Sand 20.0 130.3 108.6

RW8-R1-PZ 33.3 57.4 Colma Sand 19.5 133.2 111.5

RW8-R1-PZ 43.3 47.4 Sandy Clay 23.1 126.9 29 16 13 0.55 103.1

RW8-R1-PZ 43.8 46.9 Sandy Clay 21.1 124.0 29 18 11 0.28 102.4

RW8-R1-PZ 76.5 14.1 Serpentinite 7.7

RW8-R1-PZ 121.9 -31.3 Serpentinite 150.5
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Borehole ID Depth Elevation Soil Type
Initial 

Moisture 
Content, w i

Initial Total 
Unit Weight, 

γt

In-Situ Effective 
Vertical Stress, 

σ'vo

Maximum Past 
Pressure, σ'p

Over 
Consolidation 

Ratio, OCR

Compression 
Ratio, CR

Recompression 
Ratio, RR

Swelling 
Ratio, SR

(ft)  (ft) (%) (pcf) (psf) (psf)

BTSB-R1-PZ 28.75 72.3 Sandy Clay 22.8 123.5 1,850 7,500 4.1 0.124 0.006 0.017

RW8-R1-PZ 23.125 67.5 Sandy Clay 19.8 124.5 2,850 13,500 4.7 0.126 0.008 0.008

RW8-R1-PZ 43.75 46.9 Sandy Clay 21.1 124.0 5,580 4,400 0.8 0.094 0.007 0.007

TABLE B-2
SUMMARY OF THE RESULTS OF INCREMENTAL LOADING (IL) CONSOLIDATION TESTS
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Peak 
Friction 
Angle, φ'

Cohesion 
Intercept, c'

(ft) (ft) (%) (pcf) (psf) (psf) (psf) (degrees) (psf)
26.4 127.0 2,650 2,208 1,680
25.3 126.2 3,300 2,508 1,932
30.8 125.4 4,000 3,012 2,304
19.5 131.9 2,700 2,640 1,788
19.4 129.0 3,300 3,336 2,220
18.8 127.8 4,000 4,020 2,628
21.8 130.1 3,200 3,120 2,064
20.7 129.9 4,000 3,744 2,532
20.6 130.0 4,800 4,404 3,156
16.6 128.7 1,000 1,236 852
16.8 127.2 1,200 1,320 912
16.3 129.1 1,400 1,764 1,116
21.2 131.1 2,000 1,884 1,464
22.1 131.0 2,500 2,100 1,668
18.7 134.1 3,000 2,652 1,980
9.2 109.1 1,000 936 804
10.4 112.9 1,300 1,044 864
9.3 109.7 1,600 1,500 1,176
24.3 126.3 1,000 972 780
21.7 131.2 1,200 1,092 888
18.2 124.7 1,400 1,200 996
19.6 130.3 4,150 3,852 2,856
20.0 130.3 5,200 4,476 3,192
19.5 133.2 6,225 5,124 4,116

31 1,350RW8-R1-PZ 33.3 57.4 Colma Sand
(SC)

43 0BTSB-R2 28.3 63.9 Colma Sand
(SP-SM)

BTSB-R1-PZ 22.8 78.3 Buried Soil Horizon 
(SP)

91.3 Colma Sand
(SP-SM)RW6-R1-PZ 17.3

RW6-R1-PZ 12.9 95.7 Colma Sand
(SP-SM)

42 0

42

45

38 0

Normal 
Consolidation 

Stress, σ'vc

Peak Shear 
Stress, τmax

0

0

41

50

TABLE B-3
SUMMARY OF DIRECT SHEAR TEST RESULTS

Peak StrengthResidual 
Shear 

Stress, τres

Borehole ID Depth Elevation Soil Type
Moisture 
Content, 

w o

Total 
Unit 

Weight, 
γt

88.8 Fill (SP) 0

BTNB-R4-PZ 23.5 47.0 Colma Sand
(SP-SM) 0

BTSB-R3A-PZ-S 9.3

RW6-R2A-PZ-S 8.1 100.3 Fill (SP)
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Borehole
ID Depth Elevation,

(NAVD88) Soil Unit
Moisture 
Content, 

w o

Organic
Content Remarks

(ft) (ft) (%) (%)

RW8-R1-PZ 13.3 77.4 Buried Soil Horizon 22.4 3.5

TABLE B-4

SUMMARY OF ORGANIC CONTENT TEST RESULTS
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Borehole ID Depth Elevation Soil Unit
Water 

Content, 
w o

Total Unit 
Weight, γt 

Effective 
Vertical Stress, 

σ'v,o

Total Confining 
Stress, σc

Deviator 
Stress, σ1-σ3 

Undrained Shear 
Strength, su

su/σ'v,o

Axial 
Strain at 

Failure, σf

Undrained Young's 
Modulus at 50% 

Strain, Eu,50 

Eu,50/su
Material Description
(From Lab Records) Remarks

(ft) (ft) (%) (pcf) (ksf) (ksf) (ksf) (ksf) (%) (ksf)

BTNB-R1 51.9 39.5 Mélange Matrix 10.3 149.7 4.8 9.5 1.9 0.935 0.19 8.1 125 133 Very dark gray silty clayey 
gravel

BTNB-R4-PZ 60.3 10.1 Serpentinite 16.5 139.4 6.0 10.5 1.5 0.729 0.12 19.6 178 245 Bluish gray clayey sand

BTNB-R4-PZ 87.6 -17.2 Serpentinite 16.8 138.5 8.2 16.0 1.7 0.832 0.10 20.0 1157 1390 Bluish gray clayey sand

BTNB-R6A-PZ-S 28.3 55.2 Serpentinite 48.8 108.8 3.5 4.9 3.0 1.487 0.42 1.9 218 147 Olive brown clayey sand

BTNB-R6-PZ-D 13.0 70.6 Sandy Clay 20.5 129.3 1.6 2.3 4.9 2.442 1.56 9.4 86 35 Brown clay

BTNB-R6-PZ-D 90.7 -7.1 Serpentinite 14.9 140.4 8.6 17.0 1.8 0.875 0.10 1.8 2097 2397 Dark bluish gray silt

BTNB-R7A-PZ-S 18.3 60.7 Sandy Clay 20.8 130.1 2.2 3.1 2.5 1.240 0.56 10.3 50 40 Reddish brown sandy clay

BTNB-R7-PZ-D 13.3 66.1 Sandy Clay 16.8 134.5 1.6 2.3 3.5 1.740 1.10 9.6 58 33 Brown sandy clay

BTNB-R7-PZ-D 86.4 -7.0 Gabbro 14.8 140.3 8.1 16.0 1.1 0.570 0.07 1.0 1615 2836 Bluish gray gravelly silt

BTSB-R1-PZ 27.5 73.5 Sandy Clay 22.0 129.9 2.6 5.2 3.0 1.480 0.57 4.0 81 55 Olive brown clay with sand

BTSB-R2 12.8 79.3 Sandy Clay 22.5 128.2 1.6 2.3 3.7 1.854 1.18 15.1 74 40 Reddish brown clay

BTSB-R2 17.8 74.3 Colma Sand 19.1 135.8 2.2 3.1 3.7 1.854 0.84 10.9 44 24 Reddish brown clayey sand

BTSB-R2 37.8 54.3 Sandy Clay 20.7 130.4 4.8 6.6 4.6 2.296 0.48 13.9 105 46 Reddish brown clay

BTSB-R2 38.3 53.8 Sandy Clay 22.3 127.6 4.8 6.6 7.4 3.675 0.76 20.0 288 78 Yellowish brown clay

BTSB-R2 42.8 49.3 Sandy Clay 19.4 132.4 5.3 7.4 12.5 6.274 1.19 9.6 269 43 Yellowish brown clay

BTSB-R3A-PZ-S 12.8 85.2 Buried Soil Horizon 18.6 131.8 1.6 2.3 1.5 0.775 0.50 12.8 24 30 Dark brown sandy clay

BTSB-R3A-PZ-S 17.8 80.2 Sandstone 10.5 142.2 2.2 3.1 5.1 2.561 1.16 2.3 220 86 Yellowish brown clayey sand

RW8-R1-PZ 22.5 68.1 Sandy Clay 19.6 126.4 2.9 4.2 2.9 1.457 0.51 6.6 45 31 Brown sandy clay

RW8-R1-PZ 43.3 47.4 Sandy Clay 23.1 126.9 5.5 8.2 2.6 1.282 0.24 15.3 51 40 Brown clay with gravel

TABLE B-5

SUMMARY OF UNCONSOLIDATED UNDRAINED TRIAXIAL TEST RESULTS
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p'      q'   φ' 1           εa         p'      q'   φ' 1          

(ft) (ft) (%) (pcf) (psf) (psf) (psf) (degrees) (%) (psf) (psf) (degrees)

BTNB-R6-PZ-D 27.6 56.0 Colma Sand
(SP-SC) 14.9 124.4 4,650 39,641 24,973 39.0 5.4 33,703 21,382 39.4

BTNB-R7A-PZ-S 33.3 45.7 Colma Sand
(SP) 20.9 132.1 5,800 10,460 6,492 38.4 5.4 6,033 3,732 38.2

BTSB-R2 33.6 58.6 Colma Sand
(SP-SC) 21.2 128.5 5,700 6,268 3,562 34.6 11.1 6,343 3,596 34.5

RW8-R1-PZ 24.4 66.2 Colma Sand
(SC-SM) 18.2 131.0 4,650 6,271 3,562 34.6 4.6 5,181 2,991 35.3

1 φ' calculated assuming c = 0 Average 36.7 Average 36.8

Elevation Soil Type

TABLE B-6                                                                                                                                 

Parameters at 10% Strain Parameters at Max Obliquity

SUMMARY OF ISOTROPICALLY CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION TESTS
Moisture 
Content, 

w o

Total Unit 
Weight, γt

Effective 
Confining 
Stress, σ'c

Borehole ID Depth
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Borehole ID Depth Elevation 
(NAVD88) Rock Type Diameter, D Length, L L/D Mass Wet Density Failure Load Failure 

Type
Compressive 

Strength
Young's 
Modulus

Poisson's 
Ratio

(ft) (ft) (in) (in) (g) (pcf) (lb) (psi) (psi)

BTNB-R4-PZ 96.5 -26.1 Serpentinite 2.401 5.036 2.1 852.00 142.4 5,800 F/S 1,280 7.20E+05 0.171

BTNB-R5-PZ-D 88.4 -8.7 Sandstone 2.389 5.011 2.1 965.60 163.8 39,500 F 8,810 1.33E+06 0.089

BTNB-R5A-PZ-S 25.5 53.9 Sandstone 2.405 5.193 2.2 1025.70 165.6 44,500 F 9,800 4.92E+06 0.108

BTNB-R6-PZ-D 83.8 -0.2 Gabbro 2.398 5.326 2.2 954.10 151.1 16,500 F/S 3,650 1.10E+06 0.177

BTNB-R6-PZ-D 47.7 35.9 Serpentinite 2.399 5.076 2.1 795.40 132.1 1,800 F 400 1.50E+05 0.095

BTSB-R1-PZ 36.3 64.8 Sandstone 2.400 5.227 2.2 1021.60 164.6 49,050 S/F 10,840 4.23E+06 0.184

BTSB-R1-PZ 45.2 55.9 Sandstone 2.399 5.326 2.2 1051.40 166.4 57,000 F/S 12,610 6.63E+06 0.202

BTSB-R3-PZ-D 25.1 72.8 Sandstone 2.398 4.850 2.0 909.50 158.2 22,000 F 4,870 1.35E+06 0.086

BTSB-R3-PZ-D 30.2 67.7 Sandstone 2.401 3.880 1.6 735.50 159.5 15,600 F * 3,350 1.78E+06 0.197

BTSB-R3-PZ-D 44.5 53.5 Sandstone 2.395 5.437 2.3 1037.00 161.3 42,500 F 9,430 4.96E+06 0.109

BTSB-R3-PZ-D 50.4 47.5 Sandstone 2.408 5.220 2.2 1029.00 164.9 76,500 S/F 16,800 5.45E+06 0.136

BTSB-R3-PZ-D 81.7 16.3 Sandstone 2.410 5.053 2.1 1005.70 166.2 16,000 F 3,510 3.30E+06 0.193

RW6-R1-PZ 26.9 81.6 Sandstone 2.403 5.816 2.4 1056.60 152.6 14,000 F/S 3,090 4.60E+05 0.131

RW6-R1-PZ 45.3 63.2 Sandstone 2.394 5.891 2.5 751.40 163.4 67,000 S/F * 14,480 4.17E+06 0.114

RW6-R2-PZ-D 31.0 77.7 Sandstone 2.396 5.330 2.2 1012.50 160.5 17,000 F 3,770 1.25E+06 0.121

RW8-R1-PZ 121.9 -31.3 Serpentinite 2.398 5.219 2.2 931.10 150.5 8,000 F 1,770 7.60E+05 0.200

Failure Types - S: Shear Failure, M: Matrix Failure, F: Failure through Fracture/Bedding, V: Void Collapse, C: Combination

* Strength values were corrected to account for short sample (L/D < 2.0)

** Not Testable, short sample L/D < 1.5

*** Due to pre-existing conditions of the sample, meaningful measurements for the calculation of Young's modulus and Poisson's ratio were not possible

TABLE B-7
SUMMARY OF THE RESULTS OF UNIAXIAL COMPRESSION TESTS ON ROCK
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Test 
No.

Test 
Depth

Test 
Elevation,
(NAVD88) 

Rock Type Test Type Dc D' Max. 
Pressure Max. Pressure Load, P De (De)

2 Is Is F Is(50) Is(50) σa
Average σa from 

Valid Tests
Remarks

(ft) (ft) (mm) (mm) (bars) (psi) (lbf) (mm) (in2) (psi) (tsf) (psi) (tsf) (psi) (psi)

BTNB-R5-PZ-D 10.95 68.7 Sandstone Diametral 71.0 67.5 72.4 1,050 1,574 69.2 7.43 211.9 15.3 1.158 245.3 17.7 6,010 6,010

BTNB-R5-PZ-D 29.85 49.8 Sandstone Diametral 71.0 67.0 168.2 2,440 3,657 69.0 7.37 496.0 35.7 1.156 573.2 41.3 14,044 14,044

BTNB-R5-PZ-D 32.55 47.1 Sandstone Diametral 71.0 67.0 110.8 1,607 2,409 69.0 7.37 326.7 23.5 1.156 377.6 27.2 9,251 - Invalid test-- broke through pre-existing fracture

BTNB-R5-PZ-D 87.53 -7.9 Sandstone Diametral 71.0 60.0 88.4 1,282 1,922 65.3 6.60 291.1 21.0 1.127 328.2 23.6 8,040 8,040

BTNB-R5A-PZ-S 4.56 74.8 Sandstone Diametral 71.0 68.5 114.8 1,665 2,496 69.7 7.54 331.1 23.8 1.162 384.6 27.7 9,422 9,422

BTNB-R5A-PZ-S 12.71 66.7 Sandstone Diametral 71.0 66.0 152.2 2,208 3,309 68.5 7.26 455.6 32.8 1.152 524.8 37.8 12,857 12,857

BTNB-R5A-PZ-S 22.65 56.7 Sandstone Diametral 71.0 67.0 146.6 2,126 3,187 69.0 7.37 432.3 31.1 1.156 499.6 36.0 12,240 12,240

BTNB-R5-PZ-D 88.00 -8.4 Sandstone Axial 61.0 44.2 33.3 484 725 51.9 4.18 173.5 12.5 1.017 176.5 12.7 4,323 - *Test performed axially*

BTNB-R6-PZ-D 68.73 14.9 Sandstone Diametral 71.0 71.0 55.6 806 1,209 71.0 7.81 154.7 11.1 1.171 181.2 13.0 4,438 - Invalid test-- broke through pre-existing fracture

BTSB-R1-PZ 35.43 65.6 Sandstone Diametral 71.0 64.0 202.6 2,939 4,405 67.4 7.04 625.4 45.0 1.144 715.4 51.5 17,527 17,527

BTSB-R1-PZ 38.80 62.2 Sandstone Diametral 71.0 59.0 230.6 3,345 5,014 64.7 6.49 772.2 55.6 1.123 867.3 62.4 21,248 21,248

BTSB-R1-PZ 45.98 55.1 Sandstone Diametral 71.0 54.0 230.6 3,345 5,014 61.9 5.94 843.7 60.7 1.101 928.9 66.9 22,757 22,757

BTSB-R3-PZ-D 25.78 72.1 Sandstone Diametral 71.0 49.0 109.0 1,581 2,370 59.0 5.39 439.5 31.6 1.077 473.4 34.1 11,598 - Invalid test-- broke through pre-existing fracture

BTSB-R3-PZ-D 32.38 65.5 Sandstone Diametral 71.0 66.0 20.2 293 439 68.5 7.26 60.5 4.4 1.152 69.6 5.0 1,706 1,706

BTSB-R3-PZ-D 37.37 60.5 Sandstone Diametral 70.5 60.0 85.4 1,239 1,857 65.0 6.56 283.2 20.4 1.126 318.8 23.0 7,810 7,810

BTSB-R3-PZ-D 49.70 48.2 Sandstone Diametral 71.0 59.5 194.8 2,825 4,235 65.0 6.55 646.8 46.6 1.125 727.8 52.4 17,832 17,832

BTSB-R3-PZ-D 53.35 44.6 Sandstone Diametral 71.0 56.0 231.8 3,362 5,040 63.1 6.16 817.8 58.9 1.110 907.7 65.4 22,240 22,240

BTSB-R3-PZ-D 55.55 42.4 Sandstone Diametral 71.0 63.0 261.2 3,788 5,679 66.9 6.93 819.1 59.0 1.140 933.6 67.2 22,874 22,874

BTSB-R3-PZ-D 57.78 40.1 Sandstone Diametral 71.0 64.0 287.8 4,174 6,257 67.4 7.04 888.4 64.0 1.144 1016.2 73.2 24,898 - Invalid test-- broke through pre-existing fracture

BTSB-R3-PZ-D 59.93 38.0 Sandstone Diametral 71.0 64.0 190.8 2,767 4,148 67.4 7.04 589.0 42.4 1.144 673.7 48.5 16,506 16,506

BTSB-R3-PZ-D 62.43 35.5 Sandstone Diametral 71.0 64.5 145.2 2,106 3,157 67.7 7.10 444.7 32.0 1.146 509.6 36.7 12,486 12,486

BTSB-R3-PZ-D 64.75 33.2 Sandstone Diametral 71.0 68.5 33.2 482 722 69.7 7.54 95.8 6.9 1.162 111.2 8.0 2,725 - Invalid test-- broke through pre-existing fracture

BTSB-R3-PZ-D 67.41 30.5 Sandstone Diametral 70.5 62.0 258.6 3,751 5,622 66.1 6.78 829.9 59.8 1.134 941.0 67.8 23,055 23,055

BTSB-R3-PZ-D 91.80 6.1 Sandstone Diametral 70.0 68.0 1.6 23 35 69.0 7.38 4.7 0.3 1.156 5.4 0.4 134 - Invalid test-- broke through pre-existing fracture

BTSB-R3-PZ-D 98.85 -0.9 Sandstone Diametral 71.0 69.0 5.4 78 117 70.0 7.59 15.5 1.1 1.163 18.0 1.3 441 - Invalid test-- broke through pre-existing fracture

RW5-R1 10.20 82.9 Sandstone Diametral 71.0 65.0 31.8 461 691 67.9 7.15 96.7 7.0 1.148 110.9 8.0 2,718 2,718

RW5-R1 15.50 77.6 Sandstone Diametral 71.0 67.0 79.8 1,157 1,735 69.0 7.37 235.3 16.9 1.156 272.0 19.6 6,663 6,663

RW5-R1 27.18 65.9 Sandstone Diametral 71.0 68.0 44.0 638 957 69.5 7.48 127.8 9.2 1.160 148.2 10.7 3,632 - Invalid test-- broke through pre-existing fracture

RW6-R1-PZ 34.48 74.0 Sandstone Diametral 70.0 64.0 87.0 1,262 1,892 66.9 6.94 272.4 19.6 1.140 310.6 22.4 7,610 7,610

TABLE B-8
SUMMARY OF DIAMETRAL POINT LOADS INDEX TESTS

Borehole ID
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Test 
No.

Test 
Depth

Test 
Elevation,
(NAVD88) 

Rock Type Test Type Dc D' Max. 
Pressure Max. Pressure Load, P De (De)

2 Is Is F Is(50) Is(50) σa
Average σa from 

Valid Tests
Remarks

(ft) (ft) (mm) (mm) (bars) (psi) (lbf) (mm) (in2) (psi) (tsf) (psi) (tsf) (psi) (psi)

TABLE B-8
SUMMARY OF DIAMETRAL POINT LOADS INDEX TESTS

Borehole ID

RW6-R1-PZ 37.21 71.3 Sandstone Diametral 70.5 64.0 95.0 1,378 2,065 67.2 6.99 295.3 21.3 1.142 337.3 24.3 8,264 8,264

RW6-R1-PZ 40.13 68.4 Sandstone Diametral 70.0 60.0 250.0 3,626 5,435 64.8 6.51 834.9 60.1 1.124 938.3 67.6 22,988 22,988

RW6-R1-PZ 49.68 58.8 Sandstone Diametral 60.2 60.2 194.7 2,824 4,233 60.2 5.62 753.6 54.3 1.087 819.2 59.0 20,071 20,071

RW6-R1-PZ 53.03 55.5 Sandstone Diametral 70.0 64.0 74.0 1,073 1,609 66.9 6.94 231.7 16.7 1.140 264.2 19.0 6,473 - Invalid test-- broke through pre-existing fracture

RW6-R1-PZ 61.03 47.5 Sandstone Diametral 71.0 65.0 202.0 2,930 4,392 67.9 7.15 614.0 44.2 1.148 704.8 50.7 17,267 - Invalid test-- broke through pre-existing fracture

RW6-R2-PZ-D 30.15 78.5 Sandstone Diametral 71.0 70.5 33.6 487 731 70.7 7.76 94.2 6.8 1.169 110.1 7.9 2,697 2,697

RW6-R2-PZ-D 32.05 76.6 Sandstone Diametral 71.0 67.0 101.4 1,471 2,205 69.0 7.37 299.0 21.5 1.156 345.6 24.9 8,466 8,466

RW6-R2-PZ-D 37.50 71.2 Sandstone Diametral 71.0 67.5 71.6 1,038 1,557 69.2 7.43 209.6 15.1 1.158 242.6 17.5 5,944 5,944

RW6-R2-PZ-D 72.50 36.2 Sandstone Diametral 71.0 54.0 157.2 2,280 3,418 61.9 5.94 575.1 41.4 1.101 633.2 45.6 15,513 - Invalid test-- broke through pre-existing fracture

RW6-R2-PZ-D 79.43 29.2 Sandstone Diametral 71.0 68.5 53.6 777 1,165 69.7 7.54 154.6 11.1 1.162 179.6 12.9 4,399 4,399

RW6-R2-PZ-D 82.33 26.3 Sandstone Diametral 71.0 68.0 94.8 1,375 2,061 69.5 7.48 275.4 19.8 1.160 319.4 23.0 7,825 7,825

RW6-R2-PZ-D 99.15 9.5 Sandstone Diametral 71.0 55.5 232.8 3,377 5,061 62.8 6.11 828.7 59.7 1.108 918.0 66.1 22,491 22,491

RW8-R1-PZ 54.70 35.9 Sandstone Diametral 70.5 69.0 3.0 44 65 69.7 7.54 8.7 0.6 1.162 10.0 0.7 246 - Invalid test

RW8-R1-PZ 68.18 22.4 Sandstone Diametral 70.5 64.0 54.0 783 1,174 67.2 6.99 167.9 12.1 1.142 191.7 13.8 4,697 - Invalid test-- broke through pre-existing fracture

RW8-R1-PZ 122.25 -31.6 Serpentinite Diametral 60.1 60.0 8.2 119 178 60.0 5.59 31.8 2.3 1.086 34.6 2.5 847 1,643

BTNB-R7-PZ-D 73.25 6.1 Greenstone Diametral 69.0 60.0 42.6 618 926 64.3 6.42 144.3 10.4 1.120 161.7 11.6 3,961 3,961

BTNB-R7-PZ-D 98.70 -19.3 Serpentinite Diametral 70.0 66.0 1.4 20 30 68.0 7.16 4.3 0.3 1.148 4.9 0.4 120 1,643
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Borehole ID Depth Elevation, 
(NAVD88) Rock Type Diameter,

D
Length,

L Mass
Wet 

Density,
γt

Failure 
Load

Failure 
Type

Splitting Tensile 
Strength

(ft) (ft) (in) (in) (g) (pcf) (lb) (psi)

BTSB-R1-PZ 36.6 64.4 Sandstone 2.385 1.209 234.40 165.3 2,753 S 610

BTSB-R3-PZ-D 44.9 53.1 Sandstone 2.388 1.379 270.30 166.7 4,071 S 790

BTNB-R5A-PZ-S 25.1 54.3 Sandstone 2.389 1.215 239.50 167.5 3,165 S 690

RW6-R1-PZ 49.9 58.7 Sandstone 2.369 1.126 216.90 166.5 4,584 S 1,090

Failure Types - S: Single Failure Plane, M: Multiple Failure Planes

TABLE B-9
SUMMARY OF BRAZILIAN (INDIRECT TENSILE STRENGTH) TEST RESULTS
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Borehole ID Depth Elevation, 
(NAVD88) Rock Type Peak Slope

(ft) (ft) (kips/in)

BTSB-R3-PZ-D 25.5 72.5 Sedimentary 61

TABLE B-10
SUMMARY OF PUNCH PENETRATION TEST RESULTS
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Borehole ID Depth Elevation, 
(NAVD88) Rock Type Abrasivity 

Index

(ft) (ft)

BTSB-R3-PZ-D 24.8 73.1 Sedimentary 1.0

BTNB-R5A-PZ-S 25.1 54.3 Sedimentary 1.2

RW6-R1-PZ 26.6 81.9 Sedimentary 0.4

TABLE B-11
SUMMARY OF CERCHAR ABRASIVITY TEST RESULTS
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Borehole ID Depth Elevation, 
(NAVD88) Rock Type Moisture 

Content

First Cycle 
Slake 

Durability 
Index, Id(2)

Second 
Cycle Slake 
Durability 
Index, Id(2)

Slake 
Durability 
Index, Id(2)

Type

(ft) (ft) (%) (%) (%) (%)

BTNB-R4-PZ 70.2 0.2 Serpentinite 7.20 94.2 91.8 94.2 I

BTNB-R4-PZ 75.6 -5.2 Serpentinite 6.03 67.4 64.7 65.2 II

RW8-R1-PZ 76.5 14.1 Serpentinite 7.69 32.6 23.9 61.8 III

TABLE B-12
SUMMARY OF SLAKE DURABILITY TEST RESULTS
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Borehole ID Depth Elevation,
(NAVD88) Rock Type

(ft) (ft) Quartz Feldspar 
(albite) Chlorite Muscovite/

Illite Kaolinite Clinochrysotile Lizardite Hydotalcite

BTSB-R3-PZ-D 44.2 97.9 ss 63% 21% 5% 4% 7% 0% 0% 0%

BTNB-R4-PZ 96.4 70.4 sp 0% 0% 0% 0% 0% 56% 0% 44%

BTNB-R6-PZ-D 84.1 83.6 ga 0% 0% 0% 0% 0% 87% 13% 0%

RW6-R1-PZ 27.3 108.5 ss 63% 30% 5% 2% 0% 0% 0% 0%

TABLE B-13
SUMMARY OF PETROGRAPHIC ANALYSIS (THIN SECTION MICROSCOPY) TEST RESULTS

Mineral Composition
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INTRODUCTION 
 

Suspension PS velocity measurements were collected in nine uncased borings located along the 

alignment of Doyle Drive, in San Francisco.  Acoustic Televiewer measurements were collected 

in seven of the nine borings.  Geophysical data acquisition was performed between January 9 

and April 22, 2008 by Robert Steller, John Diehl and Charles Carter of GEOVision.  Data 

analysis and report preparation was performed by Robert Steller and reviewed by John Diehl of 

GEOVision.  The work was performed under subcontract with ARUP, with Terrence Carroll as 

the point of contact for ARUP. 

 

This report describes the field measurements, data analysis, and results of this work. 

 

 

SCOPE OF WORK 
 

This report presents the results of suspension PS velocity measurements collected between 

January 9 and April 22, 2008 as detailed in Table 1.  The purpose of these studies was to 

supplement stratigraphic information obtained during ARUP’s soil and rock sampling program 

and to acquire shear wave velocities and compressional wave velocities as a function of depth, as 

a component of the Doyle Drive retrofit program. 

 

The OYO/Robertson Suspension PS Logging System (Suspension System) was used to obtain 

in-situ horizontal shear (SH) and compressional (P) wave velocity measurements in all nine 

borings at 1.6 foot intervals.  The acquired data was analyzed and a profile of velocity versus 

depth was produced for both compressional and horizontally polarized shear waves. 
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A detailed reference for the velocity measurement techniques used in this study is: 

Guidelines for Determining Design Basis Ground Motions, Report TR-102293, 

Electric Power Research Institute, Palo Alto, California, November 1993, 

Sections 7 and 8. 

 

The Robertson High Resolution Acoustic Televiewer (HIRAT) was used to collect data at 0.008 

foot intervals in seven of the nine 3.86 inch diameter borings, as detailed in Table 1.  The 

purpose of these studies was to supplement lithologic information obtained during ARUP’s rock 

coring program and to acquire fracture and bedding depths, azimuths and dips. 

 

GEOVision Report 7589-05 ARUP Battery Tunnel Foundation Boring Geophysics rev 1 July 11, 2008                 Page 7 of 319



 

INSTRUMENTATION 
 

Suspension Instrumentation 
 

Suspension soil velocity measurements were performed in nine borings using the suspension PS 

logging system, manufactured by OYO Corporation, and their subsidiary, Robertson 

Geologging.  This system directly determines the average velocity of a 3.3 foot high segment of 

the soil column surrounding the boring of interest by measuring the elapsed time between 

arrivals of a wave propagating upward through the soil column.  The receivers that detect the 

wave, and the source that generates the wave, are moved as a unit in the boring producing 

relatively constant amplitude signals at all depths. 

 

The suspension system probe consists of a combined reversible polarity solenoid horizontal 

shear-wave source (SH) and compressional-wave source (P), joined to two biaxial receivers by a 

flexible isolation cylinder, as shown in Figure 1.  The separation of the two receivers is 3.3 feet, 

allowing average wave velocity in the region between the receivers to be determined by 

inversion of the wave travel time between the two receivers.  The total length of the probe as 

used in these surveys is 19 feet, with the center point of the receiver pair 12.1 feet above the 

bottom end of the probe.   

 

The probe receives control signals from, and sends the digitized receiver signals to, 

instrumentation on the surface via an armored 4 conductor cable.  The cable is wound onto the 

drum of a winch and is used to support the probe.  Cable travel is measured to provide probe 

depth data, using a 3.28 foot circumference sheave fitted with a digital rotary encoder. 

 

The entire probe is suspended in the boring by the cable, therefore, source motion is not coupled 

directly to the boring walls; rather, the source motion creates a horizontally propagating 

impulsive pressure wave in the fluid filling the boring and surrounding the source.  This pressure 

wave is converted to P and SH-waves in the surrounding soil and rock as it passes through the 

casing and grout annulus and impinges upon the wall of the boring.  These waves propagate 
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through the soil and rock surrounding the boring, in turn causing a pressure wave to be generated 

in the fluid surrounding the receivers as the soil waves pass their location.  Separation of the P 

and SH-waves at the receivers is performed using the following steps: 

1. Orientation of the horizontal receivers is maintained parallel to the axis of the source, 

maximizing the amplitude of the recorded SH -wave signals. 

2. At each depth, SH-wave signals are recorded with the source actuated in opposite 

directions, producing SH-wave signals of opposite polarity, providing a characteristic SH-

wave signature distinct from the P-wave signal. 

3. The 7.0 foot separation of source and receiver 1 permits the P-wave signal to pass and 

damp significantly before the slower SH-wave signal arrives at the receiver.  In faster 

soils or rock, the isolation cylinder is extended to allow greater separation of the P- and 

SH-wave signals. 

4. In saturated soils, the received P-wave signal is typically of much higher frequency than 

the received SH-wave signal, permitting additional separation of the two signals by low 

pass filtering. 

5. Direct arrival of the original pressure pulse in the fluid is not detected at the receivers 

because the wavelength of the pressure pulse in fluid is significantly greater than the 

dimension of the fluid annulus surrounding the probe (meter versus centimeter scale), 

preventing significant energy transmission through the fluid medium. 

 

In operation, a distinct, repeatable pattern of impulses is generated at each depth as follows:  

1. The source is fired in one direction producing dominantly horizontal shear with some 

vertical compression, and the signals from the horizontal receivers situated parallel to the 

axis of motion of the source are recorded. 

2. The source is fired again in the opposite direction and the horizontal receiver signals are 

recorded. 

3. The source is fired again and the vertical receiver signals are recorded.  The repeated 

source pattern facilitates the picking of the P and SH-wave arrivals; reversal of the source 

changes the polarity of the SH-wave pattern but not the P-wave pattern. 
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The data from each receiver during each source activation is recorded as a different channel on 

the recording system.  The Suspension PS system has six channels (two simultaneous recording 

channels), each with a 1024 sample record.  The recorded data are displayed as six channels with 

a common time scale.  Data are stored on disk for further processing.  Up to 8 sampling 

sequences can be summed to improve the signal to noise ratio of the signals.  

 

Review of the displayed data on the recorder or computer screen allows the operator to set the 

gains, filters, delay time, pulse length (energy), sample rate, and summing number to optimize 

the quality of the data before recording.  Verification of the calibration of the Suspension PS 

digital recorder is performed every twelve months using a NIST traceable frequency source and 

counter, as outlined in Appendix F.  

 

 

Acoustic Televiewer Instrumentation 
 

Acoustic Televiewer data were collected using a Robertson High Resolution Acoustic 

Televiewer probe (HiRAT), serial number 5174, controlled by Robertson’s HiRAT program, 

version 13.  The total length of the probe as used in this survey is 5.2 feet, with the sensor head 

located 0.5 feet above the bottom end of the probe, as illustrated in Figure 2. 

 

The probe receives control signals from, and sends the digitized measurement values to a 

Robertson Micrologger II on the surface via an armored 4 conductor cable.  The cable is wound 

onto the drum of a winch and is used to support the probe.  Cable travel is measured to provide 

probe depth data, using a 3.28 foot circumference sheave fitted with a digital rotary encoder.  

The probe and depth data are transmitted by USB link from the Micrologger unit to a laptop 

computer where it is displayed and stored on hard disk. 

 

The probe contains a fluxgate magnetometer to monitor magnetic north, and all raw televiewer 

data is referenced to magnetic north.  The processed data is referenced to true north, using a 

declination of 14.5 degrees east for this site and dates, obtained from the NOAA declination web 
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site (http://www.ngdc.noaa.gov/seg/geomag/jsp/struts/calcDeclination).  Also, a three axis 

accelerometer is enclosed in the probe, and boring deviation data is recorded during the logging 

runs, to permit correction of structure dip angle from apparent dip, (referenced to boring axis), to 

true dip (referenced to a vertical axis) in non-vertical borings.  The probe is centered in the 

boring by two sets of flat spring centralizers. 

 

The data are presented on a computer screen for operator review during the logging run, and 

stored on hard disk for later processing. 

 

MEASUREMENT PROCEDURES 
 

Suspension Measurement Procedures 
 

All nine borings were logged uncased, filled with bentonite or polymer based drilling mud.  

Measurements followed the GEOVision Procedure for P-S Suspension Seismic Velocity 

Logging, revision 1.31.  In each boring, the probe was positioned with the top of the probe at the 

top of the casing, and the electronic depth counter was set to 8.2 feet, the distance between the 

mid-point of the receiver and the top of the probe, minus the height of the casing stick-up, as 

verified with a tape measure, and recorded on the field logs.  The probe was lowered to the 

bottom of the boring, and then returned to the surface, stopping at 1.6 foot intervals to collect 

data, as summarized in Table 3. 

 

At each measurement depth the measurement sequence of two opposite horizontal records and 

one vertical record was performed, and the gains were adjusted as required.  The data from each 

depth were viewed on the computer display, checked, and recorded on disk before moving to the 

next depth. 

 

Upon completion of the measurements, the probe zero depth indication at the depth reference 

point was verified prior to removal from the boring. 
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Acoustic Televiewer Measurement Procedures 
 

Seven of the nine borings were logged uncased, filled with polymer based drilling mud or clear 

water.  In accordance with the manufacturer’s recommended procedures, the probe was 

inspected and tested prior to entering the boring, including comparison of probe heading with a 

Brunton compass, and comparison of probe tilt with a Brunton compass inclinometer as well as 

comparison with vertical while hanging free. 

 

The probe was positioned with the collar of the probe positioned at grade, and the electronic 

depth counter was set to 4.72 feet, corresponding to the offset between collar and imaging 

window.  The probe was then lowered to the bottom of the boring.  Data acquisition was started 

on the laptop computer and the probe was raised at a rate of approximately 3 feet per minute to 

the surface, with an acquisition rate of 125 samples/foot, giving an equivalent vertical pixel size 

of 0.008 feet (approximately 0.1 inches).  The rotational scan resolution was set to 360 samples 

per revolution, giving a horizontal pixel size of 0.033 inches. 

 

Upon completion of the measurements, the probe zero depth indication at grade was verified 

prior to removal from the boring. 
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DATA ANALYSIS 
 

Suspension Analysis 
 

Using the proprietary OYO program PSLOG.EXE version 1.0, the recorded digital waveforms 

were analyzed to locate the most prominent first minima, first maxima, or first break on the 

vertical axis records, indicating the arrival of P-wave energy.  The difference in travel time 

between receiver 1 and receiver 2 (R1-R2) arrivals was used to calculate the P-wave velocity for 

that 3.3 foot segment of the soil column.  When observable, P-wave arrivals on the horizontal 

axis records were used to verify the velocities determined from the vertical axis data.  The time 

picks were then transferred into an EXCEL template (EXCEL version 2003 SP2) to complete the 

velocity calculations based upon the arrival time picks made in PSLOG.  The EXCEL analysis 

files are included in the boring specific directories on the data disk (CD-R) labeled Report 7589-

06 that accompanies this report. 

 

The P-wave velocity over the 7.0 foot interval from source to receiver 1 (S-R1) was also picked 

using PSLOG, and calculated and plotted in EXCEL, for quality assurance of the velocity 

derived from the travel time between receivers.  In this analysis, the depth values as recorded 

were increased by 5.2 feet to correspond to the mid-point of the 7.0 foot S-R1 interval.  Travel 

times were obtained by picking the first break of the P-wave signal at receiver 1 and subtracting 

0.3 milliseconds, the calculated and experimentally verified delay from source trigger pulse 

(beginning of record) to source impact.  This delay corresponds to the duration of acceleration of 

the solenoid before impact. 

 

As with the P-wave records, the recorded digital waveforms were analyzed to locate clear SH-

wave pulses, as indicated by the presence of opposite polarity pulses on each pair of horizontal 

records.  Ideally, the SH-wave signals from the 'normal' and 'reverse' source pulses are very 

nearly inverted images of each other.  Digital Fast Fourier Transform – Inverse Fast Fourier 

Transform (FFT – IFFT) lowpass filtering was used to remove the higher frequency P-wave 

signal from the SH-wave signal.  Different filter cutoffs were used to separate P- and SH-waves 
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at different depths, ranging from 600 Hz in the slowest zones to 4000 Hz in the regions of 

highest velocity.  At each depth, the filter frequency was selected to be at least twice the 

fundamental frequency of the SH-wave signal being filtered. 

 

Generally, the first maxima were picked for the 'normal' signals and the first minima for the 

'reverse' signals, although other points on the waveform were used if the first pulse was distorted.  

The absolute arrival time of the 'normal' and 'reverse' signals may vary by +/- 0.2 milliseconds, 

due to differences in the actuation time of the solenoid source caused by constant mechanical 

bias in the source or by boring inclination.  This variation does not affect the R1-R2 velocity 

determinations, as the differential time is measured between arrivals of waves created by the 

same source actuation.  The final velocity value is the average of the values obtained from the 

'normal' and 'reverse' source actuations. 

 

As with the P-wave data, SH-wave velocity calculated from the travel time over the 7.0 foot 

interval from source to receiver 1 was calculated and plotted for verification of the velocity 

derived from the travel time between receivers.  In this analysis, the depth values were increased 

by 5.2 foot to correspond to the mid-point of the 7.0 foot S-R1 interval.  Travel times were 

obtained by picking the first break of the SH-wave signal at the near receiver and subtracting 0.3 

milliseconds, the calculated and experimentally verified delay from the beginning of the record 

at the source trigger pulse to source impact. 

 

These data and analysis were reviewed by John Diehl as a component of GEOVision’s in-house 

QA-QC program. 

 

Figure 3 shows an example of R1 - R2 measurements on a sample filtered suspension record.  In 

Figure 3, the time difference over the 3.3 foot interval of 1.88 milliseconds for the horizontal 

signals is equivalent to an SH-wave velocity of 1745 feet/second.  Whenever possible, time 

differences were determined from several phase points on the SH-waveform records to verify the 

data obtained from the first arrival of the SH-wave pulse.  Figure 4 displays the same record 

before filtering of the SH-waveform record with a 1400 Hz FFT - IFFT digital lowpass filter, 
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illustrating the presence of higher frequency P-wave energy at the beginning of the record, and 

distortion of the lower frequency SH-wave by residual P-wave signal. 

 
 

Acoustic Televiewer Analysis 
 

The acoustic televiewer data were processed using Robertson’s RGLDIP software, version 6.2.  

Sinusoidal projections of open and hairline fractures in the boring walls were interactively 

picked on the un-wrapped televiewer image, and are presented on the logs as red sinusoids 

superimposed over the televiewer image.  Bedding projections, where identifiable, were picked 

on the same images, and are presented on the logs as green sinusoids.  The sinusoidal projections 

were processed using the standard boring gauge of 3.86 inches to calculate apparent dip angle.  

True dip was calculated, correcting for the plunge of the borings using the recorded data from 

the accelerometers located in the probes, and presented in arrow format, with true dip indicated 

by the arrow position across the plot.  Azimuth of dip (not strike), is indicated by the direction of 

the arrow tail, with true north being “up”.  These values are presented with the comments to the 

right of the arrow plots, as dip azimuth followed by dip angle.  In the case of veins or open 

fractures, the thickness of the feature is presented as well. 

 

The televiewer images were also processed to create a simulated core image of the borings.  It 

must be noted that the simulated core image represents a core that would have the full 3.86 inch 

diameter of the boring, not the 2.5 inch diameter of the cores removed during drilling, so that 

direct comparison between the two is not possible.  Also, the unwrapped image is viewed from 

the perspective of an observer in the center of the boring looking outward.  The simulated core 

image is viewed form the “outside” of the boring looking inward, so there is a reversal of the 

position of east and west relative to north between the two images. 

 

The televiewer data were also processed to extract the deviation data and produce an ASCII file 

and plots of boring deviation. 
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In borings with enough features to warrant it, stereonet analysis of the identified features was 

performed with Robertson’s RGLDIP software, version 6.2 to assist in identifying dominant 

joining in the borings.  High concentrations of similarly oriented features were enclosed in three 

to five small circles on the stereonet image, and the vector mean dip and azimuth for each small 

circle was calculated.  

 

RESULTS 

Suspension Results 
 

Suspension R1-R2 P- and SH-wave velocities are plotted in Figures 5, 7, 11, 13, 14, 17, 20, 23, 

and 25. The suspension velocity data presented in these figures are presented in Tables 5, 7, 9, 

11, 12, 14, 16, 18 and 20.  The PSLOG and EXCEL analysis files for each boring are included in 

the boring specific directories on the data disk (CD-R) labeled Report 7589-06 that accompanies 

this report, along with the raw and filtered waveforms. 

 

P- and SH-wave velocity data from R1-R2 analysis and quality assurance analysis of S-R1 data 

are plotted together in Figures A-1 through A-9 to aid in visual comparison.  It should be noted 

that R1-R2 data are an average velocity over a 3.3 foot segment of the soil column; S-R1 data are 

an average over 7.0 feet, creating a significant smoothing relative to the R1-R2 plots.  S-R1 data 

are presented in Tables A-1 through A-9, and included in the EXCEL analysis files for each 

boring on the data disk (CD-R) labeled Report 7589-06 that accompanies this report. 

 

Calibration procedures and records for the suspension PS measurement system are presented in 

Appendix F. 
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Acoustic Televiewer Results 
 

Acoustic Televiewer based Caliper logs are presented in Appendix B.  Acoustic Televiewer 

images and dip data are presented in Appendix C.  Both are provided in .PDF format on the data 

disk (CD-R) labeled Report 7589-06 that accompanies this report.  Fracture and bedding depth, 

dip and azimuth of dip data are provided on the multi-page log sheets in Appendix C, in Tables 

6, 8, 10, 13, 15, 17, and 19, as well as in ASCII format on the data disk (CD-R) labeled Report 

7589-06 that accompanies this report. 

 

Boring deviation data are presented graphically in Figures 6, 9, 10, 12, 16, 19, 22 and 24, and 

summarized in Table 4.  Deviation data plots in Acrobat format and deviation data at 1.0 foot 

stations are presented in ASCII format in the boring specific sub-directories on the data disk. 

 

Stereonet plots for borings BTNB-R5, BTSB-R3, RW-6-R1 and RW6-R2 are presented in 

Figures 8, 15, 18 and 21, as well as in PDF format on the data disk.  These borings did not 

exhibit different zones of feature orientation; the feature orientations appeared to be fairly evenly 

distributed over the boring depths, so all four borings were processed as single zone models. 

 

The mean dip for each of the stereonet small circles is presented on Figures 8, 15, 18 and 21, and 

in ASCII format on the data disk (CD-R) labeled Report 7589-06 that accompanies this report.  

Fracture distribution histograms are presented in Appendix D, and Rose diagrams are presented 

in Appendix E.  Both are available in .PDF format on the data disk. 
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SUMMARY 

Discussion of Suspension Results 
 

Suspension PS velocity data are ideally collected in an uncased fluid filled boring, drilled with 

rotary mud (rotary wash) methods.  The borings at this site were well suited for collection of 

suspension PS velocity data, though there were some regions prone to washouts, and several 

borings (BTNB-R5A and RW8-R5) were affected by vibration from adjacent traffic. 

 

Suspension PS velocity data quality is judged based upon 5 criteria:  

1. Consistent data between receiver to receiver (R1 – R2) and source to receiver (S – R1) 

data. 

2. Consistent relationship between P-wave and SH -wave (excluding transition to saturated 

soils) 

3. Consistency between data from adjacent depth intervals. 

4. Clarity of P-wave and SH-wave onset, as well as damping of later oscillations. 

5. Consistency of profile between adjacent borings, if available. 

 

All of these data show excellent correlation between R1 – R2 and S – R1 data, as well as 

excellent correlation between P-wave and SH-wave velocities.  P-wave and SH-wave onsets are 

very clear, and later oscillations are well damped. 
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Discussion of Acoustic Televiewer Results 
 

The borings in harder material (i.e. sandstone) produced very good quality images, but the 

boring sections in Melange were typically eroded and did not produce satisfactory images due to 

the irregular wall surface and low acoustic reflectance of the soft material   

 

The deviation data collected showed the borings held very nearly constant inclination and 

azimuth for their entire depths, with inclinations near the target of 5 degrees for the borings 

where oriented coring was performed. 

 

Quality Assurance 
 

These boring geophysical measurements were performed using industry-standard or better 

methods for measurements and analyses.  All work was performed under GEOVision quality 

assurance procedures, which include: 

 

• Use of NIST-traceable calibrations, where applicable, for field and laboratory 

instrumentation; 

• Use of standard field data logs; 

• Log records were collected going down the boring as well as coming up for QA/QC purposes 

and compared for consistency of image and depth of structures when possible. 

• Use of independent verification of orientation and plunge by comparison of measured values 

to as built information and reference structures, such as casing shoe or water surface. 
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Suspension Data Reliability 
 
P- and SH-wave velocity measurement using the Suspension Method gives average velocities 

over a 3.3 foot interval of depth.  This high resolution results in the scatter of values shown in 

the graphs.  Individual measurements are very reliable with estimated precision of +/- 5%.  

Depth indications are very reliable with estimated precision of +/- 0.2 feet.  Standardized field 

procedures and quality assurance checks contribute to the reliability of these data. 

 

 

Acoustic Televiewer Data Reliability 
 

Depth indications are very reliable with estimated precision of +/- 0.2 feet.  Estimated precision 

of boring deviation dip and azimuth is +/- 1 degree.  Estimated precision of feature dip and 

azimuth of feature dip is +/- 5 degrees. Standardized field procedures and quality assurance 

checks add to the reliability of these data. 
 
 

BORING DATES COORDINATES (FEET) (1) ELEVATION (1) 

DESIGNATION LOGGED NORTHING EASTING (FEET) 

BTNB-R4 2/20/08 2120367.0 5994998.3 70.422 
BTNB-R5 4/9-10/08 2120581.3 5994178.2 79.635 
BTNB-R7 4/2/08 2120459.9 5994825.7 79.353 
BTSB-R2 2/29/08 2120218.3 5994858.3 92.121 
BTSB-R3 4/22/08 2120226.0 5994556.1 97.900 
RW6-R1 2/28/08 2120380.7 5994104.9 108.507 
RW6-R2 4/16/08 2120270.1 5993967.8 108.659 
RW8-R1 1/16/08 2120199.7 5995008.5 90.616 
RW8-R5 1/9/08 2120487.5 5995958.5 42.437 

(1) Survey data provided by ARUP 

Table 1.  Boring locations and logging dates 
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Winch   GEOVision 4-conductor 
Sheave - Measuring wheel  GEOVision  S/N 102 
 
Robertson Suspension PS telemetry unit M/N 3403  S/N 160023, 160024 
Robertson Micrologger II S/N 5772 
 
OYO Suspension PS Logger Borehole Probe, includes: 
  Receiver/Sensor  S/N 30086, S/N 12008, S/N 20042 
  Isolation tube, 1m   M/N 3387B S/N 24053, S/N 28072, S/N 28068, S/N 300083 
  Source M/N 3304  S/N 19043, S/N 21050 
  Driver  M/N 3386A  S/N 27073, S/N 490157 
  Weight   M/N 3302W  S/N 12007, S/N 470150 

 

Table 2.  Suspension PS Logging Equipment 
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BORING 
NUMBER 

TOOL AND RUN 
NUMBER 

DEPTH 
RANGE 
(FEET) 

OPEN 
HOLE 
(FEET) 

BORING 
TOTAL 
DEPTH 
(FEET) 

SAMPLE 
INTERVAL 

(FEET) 

DATE 
LOGGED

BTNB-R4 SUSPENSION PS 01 53.3 - 109.9 - 114.0 1.6 2/20/08 
BTNB-R4 SUSPENSION PS 02 0 – 59.1 -  1.6 2/20/08 
BTNB-R4 TELEVIEWER 01 123.1 – 52.5 123.1  .008 2/20/08 
BTNB-R5 SUSPENSION PS 01 0 – 77.0 - 115.0 1.6 4/9/08 
BTNB-R5 TELEVIEWER 01 106.2 – 57.8 106.2  .008 4/9/08 
BTNB-R5 SUSPENSION PS 02 6.6 – 21.7 -  1.6 4/9/08 
BTNB-R5 TELEVIEWER 02 46.0 – 2.2 46.0  .008 4/9/08 

BTNB-R5A SUSPENSION PS 03 6.6 – 60.7 72.8  1.6 4/10/08 
BTNB-R5A TELEVIEWER 03 65.0 – 1.3 -  .008 4/10/08 
BTNB-R7 SUSPENSION PS 01 2.0- 100.0 112.1 113 1.6 4/3/08 
BTNB-R7 SUSPENSION PS 02 14.4 – 49.2 -  1.6 4/3/08 
BTNB-R7 TELEVIEWER 01 112.0 - 41.0 -  .008 4/3/08 
BTNB-R7 TELEVIEWER 02 55.0 – 9.0 -  .008 4/3/08 
BTSB-R2 SUSPENSION PS 01 6.9 – 101.7 113.8 115 1.6 3/3/08 
BTSB-R3 SUSPENSION PS 01 3.3 – 97.7 109.8 113.0 1.6 4/22/08 
BTSB-R3 TELEVIEWER 01 108.4 – 19.1 -  .008 4/22/08 
RW6-R1 SUSPENSION PS 01 8.2 -47.6 59.7 64.0 1.6 2/28/08 
RW6-R1 TELEVIEWER 01 57.3 – 3.0 -  .008 2/28/08 
RW6-R2 SUSPENSION PS 01 31.2 – 101.7 113.8 115.0 1.6 4/16/08 
RW6-R2 TELEVIEWER 01 113.0 – 28.5 -  .008 4/16/08 
RW6-R2 TELEVIEWER 02 40.0 - 0 -  .008 4/16/08 
RW8-R1 SUSPENSION PS 01 82.0 – 131.2 143.3 145.5 1.6 1/16/08 
RW8-R1 SUSPENSION PS 01 14.8 – 83.6 -  1.6 1/16/08 
RW8-R1 TELEVIEWER 01 140.0 – 78.0 -  .008 1/16/08 
RW8-R1 TELEVIEWER 02 86.0 – 81.7 -  .008 1/16/08 
RW8-R1 TELEVIEWER 03 87.0 – 13.0 -  .008 1/16/08 
RW8-R1 TELEVIEWER 04 87.0 – 13.0 -  .008 1/16/08 
RW8-R5 SUSPENSION PS 01 9.8 – 131.9 144.0 147.5 1.6 1/9/08 

 

Table 3.  Logging dates and depth ranges  
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BORING 
NUMBER 

MEAN DEVIATION 
AND AZIMUTH 
(DEGREES TN)  

SURVEY 
DEPTH 
(FEET) 

VERTICAL 
DEPTH 
(FEET) 

HORIZONTAL 
OFFSET 
(FEET) 

BTNB-R4 0.2 – N67.0 123.1 123.0 0.4 
BTNB-R5 5.7 – N80.3 106.2 105.6 10.6 

BTNB-R5A 0.2 – N57.9 64.9 64.9 0.2 
BTNB-R7 5.0 – N233.8 112.0 111.6 9.7 
BTSB-R3 2.9 – N109.8 108.4 108.2 5.5 
RW6-R1 0.4 – N47.5 57.2 57.2 0.4 
RW6-R2 4.1 – N56.8 113.0 112.7 8.0 
RW8-R1 0.4 – N305.1 140.1 140.1 1.0 

 

Table 4.  Televiewer Deviation Data Summary 
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Figure 1:  Concept illustration of P-S logging system 
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Figure 2:  Concept illustration of televiewer probe 
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Figure 3:  Example of filtered (1400 Hz lowpass) record 
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Figure 4.  Example of unfiltered record 
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Figure 5:  Boring BTNB-R4, Suspension R1-R2 P- and SH-wave velocities 
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Depth Vs Vp Depth Vs Vp 
(feet) (feet/sec) (feet/sec) (feet) (feet/sec) (feet/sec) 
4.92 707 1505 86.94 1808 6309 
6.56 818 1783 88.58 1891 6907 
8.20 899 1616 90.22 2343 7630 
9.84 991 2013 91.86 2916 7720 

11.48 932 1854 93.50 2816 7456 
13.12 957 2076 95.14 2792 7630 
14.76 1197 2421 96.78 3365 7906 
16.40 1468 2878 98.43 3454 8306 
18.04 1691 3382 100.07 3771 7906 
19.69 1540 3528 101.71 3547 8306 
21.33 1624 3382 103.35 3528 8202 
22.97 1793 3707 104.99 3444 8306 
24.61 1361 3066 106.63 4076 8412 
26.25 1408 3771 108.27 4001 8749 
27.89 1754 3666 109.91 3566 8202 
29.53 1570 3547    
31.17 1498 3793  
32.81 1478 3382     
34.45 1302 2996     
36.09 1465 3265     
37.73 1616 3771     
39.37 1445 3490     
41.01 1452 3348     
42.65 1292 3586     
44.29 1159 4557     
45.93 914 4755     
47.57 1124 5965     
49.21 1170 5911     
50.85 1468 5208     
52.49 2678 5657     
54.13 2646 6020     
55.77 2996 7542     
57.41 3382 8412     
59.06 3490 8306     
60.70 3728 8867     
62.34 3010 7373     
64.30 3201 7630     
65.62 3645 8412     
67.59 4654 9374     
68.90 4233 8749     
70.54 3566 8522     
72.18 2969 8002     
73.82 3024 7542     
75.46 3528 8306     
77.10 4050 9113     
78.74 3566 8634     
80.38 3382 8306     
82.02 3566 9794     
83.66 3750 9650     
85.30 2352 8101     

 
Table 5.  Boring BTNB-R4, Suspension R1-R2 depths and P- and SH-wave velocities 
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Depth 
(feet) 

Dip 
azimuth Dip Structure 

description 
67.872 N276 14.9 Primary-structure Planar Bedding 
71.232 N104 48.1 Fracture Planar Healed Fracture 
84.277 N221 47.9 Primary-structure Planar Bedding 
95.804 N257 17.6 Primary-structure Planar Bedding 
96.905 N220 13.8 Primary-structure Planar Bedding 

116.438 N225 53.7 Fracture Planar Healed Fracture 
    

 

Table 6.  Boring BTNB-R4, Structure depth, dip azimuth, dip and structure description 
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Figure 6.  Boring BTNB-R4, Deviation Projection (dimensions in feet) 
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Figure 7:  Borings BTNB-R5 and -R5A, Suspension R1-R2 P- and SH-wave velocities 
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Depth Vs Vp Depth Vs Vp 
(feet) (feet/sec) (feet/sec) (feet) (feet/sec) (feet/sec) 
8.20 2583 5468 91.86 4153 10095 
9.84 2853 6433 93.50 4101 10095 

11.48 3095 5965 95.14 4434 11313 
13.12 3771 7132 96.78 4557 10757 
15.09 2625 5657 98.43 4557 10583 
16.40 1704 3418 100.07 5292 11717 
18.04 1704 3382 101.71 5468 11512 
19.69 1875 3605    
21.33 1798 3248  
22.97 1548 3095     
24.93 1608 4825   
26.25 1896 3686   
27.89 1745 3771   
29.53 2076 4825   
31.17 1657 3906   
32.81 1574 3815   
34.45 2467 4687   
36.09 2689 5208   
37.73 2343 5756   
39.37 2646 6309   
41.01 2625 7811   
42.65 2448 8412   
44.29 2158 8002   
45.93 2524 8634   
47.57 2504 8867   
50.85 2202 8634   
52.49 2543 8002   
54.46 2247 8002   
55.77 2412 8002   
57.41 2903 8202   
59.06 2485 7812   
61.02 3281 8634   
62.34 2757 8412   
63.98 3728 8749   
65.62 3248 8412   
67.26 3382 7630   
68.90 3185 6562   
70.54 2343 6132   
72.18 3038 6696   
73.82 3314 7630   
75.46 3635 7720   
77.10 2327 7542   
78.74 2377 6433   
80.38 3481 8634   
82.02 2956 6981   
83.01 3666 7906   
85.30 4374 8522   
86.94 4971 9374   
88.58 3728 8867   
90.22 3860 9113   

 
Table 7.  Borings BTNB-R5 AND -R5A, Suspension R1-R2 depths and P- and SH-wave 

velocities 
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Depth 
(feet) 

Dip 
azimuth Dip Structure 

description 
2.507 N252 73 Fracture Planar Open-fracture 
3.351 N116 40.5 Fracture Planar Healed fracture 
4.083 N007 22.6 Fracture Planar Open-fracture 
4.989 N074 33.8 Fracture Planar Healed fracture 
5.336 N281 53.2 Fracture Planar Hairline-fracture 
5.368 N165 58.5 Fracture Planar Healed fracture 
6.148 N061 46.7 Fracture Planar Open-fracture 
6.607 N131 41 Fracture Planar Healed fracture 
6.994 N297 80.8 Fracture Planar Hairline-fracture 
8.669 N064 68.5 Fracture Planar Healed fracture 
8.737 N308 65 Fracture Planar Healed fracture 
9.189 N153 54.6 Fracture Planar Healed fracture 
9.572 N144 50.7 Fracture Planar Hairline-fracture 
9.741 N139 48.6 Fracture Planar Hairline-fracture 

10.209 N156 61.2 Fracture Planar Hairline-fracture 
11.332 N051 38.2 Fracture Planar Open-fracture 
12.357 N086 47.1 Fracture Planar Open-fracture 
12.616 N227 45.1 Fracture Planar Hairline-fracture 
12.776 N137 41.7 Fracture Planar Hairline-fracture 
13.231 N347 34.2 Fracture Planar Healed fracture 
13.377 N158 41.7 Fracture Planar Healed fracture 
13.925 N197 49.2 Fracture Planar Healed fracture 
14.363 N185 23.2 Fracture Planar Healed fracture 
14.572 N292 52.1 Fracture Planar Hairline-fracture 
14.723 N154 52.7 Fracture Planar Hairline-fracture 
14.993 N171 50.1 Fracture Planar Hairline-fracture 
15.131 N210 80.2 Fracture Planar Hairline-fracture 
15.674 N141 43.8 Fracture Planar Hairline-fracture 
16.047 N142 75.3 Fracture Planar Hairline-fracture 
17.141 N079 70.1 Fracture Planar Open-fracture 
24.462 N153 45.8 Fracture Planar Open-fracture 
24.636 N158 48.2 Fracture Planar Open-fracture 
25.533 N150 60.3 Fracture Planar Open-fracture 
28.278 N152 25.5 Fracture Planar Hairline-fracture 
33.948 N103 84.1 Fracture Planar Open-fracture 
36.472 N127 84.1 Fracture Planar Open-fracture 
72.171 N277 61.9 Primary-structure Planar Bedding 
73.589 N173 74.2 Fracture Planar Hairline-fracture 
83.311 N342 73 Fracture Planar Hairline-fracture 
84.563 N155 51.8 Fracture Planar Hairline-fracture 
87.065 N297 35.9 Primary-structure Planar Bedding 
89.151 N259 28.6 Fracture Planar Hairline-fracture 
89.288 N199 30.7 Fracture Planar Hairline-fracture 
89.442 N249 43.6 Fracture Planar Hairline-fracture 
90.191 N240 52.2 Fracture Planar Hairline-fracture 
90.553 N274 20.1 Fracture Planar Hairline-fracture 
90.907 N230 69.2 Fracture Planar Hairline-fracture 
92.185 N295 56.2 Fracture Planar Hairline-fracture 
94.366 N133 64.4 Fracture Planar Hairline-fracture 
95.941 N138 50.8 Fracture Planar Hairline-fracture 

 

Table 8.  Borings BTNB-R5 and -R5A, Structure depth, dip azimuth, dip and structure 
description 
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Depth 
(feet) 

Dip 
azimuth Dip Structure 

description 
96.004 N088 67.8 Fracture Planar Hairline-fracture 
96.226 N142 81.6 Fracture Planar Hairline-fracture 
98.271 N315 61.9 Fracture Planar Hairline-fracture 
98.943 N247 51.1 Fracture Planar Hairline-fracture 
99.181 N141 63.9 Fracture Planar Hairline-fracture 
99.742 N079 70.2 Fracture Planar Healed fracture 

100.221 N268 59.4 Fracture Planar Healed fracture 
100.263 N046 57.4 Fracture Planar Hairline-fracture 
100.849 N031 57.3 Fracture Planar Healed fracture 
100.914 N145 54.6 Fracture Planar Healed fracture 
102.12 N356 73.9 Fracture Planar Healed fracture 

102.823 N197 54.7 Fracture Planar Hairline-fracture 
103.17 N207 30.8 Fracture Planar Hairline-fracture 

103.818 N303 41.4 Fracture Planar Hairline-fracture 
105.199 N225 33.9 Fracture Planar Hairline-fracture 

    
 

Table 8, continued.  Borings BTNB-R5 and -R5A, Structure depth, dip azimuth, dip and 
structure description 

GEOVision Report 7589-05 ARUP Battery Tunnel Foundation Boring Geophysics rev 1 July 11, 2008                 Page 35 of 319



 

 
Figure 8.  Borings BTNB-R5 and -R5A, Stereonet Diagram 
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Figure 9.  Boring BTNB-R5, Deviation Projection (dimensions in feet) 
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Figure 10.  Boring BTNB-R5A, Deviation Projection (dimensions in feet) 
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Figure 11:  Boring BTNB-R7, Suspension R1-R2 P- and SH-wave velocities 
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Depth Vs Vp Depth Vs Vp 
(feet) (feet/sec) (feet/sec) (feet) (feet/sec) (feet/sec) 
4.92 533 1189 86.94 3556 9113 
6.56 454 1124 88.58 3240 8867 
8.20 459 1155 90.22 2847 8867 
9.84 670 1373 91.86 3240 8749 

11.48 843 1709 93.50 3848 8989 
13.12 887 1896 95.14 3718 8101 
14.76 1022 2646 96.78 3201 8101 
16.40 1052 2543 98.43 3518 8634 
18.04 959 2485 100.07 3125 8306 
19.69 1045 2563    
21.33 1402 3860
22.97 1585 4317   
24.61 1608 4434   
26.25 1616 3686   
27.89 1326 3929   
29.53 1262 4233   
31.17 1526 5423   
32.81 1718 6696   
34.45 1754 5859   
36.09 1604 5514   
37.73 1612 6981   
39.37 1678 4721   
41.01 1616 5561   
42.65 2804 7132   
44.29 1959 5249   
45.93 1769 5335   
47.57 2412 7542   
49.21 2310 6433   
50.85 2678 7906   
52.49 2404 7812   
54.13 2458 7211   
55.77 2070 6190   
57.41 2057 6190   
59.06 2841 6981   
60.70 3490 9113   
62.34 2956 9650   
63.98 2604 8306   
65.62 2969 8306   
67.26 2689 8101   
68.90 2853 8867   
70.54 3281 9942   
72.18 3297 8522   
73.82 3509 8634   
75.46 3547 8002   
77.10 4153 9113   
78.74 4101 9242   
80.38 3815 8634   
82.02 3793 8989   
83.66 3666 9374   
85.30 3576 7906   

 
Table 9.  Boring BTNB-R7, Suspension R1-R2 depths and P- and SH-wave velocities 
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Depth 
(feet) 

Dip 
azimuth Dip Structure 

description 
43.102 N189 45.3 Primary-structure Planar Bedding 
47.934 N282 16.4 Primary-structure Planar Bedding 
53.669 N245 11.7 Primary-structure Planar Bedding 
59.416 N202 27.7 Primary-structure Planar Bedding 
61.542 N230 59.2 Fracture Planar Healed fracture 
63.499 N232 19.1 Primary-structure Planar Bedding 
64.611 N184 61.5 Primary-structure Planar Bedding 
66.93 N037 53.4 Primary-structure Planar Bedding 

68.801 N338 49.3 Fracture Planar Hairline-fracture 
69.894 N111 31.2 Fracture Planar Hairline-fracture 
70.325 N173 62 Fracture Planar Hairline-fracture 
73.209 N020 33.3 Primary-structure Planar Bedding 
79.975 N065 14 Primary-structure Planar Bedding 

103.354 N025 29.5 Primary-structure Planar Bedding 
108.31 N231 40 Primary-structure Planar Bedding 

    
 

Table 10.  Boring BTNB-R7, Structure depth, dip azimuth, dip and structure description 
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Figure 12.  Boring BTNB-R7, Deviation Projection (dimensions in feet) 
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Figure 13:  Boring BTSB-R2, Suspension R1-R2 P- and SH-wave velocities 
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Depth Vs Vp Depth Vs Vp 
(feet) (feet/sec) (feet/sec) (feet) (feet/sec) (feet/sec) 
6.89 634 1478 88.58 3454 8749 
8.53 634 1512 90.22 3815 8306 
9.84 721 1533 91.86 3860 8412 

11.48 805 1745 93.50 3586 8522 
13.45 924 2187 95.14 3815 8306 
14.76 987 2853 96.78 3771 8749 
16.40 1085 3728 98.43 3566 8522 
18.04 1067 3217 100.07 3472 8101 
19.69 1206 3435 101.71 3566 7720 
21.33 1540 3125    
22.97 1562 3248  
24.61 1452 2969     
26.25 1414 2711     
27.89 1282 2689     
29.53 1396 2903     
31.17 1577 3418     
32.81 1373 3185     
34.45 1243 3155     
36.09 1328 4825     
37.73 1131 5292     
39.37 882 5378     
41.01 1055 5514     
42.65 1238 5756     
44.29 1233 6190     
45.93 1402 6309     
47.57 2001 6309     
49.21 2543 7211     
50.85 2853 7906     
52.49 2828 8634     
54.13 3140 9510     
55.77 3052 9242     
57.41 2678 8306     
59.06 2553 8412     
60.70 2430 8002     
62.34 2504 7720     
63.98 2319 8101     
65.62 2063 7720     
67.26 2335 7211     
68.90 3155 8634     
70.54 4001 9942     
72.18 4654 10583     
73.82 4755 10757     
75.46 4050 8634     
77.10 4434 8002     
78.74 4127 8749     
80.38 2916 7542     
82.02 2395 7630     
83.66 2495 7720     
85.30 2942 8101     
86.94 3185 7906     
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Figure 14:  Boring BTSB-R3, Suspension R1-R2 P- and SH-wave velocities 
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Depth Vs Vp Depth Vs Vp 
(feet) (feet/sec) (feet/sec) (feet) (feet/sec) (feet/sec) 
3.28 492 1058 85.30 5657 14913 
4.92 628 1206 86.94 3509 10936 
6.56 767 1367 88.58 3586 8749 
8.20 820 1439 90.22 2996 10415 
9.84 729 1608 91.86 3201 10095 

11.48 787 1700 93.50 3771 9374 
13.12 822 1896 95.14 4557 10936 
14.76 1445 3906 96.78 4825 10415 
16.40 3728 8867 97.77 4790 11313 
18.04 3566 7132    
19.69 3185 7720  
21.65 4621 9374     
22.97 3625 10095     
24.61 3953 9942     
26.25 4897 9242     
27.89 4790 9510     
29.53 4557 7849     
31.17 3528 8041     
32.81 4404 11313     
34.45 5561 12151     
36.09 5047 10253     
37.73 4654 9942     
39.37 3750 10757     
41.01 3860 8867     
42.65 4971 11512     
44.29 4464 9510     
45.93 3382 10253     
47.57 4076 11121     
49.21 6020 15623     
50.85 7542 17734     
52.49 4494 14582     
54.13 7906 17268     
55.77 5706 16004     
57.41 5657 14581     
59.06 7542 14913     
60.70 5756 12619     
62.34 5632 12381     
63.98 7906 16404     
65.62 7906 18748     
67.26 8749 19299     
68.90 8101 16404     
70.54 3953 12619     
72.18 3605 11512     
73.82 3528 9113     
75.46 3750 8101     
77.10 4050 10253     
78.74 3547 8989     
80.38 4861 11930     
82.02 6190 14265     
83.66 5047 11512     
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Depth 
(feet) 

Dip 
azimuth Dip Structure 

description 
25.4 N094 29 Fracture Planar Healed fracture 

25.871 N129 38 Fracture Planar Healed fracture 
26.473 N046 44.7 Fracture Planar Healed fracture 
26.848 N020 41.9 Fracture Planar Hairline-fracture 
27.491 N107 46.2 Fracture Planar Healed fracture 
27.927 N183 53.7 Fracture Planar Healed fracture 
28.016 N333 37.4 Fracture Planar Healed fracture 
28.101 N350 25.6 Fracture Planar Healed fracture 
28.566 N342 35.8 Fracture Planar Healed fracture 
28.579 N091 62.9 Fracture Planar Healed fracture 
29.432 N096 34.3 Fracture Planar Healed fracture 
29.858 N093 10.2 Fracture Planar Healed fracture 
30.323 N311 41.7 Fracture Planar Healed fracture 
30.727 N108 73.1 Fracture Planar Healed fracture 
31.149 N303 37.6 Fracture Planar Healed fracture 
31.338 N082 61.7 Fracture Planar Healed fracture 
31.797 N111 59.4 Fracture Planar Healed fracture 

31.9 N204 38.4 Fracture Planar Healed fracture 
32.526 N103 39.9 Fracture Planar Hairline-fracture 
33.024 N101 40 Fracture Planar Healed fracture 
33.458 N097 62.1 Fracture Planar Hairline-fracture 
33.666 N348 84.3 Fracture Planar Healed fracture 
34.659 N200 35.4 Fracture Planar Healed fracture 
34.844 N201 39.7 Fracture Planar Healed fracture 
35.368 N314 85.8 Fracture Planar Healed fracture 
35.852 N040 23 Fracture Planar Healed fracture 
36.131 N120 70.5 Fracture Planar Healed fracture 
36.225 N072 35.1 Fracture Planar Healed fracture 
36.697 N198 36.1 Fracture Planar Healed fracture 
37.188 N319 26.8 Fracture Planar Hairline-fracture 
37.981 N037 69.2 Fracture Planar Hairline-fracture 
38.46 N058 43.9 Fracture Planar Hairline-fracture 
38.92 N279 84.1 Fracture Planar Hairline-fracture 

39.135 N181 83.2 Fracture Planar Healed fracture 
39.421 N316 31.5 Fracture Planar Healed fracture 
40.013 N337 31.9 Fracture Planar Hairline-fracture 
40.116 N346 50.2 Fracture Planar Hairline-fracture 
41.637 N135 36.7 Fracture Planar Hairline-fracture 
42.511 N013 63.2 Fracture Planar Hairline-fracture 
43.127 N212 42.5 Fracture Planar Hairline-fracture 
44.652 N043 32.4 Fracture Planar Healed fracture 
45.724 N327 72.7 Fracture Planar Open-fracture 
46.037 N355 68.8 Fracture Planar Open-fracture 
46.769 N050 62.4 Fracture Planar Hairline-fracture 
47.213 N107 67.5 Fracture Planar Healed fracture 
47.262 N200 31.8 Fracture Planar Healed fracture 
47.558 N068 55 Fracture Planar Healed fracture 
47.959 N222 38.1 Fracture Planar Healed fracture 
48.452 N212 42.8 Fracture Planar Healed fracture 
48.566 N214 46.3 Fracture Planar Healed fracture 
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Depth 
(feet) 

Dip 
azimuth Dip Structure 

description 
48.614 N298 84 Fracture Planar Healed fracture 
49.091 N122 58.2 Fracture Planar Healed fracture 
50.669 N075 51.2 Fracture Planar Healed fracture 
50.88 N101 41.3 Fracture Planar Healed fracture 

50.904 N120 50.7 Fracture Planar Healed fracture 
50.924 N017 63 Fracture Planar Healed fracture 
51.312 N048 29.7 Fracture Planar Healed fracture 
52.769 N318 63 Fracture Planar Healed fracture 
53.311 N214 45.5 Fracture Planar Healed fracture 
54.611 N112 60.4 Fracture Planar Healed fracture 
54.72 N091 40.8 Fracture Planar Healed fracture 

54.782 N001 57 Fracture Planar Hairline-fracture 
54.837 N112 19.4 Fracture Planar Healed fracture 
57.941 N102 41.4 Fracture Planar Healed fracture 
58.071 N167 49.4 Fracture Planar Healed fracture 
58.482 N359 74.2 Fracture Planar Healed fracture 
59.106 N241 66.8 Fracture Planar Healed fracture 
59.127 N007 44.1 Fracture Planar Open-fracture 
59.344 N011 31.6 Fracture Planar Healed fracture 
60.013 N078 57.4 Fracture Planar Healed fracture 
60.112 N002 66.5 Fracture Planar Healed fracture 
61.07 N329 63.1 Fracture Planar Hairline-fracture 

61.298 N297 49.9 Fracture Planar Hairline-fracture 
69.273 N068 58.4 Fracture Planar Healed fracture 
71.186 N148 67.8 Primary-structure Planar Bedding 
77.194 N139 39.7 Primary-structure Planar Bedding 
79.304 N300 65.3 Fracture Planar Healed fracture 
80.637 N134 59.6 Fracture Planar Healed fracture 
82.933 N137 47.1 Fracture Planar Healed fracture 
83.159 N066 30.8 Fracture Planar Healed fracture 
83.626 N057 48.9 Fracture Planar Healed fracture 
84.288 N012 52.6 Fracture Planar Healed fracture 
84.451 N079 36.4 Fracture Planar Healed fracture 
84.916 N335 21 Fracture Planar Healed fracture 
85.233 N039 37.3 Fracture Planar Healed fracture 
85.614 N329 61.2 Fracture Planar Healed fracture 
85.818 N228 30.6 Primary-structure Planar Bedding 
91.524 N147 44.9 Primary-structure Planar Bedding 
93.472 N163 72.9 Fracture Planar Open-fracture 
95.353 N162 75.9 Fracture Planar Healed fracture 
95.81 N079 44.7 Fracture Planar Healed fracture 

96.794 N152 63.5 Fracture Planar Hairline-fracture 
97.242 N144 58.1 Fracture Planar Healed fracture 
97.948 N106 65.9 Fracture Planar Healed fracture 
98.789 N060 71.9 Fracture Planar Open-fracture 
98.935 N061 72.1 Fracture Planar Open-fracture 
99.593 N284 27.8 Fracture Planar Healed fracture 

100.823 N095 79.9 Fracture Planar Healed fracture 
100.928 N040 39.5 Fracture Planar Healed fracture 
101.842 N274 63.1 Fracture Planar Hairline-fracture 
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Depth 
(feet) 

Dip 
azimuth Dip Structure 

description 
103.744 N319 60.4 Fracture Planar Hairline-fracture 
104.761 N063 44.6 Fracture Planar Hairline-fracture 
104.928 N293 83.3 Fracture Planar Open-fracture 
105.945 N185 58.6 Fracture Planar Hairline-fracture 
106.607 N194 30.4 Fracture Planar Healed fracture 
106.814 N357 67 Fracture Planar Healed fracture 
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Figure 15.  Boring BTSB-R3, Stereonet Diagram 
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Figure 16.  Boring BTSB-R3, Deviation Projection (dimensions in feet) 
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Figure 17:  Boring RW6-R1, Suspension R1-R2 P- and SH-wave velocities 
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Depth Vs Vp 
(feet) (feet/sec) (feet/sec) 
8.20 881 2090 
9.84 1033 2828 

11.48 1204 3281 
13.12 1353 3382 
14.76 1402 5208 
16.40 1233 5378 
18.04 1297 6190 
19.69 3010 6371 
21.33 3418 8002 
22.97 3528 8202 
24.61 2816 8634 
28.22 3929 8634 
29.53 3232 8306 
31.17 3382 8867 
32.81 3566 9374 
34.45 3953 9374 
36.09 5561 11717 
37.73 4434 11121 
39.37 6249 13391 
41.01 4755 12151 
42.65 4374 10757 
44.29 4589 10095 
45.93 5859 13391 
47.57 6562 14913 
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Depth 
(feet) 

Dip 
azimuth Dip Structure 

description 
17.177 N026 30.8 Primary-structure Planar Bedding 
18.509 N086 54.1 Fracture Planar Hairline-fracture 
18.649 N087 44 Fracture Planar Hairline-fracture 
18.925 N175 74.6 Fracture Planar Hairline-fracture 
20.851 N063 59.7 Fracture Planar Healed fracture 

21 N070 50.2 Fracture Planar Healed fracture 
21.213 N163 67.8 Fracture Planar Healed fracture 
21.266 N324 72.3 Fracture Planar Healed fracture 
22.006 N172 68.2 Fracture Planar Hairline-fracture 
22.868 N100 46 Fracture Planar Healed fracture 
23.81 N104 33.6 Fracture Planar Open-fracture 

25.135 N036 56.1 Fracture Planar Open-fracture 
25.347 N164 75.7 Fracture Planar Healed fracture 
26.342 N143 45.7 Fracture Planar Healed fracture 
26.474 N134 46.5 Fracture Planar Healed fracture 
26.97 N041 65.2 Fracture Planar Hairline-fracture 

27.493 N319 64.1 Fracture Planar Hairline-fracture 
27.852 N146 44.2 Fracture Planar Hairline-fracture 
28.145 N128 41.2 Fracture Planar Hairline-fracture 
28.598 N140 41.8 Primary-structure Planar Bedding 
28.874 N141 25.1 Primary-structure Planar Bedding 
30.423 N151 67.3 Fracture Planar Open-fracture 
31.096 N169 58.8 Fracture Planar Open-fracture 
32.175 N155 72.3 Fracture Planar Open-fracture 
32.784 N167 49 Primary-structure Planar Bedding 
33.733 N289 61.2 Fracture Planar Hairline-fracture 
33.786 N160 66.5 Fracture Planar Healed fracture 
34.018 N145 73.3 Fracture Planar Healed fracture 
34.609 N323 76.4 Fracture Planar Healed fracture 
35.105 N147 73 Fracture Planar Healed fracture 
35.893 N136 67.9 Fracture Planar Healed fracture 
37.386 N160 55.8 Fracture Planar Healed fracture 
39.437 N090 43.7 Fracture Planar Open-fracture 
40.076 N064 69.6 Fracture Planar Healed fracture 
40.614 N047 73 Fracture Planar Healed fracture 
41.985 N333 85.6 Fracture Planar Healed fracture 
42.098 N360 56.8 Fracture Planar Healed fracture 
42.141 N072 52 Fracture Planar Healed fracture 
42.533 N099 62.6 Fracture Planar Healed fracture 
42.904 N099 54.3 Fracture Planar Healed fracture 
43.061 N101 58 Fracture Planar Healed fracture 
44.129 N077 46.9 Fracture Planar Open-fracture 
45.087 N126 57.9 Fracture Planar Hairline-fracture 
45.458 N127 21.6 Fracture Planar Open-fracture 
45.715 N158 51 Fracture Planar Hairline-fracture 
46.756 N154 81.7 Fracture Planar Hairline-fracture 
47.058 N156 83.8 Fracture Planar Hairline-fracture 
47.659 N113 37.5 Fracture Planar Open-fracture 
48.28 N286 72.9 Fracture Planar Hairline-fracture 
49.25 N088 48.3 Fracture Planar Hairline-fracture 
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Depth 
(feet) 

Dip 
azimuth Dip Structure 

description 
49.481 N097 46.7 Fracture Planar Open-fracture 
49.514 N237 49.4 Fracture Planar Hairline-fracture 
49.696 N099 52.2 Fracture Planar Hairline-fracture 
50.213 N096 39.3 Fracture Planar Open-fracture 
51.534 N093 40.3 Fracture Planar Hairline-fracture 
51.785 N224 26.5 Fracture Planar Hairline-fracture 
51.914 N121 32.7 Fracture Planar Hairline-fracture 
52.272 N319 40.6 Fracture Planar Hairline-fracture 
52.499 N282 63.4 Fracture Planar Hairline-fracture 
52.856 N094 54.1 Fracture Planar Hairline-fracture 
54.524 N157 76.6 Fracture Planar Open-fracture 
55.086 N154 78 Fracture Planar Open-fracture 
56.372 N133 30.6 Primary-structure Planar Bedding 
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Figure 18.  Boring RW6-R1, Stereonet Diagram 
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Figure 19.  Boring RW6-R1, Deviation Projection (dimensions in feet) 
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Figure 20:  Boring RW6-R2, Suspension R1-R2 P- and SH-wave velocities 
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Depth Vs Vp 
(feet) (feet/sec) (feet/sec) 
31.17 3929 7630 
32.81 3906 7132 
34.45 2853 5657 
36.09 4026 7720 
37.73 4261 7720 
39.37 2439 5706 
41.01 2031 5807 
42.65 3155 7812 
44.29 3906 8306 
45.93 4861 10253 
47.57 6402 12151 
49.21 6340 13391 
50.85 6371 12151 
52.49 6835 12866 
54.13 6800 12866 
55.77 6595 12619 
57.41 6340 12619 
59.06 6104 12151 
60.70 6835 13123 
62.34 4738 11930 
63.98 4971 11121 
65.62 6340 12619 
67.26 6249 12866 
68.90 6340 12381 
70.54 6595 13123 
72.18 6562 13391 
73.82 6279 13123 
75.46 6765 12866 
77.10 7018 12619 
78.74 6529 13391 
80.38 6076 12619 
82.02 6371 13123 
83.66 5067 11121 
85.30 5087 9650 
86.94 4704 10415 
88.58 4755 10253 
90.22 4360 10095 
91.86 3760 9113 
93.50 4233 9650 
95.14 6696 13670 
96.78 6981 14582 
98.43 6433 12866 

100.07 5423 11717 
101.71 5965 12151 
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Depth 
(feet) 

Dip 
azimuth Dip Structure 

description 
18.261 N118 32 Primary-structure Planar Bedding 
29.242 N308 7 Primary-structure Planar Bedding 
29.637 N277 60.4 Fracture Planar Healed fracture 
29.864 N264 68.4 Fracture Planar Healed fracture 
30.03 N133 42.7 Fracture Planar Healed fracture 

30.032 N224 54.3 Fracture Planar Healed fracture 
30.784 N134 25.7 Fracture Planar Healed fracture 
31.126 N061 73.6 Fracture Planar Healed fracture 
31.612 N119 33.8 Fracture Planar Healed fracture 
31.942 N348 40.3 Fracture Planar Healed fracture 
32.042 N143 29.5 Fracture Planar Healed fracture 
32.518 N251 76 Fracture Planar Hairline-fracture 
33.273 N084 74.5 Fracture Planar Healed fracture 
33.368 N262 34.9 Fracture Planar Healed fracture 
33.492 N222 62.1 Fracture Planar Healed fracture 
34.771 N206 55.8 Fracture Planar Healed fracture 
35.204 N081 58.5 Fracture Planar Hairline-fracture 
36.174 N266 66 Fracture Planar Healed fracture 
36.941 N253 40.5 Fracture Planar Healed fracture 
37.231 N243 34.9 Fracture Planar Healed fracture 
37.798 N022 17.1 Primary-structure Planar Bedding 
38.534 N008 28.1 Primary-structure Planar Bedding 
38.802 N180 50.2 Fracture Planar Healed fracture 

39.1 N320 67.4 Fracture Planar Healed fracture 
39.508 N313 81.3 Fracture Planar Healed fracture 
39.568 N318 61.7 Fracture Planar Healed fracture 
39.673 N337 75.5 Fracture Planar Healed fracture 
39.805 N303 47.1 Fracture Planar Healed fracture 
40.103 N233 89.2 Fracture Planar Hairline-fracture 
40.738 N155 76.8 Fracture Planar Healed fracture 
40.845 N043 62.5 Fracture Planar Hairline-fracture 
40.905 N184 44.5 Fracture Planar Healed fracture 
42.645 N334 16.1 Primary-structure Planar Bedding 
43.104 N006 21.3 Primary-structure Planar Bedding 
44.568 N207 49.5 Primary-structure Planar Bedding 
45.922 N253 63.9 Primary-structure Planar Bedding 
48.129 N004 21.8 Fracture Planar Healed fracture 
49.104 N010 38.7 Fracture Planar Healed fracture 
49.601 N352 49.5 Fracture Planar Hairline-fracture 
50.104 N046 52.7 Fracture Planar Healed fracture 
50.259 N122 83 Fracture Planar Healed fracture 
50.775 N169 72.1 Fracture Planar Healed fracture 
50.83 N196 43.1 Fracture Planar Healed fracture 

50.847 N028 48.9 Fracture Planar Healed fracture 
51.608 N022 56.8 Fracture Planar Healed fracture 
51.73 N133 83.1 Fracture Planar Healed fracture 

52.095 N109 81.1 Fracture Planar Healed fracture 
52.947 N197 59.8 Fracture Planar Healed fracture 
53.639 N063 53.6 Fracture Planar Healed fracture 
55.01 N120 53.7 Fracture Planar Healed fracture 
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Depth 
(feet) 

Dip 
azimuth Dip Structure 

description 
55.066 N326 46 Fracture Planar Healed fracture 
55.355 N055 58.7 Fracture Planar Healed fracture 
55.75 N218 68.8 Fracture Planar Healed fracture 

56.071 N342 35.2 Fracture Planar Healed fracture 
56.366 N353 46.8 Fracture Planar Healed fracture 
56.878 N123 51.4 Fracture Planar Healed fracture 
57.004 N216 78.5 Fracture Planar Healed fracture 
57.658 N072 57.3 Fracture Planar Healed fracture 
58.503 N093 58.2 Fracture Planar Healed fracture 
59.069 N321 61 Fracture Planar Healed fracture 
59.479 N353 42.6 Fracture Planar Healed fracture 
59.58 N225 85.3 Fracture Planar Healed fracture 
59.86 N015 65.3 Fracture Planar Healed fracture 

59.951 N087 58.9 Fracture Planar Healed fracture 
60.177 N275 58.5 Fracture Planar Healed fracture 
60.197 N149 54.9 Fracture Planar Healed fracture 
60.366 N228 79.9 Fracture Planar Healed fracture 
61.052 N083 49.5 Fracture Planar Healed fracture 
61.315 N314 64.3 Fracture Planar Healed fracture 
61.581 N130 71.3 Fracture Planar Healed fracture 
61.691 N332 76.1 Fracture Planar Healed fracture 
62.128 N144 70.7 Fracture Planar Healed fracture 
62.175 N220 71.1 Fracture Planar Healed fracture 
62.684 N217 72.5 Fracture Planar Healed fracture 
62.843 N115 45.5 Fracture Planar Healed fracture 
63.021 N139 60.7 Fracture Planar Healed fracture 
63.357 N050 37.3 Fracture Planar Healed fracture 
63.931 N229 76.8 Fracture Planar Healed fracture 
64.17 N108 67.5 Fracture Planar Open-fracture 

64.408 N242 67.6 Fracture Planar Healed fracture 
64.557 N080 63 Fracture Planar Healed fracture 
65.316 N071 62.4 Fracture Planar Healed fracture 
65.934 N164 68.7 Fracture Planar Healed fracture 
66.437 N278 76.1 Fracture Planar Healed fracture 
67.538 N093 79.4 Fracture Planar Healed fracture 
68.354 N288 52.8 Fracture Planar Healed fracture 
68.866 N121 54.6 Fracture Planar Healed fracture 
70.974 N079 74.9 Fracture Planar Healed fracture 
72.292 N281 29.1 Fracture Planar Healed fracture 
72.783 N310 13.4 Fracture Planar Healed fracture 
73.695 N320 73.5 Fracture Planar Healed fracture 
73.724 N103 57.8 Fracture Planar Healed fracture 
73.734 N105 55.4 Fracture Planar Healed fracture 
73.994 N103 58 Fracture Planar Healed fracture 
74.048 N112 48.8 Fracture Planar Healed fracture 
74.684 N166 75 Fracture Planar Healed fracture 
74.727 N074 48.8 Fracture Planar Hairline-fracture 
74.775 N125 22.4 Fracture Planar Hairline-fracture 
75.143 N079 57.1 Fracture Planar Healed fracture 
76.379 N062 71.8 Fracture Planar Healed fracture 
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Depth 
(feet) 

Dip 
azimuth Dip Structure 

description 
76.469 N094 45.9 Fracture Planar Healed fracture 
77.183 N090 58.2 Fracture Planar Healed fracture 
77.341 N095 60 Fracture Planar Healed fracture 
77.63 N127 64.1 Fracture Planar Healed fracture 

77.944 N294 52.8 Fracture Planar Healed fracture 
77.961 N042 45.7 Fracture Planar Healed fracture 
78.883 N357 27.1 Fracture Planar Healed fracture 
78.955 N084 61.3 Fracture Planar Healed fracture 
79.084 N094 74.6 Fracture Planar Healed fracture 
79.349 N272 50.5 Fracture Planar Healed fracture 
79.849 N292 28.9 Fracture Planar Healed fracture 
80.174 N251 78.3 Fracture Planar Healed fracture 
80.288 N105 63.9 Fracture Planar Healed fracture 
80.839 N253 85 Fracture Planar Healed fracture 
80.858 N088 52.4 Fracture Planar Healed fracture 
81.355 N007 24.4 Fracture Planar Healed fracture 
81.749 N001 35.9 Fracture Planar Healed fracture 
82.297 N218 36.9 Fracture Planar Healed fracture 
82.844 N036 39 Fracture Planar Healed fracture 
84.66 N206 46.1 Fracture Planar Healed fracture 

84.692 N209 37.4 Fracture Planar Healed fracture 
85.802 N329 30.5 Fracture Planar Hairline-fracture 
86.079 N219 44.9 Fracture Planar Healed fracture 
86.641 N123 32.6 Fracture Planar Healed fracture 
87.154 N147 37.8 Fracture Planar Open-fracture 
87.289 N336 70.4 Fracture Planar Healed fracture 
87.971 N061 61 Fracture Planar Healed fracture 
88.152 N062 76.9 Fracture Planar Healed fracture 
89.614 N084 51 Fracture Planar Healed fracture 
89.726 N108 45.7 Fracture Planar Healed fracture 
89.859 N045 27 Fracture Planar Open-fracture 
90.125 N351 29.5 Fracture Planar Open-fracture 
90.32 N114 51.4 Fracture Planar Open-fracture 

90.334 N057 25.4 Fracture Planar Open-fracture 
90.902 N129 71.8 Fracture Planar Healed fracture 
90.952 N284 32.2 Fracture Planar Healed fracture 
91.501 N298 42.7 Fracture Planar Healed fracture 
91.655 N034 43.9 Fracture Planar Healed fracture 

91.8 N311 46.8 Fracture Planar Healed fracture 
91.925 N348 14 Fracture Planar Hairline-fracture 
92.193 N356 53.7 Fracture Planar Hairline-fracture 
92.662 N252 20.5 Fracture Planar Open-fracture 
92.841 N065 36.9 Fracture Planar Open-fracture 
93.345 N018 29.3 Fracture Planar Open-fracture 
93.511 N014 32.3 Fracture Planar Open-fracture 
93.905 N136 72.3 Fracture Planar Healed fracture 
94.365 N308 77.6 Fracture Planar Healed fracture 
94.755 N147 74 Fracture Planar Healed fracture 
95.334 N312 80.1 Fracture Planar Healed fracture 
95.918 N090 31.2 Fracture Planar Healed fracture 
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Depth 
(feet) 

Dip 
azimuth Dip Structure 

description 
96.051 N113 36.9 Fracture Planar Healed fracture 
96.636 N119 44.6 Fracture Planar Healed fracture 
96.938 N142 41.1 Fracture Planar Healed fracture 
96.957 N115 61.6 Fracture Planar Healed fracture 
97.143 N117 69.1 Fracture Planar Healed fracture 
97.393 N215 74.4 Fracture Planar Healed fracture 
97.849 N168 74.2 Fracture Planar Healed fracture 
97.895 N255 53.1 Fracture Planar Healed fracture 
98.15 N149 45.6 Fracture Planar Healed fracture 

98.679 N274 71.1 Fracture Planar Healed fracture 
98.937 N121 37.5 Fracture Planar Healed fracture 
98.966 N222 48.2 Fracture Planar Healed fracture 

100.164 N248 64.5 Fracture Planar Healed fracture 
100.199 N271 38.8 Fracture Planar Healed fracture 
100.589 N244 75.5 Fracture Planar Healed fracture 
100.718 N250 81.1 Fracture Planar Healed fracture 
101.476 N272 73.5 Fracture Planar Healed fracture 
101.633 N278 40.1 Fracture Planar Healed fracture 
101.711 N066 66.2 Fracture Planar Healed fracture 
101.721 N332 9.6 Fracture Planar Healed fracture 
102.281 N102 20.4 Fracture Planar Healed fracture 
102.65 N281 45.8 Fracture Planar Healed fracture 

103.116 N349 42.9 Fracture Planar Healed fracture 
103.612 N084 36.2 Fracture Planar Healed fracture 
103.711 N314 74.3 Fracture Planar Healed fracture 
103.942 N110 73.9 Fracture Planar Healed fracture 
104.025 N114 59.9 Fracture Planar Healed fracture 
104.233 N141 78.8 Fracture Planar Healed fracture 
105.719 N146 69.4 Fracture Planar Hairline-fracture 
106.182 N313 81.9 Fracture Planar Hairline-fracture 
107.134 N320 70 Fracture Planar Healed fracture 
107.283 N287 45.2 Fracture Planar Healed fracture 
107.789 N123 49 Fracture Planar Healed fracture 

108 N024 65.2 Fracture Planar Healed fracture 
108.122 N332 43.3 Fracture Planar Healed fracture 
108.507 N324 80.6 Fracture Planar Healed fracture 
108.655 N291 35.5 Fracture Planar Healed fracture 
109.651 N276 32.9 Fracture Planar Healed fracture 
110.278 N304 61.6 Fracture Planar Healed fracture 
110.844 N314 84.7 Fracture Planar Healed fracture 
110.862 N298 88.3 Fracture Planar Healed fracture 
110.97 N064 62.2 Fracture Planar Hairline-fracture 

111.088 N113 80.2 Fracture Planar Healed fracture 
111.836 N184 71.3 Fracture Planar Hairline-fracture 
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Figure 21.  Boring RW6-R2, Stereonet Diagram 
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Figure 22.  Boring RW6-R2, Deviation Projection (dimensions in feet) 
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Figure 23:  Boring RW8-R1, Suspension R1-R2 P- and SH-wave velocities 
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Depth Vs Vp Depth Vs Vp 
(feet) (feet/sec) (feet/sec) (feet) (feet/sec) (feet/sec) 
19.69 974 2310 101.71 2430 7211 
21.33 1016 2524 103.35 2700 7456 
22.97 1000 2504 104.99 3170 6981 
24.61 1211 2543 106.63 3625 8989 
26.25 1433 2903 108.27 4013 8989 
27.89 1420 2903 109.91 3718 8989 
29.53 1526 3248 111.55 3989 8634 
31.17 1478 2983 113.19 4861 9942 
32.81 1339 2828 114.83 4001 8989 
34.45 1691 3860 116.47 3615 8202 
36.09 1783 3906 118.11 3760 8306 
37.73 1361 3528 119.75 3815 8522 
39.37 1247 5468 121.39 4687 9650 
41.01 1229 5756 123.03 4861 9794 
42.65 887 5009 124.67 4001 9650 
44.29 816 5249 126.31 4166 9242 
45.93 1163 6076 127.95 3953 9374 
47.57 1727 6696 129.59 3472 9113 
49.21 2263 8202 131.23 3635 9374 
50.85 2369 7630  
52.82 1970 7373
54.13 2195 7630   
55.77 2495 8989   
57.74 2942 9242   
59.06 2865 8412   
60.70 2543 8634   
62.34 2485 8002   
63.98 2543 8306   
65.62 3860 10095   
67.26 3281 10095   
68.90 2158 8634   
70.54 1471 6981   
72.18 1220 5378   
73.82 1193 5423   
75.46 1396 6190   
77.10 1848 7291   
78.74 2180 7542   
80.38 2404 7812   
82.02 2891 8306   
83.66 2916 8202   
85.30 2769 8202   
86.94 2828 7906   
88.58 2412 7373   
90.22 2031 7291   
91.86 1783 6628   
93.50 1953 6628   
95.14 2302 7630   
96.78 2594 8306   
98.43 2769 8867   

100.07 2377 8101   
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Depth 
(feet) 

Dip 
azimuth Dip Structure 

description 
45.322 N156 32.1 Primary-structure Planar Bedding 
46.209 N204 61.9 Fracture Planar Hairline-fracture 
47.125 N338 67.4 Fracture Planar Hairline-fracture 
47.905 N208 50.8 Fracture Planar Hairline-fracture 
49.639 N330 73.1 Fracture Planar Hairline-fracture 
50.895 N019 78.1 Fracture Planar Hairline-fracture 
51.119 N100 83 Fracture Planar Hairline-fracture 
51.132 N204 59.7 Fracture Planar Hairline-fracture 
55.16 N104 72.2 Fracture Planar Hairline-fracture 

55.458 N320 83.5 Fracture Planar Hairline-fracture 
57.353 N269 63.1 Fracture Planar Hairline-fracture 
57.923 N329 78.9 Fracture Planar Open-fracture 
58.266 N276 36.6 Fracture Planar Open-fracture 
58.827 N307 50.5 Fracture Planar Open-fracture 
60.96 N298 69 Fracture Planar Open-fracture 

65.455 N164 51.3 Primary-structure Planar Bedding 
70.077 N223 66.4 Fracture Planar Hairline-fracture 
70.46 N314 24.7 Primary-structure Planar Bedding 

79.235 N001 5.6 Primary-structure Planar Bedding 
96.593 N254 41 Fracture Planar Hairline-fracture 
97.307 N000 67.7 Fracture Planar Open-fracture 
105.6 N185 54.8 Fracture Planar Healed fracture 

105.73 N050 66.3 Fracture Planar Healed fracture 
107.457 N329 50.7 Fracture Planar Open-fracture 
107.824 N119 49.9 Fracture Planar Open-fracture 
108.329 N134 44.4 Fracture Planar Open-fracture 
108.813 N243 68.6 Fracture Planar Hairline-fracture 
112.012 N267 36.2 Fracture Planar Hairline-fracture 
112.843 N132 68 Fracture Planar Healed fracture 
113.354 N053 67.8 Fracture Planar Healed fracture 
113.765 N173 35.4 Fracture Planar Hairline-fracture 
113.899 N101 66.8 Fracture Planar Healed fracture 
115.454 N207 41.5 Fracture Planar Healed fracture 
115.69 N093 27.4 Primary-structure Planar Bedding 

116.857 N318 2.4 Primary-structure Planar Bedding 
117.587 N205 18.8 Fracture Planar Healed fracture 
118.707 N230 30.5 Fracture Planar Healed fracture 
120.772 N049 21.8 Fracture Planar Healed fracture 
121.267 N038 37.3 Fracture Planar Open-fracture 
121.921 N028 27.5 Fracture Planar Open-fracture 
122.352 N106 35.5 Fracture Planar Healed fracture 
122.803 N098 39.6 Fracture Planar Healed fracture 
123.85 N104 41.8 Fracture Planar Hairline-fracture 

124.518 N221 15.7 Fracture Planar Hairline-fracture 
125.016 N136 15.3 Fracture Planar Hairline-fracture 
125.328 N225 14.2 Primary-structure Planar Bedding 
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Figure 24.  Boring RW8-R1, Deviation Projection (dimensions in feet) 
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Figure 25:  Boring RW8-R5, Suspension R1-R2 P- and SH-wave velocities 
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Depth Vs Vp Depth Vs Vp 
(feet) (feet/sec) (feet/sec) (feet) (feet/sec) (feet/sec) 
13.12 1006 - 95.14 1475 5514 
14.76 875 - 96.78 1509 5561 
16.40 800 - 98.42 1331 5468 
18.04 1022 -- 100.06 1202 5468 
19.68 909 - 101.70 1151 5468 
21.33 1083 - 103.35 1124 5468 
22.97 1147 - 104.99 948 5514 
24.61 1131 - 106.63 971 5468 
26.25 1065 - 108.27 1108 5608 
27.89 994 - 109.91 1094 5423 
29.53 1079 4825 111.55 937 5208 
31.17 1248 4317 113.19 814 4934 
32.81 1356 4687 114.83 796 5047 
34.45 1252 5468 116.47 997 5657 
36.09 1328 5859 118.11 1440 5911 
37.73 1373 5468 119.75 1356 5756 
39.37 1512 5859 121.39 1257 5335 
41.01 1350 6562 123.03 736 4934 
42.65 1229 5468 124.67 785 5126 
44.29 1277 6309 126.31 1112 5657 
45.93 1397 5859 127.95 1540 5911 
47.57 1252 5292 129.59 1408 5706 
49.21 1168 5468 131.23 1137 5514 
50.85 1211 5657 131.89 1120 5468 
52.49 1243 5468    
54.13 1339 5126  
55.77 1408 5378     
57.41 1302 5126     
59.05 1257 5468     
60.69 1439 5561     
62.34 1475 5468     
63.98 1483 5423     
65.62 1359 5514     
67.26 1297 5468     
68.90 1390 5335     
70.54 1458 5514     
72.18 1411 5514     
73.82 1331 5468     
75.46 1393 5423     
77.10 1370 5468     
78.74 1465 5514     
80.38 1628 5657     
82.02 1570 5608     
83.66 1559 5706     
85.30 1544 5608     
86.94 1364 5608     
88.58 1224 5514     
90.22 1274 5657     
91.86 1264 5657     
93.50 1299 5608     

 
Table 20.  Boring RW8-R5, Suspension R1-R2 depths and P- and SH-wave velocities 
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APPENDIX A 
 

SUSPENSION VELOCITY MEASUREMENT QUALITY  
ASSURANCE SUSPENSION SOURCE TO RECEIVER 

ANALYSIS RESULTS 
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Figure A-1.  Boring BTNB-R4, R1 - R2 high resolution analysis 

and S - R1 quality assurance analysis P- and SH-wave data
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Depth Vs Vp Depth Vs Vp 
(feet) (feet/sec) (feet/sec) (feet) (feet/sec) (feet/sec) 
10.07 1069 2250 92.09 2659 7590 
11.71 1089 2250 93.73 2988 8117 
13.35 1140 2302 95.37 2988 8070 
14.99 1312 2516 97.01 3266 8117 
16.63 1491 2831 98.65 3546 8309 
18.27 1668 3206 100.30 3657 8260 
19.91 1729 3459 101.94 3755 8260 
21.56 1652 3519 103.58 3755 8510 
23.20 1637 3582 105.22 3837 8615 
24.84 1717 3879 106.86 3922 8459 
26.48 1637 3816 108.50 3922 8408 
28.12 1543 3775 110.14 3837 8510 
29.76 1607 3705 111.78 3805 8309 
31.40 1571 3459 113.42 3879 8309 
33.04 1516 3296 115.06 4058 8309 
34.68 1516 3191    
36.32 1442 3206  
37.96 1418 3359     
39.60 1363 3459     
41.24 1312 3676     
42.88 1303 3922     
44.52 1293 4167     
46.16 1213 4696     
47.80 1332 5106     
49.44 1592 5485     
51.08 1903 5485     
52.72 2121 5662     
54.36 2317 6471     
56.00 2797 8117     
57.64 3235 8722     
59.28 3343 9001     
60.93 3493 8722     
62.57 3879 8668     
64.21 3922 8260     
65.85 3837 8212     
67.49 3967 8562     
69.46 3967 8358     
70.77 3755 8260     
72.74 3476 8260     
74.05 3266 8408     
75.69 3120 8358     
77.33 3266 8408     
78.97 3442 8510     
80.61 3375 8722     
82.25 3281 8510     
83.89 2721 8024     
85.53 2649 7590     
87.17 2591 7164     
88.81 2229 7021     
90.45 2356 7164     

 
Table A-1.  Boring BTNB-R4, S - R1 quality assurance analysis P- and SH-wave data 
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Figure A-2.  Borings BTNB-R5 and –R5A, R1 - R2 high resolution analysis 

and S - R1 quality assurance analysis P- and SH-wave data
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Depth Vs Vp Depth Vs Vp 
(feet) (feet/sec) (feet/sec) (feet) (feet/sec) (feet/sec) 
13.35 2620 4842 97.01 5240 10970 
14.99 1688 4307 98.65 5851 11324 
16.63 1507 3858 100.30 5662 11324 
18.27 1553 3408 101.94 5240 10970 
20.24 1618 3392 103.58 4619 10802 
21.56 1708 3425 105.22 4501 10558 
23.20 1755 3601 106.86 4035 10102 
24.84 1824 3638    
26.48 1950 3816  
28.12 1929 3944     
30.09 1656 4255     
31.40 1451 4589     
33.04 1810 4204     
34.68 1633 4204     
36.32 1648 4130     
37.96 1747 4307     
39.60 2356 6269     
41.24 2975 7801     
42.88 3134 7632     
44.52 2950 7715     
46.16 2721 8358     
47.80 2831 8459     
49.44 2721 8668     
51.08 2721 8668     
52.72 2544 8459     
56.00 2472 8070     
57.64 2507 7801     
59.61 2721 8070     
60.93 3134 8776     
62.57 3476 9001     
64.21 3735 8776     
66.17 3582 8562     
67.49 3107 6412     
69.13 2975 6562     
70.77 3250 7201     
72.41 2975 7673     
74.05 3476 7164     
75.69 3250 7715     
77.33 2877 7164     
78.97 2372 7314     
80.61 2843 7632     
82.25 3638 8510     
83.89 3638 8562     
85.53 4619 9238     
87.17 4619 9001     
88.16 4361 9618     
90.45 3715 9751     
92.09 4388 10175     
93.73 3901 10030     
95.37 4809 10802     

 
Table A-2.  Borings BTNB-R5 and –R5A, S - R1 quality assurance analysis  

P- and SH-wave data 
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Figure A-3.  Boring BTNB-R7, R1 - R2 high resolution analysis 

and S - R1 quality assurance analysis P- and SH-wave data
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Depth Vs Vp Depth Vs Vp 
(feet) (feet/sec) (feet/sec) (feet) (feet/sec) (feet/sec) 
10.07 648 2053 92.09 3296 8459 
11.71 817 2639 93.73 3079 7978 
13.35 975 2659 95.37 3206 8070 
14.99 1039 2820 97.01 3392 8212 
16.63 1097 2808 98.65 3442 8260 
18.27 1234 3296 100.30 3442 8510 
19.91 1371 3191 101.94 3343 7933 
21.56 1494 3442 103.58 3442 7715 
23.20 1729 3735 105.22 3647 8309 
24.84 1680 3944  
26.48 1610 3944
28.12 1588 4230   
29.76 1656 4809   
31.40 1729 5051   
33.04 1867 5507   
34.68 1769 5685   
36.32 1769 6186   
37.96 1796 5851   
39.60 1995 5851   
41.24 2065 6441   
42.88 2280 6917   
44.52 2372 6751   
46.16 2610 7201   
47.80 2544 6562   
49.44 2553 6883   
51.08 2526 6531   
52.72 2446 6751   
54.36 2446 6383   
56.00 2526 6917   
57.64 2548 7758   
59.28 2639 8212   
60.93 3039 8459   
62.57 3120 8831   
64.21 3000 8510   
65.85 2889 8887   
67.49 3206 8776   
69.13 3442 9059   
70.77 3392 8668   
72.41 3442 9118   
74.05 3775 9118   
75.69 3837 8722   
77.33 3775 9059   
78.97 3601 8615   
80.61 3775 8260   
82.25 3715 8562   
83.89 3493 8510   
85.53 3493 8668   
87.17 3442 8668   
88.81 3493 8668   
90.45 3442 8615   

 
Table A-3.  Boring BTNB-R7, S - R1 quality assurance analysis  

P- and SH-wave data 
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Figure A-4.  Boring BTSB-R2, R1 - R2 high resolution analysis 

and S - R1 quality assurance analysis P- and SH-wave data
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Depth Vs Vp Depth Vs Vp 
(feet) (feet/sec) (feet/sec) (feet) (feet/sec) (feet/sec) 
12.04 930 2396 93.73 4035 8408 
13.68 1048 2670 95.37 3922 8212 
14.99 1132 3107 97.01 3922 8722 
16.63 1200 3528 98.65 3695 8459 
18.60 1350 3601 100.30 3638 7978 
19.91 1421 3235 101.94 3695 7933 
21.56 1652 3296 103.58 3989 8212 
23.20 1712 3079 105.22 4204 8459 
24.84 1644 2962 106.86 4204 8831 
26.48 1523 3079    
28.12 1607 3184  
29.76 1599 3266     
31.40 1510 3359     
33.04 1557 3795     
34.68 1436 4106     
36.32 1225 4416     
37.96 1168 5360     
39.60 1168 5617     
41.24 1120 5708     
42.88 1307 5851     
44.52 1578 6001     
46.16 1787 6213     
47.80 2348 6687     
49.44 2950 7238     
51.08 3039 7632     
52.72 3134 8309     
54.36 3039 8358     
56.00 2808 8668     
57.64 2659 8668     
59.28 2591 8459     
60.93 2380 8070     
62.57 2340 7933     
64.21 2481 7889     
65.85 2499 7845     
67.49 2950 8408     
69.13 3425 8944     
70.77 4530 10030     
72.41 5088 10325     
74.05 4204 9424     
75.69 3837 8776     
77.33 3359 8722     
78.97 3079 8260     
80.61 3013 8070     
82.25 2889 7801     
83.89 2975 7845     
85.53 3107 7889     
87.17 3359 8070     
88.81 3775 8722     
90.45 3989 8260     
92.09 4035 8668     

 
Table A-4.  Boring BTSB-R2, S - R1 quality assurance analysis P- and SH-wave data 
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Figure A-5.  Boring BTSB-R3, R1 - R2 high resolution analysis 

and S - R1 quality assurance analysis P- and SH-wave data
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Depth Vs Vp Depth Vs Vp 
(feet) (feet/sec) (feet/sec) (feet) (feet/sec) (feet/sec) 
8.43 793 1418 90.45 3327 9488 

10.07 889 1734 92.09 3735 9889 
11.71 982 2047 93.73 4058 10175 
13.35 1106 2572 95.37 4681 10802 
14.99 1243 3327 97.01 4910 11057 
16.63 1961 5401 98.65 5201 11324 
18.27 3755 7238 100.30 5201 11702 
19.91 4876 8164 101.94 5401 12105 
21.56 4979 9118 102.92 5401 12105 
23.20 4712 10479    
24.84 4472 10175  
26.80 5201 10102     
28.12 5755 10558     
29.76 5755 10030     
31.40 5401 10802     
33.04 5220 10885     
34.68 5037 11435     
36.32 4876 11074     
37.96 5088 10885     
39.60 5162 10102     
41.24 5088 9820     
42.88 4809 10479     
44.52 4712 11510     
46.16 4876 12650     
47.80 5900 13123     
49.44 6325 12650     
51.08 7056 13002     
52.72 7238 13903     
54.36 7549 13903     
56.00 7632 13633     
57.64 7164 13903     
59.28 7238 13633     
60.93 7314 13502     
62.57 7801 13903     
64.21 9001 14781     
65.85 9238 15778     
67.49 8562 14627     
69.13 7021 13247     
70.77 5319 11510     
72.41 4058 9959     
74.05 3493 9361     
75.69 3163 9424     
77.33 2877 10030     
78.97 2901 10885     
80.61 3564 11702     
82.25 3978 12105     
83.89 4204 11702     
85.53 4388 10802     
87.17 4130 10250     
88.81 3735 9889     

 
Table A-5.  Boring BTSB-R3, S - R1 quality assurance analysis P- and SH-wave data 
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Figure A-6.  Boring RW6-R1, R1 - R2 high resolution analysis 

and S - R1 quality assurance analysis P- and SH-wave data
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Depth Vs Vp 
(feet) (feet/sec) (feet/sec) 
13.35 1312 3327 
14.99 1433 4082 
16.63 1668 5051 
18.27 1989 6105 
19.91 2507 6354 
21.56 3879 7978 
23.20 4281 8776 
24.84 4334 9238 
26.48 4255 9552 
28.12 4035 9552 
29.76 3944 9178 
33.37 4281 9751 
34.68 4712 10030 
36.32 4842 10719 
37.96 4910 11605 
39.60 4910 12427 
41.24 4910 12765 
42.88 4589 12210 
44.52 4530 12427 
46.16 4809 12318 
47.80 5162 12427 
49.44 4650 12318 
51.08 5401 12318 
52.72 4650 12765 

   
 

Table A-6.  Boring RW6-R1, S - R1 quality assurance analysis P- and SH-wave data 
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Figure A-7.  Boring RW6-R2, R1 - R2 high resolution analysis 

and S - R1 quality assurance analysis P- and SH-wave data
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Depth Vs Vp 
(feet) (feet/sec) (feet/sec) 
36.32 4230 7889 
37.96 3816 7314 
39.60 3359 7128 
41.24 3408 7469 
42.88 3816 8260 
44.52 4023 8887 
46.16 4204 9618 
47.80 4744 10802 
49.44 6297 11605 
51.08 6441 11702 
52.72 6186 12427 
54.36 6105 12427 
56.00 6105 12210 
57.64 6297 13123 
59.28 6186 12765 
60.93 5731 12105 
62.57 5708 11800 
64.21 6105 11800 
65.85 6383 11900 
67.49 6719 12318 
69.13 6501 12650 
70.77 6441 12537 
72.41 6297 12650 
74.05 6079 13002 
75.69 5950 12883 
77.33 5950 12883 
78.97 6186 12537 
80.61 5755 12105 
82.25 5755 11605 
83.89 5802 11324 
85.53 5319 10970 
87.17 4962 10802 
88.81 4416 10479 
90.45 4530 10479 
92.09 5360 10885 
93.73 5464 11324 
95.37 5950 11605 
97.01 6186 11605 
98.65 6079 11416 

100.30 5851 10970 
101.94 5594 10558 
103.58 5485 10250 
105.22 5259 10175 
106.86 4997 10250 

   
 

Table A-7.  Boring RW6-R2, S - R1 quality assurance analysis P- and SH-wave data 
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Figure A-8.  Boring RW8-R1, R1 - R2 high resolution analysis 

and S - R1 quality assurance analysis P- and SH-wave data
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Depth Vs Vp Depth Vs Vp 
(feet) (feet/sec) (feet/sec) (feet) (feet/sec) (feet/sec) 
21.56 1170 2843 103.58 3134 8668 
23.20 1261 2901 105.22 3476 9001 
24.84 1317 2901 106.86 3837 9001 
26.48 1460 2988 108.50 4154 9488 
28.12 1592 3066 110.14 4281 9488 
29.76 1516 3079 111.78 4444 9618 
31.40 1621 3206 113.42 4416 9552 
33.04 1644 3425 115.06 4217 9118 
34.68 1599 3296 116.70 3944 8887 
36.32 1700 3476 118.34 3805 9001 
37.96 1660 3735 119.98 4217 9238 
39.60 1390 3922 121.62 4307 9552 
41.24 1157 4255 123.26 4347 10030 
42.88 1109 5360 124.90 4179 9889 
44.52 1131 6269 126.54 3955 9299 
46.16 1293 6501 128.18 3695 9299 
47.80 1760 6986 129.82 3647 9299 
49.44 2047 7430 131.46 3573 9299 
51.08 2258 7391 133.10 3546 9059 
52.72 2455 7758 134.74 3519 9059 
54.36 2700 7801 136.38 3537 9059 
56.00 2786 8212  
57.97 2670 8309
59.28 2808 8117   
60.93 2808 7889   
62.89 2854 7845   
64.21 3281 8459   
65.85 3343 8944   
67.49 2854 8070   
69.13 2438 8164   
70.77 1956 7164   
72.41 1564 6383   
74.05 1523 6441   
75.69 1989 6719   
77.33 2174 6951   
78.97 2581 7801   
80.61 2901 8260   
82.25 3134 8459   
83.89 3221 8358   
85.53 2950 8309   
87.17 2562 7889   
88.81 2438 7715   
90.45 2258 7469   
92.09 2201 7391   
93.73 2340 7469   
95.37 2526 7889   
97.01 2680 8309   
98.65 2711 8309   

100.30 2843 8309   
101.94 2962 8164   

 
Table A-8.  Boring RW8-R1, S - R1 quality assurance analysis P- and SH-wave data 
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Figure A-9.  Boring RW8-R5, R1 - R2 high resolution analysis 

and S - R1 quality assurance analysis P- and SH-wave data
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Depth Vs Vp Depth Vs Vp 
(feet) (feet/sec) (feet/sec) (feet) (feet/sec) (feet/sec) 
18.32 957 - 100.34 1274 5476 
19.96 1023 - 101.98 1187 5455 
21.60 1187 - 103.62 1082 5373 
23.24 1075 - 105.26 1080 5455 
24.88 1063 - 106.90 1104 5476 
26.53 1041 - 108.55 967 5254 
28.17 1072 - 110.19 932 5254 
29.81 1141 - 111.83 962 5274 
31.45 1219 - 113.47 901 5085 
33.09 1294 - 115.11 949 5254 
34.73 1380 4684 116.75 1041 5293 
36.37 1359 5014 118.39 1156 5812 
38.01 1413 5085 120.03 1175 5718 
39.65 1359 5235 121.67 989 5274 
41.29 1294 5085 123.31 870 5293 
42.93 1314 5235 124.95 959 5274 
44.57 1249 5085 126.59 927 5519 
46.21 1262 5085 128.23 1227 6137 
47.85 1271 5235 129.87 1253 6137 
49.49 1227 5235 131.51 1156 5718 
51.13 1223 5394 133.15 1066 5765 
52.77 1280 5476 134.79 1071 5476 
54.41 1309 5476 136.43 1112 5519 
56.05 1304 5476 137.09 1163 5696 
57.69 1328 4979    
59.33 1328 5519  
60.97 1364 5606     
62.61 1435 5696     
64.25 1374 5696     
65.89 1364 5696     
67.54 1366 5498     
69.18 1331 5455     
70.82 1401 5455     
72.46 1366 5519     
74.10 1338 5584     
75.74 1356 5455     
77.38 1399 5673     
79.02 1438 5650     
80.66 1459 5476     
82.30 1515 5498     
83.94 1486 5673     
85.58 1418 5673     
87.22 1369 5696     
88.86 1306 5696     
90.50 1238 5606     
92.14 1294 5584     
93.78 1348 5908     
95.42 1382 5606     
97.06 1382 5606     
98.70 1331 5519     

 
Table A-9.  Boring RW8-R5, S - R1 quality assurance analysis P- and SH-wave data 
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APPENDIX B 
 

TELEVIEWER BASED CALIPER LOGS 
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BHTV DATA PROCESSING
RGLDIP vsn 6.2 16 Jun 2008
ACOUSTIC CALIPER LOG
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_
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Depth units are feet
Vertical scale: 1/10
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Vertical = borehole-axis
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BTNB-R4    56.448 to    52.600ft   1

Doyle Drive BTNB-R4 Acoustic Televiewer based Caliper  Sheet 1 of 11
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BTNB-R4    63.816 to    56.448ft   2

Doyle Drive BTNB-R4 Acoustic Televiewer based Caliper  Sheet 2 of 11
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BTNB-R4    71.184 to    63.816ft   3

Doyle Drive BTNB-R4 Acoustic Televiewer based Caliper  Sheet 3 of 11
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BTNB-R4    78.552 to    71.184ft   4

Doyle Drive BTNB-R4 Acoustic Televiewer based Caliper  Sheet 4 of 11
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BTNB-R4    85.920 to    78.552ft   5

Doyle Drive BTNB-R4 Acoustic Televiewer based Caliper  Sheet 5 of 11
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BTNB-R4    93.288 to    85.920ft   6

Doyle Drive BTNB-R4 Acoustic Televiewer based Caliper  Sheet 6 of 11
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 100.0
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  94.0

BTNB-R4   100.656 to    93.288ft   7

Doyle Drive BTNB-R4 Acoustic Televiewer based Caliper  Sheet 7 of 11

GEOVision Report 7589-05 ARUP Battery Tunnel Foundation Boring Geophysics rev 1 July 11, 2008                 Page 98 of 319



 108.0
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 104.0

 103.0

 102.0

 101.0

BTNB-R4   108.024 to   100.656ft   8

Doyle Drive BTNB-R4 Acoustic Televiewer based Caliper  Sheet 8 of 11

GEOVision Report 7589-05 ARUP Battery Tunnel Foundation Boring Geophysics rev 1 July 11, 2008                 Page 99 of 319



 115.0

 114.0

 113.0

 112.0

 111.0

 110.0

 109.0

BTNB-R4   115.392 to   108.024ft   9

Doyle Drive BTNB-R4 Acoustic Televiewer based Caliper  Sheet 9 of 11
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 122.0

 121.0

 120.0

 119.0

 118.0

 117.0

 116.0

BTNB-R4   122.760 to   115.392ft  10

Doyle Drive BTNB-R4 Acoustic Televiewer based Caliper  Sheet 10 of 11
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 123.0

BTNB-R4   123.060 to   122.760ft  11

Doyle Drive BTNB-R4 Acoustic Televiewer based Caliper  Sheet 11 of 11

GEOVision Report 7589-05 ARUP Battery Tunnel Foundation Boring Geophysics rev 1 July 11, 2008                 Page 102 of 319



BHTV DATA PROCESSING
RGLDIP vsn 6.2 16 Jun 2008
ACOUSTIC CALIPER LOG

ARUP

Borehole: BTNB-R5

DOYLE DRIVE

top of borehole.....
East:
North:
Elev:

_
_
_

North ref. is true
Depth units are feet
Vertical scale: 1/10

Zone from 106.160 to 1.320ft Borehole diam: 3.860inch
Vertical = borehole-axis
Image: Amplitude
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Depth interval 0.008ft, Filter length 0.120ft

GAMMA0 0

   5.0

   4.0

   3.0

   2.0

BTNB-R5     5.168 to     1.320ft   1
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  12.0

  11.0

  10.0

   9.0

   8.0

   7.0

   6.0

BTNB-R5    12.536 to     5.168ft   2
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  19.0

  18.0

  17.0

  16.0

  15.0

  14.0

  13.0

BTNB-R5    19.904 to    12.536ft   3
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  27.0

  26.0

  25.0

  24.0

  23.0

  22.0

  21.0

  20.0

BTNB-R5    27.272 to    19.904ft   4
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  34.0

  33.0

  32.0

  31.0

  30.0

  29.0

  28.0

BTNB-R5    34.640 to    27.272ft   5
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  42.0

  41.0

  40.0

  39.0

  38.0

  37.0

  36.0

  35.0

BTNB-R5    42.008 to    34.640ft   6
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  49.0

  48.0

  47.0

  46.0

  45.0

  44.0

  43.0

BTNB-R5    49.376 to    42.008ft   7
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  56.0

  55.0

  54.0

  53.0

  52.0

  51.0

  50.0

BTNB-R5    56.744 to    49.376ft   8
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  64.0

  63.0

  62.0

  61.0

  60.0

  59.0

  58.0

  57.0

BTNB-R5    64.112 to    56.744ft   9
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  71.0

  70.0

  69.0

  68.0

  67.0

  66.0

  65.0

BTNB-R5    71.480 to    64.112ft  10
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  78.0

  77.0

  76.0

  75.0

  74.0

  73.0

  72.0

BTNB-R5    78.848 to    71.480ft  11
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  86.0

  85.0

  84.0

  83.0

  82.0

  81.0

  80.0

  79.0

BTNB-R5    86.216 to    78.848ft  12
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  93.0

  92.0

  91.0

  90.0

  89.0

  88.0

  87.0

BTNB-R5    93.584 to    86.216ft  13
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 100.0

  99.0

  98.0

  97.0

  96.0

  95.0

  94.0

BTNB-R5   100.952 to    93.584ft  14
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 106.0

 105.0

 104.0

 103.0

 102.0

101.0

BTNB-R5   106.160 to   100.952ft  15
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BHTV DATA PROCESSING
RGLDIP vsn 6.2 14 Jun 2008
ACOUSTIC CALIPER LOG

ARUP

Borehole: BTNB-R7

DOYLE DRIVE

top of borehole.....
East:
North:
Elev:

_
_
_

North ref. is true
Depth units are feet
Vertical scale: 1/10

Zone from 111.968 to 8.976ft Borehole diam: 3.860inch
Vertical = borehole-axis
Image: Amplitude

REFLECTANCE

1 255

N E S W Nft

CALIPER1

CALIPER2

CALIPER3

CALIPER4

INCH

INCH

INCH

INCH

4

4

4

4

0

0

0

0

Depth interval 0.008ft, Filter length 0.120ft

GAMMA0 0

  12.0

  11.0

  10.0

   9.0

BTNB-R7    12.824 to     8.976ft   1
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  20.0

  19.0

  18.0

  17.0

  16.0

  15.0

  14.0

  13.0

BTNB-R7    20.192 to    12.824ft   2
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  27.0

  26.0

  25.0

  24.0

  23.0

  22.0

  21.0

BTNB-R7    27.560 to    20.192ft   3
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  34.0

  33.0

  32.0

  31.0

  30.0

  29.0

  28.0

BTNB-R7    34.928 to    27.560ft   4
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  42.0

  41.0

  40.0

  39.0

  38.0

  37.0

  36.0

  35.0

BTNB-R7    42.296 to    34.928ft   5
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  49.0

  48.0

  47.0

  46.0

  45.0

  44.0

  43.0

BTNB-R7    49.664 to    42.296ft   6
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  57.0

  56.0

  55.0

  54.0

  53.0

  52.0

  51.0

  50.0

BTNB-R7    57.032 to    49.664ft   7
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  64.0

  63.0

  62.0

  61.0

  60.0

  59.0

  58.0

BTNB-R7    64.400 to    57.032ft   8
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  71.0

  70.0

  69.0

  68.0

  67.0

  66.0

  65.0

BTNB-R7    71.768 to    64.400ft   9
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  79.0

  78.0

  77.0

  76.0

  75.0

  74.0

  73.0

  72.0

BTNB-R7    79.136 to    71.768ft  10
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  86.0

  85.0

  84.0

  83.0

  82.0

  81.0

  80.0

BTNB-R7    86.504 to    79.136ft  11
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  93.0

  92.0

  91.0

  90.0

  89.0

  88.0

  87.0

BTNB-R7    93.872 to    86.504ft  12
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 101.0

 100.0

  99.0

  98.0

  97.0

  96.0

  95.0

  94.0

BTNB-R7   101.240 to    93.872ft  13
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 108.0

 107.0

 106.0

 105.0

 104.0

 103.0
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BTNB-R7   108.608 to   101.240ft  14
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 111.0

 110.0

 109.0

BTNB-R7   111.968 to   108.608ft  15
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BHTV DATA PROCESSING
RGLDIP vsn 6.2 14 Jun 2008
ACOUSTIC CALIPER LOG

ARUP

Borehole: BTSB-R3

DOYLE DRIVE

top of borehole.....
East:
North:
Elev:

_
_
_

North ref. is true
Depth units are feet
Vertical scale: 1/10

Zone from 108.368 to 19.128ft Borehole diam: 3.860inch
Vertical = borehole-axis
Image: Amplitude
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0

Depth interval 0.008ft, Filter length 0.120ft

GAMMA0 0

  22.0

  21.0

  20.0

BTSB-R3    22.976 to    19.128ft   1
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  30.0

  29.0

  28.0

  27.0

  26.0

  25.0

  24.0

23.0

BTSB-R3    30.344 to    22.976ft   2
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  37.0

  36.0

  35.0

  34.0

  33.0

  32.0

  31.0

BTSB-R3    37.712 to    30.344ft   3
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  45.0

  44.0

  43.0

  42.0

  41.0

  40.0

  39.0

  38.0

BTSB-R3    45.080 to    37.712ft   4
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  52.0

  51.0

  50.0

  49.0

  48.0

  47.0

  46.0

BTSB-R3    52.448 to    45.080ft   5
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  59.0

  58.0

  57.0

  56.0

  55.0

  54.0

  53.0

BTSB-R3    59.816 to    52.448ft   6
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  67.0

  66.0

  65.0

  64.0

  63.0

  62.0

  61.0

  60.0

BTSB-R3    67.184 to    59.816ft   7
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  74.0

  73.0

  72.0

  71.0

  70.0

  69.0

  68.0

BTSB-R3    74.552 to    67.184ft   8

Doyle Drive BTSB-R3 Acoustic Televiewer derived Caliper  Sheet 8 of 13

GEOVision Report 7589-05 ARUP Battery Tunnel Foundation Boring Geophysics rev 1 July 11, 2008                 Page 140 of 319



  81.0

  80.0

  79.0

  78.0

  77.0

  76.0

  75.0

BTSB-R3    81.920 to    74.552ft   9
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  89.0

  88.0

  87.0

  86.0

  85.0

  84.0

  83.0

  82.0

BTSB-R3    89.288 to    81.920ft  10
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  96.0

  95.0

  94.0

  93.0

  92.0

  91.0

  90.0

BTSB-R3    96.656 to    89.288ft  11
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 104.0

 103.0

 102.0

 101.0

 100.0

  99.0

  98.0

  97.0

BTSB-R3   104.024 to    96.656ft  12
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 108.0

 107.0

 106.0

 105.0

BTSB-R3   108.368 to   104.024ft  13
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BHTV DATA PROCESSING
RGLDIP vsn 6.2 14 Jun 2008
ACOUSTIC CALIPER LOG

ARUP

Borehole: RW6-R1

DOYLE DRIVE

top of borehole.....
East:
North:
Elev:

_
_
_

North ref. is true
Depth units are feet
Vertical scale: 1/10

Zone from 57.216 to 5.000ft Borehole diam: 3.860inch
Vertical = borehole-axis
Image: Amplitude
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Depth interval 0.008ft, Filter length 0.120ft

GAMMA0 0

   8.0

   7.0

   6.0

   5.0

RW6-R1     8.848 to     5.000ft   1
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GEOVision Report 7589-05 ARUP Battery Tunnel Foundation Boring Geophysics rev 1 July 11, 2008                 Page 146 of 319



  16.0

  15.0

  14.0

  13.0

  12.0

  11.0

  10.0

   9.0

RW6-R1    16.216 to     8.848ft   2
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  23.0

  22.0

  21.0

  20.0

  19.0

  18.0

  17.0

RW6-R1    23.584 to    16.216ft   3
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  30.0

  29.0

  28.0

  27.0

  26.0

  25.0

  24.0

RW6-R1    30.952 to    23.584ft   4
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  38.0

  37.0

  36.0

  35.0

  34.0

  33.0

  32.0

31.0

RW6-R1    38.320 to    30.952ft   5
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  45.0

  44.0

  43.0

  42.0

  41.0

  40.0

  39.0

RW6-R1    45.688 to    38.320ft   6
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  53.0

  52.0

  51.0

  50.0

  49.0

  48.0

  47.0

  46.0

RW6-R1    53.056 to    45.688ft   7
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  57.0

  56.0

  55.0

  54.0

RW6-R1    57.216 to    53.056ft   8
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BHTV DATA PROCESSING
RGLDIP vsn 6.2 15 Jun 2008
ACOUSTIC CALIPER LOG

ARUP

Borehole: RW6-R2

DOYLE DRIVE

top of borehole.....
East:
North:
Elev:

_
_
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North ref. is true
Depth units are feet
Vertical scale: 1/10

Zone from 112.960 to 8.280ft Borehole diam: 3.860inch
Vertical = borehole-axis
Image: Amplitude
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Depth interval 0.008ft, Filter length 0.120ft

GAMMA0 0

  12.0

  11.0

  10.0

   9.0

RW6-R2    12.128 to     8.280ft   1
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  19.0

  18.0

  17.0

  16.0

  15.0

  14.0

  13.0

RW6-R2    19.496 to    12.128ft   2
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  26.0

  25.0

  24.0

  23.0

  22.0

  21.0

  20.0

RW6-R2    26.864 to    19.496ft   3
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  34.0

  33.0

  32.0

  31.0

  30.0

  29.0

  28.0

  27.0

RW6-R2    34.232 to    26.864ft   4
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  41.0

  40.0

  39.0

  38.0

  37.0

  36.0

  35.0

RW6-R2    41.600 to    34.232ft   5
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  48.0

  47.0

  46.0

  45.0

  44.0

  43.0

  42.0

RW6-R2    48.968 to    41.600ft   6

Doyle Drive RW6-R2 Acoustic Televiewer based Caliper  Sheet 6 of 15

GEOVision Report 7589-05 ARUP Battery Tunnel Foundation Boring Geophysics rev 1 July 11, 2008                 Page 159 of 319



  56.0

  55.0

  54.0

  53.0

  52.0

  51.0

  50.0

49.0

RW6-R2    56.336 to    48.968ft   7
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  63.0

  62.0

  61.0

  60.0

  59.0

  58.0

  57.0

RW6-R2    63.704 to    56.336ft   8
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  71.0

  70.0

  69.0

  68.0

  67.0

  66.0

  65.0

  64.0

RW6-R2    71.072 to    63.704ft   9
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  78.0

  77.0

  76.0

  75.0

  74.0

  73.0

  72.0

RW6-R2    78.440 to    71.072ft  10
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  85.0

  84.0

  83.0

  82.0

  81.0

  80.0

  79.0

RW6-R2    85.808 to    78.440ft  11

Doyle Drive RW6-R2 Acoustic Televiewer based Caliper  Sheet 11 of 15
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  93.0

  92.0

  91.0

  90.0

  89.0

  88.0

  87.0

  86.0

RW6-R2    93.176 to    85.808ft  12

Doyle Drive RW6-R2 Acoustic Televiewer based Caliper  Sheet 12 of 15
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 100.0

  99.0

  98.0

  97.0

  96.0

  95.0

  94.0

RW6-R2   100.544 to    93.176ft  13

Doyle Drive RW6-R2 Acoustic Televiewer based Caliper  Sheet 13 of 15
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 107.0

 106.0

 105.0

 104.0

 103.0

 102.0

 101.0

RW6-R2   107.912 to   100.544ft  14

Doyle Drive RW6-R2 Acoustic Televiewer based Caliper  Sheet 14 of 15
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 112.0

 111.0

 110.0

 109.0

 108.0

RW6-R2   112.960 to   107.912ft  15

Doyle Drive RW6-R2 Acoustic Televiewer based Caliper  Sheet 15 of 15
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BHTV DATA PROCESSING
RGLDIP vsn 6.2 16 Jun 2008
ACOUSTIC CALIPER LOG

ARUP

Borehole: RW8-R1

DOYLE DRIVE

top of borehole.....
East:
North:
Elev:

_
_
_

North ref. is true
Depth units are feet
Vertical scale: 1/10

Zone from 140.050 to 12.978ft Borehole diam: 3.860inch
Vertical = borehole-axis
Image: Amplitude

REFLECTANCE

1 255

N E S W Nft

CALIPER1

CALIPER2

CALIPER3

CALIPER4

INCH

INCH

INCH

INCH

4

4

4

4

0

0

0

0

Depth interval 0.008ft, Filter length 0.120ft

GAMMA0 0

  16.0

  15.0

  14.0

  13.0

RW8-R1    16.826 to    12.978ft   1

Doyle Drive RW8-R1 Acoustic Televiewer based Caliper  Sheet 1 of 18
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  24.0

  23.0

  22.0

  21.0

  20.0

  19.0

  18.0

  17.0

RW8-R1    24.194 to    16.826ft   2
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  31.0

  30.0

  29.0

  28.0

  27.0

  26.0

  25.0

RW8-R1    31.562 to    24.194ft   3
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  38.0

  37.0

  36.0

  35.0

  34.0

  33.0

  32.0

RW8-R1    38.930 to    31.562ft   4
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  46.0

  45.0

  44.0

  43.0

  42.0

  41.0

  40.0

  39.0

RW8-R1    46.298 to    38.930ft   5

Doyle Drive RW8-R1 Acoustic Televiewer based Caliper  Sheet 5 of 18
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  53.0

  52.0

  51.0

  50.0

  49.0

  48.0

  47.0

RW8-R1    53.666 to    46.298ft   6
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  61.0

  60.0

  59.0

  58.0

  57.0

  56.0

  55.0

  54.0

RW8-R1    61.034 to    53.666ft   7
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GEOVision Report 7589-05 ARUP Battery Tunnel Foundation Boring Geophysics rev 1 July 11, 2008                 Page 175 of 319



  68.0

  67.0

  66.0

  65.0

  64.0

  63.0

  62.0

RW8-R1    68.402 to    61.034ft   8
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  75.0

  74.0

  73.0

  72.0

  71.0

  70.0

  69.0

RW8-R1    75.770 to    68.402ft   9
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  83.0

  82.0

  81.0

  80.0

  79.0

  78.0

  77.0

  76.0

RW8-R1    83.138 to    75.770ft  10

Doyle Drive RW8-R1 Acoustic Televiewer based Caliper  Sheet 10 of 18
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  90.0

  89.0

  88.0

  87.0

  86.0

  85.0

  84.0

RW8-R1    90.506 to    83.138ft  11
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  97.0

  96.0

  95.0

  94.0

  93.0

  92.0

  91.0

RW8-R1    97.874 to    90.506ft  12
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 105.0

 104.0

 103.0

 102.0

 101.0

 100.0

  99.0

  98.0

RW8-R1   105.242 to    97.874ft  13
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 112.0

 111.0

 110.0

 109.0

 108.0

 107.0

 106.0

RW8-R1   112.610 to   105.242ft  14

Doyle Drive RW8-R1 Acoustic Televiewer based Caliper  Sheet 14 of 18
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 119.0

 118.0

 117.0

 116.0

 115.0

 114.0

 113.0

RW8-R1   119.978 to   112.610ft  15

Doyle Drive RW8-R1 Acoustic Televiewer based Caliper  Sheet 15 of 18

GEOVision Report 7589-05 ARUP Battery Tunnel Foundation Boring Geophysics rev 1 July 11, 2008                 Page 183 of 319



 127.0

 126.0

 125.0

 124.0

 123.0

 122.0

 121.0

120.0

RW8-R1   127.346 to   119.978ft  16

Doyle Drive RW8-R1 Acoustic Televiewer based Caliper  Sheet 16 of 18
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 134.0

 133.0

 132.0

 131.0

 130.0

 129.0

 128.0

RW8-R1   134.714 to   127.346ft  17

Doyle Drive RW8-R1 Acoustic Televiewer based Caliper  Sheet 17 of 18
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 140.0

 139.0

 138.0

 137.0

 136.0

 135.0

RW8-R1   140.050 to   134.714ft  18

Doyle Drive RW8-R1 Acoustic Televiewer based Caliper  Sheet 18 of 18
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BHTV DATA PROCESSING
RGLDIP vsn 6.2 14 Jun 2008
INTERPRETED BHTV DIPS LOG

ARUP

Borehole: BTNB-R4

DOYLE DRIVE

top of borehole.....
East:
North:
Elev:

_
_
_

North ref. is true
Depth units are feet
Vertical scale: 1/10
Horiz scale = 1.00x Vert scale

Zone from 123.060 to 52.600ft
Format: BHTV-NESWN

Borehole diam: 3.860inch
Vertical = borehole-axis
Image: Amplitude

  56.0

  55.0

  54.0

  53.0

Bottom of casing

Stratigraphic dips

Non-stratigraphic dips

Identified units

N E S W N0° 20° 60° 90°

ARROW PLOT

N315° N45°

COMMENTS

BTNB-R4 56.448 to 52.600ft   1

Doyle Drive BTNB-R4 Acoustic Televiewer Dips  Sheet 1 of 11
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  63.0

  62.0

  61.0

  60.0

  59.0

  58.0

  57.0

BTNB-R4 63.816 to 56.448ft   2

Doyle Drive BTNB-R4 Acoustic Televiewer Dips  Sheet 2 of 11
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  71.0

  70.0

  69.0

  68.0

  67.0

  66.0

  65.0

  64.0

N276 15 Primary-structure Planar Bedding

BTNB-R4 71.184 to 63.816ft   3

Doyle Drive BTNB-R4 Acoustic Televiewer Dips  Sheet 3 of 11
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  78.0

  77.0

  76.0

  75.0

  74.0

  73.0

  72.0

N104 48 Fracture Planar Healed Fracture

BTNB-R4 78.552 to 71.184ft   4

Doyle Drive BTNB-R4 Acoustic Televiewer Dips  Sheet 4 of 11
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  85.0

  84.0

  83.0

  82.0

  81.0

  80.0

  79.0

N221 48 Primary-structure Planar Bedding

BTNB-R4 85.920 to 78.552ft   5

Doyle Drive BTNB-R4 Acoustic Televiewer Dips  Sheet 5 of 11
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  93.0

  92.0

  91.0

  90.0

  89.0

  88.0

  87.0

  86.0

BTNB-R4 93.288 to 85.920ft   6

Doyle Drive BTNB-R4 Acoustic Televiewer Dips  Sheet 6 of 11
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 100.0

  99.0

  98.0

  97.0

  96.0

  95.0

  94.0

N220 14 Primary-structure Planar Bedding

N257 18 Primary-structure Planar Bedding

BTNB-R4 100.656 to 93.288ft   7

Doyle Drive BTNB-R4 Acoustic Televiewer Dips  Sheet 7 of 11
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 108.0

 107.0

 106.0

 105.0

 104.0

 103.0

 102.0

 101.0

BTNB-R4 108.024 to 100.656ft   8

Doyle Drive BTNB-R4 Acoustic Televiewer Dips  Sheet 8 of 11
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 115.0

 114.0

 113.0

 112.0

 111.0

 110.0

 109.0

BTNB-R4 115.392 to 108.024ft   9

Doyle Drive BTNB-R4 Acoustic Televiewer Dips  Sheet 9 of 11
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 122.0

 121.0

 120.0

 119.0

 118.0

 117.0

 116.0

N225 54 Fracture Planar Healed Fracture

BTNB-R4 122.760 to 115.392ft  10

Doyle Drive BTNB-R4 Acoustic Televiewer Dips  Sheet 10 of 11
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 123.0

BTNB-R4 123.060 to 122.760ft  11

Doyle Drive BTNB-R4 Acoustic Televiewer Dips  Sheet 11 of 11
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BHTV DATA PROCESSING
RGLDIP vsn 6.2 16 Jun 2008
INTERPRETED BHTV DIPS LOG

ARUP

Borehole: BTNB-R5

DOYLE DRIVE

top of borehole.....
East:
North:
Elev:

_
_
_

North ref. is true
Depth units are feet
Vertical scale: 1/10
Horiz scale = 1.00x Vert scale

Zone from 106.160 to 1.320ft
Format: BHTV-NESWN

Borehole diam: 3.860inch
Vertical = borehole-axis
Image: Amplitude

   5.0

   4.0

   3.0

   2.0

N074 34 Fracture Planar Healed fracture

N007 23 Fracture Planar Open-fracture

N116 40 Fracture Planar Healed fracture

N252 73 Fracture Planar Open-fracture

Stratigraphic dips

Non-stratigraphic dips

Identified units

N E S W N0° 20° 60° 90°

ARROW PLOT

N315° N45°

COMMENTS

BTNB-R5 5.168 to 1.320ft   1

Doyle Drive BTNB-R5 and BTNB-R5A Acoustic Televiewer Dips  Sheet 1 of 15
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  12.0

  11.0

  10.0

   9.0

   8.0

   7.0

   6.0

N086 47 Fracture Planar Open-fracture

N051 38 Fracture Planar Open-fracture

N156 61 Fracture Planar Hairline-fracture

N139 49 Fracture Planar Hairline-fracture

N144 51 Fracture Planar Hairline-fracture

N153 55 Fracture Planar Healed fracture

N308 65 Fracture Planar Healed fracture
N064 68 Fracture Planar Healed fracture

N297 81 Fracture Planar Hairline-fracture

N131 41 Fracture Planar Healed fracture

N061 47 Fracture Planar Open-fracture

N165 58 Fracture Planar Healed fracture
N281 53 Fracture Planar Hairline-fracture

BTNB-R5 12.536 to 5.168ft   2

Doyle Drive BTNB-R5 and BTNB-R5A Acoustic Televiewer Dips  Sheet 2 of 15
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  19.0

  18.0

  17.0

  16.0

  15.0

  14.0

  13.0

N079 70 Fracture Planar Open-fracture

N142 75 Fracture Planar Hairline-fracture

N141 44 Fracture Planar Hairline-fracture

N210 80 Fracture Planar Hairline-fracture

N171 50 Fracture Planar Hairline-fracture

N154 53 Fracture Planar Hairline-fracture

N292 52 Fracture Planar Hairline-fracture

N185 23 Fracture Planar Healed fracture

N197 49 Fracture Planar Healed fracture

N158 42 Fracture Planar Healed fracture

N347 34 Fracture Planar Healed fracture

N137 42 Fracture Planar Hairline-fracture

N227 45 Fracture Planar Hairline-fracture

BTNB-R5 19.904 to 12.536ft   3

Doyle Drive BTNB-R5 and BTNB-R5A Acoustic Televiewer Dips  Sheet 3 of 15
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  27.0

  26.0

  25.0

  24.0

  23.0

  22.0

  21.0

  20.0

N150 60 Fracture Planar Open-fracture

N158 48 Fracture Planar Open-fracture

N153 46 Fracture Planar Open-fracture

BTNB-R5 27.272 to 19.904ft   4

Doyle Drive BTNB-R5 and BTNB-R5A Acoustic Televiewer Dips  Sheet 4 of 15
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  34.0

  33.0

  32.0

  31.0

  30.0

  29.0

  28.0

N103 84 Fracture Planar Open-fracture

N152 25 Fracture Planar Hairline-fracture

BTNB-R5 34.640 to 27.272ft   5

Doyle Drive BTNB-R5 and BTNB-R5A Acoustic Televiewer Dips  Sheet 5 of 15
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  42.0

  41.0

  40.0

  39.0

  38.0

  37.0

  36.0

  35.0

N127 84 Fracture Planar Open-fracture

BTNB-R5 42.008 to 34.640ft   6

Doyle Drive BTNB-R5 and BTNB-R5A Acoustic Televiewer Dips  Sheet 6 of 15
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  49.0

  48.0

  47.0

  46.0

  45.0

  44.0

  43.0

BTNB-R5 49.376 to 42.008ft   7

Doyle Drive BTNB-R5 and BTNB-R5A Acoustic Televiewer Dips  Sheet 7 of 15
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  56.0

  55.0

  54.0

  53.0

  52.0

  51.0

  50.0

BTNB-R5 56.744 to 49.376ft   8

Doyle Drive BTNB-R5 and BTNB-R5A Acoustic Televiewer Dips  Sheet 8 of 15
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  64.0

  63.0

  62.0

  61.0

  60.0

  59.0

  58.0

  57.0

BTNB-R5 64.112 to 56.744ft   9

Doyle Drive BTNB-R5 and BTNB-R5A Acoustic Televiewer Dips  Sheet 9 of 15
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  71.0

  70.0

  69.0

  68.0

  67.0

  66.0

  65.0

BTNB-R5 below, BTNB-R5A above

BTNB-R5 71.480 to 64.112ft  10

Doyle Drive BTNB-R5 and BTNB-R5A Acoustic Televiewer Dips  Sheet 10 of 15
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  78.0

  77.0

  76.0

  75.0

  74.0

  73.0

  72.0

N173 74 Fracture Planar Hairline-fracture

N277 62 Primary-structure Planar Bedding

BTNB-R5 78.848 to 71.480ft  11

Doyle Drive BTNB-R5 and BTNB-R5A Acoustic Televiewer Dips  Sheet 11 of 15
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  86.0

  85.0

  84.0

  83.0

  82.0

  81.0

  80.0

  79.0

N155 52 Fracture Planar Hairline-fracture

N342 73 Fracture Planar Hairline-fracture

BTNB-R5 86.216 to 78.848ft  12

Doyle Drive BTNB-R5 and BTNB-R5A Acoustic Televiewer Dips  Sheet 12 of 15
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  93.0

  92.0

  91.0

  90.0

  89.0

  88.0

  87.0

N295 56 Fracture Planar Hairline-fracture

N230 69 Fracture Planar Hairline-fracture

N274 20 Fracture Planar Hairline-fracture

N240 52 Fracture Planar Hairline-fracture

N249 44 Fracture Planar Hairline-fracture

N199 31 Fracture Planar Hairline-fracture

N259 29 Fracture Planar Hairline-fracture

N297 36 Primary-structure Planar Bedding

BTNB-R5 93.584 to 86.216ft  13

Doyle Drive BTNB-R5 and BTNB-R5A Acoustic Televiewer Dips  Sheet 13 of 15
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 100.0

  99.0

  98.0

  97.0

  96.0

  95.0

  94.0

N145 55 Fracture Planar Healed fracture
N031 57 Fracture Planar Healed fracture

N046 57 Fracture Planar Hairline-fracture
N268 59 Fracture Planar Healed fracture

N079 70 Fracture Planar Healed fracture

N141 64 Fracture Planar Hairline-fracture

N247 51 Fracture Planar Hairline-fracture

N315 62 Fracture Planar Hairline-fracture

N142 82 Fracture Planar Hairline-fracture

N088 68 Fracture Planar Hairline-fracture
N138 51 Fracture Planar Hairline-fracture

N133 64 Fracture Planar Hairline-fracture

BTNB-R5 100.952 to 93.584ft  14

Doyle Drive BTNB-R5 and BTNB-R5A Acoustic Televiewer Dips  Sheet 14 of 15
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 106.0

 105.0

 104.0

 103.0

 102.0

 101.0

N225 34 Fracture Planar Hairline-fracture

N303 41 Fracture Planar Hairline-fracture

N207 31 Fracture Planar Hairline-fracture

N197 55 Fracture Planar Hairline-fracture

N356 74 Fracture Planar Healed fracture

BTNB-R5 106.160 to 100.952ft  15

Doyle Drive BTNB-R5 and BTNB-R5A Acoustic Televiewer Dips  Sheet 15 of 15
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BHTV DATA PROCESSING
RGLDIP vsn 6.2 14 Jun 2008
INTERPRETED BHTV DIPS LOG

ARUP

Borehole: BTNB-R7

DOYLE DRIVE

top of borehole.....
East:
North:
Elev:

_
_
_

North ref. is true
Depth units are feet
Vertical scale: 1/10
Horiz scale = 1.00x Vert scale

Zone from 111.968 to 8.976ft
Format: BHTV-NESWN

Borehole diam: 3.860inch
Vertical = borehole-axis
Image: Amplitude

  12.0

  11.0

  10.0

   9.0

Stratigraphic dips

Non-stratigraphic dips

Identified units

N E S W N0° 20° 60° 90°

ARROW PLOT

N315° N45°

COMMENTS

BTNB-R7 12.824 to 8.976ft   1

Doyle Drive BTNB-R7 Acoustic Televiewer Dips  Sheet 1 of 15
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  20.0

  19.0

  18.0

  17.0

  16.0

  15.0

  14.0

  13.0

BTNB-R7 20.192 to 12.824ft   2

Doyle Drive BTNB-R7 Acoustic Televiewer Dips  Sheet 2 of 15
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  27.0

  26.0

  25.0

  24.0

  23.0

  22.0

  21.0

BTNB-R7 27.560 to 20.192ft   3

Doyle Drive BTNB-R7 Acoustic Televiewer Dips  Sheet 3 of 15
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  34.0

  33.0

  32.0

  31.0

  30.0

  29.0

  28.0

BTNB-R7 34.928 to 27.560ft   4

Doyle Drive BTNB-R7 Acoustic Televiewer Dips  Sheet 4 of 15
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  42.0

  41.0

  40.0

  39.0

  38.0

  37.0

  36.0

  35.0

BTNB-R7 42.296 to 34.928ft   5

Doyle Drive BTNB-R7 Acoustic Televiewer Dips  Sheet 5 of 15
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  49.0

  48.0

  47.0

  46.0

  45.0

  44.0

  43.0

N282 16 Primary-structure Planar Bedding

N189 45 Primary-structure Planar Bedding

BTNB-R7 49.664 to 42.296ft   6

Doyle Drive BTNB-R7 Acoustic Televiewer Dips  Sheet 6 of 15
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  57.0

  56.0

  55.0

  54.0

  53.0

  52.0

  51.0

  50.0

N245 12 Primary-structure Planar Bedding

BTNB-R7 57.032 to 49.664ft   7
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  64.0

  63.0

  62.0

  61.0

  60.0

  59.0

  58.0

N232 19 Primary-structure Planar Bedding

N230 59 Fracture Planar Healed fracture

N202 28 Primary-structure Planar Bedding

BTNB-R7 64.400 to 57.032ft   8
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  71.0

  70.0

  69.0

  68.0

  67.0

  66.0

  65.0

N173 62 Fracture Planar Hairline-fracture

N111 31 Fracture Planar Hairline-fracture

N338 49 Fracture Planar Hairline-fracture

N037 53 Primary-structure Planar Bedding

N184 61 Primary-structure Planar Bedding

BTNB-R7 71.768 to 64.400ft   9
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  79.0

  78.0

  77.0

  76.0

  75.0

  74.0

  73.0

  72.0

N020 33 Primary-structure Planar Bedding

BTNB-R7 79.136 to 71.768ft  10
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  86.0

  85.0

  84.0

  83.0

  82.0

  81.0

  80.0 N065 14 Primary-structure Planar Bedding

BTNB-R7 86.504 to 79.136ft  11
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  93.0

  92.0

  91.0

  90.0

  89.0

  88.0

  87.0

BTNB-R7 93.872 to 86.504ft  12
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 101.0

 100.0

  99.0

  98.0

  97.0

  96.0

  95.0

  94.0

BTNB-R7 101.240 to 93.872ft  13
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 108.0

 107.0

 106.0

 105.0

 104.0

 103.0

 102.0

N231 40 Primary-structure Planar Bedding

N025 29 Primary-structure Planar Bedding

BTNB-R7 108.608 to 101.240ft  14
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 111.0

 110.0

 109.0

BTNB-R7 111.968 to 108.608ft  15
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BHTV DATA PROCESSING
RGLDIP vsn 6.2 14 Jun 2008
INTERPRETED BHTV DIPS LOG

ARUP

Borehole: BTSB-R3

DOYLE DRIVE

top of borehole.....
East:
North:
Elev:

_
_
_

North ref. is true
Depth units are feet
Vertical scale: 1/10
Horiz scale = 1.00x Vert scale

Zone from 108.368 to 19.128ft
Format: BHTV-NESWN

Borehole diam: 3.860inch
Vertical = borehole-axis
Image: Amplitude

  22.0

  21.0

  20.0

Bottom of casing

Stratigraphic dips

Non-stratigraphic dips

Identified units

N E S W N0° 20° 60° 90°

ARROW PLOT

N315° N45°

COMMENTS

BTSB-R3 22.976 to 19.128ft   1
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  30.0

  29.0

  28.0

  27.0

  26.0

  25.0

  24.0

23.0

N311 42 Fracture Planar Healed fracture

N093 10 Fracture Planar Healed fracture

N096 34 Fracture Planar Healed fracture

N091 63 Fracture Planar Healed fracture
N342 36 Fracture Planar Healed fracture

N350 26 Fracture Planar Healed fracture
N333 37 Fracture Planar Healed fracture
N183 54 Fracture Planar Healed fracture

N107 46 Fracture Planar Healed fracture

N020 42 Fracture Planar Hairline-fracture

N046 45 Fracture Planar Healed fracture

N129 38 Fracture Planar Healed fracture

N094 29 Fracture Planar Healed fracture

BTSB-R3 30.344 to 22.976ft   2
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  37.0

  36.0

  35.0

  34.0

  33.0

  32.0

  31.0

N319 27 Fracture Planar Hairline-fracture

N198 36 Fracture Planar Healed fracture

N072 35 Fracture Planar Healed fracture
N120 70 Fracture Planar Healed fracture

N040 23 Fracture Planar Healed fracture

N314 86 Fracture Planar Healed fracture

N201 40 Fracture Planar Healed fracture

N200 35 Fracture Planar Healed fracture

N348 84 Fracture Planar Healed fracture

N097 62 Fracture Planar Hairline-fracture

N101 40 Fracture Planar Healed fracture

N103 40 Fracture Planar Hairline-fracture

N204 38 Fracture Planar Healed fracture

N111 59 Fracture Planar Healed fracture

N082 62 Fracture Planar Healed fracture

N303 38 Fracture Planar Healed fracture

N108 73 Fracture Planar Healed fracture

N311 42 Fracture Planar Healed fracture

BTSB-R3 37.712 to 30.344ft   3
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  45.0

  44.0

  43.0

  42.0

  41.0

  40.0

  39.0

  38.0

N043 32 Fracture Planar Healed fracture

N212 42 Fracture Planar Hairline-fracture

N013 63 Fracture Planar Hairline-fracture

N135 37 Fracture Planar Hairline-fracture

N346 50 Fracture Planar Hairline-fracture

N337 32 Fracture Planar Hairline-fracture

N316 31 Fracture Planar Healed fracture

N181 83 Fracture Planar Healed fracture

N279 84 Fracture Planar Hairline-fracture

N058 44 Fracture Planar Hairline-fracture

N037 69 Fracture Planar Hairline-fracture

BTSB-R3 45.080 to 37.712ft   4
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  52.0

  51.0

  50.0

  49.0

  48.0

  47.0

  46.0

N048 30 Fracture Planar Healed fracture

N017 63 Fracture Planar Healed fracture
N120 51 Fracture Planar Healed fracture
N101 41 Fracture Planar Healed fracture

N075 51 Fracture Planar Healed fracture

N122 58 Fracture Planar Healed fracture

N298 84 Fracture Planar Healed fracture
N214 46 Fracture Planar Healed fracture
N212 43 Fracture Planar Healed fracture

N222 38 Fracture Planar Healed fracture

N068 55 Fracture Planar Healed fracture

N200 32 Fracture Planar Healed fracture
N107 68 Fracture Planar Healed fracture

N050 62 Fracture Planar Hairline-fracture

 Fracture Planar Open-fracture
true thickness =  0.1059ft, Mean dip N341 70

BTSB-R3 52.448 to 45.080ft   5
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  59.0

  58.0

  57.0

  56.0

  55.0

  54.0

  53.0

N011 32 Fracture Planar Healed fracture

N007 44 Fracture Planar Open-fracture
N241 67 Fracture Planar Healed fracture

N359 74 Fracture Planar Healed fracture

N167 49 Fracture Planar Healed fracture

N102 41 Fracture Planar Healed fracture

N112 19 Fracture Planar Healed fracture
N001 57 Fracture Planar Hairline-fracture
N091 41 Fracture Planar Healed fracture
N112 60 Fracture Planar Healed fracture

N214 45 Fracture Planar Healed fracture

N318 63 Fracture Planar Healed fracture

BTSB-R3 59.816 to 52.448ft   6
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  67.0

  66.0

  65.0

  64.0

  63.0

  62.0

  61.0

  60.0

N297 50 Fracture Planar Hairline-fracture

N329 63 Fracture Planar Hairline-fracture

N002 67 Fracture Planar Healed fracture

N078 57 Fracture Planar Healed fracture

BTSB-R3 67.184 to 59.816ft   7
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  74.0

  73.0

  72.0

  71.0

  70.0

  69.0

  68.0

N148 68 Primary-structure Planar Bedding

N068 58 Fracture Planar Healed fracture

BTSB-R3 74.552 to 67.184ft   8
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  81.0

  80.0

  79.0

  78.0

  77.0

  76.0

  75.0

N134 60 Fracture Planar Healed fracture

N300 65 Fracture Planar Healed fracture

N139 40 Primary-structure Planar Bedding

BTSB-R3 81.920 to 74.552ft   9
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  89.0

  88.0

  87.0

  86.0

  85.0

  84.0

  83.0

  82.0

N228 31 Primary-structure Planar Bedding

N329 61 Fracture Planar Healed fracture

N039 37 Fracture Planar Healed fracture

N335 21 Fracture Planar Healed fracture

N079 36 Fracture Planar Healed fracture

N012 53 Fracture Planar Healed fracture

N057 49 Fracture Planar Healed fracture

N066 31 Fracture Planar Healed fracture

N137 47 Fracture Planar Healed fracture

BTSB-R3 89.288 to 81.920ft  10
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  96.0

  95.0

  94.0

  93.0

  92.0

  91.0

  90.0

N079 45 Fracture Planar Healed fracture

N162 76 Fracture Planar Healed fracture

N163 73 Fracture Planar Open-fracture

N147 45 Primary-structure Planar Bedding

BTSB-R3 96.656 to 89.288ft  11
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 104.0

 103.0

 102.0

 101.0

 100.0

  99.0

  98.0

  97.0

N319 60 Fracture Planar Hairline-fracture

N274 63 Fracture Planar Hairline-fracture

N040 39 Fracture Planar Healed fracture

N095 80 Fracture Planar Healed fracture

N284 28 Fracture Planar Healed fracture

 Fracture Planar Open-fracture
true thickness =  0.0452ft, Mean dip N061 72

N106 66 Fracture Planar Healed fracture

N144 58 Fracture Planar Healed fracture

N152 63 Fracture Planar Hairline-fracture

BTSB-R3 104.024 to 96.656ft  12
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 108.0

 107.0

 106.0

 105.0

N357 67 Fracture Planar Healed fracture

N194 30 Fracture Planar Healed fracture

N185 59 Fracture Planar Hairline-fracture

N293 83 Fracture Planar Open-fracture

N063 45 Fracture Planar Hairline-fracture

BTSB-R3 108.368 to 104.024ft  13
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BHTV DATA PROCESSING
RGLDIP vsn 6.2 15 Jun 2008
INTERPRETED BHTV DIPS LOG

ARUP

Borehole: RW6-R1

DOYLE DRIVE

top of borehole.....
East:
North:
Elev:

_
_
_

North ref. is true
Depth units are feet
Vertical scale: 1/10
Horiz scale = 1.00x Vert scale

Zone from 57.216 to 5.000ft
Format: BHTV-NESWN

Borehole diam: 3.860inch
Vertical = borehole-axis
Image: Amplitude

   8.0

   7.0

   6.0

   5.0

Bottom of casing

Stratigraphic dips

Non-stratigraphic dips

Identified units

N E S W N0° 20° 60° 90°

ARROW PLOT

N315° N45°

COMMENTS

RW6-R1 8.848 to 5.000ft   1
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  16.0

  15.0

  14.0

  13.0

  12.0

  11.0

  10.0

   9.0

RW6-R1 16.216 to 8.848ft   2
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  23.0

  22.0

  21.0

  20.0

  19.0

  18.0

  17.0

N100 46 Fracture Planar Healed fracture

N172 68 Fracture Planar Hairline-fracture

N324 72 Fracture Planar Healed fracture
N163 68 Fracture Planar Healed fracture

N070 50 Fracture Planar Healed fracture

N063 60 Fracture Planar Healed fracture

N175 75 Fracture Planar Hairline-fracture

N087 44 Fracture Planar Hairline-fracture

N086 54 Fracture Planar Hairline-fracture

N026 31 Primary-structure Planar Bedding

RW6-R1 23.584 to 16.216ft   3
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  30.0

  29.0

  28.0

  27.0

  26.0

  25.0

  24.0

N151 67 Fracture Planar Open-fracture

N141 25 Primary-structure Planar Bedding

N140 42 Primary-structure Planar Bedding

N128 41 Fracture Planar Hairline-fracture

N146 44 Fracture Planar Hairline-fracture

N319 64 Fracture Planar Hairline-fracture

N041 65 Fracture Planar Hairline-fracture

N134 47 Fracture Planar Healed fracture

N143 46 Fracture Planar Healed fracture

N164 76 Fracture Planar Healed fracture

N036 56 Fracture Planar Open-fracture

N104 34 Fracture Planar Open-fracture

RW6-R1 30.952 to 23.584ft   4

Doyle Drive RW6-R1 Acoustic Televiewer Dips  Sheet 4 of 8

GEOVision Report 7589-05 ARUP Battery Tunnel Foundation Boring Geophysics rev 1 July 11, 2008                 Page 245 of 319



  38.0

  37.0

  36.0

  35.0

  34.0

  33.0

  32.0

  31.0

N160 56 Fracture Planar Healed fracture

N136 68 Fracture Planar Healed fracture

N147 73 Fracture Planar Healed fracture

N323 76 Fracture Planar Healed fracture

N145 73 Fracture Planar Healed fracture

N160 66 Fracture Planar Healed fracture
N289 61 Fracture Planar Hairline-fracture

N167 49 Primary-structure Planar Bedding

N155 72 Fracture Planar Open-fracture

N169 59 Fracture Planar Open-fracture

RW6-R1 38.320 to 30.952ft   5
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  45.0

  44.0

  43.0

  42.0

  41.0

  40.0

  39.0

N158 51 Fracture Planar Hairline-fracture

N127 22 Fracture Planar Open-fracture

N126 58 Fracture Planar Hairline-fracture

N077 47 Fracture Planar Open-fracture

N101 58 Fracture Planar Healed fracture

N099 54 Fracture Planar Healed fracture

N099 63 Fracture Planar Healed fracture

N072 52 Fracture Planar Healed fracture
N360 57 Fracture Planar Healed fracture
N333 86 Fracture Planar Healed fracture

N047 73 Fracture Planar Healed fracture

N064 70 Fracture Planar Healed fracture

N090 44 Fracture Planar Open-fracture

RW6-R1 45.688 to 38.320ft   6
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  53.0

  52.0

  51.0

  50.0

  49.0

  48.0

  47.0

  46.0

N094 54 Fracture Planar Hairline-fracture

N282 63 Fracture Planar Hairline-fracture

N319 41 Fracture Planar Hairline-fracture

N121 33 Fracture Planar Hairline-fracture

N224 27 Fracture Planar Hairline-fracture

N093 40 Fracture Planar Hairline-fracture

N096 39 Fracture Planar Open-fracture

N099 52 Fracture Planar Hairline-fracture

N237 49 Fracture Planar Hairline-fracture
N097 47 Fracture Planar Open-fracture

N088 48 Fracture Planar Hairline-fracture

N286 73 Fracture Planar Hairline-fracture

N113 38 Fracture Planar Open-fracture

N156 84 Fracture Planar Hairline-fracture

N154 82 Fracture Planar Hairline-fracture

N158 51 Fracture Planar Hairline-fracture

RW6-R1 53.056 to 45.688ft   7
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  57.0

  56.0

  55.0

  54.0

N133 31 Primary-structure Planar Bedding

N154 78 Fracture Planar Open-fracture

N157 77 Fracture Planar Open-fracture

RW6-R1 57.216 to 53.056ft   8
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BHTV DATA PROCESSING
RGLDIP vsn 6.2 16 Jun 2008
INTERPRETED BHTV DIPS LOG

ARUP

Borehole: RW6-R2

DOYLE DRIVE

top of borehole.....
East:
North:
Elev:

_
_
_

North ref. is true
Depth units are feet
Vertical scale: 1/10
Horiz scale = 1.00x Vert scale

Zone from 112.960 to 8.280ft
Format: BHTV-NESWN

Borehole diam: 3.860inch
Vertical = borehole-axis
Image: Amplitude

  12.0

  11.0

  10.0

   9.0

Bottom of casing

Stratigraphic dips

Non-stratigraphic dips

Identified units

N E S W N0° 20° 60° 90°

ARROW PLOT

N315° N45°

COMMENTS

RW6-R2 12.128 to 8.280ft   1
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  19.0

  18.0

  17.0

  16.0

  15.0

  14.0

  13.0

N118 32 Primary-structure Planar Bedding

RW6-R2 19.496 to 12.128ft   2
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  26.0

  25.0

  24.0

  23.0

  22.0

  21.0

  20.0

RW6-R2 26.864 to 19.496ft   3
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  34.0

  33.0

  32.0

  31.0

  30.0

  29.0

  28.0

  27.0

N222 62 Fracture Planar Healed fracture

N262 35 Fracture Planar Healed fracture
N084 74 Fracture Planar Healed fracture

N251 76 Fracture Planar Hairline-fracture

N143 29 Fracture Planar Healed fracture

N348 40 Fracture Planar Healed fracture

N119 34 Fracture Planar Healed fracture

N061 74 Fracture Planar Healed fracture

N134 26 Fracture Planar Healed fracture

N224 54 Fracture Planar Healed fracture
N133 43 Fracture Planar Healed fracture

N264 68 Fracture Planar Healed fracture

N277 60 Fracture Planar Healed fracture

N308 7 Primary-structure Planar Bedding

RW6-R2 34.232 to 26.864ft   4
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  41.0

  40.0

  39.0

  38.0

  37.0

  36.0

  35.0

N184 45 Fracture Planar Healed fracture
N043 63 Fracture Planar Hairline-fracture

N155 77 Fracture Planar Healed fracture

N233 89 Fracture Planar Hairline-fracture

N303 47 Fracture Planar Healed fracture

N337 76 Fracture Planar Healed fracture

N318 62 Fracture Planar Healed fracture
N313 81 Fracture Planar Healed fracture

N320 67 Fracture Planar Healed fracture

N180 50 Fracture Planar Healed fracture

N008 28 Primary-structure Planar Bedding

N022 17 Primary-structure Planar Bedding

N243 35 Fracture Planar Healed fracture

N253 41 Fracture Planar Healed fracture

N266 66 Fracture Planar Healed fracture

N081 58 Fracture Planar Hairline-fracture

N206 56 Fracture Planar Healed fracture

RW6-R2 41.600 to 34.232ft   5
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  48.0

  47.0

  46.0

  45.0

  44.0

  43.0

  42.0

N004 22 Fracture Planar Healed fracture

N253 64 Primary-structure Planar Bedding

N207 49 Primary-structure Planar Bedding

N006 21 Primary-structure Planar Bedding

N334 16 Primary-structure Planar Bedding

RW6-R2 48.968 to 41.600ft   6
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  56.0

  55.0

  54.0

  53.0

  52.0

  51.0

  50.0

49.0

N353 47 Fracture Planar Healed fracture

N342 35 Fracture Planar Healed fracture

N218 69 Fracture Planar Healed fracture

N055 59 Fracture Planar Healed fracture

N326 46 Fracture Planar Healed fracture
N120 54 Fracture Planar Healed fracture

N063 54 Fracture Planar Healed fracture

N197 60 Fracture Planar Healed fracture

N109 81 Fracture Planar Healed fracture

N133 83 Fracture Planar Healed fracture

N022 57 Fracture Planar Healed fracture

N028 49 Fracture Planar Healed fracture
N196 43 Fracture Planar Healed fracture
N169 72 Fracture Planar Healed fracture

N122 83 Fracture Planar Healed fracture

N046 53 Fracture Planar Healed fracture

N352 50 Fracture Planar Hairline-fracture

N010 39 Fracture Planar Healed fracture

RW6-R2 56.336 to 48.968ft   7
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  63.0

  62.0

  61.0

  60.0

  59.0

  58.0

  57.0

N050 37 Fracture Planar Healed fracture

N139 61 Fracture Planar Healed fracture

N115 46 Fracture Planar Healed fracture

N217 73 Fracture Planar Healed fracture

N220 71 Fracture Planar Healed fracture
N144 71 Fracture Planar Healed fracture

N332 76 Fracture Planar Healed fracture

N130 71 Fracture Planar Healed fracture

N314 64 Fracture Planar Healed fracture

N083 49 Fracture Planar Healed fracture

N228 80 Fracture Planar Healed fracture

N149 55 Fracture Planar Healed fracture
N275 58 Fracture Planar Healed fracture

N087 59 Fracture Planar Healed fracture
N015 65 Fracture Planar Healed fracture

N225 85 Fracture Planar Healed fracture

N353 43 Fracture Planar Healed fracture

N321 61 Fracture Planar Healed fracture

N093 58 Fracture Planar Healed fracture

N072 57 Fracture Planar Healed fracture

N216 79 Fracture Planar Healed fracture

N123 51 Fracture Planar Healed fracture

N353 47 Fracture Planar Healed fracture

RW6-R2 63.704 to 56.336ft   8
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  71.0

  70.0

  69.0

  68.0

  67.0

  66.0

  65.0

  64.0

N079 75 Fracture Planar Healed fracture

N121 55 Fracture Planar Healed fracture

N288 53 Fracture Planar Healed fracture

N093 79 Fracture Planar Healed fracture

N278 76 Fracture Planar Healed fracture

N164 69 Fracture Planar Healed fracture

N071 62 Fracture Planar Healed fracture

N080 63 Fracture Planar Healed fracture

N242 68 Fracture Planar Healed fracture

N108 68 Fracture Planar Open-fracture

N229 77 Fracture Planar Healed fracture

RW6-R2 71.072 to 63.704ft   9
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  78.0

  77.0

  76.0

  75.0

  74.0

  73.0

  72.0

N042 46 Fracture Planar Healed fracture
N294 53 Fracture Planar Healed fracture

N127 64 Fracture Planar Healed fracture

N095 60 Fracture Planar Healed fracture

N090 58 Fracture Planar Healed fracture

N094 46 Fracture Planar Healed fracture
N062 72 Fracture Planar Healed fracture

N079 57 Fracture Planar Healed fracture

N125 22 Fracture Planar Hairline-fracture
N074 49 Fracture Planar Hairline-fracture
N166 75 Fracture Planar Healed fracture

N112 49 Fracture Planar Healed fracture
N103 58 Fracture Planar Healed fracture

N105 55 Fracture Planar Healed fracture
N103 58 Fracture Planar Healed fracture
N320 74 Fracture Planar Healed fracture

N310 13 Fracture Planar Healed fracture

N281 29 Fracture Planar Healed fracture

RW6-R2 78.440 to 71.072ft  10
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  85.0

  84.0

  83.0

  82.0

  81.0

  80.0

  79.0

N329 31 Fracture Planar Hairline-fracture

N209 37 Fracture Planar Healed fracture
N206 46 Fracture Planar Healed fracture

N036 39 Fracture Planar Healed fracture

N218 37 Fracture Planar Healed fracture

N001 36 Fracture Planar Healed fracture

N007 24 Fracture Planar Healed fracture

N088 52 Fracture Planar Healed fracture
N253 85 Fracture Planar Healed fracture

N105 64 Fracture Planar Healed fracture

N251 78 Fracture Planar Healed fracture

N292 29 Fracture Planar Healed fracture

N272 50 Fracture Planar Healed fracture

N094 75 Fracture Planar Healed fracture

N084 61 Fracture Planar Healed fracture
N357 27 Fracture Planar Healed fracture

RW6-R2 85.808 to 78.440ft  11
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  93.0

  92.0

  91.0

  90.0

  89.0

  88.0

  87.0

  86.0

N065 37 Fracture Planar Open-fracture

N252 21 Fracture Planar Open-fracture

N356 54 Fracture Planar Hairline-fracture

N348 14 Fracture Planar Hairline-fracture

N311 47 Fracture Planar Healed fracture

N034 44 Fracture Planar Healed fracture

N298 43 Fracture Planar Healed fracture

N284 32 Fracture Planar Healed fracture
N129 72 Fracture Planar Healed fracture

N057 25 Fracture Planar Open-fracture
N114 51 Fracture Planar Open-fracture

N351 29 Fracture Planar Open-fracture

N045 27 Fracture Planar Open-fracture

N108 46 Fracture Planar Healed fracture

N084 51 Fracture Planar Healed fracture

N062 77 Fracture Planar Healed fracture

N061 61 Fracture Planar Healed fracture

N336 70 Fracture Planar Healed fracture

N147 38 Fracture Planar Open-fracture

N123 33 Fracture Planar Healed fracture

N219 45 Fracture Planar Healed fracture

N329 31 Fracture Planar Hairline-fracture

RW6-R2 93.176 to 85.808ft  12
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 100.0

  99.0

  98.0

  97.0

  96.0

  95.0

  94.0

N271 39 Fracture Planar Healed fracture
N248 64 Fracture Planar Healed fracture

N222 48 Fracture Planar Healed fracture
N121 38 Fracture Planar Healed fracture

N274 71 Fracture Planar Healed fracture

N149 46 Fracture Planar Healed fracture

N255 53 Fracture Planar Healed fracture
N168 74 Fracture Planar Healed fracture

N215 74 Fracture Planar Healed fracture

N117 69 Fracture Planar Healed fracture

N115 62 Fracture Planar Healed fracture
N142 41 Fracture Planar Healed fracture

N119 45 Fracture Planar Healed fracture

N113 37 Fracture Planar Healed fracture

N090 31 Fracture Planar Healed fracture

N312 80 Fracture Planar Healed fracture

N147 74 Fracture Planar Healed fracture

N308 78 Fracture Planar Healed fracture

N136 72 Fracture Planar Healed fracture

N014 32 Fracture Planar Open-fracture

N018 29 Fracture Planar Open-fracture

RW6-R2 100.544 to 93.176ft  13
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 107.0

 106.0

 105.0

 104.0

 103.0

 102.0

 101.0

N123 49 Fracture Planar Healed fracture

N287 45 Fracture Planar Healed fracture

N320 70 Fracture Planar Healed fracture

N313 82 Fracture Planar Hairline-fracture

N146 69 Fracture Planar Hairline-fracture

N141 79 Fracture Planar Healed fracture

N114 60 Fracture Planar Healed fracture
N110 74 Fracture Planar Healed fracture

N314 74 Fracture Planar Healed fracture

N084 36 Fracture Planar Healed fracture

N349 43 Fracture Planar Healed fracture

N281 46 Fracture Planar Healed fracture

N102 20 Fracture Planar Healed fracture

N332 10 Fracture Planar Healed fracture
N066 66 Fracture Planar Healed fracture
N278 40 Fracture Planar Healed fracture

N272 73 Fracture Planar Healed fracture

N250 81 Fracture Planar Healed fracture

N244 75 Fracture Planar Healed fracture

RW6-R2 107.912 to 100.544ft  14
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 112.0

 111.0

 110.0

 109.0

 108.0

N184 71 Fracture Planar Hairline-fracture

N113 80 Fracture Planar Healed fracture

N064 62 Fracture Planar Hairline-fracture

N298 88 Fracture Planar Healed fracture
N314 85 Fracture Planar Healed fracture

N304 62 Fracture Planar Healed fracture

N276 33 Fracture Planar Healed fracture

N291 36 Fracture Planar Healed fracture

N324 81 Fracture Planar Healed fracture

N332 43 Fracture Planar Healed fracture

N024 65 Fracture Planar Healed fracture

RW6-R2 112.960 to 107.912ft  15
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BHTV DATA PROCESSING
RGLDIP vsn 6.2 16 Jun 2008
INTERPRETED BHTV DIPS LOG

ARUP

Borehole: RW8-R1

DOYLE DRIVE

top of borehole.....
East:
North:
Elev:

_
_
_

North ref. is true
Depth units are feet
Vertical scale: 1/10
Horiz scale = 1.00x Vert scale

Zone from 140.050 to 12.978ft
Format: BHTV-NESWN

Borehole diam: 3.860inch
Vertical = borehole-axis
Image: Amplitude

  16.0

  15.0

  14.0

  13.0

Bottom of casing

Stratigraphic dips

Non-stratigraphic dips

Identified units

N E S W N0° 20° 60° 90°

ARROW PLOT

N315° N45°

COMMENTS

RW8-R1 16.826 to 12.978ft   1
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  24.0

  23.0

  22.0

  21.0

  20.0

  19.0

  18.0

  17.0

RW8-R1 24.194 to 16.826ft   2
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  31.0

  30.0

  29.0

  28.0

  27.0

  26.0

  25.0

RW8-R1 31.562 to 24.194ft   3

Doyle Drive RW8-R1 Acoustic Televiewer Dips  Sheet 3 of 18

GEOVision Report 7589-05 ARUP Battery Tunnel Foundation Boring Geophysics rev 1 July 11, 2008                 Page 267 of 319



  38.0

  37.0

  36.0

  35.0

  34.0

  33.0

  32.0

RW8-R1 38.930 to 31.562ft   4
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  46.0

  45.0

  44.0

  43.0

  42.0

  41.0

  40.0

  39.0

N204 62 Fracture Planar Hairline-fracture

N156 32 Primary-structure Planar Bedding

RW8-R1 46.298 to 38.930ft   5
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  53.0

  52.0

  51.0

  50.0

  49.0

  48.0

  47.0

N204 60 Fracture Planar Hairline-fracture
N100 83 Fracture Planar Hairline-fracture

N019 78 Fracture Planar Hairline-fracture

N330 73 Fracture Planar Hairline-fracture

N208 51 Fracture Planar Hairline-fracture

N338 67 Fracture Planar Hairline-fracture

RW8-R1 53.666 to 46.298ft   6
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  61.0

  60.0

  59.0

  58.0

  57.0

  56.0

  55.0

  54.0

N298 69 Fracture Planar Open-fracture

N307 50 Fracture Planar Open-fracture

N276 37 Fracture Planar Open-fracture

N329 79 Fracture Planar Open-fracture

N269 63 Fracture Planar Hairline-fracture

N320 83 Fracture Planar Hairline-fracture

N104 72 Fracture Planar Hairline-fracture

RW8-R1 61.034 to 53.666ft   7
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  68.0

  67.0

  66.0

  65.0

  64.0

  63.0

  62.0

N164 51 Primary-structure Planar Bedding

RW8-R1 68.402 to 61.034ft   8
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  75.0

  74.0

  73.0

  72.0

  71.0

  70.0

  69.0

N314 25 Primary-structure Planar Bedding

N223 66 Fracture Planar Hairline-fracture

RW8-R1 75.770 to 68.402ft   9
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  83.0

  82.0

  81.0

  80.0

  79.0

  78.0

  77.0

  76.0

N001 6 Primary-structure Planar Bedding

RW8-R1 83.138 to 75.770ft  10
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  90.0

  89.0

  88.0

  87.0

  86.0

  85.0

  84.0

RW8-R1 90.506 to 83.138ft  11
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  97.0

  96.0

  95.0

  94.0

  93.0

  92.0

  91.0

N000 68 Fracture Planar Open-fracture

N254 41 Fracture Planar Hairline-fracture

RW8-R1 97.874 to 90.506ft  12
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 105.0

 104.0

 103.0

 102.0

 101.0

 100.0

  99.0

  98.0

RW8-R1 105.242 to 97.874ft  13
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 112.0

 111.0

 110.0

 109.0

 108.0

 107.0

 106.0

N267 36 Fracture Planar Hairline-fracture

N243 69 Fracture Planar Hairline-fracture

N134 44 Fracture Planar Open-fracture

N119 50 Fracture Planar Open-fracture

N329 51 Fracture Planar Open-fracture

N050 66 Fracture Planar Healed fracture

N185 55 Fracture Planar Healed fracture

RW8-R1 112.610 to 105.242ft  14
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 119.0

 118.0

 117.0

 116.0

 115.0

 114.0

 113.0

N230 31 Fracture Planar Healed fracture

N205 19 Fracture Planar Healed fracture

N318 2 Primary-structure Planar Bedding

N093 27 Primary-structure Planar Bedding

N207 41 Fracture Planar Healed fracture

N101 67 Fracture Planar Healed fracture

N173 35 Fracture Planar Hairline-fracture

N053 68 Fracture Planar Healed fracture

N132 68 Fracture Planar Healed fracture

RW8-R1 119.978 to 112.610ft  15
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 127.0

 126.0

 125.0

 124.0

 123.0

 122.0

 121.0

120.0

N225 14 Primary-structure Planar Bedding

N136 15 Fracture Planar Hairline-fracture

N221 16 Fracture Planar Hairline-fracture

N104 42 Fracture Planar Hairline-fracture

N098 40 Fracture Planar Healed fracture

N106 35 Fracture Planar Healed fracture

N028 28 Fracture Planar Open-fracture

N038 37 Fracture Planar Open-fracture

N049 22 Fracture Planar Healed fracture

RW8-R1 127.346 to 119.978ft  16
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 134.0

 133.0

 132.0

 131.0

 130.0

 129.0

 128.0

RW8-R1 134.714 to 127.346ft  17
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 140.0

 139.0

 138.0

 137.0

 136.0

 135.0

RW8-R1 140.050 to 134.714ft  18
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DIP DATA INTERPRETATION
RGLDIP vsn 6.2 16 Jun 2008
FRACTURE ANALYSIS LOG

ARUP

Borehole: BTNB-R5

DOYLE DRIVE

top of borehole.....
East:
North:
Elev:

_
_
_

North ref: true
Depth units are feet
Vertical scale: 1/100

Zone from 105.699 to 2.007ft
Mean dip format: dip-azimuth and dip
Frequency histogram parameters: measurement distance    0.000ft

step distance     0.000ft

Interpretation 1

Dip data sets .....
BHTV dips

Highlighted dips: Fracture Planar Fresh Open-fracture
open symbols not used in mean-dip/zone-axis calculation

0° 20° 60° 90°

quality cut-off  *

0 1 2 3

mean 0.32

N148 53

0 1 2 3

mean 0.16

N071 55

0 1 2 3

mean 0.09

N233 38

0 1 2 3

mean 0.09

N299 54

0 1 2 3

mean 0.07

N349 73
0 100

RQD estimate

0° 10°

Deviation

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

BTNB-R5, Interpretation 1 39.437 to 2.007ft   1
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40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

  1

BTNB-R5, Interpretation 1 105.699 to 39.437ft   2
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DIP DATA INTERPRETATION
RGLDIP vsn 6.2 14 Jun 2008
FRACTURE ANALYSIS LOG

ARUP

Borehole: BTSB-R3

DOYLE DRIVE

top of borehole.....
East:
North:
Elev:

_
_
_

North ref: true
Depth units are feet
Vertical scale: 1/100

Zone from 107.314 to 24.900ft
Mean dip format: dip-azimuth and dip
Frequency histogram parameters: measurement distance    0.000ft

step distance     0.000ft

Interpretation 1

Dip data sets .....
BHTV dips

Highlighted dips: Fracture Planar Fresh Open-fracture
open symbols not used in mean-dip/zone-axis calculation

0° 20° 60° 90°

quality cut-off  *

0 1 2 3

mean 0.17

N207 39

0 1 2 3

mean 0.14

N323 30

0 1 2 3

mean 0.85

N090 45

0 1 2 3

mean 0.25

N004 59

0 1 2 3

mean 0.13

N324 64
0 100

RQD estimate

0° 10°

Deviation

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

BTSB-R3, Interpretation 1 62.330 to 24.900ft   1
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63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

  1

BTSB-R3, Interpretation 1 107.314 to 62.330ft   2
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DIP DATA INTERPRETATION
RGLDIP vsn 6.2 15 Jun 2008
FRACTURE ANALYSIS LOG

ARUP

Borehole: RW6-R1

DOYLE DRIVE

top of borehole.....
East:
North:
Elev:

_
_
_

North ref: true
Depth units are feet
Vertical scale: 1/100

Zone from 55.586 to 18.009ft
Mean dip format: dip-azimuth and dip
Frequency histogram parameters: measurement distance    0.000ft

step distance     0.000ft

Interpretation 1

Dip data sets .....
BHTV dips

Highlighted dips: Fracture Planar Fresh Open-fracture
open symbols not used in mean-dip/zone-axis calculation

0° 20° 60° 90°

quality cut-off  *

0 1 2 3

mean 0.91

N097 45

0 1 2 3

mean 1.48

N157 71

0 1 2 3

mean 0.19

N286 66

0 1 2 3

mean 0.07

N232 38

0 1 2 3

mean 0.19

N042 65
0 100

RQD estimate

0° 10°

Deviation

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

  1

RW6-R1, Interpretation 1 55.439 to 18.009ft   1
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RW6-R1, Interpretation 1 55.586 to 55.439ft   2
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DIP DATA INTERPRETATION
RGLDIP vsn 6.2 16 Jun 2008
FRACTURE ANALYSIS LOG

ARUP

Borehole: RW6-R2

DOYLE DRIVE

top of borehole.....
East:
North:
Elev:

_
_
_

North ref: true
Depth units are feet
Vertical scale: 1/100

Zone from 112.336 to 29.137ft
Mean dip format: dip-azimuth and dip
Frequency histogram parameters: measurement distance    0.000ft

step distance     0.000ft

Interpretation 1

Dip data sets .....
BHTV dips

Highlighted dips: Fracture Planar Fresh Open-fracture
open symbols not used in mean-dip/zone-axis calculation

0° 20° 60° 90°

quality cut-off  *

0 1 2 3

mean 0.54

N079 58

0 1 2 3

mean 0.52

N121 50

0 1 2 3

mean 0.67

N319 73

0 1 2 3

mean 0.24

N282 40

0 1 2 3

mean 0.33

N002 35

0 1 2 3

mean 0.27

N221 73

0 1 2 3

mean 0.27

N249 75
0 100

RQD estimate

0° 10°

Deviation

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

RW6-R2, Interpretation 1 66.567 to 29.137ft   1
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67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

  1

RW6-R2, Interpretation 1 112.336 to 66.567ft   2
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TELEVIEWER ROSE DIAGRAMS 
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DIP DATA INTERPRETATION
RGLDIP vsn 6.2 16 Jun 2008
DIP-AZIMUTH, FRACTURE ROSE-DIAGRAM

ARUP

Borehole: BTNB-R5

DOYLE DRIVE

top of borehole.....
East:
North:
Alt:

_
_
_

North ref. is true
Depth units are feet

Zone from 105.699 to 2.007ft

Interpretation 1

Dip data sets .....
BHTV dips

N

E

S

W

0 1 2 3 4 5 6 7 8 9
Azimuth Incr = 10°
N = 63

BTNB-R5
   2.007 -   105.699ft

Dip-azimuth, fracture rose-diagram

BTNB-R5, Interpretation 1 105.699 to 2.007ft 16 Jun 2008
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DIP DATA INTERPRETATION
RGLDIP vsn 6.2 14 Jun 2008
DIP-AZIMUTH, FRACTURE ROSE-DIAGRAM

ARUP

Borehole: BTSB-R3

DOYLE DRIVE

top of borehole.....
East:
North:
Alt:

_
_
_

North ref. is true
Depth units are feet

Zone from 107.314 to 24.900ft

Interpretation 1

Dip data sets .....
BHTV dips

N

E

S

W

0 1 2 3 4 5 6 7 8
Azimuth Incr = 10°
N = 102

BTSB-R3
  24.900 -   107.314ft

Dip-azimuth, fracture rose-diagram

BTSB-R3, Interpretation 1 107.314 to 24.900ft 14 Jun 2008
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DIP DATA INTERPRETATION
RGLDIP vsn 6.2 15 Jun 2008
DIP-AZIMUTH, FRACTURE ROSE-DIAGRAM

ARUP

Borehole: RW6-R1

DOYLE DRIVE

top of borehole.....
East:
North:
Alt:

_
_
_

North ref. is true
Depth units are feet

Zone from 55.586 to 18.009ft

Interpretation 1

Dip data sets .....
BHTV dips

N

E

S

W

0 1 2 3 4 5 6 7 8
Azimuth Incr = 10°
N = 58

RW6-R1
  18.009 -    55.586ft

Dip-azimuth, fracture rose-diagram

RW6-R1, Interpretation 1 55.586 to 18.009ft 15 Jun 2008
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DIP DATA INTERPRETATION
RGLDIP vsn 6.2 16 Jun 2008
DIP-AZIMUTH, FRACTURE ROSE-DIAGRAM

ARUP

Borehole: RW6-R2

DOYLE DRIVE

top of borehole.....
East:
North:
Alt:

_
_
_

North ref. is true
Depth units are feet

Zone from 112.336 to 29.137ft

Interpretation 1

Dip data sets .....
BHTV dips

N

E

S

W

0 2 4 6 8 10
Azimuth Incr = 10°
N = 186

RW6-R2
  29.137 -   112.336ft

Dip-azimuth, fracture rose-diagram

RW6-R2, Interpretation 1 112.336 to 29.137ft 16 Jun 2008
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APPENDIX F 
 

GEOPHYSICAL LOGGING SYSTEMS - NIST 
TRACEABLE CALIBRATION PROCEDURES AND 

CALIBRATION RECORDS 
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Seismic Recorder/Logger Calibration Procedure  
Revision 1.30           Page 1GE

CALIBRATION PROCEDURE FOR 

GEOVision SEISMIC RECORDER/LOGGER 

Reviewed 4/6/06 

Objective

The timing/sampling accuracy of seismic recorders or data loggers is required for 
several GEOVision field procedures including Seismic Refraction, Downhole Seismic 
Velocity Logging, and P-S Suspension Logging.  This procedure describes the method 
for measuring the timing accuracy of a seismic data logger, such as the OYO Model 
170, OYO/Robertson Model 3403, Geometrics Strataview or Geometrics Geode.  The 
objective of this procedure is to verify that the timing accuracy of the recorder is 
accurate to within 1%. 

Frequency of Calibration 
The calibration of each GEOVision seismic data logger is twelve (12) months.  In the 
case of rented seismic data loggers, calibration must be performed prior to use. 

Test Equipment Required 
The following equipment is required.  Item #2 must have current NIST traceable 
calibration.

1. Function generator, Krohn Hite 5400B or equivalent 

2. Frequency counter, HP 5315A or equivalent 

3. Test cables, from item 1 to item 2, and from item 1 to subject data logger. 

Procedure
This procedure is designed to be performed using the accompanying Seismograph 
Calibration Data Sheet with the same revision number.  All data must be entered and 
the procedure signed by the technician performing the test.

1. Record all identification data on the form provided. 

2. Connect function generator to data logger (such as OYO Model 170) using test 
cable

3. Connect the function generator to the frequency counter using test cable. 

GEOVision Report 7589-05 ARUP Battery Tunnel Foundation Boring Geophysics rev 1 July 11, 2008                 Page 298 of 319



Seismic Recorder/Logger Calibration Procedure  
Revision 1.30           Page 2GE

4. Set up generator to produce a 100.0 Hz, 0.25 volt (amplitude is approximate, modify 
as necessary to yield less than full scale waveforms on logger display) peak square 
wave or sine wave.  Verify frequency using the counter and initial space on the data 
sheet.

5. Initialize data logger and record a data record of at least 0.1 second using a 100 
microsecond or less sample period. 

6. Measure the recorded square wave frequency by measuring the duration of 9 cycles 
of data.  This measurement can be made using the data logger display device, or by 
printing out a paper tape.  If a paper tape can be printed, the resulting printout must 
be attached to this procedure.  Record the data in the space provided. 

7. Repeat steps 5 and 6 three more times using separate files.   

Criteria
The duration for 9 cycles in any file must be 90.0 milliseconds plus or minus 0.9 
milliseconds, corresponding to an average frequency for the nine cycles of 100.0 Hz 
plus or minus 1 Hz (obtained by dividing 9 cycles by the duration in milliseconds). 

If the results are outside this range, the data logger must be marked with a GEOVision 
REJECT tag until it can be repaired and retested. 

If results are acceptable affix label indicating the initials of the person performing the 
calibration, the date of calibration, and the due date for the next calibration (12 months). 

Procedure Approval 
Approved by: 

_____John G. Diehl_____________  _____President__________________
Name       Title 

_____________________________  ____April 6, 2006_____________
Signature      Date 

Client Approval (if required): 

_____________________________  _______________________________ 
Name       Title 

_____________________________  _______________________________ 
Signature      Date 
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National Voluntary 
Laboratory Accreditation Program

2007-04-01 through 2008-03-31 
___________________________________________ 

Effective dates
_______________________________________________________ 

For the National Institute of Standards and Technology

Page 1 of 10                                                                                                                     NVLAP-01S (REV. 2004-10-31) 

SCOPE OF ACCREDITATION TO ISO/IEC 17025:2005 

Southern California Edison Company 
7300 Fenwick Lane 

Westminster, CA  92683 
Ms. Jennifer E. Smith 

Phone:  714-895-0133   Fax:  714-895-0781 
E-mail: Jennifer.Smith@sce.com 

URL:  http://www.edisonmetrology.com 

CALIBRATION LABORATORIES NVLAP LAB CODE  105014-0
Scope Revised :  2007-04-20 

NVLAP Code:   20/A01 ANSI/NCSL Z540-1-1994; Part 1 Compliant 

DIMENSIONAL 

NVLAP Code: 20/D03
Gage Blocks 

Nominal Length in in  Best Uncertainty (±) in μin note 1

0.01 to < 0.05 1.9
0.05 to < 0.1 1.7
0.1 to < 1.0 1.2
1.0 1.4
2.0 1.8
3.0 2.2
4.0 2.9
5.0 5.4
6.0 5.6
7.0 5.8
8.0 6.0

10.0 6.8
12.0 7.2
16.0 8.1
20.0 9.4
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National Voluntary 
Laboratory Accreditation Program

2007-04-01 through 2008-03-31 
___________________________________________ 

Effective dates
_______________________________________________________ 

For the National Institute of Standards and Technology

Page 2 of 10                                                                                                                     NVLAP-01S (REV. 2004-10-31) 

CALIBRATION LABORATORIES NVLAP LAB CODE  105014-0
Scope Revised :  2007-04-20 

Nominal Length in mm Best Uncertainty (±) in nm note 1

0.5 to < 1.0 52
1.0 to < 2.5 44
2.5 to < 25.0 39

25.0 44
50.0 47
75.0 60

100.0 80

NVLAP Code: 20/D11
Spherical Diameter; Ring Gages 

Range in inches Best Uncertainty (±) in μin note 1 Remarks

0.040 to 0.825 10 Comparison to gage blocks 
> 0.825 to 1.510 8 Comparison to gage blocks 
> 1.510 to 2.510 9 Comparison to gage blocks 
> 2.510 to 4.510 14 Comparison to gage blocks 
> 4.510 to 6.510 21 Comparison to gage blocks 
> 6.510 to 9.010 29 Comparison to gage blocks 
> 9.010 to 12.010 40 Comparison to gage blocks 

> 12.010 to 13.25 44 Comparison to gage blocks 

ELECTROMAGNETICS - DC/LOW FREQUENCY 

NVLAP Code: 20/E02
AC Current 

Best Uncertainty (±) in ppm note 1

Frequency in Hz

Range 10 20 40 400 to 10 k 

10 mA 278 209 142 132
20 mA 278 209 142 132
30 mA 278 209 142 132
50 mA 300 202 124 109
100 mA 278 209 142 132
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National Voluntary 
Laboratory Accreditation Program

2007-04-01 through 2008-03-31 
___________________________________________ 

Effective dates
_______________________________________________________ 

For the National Institute of Standards and Technology

Page 3 of 10                                                                                                                     NVLAP-01S (REV. 2004-10-31) 

CALIBRATION LABORATORIES NVLAP LAB CODE  105014-0
Scope Revised :  2007-04-20 

200 mA 278 209 142 132
300 mA 278 209 142 132
500 mA 300 203 124 109

10 20 40 400 to 5 k 10 k 
1A 300 203 125 110 112

10 20 40 400 to 10 k 
2A 305 200 127 113
3A 305 200 127 113

10 20 40 400 to 5 k 10 k 
5A 309 210 134 120 123

10 20 40 400 1 k 5 k 10 k 
10A 318 216 140 127 127 127 128

400 to 10 k 
20A 135

NVLAP Code: 20/E05
DC Current 

Range Best Uncertainty (±) in ppm note 1

10 nA 4.0
100 nA 3.6
1 A 3.0
10 A 2.3
100 A 1.9
1 mA 1.9
10 mA 1.9
100 mA 1.9
1 A 10.4
10 A 10.4
30 A 20.6
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National Voluntary 
Laboratory Accreditation Program

2007-04-01 through 2008-03-31 
___________________________________________ 

Effective dates
_______________________________________________________ 

For the National Institute of Standards and Technology

Page 4 of 10                                                                                                                     NVLAP-01S (REV. 2004-10-31) 

CALIBRATION LABORATORIES NVLAP LAB CODE  105014-0
Scope Revised :  2007-04-20 

DC Resistance 

Nominal Value in Best Uncertainty (±) in ppm note 1 Remarks

100 μ 6.1 Automated DC Resistance Calibration System 
1 m 4.1 Automated DC Resistance Calibration System 
10 m 3.1 Automated DC Resistance Calibration System 
100 m 0.3 Automated DC Resistance Calibration System 
1 0.2 Automated DC Resistance Calibration System 
10 0.2 Automated DC Resistance Calibration System 
25 0.3 Automated DC Resistance Calibration System 
100 0.3 Automated DC Resistance Calibration System 
1 k 0.3 Automated DC Resistance Calibration System 
10 k 0.4 Automated DC Resistance Calibration System 
100 k 1.2 Automated DC Resistance Calibration System 
1 M 1.7 Automated DC Resistance Calibration System 
10 M 2.1 Automated DC Resistance Calibration System 
100 M 2.6 Automated DC Resistance Calibration System 

NVLAP Code: 20/E06
DC Voltage 

Range Best Uncertainty (±) in ppm notes 1,2 Remarks

1.018 V 1.1 Automated DC Calibration System 
10.00 V 0.4 Automated DC Calibration System 
1.000 V 1.1 Automated DC Calibration System 
1 mV to 100 mV 1.3 note 6 Ratiometric Measurement Techniques performed 

by voltage transfer utilizing a high precision 
voltage

100 mV 0.7 Ratiometric Measurement Techniques performed 
by voltage transfer utilizing a high precision 

voltage
1.0 V 0.4 Ratiometric Measurement Techniques performed 

by voltage transfer utilizing a high precision 
voltage
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National Voluntary 
Laboratory Accreditation Program

2007-04-01 through 2008-03-31 
___________________________________________ 

Effective dates
_______________________________________________________ 

For the National Institute of Standards and Technology

Page 5 of 10                                                                                                                     NVLAP-01S (REV. 2004-10-31) 

CALIBRATION LABORATORIES NVLAP LAB CODE  105014-0
Scope Revised :  2007-04-20 

10.0 V 0.4 Ratiometric Measurement Techniques performed 
by voltage transfer utilizing a high precision 

voltage
20.0 V 0.6 Ratiometric Measurement Techniques performed 

by voltage transfer utilizing a high precision 
voltage

100.0 V 0.4 Ratiometric Measurement Techniques performed 
by voltage transfer utilizing a high precision 

voltage
1000.0 V 0.8 Ratiometric Measurement Techniques performed 

by voltage transfer utilizing a high precision 
voltage

NVLAP Code: 20/E09
LF AC Voltage 

Best Uncertainty (±) in ppm notes 1,3,4 

Frequency in Hz 

Range 10 20 40 100 1 k 5 kHz 10 k 15 kHz 20 k 25 kHz 

2 mV 306 893 835 873 376 599 854 889 854 825
10 mV 109 166 96 176 188 180 166 169 166 175
20 mV 79 69 65 65 65 66 66 69 66 81
30 mV 131 123 84 105 65 72 86 75 70 78
100 mV 33 37 22 33 33 32 31 32 32 34
190 mV 35 27 29 21 24 23 23 20 19 22
300 mV 47 47 23 23 27 23 19 22 26 27
1 V 120 34 18 9 12 12 12 12 11 12
1.9 V 36 22 19 10 8 8 8 8 8 9
3 V 31 34 25 17 16 15 15 15 15 17
10 V 21 33 19 11 10 10 11 11 12 11
19 V 31 23 20 11 10 10 10 10 11 11
30 V 29 34 25 16 16 17 18 18 18 20
100 V 85 36 20 16 15 15 16 14 12 15
190 V 45 24 20 19 13 13 13 15 17 16
300 V 36 29 18 22 27 24 22 23
500 V 30 25 17 18 19 19 19 21
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National Voluntary 
Laboratory Accreditation Program

2007-04-01 through 2008-03-31 
___________________________________________ 

Effective dates
_______________________________________________________ 

For the National Institute of Standards and Technology

Page 6 of 10                                                                                                                     NVLAP-01S (REV. 2004-10-31) 

CALIBRATION LABORATORIES NVLAP LAB CODE  105014-0
Scope Revised :  2007-04-20 

700 V 27 23 18 18 18 18 18 22
1000 V 26 25 22 21 21 21 22 25

Range 30 kHz 50 k 60 kHz 100 k 300 k 500 K 700 kHz 800 k  1M
2 mV 730 395 529 1020 1237 2090 2308 2419 2419
10 mV 182 205 233 299 234 631 459 373 403
20 mV 94 128 167 202 301 451 371 333 373
30 mV 87 127 144 216 342 515 560 590 643
100 mV 35 42 49 76 156 201 247 271 192
190 mV 26 41 49 81 137 119 208 252 191
300 mv 29 37 42 64 120 155 172 189 152
1 V 13 18 18 11 70 90 103 95 75
1.9 V 10 15 14 14 90 95 85 81 82
3 V 19 27 24 24 90 94 96 97 112
10 V 11 11 11 12 70 95 99 104 100
19 V 11 11 12 16 84 91 89 93 104
30 V 22 31 31 31 91
100 V 18 31 28 17
190 V 16 18 18 21
300 V 24 28 31 43
500 V 24 35 37 51
700 V 25 40 42 58
1 kV 29

TIME AND FREQUENCY 

NVLAP Code: 20/F01
Frequency Dissemination 

Range Best Uncertainty (±) note 1 Remarks

10 MHz 1.2 x 10-12 GPS Receiver 
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National Voluntary 
Laboratory Accreditation Program

2007-04-01 through 2008-03-31 
___________________________________________ 

Effective dates
_______________________________________________________ 

For the National Institute of Standards and Technology

Page 7 of 10                                                                                                                     NVLAP-01S (REV. 2004-10-31) 

CALIBRATION LABORATORIES NVLAP LAB CODE  105014-0
Scope Revised :  2007-04-20 

MECHANICAL 

NVLAP Code: 20/M05
Flow Rate 

Nominal Flow Rate Best Uncertainty (±) in percent notes 1, 5

(0.8 to 30) L/s 0.3
(0.1 to 800) mL/s 0.4

NVLAP Code: 20/M06
Force

Nominal Force in lb Best Uncertainty (±) note 1 Remarks

2 to 200 0.025 % Dead Weight 
> 200 to 300 0.086 lb Proving Ring 
> 300 to 500 0.14 lb Proving Ring 
> 500 to 1000 0.28 lb Proving Ring 
> 1000 to 2000 0.55 lb Proving Ring 
> 2000 to 5000 0.84 lb Proving Ring 
> 5000 to 10 000 1.7 lb Proving Ring 
> 10 000 to 20 000 5.5 lb Proving Ring 
> 20 000 to 35 000 5.8 lb Proving Ring 
> 35 000 to 50 000 13 lb Proving Ring 
> 50 000 to 60 000 16 lb Proving Ring 
> 60 000 to 100 000 26 lb Proving Ring 
> 100 000 to 300 000 113 lb Proving Ring 

NVLAP Code: 20/M08
Mass

Range Best Uncertainty (±) in mg notes 1,2 Remarks

10 kg 2.3 Echelon I 
5 kg 0.93 Echelon I
3 kg 0.65 Echelon I
2 kg 0.43 Echelon I
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National Voluntary 
Laboratory Accreditation Program

2007-04-01 through 2008-03-31 
___________________________________________ 

Effective dates
_______________________________________________________ 

For the National Institute of Standards and Technology

Page 8 of 10                                                                                                                     NVLAP-01S (REV. 2004-10-31) 

CALIBRATION LABORATORIES NVLAP LAB CODE  105014-0
Scope Revised :  2007-04-20 

1 kg 0.052 Echelon I
500 g 0.043 Echelon I
300 g 0.041 Echelon I
200 g 0.034 Echelon I
100 g 0.020 Echelon I
50 g 0.013 Echelon I
30 g 0.013 Echelon I
20 g 0.0095 Echelon I
10 g 0.0073 Echelon I
5 g 0.0048 Echelon I
3 g 0.0038 Echelon I
2 g 0.0029 Echelon I
1 g 0.0030 Echelon I
500 mg 0.0017 Echelon I
300 mg 0.0013 Echelon I
200 mg 0.0010 Echelon I
100 mg 0.0009 Echelon I
50 mg 0.0007 Echelon I
30 mg 0.0007 Echelon I
20 mg 0.0005 Echelon I
10 mg 0.0005 Echelon I
5 mg 0.0006 Echelon I
3 mg 0.0006 Echelon I
2 mg 0.0005 Echelon I
1 mg 0.0005 Echelon I

30 kg 56 Echelon II 
20 kg 22 Echelon II 
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Laboratory Accreditation Program

2007-04-01 through 2008-03-31 
___________________________________________ 
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_______________________________________________________ 

For the National Institute of Standards and Technology

Page 9 of 10                                                                                                                     NVLAP-01S (REV. 2004-10-31) 

CALIBRATION LABORATORIES NVLAP LAB CODE  105014-0
Scope Revised :  2007-04-20 

THERMODYNAMIC 

NVLAP Code: 20/T05
Pressure

Range in psi Best Uncertainty (±) in ppm note 1 Remarks

0 to 50 25 Gas
> 50 to 1450 48 Gas
> 1450 to 16 000 90 Gas

> 1000 to 10 000 62 Oil
> 10 000 to 30 000 113 Oil
> 30 000 to 50 000 213 Oil

NVLAP Code:  20/T07 
Resistance Thermometry 

Range Best Uncertainty (±) in mK note 1 Remarks
77.348 K -195.80 °C 4.0 BP LN2 by Comparison 
234.3156 K -38.83 °C 0.7 TPHg
273.16 K 0.01 °C 0.6 TPW
505.078 K 231.93 °C 1.6 FPSn
692.77 K 419.53 °C 2.3 FPZn
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2007-04-01 through 2008-03-31 
___________________________________________ 

Effective dates
_______________________________________________________ 

For the National Institute of Standards and Technology

Page 10 of 10                                                                                                                     NVLAP-01S (REV. 2004-10-31) 

CALIBRATION LABORATORIES NVLAP LAB CODE  105014-0
Scope Revised :  2007-04-20 

______________ 
1. Represents an expanded uncertainty using a coverage factor, k = 2, at an approximate level of confidence 
 of 95 %. 
2. Approximate value.  Actual value determined by the test statistics. 
3. All ACV measurements performed via AC/DC transfer system. 
4. Uncertainties listed are representative of the laboratory’s accredited capabilities within the stated ranges.
 Accreditation is not limited to only those fixed values shown. 
5. Dependent upon principle of operation of device being calibrated and its performance relative to 
 standards at the time of the test. 
6. The equation: uncert. = (A + B/mVDC2)0.5 (where A = 0.16 and B = 0.013333) is provided in order for 
 potential customers to calculate approximate uncertainties for values down to 1 mV.  Example:  
 uncertainty at 1 mVDC would calculate to approximately ±115.47 ppm. 
7. The laboratory maintains Echelon II capability for ranges 20 kg to 1 mg and separate Echelon III for all 
 ranges. 
8. Avoirdupois mass calibration services are available by comparison to equivalent metric standards.  
 Uncertainties may be appropriately larger. 

GEOVision Report 7589-05 ARUP Battery Tunnel Foundation Boring Geophysics rev 1 July 11, 2008                 Page 317 of 319



GEOVision Borehole Geophysics depth wheel verification 

Performed by Robert Steller on September 23, 2006 

Depth reading in #1 Depth reading out Depth reading in #2 
Depth wheel  
S/N 101 
500 pulse/revolution 
Circumference = 983mm 
(3225.07 millifeet) 

100.1 feet 
(30.51 m) 

99.95 feet 
(30.46 m) 

100.05 feet 
(30.50 m) 

Depth wheel  
S/N 102 
500 pulse/revolution 
Circumference = 994mm 
(3261.15 millifeet) 

100.00 feet 
(30.48) m 

100.05 feet 
(30.50 m) 

100.00 feet 
(30.48) m 

Aries winch  
200 pulse/revolution 
Circumference = 305.9mm 
(1003.51 millifeet) 

100.05 feet 
(30.50) m 

100.05 feet 
(30.50 m) 

100.00 feet 
(30.48) m 

Depth wheel  
S/N 103 
500 pulse/revolution 
Circumference = 1000mm 
(3.281 feet) 

Comprobe winch 
500 pulse/revolution 
Circumference = 1000mm 
(3.281 feet) 

All measurements taken with a Stanley 100ft flexible stainless steel tape model number 34-130, and a 
Keeson 300 foot fiberglass tape, both marked in feet, inches and 1/8ths of inches.  Enough cable was 
spooled off of the winch to allow the cable and tape measures to be laid flat on the parking lot surface side-
by-side.  A permanent marker was used to mark a 100.0 foot interval on the cable, and the marks were also 
tagged with electrical tape for visibility.  The cable was then spooled back onto the winch.  When the first 
mark was at the top of the measuring wheel, a matching permanent mark was placed, and the recording 
system (Robertson Micrologger) was set to 0.0 feet depth.  The cable was spooled in to the second mark, 
and the distance was recorded.  The recording system was set to 0.0 feet again, and the cable spooled out to 
the first mark again, and the distance was recorded.  The process was repeated one more time to spool the 
cable back onto the winch, and the distance was recorded. 

Estimated accuracy is of these measurements is +/- 0.1 foot or +/- 0.03m. 
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GEOVision Suspension PS probe Receiver 1–Receiver 2 (R1-R2)  
spacing verification 

Performed by Robert Steller on September 23, 2006 

R2 center to R1 
center hanging  
dry 

R2 center to R1 
 center hanging 
 submerged 

R1 bottom to source center hanging 
submerged with 1m isolation tube 
S/N 280068 

Receiver S/N 
30086 

40.2in 
1.02m 

40.0in 
1.02m 

76.0in 
1.93m 

Receiver S/N 
20042 

39.8in 
1.01m 

39.6in 
1.01m 

75.7in 
1.92m 

Receiver S/N 
12008  

40.2in 
1.02m 

40.0in 
1.02m 

76.0in 
1.93m 

All measurements taken with a Lufkin 3.7m flexible steel tape model number HV1034DM, marked in mm 
and 100th of feet.  Probe suspended in 3-inch diameter clear PVC pipe, using chain clamp placed between 
bottom and center of Receiver 2 hard section (See Figure).  Probe “bounced” to establish unrestricted 
hanging length before measurement.  Probe allowed to relax for 5 minutes prior to each measurement.  
Water level set to submerge bottom of Receiver 2 hard section..  Estimated accuracy due to hysterisis in 
rubber section approximately +/- 0.01’ or +/- 0.003m. 
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CONSOLIDATION  TEST

BTSB-R1 11 BOTTOM Depth (ft) 27.5-30
Olive brown clay with sand

Water Total Unit Void Saturation Height Diameter Specific Liquid Plasticity
Content, % Weight, pcf Ratio % in in Gravity Limit, % Index, %

Initial 22.8 123.5 0.677 91.0 1.00 ( assumed )

Final 20.2 133.9 0.514 106.3 0.903 2.420 2.70 39 21

131558

Boring Number
Soil Description
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CONSOLIDATION  TEST

RW8-R1 9 (TOP) Depth (ft) 22.5-25.2
Brown sandy clay

Water Total Unit Void Saturation Height Diameter Specific Liquid Plasticity
Content, % Weight, pcf Ratio % in in Gravity Limit, % Index, %

Initial 19.8 124.5 0.623 85.9 1.00 ( assumed )

Final 17.6 134.8 0.471 101.0 0.906 2.420 2.70 25 12

EA04-163701

Boring Number
Soil Description

Sample Number
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CONSOLIDATION  TEST

RW8-R1 16B Depth (ft) 43.5-44
Reddish brown clay with gravel

Water Total Unit Void Saturation Height Diameter Specific Liquid Plasticity
Content, % Weight, pcf Ratio % in in Gravity Limit, % Index, %

Initial 21.1 124.0 0.646 88.1 1.00 ( assumed )

Final 17.0 135.4 0.457 100.2 0.885 2.420 2.70 29 11

EA04-163701

Boring Number
Soil Description

Sample Number
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Results

C  = 0 psf
phi = 45 deg.

Gs = 2.70
Type = undisturbed

Peak Strain Initial Initial Initial Initial Initial Initial Final Final Final Final Final
Test SigN Shear Displ. Rate MC DD Sat. Void Ht. Dia. MC DD Sat. Void Ht.
no. psf str., psf in. in./hr % pcf % Ratio in. in. % pcf % Ratio in.

1 2700 2640 0.080 0.18 19.5 110.4 100 0.527 1.00 2.416 19.1 104.9 85 0.607 1.052

2 3300 3336 0.070 0.18 19.4 108.0 94 0.561 1.00 2.416 19.3 103.8 84 0.624 1.041

3 4000 4020 0.075 0.18 18.8 107.6 90 0.567 1.00 2.416 18.9 103.4 81 0.630 1.040

Client:  Boring #:  BTNB-R4 Sample #:  9B

Project:  Depth (ft):  23.2-23.7

Project #:  Soil:  

    TEST REPORT: Direct shear - inundated, consolidated, & drained test

Undisturbed brown silty sand   

Arup     

131558

Doyle Drive Replacement 
Project 

0 0.05 0.1 0.15 0.2 0.25
Horiz. Displ., in

0

1000

2000

3000

4000

5000

S
he

ar
 S

tr
es

s,
 p

sf

0 0.05 0.1 0.15 0.2 0.25
Horiz. Displ., in

-0.020

-0.010

0.000

0.010

0.020

V
er

tic
al

 D
ef

l.,
 in

Legend
Test no.1

Test no.2

Test no.3

0 1000 2000 3000 4000 5000 6000

Normal Stress,  psf

0

1000

2000

3000

4000

Pe
ak

 S
he

ar
 S

tr
es

s,
  p

sf

      Signet Testing Labs,  Inc.
Plate  no: ____________



Results

C  = 750 psf
phi = 29 deg.

Gs = 2.70
Type = undisturbed

Peak Strain Initial Initial Initial Initial Initial Initial Final Final Final Final Final
Test SigN Shear Displ. Rate MC DD Sat. Void Ht. Dia. MC DD Sat. Void Ht.
no. psf str., psf in. in./hr % pcf % Ratio in. in. % pcf % Ratio in.

1 2650 2208 0.100 0.18 26.4 100.5 105 0.676 1.00 2.416 23.3 97.5 86 0.729 1.032

2 3300 2508 0.065 0.18 25.3 100.7 101 0.674 1.00 2.416 24.2 97.7 90 0.725 1.031

3 4000 3012 0.070 0.18 30.8 95.9 110 0.758 1.00 2.416 25.7 92.5 84 0.822 1.036

Client:  Boring #:  BTSB-R1 Sample #:  9

Project:  Depth (ft):  22.5-23

Project #:  Soil:  

    TEST REPORT: Direct shear - inundated, consolidated, & drained test

Undisturbed brown poorly graded sand   

Arup     

131558

Doyle Dr. Replacement Project 
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Results

C  = 550 psf
phi = 39 deg.

Gs = 2.70
Type = undisturbed

Peak Strain Initial Initial Initial Initial Initial Initial Final Final Final Final Final
Test SigN Shear Displ. Rate MC DD Sat. Void Ht. Dia. MC DD Sat. Void Ht.
no. psf str., psf in. in./hr % pcf % Ratio in. in. % pcf % Ratio in.

1 3200 3120 0.100 0.18 21.8 106.8 102 0.578 1.00 2.416 20.7 103.6 89 0.627 1.031

2 4000 3744 0.090 0.18 20.7 107.6 99 0.567 1.00 2.416 20.2 103.2 86 0.633 1.042

3 4800 4404 0.100 0.18 20.6 107.8 99 0.564 1.00 2.416 20.2 103.9 88 0.622 1.037

Client:  Boring #:  BTSB-R2 Sample #:  11B

Project:  Depth (ft):  28.1-28.4

Project #:  Soil:  

    TEST REPORT: Direct shear - inundated, consolidated, & drained test

Undisturbed reddish brown poorly graded 
sand with silt  

ARUP     
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Results

C  = 0 psf
phi = 41 deg.

Gs = 2.70
Type = undisturbed

Peak Strain Initial Initial Initial Initial Initial Initial Final Final Final Final Final
Test SigN Shear Displ. Rate MC DD Sat. Void Ht. Dia. MC DD Sat. Void Ht.
no. psf str., psf in. in./hr % pcf % Ratio in. in. % pcf % Ratio in.

1 1000 936 0.150 0.18 9.2 99.9 36 0.688 1.00 2.360 20.8 96.8 76 0.741 1.032

2 1300 1044 0.040 0.18 10.4 102.3 43 0.648 1.00 2.416 19.3 99.9 76 0.687 1.024

3 1600 1500 0.060 0.18 9.3 100.4 37 0.678 1.00 2.416 19.3 97.6 72 0.726 1.029

Client:  Boring #:  BTSB-R3A Sample #:  7B

Project:  Depth (ft):  9-9.5

Project #:  Soil:  

    TEST REPORT: Direct shear - inundated, consolidated, & drained test

Undisturbed brown poorly graded sand   
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131558
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Results

C  = 500 psf
phi = 27 deg.

Gs = 2.70
Type = undisturbed

Peak Strain Initial Initial Initial Initial Initial Initial Final Final Final Final Final
Test SigN Shear Displ. Rate MC DD Sat. Void Ht. Dia. MC DD Sat. Void Ht.
no. psf str., psf in. in./hr % pcf % Ratio in. in. % pcf % Ratio in.

1 1275 1152 0.105 0.18 28.3 94.6 98 0.782 1.00 2.416 27.9 91.8 90 0.836 1.031

2 1600 1248 0.070 0.18 26.5 97.3 98 0.732 1.00 2.416 26.3 94.0 89 0.793 1.036

3 1900 1452 0.085 0.18 27.2 97.9 102 0.721 1.00 2.416 25.0 94.9 87 0.777 1.033

Client:  Boring #:  M-10 Sample #:  5B

Project:  Depth (ft):  10.5-11

Project #:  Soil:  

    TEST REPORT: Direct shear - inundated, consolidated, & drained test

Undisturbed grayish brown poorly graded 
sand with organics

Arup     
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Results

C  = 1500 psf
phi = 12 deg.

Gs = 2.70
Type = undisturbed

Peak Strain Initial Initial Initial Initial Initial Initial Final Final Final Final Final
Test SigN Shear Displ. Rate MC DD Sat. Void Ht. Dia. MC DD Sat. Void Ht.
no. psf str., psf in. in./hr % pcf % Ratio in. in. % pcf % Ratio in.

1 1850 1860 0.065 0.18 23.9 104.4 105 0.614 1.00 2.416 22.2 101.7 91 0.657 1.027

2 2300 2040 0.075 0.18 26.6 102.9 112 0.639 1.00 2.416 24.6 99.1 95 0.701 1.038

3 2800 2112 0.085 0.18 24.9 102.4 104 0.645 1.00 2.416 23.5 99.8 92 0.689 1.026

Client:  Boring #:  M-11 Sample #:  5B

Project:  Depth (ft):  15.8-16.3

Project #:  Soil:  

    TEST REPORT: Direct shear - inundated, consolidated, & drained test

Undisturbed dark greenish gray poorly 
graded sand 

Arup     

131558

Doyle Dr. Replacement Project 

0 0.05 0.1 0.15 0.2 0.25
Horiz. Displ., in

0

1000

2000

3000

S
he

ar
 S

tr
es

s,
 p

sf

0 0.05 0.1 0.15 0.2 0.25
Horiz. Displ., in

-0.020

-0.010

0.000

0.010

0.020

V
er

tic
al

 D
ef

l.,
 in

Legend
Test no.1

Test no.2

Test no.3

0 500 1000 1500 2000 2500 3000

Normal Stress,  psf

0

500

1000

1500

2000

Pe
ak

 S
he

ar
 S

tr
es

s,
  p

sf

      Signet Testing Labs,  Inc.
Plate  no: ____________



Results

C  = 0 psf
phi = 52 deg.

Gs = 2.70
Type = undisturbed

Peak Strain Initial Initial Initial Initial Initial Initial Final Final Final Final Final
Test SigN Shear Displ. Rate MC DD Sat. Void Ht. Dia. MC DD Sat. Void Ht.
no. psf str., psf in. in./hr % pcf % Ratio in. in. % pcf % Ratio in.

1 1000 1236 0.055 0.18 16.6 110.4 85 0.527 1.00 2.416 19.7 106.3 91 0.586 1.038

2 1200 1320 0.055 0.18 16.8 108.9 83 0.548 1.00 2.416 20.0 103.9 87 0.622 1.048

3 1400 1764 0.045 0.18 16.3 111.0 85 0.519 1.00 2.416 19.4 106.1 89 0.589 1.046

Client:  Boring #:  RW6-R1 Sample #:  5B

Project:  Depth (ft):  12.6-13.1

Project #:  Soil:  

    TEST REPORT: Direct shear - inundated, consolidated, & drained test

Undisturbed reddish brown silty sand  
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Results

C  = 0 psf
phi = 41 deg.

Gs = 2.70
Type = undisturbed

Peak Strain Initial Initial Initial Initial Initial Initial Final Final Final Final Final
Test SigN Shear Displ. Rate MC DD Sat. Void Ht. Dia. MC DD Sat. Void Ht.
no. psf str., psf in. in./hr % pcf % Ratio in. in. % pcf % Ratio in.

1 2000 1884 0.080 0.09 21.2 108.2 103 0.557 1.00 2.416 20.7 105.8 94 0.594 1.023

2 2500 2100 0.110 0.09 22.1 107.3 104 0.571 1.00 2.416 19.4 103.4 83 0.630 1.037

3 3000 2652 0.100 0.09 18.7 113.0 103 0.491 1.00 2.416 18.6 109.0 92 0.547 1.037

Client:  Boring #:  RW6-R1 Sample #:  7A

Project:  Depth (ft):  17-17.5

Project #:  Soil:  

    TEST REPORT: Direct shear - inundated, consolidated, & drained test

Undisturbed dark yellowish brown clayey 
sand

Arup     
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Results

C  = 450 psf
phi = 28 deg.

Gs = 2.70
Type = undisturbed

Peak Strain Initial Initial Initial Initial Initial Initial Final Final Final Final Final
Test SigN Shear Displ. Rate MC DD Sat. Void Ht. Dia. MC DD Sat. Void Ht.
no. psf str., psf in. in./hr % pcf % Ratio in. in. % pcf % Ratio in.

1 1000 972 0.105 0.18 24.3 101.6 100 0.658 1.00 2.416 21.5 99.3 83 0.697 1.023

2 1200 1092 0.060 0.18 21.7 107.8 104 0.563 1.00 2.416 24.5 104.9 109 0.607 1.028

3 1400 1200 0.070 0.18 18.2 105.5 82 0.598 1.00 2.416 17.9 103.0 76 0.636 1.024

Client:  Boring #:  RW6-R2A Sample #:  3

Project:  Depth (ft):  7.8-8.3

Project #:  Soil:  

    TEST REPORT: Direct shear - inundated, consolidated, & drained test

Undisturbed brown poorly graded sand   
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Results

C  = 1350 psf
phi = 31 deg.

Gs = 2.70
Type = undisturbed

Peak Strain Initial Initial Initial Initial Initial Initial Final Final Final Final Final
Test SigN Shear Displ. Rate MC DD Sat. Void Ht. Dia. MC DD Sat. Void Ht.
no. psf str., psf in. in./hr % pcf % Ratio in. in. % pcf % Ratio in.

1 4150 3852 0.095 0.18 19.6 108.9 97 0.548 1.00 2.416 19.4 105.9 89 0.591 1.028

2 5200 4476 0.110 0.18 20.0 108.6 98 0.551 1.00 2.416 19.5 104.2 85 0.618 1.043

3 6225 5124 0.110 0.18 19.5 111.5 103 0.512 1.00 2.416 18.6 107.1 87 0.574 1.041

Client:  Boring #:  RW8-R1 Sample #:  12A

Project:  Depth (ft):  33-33.5

Project #:  EA04-163701 Soil:  

    TEST REPORT: Direct shear - inundated, consolidated, & drained test

Undisturbed brown clayey sand  
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Results

C  = 0 psf
phi = 45 deg.

Gs = 2.70
Type = undisturbed

Peak Strain Initial Initial Initial Initial Initial Initial Final Final Final Final Final
Test SigN Shear Displ. Rate MC DD Sat. Void Ht. Dia. MC DD Sat. Void Ht.
no. psf str., psf in. in./hr % pcf % Ratio in. in. % pcf % Ratio in.

1 2700 2640 0.080 0.18 19.5 110.4 100 0.527 1.00 2.416 19.1 104.9 85 0.607 1.052

2 3300 3336 0.070 0.18 19.4 108.0 94 0.561 1.00 2.416 19.3 103.8 84 0.624 1.041

3 4000 4020 0.075 0.18 18.8 107.6 90 0.567 1.00 2.416 18.9 103.4 81 0.630 1.040

Client:  Boring #:  BTNB-R4 Sample #:  9B

Project:  Depth (ft):  23.2-23.7

Project #:  Soil:  

    TEST REPORT: Direct shear - inundated, consolidated, & drained test

Undisturbed brown silty sand   
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Results

C  = 750 psf
phi = 29 deg.

Gs = 2.70
Type = undisturbed

Peak Strain Initial Initial Initial Initial Initial Initial Final Final Final Final Final
Test SigN Shear Displ. Rate MC DD Sat. Void Ht. Dia. MC DD Sat. Void Ht.
no. psf str., psf in. in./hr % pcf % Ratio in. in. % pcf % Ratio in.

1 2650 2208 0.100 0.18 26.4 100.5 105 0.676 1.00 2.416 23.3 97.5 86 0.729 1.032

2 3300 2508 0.065 0.18 25.3 100.7 101 0.674 1.00 2.416 24.2 97.7 90 0.725 1.031

3 4000 3012 0.070 0.18 30.8 95.9 110 0.758 1.00 2.416 25.7 92.5 84 0.822 1.036

Client:  Boring #:  BTSB-R1 Sample #:  9

Project:  Depth (ft):  22.5-23

Project #:  Soil:  

    TEST REPORT: Direct shear - inundated, consolidated, & drained test

Undisturbed brown poorly graded sand   

Arup     

131558

Doyle Dr. Replacement Project 
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Results

C  = 550 psf
phi = 39 deg.

Gs = 2.70
Type = undisturbed

Peak Strain Initial Initial Initial Initial Initial Initial Final Final Final Final Final
Test SigN Shear Displ. Rate MC DD Sat. Void Ht. Dia. MC DD Sat. Void Ht.
no. psf str., psf in. in./hr % pcf % Ratio in. in. % pcf % Ratio in.

1 3200 3120 0.100 0.18 21.8 106.8 102 0.578 1.00 2.416 20.7 103.6 89 0.627 1.031

2 4000 3744 0.090 0.18 20.7 107.6 99 0.567 1.00 2.416 20.2 103.2 86 0.633 1.042

3 4800 4404 0.100 0.18 20.6 107.8 99 0.564 1.00 2.416 20.2 103.9 88 0.622 1.037

Client:  Boring #:  BTSB-R2 Sample #:  11B

Project:  Depth (ft):  28.1-28.4

Project #:  Soil:  

    TEST REPORT: Direct shear - inundated, consolidated, & drained test

Undisturbed reddish brown poorly graded 
sand with silt  
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Results

C  = 0 psf
phi = 41 deg.

Gs = 2.70
Type = undisturbed

Peak Strain Initial Initial Initial Initial Initial Initial Final Final Final Final Final
Test SigN Shear Displ. Rate MC DD Sat. Void Ht. Dia. MC DD Sat. Void Ht.
no. psf str., psf in. in./hr % pcf % Ratio in. in. % pcf % Ratio in.

1 1000 936 0.150 0.18 9.2 99.9 36 0.688 1.00 2.360 20.8 96.8 76 0.741 1.032

2 1300 1044 0.040 0.18 10.4 102.3 43 0.648 1.00 2.416 19.3 99.9 76 0.687 1.024

3 1600 1500 0.060 0.18 9.3 100.4 37 0.678 1.00 2.416 19.3 97.6 72 0.726 1.029

Client:  Boring #:  BTSB-R3A Sample #:  7B

Project:  Depth (ft):  9-9.5

Project #:  Soil:  

    TEST REPORT: Direct shear - inundated, consolidated, & drained test

Undisturbed brown poorly graded sand   

ARUP     

131558
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PROJECT 

0 0.05 0.1 0.15 0.2 0.25
Horiz. Displ., in

0

500

1000

1500

S
he

ar
 S

tr
es

s,
 p

sf

0 0.05 0.1 0.15 0.2 0.25
Horiz. Displ., in

-0.020

-0.010

0.000

0.010

0.020

V
er

tic
al

 D
ef

l.,
 in

Legend
Test no.1

Test no.2

Test no.3

0 500 1000 1500 2000 2500
Normal Stress,  psf

0

500

1000

1500

2000

Pe
ak

 S
he

ar
 S

tr
es

s,
  p

sf

      Signet Testing Labs,  Inc.
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Results

C  = 500 psf
phi = 27 deg.

Gs = 2.70
Type = undisturbed

Peak Strain Initial Initial Initial Initial Initial Initial Final Final Final Final Final
Test SigN Shear Displ. Rate MC DD Sat. Void Ht. Dia. MC DD Sat. Void Ht.
no. psf str., psf in. in./hr % pcf % Ratio in. in. % pcf % Ratio in.

1 1275 1152 0.105 0.18 28.3 94.6 98 0.782 1.00 2.416 27.9 91.8 90 0.836 1.031

2 1600 1248 0.070 0.18 26.5 97.3 98 0.732 1.00 2.416 26.3 94.0 89 0.793 1.036

3 1900 1452 0.085 0.18 27.2 97.9 102 0.721 1.00 2.416 25.0 94.9 87 0.777 1.033

Client:  Boring #:  M-10 Sample #:  5B

Project:  Depth (ft):  10.5-11

Project #:  Soil:  

    TEST REPORT: Direct shear - inundated, consolidated, & drained test

Undisturbed grayish brown poorly graded 
sand with organics

Arup     

131558

Doyle Dr. Replacement Project 
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Results

C  = 1500 psf
phi = 12 deg.

Gs = 2.70
Type = undisturbed

Peak Strain Initial Initial Initial Initial Initial Initial Final Final Final Final Final
Test SigN Shear Displ. Rate MC DD Sat. Void Ht. Dia. MC DD Sat. Void Ht.
no. psf str., psf in. in./hr % pcf % Ratio in. in. % pcf % Ratio in.

1 1850 1860 0.065 0.18 23.9 104.4 105 0.614 1.00 2.416 22.2 101.7 91 0.657 1.027

2 2300 2040 0.075 0.18 26.6 102.9 112 0.639 1.00 2.416 24.6 99.1 95 0.701 1.038

3 2800 2112 0.085 0.18 24.9 102.4 104 0.645 1.00 2.416 23.5 99.8 92 0.689 1.026

Client:  Boring #:  M-11 Sample #:  5B

Project:  Depth (ft):  15.8-16.3

Project #:  Soil:  

    TEST REPORT: Direct shear - inundated, consolidated, & drained test

Undisturbed dark greenish gray poorly 
graded sand 

Arup     

131558

Doyle Dr. Replacement Project 
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Results

C  = 0 psf
phi = 52 deg.

Gs = 2.70
Type = undisturbed

Peak Strain Initial Initial Initial Initial Initial Initial Final Final Final Final Final
Test SigN Shear Displ. Rate MC DD Sat. Void Ht. Dia. MC DD Sat. Void Ht.
no. psf str., psf in. in./hr % pcf % Ratio in. in. % pcf % Ratio in.

1 1000 1236 0.055 0.18 16.6 110.4 85 0.527 1.00 2.416 19.7 106.3 91 0.586 1.038

2 1200 1320 0.055 0.18 16.8 108.9 83 0.548 1.00 2.416 20.0 103.9 87 0.622 1.048

3 1400 1764 0.045 0.18 16.3 111.0 85 0.519 1.00 2.416 19.4 106.1 89 0.589 1.046

Client:  Boring #:  RW6-R1 Sample #:  5B

Project:  Depth (ft):  12.6-13.1

Project #:  Soil:  

    TEST REPORT: Direct shear - inundated, consolidated, & drained test

Undisturbed reddish brown silty sand  

Arup     

131558

Doyle Drive Replacement 
Project 
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Results

C  = 0 psf
phi = 41 deg.

Gs = 2.70
Type = undisturbed

Peak Strain Initial Initial Initial Initial Initial Initial Final Final Final Final Final
Test SigN Shear Displ. Rate MC DD Sat. Void Ht. Dia. MC DD Sat. Void Ht.
no. psf str., psf in. in./hr % pcf % Ratio in. in. % pcf % Ratio in.

1 2000 1884 0.080 0.09 21.2 108.2 103 0.557 1.00 2.416 20.7 105.8 94 0.594 1.023

2 2500 2100 0.110 0.09 22.1 107.3 104 0.571 1.00 2.416 19.4 103.4 83 0.630 1.037

3 3000 2652 0.100 0.09 18.7 113.0 103 0.491 1.00 2.416 18.6 109.0 92 0.547 1.037

Client:  Boring #:  RW6-R1 Sample #:  7A

Project:  Depth (ft):  17-17.5

Project #:  Soil:  

    TEST REPORT: Direct shear - inundated, consolidated, & drained test

Undisturbed dark yellowish brown clayey 
sand

Arup     

131558

Doyle Drive Replacement 
Project 
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Results

C  = 450 psf
phi = 28 deg.

Gs = 2.70
Type = undisturbed

Peak Strain Initial Initial Initial Initial Initial Initial Final Final Final Final Final
Test SigN Shear Displ. Rate MC DD Sat. Void Ht. Dia. MC DD Sat. Void Ht.
no. psf str., psf in. in./hr % pcf % Ratio in. in. % pcf % Ratio in.

1 1000 972 0.105 0.18 24.3 101.6 100 0.658 1.00 2.416 21.5 99.3 83 0.697 1.023

2 1200 1092 0.060 0.18 21.7 107.8 104 0.563 1.00 2.416 24.5 104.9 109 0.607 1.028

3 1400 1200 0.070 0.18 18.2 105.5 82 0.598 1.00 2.416 17.9 103.0 76 0.636 1.024

Client:  Boring #:  RW6-R2A Sample #:  3

Project:  Depth (ft):  7.8-8.3

Project #:  Soil:  

    TEST REPORT: Direct shear - inundated, consolidated, & drained test

Undisturbed brown poorly graded sand   
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Results

C  = 1350 psf
phi = 31 deg.

Gs = 2.70
Type = undisturbed

Peak Strain Initial Initial Initial Initial Initial Initial Final Final Final Final Final
Test SigN Shear Displ. Rate MC DD Sat. Void Ht. Dia. MC DD Sat. Void Ht.
no. psf str., psf in. in./hr % pcf % Ratio in. in. % pcf % Ratio in.

1 4150 3852 0.095 0.18 19.6 108.9 97 0.548 1.00 2.416 19.4 105.9 89 0.591 1.028

2 5200 4476 0.110 0.18 20.0 108.6 98 0.551 1.00 2.416 19.5 104.2 85 0.618 1.043

3 6225 5124 0.110 0.18 19.5 111.5 103 0.512 1.00 2.416 18.6 107.1 87 0.574 1.041

Client:  Boring #:  RW8-R1 Sample #:  12A

Project:  Depth (ft):  33-33.5

Project #:  EA04-163701 Soil:  

    TEST REPORT: Direct shear - inundated, consolidated, & drained test

Undisturbed brown clayey sand  
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MOISTURE  &  DENSITY  TEST

Client :  Arup Project : Doyle Dr. Replacement Project Job no : 131558

Boring # BTSB-R1 BTSB-R2 BTSB-R3A BTNB-R4 BTNB-R4 BTNB-R4 BTNB-R4 BTNB-R6

Sample # 5B 1B 3A 3A 5B 13A 19A 3B

Depth ( ft.) 13-13.5 3-3.5 2.8-3.3 8-8.5 13.1-13.6 32.8-33.3 47.8-48.3 7.9-8.4

Soil type:   ( visual ) Brown poorly 
graded sand

Brown sand Brown poorly 
graded sand

Brown lean clay 
with sand

Brown sandy silt Brown poorly 
graded sand with 
clay

Brown sand Reddish brown 
poorly graded 
sand with silt

1. Date tested: 05/21/08 05/21/08 05/21/08 05/21/08 05/21/08 05/21/08 05/22/08 05/22/08 1.

2. Tested by: CN CN CN CN CN CN KA KA 2.

3. Specimen height ( in. ) 5.81 6.00 6.00 4.93 5.88 5.85 5.80 6.00 3.

4. Wt. of specimen + tare ( gm ) 1060.5 1074.3 1085.5 778.7 971.8 1152.9 933.0 901.0 4.

5. Tare wt. ( gm ) 206.40 213.11 261.30 0.00 0.00 213.41 0.00 0.00 5.

6. Diameter ( in. ) 2.42 2.42 2.40 2.42 2.42 2.42 2.41 2.42 6.

7. Wet wt. of soil + dish wt. ( gm ) 1137.90 225.09 281.36 277.11 322.07 333.81 690.09 276.28 7.

8. Dry wt. of soil + dish wt. ( gm ) 1026.90 216.59 266.41 248.89 287.17 286.65 622.49 246.32 8.

9. Wt. of dish ( gm ) 284.85 54.75 42.33 43.19 40.42 51.73 303.12 42.87 9.

10. Dish ID 10.

Wet Density ( pcf  ) 121.7 118.8 115.6 130.7 136.8 132.9 134.2 124.3

Dry Density ( pcf ) 105.8 112.9 108.4 114.9 119.8 110.7 110.8 108.3

Moisture Content ( % ) 15.0 5.3 6.7 13.7 14.1 20.1 21.2 14.7

Gs  ( Assumed ) 2.70 2.70 2.70 2.70 2.70 2.70 2.70 2.70

Void Ratio 0.592 0.493 0.555 0.466 0.406 0.522 0.521 0.555
Saturation ( % ) 68.2 28.8 32.5 79.5 94.0 103.8 109.7 71.6

    Additional data:
Wt. of dry soil + dish  before 
washing ( gm )         

Wt. of dry soil + dish  after 
washing ( gm )
% Passing # 200 sieve         

USCS symbol
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MOISTURE  &  DENSITY  TEST

Client :  Arup Project : Doyle Dr. Replacement Project Job no : 131558

Boring # BTNB-R6 BTNB-R6 BTNB-R7A BTNB-R7A BTNB-R7A M9/RW7-A1A M9/RW7-A1A M9/RW7-A1A

Sample # 7A 9B 4 8 9A 3B 6 8

Depth ( ft.) 18-18.5 23.3-23.8 9-10.5 19-20.5 22.8-23.3 6-6.5 12-13.5 16.5-18

Soil type:   ( visual ) Brown sandy clay Strong brown silty 
sand

Dark brown clay Reddish brown 
sandy clay

Dark brown silty 
sand

Black silty sand 
with organics

Brown silty sand Gray clayey sand

1. Date tested: 05/22/08 05/22/08 05/21/08 05/21/08 05/22/08 05/22/08 05/21/08 05/21/08 1.

2. Tested by: KA KA CN CN KA KA CN CN 2.

3. Specimen height ( in. ) 6.00 6.00 6.05 5.90 3.

4. Wt. of specimen + tare ( gm ) 963.3 988.4 968.9 802.5 4.

5. Tare wt. ( gm ) 0.00 0.00 0.00 0.00 5.

6. Diameter ( in. ) 2.41 2.42 2.41 2.41 6.

7. Wet wt. of soil + dish wt. ( gm ) 653.22 257.52 123.78 128.29 262.87 639.27 1300.80 1199.80 7.

8. Dry wt. of soil + dish wt. ( gm ) 597.08 228.37 112.69 113.97 225.98 505.42 1119.40 1018.10 8.

9. Wt. of dish ( gm ) 285.83 42.53 58.39 53.19 40.39 167.87 296.54 285.06 9.

10. Dish ID 10.

Wet Density ( pcf  ) 134.0 136.3     133.6 113.5     

Dry Density ( pcf ) 113.5 117.8     111.5 81.3     

Moisture Content ( % ) 18.0 15.7 20.4 23.6 19.9 39.7 22.0 24.8

Gs  ( Assumed ) 2.70 2.70 2.70 2.70 2.70 2.70 2.70 2.70

Void Ratio 0.484 0.430   0.511 1.073   
Saturation ( % ) 100.5 98.6   104.9 99.8   

    Additional data:
Wt. of dry soil + dish  before 
washing ( gm )         

Wt. of dry soil + dish  after 
washing ( gm )
% Passing # 200 sieve         

USCS symbol
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MOISTURE  &  DENSITY  TEST

Client :  Arup Project : Doyle Dr. Replacement Project Job no : 131558

Boring # M-10 M-10 M-10 M-10 M-11 RW6-R1 RW6-R1

Sample # 2 7 11A 18 7B 1A 3B

Depth ( ft.) 4-5.5 14.3-14.8 24.3-24.8 40.5-42 20.9-21.4 2.8-3.3 7.6-8.1

Soil type:   ( visual ) Grayish brown 
poorly graded 
sand

Gray sand Light brown poorly 
graded sand with 
silt

Brown silty sand Gray poorly 
graded sand

Brown silty sand Yellowish brown 
lean clay with sand

1. Date tested: 05/21/08 05/22/08 05/22/08 05/21/08 05/22/08 05/22/08 05/22/08 1.

2. Tested by: CN KA KA CN KA KA KA 2.

3. Specimen height ( in. ) 5.60 5.85 5.40 5.75 3.

4. Wt. of specimen + tare ( gm ) 1115.5 1128.7 1061.1 856.4 4.

5. Tare wt. ( gm ) 217.18 213.43 212.37 0.00 5.

6. Diameter ( in. ) 2.41 2.41 2.40 2.41 6.

7. Wet wt. of soil + dish wt. ( gm ) 1020.60 333.53 652.31 1057.20 270.42 217.19 237.70 7.

8. Dry wt. of soil + dish wt. ( gm ) 882.90 287.98 559.50 925.20 233.22 195.16 212.53 8.

9. Wt. of dish ( gm ) 276.76 52.06 168.31 284.60 43.10 51.81 51.71 9.

10. Dish ID 10.

Wet Density ( pcf  )   133.9 130.6   132.2 124.3     

Dry Density ( pcf )   112.2 105.5   110.6 107.7     

Moisture Content ( % ) 22.7 19.3 23.7 20.6 19.6 15.4 15.7   

Gs  ( Assumed ) 2.70 2.70 2.70 2.70 2.70 2.70 2.70 2.70

Void Ratio  0.502 0.597  0.523 0.564   
Saturation ( % )  103.9 107.4  101.0 73.6   

    Additional data:
Wt. of dry soil + dish  before 
washing ( gm )         

Wt. of dry soil + dish  after 
washing ( gm )
% Passing # 200 sieve         

USCS symbol
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MOISTURE  &  DENSITY  TEST

Client :  Arup Project : Doyle Dr. Replacement Project Job no : 131558

Boring # RW6-R2A RW6-R2A BTNB-R5

Sample # 1B 7B

Depth ( ft.) 3.5-4 18.3-18.8 54-55

Soil type:   ( visual ) Dark brown poorly 
graded sand

Reddish brown 
silty sand

Dark gray clayey 
gravel

1. Date tested: 06/10/08 06/10/08 07/01/08 1.

2. Tested by: KA KA JH 2.

3. Specimen height ( in. ) 5.90 6.00 5.58 3.

4. Wt. of specimen + tare ( gm ) 742.9 1185.7 804.9 4.

5. Tare wt. ( gm ) 0.00 253.58 0.00 5.

6. Diameter ( in. ) 2.42 2.41 2.10 6.

7. Wet wt. of soil + dish wt. ( gm ) 233.70 244.31 1028.00 7.

8. Dry wt. of soil + dish wt. ( gm ) 225.52 220.68 959.30 8.

9. Wt. of dish ( gm ) 42.46 41.91 223.54 9.

10. Dish ID 10.

Wet Density ( pcf  ) 104.2 129.6 158.6           

Dry Density ( pcf ) 99.7 114.5 145.1           

Moisture Content ( % ) 4.5 13.2 9.3           

Gs  ( Assumed ) 2.70 2.70 2.70 2.70 2.70 2.70 2.70 2.70

Void Ratio 0.689 0.471 0.161      
Saturation ( % ) 17.5 75.7 156.4      

    Additional data:
Wt. of dry soil + dish  before 
washing ( gm )         

Wt. of dry soil + dish  after 
washing ( gm )
% Passing # 200 sieve         

USCS symbol
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MOISTURE  &  DENSITY  TEST

Client :  Arup Project : Doyle Drive Replacement Project Retaining Wall Job no : EA04-163701

Boring # RW8-R1 RW8-R1 RW8-R1 RW8-R5 RW8-R5 RW8-R5 RW8-R5

Sample # 3B 5A 7B 3A 5B 17 24

Depth ( ft.) 8.5-9 13-13.5 18.5-19 8-8.5 13.5-14 43-43.5 67.5-69

Soil type:   ( visual ) Very dark brown 
silty sand

Very dark brown 
silty clay with sand

Yellowish brown 
clay

Dark yellowish 
brown clayey sand

Olive brown poorly 
graded sand with 
silt

Olive brown poorly 
graded sand with 
silt

Olive brown silty 
sand

1. Date tested: 01/22/09 01/22/09 01/22/09 01/22/09 01/22/09 01/22/09 01/22/09 1.

2. Tested by: KA KA KA KA KA KA KA 2.

3. Specimen height ( in. ) 5.98 5.51 5.84 5.76 5.96 6.00 3.

4. Wt. of specimen + tare ( gm ) 787.7 847.3 926.5 896.0 935.7 972.3 4.

5. Tare wt. ( gm ) 0.00 0.00 0.00 0.00 0.00 0.00 5.

6. Diameter ( in. ) 2.42 2.42 2.42 2.42 2.42 2.42 6.

7. Wet wt. of soil + dish wt. ( gm ) 246.59 663.67 224.63 275.43 290.62 202.36 616.50 7.

8. Dry wt. of soil + dish wt. ( gm ) 228.70 597.74 195.25 239.90 259.43 175.95 516.91 8.

9. Wt. of dish ( gm ) 42.09 303.28 40.26 51.36 52.18 43.17 165.58 9.

10. Dish ID 10.

Wet Density ( pcf  ) 109.0 127.3 131.3 128.7 129.9 134.1     

Dry Density ( pcf ) 99.5 104.0 110.4 108.3 112.9 111.9     

Moisture Content ( % ) 9.6 22.4 19.0 18.8 15.0 19.9 28.3   

Gs  ( Assumed ) 2.70 2.70 2.70 2.70 2.70 2.70 2.70 2.70

Void Ratio 0.694 0.620 0.527 0.555 0.492 0.506   
Saturation ( % ) 37.3 97.4 97.2 91.6 82.6 106.1   

    Additional data:
Wt. of dry soil + dish  before 
washing ( gm )         

Wt. of dry soil + dish  after 
washing ( gm )
% Passing # 200 sieve         
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MOISTURE  &  DENSITY  TEST

Client :  Arup Project : Doyle Dr. Replacement Project Job no : 131558

Boring # BTNB-R3 BTNB-R3 BTNB-R3 RW5-R1

Sample # 5A 8 13A 1A

Depth ( ft.) 11.3-11.8 17.5-19 31.4-31.9 3-3.5

Soil type:   ( visual ) Yellowish brown 
clay

Brown clayey sand Yellowish brown 
clayey sand

Yellowish brown 
silty sand

1. Date tested: 08/16/08 08/16/08 08/16/08 08/16/08 1.

2. Tested by: JH JH JH JH 2.

3. Specimen height ( in. ) 5.97 5.98 5.84 3.

4. Wt. of specimen + tare ( gm ) 945.8 915.4 945.4 4.

5. Tare wt. ( gm ) 0.00 0.00 0.00 5.

6. Diameter ( in. ) 2.43 2.43 2.42 6.

7. Wet wt. of soil + dish wt. ( gm ) 289.85 863.90 1080.70 1111.70 7.

8. Dry wt. of soil + dish wt. ( gm ) 251.98 775.01 909.30 996.70 8.

9. Wt. of dish ( gm ) 51.60 285.87 166.04 166.33 9.

10. Dish ID 10.

Wet Density ( pcf  ) 130.0   125.6 134.0         

Dry Density ( pcf ) 109.4   102.1 117.7         

Moisture Content ( % ) 18.9 18.2 23.1 13.8         

Gs  ( Assumed ) 2.70 2.70 2.70 2.70 2.70 2.70 2.70 2.70

Void Ratio 0.541  0.650 0.432     
Saturation ( % ) 94.4  95.8 86.6     

    Additional data:
Wt. of dry soil + dish  before 
washing ( gm )         

Wt. of dry soil + dish  after 
washing ( gm )
% Passing # 200 sieve         

USCS symbol
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Organic Content 
ASTM D-2974 Method C

Client: Arup
Project Name: Doyle Drive Replacement Project

Project Number: EA 04-163701
Date 1/22/2009

Boring RW8-R1
Sample 5A

Depth 13-13.5
Wet Soil + Tare 663.67
Dry Soil + Tare 597.74

Tare 303.28

Moisture Content (%) 22.39

Weight Before 440oC + Tare 299.81
Weight After 440oC + Tare 294.47

Tare 147.97

Weight of Ash (After 440oC) 146.5   
Weight of Oven-Dried Soil 151.84   

Ash Content (%) 96.48   

Organic Matter (%) 3.52
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ASTM D-1140
PERCENT PASSING NO. 200 SIEVE REPORT

Client Name Arup
Project Name Doyle Drive Replacement Project-Retaining Wall #8

Project Number EA04-163701

Boring Number RW8-R1 RW8-R5
Sample Number 9 37

Depth (ft) 22.5-25 146-147.5
Percent of Soil Finer than No. 200 Sieve 60.1 51.5    

Visual Classification Brown sandy clay Dark greenish 
gray sandy silt

Date 01/27/09 01/22/09
Weight of Dry Soil + Pan (before wash) 577.5 550.0

Weight of Dry Soil + Pan (after wash) 330.2 413.6
Weight of Pan 166.1 285.0

Method A
Specimens Soaked Overnight without Deflocculating Agent

Dry Mass Determined Directly





















































































UNCONSOLIDATED UNDRAINED COMPRESSION TEST - ASTM D2850

Client : Arup
Project : Doyle Dr. Replacement Project

Job # : Data Reduction:
Boring # BTNB-R1

Sample # :  Dial factor = 1.0 in/unit
Depth (ft) : 51.5-52.3 Load factor = 1.0 lb/unit

Date tested : 07/01/08
Soil : Very dark gray silty clayey gravel Axial Deviator

Dial Load Strain Stress
 Specimen:        Total wt. = 801.9 gms Read. Read. (%) (psf)

Ht. = 5.160 in
Ave dia. = 2.243 in -0.002  0.00 0.0

Area = 3.954 sq.in 0.001 15.9 0.06 577.6
Volume = 334.4 c.c. 0.003 17.1 0.08 622.5

Shearing rate = 0.03 inch/min 0.004 17.1 0.11 622.1
Shearing rate = 0.5 %/min 0.007 17.8 0.16 647.7

Gs (assumed) = 2.70 0.009 19.1 0.22 693.4
0.012 20.0 0.27 725.6

Test Report: Void ratio= 0.242 0.015 20.2 0.32 733.3
Ht/Dia ratio = 2.30 0.017 21.0 0.37 762.4

Moisture = 10.3 % 0.019 21.1 0.40 767.0
Total density= 149.7 pcf 0.021 21.6 0.45 784.3

Dry density = 135.6 pcf 0.024 22.5 0.50 814.2
Saturation= 115.3 % 0.027 23.0 0.55 834.0

Chamber pressure= 9500 psf 0.029 23.9 0.60 863.9
Max. deviator stress= 1869 psf 0.032 24.3 0.66 878.6

Strain @ failure= 8.07 % 0.034 25.2 0.70 912.2
0.037 26.0 0.76 938.7
0.040 26.4 0.81 954.4
0.042 26.9 0.86 973.0
0.045 27.4 0.91 990.0
0.048 28.0 0.96 1010.3
0.050 28.8 1.01 1036.5
0.053 29.3 1.06 1056.2
0.063 29.5 1.26 1062.3
0.074 32.1 1.46 1151.9
0.084 33.5 1.66 1198.5
0.094 35.6 1.86 1273.0
0.105 37.0 2.06 1321.2
0.115 38.2 2.26 1360.9
0.125 39.3 2.46 1394.8
0.136 40.1 2.66 1421.1
0.146 41.0 2.86 1451.9
0.156 42.5 3.06 1500.8
0.166 43.9 3.26 1545.4
0.177 43.7 3.46 1537.5
0.187 44.4 3.66 1558.7
0.197 45.2 3.86 1583.1
0.208 46.0 4.06 1608.1
0.218 46.5 4.26 1622.0
0.228 47.5 4.46 1653.2
0.239 48.0 4.66 1667.2
0.249 48.7 4.86 1687.0
0.259 49.1 5.06 1698.6
0.285 50.5 5.56 1735.9
0.311 52.0 6.07 1780.2
0.337 52.7 6.57 1792.8
0.363 53.8 7.07 1819.8
0.389 55.0 7.57 1851.7
0.415 55.8 8.07 1868.7
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UNCONSOLIDATED UNDRAINED COMPRESSION TEST - ASTM D2850

Client : Arup
Project : Doyle Dr. Replacement Project

Job # : Data Reduction:
Boring # BTNB-R4

Sample # :  Dial factor = 1.0 in/unit
Depth (ft) : 59.9-60.75 Load factor = 1.0 lb/unit

Date tested : 07/01/08
Soil : Bluish gray clayey sand Axial Deviator

Dial Load Strain Stress
 Specimen:        Total wt. = 909.6 gms Read. Read. (%) (psf)

Ht. = 5.660 in
Ave dia. = 2.363 in -0.001  0.00 0.0

Area = 4.388 sq.in 0.002 17.0 0.05 557.2
Volume = 407.0 c.c. 0.003 17.7 0.08 581.7

Shearing rate = 0.03 inch/min 0.004 18.4 0.11 604.3
Shearing rate = 0.5 %/min 0.007 19.8 0.16 649.1

Gs (assumed) = 2.70 0.010 20.1 0.21 658.4
0.013 20.5 0.26 671.6

Test Report: Void ratio= 0.408 0.016 21.2 0.31 694.9
Ht/Dia ratio = 2.39 0.019 21.9 0.36 715.3

Moisture = 16.5 % 0.022 22.4 0.42 732.1
Total density= 139.4 pcf 0.025 22.2 0.46 726.7

Dry density = 119.7 pcf 0.028 22.9 0.52 747.8
Saturation= 109.4 % 0.030 23.1 0.56 755.1

Chamber pressure= 10500 psf 0.034 23.9 0.62 779.6
Max. deviator stress= 1458 psf 0.036 23.7 0.67 773.6

Strain @ failure= 19.59 % 0.039 24.4 0.72 793.9
0.041 24.2 0.75 787.9
0.044 25.0 0.80 812.3
0.047 25.1 0.85 815.7
0.050 25.0 0.90 814.1
0.052 25.3 0.95 820.9
0.055 25.6 1.01 830.1
0.058 25.6 1.06 832.7
0.070 26.4 1.26 856.5
0.081 27.8 1.46 897.6
0.092 28.4 1.66 915.1
0.104 29.4 1.86 947.9
0.115 29.6 2.06 951.7
0.126 30.8 2.26 987.4
0.137 31.9 2.46 1022.1
0.149 32.8 2.66 1049.1
0.160 33.1 2.86 1053.7
0.171 33.6 3.06 1068.2
0.183 34.2 3.26 1084.6
0.194 34.7 3.46 1100.6
0.205 35.1 3.66 1111.0
0.217 35.5 3.86 1119.6
0.228 36.2 4.06 1139.3
0.239 36.2 4.26 1136.9
0.251 36.7 4.46 1152.0
0.262 37.2 4.66 1163.9
0.273 37.7 4.86 1175.6
0.285 38.1 5.06 1187.1
0.313 38.6 5.56 1195.3
0.341 39.2 6.06 1209.0
0.370 40.3 6.56 1235.0
0.398 41.0 7.06 1249.3
0.427 41.6 7.57 1263.1
0.455 42.2 8.07 1273.2
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UNCONSOLIDATED UNDRAINED COMPRESSION TEST - ASTM D2850

Client : Arup
Project : Doyle Dr. Replacement Project

Job # : Data Reduction:
Boring # BTNB-R4

Sample # :  Dial factor = 1.0 in/unit
Depth (ft) : 87.1-88.1 Load factor = 1.0 lb/unit

Date tested : 07/02/08
Soil : Bluish gray clayey sand Axial Deviator

Dial Load Strain Stress
 Specimen:        Total wt. = 937.3 gms Read. Read. (%) (psf)

Ht. = 5.630 in
Ave dia. = 2.413 in -0.002  0.00 0.0

Area = 4.576 sq.in 0.001 25.7 0.05 808.1
Volume = 422.2 c.c. 0.003 26.7 0.08 840.8

Shearing rate = 0.03 inch/min 0.004 26.7 0.11 840.6
Shearing rate = 0.5 %/min 0.007 27.6 0.16 868.3

Gs (assumed) = 2.70 0.010 27.8 0.21 873.6
0.013 28.4 0.26 891.7

Test Report: Void ratio= 0.420 0.016 28.6 0.31 896.9
Ht/Dia ratio = 2.33 0.019 29.5 0.36 924.9

Moisture = 16.8 % 0.021 30.2 0.41 945.9
Total density= 138.5 pcf 0.024 30.7 0.46 962.8

Dry density = 118.6 pcf 0.027 31.3 0.51 979.4
Saturation= 107.8 % 0.030 31.5 0.57 985.2

Chamber pressure= 16000 psf 0.033 31.9 0.62 997.1
Max. deviator stress= 1664 psf 0.036 32.4 0.67 1012.5

Strain @ failure= 20.04 % 0.039 32.8 0.72 1024.2
0.042 33.4 0.78 1042.9
0.045 33.3 0.83 1039.1
0.048 33.8 0.88 1055.2
0.051 34.2 0.93 1066.3
0.054 34.7 0.99 1081.5
0.057 34.8 1.03 1084.1
0.064 35.4 1.16 1102.3
0.075 36.2 1.36 1123.2
0.086 37.3 1.56 1154.9
0.097 38.2 1.76 1181.1
0.109 39.4 1.96 1215.6
0.120 39.8 2.16 1224.3
0.131 40.6 2.36 1246.0
0.142 41.1 2.56 1260.5
0.154 42.1 2.76 1288.0
0.165 42.1 2.96 1284.3
0.176 42.9 3.16 1307.7
0.188 43.5 3.36 1323.0
0.199 43.9 3.56 1331.5
0.210 44.0 3.76 1332.3
0.221 44.5 3.96 1343.6
0.233 45.4 4.16 1367.7
0.244 45.4 4.36 1366.5
0.255 45.8 4.56 1375.8
0.266 46.2 4.76 1385.5
0.278 46.7 4.96 1397.7
0.297 46.7 5.31 1392.9
0.326 47.5 5.81 1408.4
0.354 48.0 6.31 1414.8
0.382 48.7 6.82 1428.2
0.410 49.2 7.32 1433.9
0.439 49.6 7.82 1438.4
0.467 49.9 8.32 1439.5
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UNCONSOLIDATED UNDRAINED COMPRESSION TEST - ASTM D2850

Client : Arup
Project : Doyle Drive Replacement Project

Job # : Data Reduction:
Boring # BTNB-R6A

Sample # : 11B Dial factor = 1.0 in/unit
Depth (ft) : 28.3 Load factor = 1.0 lb/unit

Date tested : 05/31/08
Soil : Olive brown clayey sand Axial Deviator

Dial Load Strain Stress
 Specimen:        Total wt. = 727.1 gms Read. Read. (%) (psf)

Ht. = 5.530 in
Ave dia. = 2.420 in -0.002  0.00 0.0

Area = 4.601 sq.in 0.001 7.7 0.05 242.2
Volume = 417.0 c.c. 0.003 8.1 0.08 253.8

Shearing rate = 0.04 inch/min 0.004 8.1 0.10 253.2
Shearing rate = 0.75 %/min 0.007 8.0 0.15 250.3

Gs (assumed) = 2.70 0.009 8.5 0.20 265.3
0.012 12.8 0.25 399.8

Test Report: Void ratio= 1.304 0.015 17.4 0.30 542.4
Ht/Dia ratio = 2.29 0.018 22.0 0.35 686.5

Moisture = 48.8 % 0.021 26.6 0.40 828.7
Total density= 108.8 pcf 0.023 30.8 0.45 960.4

Dry density = 73.1 pcf 0.026 34.8 0.50 1082.2
Saturation= 101.0 % 0.029 38.4 0.55 1196.5

Chamber pressure= 4850 psf 0.032 42.1 0.60 1308.8
Max. deviator stress= 2973 psf 0.034 45.6 0.65 1416.8

Strain @ failure= 1.94 % 0.037 49.0 0.70 1524.0
0.040 52.5 0.75 1629.0
0.043 55.9 0.80 1734.3
0.045 59.2 0.85 1835.9
0.048 62.5 0.90 1937.2
0.051 65.7 0.95 2037.5
0.054 68.8 1.00 2130.4
0.061 71.8 1.13 2222.8
0.072 83.4 1.33 2574.7
0.083 92.3 1.53 2845.3
0.094 96.5 1.74 2966.1
0.105 96.9 1.94 2973.1
0.111 91.4 2.03 2802.9
0.122 83.7 2.24 2561.3
0.133 77.3 2.44 2359.7
0.144 78.2 2.64 2383.7
0.155 72.2 2.84 2195.0
0.166 63.0 3.04 1912.2
0.177 54.1 3.24 1637.1
0.188 49.3 3.44 1491.1
0.200 45.7 3.65 1378.0
0.211 40.5 3.85 1218.3
0.222 38.4 4.05 1154.0
0.233 37.1 4.25 1111.1
0.244 36.0 4.45 1077.4
0.255 34.9 4.65 1042.1
0.267 34.1 4.86 1015.5
0.278 33.9 5.06 1006.8
0.306 33.6 5.56 993.8
0.333 33.8 6.06 993.6
0.361 35.0 6.56 1023.0
0.389 35.7 7.06 1039.2
0.416 36.3 7.56 1049.5
0.444 36.8 8.07 1057.6
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UNCONSOLIDATED UNDRAINED COMPRESSION TEST - ASTM D2850

Client : Arup
Project : Doyle Drive Replacement Project

Job # : Data Reduction:
Boring # BTNB-R6

Sample # : 5 Dial factor = 1.0 in/unit
Depth (ft) : 13 Load factor = 1.0 lb/unit

Date tested : 05/30/08
Soil : Brown clay Axial Deviator

Dial Load Strain Stress
 Specimen:        Total wt. = 891.9 gms Read. Read. (%) (psf)

Ht. = 5.710 in
Ave dia. = 2.420 in -0.001  0.00 0.0

Area = 4.601 sq.in 0.002 2.4 0.05 75.5
Volume = 430.6 c.c. 0.003 3.4 0.07 105.3

Shearing rate = 0.06 inch/min 0.005 3.5 0.11 110.4
Shearing rate = 1 %/min 0.007 3.6 0.15 113.2

Gs (assumed) = 2.70 0.010 3.9 0.20 123.0
0.013 4.1 0.26 127.1

Test Report: Void ratio= 0.570 0.016 4.7 0.31 147.7
Ht/Dia ratio = 2.36 0.019 7.0 0.37 217.5

Moisture = 20.5 % 0.022 9.7 0.41 302.6
Total density= 129.3 pcf 0.025 12.3 0.46 383.9

Dry density = 107.3 pcf 0.028 14.8 0.52 460.4
Saturation= 96.9 % 0.031 16.9 0.57 525.3

Chamber pressure= 2250 psf 0.034 19.0 0.62 590.0
Max. deviator stress= 4883 psf 0.037 21.0 0.68 651.3

Strain @ failure= 9.38 % 0.040 22.8 0.73 707.2
0.043 24.5 0.77 761.1
0.046 26.2 0.83 813.5
0.049 27.9 0.88 864.9
0.052 29.4 0.93 912.9
0.055 31.1 0.99 963.2
0.058 32.7 1.04 1011.6
0.065 34.3 1.17 1061.4
0.077 40.1 1.37 1236.2
0.088 45.6 1.57 1404.5
0.100 51.1 1.77 1570.7
0.111 56.6 1.97 1736.7
0.123 62.1 2.17 1901.3
0.134 67.6 2.38 2065.6
0.146 72.9 2.58 2223.6
0.157 78.4 2.78 2384.6
0.169 83.6 2.98 2537.6
0.180 88.9 3.19 2693.2
0.192 93.7 3.39 2833.9
0.203 98.6 3.59 2975.0
0.215 103.4 3.79 3114.3
0.226 108.3 3.99 3253.4
0.238 112.8 4.19 3383.1
0.249 117.0 4.39 3499.8
0.261 121.1 4.59 3617.2
0.272 125.0 4.79 3723.8
0.284 128.8 5.00 3830.4
0.304 132.5 5.35 3923.9
0.333 140.7 5.86 4145.0
0.362 148.6 6.36 4353.2
0.391 154.6 6.87 4505.5
0.419 159.9 7.36 4635.2
0.448 164.7 7.87 4749.5
0.477 168.3 8.37 4826.5
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UNCONSOLIDATED UNDRAINED COMPRESSION TEST - ASTM D2850

Client : Arup
Project : Doyle Dr. Replacement Project

Job # : Data Reduction:
Boring # BTNB-R6

Sample # :  Dial factor = 1.0 in/unit
Depth (ft) : 90.4-91 Load factor = 1.0 lb/unit

Date tested : 07/01/08
Soil : Dark bluish gray silt Axial Deviator

Dial Load Strain Stress
 Specimen:        Total wt. = 955.8 gms Read. Read. (%) (psf)

Ht. = 5.650 in
Ave dia. = 2.417 in -0.002  0.00 0.0

Area = 4.589 sq.in 0.001 33.4 0.05 1048.5
Volume = 424.9 c.c. 0.003 35.2 0.08 1103.1

Shearing rate = 0.03 inch/min 0.004 35.4 0.11 1108.4
Shearing rate = 0.5 %/min 0.007 37.5 0.16 1176.3

Gs (assumed) = 2.70 0.010 39.2 0.21 1228.0
0.013 39.9 0.26 1250.3

Test Report: Void ratio= 0.379 0.016 41.9 0.32 1311.8
Ht/Dia ratio = 2.34 0.019 43.7 0.37 1365.4

Moisture = 14.9 % 0.022 44.5 0.42 1391.7
Total density= 140.4 pcf 0.025 45.3 0.47 1415.5

Dry density = 122.2 pcf 0.028 47.1 0.52 1469.9
Saturation= 106.0 % 0.031 47.9 0.57 1494.5

Chamber pressure= 17000 psf 0.034 48.5 0.62 1511.8
Max. deviator stress= 1750 psf 0.036 49.2 0.67 1532.3

Strain @ failure= 1.75 % 0.039 50.0 0.73 1558.7
0.042 50.8 0.78 1582.1
0.045 52.0 0.83 1618.8
0.048 52.4 0.88 1631.1
0.051 53.1 0.93 1651.4
0.054 53.1 0.98 1651.5
0.056 53.9 1.03 1673.2
0.064 54.2 1.16 1682.3
0.075 55.5 1.36 1719.1
0.086 56.5 1.55 1744.9
0.098 56.8 1.75 1750.0
0.107 56.5 1.93 1740.2
0.114 56.1 2.05 1723.0
0.126 54.6 2.25 1674.1
0.137 53.0 2.45 1622.4
0.148 51.3 2.65 1566.8
0.160 49.9 2.85 1520.6
0.171 48.4 3.06 1473.2
0.182 48.3 3.25 1467.9
0.194 47.8 3.45 1447.6
0.205 46.8 3.65 1416.2
0.216 46.2 3.86 1393.7
0.227 47.0 4.06 1415.3
0.239 46.3 4.25 1390.6
0.250 46.5 4.45 1392.8
0.261 46.8 4.65 1398.9
0.273 46.8 4.85 1396.6
0.284 46.0 5.05 1371.0
0.312 46.1 5.56 1365.4
0.341 45.4 6.06 1338.8
0.369 45.8 6.56 1341.6
0.397 45.3 7.06 1320.5
0.426 45.8 7.56 1327.7
0.454 45.6 8.06 1315.6
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UNCONSOLIDATED UNDRAINED COMPRESSION TEST - ASTM D2850

Client : Arup
Project : Doyle Drive Replacement Project

Job # : Data Reduction:
Boring # BTNB-R7A

Sample # : 7B Dial factor = 1.0 in/unit
Depth (ft) : 18.3 Load factor = 1.0 lb/unit

Date tested : 05/31/08
Soil : Reddish brown sandy clay Axial Deviator

Dial Load Strain Stress
 Specimen:        Total wt. = 901.3 gms Read. Read. (%) (psf)

Ht. = 5.750 in
Ave dia. = 2.417 in -0.001  0.00 0.0

Area = 4.589 sq.in 0.002 4.5 0.05 139.8
Volume = 432.4 c.c. 0.003 5.0 0.08 156.5

Shearing rate = 0.04 inch/min 0.004 5.0 0.10 156.2
Shearing rate = 0.75 %/min 0.007 5.1 0.15 161.1

Gs (assumed) = 2.70 0.010 5.4 0.20 169.5
0.013 5.6 0.25 176.1

Test Report: Void ratio= 0.565 0.016 5.9 0.30 185.0
Ht/Dia ratio = 2.38 0.019 6.4 0.35 200.0

Moisture = 20.8 % 0.022 9.1 0.40 285.7
Total density= 130.1 pcf 0.024 11.6 0.45 363.9

Dry density = 107.7 pcf 0.027 13.7 0.50 428.5
Saturation= 99.5 % 0.030 15.5 0.55 485.0

Chamber pressure= 3100 psf 0.033 17.0 0.60 531.8
Max. deviator stress= 2480 psf 0.036 18.4 0.65 573.0

Strain @ failure= 10.31 % 0.039 19.6 0.70 611.1
0.042 20.6 0.75 641.5
0.045 21.6 0.80 672.2
0.047 22.4 0.85 698.1
0.050 23.2 0.90 721.7
0.053 24.0 0.95 744.6
0.056 24.8 1.00 770.7
0.063 25.5 1.13 792.4
0.075 28.2 1.32 874.4
0.086 30.6 1.52 945.9
0.098 32.8 1.72 1012.5
0.110 34.9 1.93 1075.1
0.121 36.9 2.13 1133.3
0.132 38.9 2.33 1192.7
0.144 40.8 2.53 1248.3
0.156 42.6 2.73 1300.2
0.167 44.5 2.94 1354.0
0.179 46.1 3.13 1401.6
0.191 47.9 3.34 1451.7
0.202 49.6 3.54 1502.7
0.214 51.2 3.74 1547.4
0.225 52.8 3.94 1593.0
0.237 54.6 4.14 1641.2
0.248 56.4 4.34 1693.7
0.260 58.2 4.55 1741.9
0.272 59.9 4.75 1790.1
0.283 61.6 4.95 1838.5
0.304 63.3 5.30 1882.0
0.332 67.6 5.80 1998.2
0.361 71.5 6.31 2103.2
0.390 74.7 6.81 2185.3
0.419 77.9 7.31 2265.8
0.448 80.5 7.81 2327.8
0.476 82.4 8.31 2370.5
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UNCONSOLIDATED UNDRAINED COMPRESSION TEST - ASTM D2850

Client : Arup
Project : Doyle Drive Replacement Project

Job # : Data Reduction:
Boring # BTNB-R7

Sample # : 3B Dial factor = 1.0 in/unit
Depth (ft) : 13.3 Load factor = 1.0 lb/unit

Date tested : 05/31/08
Soil : Brown sandy clay Axial Deviator

Dial Load Strain Stress
 Specimen:        Total wt. = 916.1 gms Read. Read. (%) (psf)

Ht. = 5.620 in
Ave dia. = 2.423 in -0.001  0.00 0.0

Area = 4.614 sq.in 0.002 2.7 0.05 82.9
Volume = 424.9 c.c. 0.003 4.4 0.08 135.9

Shearing rate = 0.04 inch/min 0.004 4.6 0.10 143.8
Shearing rate = 0.75 %/min 0.007 5.2 0.15 161.7

Gs (assumed) = 2.70 0.010 5.6 0.20 173.8
0.013 6.1 0.25 189.2

Test Report: Void ratio= 0.463 0.015 7.0 0.30 217.1
Ht/Dia ratio = 2.32 0.018 7.9 0.35 245.9

Moisture = 16.8 % 0.021 9.1 0.40 283.8
Total density= 134.5 pcf 0.024 10.2 0.45 317.8

Dry density = 115.1 pcf 0.027 10.3 0.50 320.4
Saturation= 98.1 % 0.029 12.4 0.55 386.1

Chamber pressure= 2250 psf 0.031 13.8 0.57 427.4
Max. deviator stress= 3480 psf 0.034 14.8 0.63 460.0

Strain @ failure= 9.57 % 0.036 15.6 0.67 483.9
0.039 17.2 0.72 534.1
0.042 18.4 0.77 570.4
0.045 19.0 0.82 587.5
0.048 20.2 0.87 624.0
0.051 21.3 0.92 658.3
0.053 22.3 0.97 689.8
0.056 23.1 1.02 713.3
0.067 25.2 1.22 777.4
0.079 24.5 1.43 752.2
0.090 30.7 1.63 942.0
0.101 33.3 1.83 1019.8
0.113 36.0 2.03 1101.1
0.124 38.6 2.24 1176.6
0.136 41.2 2.44 1255.9
0.147 43.9 2.64 1333.2
0.158 46.5 2.84 1409.3
0.170 49.1 3.04 1485.8
0.181 51.8 3.24 1564.9
0.192 54.7 3.44 1647.6
0.203 57.7 3.65 1735.4
0.215 60.4 3.85 1813.3
0.226 63.6 4.04 1903.7
0.237 66.4 4.25 1983.6
0.249 69.5 4.45 2071.6
0.260 72.4 4.66 2155.3
0.271 75.4 4.85 2237.6
0.283 78.3 5.06 2320.7
0.311 83.5 5.56 2461.1
0.339 90.2 6.06 2644.9
0.367 96.6 6.56 2817.3
0.395 102.9 7.06 2983.9
0.424 108.5 7.56 3130.7
0.452 113.8 8.07 3266.3
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UNCONSOLIDATED UNDRAINED COMPRESSION TEST - ASTM D2850

Client : Arup
Project : Doyle Dr. Replacement Project

Job # : Data Reduction:
Boring # BTNB-R7

Sample # :  Dial factor = 1.0 in/unit
Depth (ft) : 86.1-86.7 Load factor = 1.0 lb/unit

Date tested : 07/01/08
Soil : Bluish gray gravelly silt Axial Deviator

Dial Load Strain Stress
 Specimen:        Total wt. = 954.2 gms Read. Read. (%) (psf)

Ht. = 5.660 in
Ave dia. = 2.413 in -0.001  0.00 0.0

Area = 4.576 sq.in 0.002 25.7 0.05 807.6
Volume = 424.4 c.c. 0.003 26.9 0.08 844.6

Shearing rate = 0.01 inch/min 0.005 27.5 0.10 865.6
Shearing rate = 0.25 %/min 0.007 28.9 0.15 907.4

Gs (assumed) = 2.70 0.010 30.0 0.20 943.6
0.013 31.0 0.25 973.5

Test Report: Void ratio= 0.378 0.016 31.9 0.30 1001.1
Ht/Dia ratio = 2.35 0.019 32.1 0.35 1006.3

Moisture = 14.8 % 0.022 32.8 0.40 1029.5
Total density= 140.3 pcf 0.024 33.6 0.45 1054.0

Dry density = 122.2 pcf 0.027 34.2 0.50 1069.9
Saturation= 105.4 % 0.030 34.4 0.55 1076.0

Chamber pressure= 16000 psf 0.033 34.9 0.60 1090.5
Max. deviator stress= 1139 psf 0.036 35.2 0.65 1100.6

Strain @ failure= 0.98 % 0.039 36.1 0.70 1128.7
0.041 35.6 0.75 1112.2
0.043 35.8 0.78 1117.7
0.046 35.4 0.83 1105.6
0.048 36.3 0.88 1131.7
0.051 36.1 0.93 1124.7
0.054 36.6 0.98 1139.3
0.057 36.2 1.03 1126.2
0.068 36.2 1.23 1125.7
0.080 36.6 1.43 1135.1
0.091 36.3 1.63 1124.1
0.102 36.1 1.83 1116.4
0.114 35.8 2.03 1102.9
0.125 35.4 2.23 1088.1
0.136 35.4 2.43 1086.6
0.148 35.7 2.63 1093.0
0.159 35.8 2.83 1093.5
0.170 35.3 3.03 1076.1
0.182 35.1 3.23 1069.4
0.193 35.2 3.43 1070.3
0.204 34.9 3.63 1058.4
0.215 35.4 3.83 1070.5
0.227 35.5 4.03 1072.3
0.238 35.1 4.23 1057.0
0.249 35.1 4.43 1056.1
0.261 34.9 4.63 1046.3
0.272 35.2 4.83 1054.3
0.283 35.3 5.03 1055.2
0.312 35.7 5.53 1060.0
0.340 35.7 6.03 1055.5
0.368 35.3 6.53 1038.8
0.397 35.9 7.03 1051.5
0.425 36.5 7.53 1061.6
0.453 36.9 8.03 1068.3
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UNCONSOLIDATED UNDRAINED COMPRESSION TEST - ASTM D2850

Client : Arup
Project : Doyle Drive Replacement Project

Job # : Data Reduction:
Boring # BTSB-R1

Sample # : 11 BOTTOM Dial factor = 1.0 in/unit
Depth (ft) : 27.5 Load factor = 1.0 lb/unit

Date tested : 05/29/08
Soil : Olive brown clay with sand Axial Deviator

Dial Load Strain Stress
 Specimen:        Total wt. = 1324.0 gms Read. Read. (%) (psf)

Ht. = 6.040 in
Ave dia. = 2.860 in -0.002  0.00 0.0

Area = 6.427 sq.in 0.001 6.4 0.05 143.9
Volume = 636.1 c.c. 0.003 8.1 0.07 180.3

Shearing rate = 0.05 inch/min 0.004 8.0 0.10 178.6
Shearing rate = 0.75 %/min 0.007 8.2 0.15 182.8

Gs (assumed) = 2.70 0.010 8.5 0.20 190.9
0.013 9.0 0.25 201.9

Test Report: Void ratio= 0.582 0.016 9.4 0.30 209.4
Ht/Dia ratio = 2.11 0.019 9.6 0.35 214.6

Moisture = 22.0 % 0.022 9.8 0.40 217.8
Total density= 129.9 pcf 0.025 9.9 0.45 220.8

Dry density = 106.5 pcf 0.028 10.1 0.50 224.4
Saturation= 101.9 % 0.031 10.2 0.55 227.5

Chamber pressure= 5200 psf 0.035 10.4 0.60 232.5
Max. deviator stress= 2960 psf 0.038 10.4 0.65 230.8

Strain @ failure= 3.95 % 0.041 10.9 0.70 242.6
0.044 11.1 0.75 247.1
0.047 11.3 0.80 252.3
0.050 12.3 0.85 273.1
0.053 14.0 0.90 309.9
0.056 15.8 0.95 350.2
0.059 17.9 1.00 397.2
0.066 20.3 1.13 449.0
0.079 32.0 1.33 707.4
0.090 44.8 1.53 988.1
0.102 58.9 1.72 1297.3
0.115 75.3 1.93 1653.8
0.127 92.4 2.14 2026.7
0.139 106.9 2.34 2340.1
0.151 117.7 2.53 2571.3
0.164 125.2 2.74 2727.5
0.176 129.8 2.94 2823.2
0.188 132.9 3.14 2884.2
0.200 134.8 3.34 2919.7
0.213 136.1 3.55 2942.3
0.225 136.9 3.75 2952.5
0.237 137.5 3.95 2959.7
0.249 137.5 4.15 2953.5
0.261 137.3 4.35 2943.2
0.273 137.0 4.55 2930.3
0.286 136.6 4.76 2915.6
0.298 135.8 4.96 2892.6
0.319 135.0 5.31 2863.9
0.334 133.3 5.56 2819.9
0.364 131.0 6.06 2757.6
0.395 127.1 6.57 2660.4
0.425 121.2 7.06 2524.6
0.455 113.4 7.56 2347.9
0.486 102.3 8.07 2106.6
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UNCONSOLIDATED UNDRAINED COMPRESSION TEST - ASTM D2850

Client : Arup
Project : Doyle Drive Replacement Project

Job # : Data Reduction:
Boring # BTSB-R2

Sample # : 5A Dial factor = 1.0 in/unit
Depth (ft) : 12.8 Load factor = 1.0 lb/unit

Date tested : 05/30/08
Soil : Reddish brown clay Axial Deviator

Dial Load Strain Stress
 Specimen:        Total wt. = 929.4 gms Read. Read. (%) (psf)

Ht. = 6.000 in
Ave dia. = 2.420 in -0.002  0.00 0.0

Area = 4.601 sq.in 0.001 3.2 0.05 100.5
Volume = 452.4 c.c. 0.003 4.9 0.07 154.1

Shearing rate = 0.05 inch/min 0.004 4.8 0.10 151.5
Shearing rate = 0.75 %/min 0.007 4.8 0.15 151.1

Gs (assumed) = 2.70 0.010 5.0 0.20 155.3
0.013 5.2 0.25 161.5

Test Report: Void ratio= 0.610 0.016 5.4 0.30 167.3
Ht/Dia ratio = 2.48 0.018 5.3 0.33 165.7

Moisture = 22.5 % 0.021 5.1 0.37 159.8
Total density= 128.2 pcf 0.024 6.6 0.43 205.9

Dry density = 104.6 pcf 0.027 8.9 0.47 275.7
Saturation= 99.6 % 0.030 10.8 0.52 337.5

Chamber pressure= 2250 psf 0.033 12.5 0.57 387.5
Max. deviator stress= 3707 psf 0.036 14.1 0.62 437.9

Strain @ failure= 15.08 % 0.039 15.8 0.67 492.5
0.042 17.4 0.72 540.5
0.045 19.3 0.77 599.3
0.048 21.1 0.82 655.2
0.051 23.1 0.88 716.5
0.054 24.8 0.92 768.1
0.057 26.5 0.97 821.6
0.060 28.3 1.02 876.4
0.072 32.5 1.23 1004.3
0.084 38.6 1.43 1190.3
0.096 43.7 1.63 1344.2
0.108 48.2 1.83 1482.2
0.120 52.4 2.03 1605.6
0.133 56.2 2.24 1719.5
0.145 59.7 2.44 1823.1
0.156 62.9 2.63 1917.0
0.169 65.9 2.84 2004.8
0.181 68.9 3.05 2089.4
0.193 71.4 3.24 2162.8
0.205 73.7 3.44 2226.5
0.217 75.7 3.65 2282.2
0.230 77.4 3.85 2328.7
0.241 79.2 4.05 2379.2
0.253 81.1 4.25 2430.6
0.266 83.0 4.46 2481.2
0.278 84.8 4.66 2529.7
0.290 86.5 4.86 2574.5
0.302 88.1 5.06 2618.3
0.332 91.3 5.56 2698.0
0.362 95.6 6.06 2810.0
0.392 99.4 6.56 2906.1
0.422 103.1 7.07 2998.1
0.452 106.6 7.57 3085.0
0.482 109.4 8.07 3146.9
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UNCONSOLIDATED UNDRAINED COMPRESSION TEST - ASTM D2850

Client : Arup
Project : Doyle Drive Replacement Project

Job # : Data Reduction:
Boring # BTSB-R2

Sample # : 7A Dial factor = 1.0 in/unit
Depth (ft) : 17.8 Load factor = 1.0 lb/unit

Date tested : 05/30/08
Soil : Reddish brown clayey sand Axial Deviator

Dial Load Strain Stress
 Specimen:        Total wt. = 976.6 gms Read. Read. (%) (psf)

Ht. = 5.950 in
Ave dia. = 2.420 in -0.001  0.00 0.0

Area = 4.601 sq.in 0.002 4.4 0.05 136.6
Volume = 448.7 c.c. 0.003 5.3 0.07 166.3

Shearing rate = 0.06 inch/min 0.005 5.3 0.10 165.7
Shearing rate = 1 %/min 0.007 5.4 0.14 167.9

Gs (assumed) = 2.70 0.011 5.4 0.20 169.1
0.014 6.4 0.25 201.2

Test Report: Void ratio= 0.478 0.017 8.6 0.31 268.3
Ht/Dia ratio = 2.46 0.020 10.6 0.36 329.1

Moisture = 19.1 % 0.023 12.2 0.41 379.2
Total density= 135.8 pcf 0.026 13.7 0.47 426.1

Dry density = 114.0 pcf 0.029 15.1 0.52 469.8
Saturation= 108.2 % 0.033 16.3 0.57 508.1

Chamber pressure= 3100 psf 0.036 17.4 0.62 542.1
Max. deviator stress= 3708 psf 0.039 18.4 0.68 573.0

Strain @ failure= 10.88 % 0.042 19.5 0.73 604.7
0.045 20.3 0.79 631.5
0.049 21.4 0.84 663.2
0.052 22.3 0.89 692.1
0.054 23.3 0.93 721.5
0.058 24.1 0.99 748.1
0.061 25.0 1.05 774.0
0.068 25.7 1.17 794.0
0.080 28.8 1.37 890.2
0.092 31.5 1.58 968.8
0.104 34.3 1.78 1055.1
0.116 36.9 1.98 1133.1
0.128 39.2 2.18 1199.9
0.140 41.7 2.38 1272.8
0.152 43.6 2.58 1330.3
0.164 45.7 2.79 1391.0
0.176 47.5 2.99 1443.1
0.188 49.6 3.19 1502.6
0.200 52.0 3.39 1572.9
0.212 54.2 3.59 1635.6
0.224 56.5 3.79 1700.9
0.236 59.0 4.00 1773.0
0.248 61.7 4.20 1850.0
0.260 64.1 4.40 1919.2
0.272 66.7 4.60 1992.3
0.284 69.4 4.80 2066.6
0.296 72.0 5.00 2139.6
0.317 74.4 5.35 2204.5
0.347 81.4 5.86 2399.6
0.377 87.9 6.35 2576.7
0.407 93.3 6.86 2719.3
0.437 98.5 7.37 2855.5
0.466 104.4 7.86 3011.3
0.497 110.4 8.37 3164.5
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UNCONSOLIDATED UNDRAINED COMPRESSION TEST - ASTM D2850

Client : Arup
Project : Doyle Drive Replacement Project

Job # : Data Reduction:
Boring # BTSB-R2

Sample # : 15A Dial factor = 1.0 in/unit
Depth (ft) : 37.8 Load factor = 1.0 lb/unit

Date tested : 05/30/08
Soil : Reddish brown clay Axial Deviator

Dial Load Strain Stress
 Specimen:        Total wt. = 944.1 gms Read. Read. (%) (psf)

Ht. = 5.990 in
Ave dia. = 2.420 in -0.001  0.00 0.0

Area = 4.601 sq.in 0.002 9.9 0.05 310.8
Volume = 451.7 c.c. 0.003 11.0 0.07 343.1

Shearing rate = 0.06 inch/min 0.004 11.3 0.09 351.9
Shearing rate = 1 %/min 0.007 12.1 0.15 379.0

Gs (assumed) = 2.70 0.011 15.1 0.20 471.4
0.014 18.0 0.25 561.7

Test Report: Void ratio= 0.559 0.017 20.8 0.31 649.1
Ht/Dia ratio = 2.48 0.020 24.0 0.36 748.9

Moisture = 20.7 % 0.023 27.3 0.41 851.5
Total density= 130.4 pcf 0.027 30.4 0.47 948.4

Dry density = 108.1 pcf 0.030 33.2 0.52 1033.0
Saturation= 99.9 % 0.033 35.8 0.57 1112.4

Chamber pressure= 6550 psf 0.036 38.0 0.63 1183.2
Max. deviator stress= 4591 psf 0.039 40.2 0.68 1248.8

Strain @ failure= 13.89 % 0.042 42.3 0.73 1314.0
0.046 44.2 0.78 1371.3
0.049 46.0 0.84 1428.0
0.052 47.8 0.89 1482.8
0.055 49.4 0.94 1532.1
0.058 51.0 1.00 1579.2
0.062 52.6 1.05 1627.5
0.069 54.1 1.18 1672.8
0.081 59.2 1.38 1827.7
0.093 63.7 1.58 1961.9
0.105 68.0 1.78 2088.9
0.118 71.8 1.99 2202.5
0.129 75.2 2.19 2302.0
0.142 78.8 2.39 2407.6
0.154 81.8 2.59 2494.7
0.166 84.8 2.79 2579.7
0.178 87.6 2.99 2658.0
0.190 90.3 3.19 2736.4
0.202 92.9 3.39 2807.2
0.214 95.6 3.59 2884.2
0.226 98.2 3.79 2957.2
0.238 100.9 4.00 3032.9
0.250 103.5 4.20 3101.8
0.262 106.0 4.40 3171.6
0.274 108.6 4.60 3240.9
0.286 110.7 4.80 3299.4
0.298 113.1 5.00 3362.4
0.319 115.3 5.35 3415.7
0.350 120.5 5.86 3551.2
0.380 125.7 6.36 3682.4
0.410 130.5 6.87 3804.4
0.440 135.1 7.37 3915.8
0.470 139.2 7.88 4012.1
0.501 143.8 8.38 4123.6
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UNCONSOLIDATED UNDRAINED COMPRESSION TEST - ASTM D2850

Client : Arup
Project : Doyle Drive Replacement Project

Job # : Data Reduction:
Boring # BTSB-R2

Sample # : 15B Dial factor = 1.0 in/unit
Depth (ft) : 38.3 Load factor = 1.0 lb/unit

Date tested : 05/30/08
Soil : Yellowish brown clay Axial Deviator

Dial Load Strain Stress
 Specimen:        Total wt. = 845.2 gms Read. Read. (%) (psf)

Ht. = 5.510 in
Ave dia. = 2.413 in -0.001  0.00 0.0

Area = 4.576 sq.in 0.002 9.6 0.05 302.6
Volume = 413.2 c.c. 0.003 9.8 0.08 308.9

Shearing rate = 0.06 inch/min 0.004 9.9 0.11 309.8
Shearing rate = 1 %/min 0.007 10.1 0.16 316.8

Gs (assumed) = 2.70 0.010 10.7 0.21 334.5
0.013 11.7 0.27 366.7

Test Report: Void ratio= 0.615 0.016 20.2 0.31 634.6
Ht/Dia ratio = 2.28 0.019 29.5 0.37 926.1

Moisture = 22.3 % 0.022 38.5 0.42 1206.7
Total density= 127.6 pcf 0.025 47.0 0.47 1473.2

Dry density = 104.3 pcf 0.027 55.0 0.53 1722.2
Saturation= 98.1 % 0.030 62.6 0.58 1958.8

Chamber pressure= 6550 psf 0.033 69.6 0.63 2176.6
Max. deviator stress= 7350 psf 0.036 75.8 0.69 2369.1

Strain @ failure= 20.04 % 0.039 81.6 0.74 2547.5
0.042 87.2 0.79 2722.7
0.045 92.5 0.85 2887.1
0.047 97.1 0.89 3026.9
0.051 101.3 0.94 3159.0
0.053 105.5 1.00 3287.5
0.056 109.3 1.05 3404.2
0.063 113.0 1.18 3513.7
0.075 124.2 1.38 3855.0
0.086 132.9 1.58 4117.4
0.097 139.8 1.78 4319.3
0.108 145.4 1.98 4484.1
0.119 150.3 2.19 4627.3
0.130 154.5 2.39 4744.3
0.141 158.0 2.59 4844.7
0.152 161.4 2.79 4938.0
0.163 164.5 2.99 5022.3
0.174 167.2 3.19 5092.7
0.186 169.9 3.40 5165.4
0.197 172.6 3.60 5234.8
0.208 174.9 3.80 5293.6
0.219 177.5 4.00 5361.0
0.230 179.7 4.20 5417.4
0.241 182.0 4.40 5474.3
0.252 184.3 4.61 5533.2
0.263 186.8 4.81 5594.4
0.274 189.1 5.01 5652.1
0.294 191.5 5.37 5702.1
0.322 197.1 5.87 5837.4
0.350 201.8 6.37 5946.4
0.377 206.2 6.87 6043.7
0.404 210.5 7.37 6136.9
0.432 214.3 7.88 6213.7
0.460 217.9 8.38 6283.2
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UNCONSOLIDATED UNDRAINED COMPRESSION TEST - ASTM D2850

Client : Arup
Project : Doyle Drive Replacement Project

Job # : Data Reduction:
Boring # BTSB-R2

Sample # : 17 Dial factor = 1.0 in/unit
Depth (ft) : 42.8 Load factor = 1.0 lb/unit

Date tested : 05/30/08
Soil : Yellowish brown clay Axial Deviator

Dial Load Strain Stress
 Specimen:        Total wt. = 905.4 gms Read. Read. (%) (psf)

Ht. = 5.660 in
Ave dia. = 2.420 in -0.002  0.00 0.0

Area = 4.601 sq.in 0.001 10.5 0.05 328.0
Volume = 426.8 c.c. 0.003 10.5 0.07 327.3

Shearing rate = 0.06 inch/min 0.004 10.4 0.11 325.9
Shearing rate = 1 %/min 0.007 11.4 0.16 356.4

Gs (assumed) = 2.70 0.010 13.1 0.21 409.4
0.014 14.0 0.27 436.5

Test Report: Void ratio= 0.519 0.017 14.7 0.32 457.6
Ht/Dia ratio = 2.34 0.019 15.7 0.37 488.1

Moisture = 19.4 % 0.022 16.1 0.42 500.7
Total density= 132.4 pcf 0.024 16.8 0.44 524.1

Dry density = 110.9 pcf 0.027 16.1 0.50 500.4
Saturation= 100.7 % 0.030 16.3 0.56 506.0

Chamber pressure= 7400 psf 0.033 15.2 0.61 472.3
Max. deviator stress= 12547 psf 0.036 14.9 0.66 464.6

Strain @ failure= 9.63 % 0.039 14.4 0.71 447.9
0.042 14.5 0.77 448.9
0.044 15.5 0.81 480.2
0.047 17.3 0.86 536.0
0.050 20.1 0.92 623.1
0.053 23.0 0.97 712.0
0.056 25.2 1.02 781.1
0.059 27.7 1.08 858.7
0.071 34.1 1.28 1053.2
0.082 48.4 1.48 1491.3
0.094 73.3 1.68 2256.4
0.105 109.8 1.88 3371.8
0.116 153.6 2.08 4707.6
0.128 195.7 2.28 5985.5
0.139 233.3 2.49 7119.5
0.151 261.5 2.69 7962.3
0.162 283.8 2.89 8623.8
0.173 300.8 3.09 9122.8
0.185 315.1 3.29 9537.5
0.196 327.4 3.49 9886.5
0.208 337.6 3.70 10176.0
0.219 346.7 3.90 10426.0
0.230 354.7 4.10 10645.6
0.242 361.9 4.30 10837.5
0.253 368.3 4.50 11008.1
0.264 374.8 4.70 11177.0
0.276 380.5 4.90 11323.6
0.287 385.9 5.10 11459.6
0.316 394.5 5.61 11653.4
0.344 404.9 6.11 11895.9
0.373 413.7 6.61 12089.9
0.401 420.8 7.11 12232.4
0.430 427.7 7.62 12363.7
0.458 432.7 8.12 12439.8
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UNCONSOLIDATED UNDRAINED COMPRESSION TEST - ASTM D2850

Client : Arup
Project : Doyle Drive Replacement Project

Job # : Data Reduction:
Boring # BTSB-R3A

Sample # : 9A Dial factor = 1.0 in/unit
Depth (ft) : 12.8 Load factor = 1.0 lb/unit

Date tested : 05/30/08
Soil : Dark brown sandy clay Axial Deviator

Dial Load Strain Stress
 Specimen:        Total wt. = 921.7 gms Read. Read. (%) (psf)

Ht. = 5.850 in
Ave dia. = 2.407 in -0.002  0.00 0.0

Area = 4.551 sq.in 0.001 2.8 0.05 88.4
Volume = 436.3 c.c. 0.003 4.3 0.08 135.0

Shearing rate = 0.04 inch/min 0.004 4.2 0.10 134.1
Shearing rate = 0.75 %/min 0.007 4.5 0.15 143.2

Gs (assumed) = 2.70 0.010 5.3 0.20 166.0
0.013 6.2 0.25 194.4

Test Report: Void ratio= 0.516 0.016 6.9 0.30 216.1
Ht/Dia ratio = 2.43 0.019 7.3 0.35 230.0

Moisture = 18.6 % 0.022 7.9 0.40 249.5
Total density= 131.8 pcf 0.025 8.2 0.45 259.2

Dry density = 111.2 pcf 0.028 8.8 0.50 275.6
Saturation= 97.4 % 0.031 9.1 0.55 286.6

Chamber pressure= 2250 psf 0.033 9.5 0.60 299.3
Max. deviator stress= 1549 psf 0.036 9.9 0.65 312.0

Strain @ failure= 12.81 % 0.039 10.3 0.70 323.0
0.042 10.8 0.75 338.2
0.045 11.0 0.80 346.3
0.048 11.4 0.85 359.0
0.051 11.7 0.90 367.1
0.054 12.1 0.95 379.3
0.057 12.5 1.00 390.3
0.064 12.7 1.13 398.8
0.076 14.1 1.33 440.5
0.088 15.6 1.53 485.7
0.099 16.8 1.73 523.3
0.111 18.0 1.93 557.9
0.123 19.0 2.13 589.9
0.135 20.1 2.33 622.5
0.147 21.2 2.54 652.5
0.158 22.4 2.74 690.2
0.170 23.4 2.94 719.9
0.182 24.5 3.14 751.4
0.194 25.7 3.34 784.6
0.205 26.7 3.54 814.9
0.217 27.9 3.74 849.0
0.229 28.7 3.94 872.2
0.240 29.7 4.14 901.8
0.253 30.6 4.35 925.5
0.264 31.4 4.54 947.7
0.276 32.5 4.74 978.6
0.288 33.4 4.95 1003.9
0.308 34.3 5.30 1027.4
0.338 36.7 5.80 1094.9
0.367 39.2 6.30 1162.0
0.396 41.4 6.80 1220.9
0.426 43.7 7.31 1280.4
0.455 45.5 7.80 1328.7
0.484 47.3 8.30 1373.8
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UNCONSOLIDATED UNDRAINED COMPRESSION TEST - ASTM D2850

Client : Arup
Project : Doyle Drive Replacement Project

Job # : Data Reduction:
Boring # BTSB-R3A

Sample # : 11 Dial factor = 1.0 in/unit
Depth (ft) : 17.8 Load factor = 1.0 lb/unit

Date tested : 05/31/08
Soil : Yellowish brown clayey sand Axial Deviator

Dial Load Strain Stress
 Specimen:        Total wt. = 936.5 gms Read. Read. (%) (psf)

Ht. = 5.450 in
Ave dia. = 2.420 in -0.002  0.00 0.0

Area = 4.601 sq.in 0.001 3.9 0.06 123.0
Volume = 411.0 c.c. 0.003 4.8 0.08 151.1

Shearing rate = 0.04 inch/min 0.004 4.8 0.11 150.7
Shearing rate = 0.75 %/min 0.007 4.9 0.16 151.6

Gs (assumed) = 2.70 0.009 5.3 0.21 166.9
0.012 10.3 0.26 320.0

Test Report: Void ratio= 0.309 0.015 15.4 0.31 481.2
Ht/Dia ratio = 2.25 0.018 20.4 0.36 635.2

Moisture = 10.5 % 0.020 24.9 0.41 774.8
Total density= 142.2 pcf 0.023 29.1 0.46 906.3

Dry density = 128.7 pcf 0.026 33.2 0.51 1034.6
Saturation= 91.7 % 0.028 37.4 0.56 1162.5

Chamber pressure= 3100 psf 0.031 41.3 0.61 1285.2
Max. deviator stress= 5121 psf 0.034 45.3 0.66 1409.9

Strain @ failure= 2.34 % 0.037 49.4 0.71 1535.4
0.039 53.5 0.76 1660.2
0.042 57.7 0.81 1790.9
0.045 61.9 0.86 1919.5
0.048 66.3 0.91 2056.2
0.050 70.8 0.96 2192.9
0.053 75.3 1.01 2332.2
0.060 79.8 1.13 2468.3
0.071 98.7 1.33 3046.3
0.082 118.3 1.53 3645.3
0.092 137.0 1.73 4212.7
0.104 151.2 1.94 4639.7
0.114 162.2 2.14 4968.4
0.126 167.6 2.34 5121.3
0.137 167.8 2.54 5118.1
0.143 162.0 2.66 4933.9
0.153 156.6 2.84 4761.5
0.164 145.7 3.04 4422.1
0.175 134.6 3.24 4076.0
0.186 126.6 3.44 3824.6
0.197 119.7 3.65 3608.0
0.208 112.9 3.85 3398.5
0.219 109.0 4.05 3273.8
0.230 106.6 4.25 3194.2
0.240 104.9 4.45 3136.6
0.251 103.2 4.65 3080.7
0.263 101.5 4.85 3021.1
0.273 98.7 5.05 2932.0
0.301 93.9 5.56 2774.1
0.328 89.2 6.05 2621.7
0.356 84.5 6.56 2470.1
0.376 81.3 6.93 2367.7
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UNCONSOLIDATED UNDRAINED COMPRESSION TEST - ASTM D2850

Client : Arup
Project : Doyle Drive Replacement Project - Retaining Wall #8

Job # : Data Reduction:
Boring # RW8-R1

Sample # : 9 Dial factor = 1.0 in/unit
Depth (ft) : 22.5 Load factor = 1.0 lb/unit

Date tested : 01/27/09
Soil : Brown sandy clay Axial Deviator

Dial Load Strain Stress
 Specimen:        Total wt. = 1243.4 gms Read. Read. (%) (psf)

Ht. = 5.910 in
Ave dia. = 2.840 in -0.001  0.00 0.0

Area = 6.337 sq.in 0.002 4.5 0.05 103.2
Volume = 613.7 c.c. 0.003 6.4 0.07 145.5

Shearing rate = 0.04 inch/min 0.004 6.8 0.10 154.6
Shearing rate = 0.75 %/min 0.007 6.6 0.15 150.4

Gs (assumed) = 2.70 0.010 6.6 0.20 149.3
0.013 6.5 0.25 147.3

Test Report: Void ratio= 0.594 0.016 6.6 0.30 148.4
Ht/Dia ratio = 2.08 0.018 6.5 0.32 147.9

Moisture = 19.6 % 0.021 6.6 0.37 149.5
Total density= 126.4 pcf 0.024 6.6 0.42 148.4

Dry density = 105.7 pcf 0.027 6.6 0.47 148.8
Saturation= 89.0 % 0.030 6.6 0.52 150.0

Chamber pressure= 4200 psf 0.032 6.6 0.57 149.7
Max. deviator stress= 2914 psf 0.035 6.7 0.62 150.6

Strain @ failure= 6.57 % 0.038 6.7 0.67 151.1
0.041 6.7 0.72 151.2
0.044 6.7 0.77 151.6
0.047 6.8 0.82 153.7
0.050 6.8 0.87 152.2
0.053 6.8 0.92 153.1
0.056 6.7 0.97 151.8
0.059 6.8 1.02 153.4
0.071 6.8 1.23 152.0
0.083 18.5 1.43 414.7
0.095 31.1 1.63 695.9
0.107 37.8 1.83 844.3
0.119 42.7 2.03 951.5
0.131 46.7 2.24 1038.2
0.143 50.8 2.44 1125.1
0.155 54.5 2.64 1206.5
0.166 58.3 2.84 1287.3
0.178 62.3 3.04 1372.2
0.190 66.4 3.24 1459.6
0.202 70.8 3.44 1553.5
0.214 75.6 3.65 1654.9
0.226 80.4 3.85 1757.5
0.238 85.6 4.06 1866.9
0.250 90.9 4.26 1977.9
0.263 96.6 4.47 2098.0
0.274 102.2 4.66 2214.6
0.286 107.9 4.87 2332.3
0.298 113.2 5.07 2442.3
0.328 121.9 5.57 2615.9
0.357 131.5 6.07 2805.7
0.387 137.3 6.57 2914.1
0.417 137.5 7.07 2903.3
0.446 131.5 7.58 2761.0
0.476 119.3 8.08 2491.8
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UNCONSOLIDATED UNDRAINED COMPRESSION TEST - ASTM D2850

Client : Arup
Project : Doyle Drive Replacement Project - Retaining Wall #8

Job # : Data Reduction:
Boring # RW8-R1

Sample # : 16A Dial factor = 1.0 in/unit
Depth (ft) : 43 Load factor = 1.0 lb/unit

Date tested : 01/24/09
Soil : Brown clay with gravel Axial Deviator

Dial Load Strain Stress
 Specimen:        Total wt. = 799.0 gms Read. Read. (%) (psf)

Ht. = 5.210 in
Ave dia. = 2.420 in -0.002  0.00 0.0

Area = 4.601 sq.in 0.001 10.5 0.06 328.8
Volume = 392.9 c.c. 0.003 13.4 0.08 418.7

Shearing rate = 0.03 inch/min 0.004 13.7 0.11 428.9
Shearing rate = 0.5 %/min 0.007 13.6 0.16 424.1

Gs (assumed) = 2.70 0.009 13.6 0.21 423.7
0.012 13.5 0.27 422.9

Test Report: Void ratio= 0.634 0.015 13.7 0.32 427.3
Ht/Dia ratio = 2.15 0.018 14.1 0.37 441.1

Moisture = 23.1 % 0.020 15.1 0.43 471.7
Total density= 126.9 pcf 0.023 15.9 0.48 495.6

Dry density = 103.1 pcf 0.026 16.5 0.53 513.9
Saturation= 98.4 % 0.028 17.2 0.58 535.3

Chamber pressure= 8175 psf 0.031 17.8 0.63 554.1
Max. deviator stress= 2564 psf 0.034 18.5 0.68 574.4

Strain @ failure= 15.33 % 0.037 19.1 0.73 593.5
0.039 19.8 0.79 615.3
0.042 20.5 0.84 635.1
0.045 21.2 0.89 657.1
0.047 21.8 0.94 675.1
0.050 22.5 0.99 696.0
0.052 23.1 1.04 716.7
0.059 23.8 1.17 737.4
0.069 26.7 1.37 824.0
0.080 29.8 1.57 917.6
0.090 32.8 1.77 1008.8
0.101 35.6 1.97 1091.0
0.111 38.2 2.17 1168.2
0.121 40.4 2.36 1234.6
0.132 42.6 2.57 1298.5
0.142 44.5 2.76 1353.2
0.153 46.4 2.97 1408.9
0.163 48.1 3.16 1458.5
0.174 49.8 3.36 1507.0
0.184 51.4 3.56 1552.2
0.194 53.0 3.76 1596.2
0.205 54.5 3.96 1637.0
0.215 56.1 4.16 1681.9
0.226 57.3 4.36 1715.6
0.236 58.6 4.56 1751.0
0.246 59.8 4.76 1782.7
0.257 61.1 4.97 1818.1
0.275 62.5 5.31 1851.4
0.301 66.0 5.81 1944.9
0.327 69.2 6.31 2030.0
0.353 72.5 6.82 2114.3
0.380 75.2 7.32 2181.8
0.406 77.5 7.82 2235.0
0.432 79.7 8.32 2287.3
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