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1. INTRODUCTION

1.1 General Considerations

This Geotechnical Baseline Report (GBR) describes the anticipated subsurface conditions for
the construction of Contract CM009, Manhattan Tunnels Excavation, of the East Side Access
(ESA) Project. This report is limited to excavations in Manhattan only, including TBM tunnels,
approach tunnels, TBM assembly chamber and adjoining starter tunnels, GCT 5 wye caverns
and adjoining starter tunnels, GCT 3, cross passages, central instrument room, and cross flue,
and the initial support. The Contract work also includes concrete lining of all excavations with
the exception of those sections where future drill-and-blast enlargements for cavern
construction will take place. The TBM driven tunnels will receive either a precast concrete
segment liner concurrent with excavation or a cast-in-place liner following TBM excavation.

This GBR provides an interpretation of the available geotechnical data and describes the
anticipated subsurface conditions and ground behavior considered likely to influence the
excavation support selection, excavation activities and underground construction. The report
presents ground and groundwater conditions that are anticipated to be encountered during the
performance of construction and includes expressly identified baseline statements with respect
to ground and groundwater conditions, ground behavior, and initial support. It also includes
certain design parameters of subsurface materials. It includes discussions of certain geologic
and manmade features of significance and discusses the instrumentation and monitoring
requirements for some of the existing buildings, structures, and tunnels within the area likely to
be affected by construction operations.

While the descriptions of the subsurface conditions provided in this report are based on
geotechnical investigations, interpretation, and analyses, they should not be understood or
interpreted as a guarantee or warranty, express or implied, that the conditions encountered
during construction will be consistently, precisely, or completely as described. No amount of
investigation or analysis can precisely predict the characteristics, quality or quantity of
anticipated subsurface and site conditions. Ground behavior will vary and is significantly
dependent upon and influenced by the construction means and methods selected and used by
the Contractor. In the interpretation of the data, and the anticipation of ground behavior during
construction, assumptions have been made regarding construction means and methods of the
TBM and drill-and-blast excavation, and sequence of excavation and initial support installation,
as stated here or shown on the Contract Drawings. Additionally, this GBR makes no
representation regarding the type of TBMs or the method and type of the final liner in the TBM
driven tunnels, rather the ground behavior is described on the basis that the initial support, as
shown on the Contract Drawings, will be installed. If different methods are employed by the
Contractor, ground behavior is likely to be different from that described herein.

The baselines were developed from the geotechnical information and data gathered from
borings and laboratory testing as well as from predictions and evaluations concerning
anticipated ground behavior during TBM operations and drill-and-blast excavation of a type that
may be employed by the Contractor. The objectives for establishing the expressly identified
baselines are to provide a more uniform basis upon which the bidders may evaluate the risks
and base their bids, and to assist the parties in identification and evaluation of differing site
conditions during construction. The contractual significance of the expressly identified baselines
is set out in the Supplemental Terms and Conditions of this Contract.
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The Contractor shall not rely exclusively on this report for the planning or performance of any
aspects of his work, including and without limitation as to means, methods, techniques,
sequences and procedures of construction, and safety precautions to be employed by the
Contractor. The Contractor must undertake its own independent review and evaluation of the
entire Contract Documents, the Geotechnical Baseline Report (GBR), the Geotechnical Data
Report (GDR), and other relevant Reference Documents to arrive at decisions concerning the
planning of the work and the means, methods, techniques, sequences and procedures of
construction. The Contractor shall submit documentation in accordance with the Contract
submittal procedures to demonstrate an understanding of the Contract scope of work, specific
requirements, procedures, and means and methods necessary to complete the work under the
conditions described and in accordance with the Contract Documents.

Construction activities for the excavation of tunnels, caverns, and chambers will be affected by
restrictions in working adjacent to New York City Transit (NYCT) Subway tunnels, Metro North
Railroad (MNR) tunnels, Grand Central Terminal, dense urban residential and commercial
development, and adjacent to certain sensitive areas of public concern with respect to noise and
vibration. These are incorporated in the Contract Documents and have not been addressed in
this GBR.

The identification of source documents, references, citations, quotation of excerpts or other
sources of information in this GBR should not be construed as incorporating such sources or
cited documents into the GBR or the Contract Documents. All such sources are Reference
Documents as defined in the Supplemental Terms and Conditions, absent an express statement
that they are incorporated as a Contract Document. In this respect, this GBR is divided into two
separate sections. Chapters 1 through 12 and Figures 1 through 6 are Contract Documents.
The Appendices A, B, and C (attached) and cited documents (listed within the Chapters) are
Reference Documents, unless they are expressly identified as Contract Documents elsewhere.

1.2 Baselined Items

Certain geotechnical parameters and conditions are baselined in the Geotechnical Baseline
Report (GBR). Those are the only baselined geotechnical parameters and conditions. All other
geotechnical interpretations and conclusions stated in this GBR constitute Contract indications,
unless expressly stated otherwise or unless identified as reference information. Provided
however that any Contract indications herein are subject to the baselines in this GBR, which, as
stated in the Supplemental Terms and Conditions, take precedence over any Contract
indications herein and elsewhere in the Contract.

The following geotechnical parameters and conditions are baselined in this GBR and given in
Chapter 12 of this document:

Discontinuity Attitudes

Rock Engineering Properties
Groundwater Inflow

Rock Conditions

Assessment of the baselined items will be determined in the field through a process of
systematic tunnel wall mapping and quantification of actual rock support installed. Rock coring
will be required from the tunnel walls for inspection and subsequent laboratory testing.
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2. PROJECT DESCRIPTION

2.1 The East Side Access (ESA) Project

The Long Island Rail Road (LIRR) presently provides passenger service from 10 branch lines
on Long Island through Amtrak’s tunnels under the East River to the west side of Manhattan into
Penn Station. The East Side Access (ESA) Project will enable the LIRR to provide direct service
to the east side of Manhattan. This service will connect the LIRR main lines through the lower
level of the existing NYCT 63rd Street Subway tunnel East River tunnel into a new terminal
station to be constructed beneath Grand Central Terminal (GCT) in Manhattan (Figure 1). A
portion of the Madison Yard at the GCT lower level will be reconstructed to serve as a
concourse for the new LIRR underground station. The ESA will provide commuters from Long
Island an alternate access to the Manhattan business district, direct access to mid-town
Manhattan on the east side, and connections to the north and east via Metro-North Railroad
(MNR). In addition, it will provide commuters direct access to New York City Transit's Lexington
Avenue Line and Times Square Shuttle.

The Manhattan Segment of the ESA project consists of following major underground
construction elements:

o Existing 63rd Street Tunnels (LIRR Level)
e Approach Tunnels

e GCT Caverns, tunnels and shafts connecting the new LIRR terminal to the Madison
Concourse

e Tall track tunnels and caverns
e Ventilation Structures

The Manhattan Segment tunnels and caverns will be built under various existing operating New
York City Transit (NYCT) subway lines, Metro-North Railroad (MNR) lines and the Grand
Central Terminal (GCT). Construction of the ESA Project will also include railroad systems and
trackwork under the operating NYCT tracks in the existing NYCT 63rd Street Subway tunnel.
The project is situated under mid-town Manhattan’s densely populated residential and business
hub considering that the entire length of the alignment extends from East 63" Street and
Second Avenue to the intersection of Park Avenue and East 38" Street.

2.2 Construction Contract CM009

Contract CM009 in Manhattan includes excavation of four single track tunnels in Manhattan
using two tunnel boring machines (TBMs), and several drill-and-blast excavations including,
GCT 5 wye caverns and adjoining starter tunnels, GCT 3 wye caverns, cross passages, central
instrument room, and cross flue. The Contract will also include those excavations (assembly
chamber) and facilities needed to deploy and operate the TBMs. The initial construction is the
drill-and excavation of the approach tunnels and a chamber for the assembly and starter tunnels
for deployment of the TBMs. TBMs will be moved to the starter tunnels, and launched, then
driven to the end of the tail tracks at East 38" Street. The TBMs will be re-launched from East
59™ Street (GCT 5) and again driven to East 38" Street. The GCT 5 wye cavern at East 59"
Street will be used to reassemble the TBMs and re-launch them.
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Upon completion of the TBM tunneling, the TBMs will be disassembled and backed-up to the
Queens shaft/open-cut for final removal.

The TBM tunnels will be excavated to a diameter required to produce a finished tunnel diameter
of 19-foot 6-inches, with a precast concrete segment or cast-in-place concrete final liner, as
shown on the Contract Drawings. The minimum tunnel clearances shown on the Contract
Drawings and construction tolerances indicated on the Contract Specification shall be
maintained. TBM mobilization, demobilization, mucking, and all other tunnel services required
for construction will be conducted through an access area constructed in Queens under a
separate construction contract.

The eastbound approach tunnel from the existing tunnel stub at East 63" Street and Second
Avenue has been excavated under a separate Construction Contract (Contract CM016 —
Manhattan Approach Tunnels Excavation by Roadheader) and will be the existing condition for
this Contract. Details of this excavation is a Reference Document for this Contract.

Contract CM009 work elements will be considered ‘pre-existing’ conditions for the future
construction contracts to complete the construction of the major underground structures in
Manhattan. Updated geological and geotechnical information revealed during Contract CM009’s
execution will be incorporated in these construction contracts. Future and concurrent construction
contracts for the Manhattan segment of the ESA project currently include:

e GCT Concourse Civil & Structural
e GCT Caverns, 63" Street Tunnel Rehabilitation, and Bellmouth Closure

e Various Ventilation Plant Facilities

2.3 Contract CM009 Tunnel Alignment

The tunnel alignments will generally follow the track alignments except at GCT3 and GCT 4
interlockings areas near 51% Street where the tunnel alignments diverge from the track
alignments to provide a rock pillar of sufficient width. Construction of the Manhattan Segment
will begin at the western terminus of the existing NYCT 63rd Street Subway tunnels beneath the
intersection of East 63" Street and Second Avenue. The two existing tunnels, spaced 29-feet 6-
inches on center. The eastbound stub has been extended under Contract CM016. The
approach tunnels will extend the two existing tunnels to the southwest, to approximately East
59™ Street where each tunnel will bifurcate into two separate tunnels and each tunnel will
continue southwest under Park Avenue to East 38™ Street.

Initially the approach tunnels will be horse-shoe shape, constructed by drill-and-blast for
approximately 180 linear feet, The assembly chamber will be excavated at the western terminus
of the approach tunnels such that a minimum of 20 feet of clear separation from the existing
NYCT tunnels is maintained. This location defines the easterly limit of the assembly chamber.
The chamber dimensions will be determined by the Contractor to meet the requirements for
machine assembly and launch. A suggested configuration of the assembly chamber has been
shown on the Contract Drawings. Excavation sequences and initial support for the assembly
chamber have been designed based on this assumed configuration. Contractor will design his
own configuration of the assembly chamber and initial support, subject to the above restriction
with regard to the adjacent NYCT tunnels. The initial supports for the tunnels, caverns and
chambers have been designed taking into consideration the proximity of adjacent
facilities/structures and the delay in placing the final liner. Starter tunnels, which will be
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marginally larger than the bored tunnels, will be needed to launch the machines. All of these
excavations will be accomplished using drill-and-blast methods, subject to controls specified to
minimize overbreak and to reduce the noise and vibration levels. The tunnel alignment extends
from East 63 Street and Second Avenue to East 59" Street, where each of the two tunnels
bifurcates to two additional tunnels. The four tunnels extend southwest to Park Avenue, where
they follow Park Avenue south to East 38" Street.

Beginning at the western terminus of the existing approach tunnels, the alignment will continue
about 1300 feet in a curve to the southwest. The existing -3.00% grade will continue for about
100 feet, and then the grade will change through a vertical curve to +1.00% under Third
Avenue. After crossing beneath East 60™ Street, the two single-track tunnels will continue on a
tangent until the tunnels are beneath the express level of the NYCT-Lexington Avenue Line.
Once the tunnels pass beneath the NYCT structures, each one will be widened into the GCT 5
wye cavern structures, each about 480 feet long. This enlargement is required for the
reassembly of the TBMs for their second drives.

South of the East 59" Street wye cavern (GCT 5), four TBM tunnels will continue for 1700 feet.
Once they cross East 56" Street, the tunnels will lie entirely beneath Park Avenue and the MNR
tunnel. Beneath East 58" Street, the tunnels will enter vertical curves that will change the
alignment to +2.00% for the outer two TBM tunnels and —2.00% for the inner two TBM tunnels.
The diverging grades will align the tunnels for the upper and lower level platforms at the GCT
caverns. At East 53" Street, the two outer tunnels will begin to swing above the two inner TBM
tunnels and enter another vertical curve to change the alignment to —2.00%.

Beneath East 51% Street, crossovers of GCT3 and GCT 4 interlockings will be constructed (in a
future Contract) on each track level to allow routing of trains to and from either of the future
station caverns. The crossovers will be housed in two two-track curvilinear caverns separated
by at least 15’ of rock. In this Contract, two TBM drives separated by an eight-foot rock pillar
will be made on each level through the future crossover. The TBM tunnel alignment at this
location differs from the track alignment.

The GCT 3 will require wye caverns for the bifurcations of each of the two TBM tunnels.

South of the crossover structures, the tunnels will enter vertical curves that change the grade to
+0.30%. The TBM tunnels will continue on this grade to the south end of the proposed tail
tracks at East 38" Street. At East 38" Street, each TBM will be partially disassembled and
backed through the bored tunnel.  The TBMs will be backed to either the East 59" Street Wye
caverns for the addition tunnel drives or for final removal from the assembly chamber near East
63rd Street and Second Avenue.

2.4 Reference Stationing

Rock mass descriptions, rock mass behavior and engineering properties and baselines
presented in this document apply to all TBM tunnels, starter tunnels and caverns. The EB2-
T402-L302 tunnel stations are used only as reference stations to subdivide the alignment into
several geologic zones for presentation of the associated geotechnical properties, rock mass
descriptions, rock mass behavior and baselines. The equations for converting from tunnel
stations to track stations are given in the Contract drawings (STA T402 34+78.06 = STA EB2
1045+37.02 and STA T402 17+52.50 = STA L402 17+52.50).
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3. SOURCES OF INFORMATION

3.1 Geotechnical and Geological Information

The sources of geotechnical and geological information for the Manhattan segment of the ESA
project are presented in the Geotechnical Data Report (GDR) Volumes 1 to 9, and pole plots, Q
and RMR values and histograms of the data are appended to this GBR. The principal sources
are published geological information, trial pits and test borings, sampling, in-situ testing,
geophysical surveys, laboratory testing and field mapping of existing exposed rock faces. The
contents of the GDR are shown in Table 3-1. In addition, the Reference Documents on
excavations under Contract CM016 have also been used to characterize certain portions of the
alignment.

Table 3-1: Contents of the Geotechnical Data Report (GDR)

Volume No. Contents

Table of Contents, Lists of Tables and Figures, Description of Geotechnical

Investigation Program and Packer Permeability Test results

Volume 2 Appendix A

ESA Project Boring Logs (MA-Series)

Appendix A (continued)

A: ESA Project Boring Logs (MG and VM Series)

Appendices A (continued) and B

Volume 4 A: ESA Project Boring Logs (MD and TT series)

B: Existing Boring Logs

Appendix C

Rock Core Photography

Appendices D, E, F

D: Geophysical Testing-Seismic Refraction Studies

E: Rock Face Mapping of GCT Lower Level South and West Walls and GCT
Substation M42 Stairwell

F: Stereophotogrammetric Survey of Stub Tunnel Rock face, NYC 63" Street
Subway

Appendices G, H, I, J, K, L, M

G: Hydraulic Fracturing Test Data

H: Dilatometer Test Data

I: Borehole Acoustic Televiewer Survey Data

J: Oriented Core Data

K: Observation Well Installation Logs

L: Soil Laboratory Test Data

M: Ground Water Chemistry Test Reports

Appendix N

N: Rock Laboratory Test Data

Appendix N (continued)

N (continued): Rock Laboratory Test Data and Voest-Alpine Reports

Volume 1

Volume 3

Volume 5

Volume 6

Volume 7

Volume 8

Volume 9

The principal sources of published information are the geologic map for the region (Baskerville,
C. A, “Bedrock And Engineering Geologic Maps Of New York County and Parts of Kings and
Queens Counties, New York, and Parts of Bergen and Hudson Counties, New Jersey”, U. S.
Geological Survey, 1994) (relevant excerpt shown in Figure 2), refereed published papers,
conference papers and books (all listed in Chapter 4 of this GBR). The published sources reveal
a controversy between that published geologic map and recent interpretation of the stratigraphy,
tectonic argument and nomenclature for the region. The relevant portion of that published
geologic map (Baskerville, 1994, Figure 2) is reproduced as Figure 2 of this GBR. This Figure 2
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is a part of the Contract documents and was given precedence over other sources in developing
the interpretations in this GBR. The Geotechnical Data Report (GDR) and other published
documents (listed in Chapter 4) are Reference Documents for this Contract.

3.2 Subsurface Environmental Information

Existing environmental conditions within the areas of the proposed construction can be found in the
Reference Document, entitled, “Supplemental Environmental Site Investigation Findings Report
Summary, Contract No. CM009 Manhattan Tunnel Excavation”, dated March 2004. Evaluation of
these conditions according to applicable environmental regulations and project protocol can also
be found in this document.
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4, PROJECT GEOLOGIC SETTING

4.1 General Considerations

This Chapter describes the general geology of the project area on a regional scale, including the
various rock types, structural features of the rock mass and discontinuity properties, as available in
the literature (references cited at the end of this Chapter in Section 4.7). The information
presented here provides for a general understanding of the general geologic regime through which
the tunnels are to be excavated. Project specific geotechnical information is provided in Chapter 5
and the data presented there takes precedence over any information given in this Chapter which is
inconsistent with the Project specific information.

4.2 General Geology of the Work Site

New York City is underlain by three physiographic units with complex geological structure, namely,
the New England Upland to the northwest, the Triassic Lowland to the southwest, and the Atlantic
Coastal Plain to the southeast. The rocks underlying Manhattan, the Bronx, and a part of Staten
Island belong to the New England Upland, and are locally known as the Manhattan Prong. The
rocks of New York City comprise three lithologically distinct sequences of a metamorphic
assemblage of Proterozoic to lower Paleozoic age consisting of schist, gneiss and marble
(Baskerville, 1994; Fuller et al., 1999). The rocks in the project area belong to the Hartland
Formation of Lower Cambrian to Middle Ordovician in age and overlie the Manhattan Schist of
Lower Cambrian in age (Baskerville, 1989, Sanders and Merguerian, 1997) (Figure 2). The
Hartland Formation lies in thrust contact with the underlying Manhattan Schist on a regional strike-
slip thrust fault known as Cameron’s Line (Baskerville, 1994).

The rocks of the Manhattan Prong were tightly folded and metamorphosed during the Taconian
Orogeny that occurred about 450 million years ago (Isachsen, et. al., 1991). The established
sequence is the lower Fordham Gneiss, with its type locality at the Fordham Heights in the Bronx
overlain by the Inwood Marble named after the type exposure in the Inwood section of the
northeastern tip of Manhattan Island, followed by the Manhattan Schist and the Hartland
Formation.

4.3 Overburden Geology

The location of old stream channels, exposed rock and marshland are illustrated in historical
documents (Viele, 1874, contained in the GDR). The stream channels are postulated to be
influenced by glacial activity exploiting weaknesses in the rock but the effects may be masked
by glacial till in places. Old streambeds have been identified in the vicinity of 45™ Street, 54™ to
55" Streets, 58" to 59™ Street and between 61% and 62™ Street, along the tunnel alignment.
The stream channels will have exploited weaknesses in the rock mass. Fault zones and high
water inflows are generally associated with the location of stream channels.

The overburden deposits above the bedrock vary substantially in depth. In the Central Park region,
the soil cover is relatively thin and increases southward toward lower Manhattan. The soils
generally consist of glacial till, modified glacial drift, sands and gravels, some glacial lakebed silts
and clays, and artificial fills.
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4.4 Structural Geology and Metamorphic Fabric

The rocks of Manhattan have a complex structural history due to several superposed phases of
deformation (Shah, et. al., 1998). The multiple deformation phases have created an intensely
folded and locally sheared rock mass with penetrative fabric, total recrystallization and localized
partial melting of the rocks.

The most prominent fold phase consists of asymmetrical and associated folds that define the
regional structure of Manhattan. The axial planes strike N35°E and generally plunge at low to
moderate angles (about 10° to 15°) toward the south-southwest. The general style of these folds
is a relatively long limb dipping gently toward the east and a shorter limb dipping steeply toward
the west. These folds are characterized by flexural-slip surfaces along foliation (Baskerville,
1989, Sanders and Merguerian, 1997).

4.5 Discontinuities

Published information states that at least four major joint sets have generally been recognized in
Manhattan Island (Cording and Mahar, 1974). The most prominent joint set, Set No. 1, lies parallel
to the plane of weakness formed by foliation and strikes N30° to 35°E with a 70° to 80° SE or 60° to
70° NW dip. Set Nos. 2 and 4 generally strike perpendicular to the foliation jointing with dips in the
range of 70° to 80°SW for Set No. 2 and about 75°NE for Set No. 4. Set No. 3 appears to run
parallel to the foliation, but dips 60° to 70° in a direction opposite to Set No.1 and has been termed
its conjugate. In addition, there exist low-angle joints, essentially striking parallel to Joint Sets 2
and 4 with dips of about 25°SW. Secondary joints, whose strikes and dips differ slightly from those
for the four dominant joint sets, have also been observed. The attitudes of the Joint Set Nos. 2, 3,
and 4 appear to change with changes in the attitude of foliation.

The existence of four dominant joint sets in this rock mass have been confirmed by geological
mapping of the south wall of the Grand Central Terminal, oriented core borings, joint traces in the
borehole walls, and historical data. However, the attitudes of the joint sets occurring along the ESA
alignment are different from the published data presented above. Section 5.4 of this GBR
discusses the results of the geotechnical investigation program regarding attitudes of the
discontinuities, and takes precedence over the published discontinuity data presented above.
Mapping results are presented in full in the GDR, Appendix E of this GBR, and discussed in
Chapters 8 and 9 of this GBR. The dip angle and direction data along the alignment are
summarized in Table 5-1.

Foliation shear zones are present throughout the rock mass and are oriented within 35° of North
and dip at angles of 40° to 80° in a west or east direction, essentially paralleling Set No. 1 (Cording
and Mahar, 1974). Transverse fault zones, cutting across foliation, are present in these rock
formations. These zones are well developed and are generally much wider than the foliation or
conjugate shear zones. Rock within these fault zones is very blocky and seamy, and many
surfaces are likely to be sheared (Cording and Mahar, 1974).

4.6 Hydrogeology

Manhattan is slightly raised above sea level, and is bounded by the East River to the east, the
Harlem River to the north, the Hudson River to the west, and the New York Harbor to the south.
The area is heavily urbanized with the exception of Central Park, and so infiltration of rainfall is
likely to be low. There are no records of major groundwater usage in the area and the Five
Boroughs were ranked in the lowest abstraction category for fresh groundwater withdrawals in
1985 (U.S. Geological Survey, 1985).
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More intense conductive fracturing occurs at the locations of the buried stream channels where the
water courses followed the weaker rock in the shear zones. These fractures are conduits for
groundwater with much greater hydraulic conductivity than other fractures in the undisturbed rock
mass.

4.7 Cited Documents
The following documents, cited in this Chapter, are Reference Documents for this Contract:

Baskerville, C. A., 1994, “Bedrock And Engineering Geologic Maps Of New York County and
Parts of Kings and Queens Counties, New York, and Parts of Bergen and Hudson Counties,
New Jersey”, U. S. Geological Survey, 1994 .

Baskerville, C. A., 1989, “Geology and Engineering Geology of the New York Metropolitan
Area”, Field Trip Guidebook T361, 28" International Geological Congress, New York, July 20-
25, 1989.

Cording, E.J., and Mahar, J.W., “The Effect of Natural Geologic Discontinuities on Behavior of
Rock in Tunnels”, Proceedings of the Rapid Excavation and Tunneling Conference, 1974.

Fuller, T., Short, L. and Merguerian, C., “Tracing the St. Nicholas Thrust and Cameron’s Line
Through the Bronx NYC”, Proc. Conf. Long Island Geology, SUNY, 1999.

Isachsen, Y.W., Lauber, J.M., Rickard, L.V., and Rogers, W.B., (editors), “Geology of New York, A
Simplified Account”, Chapter 5 in New York State Museum/Geological Survey, The State
Education Department, The University of the State of New York, Albany, NY 12230, 1991

Sanders, J.E., and Merguerian, C., “Geologic Setting of a Cruise from the Mouth of the East River
to the George Washington Bridge, New York Harbor”, A Field Trip for Participants of the 36" U.S.
Rock Mechanics Symposium, Columbia University, New York, June 29-July 2, 1997.

Shah, A. N., Wang, J., and Samtani, N. C., “Geological Hazards in the Consideration of Design and
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No. 4, 1998, pp. 524-533.
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5. GEOLOGICAL FEATURES OF ENGINEERING SIGNIFICANCE

51 General Considerations

The principal rock types that will be encountered during construction of the Manhattan segment
of the ESA Project possess a variety of geological characteristics. The engineering behavior of
the rocks will be a function of the interaction of geological characteristics, environmental
conditions and a particular construction activity. This Chapter of the GBR describes the
geological features of the rock mass along the CM009 alignment as interpreted from the
geotechnical investigations undertaken for this Project. The information presented in this
Chapter is considered to be specific to this Project and is directly applicable to the specific
Project locations and therefore takes precedence over any published information on general
geology of the region presented in Chapter 4. The general occurrence, descriptions, persistence
and extent of the characteristics of the rock mass are described below. The physical properties
of the rocks are presented, quantified and interpreted in Chapters 8 and 9.

5.2 Mineralogy

The site investigation has recovered core samples of schist, schistose gneiss, gneiss, granofels,
amphibolite and pegmatite. All of these rock types, with the exception of amphibolite, contain
significant proportions of hard minerals that are abrasive to metal, specifically quartz, garnet,
sillimanite, kyanite and andalusite. The amphibolite is relatively scarce but where recovered it
tends to be relatively weak and friable.

5.3 Metamorphic Fabric

The dominant metamorphic fabric of engineering significance is the foliation in the schistose
rocks and the mineral layering or banding in the gneissic rocks.

The foliation due to alignment of minerals, particularly the platy crystals of mica produces
strength anisotropy, which is manifest as preferential splitting along planes formed by the
foliation. The full range of strength anisotropy will be encountered, from isotropy to persistent
separation in the more intensely folded and faulted areas. The orientation and the frequency of
foliation fractures along the tunnel alignment are presented in Chapter 9 of this GBR, shown in
Figures 4 and 5, and in the Reference Documents entitled Appendices A-1, A-2, and A-3.

In general the foliation is less pronounced in the schistose gneiss although in places the quartz
and feldspar bands are so thick that the rock type between the bands is classified as schist. The
gneiss possesses distinct concentrations of quartz and feldspar separated from the mafic
minerals. The bands of quartz and feldspar possess a high aggregate hardness and abrasivity
because of the reduction in minerals with hardness less than 7 on the Mohs scale.

The granofels has a relatively isotropic fabric and preferential splitting and is less likely to occur
in this rock type. The amphibolite has a faint foliation but there is no distinct preferred
separation.
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5.4
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Discontinuities

The discontinuities in the rock mass are the metamorphic fabric and joints caused by tectonic
activity and granitization. The quantification and distribution of fracturing throughout the project
area are presented in Chapters 8 and 9 of this GBR. The foliation, foliation discontinuities, and
other discontinuities exhibit a wide range of spacing values that is typical of this rock which has
undergone major tectonic episodes such as folding, faulting and intrusions. Definitions of the
spacing terminology are given in Figure 6 of this GBR. Joint clustering is another consequence
of the intense tectonic disturbance that this rock has undergone. Joint clusters are defined as
several discontinuities of similar characteristics that are spaced closely together (spacings are
defined in Figure 6 and the glossary).

The existence of four dominant Joint Sets for the rock mass at the project site have been
confirmed by geological mapping of the exposed rock and oriented core borings. However, the
dip directions and dip angles are different from the published values presented in Chapter 4 of
this GBR and vary across the Manhattan alignment. However, the terminology in defining and
numbering of the joint sets as given in Chapter 4 has been followed here. Set 1 is the foliation
joints, Set 2 is the steeply dipping joints, Set 3 is the conjugate joint set to the foliation joint Set
1. Set 4 joints are divided into two categories, namely, 4 Low and 4 High, due to their shallow
and steep dip directions respectively.

Exposure mapping results are presented in full in Appendix E of the GDR. A summary of the dip
angles and dip directions for the joint sets are presented in Table 5-1. Graphical representation
of discontinuity data is given in Figures 4 and 5 and the reference documents entitled
Appendices A-1 and A-3 (attached). The data presented in Table 5-1 indicate substantial
variation in both dip angles and dip directions for the four joint sets.

Table 5-1: Observed Joint Dip Angles and Dip Directions (Range and Mean Values)

Tunnel Stations
Joint Set (Note: STA T402 34+78.06 = STA EB2 1045+37.02 ; STA T402 17+52.50 = STA L402 17+52.50)
Attitudes EB2 1076+50 | EB2 1066+00 | EB2 1063+00 | EB2 1054+00 | EB2 1052+00 | T402 31+00 | T402 18+50 L402 0+75
to to to to to to to to

EB2 1084+00 | EB2 1076+50 | EB2 1066+00 | EB2 1063+00 | EB2 1054+00 | EB2 1052+00 | T402 31+00 | T402 18+50

D 5° to 55° 5° to 75° 5°to 60° 5° to 55° 5°to 65° 5° to 55° 15° to 55° 15° to 60°

Set 1 P Mean: 25° Mean: 25° Mean: 30° Mean: 30° Mean: 30° Mean: 25° Mean: 35° Mean: 40°
Dip 20° to 360° 0° to 360° 0° to 350° 45° to 310° Not 110° to 340° | 195° to 300° | 135° to 290°
Direction| Mean: 145° | Mean: 155° | Mean: 140° | Mean: 180° | Determined * | Mean: 230° | Mean: 250° | Mean: 220°

. 65° to 90° 60° to 90° 60° to 80° 60° to 75° . 65° to 90° 75° to 90° 60°to 85°

Set 2 Dip Mean: 75° Mean: 70° Mean: 65° Mean: 65° Mean: 80° Mean: 85° Mean: 75°
Dip 175° to 225° | 105° to 220° | 105° to 230° | 95° to 215° o 95° to 225° | 155° to 250° | 200° to 230°
Direction| Mean: 210° | Mean: 175° | Mean: 165° | Mean: 140° Mean: 160° | Mean: 190° | Mean: 215°

Di 15° to 55° 15° to 60° 30° to 60° 10° to 60° o 15° to 60° 25° to 50° 5°t0 50°

Set 3 P Mean: 35° Mean: 35° Mean: 50° Mean: 30° Mean: 40° Mean: 35° Mean: 30°
Dip 30°to 345° | 5°to 345° 5° to 325° 10° to 350° o 335°to 10° | 35°to 140° | 10°to 130°

Direction| Mean: 270° | Mean: 135° | Mean: 150° Mean: 25° Mean: 355° Mean: 75° Mean: 60°

Di 10° to 40° Not Not Not N 10° to 40° Not 10° to 25°

Set 4 P Mean: 20° Detected*** | Detected*** | Detected*** Mean: 30° Detected*** Mean: 20°
Low | Dip 335° to 10° Not Not Not N 265°to 285° Not 300° to 360°
Direction| Mean: 355° | Detected*** | Detected*** | Detected*** Mean: 275° | Detected*** | Mean: 320°

Di 55° to 60° 55° to 85° 60° to 80° 55° to 70° N 65° to 85° 85° 70°to 85°

Set 4 P Mean: 60° Mean: 70° Mean: 75° Mean: 65° Mean: 75° Mean: 85° Mean: 75°
High Dip 335°to 15° 245° to 15° 245°to 5° 265° to 35° x 295°to 320° 320° 290° to 325°
Direction| Mean: 355° | Mean: 290° | Mean: 325° | Mean: 315° Mean: 305° | Mean: 320° | Mean: 300°

Notes:

* Not Determined: Joint orientation could not be determined because the borings in this reach of the tunnels were not oriented.
**  Joint sets other than foliation jointing could not be determined because this reach of the tunnels lie in a shear zone.
*** Not Detected: This joint set was not detected in the borings in the geologic zones indicated.
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The most prominent joint set, Set No. 1, corresponds to the plane of weakness formed by the
foliation. In general, the dip angles of the foliation joints as determined from the geotechnical
investigation conducted for this Project are shallower than the values reported in the literature
(as referenced in Chapter 4 of this GBR). From East 38" Street to the north of the GCT (to
about 52" Street), the dip of the foliation is typically west to southwest. From East 52™ to East
56™ Street the dip direction is typically south. North and east of East 57" there is intense folding
and faulting that produces a highly variable dip direction until approximately East 62" Street
where the dip direction is to the East. Set 1 foliation joints are typically planar to undulating and
rough.

The Set 2 cross fabric joints display welding, healing, infill, open aperture, and coating. The Set
2 joints are steeply dipping southeast to southwest. They are typically undulating, rough to very
rough with occasional infill of sand and clay and surface staining by iron oxide, particularly close
to shear zones and in areas of more intense pegmatite formation. They are more closely spaced
near the top of rock and close to previous excavations where they occur in clusters with a much
smaller spacing.

The Set 3 joints are conjugate to the foliation joints, dipping to the east beneath Park Avenue
and varying in association with the folding and faulting east of Park Avenue. These are a fresh,
closed set, typically undulating and rough to very rough with no infill.

The Set 4 joints occur in clusters with a wide variation of dip direction typically to the NW. The
dip angle clusters into shallow or steep groups (4 Low and 4 High) and alteration and
decomposition appear to be characteristic.

Mapping at Substation 42 located approximately 300 feet east of the Project area and
approximately 40 feet below the GCT lower level (under 43" Street near Lexington Avenue)
indicates a 60° to 75° clockwise shift of the foliation dip direction to the northwest as compared
to data from the south and west wall mapping undertaken in the GCT lower level. A 35° to 105°
clockwise shifts in joint sets 2, 3, 4L, 4H has also been observed. Examination of the jointing
frequency and orientations, and joint conditions indicate the presence of a localized fault
displacement, however there is insufficient geologic evidence to indicate the orientation and
extent of such a fault.

Figure 4 shows stereographic pole plots of dip angles and dip directions of foliation and foliation
joints at selected locations (for clarity) along the alignment. The trends (strike) and relative
frequencies of occurrence of foliation and joints at selected locations (for clarity) along the
alignment are shown in rose diagrams in Figure 5. The entire set of stereographic pole plots of
foliation and non-foliation joints is given in the reference document entitled Appendix A-3
(attached to this GBR).

The pegmatite observed at most locations appears to be conformable with the foliation,
although a pegmatite vein exposed in the TBM end wall in the 63™ Street Tunnel cuts across
foliation. The pegmatite is discontinuous with the metamorphic rock. This discontinuity can be
distinctive, mixed, altered, fractured and decomposed. In general, the discontinuity is distinct
and not associated with a fracture. However, there are occurrences where the rock has a
broken, weathered, altered and sheared margin ranging from one inch to three feet thick. There
are occasional occurrences of granofels juxtaposed on the pegmatite that are inferred as baked
margins.
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The welded joints tend to conform to the joint sets. In some cases there is slight displacement
and dissolution. Although the welding is tight, it is an incipient weakness.

Healed joints occur in the breccia. The metamorphic rock and pegmatite have been fractured,
dilated, and displaced. The breccia has been bound together by mylonite, quartz and feldspar.
These joints are tortuous and do not conform to a joint set.

The Set 3 joints may be infilled with mixed clay, silt, and sand in thicknesses ranging from a
coating to 1/4 inch although the typical thickness is 1/16 inch or less. The clay mineralogy has
not been determined but chlorite has been visually identified. Infill is rarely associated with
evidence of faulting suggesting that the products are not gouge. The infill is from the
degradation of the joint walls rather than transported by groundwater through the fractures.

Slickensides have been identified throughout the project area. They tend to form on the Set 1
foliation surface although there are some occurrences of slickensides on non-foliation joints.
The slickensides are present as single occurrences or in clusters at inch to foot spacing.

55 Faults and Shears

The tectonic history of the rocks has left the rock underlying Manhattan fractured and
dislocated. The faults are singular or narrow features with relative displacement of individual
planes or groups of planes. The shears range from inch scale features to major regional
features.

The published map (Baskerville, 1994) shows the 125" Street Fault approximately 1.5 miles to
the north of the Work Site. The 42" Street fault is shown approximately 1 mile to the west of the
Work Site trending NW-SE, and dipping to the SE.

Shear zones occur at various scales, from thin bands on inch scale to regional-scale features.
The inch scale features are classified as micro-shears and they are subtle and only noticeable
by a distinct zone of weak, friable and extremely fractured rock. These are typical of this rock,
occurring throughout the Work Site, with typical thicknesses less than 6 inches. Shear planes
identified by the wall mapping retained an undulating profile and rough to very rough surface.

Cording et. al. (1974) states “If the joint has a polished or slickensided surface it is termed a shear.
Shears commonly contain up to % inches clay gouge filling. A shear zone is a zone of fractured
rock containing several parallel shears and one or more % to 12 inches thick gouge zones. The
width of the entire shear zone typically ranges from %4 inches to 10 ft.” The clay fraction in the
gouge zones predominantly contains montmorillonite or interlayer montmorillonite-chlorite. The
shear zones occur in swarms, generally 10 to 50 feet apart and are located near changes in rock
type or where the foliation is pronounced.

Minor shear zones are characterized by thicknesses of fractured rock on a one-foot scale with a
zone of influence on a 10-foot scale with associated clusters of infilled, stained or mineralized
joints and slickensides. These have persistence on the project scale and are likely to be
encountered anywhere along the alignment.

Major shear zones are characterized by fractured rock greater than 10-foot scale with a zone of
influence on 100-foot scale; with more intense destructive effects. The breccia is distinct and
bounded with mylonite. The fractures are healed by quartz and mylonite. The boundary of the
breccia and the undamaged rock is distinctive but the zone of influence includes clusters of
open infilled and mineralized joints. Shear zones have been identified along the CMO009
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construction contract alignment in the East 57" Street to East 58" Street area and in the vicinity
of East 54" Street. Descriptions of these major shear zones are given in Chapter 9 of this GBR
and shown in Figure 3. However, other unidentified shear zones are likely to be encountered
along the alignment during construction.

5.6 Pegmatite

Pegmatite is common in the project area and occurs as very thin veins on inch scale to thick
layers of massive rock generally in layers parallel to foliation. The thin pegmatite often occurs in
clusters of similar thickness that can be continuous over several feet of core. A major pegmatite
approximately 15 feet thick dipping to the west exists beneath Park Avenue from East 56"
Street to East 52" Street along the CM009 Construction Contract alignment.

The pegmatite is a relatively strong and competent rock and generally shows a distinctive
contact with the host rock, although in places the contact can be mixed.

5.7 Alteration and Decomposition

Although the rocks have conventional schist mineralogy there are minerals, and types of
mineralization that indicate alteration after metamorphism. The alteration is related to passage
of water, steam and volatile gases through pre-existing fractures in the rock mass. The
mineralization includes deposition of chlorite and other minerals on fracture surfaces, dissolution
and decomposition of mica and feldspar and growth of epidote.

Decomposition is rare and generally associated with alteration. It is limited to degradation of
certain minerals, such as, mica and feldspar. Decomposition has occurred in some extremely
fractured zones as the product of weathering rather than alteration. A zone of alteration has
been identified along the CM009 Construction Contract alignment from about Third Avenue and
East 62™ Street to about East 58" Street. Descriptions of these geologic zones are given in
Chapter 9 of this GBR and shown in Figure 3. Other zones similar to this one are likely to be
encountered along the alignment during construction.

5.8 Groundwater

The sources of groundwater recharge in Manhattan are surface infiltration, leaking sewers,
drains and water lines, and the adjacent East River and Hudson River. On a regional scale,
surface water bodies also include the Harlem River and New York Bay.

The network of fractures will control the groundwater conditions for the rock mass. The
permeability of the discontinuities will be influenced by several factors including the intimacy of
adjacent surfaces, alteration processes that have removed or placed minerals on fracture
surfaces, and joint wall material that has been fragmented or crushed by faulting and shearing.
These geological processes can increase or decrease the permeability of individual joints. Also,
larger scale features, such as mylonite, act as a regional hydraulic barrier whereas major shear
zones act as regional storage and conduits for groundwater.

Water levels measured in the borehole standpipes range from 15 feet below street level to less
than 5 feet below the invert of the existing lower level of the Grand Central Terminal. The
groundwater readings and packer test data are presented in the GDR.
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6. MANMADE FEATURES OF ENGINEERING SIGNIFICANCE

6.1 General Considerations

During the construction period of CM009, impacts to the existing structures along the proposed
tunnel alignment must be minimized. This includes NYCT structures, MNR structures (GCT and
Metro North railroad tunnels), NYC DOT structures (Park Avenue Tunnel and Park Avenue
Viaduct) and privately owned properties above or adjacent to, or in the vicinity of the proposed
alignment. In the areas where drill-and-blast construction methods are to be used, carefully
designed and controlled blasting methods are required by the Specifications to reduce
overbreak and to minimize the noise and vibration effect on existing structures. The installation
of in-tunnel geotechnical instrumentation is required during construction for the monitoring of
ground movement within the tunnels. A monitoring program will also be implemented during
construction to measure ground vibrations (peak particle velocity, acceleration, and
displacement). Descriptions of the major existing structures are given below. Installation of
geotechnical and structural instrumentation for surface structures, NYCT subway tunnels, and
air-right structures above GCT in the vicinity of the tunnel excavation will performed under this
Contract. Installation of geotechnical and structural instrumentation in the MNR Railroad tunnels
and GCT structures will be performed by others. Instrumentation and monitoring is discussed in
Chapter 11 of this GBR.

6.2 Grand Central Terminal and Metro North Railroad Facilities

The CMO009 tunnel alignment passes directly beneath the MNR Park Avenue tunnel from
approximately East 57" Street to GCT. The tunnels continue south under the GCT lower level
and its concourse, to approximately East 38™ Street. Descriptions of the MNR tunnels and GCT
are given in the following sections. These railroad facilities must remain operational during the
construction. Portions of the CM009 tunnels are to be enlarged (in future Contracts, except GCT
3 and GCT 5) to their final configurations (station caverns and associated cross passages and
shafts, crossover caverns at East 51% Street, tail track wye caverns, ventilation plant structures
and shafts at East 55" Street and East 38" Street) under future construction contracts. No final
liner is placed in the TBM driven tunnels under this Contract. Therefore the proper and timely
installation of adequate initial support is of prime importance. The initial support was designed
taking into consideration that the final liner in the TBM tunnels will be placed in a future
Contract. The GCT 3 and GCT 5 caverns will however be excavated to their final configuration
and final liner will be installed under this Contract.

GCT is used by MNR as the Manhattan terminal for all services originating from the northerly
suburban areas. The terminal and its approaches were constructed from 1908 to 1913. The
structures for the railroad were constructed in open cut and then decked over for the street
crossing locations namely Park Avenue, Vanderbilt Avenue and the various cross streets.
Starting at East 60" Street, the existing MNR tunnel is a four track steel framed structure with
concrete arches and retaining walls on both sides of the excavation. At East 57" Street, the four
tracks branch out to a ten track configuration with four tracks continuing to the lower level, also
known as the Suburban Level, and six tracks continuing to the upper or Express Level. At
approximately East 52™ Street, the track configurations, using ladder tracks and the associated
switches, lead into the various platform and storage tracks that exist on both the upper and
lower levels of the GCT. The upper level tracks are supported on an independent steel framed
structure with foundation footings founded in rock below the lower level. The various building
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columns passing through the upper and lower levels of the terminal are founded on separate
foundations. There are numerous tunnels and passageways to adjacent buildings. In addition
there are numerous utility lines and utility connections throughout the facility.

Beneath the lower level tracks there are cross passages that were constructed to accommodate
facilities in support of the railroad operations. These are located at East 48" Street, East 45"
Street and East 43" Street. Additional levels were constructed below the lower level between
Lexington Avenue and a point east of Park Avenue and from East 42" Street to the East 43™
Street area. In recent years MNR constructed the North End Access, which now uses the East
45™ Street passageway as part of the GCT passenger circulation system.

At East 45™ Street, four existing shafts that once housed hydraulic elevators have been
abandoned. The plungers for these elevators and the casings for the in-ground cylinders may or
may not have been removed along with the elevators. It is not known whether the plungers
and/or casings are made of cast iron, wrought iron or steel. If these plungers and casings still
remain in place, the upper level TBM drives are likely to intersect two of these plungers. The
locations of these elevators are shown on the Contract Drawings. The Contractor shall be
prepared to negotiate the TBMs through these plungers and/or casings, and is not considered to
be a differing site condition for the purposes of this Contract.

The CMO009 tunnel and ESA track alignment lie beneath the Park Avenue and the MNR
underground structure starting at East 57" Street. At East 56" Street all four tunnels will be
within the Park Avenue corridor, which is 140 feet wide between building lines. The four-tunnel
alignment continues south to East 50" Street where the alignment diverges into an eight-track
configuration (parts of this excavation will be executed under future contracts). The ESA
terminal station (enlarged to final configuration under future contracts) will be housed in two
caverns each accommodating two tracks on each of two levels separated by a mezzanine level.
South of the ESA terminal the tunnel alignment will provide for four tail tracks, which will extend
south of GCT to East 38" Street. The track profile has been developed to provide a rock cover
that ranges from approximately 25 feet to 35 feet between the base of the existing GCT and the
MetLife building foundations and the crown of the ESA station cavern arch. The crown of the
tunnels to be constructed under Contract CM0Q09 lies approximately 40 feet below the base of
the GCT and building foundations.

6.3 New York City Transit (NYCT) Facilities

The approach tunnels, TBM assembly chamber, starter tunnels and the TBM tunnels will be
excavated adjacent to or beneath the following NYCT subway lines (crossing locations are
shown in Figure 3):

- NYCT 63" Street Line: Located close to the initial approach tunnels at a minimum distance
of 6.5 feet at approximately STA EB2 1083+30, and about 20 feet away from the assembly
chamber at approximately STA EB2 1082+25.

- NYCT 60™ Street Line: Located above the running tunnels, crossing the alignment at
approximately STA EB2 1071+00 at a distance of about 62 feet.

- NYCT Lexington Avenue Line (59" Street): Located above the running tunnels, crossing the
alignment at approximately STA EB2 1069+00 (at the north end) at a distance of about 30
feet.

- NYCT 53" Street Line: Located above the upper running tunnels, crossing the alignment at
approximately STA EB2 1050+50 at a distance of about 12 feet.
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- NYCT Flushing Line: Located above the upper running tunnels, crossing the alignment at
approximately STA L302 11+00 (at the north end) at a distance of about 20 feet.

- NYCT Lexington Avenue Line (38" to 42" Street): Located above the upper running tunnels
approximately between STA L402 2+00 to STA L402 9+50 at a distance of about 60 feet.

Descriptions of each of these facilities are given below. These facilities must remain in operation
during the construction. The construction sequencing and initial support has been designed so
as not to compromise the structural integrity of these NYCT facilities. The greatest impact of the
construction will be on the NYCT 63" Street Line, due to its close proximity to the approach
tunnels and the TBM assembly chamber, and the NYCT 53 Street Line due to its close
proximity to the running tunnels. Controlled blasting methods have been specified for the starter
tunnels and assembly chamber, and the East 59" Street wye caverns. Initial support must be
installed immediately following excavation.

6.3.1 NYCT 63" Street Line

The two existing LIRR tunnels that presently terminate at the west side of Second Avenue
beneath East 63" Street, will have been extended approximately 180 LF under a separate
construction contract. The two NYCT tunnels were constructed by a TBM and are lined with 18
inches of plain concrete. The two NYCT tunnels were built in a stacked configuration, one above
the other, on the south side of East 63 Street, between the building line and the center of the
60-foot wide street. Initial support consisted of 8" WF steel support members, four feet on
center. The existing lower NYCT tunnel (Track T2 Northbound) and the new ESA proposed
structure are approximately 6.5 feet apart vertically.

6.3.2 NYCT 60" Street Line

The NYCT 60™ Street Line is an east-west two track line beneath East 60" Street. The NYCT
structure at the CMO009 tunnel crossing location was built by drill and blast construction. The
NYCT structure within the limits of the East 59" Street Lexington Avenue Line station is a two-
track island platform with an overhead mezzanine. The NYCT 60" Street Line tracks are
approximately 56 feet below the surface of East 60" Street and approximately 62 feet above the
CMO09 tunnels and proposed ESA structure.

6.3.3 NYCT Lexington Avenue Line (59" Street)

The NYCT Lexington Avenue Line is a four-track line, consisting of two local and two express
tracks. The CMO009 tunnel alignment will cross beneath the Lexington Avenue Line between
East 59™ Street and East 60" Street. At this location the Lexington Avenue line has a station
stop, the East 59" Street Station, for both the local tracks on the upper level and the express
tracks on the lower level. Both levels have two side platforms. The local tracks are,
approximately, 31 feet below the street surface of Lexington Avenue. The station structure was
constructed using cut and cover methods. The express level tracks are approximately 86 feet
below the street surface. The station stop for the express level was constructed in the 1950's by
enlarging the original drill and blast tunnels by mining out (also by drill and blast) the rock to
create the space for the two side platforms and the passenger connections to the local level.
The CMO009 tunnels and ESA proposed structure is approximately 30 feet below the NYCT
express tracks.
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6.3.4 NYCT 53" Street Line

The NYCT 53" Street Line is a two track east-west line running beneath East 53" Street. The
portion of the NYCT line that crosses beneath Park Avenue and MNR tracks was constructed by
drill and blast tunnels. In this area the track profiles transition from a side by side alignment at the
Lexington Avenue Station to a stacked alignment at the Fifth Avenue Station. The rock tunnels are
lined with 13 inches of concrete. The distance between the NYCT 53 Street EB Track # 5, the
lower of the two tracks, and the upper CMO009 tunnels and proposed ESA structure is
approximately 12 feet.

6.3.5 NYCT Flushing Line

The NYCT Flushing Line, also known as the #7 Line, is a two track east-west line running beneath
East 42™ Street. Directly above where the CMO009 tunnels (ESA tail tracks) cross beneath the
Flushing Line, the NYCT structure was constructed as a rock tunnel which houses an island
platform. West of Park Avenue and above the CM009 alignment and the Flushing Line is the 42"
Street-Grand Central Shuttle Station with a three track two island platform configuration. This
structure is part of the original subway line, historical Contract No. 1, and was placed into operation
in 1904. A connecting passageway to the Lexington Avenue Line’s Grand Central Station crosses
beneath Park Avenue. The distance between the Flushing Line and the ESA upper tail tracks is
approximately 20 feet.

6.3.6 NYCT Lexington Avenue Line (East 38" to East 42™ Street)

The CMO009 alignment will provide tail tracks located beneath Park Avenue extending to East
38" Street. Along this same corridor, the NYCT has four tracks of the Lexington Avenue Line, a
single connecting track that leads to the 42" Street Shuttle, and abandoned tracks from the
construction of Contract No. 1 built in 1901 to 1904. The original Contract No. 1 alignment was
a four-track subway beneath Park Avenue that curved westerly and continued beneath East
42" Street. In the 1920's the alignment beneath Park Avenue was reconstructed to reroute the
line to Lexington Avenue. The present day NYCT Grand Central Station is located on the
diagonal leg of the modified alignment. The Contract No. 1 tracks beneath East 42" Street
were converted into the 42" Street Shuttle. A connecting track, tying into the Lexington Avenue
South Bound Local track, was maintained to provide access for the trains onto the shuttle
tracks. The remainder of the Contract No. 1 structures housing trackage no longer needed for
service were either abandoned or reused as support areas. The distance between the existing
NYCT tracks and the proposed ESA upper tail tracks (CM009 tunnels) structure ranges from 75
feet at East 38" Street to 60 feet at East 41% Street. The NYCT tracks are approximately 53
feet below the surface at East 38" Street and 50 feet at East 41 Street.

6.4 Buildings

Land use along the CMO009 alignment is mixed, including but not limited to high-rise office
buildings, residential structures, health care facilities, houses of worship, and hotels. North of
East 42" Street, between Fifth and Third Avenues and north to East 60" Street is the heart of
the East Midtown office district. East of Third Avenue, the land use is generally residential. The
area along East 42" Street, south of and including GCT, is densely developed with large office
buildings and residential buildings. Several high rise buildings rise directly above the GCT,
including the Helmsley Building and the MetLife building. The area along Park Avenue, from
GCT to East 59" Street is marked by tall office buildings containing corporate headquarters for
companies such as Chase Manhattan Bank, Westvaco, and Bankers Trust. Side streets to the
east and west of Park Avenue contain buildings of relatively smaller scale. Also located along
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this corridor, are historic landmark structures identified in the Specifications and drawings of this
Contract.

Eastwards around Second Avenue are several of the city’'s prestigious residential
neighborhoods, including Treadwell Farms. Residential development includes townhouses and
brownstones, high-rise apartments, and walk-up apartments. The southern portion of East
Midtown between East 34" Street and East 40" Street, and centered on Park Avenue is a
residential area known as Murray Hill. However, areas to the east and west of Park Avenue
contain commercial properties.

A building condition assessment survey along the ESA alignment has been implemented during
the design process. Emphasis was placed on buildings within the influence zone of the drill and
blast sections. The existing buildings’ susceptibility to possible impacts due to the construction
methods proposed for the CMO009 tunnels and ESA structures was assessed during this
process. Generally, the limit of the survey was 200 feet from the planned excavation limits of
the rock tunnels and related structures (crossovers, wye structures, GCT caverns). Facades for
buildings five stories or less were inspected from the public right of way. For structures six
stories and higher, available Technical Facade Reports from the New York City Department of
Buildings in accordance with Local Law 11, were reviewed. Interiors of the basements of a
number of buildings adjacent to and above the drill and blast areas were inspected, depending
on accessibility constraints. Based on the information obtained for the properties inside the 200
feet influence zone, a general condition assessment of good, fair or disrepair was determined
for the building facades. Results of the condition survey are provided as Reference Documents
for this Contract.

The Resident Engineer will conduct a pre-construction survey along the CMO009 tunnel
alignment. Pre-construction documents will be provided to the Contractor for review. If required,
the Contractor may further document the condition of these buildings before commencement of
tunneling work.

The Contractor should review the conditions of the buildings and provide additional
instrumentation and monitoring as deemed necessary, and as reviewed by the Resident
Engineer. Of special note is a highly sensitive residential area at East 63" Street and Second
Avenue (Treadwell Farms), which will require special measures in terms of ground vibration,
airblast, and drilling noise limits, in addition to monitoring for settlements. Construction methods,
sequencing, and initial support are shown on the Contract Drawings and described in Chapter
10 and in the Specifications, so as to limit any ground settlements in the vicinity of the
foundations within specified limits.

6.5 DOT Structures

Two NYC DOT structures overlie the tail tracks area of the ESA project.: namely the Park
Avenue Viaduct and the Park Avenue Tunnel.

The portion of the Park Avenue Viaduct affected is an elevated structure from East 42" Street
to East 40" Street along Park Avenue with two-way traffic running in the north-south direction.
The structure consists of a three span steel arch bridge (B.l.N. 2-24655-0, 2-24546-0, and 2-
24547-0) with spans approximately 109 feet in length, two reinforced concrete piers located
between East 42" and East 41% Streets and an approach runway from East 41% Street to East
40™ Street. The viaduct at East 42™ Street is connected to the southbound and northbound
roadway structure that surrounds GCT and the Met Life building.
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The Park Avenue Tunnel is a two-lane roadway beneath Park Avenue that runs from East 40™
Street to 33" Street carrying two-way traffic in the northbound and southbound directions.

6.6 Utilities

A utility mapping of specific areas above the Manhattan Segment directly affected by
construction activities was prepared. Utilities were surveyed at East 38" Street, East 55" Street,
MNR’s 45" Street cross-passageway, and 43" Street tunnel (Burma Road). The location of
these utilities can be found in the reference drawings for this Contract. While construction of the
CMO009 Contract is not likely to directly affect these utilities, the Contractor must nevertheless be
aware of their existence and care shall be taken to avoid any damage to these utilities, as
required by the Specifications.
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1. PREVIOUS CONSTRUCTION EXPERIENCE

7.1 General

This Chapter gives a listing of past and present tunneling projects in New York City involving
both tunnel boring machine and drill-and-blast methods that are considered applicable to the
CMO009 Contract. Summaries of most of these projects including pertinent quotations from
these documents that are applicable to the CM009 Contract are presented in a separate
memorandum entitled, “Previous Construction Experience in Manhattan”, which is a Reference
Document for this Contract. Contractors are encouraged to read the complete published
documents in addition to the memorandum. Contractors are charged with knowledge of all
Reference Documents. Some of these Reference Documents contain information from projects
that were completed several years earlier. These documents should therefore be reviewed in
light of current construction practice and improved ground characterization, construction
materials and equipment, and changes in regulatory requirements and public awareness. In
addition, the Reference Document on the excavations carried out under Contract CM016 should
also be reviewed.

7.2 Published Information from Past TBM Tunneling Projects in New York City

Six instances of tunnel excavation using tunnel boring machines in New York City have been
found, namely:

- Construction of NYCTA 63" Street Subway Line, Route 131-A, Section 5B

- Construction of the Brooklyn Tunnel, a part of NYCDEP City Water Tunnel No. 3, Stage 2.

- Construction of the Queens Tunnel, a part of NYCDEP City Water Tunnel No. 3, Stage 2

- Construction of a portion of the North River Intercepting Sewer Project, NYC Environmental
Protection Administration, Department of Water Resources (presently, NYC DEP)

- Construction of a steam distribution tunnel for Con Edison, located on First Avenue in
Manhattan between East 20" and East 36" Streets.

- Construction of the Manhattan portion of NYCDEP City Tunnel No. 3, Stage 2.

The reader’s attention is drawn to the following published information regarding the tunnel
boring machine excavation experiences on the above projects (these are Reference
Documents). Relevant discussions with quotes can be found in the reference memorandum
mentioned above. The steam distribution tunnel mentioned above has been recently completed
and the Manhattan Leg of the NYCDEP City Tunnel No. 3 is under construction at the time of
this writing. Very little substantial published information is available on the construction of these
tunnels at this time.

- Ziegler, G. and Loshinsky, M., “Rock Tunneling and Rock Excavation in New York City,
Methods, Problems, Innovations”, Proceedings of the Rapid Excavation and Tunneling
Conference, 1979.

- Ziegler, G. and Loshinsky, M., “Tunneling Under City Streets with Tunnel Boring Machine,
Route 131-A Section 5B”, Proceedings of the Rapid Excavation and Tunneling Conference,
1981.

- Loshinsky, M., “Tunneling Case Histories, New York City and Environs, Construction
Aspects”, Foundations Soil and Mechanics Group Construction Seminar, ASCE Metropolitan
Section, New York, December 6, 1983.
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- Liguori, G., Feddock, E., Bach, T., “Tunnel Boring Machine Operations on the East 63"
Street Subway Line”, Alternate Methods of Tunnel Construction Seminar, ASCE
Metropolitan Section, New York, February 2-3, 1981.

- Del Vescovo, A., and Rosteck, J.W., “Construction of City Tunnel No. 3, Stage 2 from
Brooklyn to Queens”, Proceedings of the Rapid Excavation and Tunneling Conference,
1997.

- Schnock, E.M., “Case History-Excavation of the Brooklyn Tunnel”, International Journal Of
Rock Mechanics and Mining Sciences, Vol. 34, No. 3-4, Paper No. 272, 1997.

- Chesman, S.C., Steiner, J.C., and Isaacs, L., “Microstructural Study of Tonalitic Gneisses
Exposed by TBM-Mining of New York City’'s Third Water Tunnel”, International Journal Of
Rock Mechanics and Mining Sciences, Vol. 34, No. 3-4, Paper No. 052, 1997.

- Schnock, E.M., "Construction of the Brooklyn Tunnel", Mega Projects, ASCE Metropolitan
Section, Construction Division Annual Seminar, February 1999.

- Khalighi, B.B., and Diehl, J.J., “High Performance Tunnel Boring Machine for Queens Water
Tunnel No. 3: A Design and Case History”, Proceedings of the Rapid Excavation and
Tunneling Conference, 1997.

- Dowey, E.M., "Concreting the Queens Tunnel, New York City Water Tunnel No. 3",
Proceedings of the Rapid Excavation and Tunneling Conference, 2001.

- McCusker, T.G., and Dietl, B., "Small Diameter Tunnels in Manhattan Schist", Proceedings
of the Rapid Excavation and Tunneling Conference, 1974.

- Cooper, M., and Sigman, S., "Material Handling in Urban Areas", Proceedings of the Rapid
Excavation and Tunneling Conference, 1974.

7.3 Published Information from Past Drill-and-Blast Tunneling in New York City

Drill-and-blast construction experience is also relevant to the CM009 Contract, which requires
this type of construction for the approach tunnels, assembly chamber and adjoining starter
tunnels, GCT 5 wye cavern and adjoining starter tunnels, GCT 3 wye caverns, cross passages,
central instrument room, and cross flue. Published material that has been found relating to the
drill and blast construction in New York City that is relevant to the CM009 Contract is listed
below (these are Reference Documents). The papers describe the nature of rock in Manhattan
and there are several indications relating to the shear zone predicted around 58" Street along
the alignment. The paper by McCusker and Dietl (1974, above), also describe the authors’
experience in conducting drill and blast excavation adjacent to existing operating structures.
Discussions of this experience with pertinent quotes can be found in the reference
memorandum as mentioned earlier.

- Fisher, P.B., “The Subway Under Central Park, Route 131A — Sections 2 & 3", Paper No.
490, MTA.

- Werbin, L.V., “Tunnel Work on Sections 8, 9, 10, and 11, Broadway-Lexington Avenue
Subway, New York City”, Transactions of the American society of Civil Engineers, Paper No.
1388, Presented at the meeting of September 20, 1916.

- Interborough Rapid Transit Company, "The New York Subway — Its Construction and
Equipment”, New York, 1904, http://www.nycsubway.org/irt/irtbook/.

- Guertin, Jr., J.D., and Plotkin, E.S., "Observation of Construction Behavior of a Major Rock
Tunnel”, Proceedings of the Rapid Excavation and Tunneling Conference, 1979.

- State of New York, Public Service Commission, "The Dual System of Rapid Transit", New
York City, 1913, http://www.nycsubway.org/dual/newsubways.html.

- Lavis, F., "The New York Rapid Transit Railway Extensions", Engineering News, 1914,
http://www.nycsubway.org/dual/engnewsdc.html.

- Almeraris, G.A., Peyton, T.F., and Plotkin, E.S., "High Speed Tunneling Beneath the Streets
of Manhattan", Proceedings of the Rapid Excavation and Tunneling Conference, 1985.
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8. PROPERTIES OF SUBSURFACE MATERIALS

8.1 General

The engineering properties of the rock mass and the rock material to be encountered during
excavation have been evaluated from the results of in-situ testing in exploratory boreholes and
laboratory tests on the rock core. Detailed test results are presented in the GDR.

8.2 In-situ Testing

The in-situ testing in exploratory boreholes comprised 11 hydraulic fracture tests, 27 borehole
dilatometer tests and 7 borehole televiewer surveys.

8.2.1 Hydraulic Fracturing Tests

Hydraulic fracturing tests were conducted to determine the magnitude and direction of the local in-
situ stress field. The details of the test method and the results are presented in the GDR.

The measured vertical stresses, maximum and minimum horizontal stresses, and in-situ stress
ratios (maximum horizontal stress to vertical stress against test depth) are presented in the
GDR. The measured vertical stresses are higher than the equivalent overburden weight due to
surcharge loads from overlying building column footings and Metro-North Railroad facilities. The
in-situ stress ratio, k, ranges from 1.4 to 3.2. However, stress relief due to previous construction,
building loads and rock mass anisotropy may have influenced the results.

8.2.2 Borehole Dilatometer Tests

Borehole dilatometer tests were conducted to evaluate the in-situ elastic modulus. The details of
the test method and the results are presented in the GDR. The test depths range from 18 feet to
107 feet below Metro North track level. The most probable observed range of in-situ modulus is
1000 Ksi to 5000 Ksi.

Elastic modulus values obtained from laboratory tests on intact rock specimens are higher than
the in-situ modulus obtained from in-situ Dilatometer tests. The difference is attributable to the
size of the core sample tested and the effect of discontinuities in the rock mass.

8.3 Laboratory Testing on Rock Core
8.3.1 Types and Number of Tests

A large number of rock cores have been tested in the laboratory for the determination of
engineering properties of the rock material. In addition laboratory tests have been conducted on
rock core to estimate TBM performance indices along the alignment. The complete set of the
results of laboratory tests on rock core is presented in the GDR. A summary of the type and
number of laboratory tests that have been conducted is given in Table 8-1.
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Table 8-1: Types and Number of Laboratory Tests

Test Type Number of Conducted by
Tests
Index and Strength Tests: Colorado School of Mines
Density (pcf) 127
Uniaxial Compressive Strength (UCS) (psi) 126
Brazilian Tensile Strength (BTS) (psi) 124
Point Load Strength Index (PLSI) 116
Punch Penetration Index 6
Rock Joint Direct Shear (psi) 23
Elastic Property Tests:
Static Elastic Modulus (ksi) 110
Dynamic Elastic Modulus (ksi) 108
Seismic Velocities — P-Wave (ft/sec) 108
Seismic Velocities — S-Wave (ft/sec) 108
Schmidt Hammer Tests 38
Abrasivity, Wear, and Mineralogy Tests:
Cerchar Abrasivity Index 136
Thin Section Petrography 133
TBM Performance Indices: SINTEF, Trondheim
Density (gm/ft) 15
Brittleness 15
Flakiness 15
Compaction Index 15
Abrasion Value 15
Abrasion Value Cutter Steel 15
Siever's J Value 15
Calculated Indices (DRI, CLI, BWI) 15
Thin Section Petrography 16

8.3.2 Engineering Properties of Rock

Results of laboratory tests conducted on the rock material have been analyzed by frequency of
occurrence and presented in histogram form in the reference document entitled Appendix B
attached to this GBR. Presentation of the data in frequency form allows the estimation of the
range of each property that is anticipated to be encountered during excavation (Table 8-2).

Examination of the laboratory test results indicates that the engineering property values do not
show a significant variation in range across the project alignment or between rock types.
Therefore, the baseline ranges for each parameter are considered applicable to the entire
project alignment.

The uniaxial compressive strength, Brazilian tensile strength, and point load index data are
separated to account for the effects of metamorphic fabric on ultimate strength. Test values that
have been influenced by metamorphic fabric, mica concentrations, mineral veins or other
features are classified as structural failures and do not represent the maximum value for the
rock material. Test values that have not been influenced by such features are classified as non-
structural failure. The data for pegmatite fall within the range for the metamorphic rocks, and
have therefore not been differentiated.
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8.4

Ranges of the Engineering Properties of Rock

The anticipated most probable range for each engineering property is presented Table 8-2. The
maximum and minimum observed values of the properties, representing the range of test results

are also presented.

Table 8-2: Engineering Properties of Rock Based on Laboratory Tests

Most Probable Range of Values Minimum and Maximum
Test Values
Property
Failure Type Most Probable Range Minimum Maximum
Test Value | Test Value
Density and Strength Properties
Density (air-dried) 170 pcf — 180 pcf 158 pcf 184 pcf
Structural . . . .
Uniaxial Compressive Failure 4000 psi — 16000 psi 2751 psi 19686 psi
Strength (UCS) Non-structural 7000 psi — 22000 psi 6540 psi | 28177 psi
Failure
Structural . . . .
Brazilian Tensile Strength Failure 600 psi — 1700 psi 490 psi 1764 psi
(BTS) Non-structural . . . .
Failure 800 psi — 2300 psi 357 psi 2550 psi
Structural . . . .
Point Load Strength Index Failure 100 psi—750 psi 71psi 1242 psi
(PLSI) Non-structural . ) . _
Failure 150 psi — 1280 psi 64 psi 1281 psi
Elastic Properties
Static Elastic Modulus 4400 ksi — 9900 ksi 1567 ksi 14626 ksi
Dynamic Elastic Modulus 6040 ksi — 10000 ksi 3037 ksi 10059 ksi
P-wave velocity 14000 ft/sec — 18000 ft/sec 9811 ft/sec | 18270 ft/sec
S-wave velocity 8500 ft/sec — 10400 ft/sec 5886 ft/sec | 10400 ft/sec
Quartz, Garnet/Almandine, Hard Mineral Contents and Abrasivity
Quartz content 10% - 60% 4% 95 %
Garnet/Almandine 0% - 10% 0% 17%
Hard mineral content* 1% - 8% 1% 30%
Cerchar Abrasivity Index 2.7-5.2 1.7 5.2
TBM Performance Indices as determined by SINTEF
Drilling Rate Index (DRI) 48 — 58 34 58
Bit Wear Index (BWI) 30-42 30 62
Cultter Life Index (CLI) 5-215 49 215
* Minerals with Mohs’ hardness equal to or greater than 7 excluding quartz, garnet/almandine
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9. ANTICIPATED GROUND CONDITIONS

9.1 General

The anticipated characteristics of the rock mass that will be encountered during the construction
are presented in this Chapter. Engineering properties of the rock material are presented in
Chapter 8 of this GBR. Anticipated behavior of the rock mass during construction of the tunnels
under the CM009 Contract is presented in Chapter 10 of this GBR.

Geologic characteristics of the rock mass along the alignment are very complex and variable.
The rock mass characteristics have been generalized and presented as several geologic zones
along specific tunnel reaches, identified by Station numbers, based on the field investigations
and laboratory testing data, (Figure 3, Geologic Zones and Summary Descriptions). Although
some specific characteristics are observed within each geologic zone, they are not unique only
to that geologic zone, and similar characteristics can be found in other geologic zones
throughout the alignment. Since the geologic zones are developed from boring information, the
boundaries of each geologic zone are very approximate and are shown for simplicity in
presentation.

It is known that foliation shear zones exist in this rock mass and it is anticipated that they will be
encountered along the alignment at random intervals. Although the borings were reasonably
spaced, they have not encountered all the shear zones and results do not preclude their
existence.

9.2 Geologic Interpretation

The interpretation of the characteristics of the rock mass and ground conditions is based on the
boring data for the project supplemented by field mapping and archive information as presented
in the GDR. The discussion of the site investigation, including the core logging methods, core
orientation measurements and discontinuity classification are presented in the GDR. The
definitions of joint spacing terms are included in Figure 6, Sheets 1 and 2, Rock Classification
System Terminologies, and the Glossary. Foliation spacing data are compiled in the Reference
Document entitled Appendix A-2 (attached to this GBR).

9.3 Rock Mass Classification

The rock mass along the alignment has been classified using the Q and RMR classification
systems. Definitions for rock classification terms are presented in Figure 6 (Sheets 1 and 2) of
this GBR. The Q and RMR analyses included in the reference document entitled Appendix C
(attached to this GBR) are for the rock core only. For this project, a pervasive three joint set
system is assumed as a minimum. In determining the estimated range of Q values, precedence
has been given to the values in boreholes nearest to the CM009 alignment and to values
nearest to the tunnel horizon. RMR values have generally been calculated from the “Q” values
using the equation: RMR=15 Log Q+50.

The anticipated range of Q and RMR values for each geologic zone is presented in the following
sections.
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9.4 Groundwater Levels

Groundwater levels have been measured in observation wells installed along the project
alignment. The standing water level readings are included in the GDR and summarized here in
Table 9-1.

9.5 Permeability

The coefficient of permeability has been derived from packer tests conducted in boreholes along
the alignment. Detailed packer test data are included in the GDR.

The coefficient of permeability derived from the packer tests is given as a range for each geologic
zone. However, the volumetric inflow will be controlled by the aperture of discrete fractures, as well
as joint surface conditions, character of filling materials and tortuosity. These discrete fractures
were not necessarily straddled by the injection length or activated during the test.

Table 9-1: Standing Water Levels

Geologic Zone (Identified by Tunnel Reach)
(Note: STA T402 34+78.06 = STA EB2 1045+37.02
STA T402 17+52.50 = STA L402 17+52.50)

Depth to standing water (ft)
(bgl: below ground level)

STA EB2 1076+50(+) to STA EB2 1084+00() 20ft bgl at STA EB2 1076+50 to 13ft bgl at STA EB2 1084+00
STA EB2 1066+00(+) to STA EB2 1076+50(+) 10ft below ground level
STA EB2 1063+00(+) to STA EB2 1066+00(+) 20ft below ground level

STA EB2 1054+00(#) to STA EB2 1063+00(+) 20ft below street level and 5ft below the Metro North Railroad

track level
STA EB2 1052+00(+) to STA EB2 1054+00(+) 5ft below the Metro North Railroad track level
STA T402 31+00(+) to STA EB2 1052+00(z) 5ft below the Metro North Railroad track level
STA T402 18+50() to STA T402 31+00(%) 5ft below the GCT track level

5ft below the GCT track level and approximately 50ft below
Park Avenue to the south of the GCT

STA L402 0+75(+)* to STA T402 18+50()**

The anticipated most probable range of coefficient of permeability for the rock mass is 107
cm/sec to 10”7 cm/sec except in the shear zones. The geotechnical investigation program has
identified major shear zones between approximately STA EB2 1063+00 to STA EB2 1066+00
(discussed in Section 9.7.3), and the western area of the tunnel reach between approximately
STA T402 31+00 to STA EB2 1052+00 (discussed in section 9.7.6), where the ranges are 10™
cm/sec to 10° cm/sec. However, additional shear zones are anticipated to be encountered
along the alignment at random intervals and is expected to have permeability of a comparable
range to the identified shear zones.

It is also anticipated that throughout the alignment, there are very widely spaced open steeply
dipping fractures with an associated coefficient of permeability of 10* cm/sec and these
fractures will transmit water at velocities greater than the indications of the permeability tests.

The fractures displaying alteration that are characteristic of the geologic zone between
approximately STA EB2 1066+00 to STA EB2 1076+50 have an associated coefficient of
permeability of 10 cm/sec. These fractures are infilled with clay and other deposits. Flowing
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water can remove this material and is likely to result in an aperture of the rock with permeability
of the order of 102 cm/sec. Unidentified additional zones where fractures display alteration are
anticipated to be encountered along the alignment at random intervals.

9.6 Overburden Characteristics

The thickness of overburden beneath the project site ranges from 0 feet to 58 feet below the
existing ground surface. The general sequence of overburden material encountered along the
project site, defined as Strata 1 through 3, is given below. The presence or absence and extents
of each of the strata in specific geologic zones, along with detailed descriptions, are given in
later sections of this Chapter.

Stratum 1 — Fill: Heterogeneous mixture of mostly sand, with silt, gravel, and
miscellaneous debris such as rock fragments, concrete,
cinders, and roots.

Stratum 2 — Glacial Till: Cohesive, poorly sorted heterogeneous mixture of clay, sand,
silt and gravel intermixed with fluvio-glacial and reworked
deposits.

Stratum 3 — Decomposed Rock: Gray and black, very stiff to hard silt, clay and sand with relict
structure of the parent rock.

9.7 Rock Mass Characteristics

This section describes the rock mass characteristics that are expected to be encountered during
excavation of the tunnels. Rock mass characteristics are presented in geologic zones defined
by specific tunnel reaches with approximate Station numbers and are based upon the
interpretation of the geotechnical data. RQD values have been presented in terms of the range
observed in each geologic zone and weighted average RQD values have been given based on
observed RQD values at the elevation of the excavations. Joint spacings are defined in Figure
6.

9.7.1 STA EB2 1076+50(z) to STA EB2 1084+00()

The depth to bedrock ranges from O feet to approximately 30 feet below the existing ground
level. Stratum 2 was not encountered.

Stratum Thickness Description

1: Fill 0 — 20 feet Mixture of reddish brown to greenish gray fine to
medium sand, little to some silt, trace fine gravel and
micaceous, SW and SM, N-value range 6 to >100,
typically 15-25.

2: Glacial Till 0 feet Absent.

3: Decomposed Rock 0 — 10 feet Gray coarse to fine sand, little fine gravel
decomposed mica schist), N-value range 10 to > 100.

The rock types are foliated garnetiferous schistose gneiss, and gneiss with approximately 10%
granofels. The essential minerals are interlocking quartz, feldspar and mica with trace quantities of
sillimanite, kyanite, apatite and clinopyroxene. The rock mass has moderately to very widely
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spaced joints, widely spaced clusters of closely spaced joints, very widely spaced thin seams of
moderately to highly weathered rock and very widely spaced micro-shears.

During the prosecution of Contract CM016, two horizontal borings were drilled along the EB2 and
WB1 alignments from the existing tunnel stubs at 63 Street and Second Avenue. Details of these
borings can be found in the Reference Documents for the CM009 Contract. The borings indicated
a possible 10-foot thick fault zone in the WB1 tunnel at approximately STA WB1 1082+88(x) (with
0% recovery and 0% RQD) and traces of this fault zone appear to be present in the EB2 tunnel at
approximately STA EB2 1083+33(zx).

The average depth of the tunnels below the street surface in this geologic zone is 120 feet. The
anticipated typical range of rock mass properties and rock mass classification values for this
geologic zone along the tunnel alignment are as follows:

RQD Range: 55% to 95% ; Weighted Average RQD: 91%
Q-value Range: 1.5t0 25
RMR Range: 53to 71

9.7.2 STA EB2 1066+00(+) to STA EB2 1076+50()

The depth to bedrock ranges from O feet to approximately 41 feet below the existing ground
level.

Stratum Thickness Description

1: Fill 0 — 38 feet Mixture of brown to light brown medium to fine sand,
little clayey sand, with brown to grayish brown Clay
and Silt, trace of roots and trace cinders, SP, SM,
ML, and CL-ML, N-value range 2 to >100 but typically
7-25.

2: Glacial Till 0 — 20 feet Yellowish brown to dark brown clayey silt with fine
sand and gravel, SM or ML or CL, N-value range 3 to
28 but typically 9-15.

3: Decomposed Rock 0 — 10 feet Gray clayey silt and coarse to fine sand, completely
weathered mica schist, N-value typically > 100.

The rock types are foliated garnetiferous schistose gneiss, gneiss with approximately 5%
granofels and less than 5% amphibolite that occurs up to 3 feet thick that is friable to
decomposed. The rock is characterized by alteration, folding and dislocation. The essential
minerals are interlocking quartz, feldspar and mica with accessory garnet and trace quantities of
chlorite, epidote, sillimanite, kyanite, apatite and clinopyroxene.

The foliation shows a westerly dip to the west of Lexington Ave and an easterly dip to the east
of Lexington Avenue. A major fold axis is postulated between Lexington and Third Avenue with
subordinate and parasitic folding. The rock mass comprises very closely to closely spaced
foliation fractures and closely to very widely spaced joints. The moderately spaced
discontinuities contain alteration minerals such as epidote and joint surfaces are coated with
chlorite and other clay minerals. The fractures are often welded and healed by the alteration.
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The average depth of the tunnels below the street surface in this geologic zone is 115 feet. The
anticipated typical range of rock mass properties and rock mass classification values for this
geologic zone along the tunnel alignment are as follows:

RQD Range: 55% to 95% ; Weighted Average RQD: 88%
Q-value Range: 0.1to 20
RMR Range: 35 to 70.

9.7.3 STA EB2 1063+00() to STA EB2 1066+00()

The depth to bedrock ranges from O feet to approximately 46 feet below the existing ground
level.

Stratum Thickness Description

1: Fill 0 — 24 feet Brown to light brown medium to fine sand, little
clayey sand, with brown to grayish brown Clay and
Silt, trace of roots and trace cinders, SM, ML, and
CL-ML, N-values from 7 to 34, typically 7-15.

2: Glacial Till 0 — 20 feet Yellowish brown to dark brown clayey silt with fine
sands and gravel, SM or ML or CL, N-value from 3 to
28 typically 9-15.

3: Decomposed Rock 0 — 6 feet Gray clayey silt and coarse to fine sand, completely
weathered mica schist, N value typically > 100.

The rock types are foliated garnetiferous schistose gneiss, gneiss, granofels and pegmatite. The
rock is heavily brecciated in places and the fragments have been bound in a weak to moderately
strong mylonite and healed by quartz veins. The rock is characterized by alteration, folding and
dislocation. The essential minerals are interlocking quartz, feldspar and mica with accessory garnet
and trace quantities of chlorite, epidote, sillimanite, kyanite and apatite.

A major shear zone east of Park Avenue intersects the project alignment between East 57" and
East 58" Street. The general trend of the shear zone is approximately NNW. The effects of
shearing are identified in the geologic zone between STA EB2 1063+00 and STA EB2 1066+00.
The shearing and folding described in the adjacent geologic zone has created a complex and
variable discontinuity system.

The rock surface has been incised by surface water along the shear zone due to its lower
resistance to erosion. There is penetrative decomposition up to 15 feet thick below estimated
top of rock demonstrating that the rock mass has a greater permeability and lower durability in
this zone in comparison to the rock mass in adjacent geologic zones.

There is a high proportion of pegmatite in this geologic zone that occupies the full face of the
tunnels in places. The boundary of the shear zone is transitional and there are smaller scale
shears and discontinuities with slickensides beyond the geologic zone.

There is a high proportion of granofels in this geologic zone and this is the strongest rock that
will be encountered during construction. The granofels occupies the full tunnel face in places
and the strength classification is very strong to extremely strong.

The rock changes with depth from decomposed to slightly weathered. There are alteration
effects of decomposition, dissolution and mineralization. The alteration products include chlorite,
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calcite, iron oxides and sulfides on fracture surfaces. At tunnel level the discontinuities are very
closely to moderately spaced, although the abundance of healed fractures have the potential to
form closer discontinuity spacing due to construction stresses.

The complexity of the shearing has created commingling of the rock types. Due to the
brecciated and healed nature of the rock, adequate lengths of rock core samples could not be
recovered for testing. Proximate data are used as a baseline where specific data are considered
to be insufficient or inappropriate.

The average depth of the tunnels below the street surface in this geologic zone is 107 feet. The
anticipated typical range of rock mass properties and rock mass classification values for this
geologic zone along the tunnel alignment are as follows:

RQD Range: 45% to 95%; Weighted Average RQD: 61%
Q-value Range: 0.05t0 1
RMR Range: 30 to 50.

9.7.4 STA EB2 1054+00() to STA EB2 1063+00(<)

The depth to bedrock ranges from O feet to approximately 40 feet below the existing ground
level. Stratum 2 was encountered on the east side in boring MA-303.

Stratum Thickness Description

1: Fill 0 — 24 feet Mixture of brown silty sand with rock fragments,
loose to very dense, and sandy gravel with little silt,
greenish brown silty clay, SM, GM , SW-SM, and CL-
ML, N-values 2 to >100 but typically 4-30.

2: Glacial Till 0 — 26 feet Yellowish brown to dark brown clayey silt with fine
sands and gravel, SM or ML or CL, N-value range 6
to 35, typically 15.

3: Decomposed Rock 0 — 19 feet Schist fragments, N-value range 20 to 78.

This geologic zone comprises garnetiferous schist, gneiss and granofels, a significant thickness
of amphibolite in the vicinity of East 55" Street and a major 10-foot to 15-foot thick pegmatite
zone dipping to the west across Park Avenue.

The rock mass includes occasional open, infilled and slickensided fractures. There are
occasional micro shears and weathering and alteration products typical for this rock type such
as epidote, calcite and chlorite. In general the joints are closely to moderately and moderately to
widely spaced but there are distinct sub domains of lower quality rock, characterized by clusters
of very closely spaced fractures and persistent steeply dipping infilled fractures.

The average depth of the tunnels below the street surface in this geologic zone is 112 feet and
95 feet below Metro-North Railroad (MNR). The anticipated typical range of rock mass
properties and rock mass classification values for this geologic zone along the tunnel alignment
are as follows:

RQD Range: 55% to 100%; Weighted Average RQD: 91%

Q-value Range: 0.5 to 60

RMR Range: 45 to 77.
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9.7.5 STA EB2 1052+00() to STA EB2 1054+00(z)
The depth to bedrock ranges from 0 feet to 44 feet below the existing ground level.

Stratum Thickness Description

1: Fill 0 — 22 feet Yellow silty sand with rock fragments, loose to dense,
brown to yellowish brown clayey silt and coarse to
medium gravel, trace cinders, SW and SM, SW-SM,
N-values 8 to 60 typically 5-18.

2: Glacial Till 0 — 20 feet Yellowish brown to dark brown clayey silt with fine
sand and gravel, SM or ML or CL, N-values 6 to 35
typically 15.

3: Decomposed Rock 0 -7 feet Schist fragments, N-values 20 to 78.

This is a shear zone postulated to cross the tunnel alignment with an approximate E-W trend.
The joints are typically closely to moderately spaced but with distinct clusters of very broken
rock and healed breccia up to 10 ft thick, slickensided joints and mylonite.

The average depth of the tunnels below the street surface in this geologic zone is 107 feet and
82 feet below MNR. The anticipated typical range of rock mass properties and rock mass
classification values for this geologic zone along the tunnel alignment are as follows:

RQD Range: 35% to 100%; Weighted Average RQD: 82%
Q-value range: 0.01to 3
RMR Range: 20 to 57.

9.7.6 STA T402 31+00(z) to STA EB2 1052+00(x)

There is no soil cover beneath the GCT complex. To the west, soil cover is approximately 16.5
feet (measured from street level) consisting of fill, black and brown coarse to medium sand,
some clayey silt, loose with N-values from 6 to 8.

East Zone

This East zone is a subdivision of this geologic zone and comprises garnetiferous schist, gneiss
and granofels and a major 10-foot to 15-foot thick pegmatite dipping parallel to foliation to the
west across Park Avenue from East 52" to East 56" Streets.

In general the rock mass is high quality, with few open, infilled and slickensided fractures.
There are occasional micro shears and joint weathering and alteration products typical for this
rock type such as epidote, calcite and chlorite. The rocks contain a wide variety of minerals
including essential interlocking quartz, feldspar and mica, and accessory to trace augite,
hornblende, andalusite and tourmaline. In general the joints are closely to widely spaced with
distinct sub domains of lower quality rock, characterized by clusters of very closely to closely
spaced fractures and persistent steep infilled fractures.

From STA EB2 1044+50 to STA EB2 1047+65, the average depth of the tunnels below GCT in
this geologic zone is 46 feet. From STA EB2 1047+65 to STA EB2 1052+00, the average depth
of the tunnels below MNR tunnels 76 feet. The anticipated typical range of rock mass properties
and rock mass classification values for the east zone along tunnel alignment are as follows:
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RQD Range: 55% to 100%; Weighted Average RQD: 95%
Q-value Range: 0.6 to 40

RMR Range: 47 to 74.

West Zone

This West zone, a subdivision of this geologic zone, is an area of brecciated and heavily
fractured rock, interpreted to be a fault due to an identifiable displacement of the 10 to 15 feet
thick pegmatite layer present in this area. The fault zone trends NW or NE between East 51
and East 52" Streets. Evidence of faulting has been found in borings from rock surface to
below tunnel invert along the west of Park Avenue but not to the east of Park Avenue. The
interpreted location of the fault and its assumed eastern boundary are shown in Figure 3. The
zone of influence of the fault is anticipated to extend eastward to the center of Park Avenue.
The fault zone comprises fragmented rock with slickensided joint surfaces, healed joints and
mineralization. The healed fractures in the pegmatite have an aperture greater than 1/16” and a
can be broken by strong hand pressure or light blows with a hammer.

The estimated range of rock mass properties and rock mass classification values for the west
zone are as follows:

RQD Range: 10% to 100%; Weighted Average RQD: 75%
Q-value Range: 0.007 to 2
RMR Range: 18 to 55.

9.7.7 STA T402 18+50(+) to STA T402 31+00(x)

There is no soil cover beneath the GCT complex. To the west, the depth to bedrock ranges from
0 feet to approximately 22 feet below the existing street level.

Stratum Thickness Description

1: Fill 0 — 22 feet Brown medium to fine sand, very loose to dense
sands with trace to some silts, and gravels, SW and
SM, SW-SM. SPT- N value 5 to 60, typically 5 to 22.

2: Glacial Till 0 — 1 feet Dark brown soft to moderately stiff clayey silt with
sands and gravel, SM or CL-ML. SPT-N value from 5
to >60 typically 5 to 22.

3: Decomposed Rock 0 -1 feet Green to gray, very stiff silts and clays with sands
and gravel of decomposed rock and schist
fragments, ML-CL or SP -SM. SPT-N value from 17
to >100 typically 25 to >60.

The rock types beneath the existing Grand Central Terminal are dominantly garnetiferous
schistose gneiss and gneiss. The rock mass is typically competent, with 50% of the rock mass
comprising moderately to very widely spaced foliation fractures and widely spaced joints, quartz,
feldspar and pegmatite veins in clusters with few infilled joints. The remaining 50% of the rock
mass comprises closely to moderately spaced foliation fractures and joints with frequent
pegmatite and quartz veins and few infilled joints. The essential minerals are quartz, feldspar and
mica with accessory to trace augite, sillimanite, staurolite, andalusite and kyanite. The amphibolite
is essentially hornblende, quartz and feldspar.
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The average depth of the tunnels below GCT in this geologic zone is 59 feet. The anticipated
typical range of rock mass properties and rock mass classification values along the tunnel
alignment for this geologic zone are as follows:

RQD Range: 75% to 100%; Weighted Average RQD: 97%
Q-value Range: 1.51t0 90
RMR Range: 53 to 79.

The top 1.5 feet to 5 feet of the rock immediately under the GCT is fractured with RQD’s tending
to 75% to 80% (in comparison, the rock underlying the fractured top of rock is typically 90% to
100%). This is possibly due to the blasting effects of the construction of the GCT terminal itself
and the excavations for the building footings in the area.

9.7.8 STA L402 0+75(+) to STA T402 18+50()
There is no soil cover in this geologic zone.

The dominant rock types are garnetiferous schistose gneiss and gneiss with widely spaced thin
guartz, feldspar and pegmatite veins. The rock mass comprises moderately to very widely
spaced foliation fractures and widely spaced joints, with widely spaced clusters of very closely
to closely spaced joints. The essential minerals are interlocking quartz, feldspar and mica with
accessory to trace augite, sillimanite, staurolite, andalusite, tourmaline and kyanite. The
amphibolite is essentially hornblende, quartz and feldspar.

The average depth of the tunnels below GCT in this geologic zone is 55 feet and 123 feet below
street level. The anticipated typical range of rock mass properties and rock mass classification
values for this geologic zone along the tunnel alignment are as follows:

RQD Range: 65% to 100%; Weighted Average RQD: 95%
Q-value Range: 1.5t040
RMR Range: 53 to 74.

The condition of the rock immediately below the GCT lower level exhibits conditions described
in the previous section.
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10. CONSTRUCTION CONSIDERATIONS

This Chapter describes the anticipated rock mass behavior and ground water conditions during
the construction of the tunnels under the CM009 Contract. The anticipated rock mass behavior
in each of the defined geologic zones (described in Chapter 9) has been described separately. It
is emphasized that the boundaries of the rock mass within geologic zones are approximate and
have been used for simplicity in presentation. The expected quantities of ground water inflow in
each geologic zone (identified in Chapter 9) are given. The types of rock mass failure modes as
well as the types of initial support required are described.

10.1 Groundwater Inflow and Control

This section discusses anticipated groundwater inflows and groundwater control measures to be
instituted along the alignment, both for tunnel boring machine operations and drill-and-blast
operations.

Construction experience in New York and the results of the geotechnical investigation program
undertaken on this Project indicate that the rock mass along the alignment generates moderate
amounts of water. Permeability values are given in the GDR and Chapter 9 of this GBR.
Presence of buried stream channels have been identified from the historic Viele Map (given in
the GDR) in the vicinity of 45™ Street, 54™ to 55" Streets, 58" to 59" Street and between 61
and 62" Street, and have been confirmed by geotechnical investigations (referenced in Chapter
4, 5 and 9 of this GBR). These locations are expected to be sources of groundwater inflow,
because the streams are assumed to have developed in locations containing intensely fractured
rock. In addition, shear zones identified in Chapter 9, and other unknown zones are expected to
be sources of significant groundwater flow.

10.1.1 Sustained Groundwater Flow

The estimate of total groundwater inflow into the tunnels is based upon packer test results and the
intensity of fracturing. It is assumed that the probability distribution of permeability measurements
in boreholes is indicative of the permeability along the excavation alignment. Sustained
groundwater inflows in each of the four tunnels along the alignment are anticipated to vary from 8
gpm to 80 gpm per 100 linear feet of tunnel length.

Anticipated total sustained groundwater flows into the tunnels for each zone along the alignment, in
the absence of grouting or other water control measures, (as defined in Chapter 9) is given in
Table 10-1.

10.1.2 Local Instantaneous Flow (Flush Flow)

Local instantaneous inflows of water (flush flows) in sufficient amounts to affect tunnel boring
machine operations or the placement of shotcrete from discrete, persistent open joints, closely
spaced joint clusters and shear zones are anticipated. Interception and diversion of water will be
necessary in such areas. It is assumed that the local inflow (flush flow) is largely fracture flow
and the groundwater reservoir is limited. The Contractor shall be capable of controlling local
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instantaneous inflows of 1000 gpm at the heading during excavation operations. The Contractor
shall design his pumping and water control system to handle this instantaneous inflow in
addition to all other inflows and his own service water along the entire alignment for all
excavations.

Table 10-1: Estimates of Water Inflow Rates

Geologic Zones (Identified by Tunnel Reaches) Linear Feet of Tunnel Expected Maximum Inflow
(Note: STA T402 34+78.06 = STA EB2 1045+37.02 GPM / 100LF of Tunnel
STA T402 17+52.50 = STA L402 17+52.50)

Tunnels:

STA EB2 1076+50(+) to STA EB2 1084+00(+) 750 12
STA EB2 1066+00(+) to STA EB2 1076+50(+) 1050 36
STA EB2 1063+00(+) to STA EB2 1066+00(+) 300 80
STA EB2 1054+00(+) to STA EB2 1063+00(+) 900 12
STA EB2 1052+00(+) to STA EB2 1054+00() 200 80
STA T402 31+00(+) to STA EB2 1052+00() 1041 30
STA T402 18+50(+)* to STA T402 31+00() 1250 8
STA L402 0+75(+) to STA T402 18+50(+) 1775 12

10.1.3 Face Inflow Incidental to Tunnel Boring

The Contractor’s plant should incorporate the capability of handling groundwater inflow of up to 100
gpm in the heading without requiring the tunnel boring or drill and blast operations to be delayed or
shutdown. Such small inflows are considered incidental to the excavation operations.

10.1.4 Grouting

The Contractor is required to conduct pre-grouting and post-grouting operations in the tunnels and
cavern enlargements, as specified in Sections 02406. Grouting criteria and procedures are
specified in Section 03605 of the Specifications.

Pre-excavation grouting is defined as grouting conducted in advance of a tunnel face (in front of the
TBM cutterhead) from within the tunnel being mined as per criteria defined in Section 03605, and
grouting conducted from a completed section of one tunnel to an area in advance of the tunnel face
(in front of the TBM cutterhead) of an adjacent tunnel that is being or will be mined. Post-
excavation grouting or cut-off grouting is defined as grouting conducted in the excavated tunnels
(behind the TBMs, or after cavern enlargements) in the event that sustained groundwater inflows
exceed criteria defined in Section 03605. The Contractor is expected to conduct preemptive
grouting operations (either pre-excavation grouting or post-excavation grouting or both) from the
tunnels excavated first, such that the incidence of water inflows are reduced during subsequent
tunnel drives and cavern enlargements.

Two sets of criteria for the total allowable amount of water inflow from all new completed
excavations are established, based on the type of final liner selected by the contractor:
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e For the precast segmented concrete liner alternative, the total inflow from the new tunnels,
caverns and intersecting structures, prior to the installation of the remaining cast-in-place
concrete liner, shall not exceed 600 gpm, in addition to the flow from the existing tunnels.

e For the cast-in-place concrete liner alternative, the total amount of water inflow from all new
excavations, prior to installation of the cast-in-place concrete liner, shall not exceed 1000
gpm, in addition to the flow from the existing tunnels.

Further, for both alternatives, the total amount of water inflow, measured over any 50 linear feet of
excavations before installation of a concrete liner, shall not exceed 50 gpm. These final inflow
requirements are also specified in Section 03605.

10.2 Excavation Support

CMO009 Contract includes both TBM and drill-and-blast construction methods and installation of
initial support consists of rock bolts and dowels, , welded wire fabric, channels, mine straps, steel
ribs , steel mat lagging, and reinforced shotcrete, as shown on Contract Drawings and as required
by Specification Section 02270. Permanent liners will be installed under this Contract at the
locations shown on the plans.

Initial support selection is primarily based on geotechnical conditions, size and configuration of the
underground openings, proximity to existing tunnels and structures, and methods of excavation.
The initial support classes are shown on the Contract Drawings. Further discussion of initial
support installation with respect to expected rock mass behavior at each geologic zone can be
found in Sections 10.3 and 10.4 below. Expected rock mass characteristics along the alignment
are discussed in Chapters 8 and 9 of this GBR. The Contract Documents make no representation
regarding the type of TBMs to be used to excavate the tunnels. Hence, the discussion on rock
behavior in Sections 10.3 and 10.4 assumes that the initial support shown on the Drawings will
need to be installed.

Tunnel stations in the Contract Drawings showing initial support class locations are only
approximations and are based upon available geotechnical data as well as existing tunnels and
other structures. Support class types and their location will vary during construction based on
observed geologic conditions in the excavated tunnel.

Initial support must be installed after each blast round and/or after each TBM stroke, as shown on
the Contract Drawings, in order to reinforce the in-situ rock mass and minimize disturbance. If the
precast concrete segment liner alternative is chosen by the Contractor, then, the type of TBM
selected will determine the need for installation of the minimum initial support shown on the
Contract Drawings, with the proviso that any rock exposed by the advance of the TBM shall be
supported at all times. In addition, initial support, as shown on the drawings must be installed in the
TBM driven tunnels, irrespective of the type of TBM selected, in areas that are to be enlarged in
either this Construction Contract or other Construction Contracts. Round lengths are shown on the
Contract Drawings. Blast round lengths are as shown on the Contract Drawings and are based
upon controlled blasting procedures to minimize noise and vibration as well as to reduce overbreak
and disturbance of the rock mass adjacent to existing tunnels and structures as required by
Specification Sections 02414 and 02407. TBM stroke lengths have been assumed to be 6 feet.

Provisions for the installation of additional initial support over and above those shown on the
Contract Drawings are included in the Specifications. The anticipated amount of additional initial
support required is discussed in Section 10.3.1 of this GBR and will depend upon the actual rock
mass conditions encountered or as directed by the Resident Engineer.
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10.2.1 Approach Tunnel Initial Support

Initial support classes for the approach tunnels, excavated by drill-and-blast methods, are shown
on the Contract Drawings and are based upon anticipated rock mass conditions, suggested
excavation sequence and proximity to existing structures. The initial support includes rock dowels,
reinforced shotcrete lining, and welded wire fabric. The actual initial support will be adjusted based
on actual rock mass conditions encountered, or as directed by the Resident Engineer.

10.2.2 Assembly Chamber Initial Support

Initial support for the suggested assembly chamber, excavated by drill-and-blast methods, are
shown on the Contract Drawings and are also based upon anticipated rock mass conditions and
proximity to NYCT structures. The initial support includes rock bolts and rock dowels, reinforced
shotcrete lining,, and welded wire fabric . The actual initial support will be adjusted based on
actual rock mass conditions encountered.

10.2.3 Starter Tunnel Initial Support

Initial support classes for the starter tunnels, excavated by drill-and-blast methods, are shown on
the Contract Drawings and are based upon anticipated rock mass conditions, suggested
excavation sequence and proximity to existing structures. The initial support includes rock dowels,
reinforced shotcrete lining, and welded wire fabric. The actual initial support will be adjusted based
on actual rock mass conditions encountered.

10.2.4 Wye Cavern Initial Support

Initial support classes for the GCT 3 and 5 wye caverns , enlarged by drill-and-blast methods after
initial TBM drives, are shown on the Contract Drawings and are also based upon anticipated rock
mass conditions and proximity to NYCT structures. The initial support includes rock bolts and
dowels, reinforced shotcrete lining, and welded wire fabric. The actual initial support will be
adjusted based on actual rock mass conditions encountered

10.2.5 TBM Tunnel Initial Support

Initial support classes for the TBM tunnels are shown on the Contract Drawings. They are
divided into five support classes, based upon the anticipated rock mass conditions. Prescribed
support in areas of future enlargement has been given the support class designations SC | E
TBM and SC Il E TBM. These classes are shown in Table 10-2. The actual initial support will be
adjusted based on actual rock mass conditions encountered. In the event that a precast
concrete segment final liner is installed in the TBM driven tunnels, then the machine design will
determine the need for installation of initial support. In no case shall any excavated rock surface
be left unsupported. Cavern enlargement areas will not receive precast concrete final liners and
the appropriate initial support (as shown on the Drawings) and additional initial support must be
installed in these areas to the limits shown on the Contract Drawings.

10.2.6 Intersecting Structures Initial Support

Initial support for the excavation of intersecting structures, including cross passages, adits,
sump pump chamber, Central Instrument Room, and cross flue shall be as shown on the
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Drawings. Additional initial support must be installed as required by the actual ground conditions
encountered. If the Contractor elects to install a precast concrete segment liner in the TBM
tunnels, then the Contractor has the option to install precast segments only in the tunnel areas
where intersecting cross passages are to be excavated later, as shown on the Contract
Drawings. In such a case, the contractor shall submit for the Resident Engineer’s review: the
contractor's method of breaking out the precast concrete segmented lining; design and
construction procedures for the support of partial precast concrete rings; cross passages
excavation method; protection of adjacent precast concrete segments and structural and
waterproofing details for the joints between the precast tunnel lining and the cast-in-place cross
passage lining. On the other hand, if the TBM driven tunnels at the cross passages do not
receive precast concrete final liner, or if the cast-in-place concrete final liner alternative is
chosen by the Contractor, then the appropriate initial support (as shown on the Drawings) and
additional initial support must be installed in the tunnels at the intersecting structure areas, to
the limits shown on the Contract Drawings.

Table 10-2: Initial Support for TBM Tunnels

Support Class Length of Rock

Dowel Pattern ;(No.) x ft Dowels, (ft) Support
#8 Steel GRP
SCITBM 4 dowels at 6’ longitudinally 10’ Mine Straps and WWF as required
SCII TBM 4 dowels at 6’ longitudinally 10’ Channels at 6’ longitudinally & WWF
SC Il TBM Ribs W6X25 at 5 Ionglt_udlnally with
steel mat lagging
SC 1 E TBM 4 GRP QOV\{eIs at4 10 Mine straps and WWF as required
longitudinally
SC Il E TBM 4 GRP _dovyels at 4 10 Channels at 4’ longitudinally & WWF
longitudinally

10.3 Running Tunnel Excavation

This Section describes the anticipated rock mass behavior during tunneling operations on this
Contract.

The approach tunnels, starter tunnels, assembly chamber, enlargement of the running tunnels at
the GCT 3 and 5 wye cavern locations, central instrument room, cross flue and cross passages will
be by drill-and-blast methods. Remaining tunnels will be excavated by TBM.

10.3.1 Rock Mass Behavior

All tunnels will be excavated within the geologic zones as defined in Chapter 9, which exhibit
varying strength and stability characteristics. Expected rock mass characteristics are presented in
Chapter 8 of this GBR and rock mass conditions including jointing intensity for each approximate
geologic zone are described in Chapter 9 of this GBR. Definitions for joint spacings, such as close,
moderate, etc., are shown in Figure 6. Tunnel stations showing the transition between different
geologic zones are estimates based upon the available geotechnical data and are not necessarily
coincident with support class boundaries shown on Contract Drawings.
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The TBM shall be designed to be able to excavate efficiently within this rock formation which
exhibits variable strengths and will be capable of installing a combination of rock dowels (steel or
GRP, as specified), welded wire fabric, mine straps, channels, steel ribs, and steel mat lagging, or
a combination thereof, as per Specification Sections 02270 and 02406, and shown on the
Contract Drawings.

The drill-and-blast excavations are expected to be carried out with sufficient care taken in the
drilling and blasting operations to ensure that the disturbed rock zone around the excavation is kept
to a minimum with initial support, consisting of rock bolts or rock dowels, welded wire fabric,
reinforced shotcrete lining, and additional initial support, installed as required by Specification
Sections 02270 and 02407.

Rock mass behavior during tunneling will be driven by the characteristics of the rock mass
including joint intensity, their orientation with respect to the tunnel orientation and spacing relative
to the tunnel diameter, and water inflow conditions. The degree of difficulty that the Contractor will
face in excavating these tunnels will also be dependent upon the method and type of construction,
e.g., TBM or drill-and-blast, and muck handling systems employed.

Geotechnical investigations have identified several joint sets along the alignment. For the purposes
of this Contract, a pervasive three joint set system is assumed at a minimum. A combination of the
joint sets identified in Chapter 9 of this GBR will divide the rock mass into prismatic blocks,
depending upon the orientation of the excavation relative to the joint sets, and their spacing relative
to the size of the excavation. Failure is generally expected to be gravity driven and controlled by
the degree of jointing intensity.

Blocks formed by joint surfaces are prone to fallout when they are oriented adversely relative to the
excavation orientation; joint surfaces are open or contain mineral coatings or gouge material. The
probability for fallout will be high when the joints are persistent and closely to moderately spaced,
especially in shattered or shear zones. These blocks will tend to fall out of the crown and sidewalls
unless promptly supported during excavation. Block fallouts can also occur in blocky and seamy
rock (as defined by Cording and Mahar, 1974) due to the interaction between foliation shear zones,
conjugate shear zones, and joints oriented across foliation. The fallouts occur due to the presence
of very closely to closely spaced seams of gouge and slickensided joints along the shear zones
and tend to increase in propensity when such zones strike within 25° of the tunnel axis. If the
precast concrete segment liner alternative is chosen by the Contractor, then special care must be
exercised in the proper installation of the precast liner and the backfilling and contact grouting of
the liner in areas where such blocks do fall out of the crown and sidewalls of the tunnels.

Blocky rock is defined by the U.S. National Committee on Tunneling Technology as “rock having
joints or cleavage spaced and oriented in a manner such that it readily breaks into loose blocks
under excavation conditions” (citation: “Geotechnical Site Investigations for Underground Projects”,
Volume 1, Subcommittee on Geotechnical Site Investigations, U.S.N.C.T.T., Commission on
Engineering and Technical Systems, National Research Council, National Academic Press,
Washington, D.C., 1984). Blocky rock conditions are expected along the CM009 alignment and will
be created by the presence of two or more persistent joint sets at close to moderate spacings,
especially when the joints are open or have weak mineral coatings or gouge material on their
surfaces. Blocky rock conditions can occur in the crown, sidewalls and the tunnel face (definitions
for joint spacings are given in Figure 6).

The main types of block fallouts from the crown and sidewalls and the face of the tunnels expected
are as follows:
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- Wedge-shaped fallout: This type of fallout is generally characterized by blocks bounded by
three or more intersecting joints. In general these occur due to the presence of steeply
dipping joints intersecting the tunnel combined with shallow dipping foliation joints. Such
instabilities can occur both during excavation and also at any time after the tunnel has been
excavated and can occur both in the crown and sidewalls of the tunnel, depending upon
their relative orientations relative to the tunnel axis.

- Slab fallout: This type of fall out can occur at the intersection between the schistose gneiss
and other rock types, such as pegmatite and amphibolite, or at intersections with shear
zones. It can also occur due to the presence of a combination of closely spaced shallow
foliation joints or gouge seams (shear zones) and one or more moderately to widely spaced
steeply dipping joints.

- Face Fallout (Blocky Face Condition): Fallouts from the face during TBM excavation can
occur due to the presence of closely to moderately spaced persistent joints or joint clusters
adversely oriented relative to the tunnel face, especially where joints are open or contain
gouge material, microshear zones and major shear zones. The loss of confinement created
at the tunnel face by the tunnel boring operation coupled with the combination of persistent
joint sets creates a blocky face condition. The blocks can take the form of wedge or slab
fallouts (as defined above). Such fallouts can cause cutter and cutterhead damage and
muck handling problems. Blocky face conditions can contribute to overbreak in the crown
and sidewalls of the tunnel.

The major types of failure modes in the excavation that can be expected are presented below:

- Progressive failure by gradual loosening and fallout of small blocks (up to 3 feet in depth) of
rock. This failure mode is likely to occur when initial support is not installed immediately
after the tunnel is excavated contrary to the Contract Specification requirements. Of special
note is the fact that in case of the tunnels excavated by TBM, potential blocks that could fall
out are not readily apparent at the time of excavation and are likely to fall out behind the
TBM. In drill-and-blast operations, such blocks are more likely to fall out with the blast or
during scaling operations. The Contractor should have provisions for installation of
additional initial support behind the TBM and trailing gear.

- Failure of large blocks (up to 10 feet in depth) bounded by persistent discontinuities. This
failure mode is generally dependent upon the persistence of the discontinuities. Following
specified excavation sequences and early installation of initial support can mostly prevent
large block failures.

- Immediate failure of blocks at the face due to the loss of confinement caused by the tunnel
boring action, due to the presence of several persistent joint sets at close to moderate
spacings containing open joints or joints containing gouge material, and in shear zones.
The TBM design shall have provisions to handle this type of failure.

The initial support system is designed to prevent failure of blocks from the crown and sidewalls of
the tunnels. In cases where the rock mass conditions dictate the need for additional initial support
over and above the support class shown on the Contract Drawings, such support must be installed
to maintain a stable rock mass. However, when the actual rock mass conditions encountered
indicate a different rock support class from that shown on the Contract Drawings, then the specified
initial support for that class will be installed along with additional initial support appropriate for that
class, if required.
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The degree of additional initial support required will depend upon the rock mass conditions
encountered relative to the rock support class shown on the Contract Drawings. In general, the
following types of additional initial support will likely be necessary for each of the specified support
classes:

- Locations shown on the Contract Drawings as requiring SC | TBM support:
Occasional installation of one or more dowels in combination with mine straps or
channels and local installation of welded wire fabric (welded wire fabric installation is
incidental to SC | Support Class).

- Locations shown on the Contract Drawings as requiring SC Il TBM support:
Pattern rows of rock dowels in combination with welded wire fabric, mine straps or
channels, occasionally with timber lagging.

- Locations shown on the Contract Drawings as requiring SC Ill TBM support:
Steel ribs installed midway between the specified rib spacing, with steel mat lagging,
and possibly a combination of the above additional support types.

- Locations shown on Contract Drawings as requiring SC | E TBM or SC Il E TBM support:
The additional support for these areas will generally follow the guidelines given for the
above three conditions depending upon the rock mass conditions encountered.

Encountering poor quality rock mass conditions that require additional initial support is normally
readily evident during TBM boring (in most cases immediately behind the cutterhead). However,
the transition boundary from poor quality rock that requires additional initial support, to good quality
rock where the specified initial support is sufficient, is not readily apparent. Therefore, it is expected
that some additional initial support will be installed although the rock mass conditions may not
require it. This characteristic of a TBM bore will play a role in determining the transitions between
the specified initial support class boundaries. The procedures for making the transitions between
initial support classes will be in accordance with Specification 02270. In addition, as mentioned
above, occasional installation of additional initial support is likely to be required behind the TBM.
This is especially important, since the final liner of these tunnels will be installed in a future
construction contract.

Blocky rock conditions, blocky and seamy rock conditions, shear zones, and faulted zones are
anticipated along the CMO009 alignment and are anticipated to affect tunnel boring machine
operations in terms of advance rate, initial support installation, groundwater control and
grouting, and requirements for additional initial support.

Table 10.3 gives the anticipated percentages of rock mass conditions along the tunnel drives.
These conditions are averaged over the total linear feet of all TBM tunnels, caverns and starter
tunnels within each geologic zone. Higher percentages of these conditions than those indicated
in Table 10.3 will be encountered locally in the areas identified above as shear zones and fault
zones.

Details of rock mass behavior expected in each of the geologic zones, identified by tunnel reaches
with approximate Station numbers, are discussed in the following sections.
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Table 10.3 Estimates of Rock Conditions

Geologic Zones (Identified by Tunnel Linear Blocky Rock Major Shear Rock Mass Zones
Reaches) Feet of Zones Zones and not containing
(Note: T402 34+78.06 = EB2 1045+37.02 Tunnel including Faulted Zones shears, faults, or
T402 17+52.50 = L402 17+52.50) Minor Shear exhibiting blocky
Zones character

STA EB2 1076+50(x) to STA EB2 1084+00(%) 750 30% 70%
STA EB2 1066+00(+) to STA EB2 1076+50(%) 1050 60% 40%
STA EB2 1063+00(+) to STA EB2 1066+00(%) 300 100% 0%
STA EB2 1054+00(+) to STA EB2 1063+00(%) 900 30% 70%
STA EB2 1052+00(+) to STA EB2 1054+00(%) 200 100% 0%
STA T402 31+00(+) to STA EB2 1052+00(%) 1041 26% 49% 25%
STA T402 18+50(+) to STA T402 31+00() 1250 20% 80%
STA L402 0+75(%) to STA T402 18+50(+) 1775 30% 70%

10.3.1.1 STA EB2 1076+50(%) to STA EB2 1084+00(z)

The rock mass conditions at STA EB2 1084+00 is anticipated to be good by both Q and RMR
classifications and grades down to poor according to Q classifications and fair according to RMR
classification at STA EB2 1076+50. The rock mass is complexly folded with easterly dipping
foliation jointing at STA EB2 1084+00 to a westerly dip at STA EB2 1076+50, as shown in the
stereographic pole plots and rose diagrams in Figures 4 and 5. Further details are provided in the
reference documents entitled Appendices A-1 and A-3 (attached to this GBR). Joint spacings are
wide at STA EB2 1084+00 and become moderate to close at STA EB2 1076+50 (definitions of
spacing terms are given in Figure 6). Widely spaced steeply dipping jointing and widely spaced
clusters of closely spaced joints are also observed in this geologic zone, with spacing becoming
moderately spaced closer to STA EB2 1076+50.

Occasional wedge and slab type block fallouts are anticipated at the crown of the tunnels.
Occasional wedge and slab type block fallouts are anticipated on the northerly sidewall of the
tunnel closer to STA EB2 1084+00 and on the southerly sidewall closer to STA EB2 1076+50,
during boring. A larger percentage of block fallouts are anticipated in the crown and sidewalls
between STA EB2 1078+50 and STA EB2 1076+50 because joint orientations show a high degree
of scatter as a consequence of folding, as exemplified in the rose diagrams shown in Figure 5. In
addition, areas within the 10-foot fault zone (as described in Chapter 9) will cause additional wedge
and slab type failures.

Blocky face conditions with a propensity for fallout are anticipated to be encountered in areas
where closely spaced clusters of joints are present, and the probability of encountering such
conditions will increase as STA EB2 1076+50 is approached, due to the progressive change in
foliation direction, large scatter in joint orientations, and the presence of alteration minerals on the
joint surfaces. It is anticipated that up to 30% of this geologic zone will encounter blocky rock
conditions at the face, which will be prone to fallout.

In general, Support Class SC | TBM is anticipated to be required in this geologic zone with some
requirements for SC lll TBM near STA 1077+00 due to blocky rock conditions. Additional initial
support, compatible with SC | TBM support class, will be required in areas where block fallouts
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occur, the degree of which will be determined by actual ground conditions encountered or as
directed by the Resident Engineer.

The tunnel reach between STA EB2 1082+24 to STA EB2 1081+04 contains the starter tunnels
and the assembly chamber, to be built using drill-and-blast methods. Initial support requirements
for these are discussed in Section 10.4.

10.3.1.2 STA EB2 1066+00(x) to STA EB2 1076+50(z)

The rock mass conditions in this geologic zone are anticipated to be very poor to good according to
the Q classification system and poor to good according to the RMR classification system.

Joints are closely to moderately spaced over this geologic zone and contain alteration minerals on
their surfaces. Both shallow and steeply dipping joints have been encountered. Due to the folding
in this area, the major foliation jointing dips in an easterly direction east of Lexington Avenue and in
a westerly direction west of Lexington Avenue, and the jointing orientations show a high degree of
scatter as shown in the stereographic pole plots and rose diagrams in Figures 4 and 5. Further
details are provided in the reference documents entitled Appendices A-1 and A-3 (attached to this
GBR).

Zones of pegmatite and amphibolite are anticipated to cause slab type failures in the crown and
sidewalls of the tunnels. A friable and decomposed amphibolite, about 3 feet thick, has been
encountered above the tunnel elevation at approximately STA EB2 1066+00. Wedge and slab type
block failures are anticipated in the crown and sidewalls over the entire length of this geologic zone
due to the jointing conditions, with the EB2 tunnel experiencing a higher percentage of failures than
the WBL1 tunnel. The blocky character is anticipated to increase toward STA EB2 1066+00 due to
the proximity of a shear zone (described in the next Section). In addition, a larger percentage of
sidewall failures are anticipated to occur along the southerly sidewalls of the tunnels.

Blocky face conditions with a propensity for fallout are anticipated to be encountered in this
geologic zone due to the presence of closely to moderately spaced joints with alteration minerals
on their surfaces, progressive change in foliation direction and the large scatter in joint orientations.
It is anticipated that up to 60% of this geologic zone will encounter blocky rock conditions at the
face which will be prone to fallout. The blocky and seamy character will become more pronounced
as STA EB2 1066+00 is approached, due to the proximity of the shear zone.

Support Class SC Il TBM is anticipated to be required in this geologic zone due to the jointing
character and alteration products on the joint surfaces. Due to the excavation of the wye cavern
between STA EB2 1066+00 to STA EB2 1069+01, the Specifications require support class SC | E
TBM to be installed in the EB2 and WB1 tunnels. Additional initial support, compatible with SC Il
TBM support class, will be required in areas where block fallouts occur, the degree of which will be
determined by actual ground conditions encountered or as directed by the Resident Engineer.

Support requirements for the GCT 5 wye caverns, cross flue and the central instrument room, to be
built using drill-and-blast methods, are discussed in Section 10.4. The NYCT 60" Street Subway
Line crosses the alignment at STA 1071+00 at a distance of 62 feet; however, Support Class SC
is anticipated to be sufficient in this area. Additional initial support in this area, if required, will be
compatible with SC Il TBM support class.
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10.3.1.3 STA EB2 1063+00(%) to STA EB2 1066+00(z)

The rock mass conditions in this geologic zone are anticipated to be extremely poor to very poor
according to the Q classification and poor to fair according to the RMR classification because this
geologic zone has been identified as a major shear zone with a NNW trend.

The jointing is complex and variable and is closely to moderately spaced with joint orientations and
dip angles showing a high degree of scatter, as shown in the stereographic pole plots and rose
diagrams in Figures 4 and 5. Further details are provided in the reference documents entitled
Appendices A-1 and A-3 (attached to this GBR). Steeply dipping joints are open. Groundwater
infows are expected. Wedge and slab type block failures are anticipated in the crown and
sidewalls over the entire length of this geologic zone due to the jointing intensity, and weathering
and alteration along joint surfaces.

Blocky face conditions and blocky and seamy conditions, with propensity for fallout, are anticipated
to be encountered throughout this geologic zone due to the presence of the shear zone with open
joints and weathering and alteration products on the joint surfaces and the presence of
groundwater. It is anticipated that up to 100% of this geologic zone will encounter blocky rock
conditions at the face, which will be prone to fallout.

Since this is a shear zone, Support Class SC Ill TBM is anticipated to be required in this geologic
zone. Additional initial support, compatible with SC Ill TBM support class, will be required in areas
where the wedge or slab type failures are extensive, the degree of which will be determined by
actual conditions encountered during construction.

The tunnel reach between STA EB2 1066+00 to STA EB2 1063+75 contains a part of the GCT 5
wye cavern, to be built using drill and blast methods. Support requirements for these are discussed
in Section 10.4.

10.3.1.4 STA EB2 1054+00(%) to STA EB2 1063+00(z)

The rock mass conditions in this geologic zone are anticipated to be very poor to very good
according to the Q classification and fair to good according to the RMR classification, with the EB2
and EB4 tunnels tending to be in the poorer rock, and WB1 and WB3 tunnels in good rock.

It is anticipated that the effects of the shear zone will be experienced to approximately STA EB2
1062+00(z). Foliation joints show a westerly shallow dip and steeply dipping joints generally show
an easterly dip, as shown in the stereographic pole plots and rose diagrams in Figures 4 and 5.
Further details are provided in the reference documents entitled Appendices A-1 and A-3 (attached
to this GBR). Joints are closely to moderately spaced with some alteration products on joint
surfaces. Widely spaced clusters of closely spaced joints also occur. Wedge type block fallouts are
anticipated in the crown due to a combination of the shallow dipping foliation joints and steeply
dipping joints. Occasional wedge type fallouts are anticipated along the northerly sidewalls. A
larger percentage of wedges are anticipated in the crown and sidewalls in the EB2 and EB4
tunnels as compared to WB1 and WB4 tunnels. Slab type fallouts are anticipated in the vicinity of
the pegmatite zone and the amphibolite (approximately STA EB2 1055+50(+)) zones in all tunnels.

Blocky face conditions and blocky and seamy rock conditions, with propensity for fallout, are
anticipated to be encountered in areas affected by the proximity to the shear zone (described in the
previous Section) and also due to the presence of a brecciated zone as STA EB2 1054+00 is
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approached (described in the following Section). It is anticipated that up to 30% of this geologic
zone will encounter blocky rock conditions at the face which will be prone to fallout.

Due to the proximity of the shear zone and the brecciated zone, it is anticipated that some areas
will require Support Class SC Il TBM; however, the majority of this geologic zone will require
Support Class SC | TBM. Additional initial support, compatible with SC Il TBM and SC Ill TBM
support classes, will be required near the shear zone and the brecciated zone, the degree of which
will be determined by actual conditions encountered during construction, or as directed by the
Resident Engineer.

The reach between approximately STA EB2 1056+00(+) to STA EB2 1055+00(+) contains the 55"
Street Ventilation Plant enlargement, to be built using drill-and-blast methods under future
Contracts. The initial support for this reach is prescribed to be Support Class SC | E TBM for the
upper two tunnels. Additional initial support in this area, if required, will be compatible with SC |
TBM or SC Ill TBM support class, depending upon the actual rock mass conditions encountered.

10.3.1.5 STA EB2 1052+00(+) to STA EB2 1054+00(%)

The rock mass conditions in this geologic zone are anticipated to be extremely poor to poor
according to the Q classification and very poor to fair according to the RMR classification, due to
the presence of an E-W trending fault in this area.

It is anticipated that the EB2 and EB4 tunnels will experience poorer rock as compared to the WB1
and WB3 tunnels. The major jointing shows a westerly dip, as shown in the stereographic pole
plots and rose diagrams in Figures 4 and 5. Further details are provided in the reference
documents entitled Appendices A-1 and A-3 (attached to this GBR). The jointing is closely to
moderately spaced with slickensides on joint surfaces. Clusters of broken rock and breccia, up to
10 feet thick, have been identified by the geotechnical investigation program. Wedge type fallouts
are anticipated in the crown and sidewalls with the EB2 and EB4 tunnels experiencing a larger
percentage of fallouts as compared to WB1 and WB3 tunnels. At the brecciated zones, the rock will
exhibit blocky and seamy conditions and both wedge type and slab type failures are anticipated.

Blocky face conditions with propensity for fallout are anticipated to be encountered due to the
presence of the brecciated zone. It is anticipated that up to 50% of this geologic zone will
encounter blocky rock conditions at the face which will be prone to fallout.

Due to the presence of the brecciated zone, it is anticipated that Support Class SC Il TBM will be
required in this geologic zone. Additional initial support, compatible with SC Il TBM support class,
will be required in areas where the wedge or slab type failures are extensive, the degree of which
will be determined by actual conditions encountered during construction, or as directed by the
Resident Engineer.

10.3.1.6  STA T402 31+00(+) to STA EB2 1052+00(x)

The rock mass conditions in this geologic zone are anticipated to range from extremely poor to
very good according to the Q classification and poor to good according to the RMR classification.

It is anticipated that the WB1(T403-L403) and WB3 (T303-L303) tunnels will encounter poorer rock
mass conditions than the EB2 and EB4 tunnels due to the presence of a heavily fractured rock
mass, interpreted to be a fault, lying west of the tunnels. The rock quality in the EB2 (T402-L402)
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and EB4 (T302-L302) tunnels is anticipated to be good quality rock with the Q values ranging from
good to very good and RMR values are good. In general, foliation joints dip in a westerly to a
southerly direction, as shown in the stereographic pole plots and rose diagrams in Figures 4 and 5.
Further details are provided in the reference documents entitled Appendices A-1 and A-3 (attached
to this GBR).

Discontinuities in the area of EB2 and EB4 tunnels include foliation joints and occasional low angle
and persistent high angle joints. Joints are generally tight, are occasionally slickensided, and
contain alteration products and rare mineralization on the surfaces. Joints are closely to widely
spaced, with widely spaced clusters of closely spaced foliation joints intersected by occasional high
angle to vertical joints. Toward the west side of the alignment, in the WB1 and WB3 tunnels,
discontinuities are tight to open, frequently slickensided, and are infilled with alteration products
and mineralization. Joint spacings are close to moderate with closely spaced clusters and
numerous persistent steeply dipping fractures. Both wedge type and slab type fallouts are
anticipated in the crown and sidewalls of the tunnels with a larger percentage in the WB1 and WB3
tunnels, due to the combination of shallow dipping and steeply dipping joints and a high degree of
scatter in the orientation of steeply dipping joints, especially between STA T402 34+00(%) to STA
EB2 1048+00(z).

The rock pillars in the upper level tunnels, at approximately T402 32+50 to T402 33+00, and in the
lower level tunnels, at approximately STA T402 34+00 to STA EB2 1045+60, are expected to be
influenced by the near presence of the fault zone on the west side Park Avenue. In general, rock
mass quality is anticipated to be good, with Q values in the range of 10 to 40. Joints are anticipated
to be closely to widely spaced. However, occasional thin to thick clusters of extremely top closely
fractured rock with altered joint surfaces and occasional slickensides will be encountered. Clusters
are anticipated to comprise numerous foliation joints and occasional low to medium angle joints
intersected by high angle to vertical joints.

Blocky face conditions, with propensity for fallout, are anticipated to be encountered due to the
proximity to the fault zone and a combination of foliation and persistent steeply dipping joints and
close to moderate spacings. It is anticipated that up to 50% of this geologic zone will encounter
blocky rock conditions at the face, which will be prone to fallout.

Due to the proximity to the fault zone and the joint characteristics, it is anticipated that, in general,
Support Class SC Il TBM will be required in this geologic zone. Additional initial support,
compatible with SC || TBM support class, will be required in areas where the wedge or slab type
failures are extensive, the degree of which will be determined by actual conditions encountered
during construction, or as directed by the Resident Engineer.

The NYCT 53™ Street Subway Line crosses above the alignment at STA EB2 1050+50(+) at a
distance of 12 feet. Support Class SC Il TBM is prescribed for this area. The tunnel reach between
approximately STA T402 29+50(+) to STA EB2 1049+40(%) contains the GCT 3 wye cavern and
crossover structure and associated starter tunnels, to be built using drill and blast methods (further
discussion in Section 10.4). The initial support for the TBM tunnels in the GCT 3 wye cavern and
crossover area is prescribed to be Support Class SC Il E TBM, for the upper two tunnels. The
lower two tunnels will require SC Il TBM support class. Additional initial support in this area, if
required, will be compatible with SC || TBM support class. Pillar reinforcement will be required in
the starter tunnel area.
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10.3.1.7  STA T402 18+50() to STA T402 31+00(+)

The rock mass conditions in this geologic zone are anticipated to be poor to very good according to
the Q classification and fair to good according to the RMR classification.

Some effects of the faulting on the west side of the excavations are anticipated to persist in the
WB1 and WB3 tunnels from approximately STA T402 31+00(x) to about STA T402 29+00(z). In
general, the joints dip in a westerly to a southerly direction as shown in the stereographic pole plots
and rose diagrams in Figures 4 and 5. Further details are provided in the reference documents
entitted Appendices A-1 and A-3 (attached to this GBR). Occasional steeply dipping joints are
present. About 50% of this geologic zone contains joints at a close to moderate spacing and the
rest is moderately to widely spaced. Occasional wedge and slab type block fallouts are anticipated
to occur at the crown and sidewalls of the tunnels due to the combination of steeply dipping and
shallow dipping joints, with a larger percentage anticipated on the easterly sidewalls of the tunnels.

Blocky face conditions, with propensity for fallout, are anticipated to be encountered due to the
proximity to the fault zone and where clusters of closely spaced joints and steeply dipping joints
occur. It is anticipated that up to 20% of this geologic zone will encounter blocky rock conditions at
the face which will be prone to fallout.

Since the rock in this geologic zone is generally good, it is anticipated that Support Class SC | TBM
will be required in this area. Additional initial support, compatible with SC | TBM support class, will
be required where wedge or slab type block fallouts occur, the degree of which will be determined
by actual conditions encountered during construction, or as directed by the Resident Engineer.

The tunnel reaches between approximately STA T402 29+50(z) to STA T402 31+00(x) contains a
portion of the GCT 3 cavern and starter tunnel, to be built using drill and blast methods. The tunnel
reach between approximately STA T402 28+91(z) to STA L402 17+26(%) contains the Station
caverns and approach structures, to be built using drill and blast methods under future Contracts.
Initial support for all these areas is Support Class SC | E TBM for the upper two tunnels. The lower
tunnels in this area will require SC | TBM support class. Additional initial support in this area, if
required, will be compatible with SC | TBM support class. Pillar reinforcement will be required in the
starter tunnel area.

10.3.1.8  STA L402 0+75(%) to STA T402 18+50(x)

The rock mass conditions in this geologic zone are anticipated to be poor to good according to the
Q classification and fair to good according to the RMR classification.

In general, it is anticipated that the westerly tunnels will remain in good to very good rock, whereas
the easterly tunnels will be in good rock. The joints dip in a westerly to a southerly direction as
shown in the stereographic pole plots and rose diagrams in Figures 4 and 5. Further details are
provided in the reference documents entitled Appendices A-1 and A-3 (attached to this GBR).
Occasional steeply dipping joints are present. Joints are closely to moderately spaced, and clusters
of closely spaced joints occur at very wide spacings. Occasional wedge and slab type block fallouts
are anticipated to occur at the crown and sidewalls of the tunnels due to the combination of steeply
dipping and shallow dipping joints, with a larger percentage anticipated in the easterly sidewalls.
Blocky and seamy rock conditions are anticipated between STA L402 14+00 to STA L402 15+50.

Blocky face conditions, with propensity for fallout, are anticipated to be encountered in areas where
closely spaced clusters of joints and steeply dipping joints occur. It is anticipated that up to 30% of
this geologic zone will encounter blocky rock conditions at the face, which will be prone to fallout.
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Due to the generally good rock conditions, it is anticipated that Support Class SC | TBM will be
required in this geologic zone. Additional initial support, compatible with SC | TBM support class,
will be required where wedge or slab type block fallouts occur, the degree of which will be
determined by actual conditions encountered during construction. Of special note is the fact that a
portion of this reach of tunnels lies directly below the great hall of the GCT and Support Class SC |
E TBM is prescribed for this area for the upper two tunnels. The lower two tunnels are anticipated
to require SC | TBM support class. The boring information in this area is sparse compared to the
remainder of the alignment, and unanticipated poor quality rock mass conditions should be
anticipated by the Contractor. Additional initial support for this area is anticipated to be compatible
with SC | TBM or SC Il TBM support class depending upon the actual rock mass conditions
encountered, or as directed by the Resident Engineer.

The NYCT Street Flushing Subway Line crosses the alignment at STA L402 11+00 at a distance of
20 feet and SC IlI-TBM support class is prescribed for this area. The 38M-41% Street NYCT
Lexington Avenue Subway Line is adjacent to the alignment between STA L402 2+00 to STA L402
9+50 at a distance of 60 feet, however, Support Class SC | is anticipated to be sufficient in this
area. Additional initial support in these areas, if required, will be compatible with SC | TBM support
class. The area between approximately STA L402 15+31(x) and STA L402 11+92(+) contains the
Tail Track caverns to be built using drill and blast methods under future construction contracts. The
initial support for these tunnel reaches is Support Class SC | E TBM for the upper two tunnels. The
lower two tunnels is anticipated to require SC | TBM support class. Additional initial support in this
area, if required (especially between STA L402 14+00 to STA L402 15+50), will be compatible with
SC | TBM or SC Il TBM support class depending upon the actual rock mass conditions
encountered, or as directed by the Resident Engineer.

10.3.2 Tunnel Boring Machine Excavation

The tunnel boring machine requirements are given in Specification Section 02413. Anticipated
excavation conditions with respect to the tunnel boring machine operations are discussed below.

10.3.2.1 Rock Mass Parameters

The TBMs must be selected and designed such that they are capable of excavating rock with
properties ranging from 90% of the Minimum Tested Values to 110% of the Maximum Tested
Values of strength, abrasivity, hard mineral content, quartz content, garnet/almandine content,
drilling indices, and cutter wear indices as delineated in Chapter 12 of this GBR, as well as 90% of
other applicable minimums and 110% of other applicable maximums of parameters or conditions.
For the purposes of this Contract, the baselines in the GBR; and, to the extent not inconsistent with
the baselines, the Contract indications in this GBR and the GDR, including but not limited to rock
mass characteristics and the mechanical properties as given in Chapter 8 are indications for TBM
production. Actual excavation rates will be affected by the rock mass properties (as described
earlier), the degree of jointing intensity actually encountered and their orientation relative to the
excavation orientation, and actual groundwater conditions.

The TBM and muck handling system must be designed to excavate the tunnel, install appropriate
initial support, handle and control groundwater inflows, and remove muck under blocky and seamy
rock conditions, as discussed in the previous Section. It is anticipated that in some cases, tunnel
excavation operations will require to be suspended for the installation of initial support and
additional initial support immediately behind the cutterhead support or for grouting operations.
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10.3.2.2 Gripper Pressure

During the selection of TBMs with side grippers, consideration must be given to the gripper bearing
pad surface area to minimize local overstressing of rock. For the purposes of the CM009 Contract,
an unconfined compressive strength of the rock of 2000 psi can be assumed for the design of
gripper pads. If the gripper bearing pads are designed on the basis of higher rock strength, then the
grippers will be unable to generate sufficient thrust to advance the TBM, and will overstress the
rock. Gripper problems are anticipated along shear zones identified in this GBR and those that are
likely to be found during construction.

10.3.2.3 Pillar Maintenance

Special consideration must be given to the stability of the pillar between adjacent TBM runs.
Locations along the alignment where the Contract Drawings show pillar widths less than 12 feet
between adjacent TBM runs will require special reinforcement of the pillar. Special reinforcement
requirements are shown on the Contract Drawings.

10.4 Drill and Blast Excavation

This Contract incorporates drill-and-blast excavation in the approach tunnels, the TBM assembly
chamber and adjoining starter tunnels, GCT 5 wye caverns and adjoining starter tunnels, GCT 3
wye caverns, Cross passages, central instrument room, sump pump chamber, and the cross flue.
Excavation sequences and round lengths are based upon rock mass stability requirements,
stability of adjacent structures, and the requirement to maintain ground vibration and air blast
effects of blasting within allowable prescribed limits, as given in the controlled blasting
specifications, Section 02414, of this Contract. The Contractor shall use controlled blasting
techniques, such as smoothwall blasting, or line drilling techniques to maintain the prescribed
limitations in ground vibration and stability of adjacent structures. The Contractor shall conduct, in
accordance with the Specifications, a series of test blasts to demonstrate the effectiveness of his
excavation technique.

Limits on vibration, noise limits and working hours are imposed upon driling and blasting
operations at certain specified locations (see Specification Section 01572 and 02414). The
Contractor shall choose his means and methods to comply with these restrictions. Blasting
adjacent to existing NYCT, MNR tunnels, structures, facilities and utilities will have special
restrictions as required by the Specifications.

Ground conditions in areas excavated by drill-and-blast are controlled by the degree of jointing
intensity, their orientation relative to the excavation orientation, and the effects of the drill and blast
operation. Incipient joints tend to remain incipient during TBM excavation, however they have a
propensity to open and propagate in drill and blast operations. Therefore, in a given area, the
degree of wedge or slab type failures is anticipated to be higher in drill-and-blast operations as
compared to TBM operations. The Contractor shall modify his excavation sequence to minimize
potential overbreak.

Initial support requirements for each type of excavation are shown on the Contract Drawings.
Geotechnical instrumentation will be used to monitor ground movements due to the Contractor's
work and remedial measures will be required if ground movement trends are deemed
unsatisfactory.
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Details of suggested excavation sequences, anticipated round lengths and anticipated initial
support requirements at each blasting area of this Contract are discussed below.

10.4.1 Approach Tunnels

Two approach tunnels to the assembly chamber will be constructed from the existing 63" Street
tunnels between approximately STA EB2 1084+3.56(x) to approximately STA EB2
1082+30(z). The EB2 tunnel is approximately 176 LF in length and the WBL1 tunnel is approximately
150 LF in length. Parts of these tunnels have been excavated under the previous CM016 Contract
using a roadheader. Further information on these excavations can be found in the reference
documents for the CM009 Contract. Of special note is the fact that the approach tunnels, especially
WBL1 lies in close proximity to the 63™ Street NYCTA tunnel with the smallest separation distance
being 6.5 feet at STA EB2 1084+50.

10.4.1.1 Rock Mass Conditions

The approach tunnels will be constructed through rock mass conditions described in Chapter 9 of
this Report. For the purposes of this Contract, the GBR baselines, and to the extent not
inconsistent with those baselines, observed mechanical properties of the rock (Table 8-2 of this
GBR), RQD, and a pervasive 3 joint set system, as described in Chapter 8 and 9 are indicated.

Rock mass conditions for the excavation of the assembly chamber are described in Section
10.3.1.1. for TBM operations. Wedge and slab type block fallouts are anticipated to occur at the
crown and sidewalls in areas where clusters of closely to moderately spaced joints are present.
The northern sidewall is anticipated to experience larger amount of fallouts than the southern
sidewall.

10.4.1.2 Excavation Sequence and Initial Support

The major issue with respect to the construction of these excavations is the necessity to control
overbreak and to minimize the damage to the surrounding rock, as well as to limit ground vibrations
within specified limits. Due to the proximity of the NYCT tunnel and the sensitive residential area
nearby, the assembly chamber is to be constructed using top heading and bench methods, as
shown on the Contract Drawings. Restrictions on round lengths for both the top heading and bench
excavations are shown on the Contract Drawings and may be modified based on rock mass
conditions actually encountered and the ground vibration limitations.

Initial supports for these tunnels are as shown in the Contract Drawings. The support classes for
the starter tunnels (I-A, I-B, and I-C) are also given in Section 10.2. It is required by the
Specifications that all initial support, consisting of rock dowels at prescribed patterns, welded wire
fabric, and reinforced shotcrete lining of prescribed thickness, is to be installed after blasting each
round, in order to ensure that the wedge or slab type block failures described in Section 10.3.1.1 is
prevented and the disturbed rock zone around the excavation is kept to a minimum. Additional
initial support will be installed as required by actual ground conditions encountered or as directed
by the Resident Engineer.

10.4.2 TBM Assembly Chamber
The assembly chamber for erection of the TBM and ancillary equipment is suggested to be

constructed between STA EB2 1082+24(x) and STA EB2 1081+44(x). The dimensions of the
assembly chamber, as shown in the Contract Drawings, are based upon due consideration given
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to the presence of the NYCT 63" Street Subway tunnel located nearby (at a distance of 20 feet at
STA EB2 1082+25). The final dimensions will be determined by the Contractor based upon the
TBM chosen and manufacturer recommendations. However, a minimum separation distance of 20
feet must be maintained between the extrados of the assembly chamber and the NYCT structure.
Another limiting factor in the excavation of this chamber is that it is located near a very sensitive
residential area, known as Treadwell Farms. The Contractor's excavation sequence and blasting
procedures must be such that the vibration thresholds given in the General Requirements of the
Contract (Section 01571) for this area are not exceeded.

10.4.2.1 Rock Mass Conditions

The rock mass conditions are generally the same as for the approach tunnels, as described above
in Section 10.4.1.1. The possible 10-foot thick fault zone as described in Section 10.3.1.1 (from
borings taken in Contract CM016) will cause blocky rock conditions in the walls of the assembly
chamber.

10.4.2.2 Excavation Sequence and Initial Support

All blasting and construction restrictions applicable to the approach tunnels, as described in
Section 10.4.1.2, apply here as well due to the presence of the 63" Street NYCTA tunnel and
aboveground residential structures.

It is required by the Specifications that all initial support, consisting of rock bolts and rock dowels at
prescribed patterns, welded wire fabric, and reinforced shotcrete lining of prescribed thickness, is
to be installed after blasting each round, in order to ensure that the wedge or slab type block
failures described in Section 10.3.1.1 and 10.4.1.1 is prevented and the disturbed rock zone
around the excavation is kept to a minimum.

The initial support for the assembly chamber is shown in Section 10.2, and is considered to be the
minimum required. Additional initial support, will be installed as required by actual ground
conditions encountered or as directed by the Resident Engineer.

Ground vibrations and airblast will be monitored, as well as the structural integrity of the NYCT
tunnel. Alternate excavation methods will be required in case monitoring of the NYCT tunnels show
deviation from Specification requirements. Plans for any alternate methods of construction must be
submitted by the Contractor for review by the Resident Engineer prior to undertaking such
methods. In addition, other operational restrictions (or, blackout periods) will be imposed on drilling
and blasting operations by the NYCT, MNR, and surrounding community, as prescribed in
Specification Section 02414.

10.4.3 Starter Tunnels

Two starter tunnels will be constructed between STA EB2 1081+44(+) to STA EB2 1081+04(%).
Actual location of the starter tunnels will depend upon the Contractor's design of the assembly
chamber and the requirements of the TBMs employed.

10.4.3.1 Rock Mass Conditions

The rock mass conditions are generally the same as for the assembly chamber, as described
above in Section 10.4.1.1.
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10.4.3.2 Excavation Sequence and Initial Support

All blasting and construction restrictions applicable to the assembly chamber, as described in
Section 10.4.1.2, apply here as well due to the presence of the NYCT 63™ Street Subway tunnel
and aboveground residential structures.

Restrictions on round lengths are shown on the Contract Drawings and may be modified based on
rock mass conditions actually encountered and the ground vibration limitations.

Initial supports for these tunnels are as shown in the Contract Drawings. The support classes for
the starter tunnels (SC | and SC I1l) are also given in Section 10.2. It is required by the
Specifications that all initial support, consisting of rock dowels at prescribed patterns, welded wire
fabric, and reinforced shotcrete lining of prescribed thickness, is to be installed after blasting each
round, in order to ensure that the wedge or slab type block failures described in Section 10.3.1.1
and 10.4.1.1 is prevented and the disturbed rock zone around the excavation is kept to a minimum.
In addition, the stability of the pillar between the starter tunnels must be maintained. Additional
initial support will be installed as required by actual ground conditions encountered or as directed
by the Resident Engineer.

10.4.4 GCT 5 Wye Caverns and Starter Tunnels

The GCT 5 wye caverns located between STA EB2 1069+ 31(x) and STA EB2 1064+ 19(x) will
serve as chambers where partially disassembled TBMs will be reassembled to drive two of the
running tunnels. Each wye cavern will be enlarged from a TBM driven pilot bore to its final
configuration.

10.4.4.1 Rock Mass Conditions

The GCT 5 wye caverns will be constructed through rock mass conditions, as described in Chapter
9 of this GBR, as being within a shear zone, with varying rock types. For the purposes of this
Contract, the GBR baselines (Chapter 12), and to the extent not inconsistent with those baselines,
observed mechanical properties of the rock, RQD, and a pervasive three joint set system, as
described in Chapter 8 and 9 are indicated. Higher rates of groundwater inflow than that indicated
by packer tests are anticipated, as described in Chapter 9 of this GBR, and baselined in the GBR.

The ground conditions will be as baselined in the GBR, and to the extent not inconsistent with
those baselines, as described in Sections 10.3.1.2 and 10.3.1.3, with the added factor of ground
disturbance due to drill and blast excavation. In addition, enlargement operations will contribute to
the damage to the rock. Wedge and slab type block failures are anticipated in the crown and
sidewalls over the entire length of this reach of tunnel due to the jointing conditions. It is anticipated
that the EB2 enlargement of the TBM tunnel will experience a higher percentage of failures than
the WB1 enlargement.

10.4.4.2 Excavation Sequence and Initial Support

The GCT 5 wye caverns are to be enlarged from the initial TBM bores to their final configurations
using top heading and bench methods, as shown in the Contract Drawings. Consideration is to be
given to the presence of the NYCT 59" Street Lexington Avenue Subway line that crosses the
alignment at STA EB2 1068+00 at a distance of 32 feet. Restrictions on round lengths for both the
top heading and bench excavations are shown on the Contract Drawings and may be modified
based on rock mass conditions actually encountered and the ground vibration limitations.
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Construction sequences, as shown on the Contract Drawings, are suggested, except at the shear
zone, where the sequence shall be as shown on the Contract Drawings.

It is required by Specification Section 02407 that all initial support, consisting of rock dowels at
prescribed patterns, welded wire fabric, lattice girders and shotcrete of prescribed thickness, will be
installed after blasting each round, in order to ensure that the wedge or slab type block failures
described in Section 10.3 are prevented and the disturbed rock zone around the excavation is kept
to a minimum. Ground vibrations and airblast will be monitored. Minimal effects are anticipated at
the Metro-North Railroad (MNR) tunnel due to this blasting work. Additional initial support will be
installed as required by actual ground conditions encountered or as directed by the Resident
Engineer. Restrictions regarding hours of work will be imposed on drilling and blasting operations,
as prescribed in Specification Section 02414.

In addition, the stability of the pillar between the branches of the tunnels starting from the wye
caverns must be maintained. In order to monitor the stability of the pillar against gripper pressure,
additional reinforcement of the pillar is necessary from the TBM bore prior to excavation of the
branch starter tunnel, until a minimum pillar width of 12 feet has been achieved, as shown on the
Contract Drawings and as discussed earlier in Sections 10.3.2.3 and 10.3.2.4. Additional initial
support will be installed as required by actual ground conditions encountered or as directed by the
Resident Engineer.

10.4.5 GCT 3 Wye Caverns

The GCT 3 wye caverns are located between approximately STA EB4 1043+59(%) and STA T302
29+ 73(x). Each cavern will be enlarged from either one or two TBM driven pilot bore to its final
configuration. As given in the description of work, this cavern enlargement will have single TBM
driven tunnels underlying them at varying vertical and horizontal distances.

10.4.5.1 Rock Mass Conditions

The GCT 3 wye caverns will be constructed through rock mass conditions, as described in Chapter
9 of this GBR, as being adjacent to a fault zone, with varying rock types. For the purposes of this
Contract, the GBR baselines (Chapter 12), and to the extent not inconsistent with those baselines,
observed mechanical properties of the rock, RQD, and a pervasive three joint set system, as
described in Chapter 8 and 9 are indicated. Higher rates of groundwater inflow than that indicated
by packer tests are anticipated, as described in Chapter 9 of this GBR, and baselined in the GBR.

The ground conditions will be as baselined in the GBR, and to the extent not inconsistent with
those baselines, as described in Sections 10.3.1.6, with the added factor of ground disturbance
due to drill and blast excavation and multiple openings. In addition, enlargement operations will
contribute to the damage to the rock. Wedge and slab type block failures are anticipated in the
crown and sidewalls over the entire length of this reach of tunnel due to the jointing conditions. It is
anticipated that the western boundaries of the caverns will experience a higher percentage of
failures due to the presence of a fault zone alongside the western boundary of the cavern and
tunnel excavations.

10.4.5.2 Excavation Sequence and Initial Support
The GCT 3 wye caverns are to be enlarged from the initial TBM bores to their final configurations

using top heading and bench methods, as shown in the Contract Drawings. Restrictions on round
lengths for both the top heading and bench excavations are shown on the Contract Drawings and
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may be modified based on rock mass conditions actually encountered and the ground vibration
limitations. Construction sequences as shown on the Contract Drawings are suggested.

It is required by Specification Section 02407 that all initial support, consisting of rock dowels at
prescribed patterns, welded wire fabric, and reinforced shotcrete lining of prescribed thickness,
will be installed after blasting each round, in order to ensure that the wedge or slab type block
failures described in Section 10.3 are prevented and the disturbed rock zone around the
excavation is kept to a minimum. Ground vibrations and airblast will be monitored. Additional initial
support will be installed as required by actual conditions encountered or as directed by the
Resident Engineer. Restrictions regarding hours of work will be imposed on drilling and blasting
operations, as prescribed in Specification Section 02414.

10.4.6 Cross Flue and Central Instrument Room

The cross flue cavern connects the EB2 and WBL1 tunnels. The limits of the excavation in EB2
tunnels extend from STA EB2 1072+53(+) to STA EB2 1071+93(), and in WBL1 tunnels, from STA
WB1 1072+36.5(%) to STA WB1 1071+76(z). The central instrument room is located between the
EB2 and WB1 tunnels at approximately STA EB2 1068+00(x). Both caverns will be excavated from
either or both of the EB2 and WB1 tunnels that will have been excavated in this Contract.

10.4.6.1 Rock Mass Conditions

Both caverns will be constructed through rock mass conditions, as described in Chapter 9 of this
GBR, as being adjacent to a fault zone, with varying rock types. For the purposes of this Contract,
the GBR baselines (Chapter 12), and to the extent not inconsistent with those baselines, observed
mechanical properties of the rock, RQD, and a pervasive three joint set system, as described in
Chapter 8 and 9 are indicated. Higher rates of groundwater inflow than that indicated by packer
tests are anticipated, as described in Chapter 9 of this GBR, and baselined in the GBR.

The rock mass conditions in this specific area are anticipated to be poor to fair according to the Q
classification system and fair according to the RMR classification system.

Joints are closely to moderately spaced and contain alteration minerals on their surfaces. Both
shallow and steeply dipping joints have been encountered. Due to the folding in this area, the
major foliation jointing appears to dip from an easterly direction to a westerly direction across the
cavern, and the jointing orientations show a high degree of scatter as shown in the stereographic
pole plots and rose diagrams in Figures 4 and 5. Further details are provided in the reference
documents entitled Appendices A-1 and A-3 (attached to this GBR).

Zones of pegmatite and amphibolite are anticipated to cause slab type failures in the crown and
sidewalls of the tunnels. A friable and decomposed amphibolite, about 3 feet thick, has been
encountered above the tunnel elevation at approximately STA EB2 1066+00 and may extend into
the cavern limits. Wedge and slab type block failures are anticipated in the crown and sidewalls
over the entire length of this cavern due to the jointing conditions, with the easterly walls
experiencing a higher percentage of failures than the westerly wall. The blocky character is
anticipated to be present throughout the cavern length due to the proximity of the shear zone.

Blocky face conditions with a propensity for fallout are anticipated to be encountered in this cavern
due to the presence of closely to moderately spaced joints with alteration minerals on their
surfaces, progressive change in foliation direction and the large scatter in joint orientations.
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10.4.6.2 Excavation sequence and Initial Support

The caverns are to be excavated from the initial TBM bores to their final configurations using top
heading and bench methods, as shown in the Contract Drawings. Consideration is to be given to
the presence of the NYCT 59" Street Lexington Avenue Subway line that crosses the alignment at
STA EB2 1068+00 at a distance of 32 feet. Restrictions on round lengths for both the top heading
and bench excavations are shown on the Contract Drawings and may be modified based on rock
mass conditions actually encountered and the ground vibration Ilimitations. Construction
sequences, as shown on the Contract Drawings, are suggested.

It is required by Specification Section 02407 that all initial support, consisting of rock dowels at
prescribed patterns, welded wire fabric, lattice girders and shotcrete of prescribed thickness, will be
installed after blasting each round, in order to ensure that the wedge or slab type block failures
described in Section 10.3 are prevented and the disturbed rock zone around the excavation is kept
to a minimum. Ground vibrations and airblast will be monitored. Additional initial support will be
installed as required by actual ground conditions encountered or as directed by the Resident
Engineer. Restrictions regarding hours of work will be imposed on drilling and blasting operations,
as prescribed in Specification Section 02414. In addition, in order to maintain the long term stability
of the pillars between the TBM driven tunnels and the cross flue cavern, permanent double
corrosion protected rock anchors will need to be installed, as shown on the Contract Drawings..

10.4.7 Intersecting Structures

Nine intersecting cross passages and a sump pump chamber are to be constructed using the drill-
and-blast method. The intersecting structures are as follows:

Tail Track Tunnels:

- Upper Cross Passage No. 2: STA L302 5+85
- Upper Cross Passage No. 3: STA L302 10+30
- Lower Cross Passage No. 2: STA L402 5+85
- Lower Cross Passage No. 3: STA L402 10+30

GCT Cavern Approach Tunnels:

STA EB2 1048+70
STA WB3 1063+07.26 (Inclined)
STA EB4 1062+95.81 (Inclined)

- Cross Passage No.
- Cross Passage No.
- Cross Passage No.
- Cross Passage No. STA EB2 1070+10
- Cross Passage No. 7:  STA EB2 1077+90
- Sump Pump Chamber: STA EB2 1050+81.83

NoahRN

10.4.7.1 Rock Mass Conditions

Rock mass conditions for the No. 2 and No. 3 cross passages in the tail track tunnels will be as
described in Section 10.3.1.8. In general, it is anticipated that the rock in these areas is in the range
of good to very good rock. The joints dip in a westerly to a southerly direction. Occasional steeply
dipping joints are present. Joints are closely to moderately spaced, and clusters of closely spaced
joints occur at very wide spacings. Occasional wedge and slab type block fallouts are anticipated to
occur at the crown and sidewalls (a larger percentage in the northern sidewalls) of the excavations
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due to the combination of steeply dipping and shallow dipping joints, with a larger percentage
anticipated in the easterly sidewalls.

Rock mass conditions for the No. 2 cross passage in the GCT Cavern Approach Tunnels will be as
described in Section 10.3.1.6. The rock quality is anticipated to be good. In general, foliation joints
dip in a westerly to a southerly direction. Discontinuities also include occasional low angle and
persistent high angle joints. Joints are generally tight, are occasionally slickensided, and contain
alteration products and rare mineralization on the surfaces. Toward the western end of the cross
passage, discontinuities range from tight to open, frequently slickensided, and are infilled with
alteration products and mineralization, possibly due to the presence of a fault to the west of the
area. Wedge type and slab type fallouts are anticipated in the crown and sidewalls of the
excavations due to the combination of shallow dipping and steeply dipping joints and a high degree
of scatter in the orientation of steeply dipping joints and a fault located to the west of the area. Both
wedge type and slab type fallouts are anticipated in the crown and sidewalls of the tunnel due to
the combination of shallow dipping and steeply dipping joints and a high degree of scatter in the
orientation of steeply dipping joints and a fault located to the west of the area.

Rock mass conditions for the No. 4 cross passage in the GCT Cavern Approach Tunnels will be as
described in Section 10.3.1.3. The rock mass conditions are anticipated to be extremely poor to
very poor because this area has been identified as a major shear zone with a NNW trend. The
jointing is complex and variable and is closely to moderately spaced, with joint orientations and dip
angles showing a high degree of scatter. Steeply dipping joints are open. Groundwater inflows are
expected to be similar to inflows in the approach tunnels that intersect this major shear zone.
Blocky face and blocky and seamy conditions, and wedge and slab type block failures are
anticipated in the crown and sidewalls over the entire length of this cross passage due to the
jointing intensity, and weathering and alteration along joint surfaces.

Rock mass conditions for the No. 5 cross passage in the GCT Cavern Approach Tunnels will be as
described in Sections 10.3.1.3 and 10.3.1.4. The rock mass conditions are anticipated to be very
poorer near the EB2 and EB4 tunnels and fair to good near the WB1 and WB3 tunnels. It is
anticipated that the effects of the shear zone will be experienced. Foliation joints show a westerly
shallow dip and steeply dipping joints generally show an easterly dip. Joints are closely to
moderately spaced with some alteration products on joint surfaces. Widely spaced clusters of
closely spaced joints also occur. Wedge type block fallouts are anticipated in the crown due to a
combination of the shallow dipping foliation joints and steeply dipping joints. Occasional wedge
type fallouts are anticipated along the northerly sidewalls. Blocky face conditions and blocky and
seamy rock conditions, with propensity for fallout, are anticipated.

Rock mass conditions for the No. 6 cross passage in the GCT Cavern Approach Tunnels will be as
described in Section 10.3.1.2 and similar to the cross flue excavation described in Section 10.4.6.1
for the cross flue excavation. The rock mass conditions in this area are anticipated to be very poor.
Joints are closely to moderately spaced and contain alteration minerals on their surfaces. Both
shallow and steeply dipping joints have been encountered. Due to the folding in this area, the
major foliation jointing dips in an easterly direction, east of Lexington Avenue, and in a westerly
direction, west of Lexington Avenue, and the jointing orientations show a high degree of scatter.
Wedge and slab type block failures are anticipated in the crown and sidewalls and blocky face
conditions with a propensity for fallout is also anticipated.

Rock mass conditions for the No. 7 cross passage will be as described in Section 10.3.1.1. The
rock mass conditions are anticipated to be good to poor. The rock mass is complexly folded with
foliation jointing exhibiting a westerly dip direction. Joint spacings are moderate to close at STA
EB2 1076+50 (definitions of spacing terms are given in Figure 6). Widely spaced steeply dipping
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jointing and widely spaced clusters of closely spaced joints are also observed. Blocky rock
conditions with a propensity for fallout are anticipated to be encountered in this tunnel due to
closely spaced clusters of joints and the progressive change in foliation direction, large scatter in
joint orientations, and the presence of alteration minerals on the joint surfaces.

Rock mass conditions for the Sump Pump Chamber in the GCT Cavern Approach Tunnels will be
as described in Section 10.3.1.6 and similar to that described for cross passage No. 2 above. The
rock quality is anticipated to be good. In general, foliation joints dip in a westerly to a southerly
direction. Discontinuities also include occasional low angle and persistent high angle joints. Joints
are generally tight, are occasionally slickensided, and contain alteration products and rare
mineralization on the surfaces. Toward the western end, discontinuities are tight to open, frequently
slickensided, and are infilled with alteration products and mineralization, possibly due to the
presence of a fault to the west of the area. Wedge type and slab type fallouts are anticipated in the
crown and sidewalls of the tunnel due to the combination of shallow dipping and steeply dipping
joints and a high degree of scatter in the orientation of steeply dipping joints and a fault located to
the west of the area.

10.4.7.2 Excavation Sequence and Initial Support

All blasting and construction restrictions, as specified in Specification 02414 apply here as well due
to the presence of NYCTA and MNR tunnels and aboveground residential structures.

It is required by the Specifications that all initial support, consisting of rock bolts and rock dowels at
prescribed patterns, welded wire fabric, and reinforced shotcrete lining of prescribed thickness, is
to be installed after blasting each round, in order to ensure that the wedge or slab type block
failures described in Section 10.4.7.1 is prevented and the disturbed rock zone around the
excavation is kept to a minimum.

The initial support shown on the Drawings is considered to be the minimum required. Additional
initial support, including pre-support spiling at the breakouts, will be installed as required by actual
ground conditions encountered or as directed by the Resident Engineer.

Ground vibrations and airblast will be monitored, and alternate excavation methods will be required
in case monitoring shows deviation from Specification requirements. Plans for any alternate
methods of construction must be submitted by the Contractor for review by the Resident Engineer
prior to undertaking such methods. In addition, other operational restrictions (or, blackout periods)
will be imposed on drilling and blasting operations by the NYCT, MNR, and surrounding
community, as prescribed in Specification Section 02414.

The tunnel final lining at the intersections with the cross passages are shown as cast-in-place
concrete in the Contract Drawings. Under the precast tunnel lining alternative, the limits
between precast tunnel lining and the cast-in-place tunnel segments are approximate and can
be adjusted by the contractor based on his means and methods for excavating the adjacent
cross passages and caverns.

If the contractor elects to install precast concrete lining in the tunnels at these intersections for
maintaining continuity of the TBM excavation, the contractor shall submit for the Resident
Engineer’s review: the contractor's method of breaking out the precast concrete segmented
lining; design and construction procedures for the support of partial precast concrete rings;
cross passages excavation method; protection of adjacent precast concrete segments and
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structural and waterproofing details for the joints between the precast tunnel lining and the cast-
in-place cross passage lining.

10.5 Subsurface Environmental Considerations

Excavated materials from the tunnels, chamber and caverns are anticipated to be non-hazardous,
non-contaminated construction and demolition (C & D) materials and are expected to require only
dust control during transportation and disposal or beneficial re-use. Rock debris is to be disposed
of as C & D debris, as per 6NYCRR Part 360 regulations, or beneficially re-used under 6NYCRR
Part 360-1.15(b)(11).

Sediments collected at the Roosevelt Island grit chambers are expected to be classified as
potentially contaminated and non-hazardous material, based on laboratory chemical results and
field determination. Further testing of these sediments shall be conducted by the Contractor as
required by the disposal facility. Any potentially contaminated and non-hazardous material found
shall be containerized and temporarily staged at the Work Site until it has been approved by MTA
for proper transportation and disposal at an off-site authorized Treatment, Storage and Disposal
(TSD) facility in accordance with 6 NYCRR Part 364 and as directed in the CCMP.

Seepage water from the LIRR’s tunnel drainage system is expected to be below the NYCDEP
Limitations for Effluent to Sanitary/Combined Sewers.

Groundwater inflows along the CM009 tunnel alignment is expected to remain within NYCDEP
limits or discharge levels, except that at or near STA EB2 1083+75, one Volatile Organic
Compound (VOC), toluene, was detected in a groundwater sample at a concentration above the
NYCDEP Limitations for Effluent to Sanitary or Combined Sewers. Toluene, a component of
gasoline may have entered the well from street run-off through the uncapped well top during
rainstorms or street cleaning operations. Therefore toluene concentrations are not expected to
exceed NYCDEP limits during excavation operations.
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11. INSTRUMENTATION

The CMO009 Contract requires installation of instrumentation in the excavations, along the
ground surface and in NYCT tunnels, as shown on the drawings. Other instrumentation (of
types similar to those installed in this Contract) will be installed in the MNR tunnels and GCT
structures under separate Contracts.

The alignment passes under a heavily developed urban area with a variety of low and hi-rise
buildings as well as surface and underground transportation systems. Particularly sensitive
facilities include historic landmark structures, a historic district of residential dwellings, sensitive
businesses and houses of worship as well as heavily used commuter rails and subway tunnels.
CMO009 construction must keep the impact to a minimum. The impact is likely to result from
deformation of rock mass around the excavations, lowering of groundwater, and vibration
related to drilling and blasting. The design and Contract specifications have addressed these
problems, which have been discussed in the GBR. If work is performed in accordance with the
Contract document requirements, only minor impact is anticipated. However, a comprehensive
and integrated instrumentation and monitoring program has been developed to provide control
of and notification of impacts.

The Resident Engineer (or, others) will take readings, interpret, and evaluate the data. The data
will be used to confirm design assumptions of ground behavior and closely monitor threshold
levels of settlement and vibration. Instruments installed will provide measurements for several
years beyond the CM009 construction. The instruments will remain at the installed locations for
future construction contracts.

The instrumentation and monitoring program can be divided into the following categories:

1. Deformation of Ground: Settlement of ground surface is measured by surface settlement
points in conjunction with manual optical survey. Ground deformations at depth are
measured by Multiple Position Borehole Extensometers (MPBX) and In-Place
Inclinometers (IP), which are real time measurement instruments. All real time
instrument outputs are fed (via modems) into Contractor-provided data loggers that are
compatible with the Resident Engineer’s Central Data Storage System.

2. Groundwater Level: Groundwater level will be monitored by Observation Wells and
Open Stand Pipe Piezometers.

3. Deformation of Existing Tunnels: Measurements are made by Liquid Level Settlement
Systems (LLSS) and Automated Motorized Total Station Systems (AMTS). Both are real
time instruments. LLSS measures settlements at sensor locations and integrates the
data to plot settlement troughs. AMTS measure movement along X, Y and Z axes at the
optical prism target locations.

4. Settlement of Buildings and Structures: Primary measurements are done by AMTS.
Exact locations of instrument mounting points are not shown on Contract Drawings.
AMTS theodolites and optical prisms can be mounted on building facades upon approval
by the building owners.
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At certain building locations where AMTS monitoring is not feasible, manual survey can
be performed with portable instruments.

At certain structure columns and beams located within the GCT complex, tiltmeters are
used for tilt or slope of these structural members (these are not part of Contract CM009).

Periodic manual optical survey will be performed for quality control purposes.

Where LLSS ends within the influence of construction, the ends must be checked by
AMTS or manual survey referencing Deep Bench Marks.

Within the GCT complex, Total Station target prisms will be installed, but monitored as
needed through the use of portable Total Station theodolites, rather than robotic units.
The possibility of excessive heat build-up from idling trains running their air conditioners
makes the use of real-time robotic units impractical.

Selected existing cracks in the buildings and structures, as identified during pre-
construction inspection, are to be monitored by crack gauges. These are not identified
on Contract Drawings and will be installed and monitored by the Resident Engineer.

Vibration Monitoring: A number of portable Seismographs will be used to monitor peak
particle velocity during drilling, blasting and TBM operation. At the NYCT 63™ Street
Subway tunnels, Accelerometers and Dynamic Strain Gauges are also used.

Monitoring within CMO09 Tunnels: This monitoring involves the combination of two
methods. In the caverns, roof sag and convergence measurements will be accomplished
through the use of optical surveys, which may also include AMTS. In the running
tunnels, convergence measurements will be accomplished through the use of tape
extensometers stretched between anchors mounted on the walls of the excavations.
Under the precast segmented tunnel liner alternative, convergence measurements of the
installed liner will be made through the use of tape extensometers utilizing anchors
mounted on the liner.
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12.

12.1

BASELINED PARAMETERS

Baseline Ranges for Discontinuity Attitudes

Baseline ranges for dip angles and dip directions of discontinuities along the alignment,
categorized by tunnel stations are given in Table 12-1. The whole range of dip angles and dip
directions stated in the table are baselined for the stationing indicated and must be considered
in estimating rock mass behavior during TBM mining, drill and blast tunnel and cavern
excavation, initial support installation and estimating rock mass instability.

Rock mass descriptions, rock mass behavior and engineering properties and baselines
presented in this document apply to all TBM tunnels, starter tunnels and caverns. The EB2-
T402-L302 tunnel stations are used only as reference stations to subdivide the alignment into
several geologic zones for presentation of the associated geotechnical properties, rock mass
descriptions, rock mass behavior and baselines. The equations for converting from tunnel
stations to track stations are given in the Contract drawings (for example STA T402 34+78.06 =
STA EB2 1045+37.02 and STA T402 17+52.50 = STA L402 17+52.50).

Table 12-1: Baseline Joint Dip Angles and Dip Directions (Ranges)

Tunnel Stations
(Note: STA T402 34+78.06 = STA EB2 1045+37.02 ; STA T402 17+52.50 = STA L402 17+52.50)

Joint Set
Attitudes EB2 1076+50 | EB2 1066+00 | EB2 1063+00 | EB2 1054+00 | EB2 1052+00 | T402 31+00 | T402 18+50 L402 0+75
to to to to to to to to
EB2 1084+00 | EB2 1076+50 | EB2 1066+00 | EB2 1063+00 | EB2 1054+00 | EB2 1052+00| T402 31+00 | T402 18+50
Set 1 Dip 5° to 55° 5° to 75° 5°t0 60° 5° to 55° 5°t0 65° 5° to 55° 15° to 55° 15° to 60°
: 0 5
Dok | 20°t0360° | 01039 | ovto350° | 45°t0320° | [ MO 1 110°t0 340° | 195° to 300° | 135° to 200°
Dip 65° to 90° 60° to 90° 60° to 80° 60° to 75° ** 65° to 90° 75° to 90° 60°to 85°
Set 2 i
DirE(I:It)ion 175° to 225° | 105° to 220° | 105° to 230° | 95° to 215° faled 95° to 225° | 155° to 250° | 200° to 230°
Dip 15° to 55° 15° to 60° 30° to 60° 10° to 60° ** 15° to 60° 25° to 50° 5°1t0 50°
Set 3 i
DirE(I:Ft)ion 30° to 345° 5° to 345° 5° to 325° 10° to 350° ol 335°to 10° | 35°to 140° | 10°to 130°
. o o Not Not Not % o o Not o o
Set 4 Dip 10710 40 Detected*** | Detected*** | Detected*** 10710 40 Detected*** 107t 25
Low Dip o o Not Not Not o o o Not o o
Direction 3357to 10 Detected*** | Detected*** | Detected*** 26570 285 Detected*** 300" to 360
Set 4 Dip 55° to 60° 55° to 85° 60° to 80° 55° to 70° *x 65° to 85° 85° 70°to 85°
High Dirg(':‘t’ion 335°t0 15° | 245°to 15° | 245°to5° | 265°to 35° ox 295° to 320° 320° 290° to 325°
Notes:

* Not Determined: Joint orientation could not be determined because the borings in this reach of the tunnels were not oriented.
**  Joint sets other than foliation jointing could not be determined because this reach of the tunnels lie in a shear zone.

[kkk

Not Detected: This joint set was not detected in the borings in the geologic zones indicated.
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12.2 Baseline Ranges For Engineering Properties of Rock

Engineering Property Baseline:

The baseline ranges of some of the engineering properties of the rock for the purposes of this
Contract are shown in the third column of Table 12-2a. It is also expected, for the purposes of
this Contract, that 85% of the engineering property values within the baseline ranges will lie
within the ranges shown in the fourth column of Table 12-2a. Examination of the laboratory test
results indicates that the engineering property values do not show a significant variation in
range across the project alignment or between rock types. Therefore, both baseline ranges for
each parameter are considered applicable to the entire project alignment. These baselines do

not apply to the selection and design of the tunnel boring machines (see Table 12-2b below).

Table 12-2a: Baseline Engineering Properties of Rock Based on Laboratory Tests

Baseline Range of Rock Property Values

Property
Failure Type Baseline Range 85% of Values within
Baseline Range
Density (air-dried) Not Baselined
Structural 4000 psi — 16000 psi | 5000 psi — 11000 psi
L . Failure
Uniaxial Compressive Strength (UCS) Non-structural
. 7000 psi — 22000 psi 7500 psi — 16250 psi
Failure
Structural 600 psi — 1700 psi 850 psi — 1500 psi
- . Failure
Brazilian Tensile Strength (BTS) Non-structural
Failure 800 psi — 2300 psi 950 psi — 2100 psi
Sg;ﬁﬂ:gal 100 psi — 750 psi 190 psi — 650 psi
Point Load Strength Index (PLSI) Non-structural
Failure 150 psi — 1280 psi 400 psi — 1150 psi

Static Elastic Modulus

Not Baselined

Dynamic Elastic Modulus

Not Baselined

P-wave velocity

Not Baselined

S-wave velocity

Not Baselined

Quartz content 10% - 60% 20% - 53%
Garnet/Almandine 0% - 10% 0% - 5%
Hard mineral content* 1% - 8% 1% - 4%
Cerchar Abrasivity Index 27-52 3-5
Drilling Rate Index (DRI) 48 — 58 49 - 57
Bit Wear Index (BWI) 30-42 31-40
Cutter Life Index (CLI) 5-215 55-19.2

*Minerals with Mohs’ hardness equal to or greater than 7 excluding quartz, garnet/almandine
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Baseline Values for TBM Selection and Design:

The TBM(s) shall be selected and designed such that the TBM(s) will be capable of excavating
rock with properties ranging from 90% of the Minimum Tested Values to 110% of the Maximum
Tested Values of strength, abrasivity, hard mineral content, quartz content, garnet/almandine
content, drilling indices, and cutter wear indices. The baseline range of these properties for TBM
selection and design are presented in Table 12-2b.

Table 12-2b: Engineering Property Values for TBM Selection and Design

Baseline Rock Property Values for TBM Selection and Design
Property
Failure Type 90% of Minimum Test | 110% of Maximum Test
Value Value
Density (air-dried) 142 pcf 200 pcf
Sg;ﬁm;a' 2480 psi 21660 psi
Uniaxial Compressive Strength (UCS) Non-structural
. 5900 psi 31000 psi
Failure
Sg;ﬁ&ﬂga' 440 psi 1940 psi
Brazilian Tensile Strength (BTS)
Non-structural . .
. 320 psi 2800 psi
Failure
Sg;ﬁ&:;al 64 psi 1370 psi
Point Load Strength Index (PLSI)
Non-structural . .
X 58 psi 1410 psi
Failure
Static Elastic Modulus 1410 ksi 16100 ksi
Dynamic Elastic Modulus 2730 ksi 11070 ksi
P-wave velocity 8830 ft/sec 20100 ft/sec
S-wave velocity 5300 ft/sec 11440 ft/sec
Quartz content 3% 100 %
Garnet/Almandine 0% 20%
Hard mineral content* 0.9% 35%
Cerchar Abrasivity Index 15 5.7
Drilling Rate Index (DRI) 30 64
Bit Wear Index (BWI) 27 68
Cutter Life Index (CLI) 4.4 23.7

*Minerals with Mohs’ hardness equal to or greater than 7 excluding quartz, garnet/almandine
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12.3 Baseline Estimates of Groundwater Inflow

Sustained Groundwater Flow Baseline:

Anticipated total sustained groundwater flows into the tunnels for each zone along the alignment, in
the absence of grouting or other water control measures, is given in Table 12-3. The inflows are
expressed in terms of gallons per minute per 100 linear foot of tunnel.

Table 12-3: Baseline Estimates of Water Inflow Rates

Geologic Zones (Identified by Tunnel Reaches) Linear Feet of Tunnel Expected Maximum Inflow
(Note: STA T402 34+78.06 = STA EB2 1045+37.02 GPM / 100LF of Tunnel
STA T402 17+52.50 = STA L402 17+52.50)

Tunnels:

STA EB2 1076+50(%) to STA EB2 1084+00(<) 750 12
STA EB2 1066+00(z) to STA EB2 1076+50() 1050 36
STA EB2 1063+00(z) to STA EB2 1066+00() 300 80
STA EB2 1054+00(z) to STA EB2 1063+00(<) 900 12
STA EB2 1052+00(z) to STA EB2 1054+00(<) 200 80
STA T402 31+00(z) to STA EB2 1052+00(<) 1041 30
STA T402 18+50(z)* to STA T402 31+00(%) 1250 8
STA L402 0+75(%) to STA T402 18+50(%) 1775 12

Local Instantaneous Flow (Flush flow) Baseline:

For the purposes of this Contract, the Contractor shall be capable of controlling local
instantaneous inflows of 1000 gpm during excavation operations.

The Contractor shall design his pumping and water control system to handle this instantaneous
inflow in addition to all other inflows and his own service water along the entire alignment for all
excavations, throughout the length of the Contract.
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12.4 Baseline Rock Conditions

Blocky rock conditions, blocky and seamy rock conditions, shear zones, and faulted zones are
anticipated along the CMO009 tunnel alignment and are anticipated to affect tunnel boring
machine operations in terms of advance rate, initial rock support installation, groundwater
control and grouting, and requirements for additional initial support.

Table 12-4 gives the baseline percentages of rock mass conditions along the tunnel drives.
These conditions are averaged over the total linear feet of all TBM tunnels, caverns and starter
tunnels within each geologic zone. Higher percentages of these conditions than those indicated
in Table 12-4 will be encountered locally in the areas identified as shear zones and fault zones.

Table 12-4: Baseline Estimates of Rock Conditions

Geologic Zones (Identified by Tunnel Linear Blocky Rock Major Shear Rock Mass Zones
Reaches) Feet of Zones Zones and not containing
(Note: T402 34+78.06 = EB2 1045+37.02 Tunnel including Faulted Zones shears, faults, or
T402 17+52.50 = L402 17+52.50) Minor Shear exhibiting blocky
Zones character
STA EB2 1076+50(%) to STA EB2 1084+00() 750 30% 70%
STA EB2 1066+00(z) to STA EB2 1076+50() 1050 60% 40%
STA EB2 1063+00(%) to STA EB2 1066+00() 300 100% 0%
STA EB2 1054+00(%) to STA EB2 1063+00() 900 30% 70%
STA EB2 1052+00(%) to STA EB2 1054+00() 200 100% 0%
STA T402 31+00(+) to STA EB2 1052+00(%) 1041 26% 49% 25%
STA T402 18+50(+) to STA T402 31+00(<) 1250 20% 80%
STA L402 0+75(%) to STA T402 18+50(<) 1775 30% 70%
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13. GLOSSARY

The following definitions are given to be consistent with the usage in this Report. The glossary is
not intended to be exhaustive.

Blocky rock:
Rock having joints or cleavage spaced and oriented in a manner such that it readily breaks
into loose blocks under excavation conditions. Blocky rock conditions are created by the
presence of two or more persistent joint sets at close to moderate spacings, especially when
the joints are open or have mineral coatings or gouge material on their surfaces. Blocky rock
conditions can occur in the crown, sidewalls and the tunnel face.

Blocky and Seamy Rock:

Blocky rock conditions created by the intersection of foliation shear zones, conjugate shear
zones, and joints oriented across foliation, especially when the shear zones are
characterized by very closely to closely spaced seams of gouge material or slickensided
joint surfaces.

Breccia:
A metamorphic rock type composed of coarse, angular broken rock debris, commonly
healed with mylonite, vein quartz or calcite, generally found along fault surfaces, commonly
a zone of groundwater flow.

Fault:
A fracture or fracture zone in the ground along which there has been an identifiable
displacement of the two sides relative to one another, parallel to the fracture. The
displacement may be measured in fractions of an inch to many miles.

Fault Zone:
A fault, instead of being a single clean fracture, may be a zone up to hundreds or thousands
of feet wide. The fault zone consists of numerous interlacing small faults or zones of gouge,
breccia, or mylonite.

Foliation:
General term for a planar arrangement of textural or structural features in any type of rock,
especially the planar structure that results from recrystallization of the constituent minerals
of a metamorphic rock.

Gouge:
Finely abraded or pulverized rock particles and claylike altered rock found between the walls
or within the fractures of a fault or shear zone; the result of grinding movements that crush
the affected rock.

Fissure:
An extensive crack, break, or fracture in rock. A mere joint or crack persisting only for a few
inches or a few feet is not usually termed a fissure, although in a strict physical sense it is
one.
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Fracture:
A general term to include any kind of discontinuity in a body or rock if produced by brittle
mechanical failure, whether by shear stress or tensile stress. Fractures include faults,
shears, joints, and planes of fracture cleavage.

Joint:
In rock, a naturally occurring fracture or parting along which there has been no visible
movement parallel to the fracture plane or surface. Generally formed by tectonic stressing.
All joints are structural weaknesses, whose frequency, extent and attitude are major
influences on rock mass strength.

Joint Cluster:
Several joints of similar characteristics that are spaced closely together (see spacing
definition). It is a typical occurrence in rock that has undergone major tectonic episodes
such as folding, faulting and intrusions.

Joint Spacing:
The distance between two immediately adjacent parallel joints along a line that is
perpendicular to the joints. The spacing terminology used here is defined as follows:
* Extremely Close or crushed: < % inches
* VeryClose: %ato 2-%2inches

e Close: 2-Y% to 8 inches
 Moderate: 8 inches to 2 feet
«  Wide: 2 to 6 feet

* Very wide: 6 to 20 feet

Mylonite:
A metamorphic rock type, composed of sheared, fine-grained rock debris (rock flour) which
has been recemented or healed subsequent to deformation.

Shear Zone:

A portion of a rock mass traversed by closely spaced fractures along which shearing has
occurred resulting from relief of ground stresses. There is generally evidence of slight
slipping or faulting along each fracture surface. Cording et. al. (1974) states “If the joint has
a polished or slickensided surface it is termed a shear. Shears commonly contain up to ¥4
inches clay gouge filing. A shear zone is a zone of fractured rock containing several
parallel shears and one or more % to 12 inches thick gouge zones. The width of the entire
shear zone typically ranges from ¥4 inches to 10 ft.” The clay fraction in the gouge zones
predominantly contains montmorillonite or interlayer montmorillonite-chlorite. The shear
zones occur in swarms, generally 10 to 50 feet apart and are located near changes in rock
type or where the foliation is pronounced.

Micro Shear
These are shear zones that have widths measurable in inches (inch scale features), with
typical thicknesses less than 6 inches. They are subtle and only noticeable by a distinct
zone of weak, friable and extremely fractured rock.

Minor Shear
Minor shear zones are characterized by thicknesses of fractured rock of the order of a
few feet (foot scale) with a zone of influence extending to tens of feet (10-foot scale) with
associated clusters of infilled, stained or mineralized joints and slickensides.
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Major Shear
Major shear zones are characterized by fractured rock greater than 10 feet in width (10-
foot scale) with a zone of influence extending hundreds of feet (100-foot scale) with
intense destructive effects. The breccia is distinct and bounded with mylonite. The
fractures are healed by quartz and mylonite. The boundary of the breccia and the
undamaged rock is distinctive but the zone of influence includes clusters of open infilled
and mineralized joints.

Schistosity:
The foliation in schist or other coarse-grained, crystalline rock due to the parallel, planar
arrangement of mineral grains of the platy, prismatic or ellipsoidal type, such as mica.
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ROCK WEATHERING CONDITION ACCK STRENGTH CLASSIFICATION
. GRADE | CONDIGN TER TYCAL GEOTECHNIGAL DESCRIFTION
B aTECHNIC GRADE STRENGTH FIELD IDENTIFICATION AHGHATE
METHODS COMPRESSION
DRILLING SaMPUNG STRENGTH
{LBesOM
ROCK-LIKE FRESH CORE CcoRE NG VISIBE SIGN OF WEATHERING. NG DISCOLORATION OF
JHEROCK MATERIAL VISIBLE ON WAJOR DISCONTINUITY RO EXTREMELY WEAX READILY HREAKABLE BY HAWD PRESSURE. CRUMBLES 40 To 150
ROCK UNCER LIGHT BLOW OF GEOLOGICAL HAMMER. EASILY
UNWEATHERED CORE CORE o VISIBLE SIG 07 ROCK MATERIAL WEATHEAING. RAKED BY GEDLOGICAL HAMMER PICK. .
3 FANAPS SLIGHT DCISCOLORATION ON M
DAL AT Iy SURFACES at VERY WEAK CRUMBLES UKDER FIRM BELOW OF GEOLOGICAL HAMMER 150 70 100
— ROCK, OR MODERATE HAND PRESSURE. CAN BE RAKED WITH
511 CORE CORE BISEILORATION INBICATES WEATHERING OF ROCE GEOLOGICAL HAMMER PicK.
WEATHERED HATERIAL AN DISCGRTINLITY SURFACES. A
2 BT, MAY BE PUSCOLORED BY. "TE,;‘HE“,ET”S“ ,‘R“E%H“" A2 WEAK ROCK BREAKS WITH LIGHT BLON OF GEOLOGICAL WAMMER OR ToD T0 4,000
CONDITION STRONG HAND PRESSLRE.
ENTIRED CORE CORE A RalF S‘r’%’%ﬁﬁ’é&xﬂ“ G Te LEss R MEDIUN STRONG BREAKS WITH FIRM BLOK OF GECLOGICAL HAMMER, 2,000 TO 7,000
3 NEATHERED To & Soll. PRESH 0f DISEOL0RED, RSk 15 ROCK
EIRILATS o L e, e 0
A R4 STRONG HOCK SPECIMEN REQUIAES WORE THAM DNE FIRW BLOW OF 7,000 To 15,000
; CORE WORE THAN HALF OF THE ROCK MATERIAL MATRIX 1S GECLOGIEAL HAMMER TO BREAX IT.
4 R Py R LA R
Lo N A5 CORESTONES. RS VERY STRONG SPECIMEN REGLIRES MANY FIRM BLOWS OF GEOLOGICAL | 15,000 Tn 35,000
ROCK HAMMER TO BREAK.
SOIL-LIKE |  COMPLETELY CORE OR CORE ALL ROCK MATERIAL 15 WEATIERED To SOlL. THE
5 REATHERED ROLLER BIT |[(DRIVE SAMPmE ORIGINAL ROCK MASS STAUCTURE AND MATERIAL FABRIC RE EXTREMELY SPECIMEN CAN DHLY BE CHIFPED WITH GEOLOGICAL 35,000
THEFFECTIVED | IS STILL LARGELY INTACT, HONEVER. STRONG ROCK HAMME,
- DISINTEGRATED COR DRIVE SANWPLE | JHE ROCX IS WEATHERED TO THE CONDITION OF A SOIL IN RAOCK HARDNESS
! PP R T S
g CORE
H 1S FRIIBLS, BT THE MINGRAT VRS e 0T ROCK FIELD IHENTIFICATION
® DECOMFOSED. HAFDNESS
DESIGNATION
QECOMPOSED ROLLER BIT | DRIVE SAMPLE mﬂsu%ﬁ JEATIERED To THE COMDITION 0F & SO IN
ICORING THE MATERIAL IS HICHLY FHIABLE. WITH SOME OR ALL O‘F YERY SOFT INDENTED BY THUMBNAIL
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DISCONTINUITY DIP ANGLE AND DIP
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reimmil} P ey
2 2,
ng 230 i o 230 A 3
. ® e

220 220

210 210

200 200

180 H 190 9

0 O bio birect y )270 360 10 20 30 40 50 60 70 80 90
ip Direction (degrees _
0 Degrees = True North Dip Angle (degrees)
ORIENTED CORE DISCONTINUITY DATA APPENDIX A-1




MG-202

Elevation vs. Discontinuity Dip Direction

MG-202

Elevation vs. Discontinuity Dip Angle

A Foliation Joints @ Joints A Foliation Joints @ Joints
290 290
280 280
A A
270 270
£ 260 T8 u‘ & 280 Q-I .
2 o
o 250 ® ‘t o 290 A—A——@-h
‘g0 o 240
o A . A A
230 230
A A
220 o 220 Y
210 210
0 90 Dip Di t?‘m y ) 270 380 0 10 20 30 40 50 60 70 80 90
1p Lirection egrees .
0 Degrees = True North Dip Angle (degrees)
ORIENTED CORE DISCONTINUITY DATA APPENDIX A-1
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Project Elevation (ft)

MG-204 MG-204
Elevation vs. Discontinuity Dip Direction Elevation vs. Discontinuity Dip Angle
A Foliation Joints @ Joints A Foliation Joints @ Joints
300 300
290 290
280 ® ® 280 ® ®
A A
270 . 270
Al E ArA
260 & £ 260 -
250 A S 250 &
Iy
240 ¥ 240
2
230 2 230
Q.
220 220
210 210
200 ﬁ# 200 A
A
190 ! 190 | ; ?
0 90 Dip Directid (dogrees) 270 360 0 10 20 30 40 5 60 70 80 90
0 Degrees = True North Dip Angle (degrees)

ORIENTED CORE DISCONTINUITY DATA . APF’SEII\::-E})EI_')_( ;2-1




MG-207

Elevation vs. Discontinuity Dip Direction

MG-207

Elevation vs. Discontinuity Dip Angle

A Foliation Joints @ Joints A Foliation Joints @ Joints
300 300 1
290 200 |
A *
270 A " 270 . f g +
g 260 9 £ 280 ®
g . &
:§ 250 . ”- E 250 L- !
% 240 ‘ ‘—_ i—’ 240 ‘ g
- - L
.a-’_,‘ 230 .k__: % 230
< 220 ] || Y 220
o o ¥ |
210 210
P eTR]b AlA T
200 -8 ® 200 ‘ L
A
190 T‘ L 180 g .
180 180 ‘ ‘
80 180 270 360 v} 10 20 ki 40 80 80 7o 80 80
Dip Direction (degrees) .
0 Degrees = True North Dip Angle (degrees)
ORIENTED CORE DISCONTINUITY DATA APPENDIX A-1
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Project Elevation (ft)

360

TT9-W

Elevation vs. Discontinuity Dip Direction

A Foliation Joints @ Joints

L

340 * ﬁ 2 )
320 L@@ E '
300 ®
280
260 WH ?

o09o Age o
240 ‘ ‘-
220 4
200

9.

180 A
160

0 90 180 270 360

Dip Direction (degrees)
0 Degrees = True North

Project Elevation (ft)

360

340 4
320

300 4

280

260

240

220

200

180

180

TT9-W
Elevation vs. Discontinuity Dip Angle

A Foliation Joints @ Joints

Dip Angle (degrees)

| i
i A g
] ‘_A
o | AAAXAT %
L A
— 1o
&
RN B4 ¢
— r
. Wih x A
_ .1 @ | @
A
o 10 20 30 40 50 60 0 80 90

ORIENTED CORE DISCONTINUITY DATA

APPENDIX A-1
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T7-10

Elevation vs. Discontinuity Dip Direction

A Foliation Joints @ Joints

TT-10

Elevation vs. Discontinuity Dip Angle

A Foliation Joints @ Joints

340 340 _‘ ‘
320 1L A | 320 ' A [ ]
* H A L J ..

300 E 300 A - 1
.‘.E: 280 % 280 Jt
|
S | S g
w260 ﬂ g o k
-
[ 2
T TF,
o 240 X T 40 X
@ L
L 5
& 220 o 22

200 200

f .
180 180
. i o
160 l ‘ 160
0 90 180 270 380 10 20 a0 40 50 60 70 80 9o
Dip Direction (degrees) ;
0 Degrees = True North Dip Angle (degrees)
ORIENTED CORE DISCONTINUITY DATA APPENDIX A-1
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Project Elevation (ft)

380

360

340

320

300

280

260 o

240

Elevation vs. Discontinuity Dip Direction

TT-11W

A Foliation Joints @ Joints

380

TT-11W

Elevation vs. Discontinuity Dip Angle

A Foliation Joints @ Joints

360

340

’ ffﬁ—

320

»
Lot
Hase
| P
>
L

XN

300

Project Elevation (ft)

280

-@
- —I

|

IR T

20 180 270
Dip Direction (degrees)
0 Degrees = True North

240

360 G 10 20

30 40 50 60 70 80 80
Dip Angle (degrees)

ORIENTED CORE DISCONTINUITY DATA

APPENDIX A-1
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Project Elevation (ft)

370

350 & 350 $ r
o ®
330 330
 ea® ]
310 E 500 %
=
LN 9 =) @ A A
In I_ T 200 A
280 5 .
[ ] e '
270 9 YA
Q
i e ; ¢ ¢
250 o 250
230 230
210 |- | o . 04 @ N @ . J
_ f A __
180 190 |
0 90 180 270 360 0 10 20 0 40 50 60 70 80 90

Elevation vs. Discontinuity Dip Direction

TT-12

A Foliation Joints @ Joints

370

TT-12

A Foliation Joints @ Joints

Elevation vs. Discontinuity Dip Angle

Dip Direction (degrees)
0 Degrees = True North

Dip Angle (degrees)

ORIENTED CORE DISCONTINUITY DATA

APPENDIX A-1
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360

TT-13W

Elevation vs. Discontinuity Dip Direction

A Foliation Joints @ Joints

360

TT-13W

Elevation vs. Discontinuity Dip Angle

A Foliation Joints @ Joints

SHEET 28

)
340 340 .
i A

= 320 -F g 320
c =
5 A S
B30 A £ 300 A i
> >
D 9
w w
B 280 & T 280 [ |
o 2
5 o 2 : Sege
a o

260 L 260 '

240 * 240 L

220 220

90 180 - 270 360 10 20 0
Dip Direction {degrees) BD. A40 | 26 o 1 % %
0 Degrees = True North ip Angle {degrees)
ORIENTED CORE DISCONTINUITY DATA APPENDIX A-1




TT-14 TT-14

Elevation vs. Discontinuity Dip Direction Elevation vs. Discontinuity Dip Angle
A Foliation Joints @ Joints A Foliation Joints @ Joints
360 360
340 .ﬂ 340 ¢ # y y
|
. ’ = [ S
E 5 A £ 3 o '
= c A
2 S
& a0 ok W 300 3
: g L
£ S
& 280 o 280 i
260 . .P_.. 260 1 L J
A B | A
240 240
' 0 10 20 30 40 50 80 70 80 90
0 0 Dip Directiéarq (degrees) 2 %0 Dip Angle (degrees
¢ Degrees = True North R Angle (ded )
ORIENTED CORE DISCONTINUITY DATA APPENDIX A-1
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APPENDIX A-2

FREQUENCY HISTOGRAMS OF
FOLIATION FRACTURES




MA-107 MA-107, Joint Set 1

Joint Set 1

e 4a¢
Vertical TRUE Ground EL. (ft 308
Dapth Angle Distance Spacing EL (it}
L 50 0% o BTC'p of ':c:kim)ﬂ 20102 35 |
163 70 0.2 0.2 395.8 ottom of Hole (f) :
1.1 55 ] 0.8 294.9 g
117 25 0.6 0.5 2843 30
121 20 0.4 0.4 293.9 BIN Fraq. IFreq. (%)
126 15 5.5 0.5 2934 D5 (Ciiatermg Wergm s
138 15 12 ¥ 292.2 5 T % g
15.0 20 1.2 .2 Z01.0 . =
63 15 T3 50 280.9 1.5 8 27 ) 2
6.5 15 T.4 0.4 7805 70 bl 7 g
16,7 20 [ 0.2 FITF) =4
7.0 24 G.3 0.3 2850 ;g 2 170 .ff s I
7.7 i5 (% 0.7 2883 :
0.8 F) 22 2.1 2861 3.5 0 a
203 15 0.4 0.9 2858 4.0 0 0 w0 4
513 10 T T8 SHLT 35 ) )
1.8 70 G5 0.5 842
22.0 i) [¥] 0.3 T840 5.0 0 0 sl ]
R 10 T4 74 2826 5.5 0 0
3.7 5 %3 0.3 282.3 6.0 0 [} M
23.9 {d %] 0.1 7022 5.5 3 7 o - ‘ —
24.1 15 0.2 0.2 282.0 70 6} 5 9 2 2 z 2 a2 ; g ; ; § ;
320 75 8.0 7.7 2740 . .
53 ) ) ¥ CTEN 7.5 0 Q Joint 8pacing (ft)
33.6 70 17 74 5721 8.0 1 3
346 18 1.0 6.3 2711 8.5 1 3 3200 -
352 30 53 0.3 270.8 9.0 0 0 : : : : : ‘
35,7 G G5 0.4 270.3 Y 5 3 ! : : : : ;
39.8 15 4.2 2.7 266.1 . } y ; Too of Mﬂ_
422 5 33 2.2 263.8 10.0 0 2 3000 ; ; : ; ;
425 20 0.3 0.3 2633 10.5 0 i b . : ; : Tep ot Rock ;
42.9 20 0.4 6.4 263.1 11.0 i} 0 . ; : : : :
CL A 1.8 N 2843 1.5 0 0 .t : : ; : ; }
47.8 15 3.2 Z2.3 258.1 280.0 i .- : ' : ' :
482 i 6.3 0.3 Z57.8 12.0 0 0 . : : . : : : :
501 35 (X 68 | 7seg | 12.5 0 0 = * . : Loee E E : |
517 PO X3 25a.a 13.0 0 ] £ . v ; ; ; : ; 3
550 35 7.3 3 753.0 ] 155 [} ] 5 01, . : : : : : :
£a.2 25 10.2 .4 242.8 B LI i H : H : :
38 g 0.8 05 2457 1:2 g g g ‘ v ? : ; ; ‘
845 5 [k 0.7 2415 : @ 0 be : i ; . H :
87.2 30 2.7 ZE 738.8 15.0 0 Q T, » : ! ' ! !
576 i) 0.7 0.6 2381 SUM 30 100 ; ; . | : : :
6B.5 55 K] 0, 737.5 : : ‘ :
594 30 0.9 0. 2368 00l ® . : H ;
765 3 7.1 6. 229.5 | : ; :
g:g gg ;: gg ggi? i 1 Bottom of Borehole
B6.4 10 T4 13 6.7 2000 1 }
B6.6 20 03 0.3 219.4 3 A g 3 3 8
Joint Spacing {ft}
FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES APPENDIX A2

SHEET 1




MA-109
Jolnt Sat 4
Vertlcal TRUE Ground EL. {f) A7
Depth | Angle | Distance| Spacing | EL (ft) . Top of Rock {ft) 300

7.8 10 0.0 G.0 298.1 Bottom of Hole (f) 234.8

8.3 10 0.4 0.4 298.7
10.8 10 25 25 296.2
13.3 10 2.5 25 293.7 =N Froa 1Frea (%
15.4 10 2.1 2.1 2816 == o

18 30 26 26 285.0 :

15 i5 10 0.9 286.0 1.0 3 20
22.1 1 3.1 3.0 284.9 1.5 o Y
22,2 1 0.1 0.1 284.8 2.0 0 ]
22.3 1 0.1 0.1 2847 2.5 3 20
22.8 15 0.5 0.5 284.2 3.0 3 20
28.31 5 5.5 53 278.7 3.5 3 20

29 1 0.7 0.7 278.0 ) o 9
43.7 15 14.7 14.7 263.3 25 G 5
47,1 38 34 33 259.9 :

53 20 5.9 53 254.0 5.0 0 9
55.7 30 37 35 3603 55 2 13
63.8 20 7.1 6.1 243.2 6.0 c 8
67.5 10 a7 35 2305 6.5 1 b
67.6 20 0.1 0.1 2394 7.0 0 0
7.7 20 3.1 79 2363 75 ) ]
715 18 0.8 0.8 2355 50 0 o

8.5 0 [
9.0 ) [0
9.5 0 ¢
10.0 0 Q
10.5 0 0
11.0 [} 1
11.5 [} 1
12.0 3 0
12.5 ) 0
13.0 [} 1
13.5 [ [i]
14,0 o 0
14,5 0 i
15.0 1 7
SUM 15 100

Elavation {ft)

Frequency {%)

25

320.0

3i0.0

300.0

290.0

280.0

270.0

260.0

250.0

240.0

2300

MA-109, Joint Set 1

40

50

Joint Spacing (ft)

"o

1ze
3.0
14.0
150

Top of%ubway Platform,
T T

N

Top of iRack i
i

FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES

! : ;

i | H

. o : 1 H

; ! : : :

| | i ; : ;

| R : ! : :

; ; : ; | H

| ; ! ; | :

: ; ; ; | :

| ! . ! | '

: ; ; ; | 1

; i ;
. ' 1 | ‘.

: : . I H

! ; ,

; . ! | 1

; } | |

: ; j H

: ! : i :

; : ,

: z ‘= | |

; - i | i

3 : : Bottém of Borehole |

; ; ; ; H

Joint Spacing (ft)
APPENDIX A-2
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MA-208
Joint Set 1
Vertlcal TRUE Ground EL. (ft) 3485
Bepih | Angle | Distance Spacing EL {ft) Top of Rock (ft) 340
12.1 25 G.0 0.0 333.8 Botiom of Hole (f) 226.5
13.4 5 13 12 332.6
135 5 0.1 0.1 354.6

EL . — S EN_| FreqJFrea. (4
57 50 K 1.3 730.3 0.5 (Custering Margin)
7.7 45 7.0 13 328.3 i0 2 33
18.1 5 0.4 0.3 327.9 1.5 3 50
16.4 L 6.3 0.3 327.6 2.0 ] 0

8.9 10 0.5 0.4 3271 7E i} 0

9.6 5 0.7 0.7 326.4
74,7 0 5.1 49 3213 gg g g
56.8 g 341 33.6 2672 :

55 30 6.2 0.2 267.0 4.0 0 9
59.7 30 ai 0. 285.0 4.5 0 Q
59.2 50 (il 0. 2888 5.0 1 17
50.3 [ [R] [ 286.7 5.5 i 0
83.5 40 24.2 23.8 262,85 6.0 i) 0
59.7 3 16.2 12.4 246.3 B.E 2 0
100.4 20 0.7 0.7 245.6 70 0 g

7.5 3 0
8.0 o] 0
8.5 Q 0
9.0 0 0
9.5 0 [}
10.0 0 0
10.5 0 0
11.0 0 [}
11.5 0 0
12.0 0 [
12.5 1 17
13.0 0 4
13.5 o 1
14.0 0 0
14.5 Y 4]
15.0 0 ¢
SUM 3 100

Edavation (ft)

Frequency (%)
8

80

MA-208, Joint Set 1

1

~
<

20 +
w+ry L - B
G T —r 5
o o ] = o 2 @ o = =] 9 9 Q Q
o~ Ryl o W o [ 0 = =1 - o~ Ll hd w
= b= o - b 2
Joint Spacing (f)
T T H ; H
350.0 i Ground Surface :
; ; E ; ;
' 1 i . Tap of Rock H
330.0 : : i ; :
- . ' 1 . N
3j0.0 v . i
: | : ; 1 i :
: : ; 1 ' :
280.0 : 1. i i :
; i i : H
: : : : 3 :
2700 : ! H i H
: 3 : | i :
250.0 i H B ! ' ! :
: H . H ! . :
a e 4 | | r
D o e Botem of Borehols
: 1 | . ' :
z | | : | | =
210.0 : } 4 L ; H H
3 3 $ 4 ) 3 g ]
Joint Spacing (ft)
APPENDIX A-2

FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES
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MA-209w

Joint Set 1 -
Vertlcal TRUE Ground EL. (ft) 344
Cepth Angla Distance Spacln EL (ft) Top of Rock (it) 2901
6.5 20 0.0 0.0 277.4
Eox = 55 5E CIw) Bottom of Hole {ff) 205]
71,8 Z1 73 19 272.2
74.2 45 2.4 2.2 260.8
753 30 1.0 07 5E8.8 BIN Freq. |Freq. (%)
7.7 15 2.5 2.2 266.3 0.5 (Ciustering Margin}
77.9 15 %) G.2 266.1 1.0 5 24
78.3 35 T4 0.4 265.7
78.4 18 [ 0.1 265.6 ;g ; 12
78.6 20 T2 0.2 765.4 :
787 15 ] . Pk 2.5 3 14
74.8 20 11 I} 264.2 3.0 2 10
83.9 [ 3.1 39 2601 3.5 0 0
86.65 20 28 1.8 2574 3.0 1 5
&7 45 .3 0.3 357.0 a5 ] 0
87,01 5 6.0 0.0 267.0
87.9 35 X 0.9 256, 1 5.0 g 0
e 0 or 58 554 5.5 9 0
90.8 40 2.2 1.9 763.2 6.0 0 Y
92.5 45 1.7 1.3 251.5 6.5 1 5
94.6 45 2.4 1.5 249.4 7.0 0 0
94,8 45 .2 0.1 249.2 75 0 0
169.4 50 14,8 0.4 234.6
110.4 30 1.0 0.6 233.5 g'g (1) g
120.2 10 9.8 8.5 723,85 :
120.8 0 0.6 0.6 5333 8.0 0 9
122.9 ) 2.1 2.1 2211 9.5 0 2
124.5 0 1,6 12 Z19.5 10.0 0 i
127.8 50 3.3 25 216.2 0.5 1 5
137.3 ) 9.5 6.1 2067 1.0 5 3
138.2 50 0.9 0.4 205.6 ITE o 3
2.0 0 3]
2.5 0 0
13.0 o] 0
3.5 0 [
14.0 [ B
4.5 0 0
15,0 0 1]
SUM 21 400

Elavation (fty

30

25 +

n
o

Frequency (%}
&

MA-209w, Joint Set 1

FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES

10 +
5 4
04 T T T T L T v T
9 9 a g o 9 < Q 9 9
n s ~ 2 e = o o = 2
Joint Spacing {fl)
340.0 ] : - F v‘ Ground Surface "
: | ; | i 3
1 1 J i i 1
3z0.0 ! = : ! ! :
1 1 1 | H i
1 1 H i i |
| 1 ' | H 1
0s i ‘ i : i !
i H : i | | :
H ' . i } Top of Rock :
280.0 i P e i N o i
H ; H i H | '
: : : : ! : !
1 1 ' i | : |
1 1 ' i | , |
1 1 H : | ' |
2600 ' . ; | | i 1
. | | . i | , |
1 ' : | H |
1 H : | |
1 H | .
i ' : | i
! i | | :
i ' i H :
1 H ; i ;
1 1 ! ' ;
[« 1 | H - | :
2200 | H ] H :
+ ' ' H .
- b . . - . Eettem.of Borehols. L.
200.0 : + +
2 g 9 2 3 3 g 2
Joint Spacing (ft)
APPENDIX A-2
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MA-241w
Joint Set 1
Vertlcal TRUE Ground EL. {ft) 350
Dopth Angle Distance Spacing EL (R} Top of Rock (ft) 330

5.7 & 2.9 0.4 324.3 Bottom of Hole (ft) 180
32.3 30 5.8 3.3 31T
36.8 35 45 3.9 3132
416 a4 %8 4.2 308.4
44.2 30 256 19 305.8 BIN Fraq. |Freq. {%}
51.3 20 13.1 11.3 282,7 0.5 {Clustaring Margin}
67.7 79 10.4 9.8 3823 10 3 5
78.6 ) 0.5 95 2714
916 70 130 5.7 256.4 1.5 0 g

96 73 ia 1.5 2640 2.0 2 15

a7 59 1.0 0.3 253.0 2.5 0 4
102.3 60 5.3 2.7 247.7 3.0 2 15
1271 20 24.8 2.4 222.9 35 1 3
141.7 85 14.6 137 208.3 ] 1 B
142.7 40 10 0.1 207.3 TE 7 3

133 50 0.3 0.2 207.0 :

47 &5 10 58 503.0 5.0 C 9
1487 75 7 0.7 2018 5.5 4 0
148.8 70 0.1 0.0 201.2 6.0 1] fi
148.9 30 0.1 0.0 261.1 8.5 o 0
148,68 65 0.9 0.7 200.2 7.0 1 B

7.5 0 0
8.0 a 0
B.5 1 0
9.0 0 0
9.5 0 0
10.0 2 15
10.5 0 0
11.0 Q 0
11.5 1 B
12.9 0 0
12.5 1 B
13.0 0 0
13.5 0 0
14.0 1 8
14,5 0 0
15.0 0 0
SUM 13 100

FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES

MA-211w, Joint Set 1

Frequency (%)

60,0

340.0

320.0

300.0

280.0

Elavation (ft)
n
2
o

240.0

200.0

180.0

60

o

[N

o o

Joint Spacing (ft)

110
120

140 i

13.0
15.0

Ground Surfaca

Top of Rock

0.5

Joint Spacing (ft)

125
a5

APPENDIX A-2
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MA-301
Joint Set 1

Vardical TRUE Ground EL. (ft} 346.5
Depth | Angte | Distance Spacing EL. (ft) Top of Rock [ft) 338
70,7 35 0. 0.0 336.4 Bottom of Hole (f) | 267.5
10.3 35 0.2 0.2 336.2
10.75 40 0.4 0.4 335.8
71 5 0.4 0.3 335.4
T3 % 5.2 (] 3352 BIN Freq, |Freq. (%)
6 S 0.3 0.2 3349 0.5 {Clustering Margin}
2.3 38 0.7 0.8 T2 1.0 10 37
12.4 35 0.1 0.1 3341 1.5 5 19
12.7 40 K] 0.2 F35.5 50 ] 7
12.9 35 0.2 0.2 333.6
135 35 0.8 0.5 333.0 gg ? 149
3.6 30 (Xl 0.1 332.8 :
6.4 £l 28 24 330.1 3.5 0 0
6.9 0 25 P 327.6 4.0 0 0
19.7 5 0.8 0.7 326.8 4.5 2 7
5.3 35 2.8 2.4 3242 5.0 1 d
558 F 5.5 0.4 335.7 55 5 2
23.1 20 0.3 0.3 393.4
24.1 35 1.0 0.8 322.4 S'g g 8
30.2 30 8.1 5.0 316.4 :
B3 %0 50 i3 311.3 79 1 4
35,5 25 0.3 0.3 311.0 7.5 0 0
36.2 20 0.7 0.6 0.3 8.0 0 0
30,5 40 4.3 3.0 06.0 8.5 0 0
406 20 0.1 K] 05.9 50 5 0
33.8 25 3z 2.5 302.7 5E 3 5
43.9 35 0.1 0.1 302.8 :
% I 0.2 6.2 02,4 10.0 0 0
343 35 0.2 ¥} 02.2 10.5 0 0
44.6 35 0.3 0.2 301.9 11.0 0 0
23,7 35 6.1 0.1 307.8 11.5 0 ]
45.8 AD 11 0.8 300.7 12.0 0 V)
7.8 30 31 16 5968.8 15E ) 3
58,1 20 0.2 0.8 208.4 5o 5 5
55,3 30 732 FX! 796.2 :

508 i 02 53 T56.0 13.5 g 9
5.8 55 0.3 02 7557 4.0 0 0
51 20 0.2 0.2 65,5 14.5 1) a
522 30 12 1 2043 15.0 0 0
52.8 35 0.4 ] 293.9 SUM 7 100
543 35 17 14 292.2
54.5 30 0.2 0.2 262.0
58.4 50 16 18 2601
57.6 35 11 %] 288.0
58.2 35 0.7 0.6 388.3
8.8 20 0.6 0.5 BAT.7
59.8 30 70 0.9 286.7
62.8 15 30 2.6 783.7

Elavation ()

Frequency (%)

40

MA-301, Joint Set 1.

40

50

60 |

Joint Spacing (f}

PO ]

2 o
- =]

160

1.8

120
130
14.0

150 1

Graund Surface

i
Tap of Rock

r :

300 " -
.

320.0

310.0 {®

000f *

280.0 3 -
.

280.0 .

270.0 -

260.0

'
'
'
or
1
'
'
v
'

| |

' 1

1 Fl
-.«‘-‘,.1.5,"-,‘.??3m of Borahole” i

G
T N

Jaint Spacing (ft)

FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES

L e

125 +
145

APPENDIX A-2
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MA-301, Joint Set 1 Data Continued

63.5 30 o7 0.7 283,0
63.7 25 C.2 0,2 282.8
B4.1 25 c.4 0.4 282.4
64.5 30 C.4 0.4 282.0
658 35 1.3 1.1 280.7
66.1 25 .3 0.2 280.4
66.25 35 8.2 0.4 2803 |
68.6 35 .3 0.3 2729

_66.8 25 .2 0.2 278.7
74.25 20 7.5 8.8 2723
748 Z0 0.7 0.6 2TL6
76.25 5 1.3 1.3 2763
76.6 20 0.3 0.3 268.9
77.75 25 3.2 1.1 268.8

FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES

APPENDIX A-2
SHEET 7



MA-302 MA-302, Joint Set 1

Joint Set 1

Vorioal | TRUE Ground EL. (i) 36 “®

Depth Angle | Distance Spacing EL (f) Top of Rock () 330

23 2 8.0 o0 323.0 Bottom of Hole (ft) 188

24.9 30 1.9 17 321.1

365 35 1.6 1.4 318.5

774 £ 0.9 5.7 86 BIN Freq. |Frea. (%)

25,5 30 1.1 1.0 317.5 0.5  Istering Margin)

29.7 30 1.2 1.6 6.3 1.0 25 42 .

3C.8 35 1.1 1.0 5.2 1.5 18 27 5
3175 30 0.9 Y] 314.3 3G Ti 18 -

32.8 35 1.1 0.9 313.2 5E 3 3 §

33.5 35 0.7 0.6 312.5 -

3.2 pr 1.7 T4 3108 ac o 0 g

38.3 30 33 74 307.7 3.5 2 3 &

39 30 0.7 0.6 307.0 4.0 0 0

40.8 25 1.8 1.6 305.2 A5 0 0

61 45 70.2 18.3 285.0 50 ) 0

3.2 45 F¥) 16 282.8 5E g 3

64,2 i .0 0.7 2818 :

5.7 40 35 7.1 2803 g-g g g

66.7 30 1.0 0.5 270.3 .

68,8 35 21 1.8 277.2 7.0 1 2 ] .
77.5 50 8.7 7.4 268.5 75 i 2 2 2 a 3 2 2 b4 2 2 b
78.5 a5 70 0.6 267.5 50 7 > ) ) - - -
79.3 3 6.8 DB 2667 5E 3 o Joint Spacing (ft)

80,1 D) C.8 0.7 265.9 :

N 0 1.0 0.8 264.8 8.0 0 0 3600 , ‘ ‘
B35 45 1.4 i1 263.5 9.5 0 0 : | :
87.2 45 4.7 3.3 258.8 10.0 0 0 2400 j ! Ground Surfice
80.5 35 3.3 2.3 255.5 10.5 0 0 : } 3
91,21 30 Q.7 0.6 254.8 11.0 0 0 R . Tep of Rock;
£0.9 30 8.7 75 248 1 15 0 B A T : | ;
01,8 50 2.0 i 244.1 50 5 5 . . . | j 3
303,2 35 1.3 0.6 242,8 - aoo.o ! : :
104.5 45 1.3 11 7415 SUM 60 100 ! ' :
5.5 40 13 0.5 240.2 smoln o ® ) I : :
106.9 45 11 0.5 239.1 = . ' i ;
109.2 45 2.3 18 236.8 s . : L. :
113.5 35 43 30 2325 § 00 * . : ; :
114.3 35 0.8 0.7 FEIR § ‘ * 1 ; }
116.5 45 2.2 18 275.5 200)% e ® : _ L 3 . :
9.1 30 2.6 1.8 226.9 R . o : ; ;
121.2 35 2.1 T, 2248 . . | : : : |
123.4 25 1.8 1, 222.9 2200 . % v : '
124,7 35 186 1.6 31,3 o LA ; : :
126.2 35 15 12 719.8 2000 " . | : ;
1;2?3 ig :g :g 212;3 I' ot iy N — L
130.51 30 1.2 0.9 2155 18046 = ’ =+ > =+
131.7 30 1.2 1.0 214.3 4 N A @ « 8

Jaint Spacing (ft)
FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES APPENDIX A-2

SHEET 8




MA-302, Joint Set 1 Data Countined
132.5 25 0.8 0.7 213.5
133.7 20 1.2 1.1 212.3
135.4 30 1.7 1.8 210.6
1367 30 1.3 1.1 208.3
138.5 30 1.8 1.6 207.5
139.2 30 - 0.7 0.6 206.8
140,56 35 1.3 1.1 205.5
143.2 30 2.7 2.2 202.8
144.6 30 1.4 1.2 231.4
152.5 40 7.9 6.8 193.5
153.7 35 1.2 0.9 182.3
154.7 40 1.0 0.5 191.3
155.9 30 1.2 0.9 190.%
156.7 30 0.8 0.7 189.3

FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES

APPENDIX A-2
SHEET 9



MA-303 MA-303, Joint Set 1

Joint Set 1 80

Vertical TRUE Ground EL. {ft) 348.5]
Depth Angle Distance Spacing EL (f) Top of Rock (ft) 5]
87 1 20 08 0.0 Hzb Bottom of Hole (f) 268
33.8 20 [iX] %] 45,7
35.3 25 15 14 3ite
1% 30 0.4 0.4 310.8
36.4 35 0.7 0.6 3301 BIN Freq. |Freq. (%)
38.7 35 0.3 0.2 309.8 0.5 {Custering Margin) .
i 3 0.3 0.2 3095 10 0 50 &
374 35 04 5.3 3641 =
37.7 38 0.3 0.2 308.8 15 3 15 g
3.8 30 23 17 306.7 2.0 4 29 g
40.6 35 0.8 0.7 305.9 2.5 a 0 i
426 35 70 1.6 303.9 3.0 q 5 i
437 35 11 0.9 302.6 35 0 0
43.8 30 6.2 6.2 3026 30 3 5
i5.8 35 25 25 259.7 -
a7 T bz 0.3 355, ‘é'g g g
&7 30 3.1 (X 7904 :
375 30 0.4 0.3 359.0 5.5 a o
483 35 0.8 0.6 298.2 5.0 [§ 0
4%.3 3 1.0 0.8 287.2 5.5 i 0 U .
156 35 0.3 0.2 296.9 70 0 0 e 2 a e 2 g o 2 a e g
54,1 £ 15 i 2024 75 a 0 - - - - *
56.3 35 2.2 1.8 290.2 5'0 7 5 Joint Spacing (ft)
56.6 35 5.3 0.2 369.9 :
57.2 ES 0.6 0.5 269.3 8.5 1 5 a60.0
57.8 35 04 0.3 268.9 9.0 i 0 ; ; : ‘
58.3 35 0.7 0.5 2688.2 8.5 0 0 : . ' : : :
585 % 12 1.0 3570 100 i ) 0o 1 ;‘ ; 1 ; Ground Sutace
0.2 £ 0.7 0.6 2663 : : : :
813 £ 5 0.8 286.3 1?3 g 8 3400 ! ' i :
b2 35 0.8 Q.7 264.5 : : : :
837 35 77 T4 352.8 1.5 4 o 330.0 I : :
65.1 35 1,4 1.1 261.4 12,0 0 0 ‘ - : : Tor.of fosk
75 25 8.9 8.1 271.8 12.5 [i 0 370.0 : : ! :
76.8 35 1.8 1.6 269.7 13.0 Q 7] = : : ' ‘
75,5 i 0 R : : | i
14.0 i 0 3 e e : : 3 :
145 5 q B oot ' P 3 E
15.0 o 0 . ; 3 ; :
SUM 20 100 wman " : 3 ?
. : ‘ ;
meol *° 3 i : :
et el . .. Boltim of Borsnole
260.0 ‘ ; J‘ J
g 4 g 2 g g
Jeint Spacing (ff)
FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES APPENDIX A2
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MA-304
Joint Set 1 —
Vertical TRUE Ground EL. {ft) 300
Dapth | Angle | Distance Spacing EL {ft} Top of Rock (ff) 2860
45.2 10 254.8 Bottom of Hole (ft) 150
48,1 45 2.8 26 254.9
50.9 35 28 2.1 2481
51.7 45 D.B 0.8 248.3
56,4 10 [X] %2 263.5 BIN Freq. | Freq. (%)
56.5 5 0.3 3.1 243.5 0.5 {Ciustaring Margin)
[ 578 50 K] 1,0 2474 1.0 4 27
58.2 10 1.6 1.4 240.8 1.5 1 7
254 0 0.2 [¥3 240.6
50.5 10 0.1 (Y] 2405 20 2 13
59.5 25 0.4 T4 240.1 2.5 1 7
503 70 0.7 .2 730.9 3.0 1 7
61.6 45 18 15 2381 3.5 0 0

62 30 0.1 CA 238.0 4.0 2 13
82.3 5 0.3 0.3 2377 4.8 3 7
52.6 10 0.3 0.3 237.4
52.7 13 0.1 0.1 237.3 5.0 0 0
62.8 5 0.1 [ 237.2 9.9 1 7
52.5 5 0.1 K] 2371 8.0 0 0

63 5 0.1 .1 237.0 8.5 0 0
§3.2 5 0.2 C.2 236.8 7.0 0 0
§3.3 5 [iX] G 736.7 75 i} )
63.4 5 0.1 0.9 236.6
635 H 0.1 K] 236.5 gg g g
63.7 30 0.2 0.2 236.3 -

B4 10 0.3 K] 236.0 9.0 0 9
84,1 5 0.1 C.1 236.5 9.5 1 7
84.2 5 0.1 C.1 235.8 10.0 0 0
545 5 0.3 0.3 7365 105 0 0
B4.1 5 0.2 T2 235.3 1.0 0 )
B4.8 10 0.1 G 236.2
54.9 20 (%] 0.1 2351 1.5 0 9
555 a0 15 a0 2305 12.0 1 7
68.6 AT 0.1 T.1 230.4 125 0 0
70.2 40 0.6 0.5 229.8 13.0 0 0

a1 20 10.8 9.4 219.0 135 0 0
B1.2 k) 0.2 0.2 218.8 40 0 )
51,7 25 0.5 [ Z18.3 3.5 0 ]
1143 75 32.8 20.5 186.7
116.4 60 1.1 .8 184.8 15.0 0 0
TIE8 %% 04 5.3 T84.2 SuM 15 100
118 50 0.2 0.2 184.0
129 5 13.0 1.5 171.0
123.9 10 0.9 .8 170.1
$30.3 10 0.4 G4 160,7
130.7 20 0.4 0.4 169.3
130.8 10 0.1 0. 160.2
1313 i5 0.5 0.5 166.7
131.5 20 0.2 0.2 168,5

Elavation (f)

Frequency (%)

30

MA-304, Joint Set 1

200

40

50

60

o g =
~ = -

Jaint Spacing (f)

100

110

130
140
150

000

swd;t Level

I
'
T
I
I
I
I
I

Top pf Rock

260.0

25001 " 4,

2200

200.0

1800

160.0

¥
I
I
i
|
|
|
|
|
|
I
I
i
|
|
|
I
I
I
I
I
I

T HEG ST BEREE )

[+t
T

1400
w5

451--<

65 f-wion

Joint Spacing (ft)

FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES

T T

n
H 3

APPENDIX A-2
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MA-304,Joint-Set 1 Data Continued
131.5 20 0.2 0.2 168.5
133.7 40 2.2 5,8 166,3
133.9 30 0.2 0.2 166.1
138.3 20 4.4 4.0 161.7
138.8 20 0.5 0.5 161.2
144.7 25 8.9 5.5 156.3

FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES

APPENDIX A-2
SHEET 12



MA-306 MA-306, Joint Set 1

Joint Set 1

Verveal = Ground EL, () 306 s

Depth { Angla ! Distance Spacing EL (ft} Top of Rock iff) 260

46.95 | 30 259.1 Bottom of Holae (ff) 145]

47.3 30 0.3 0.3 258.7

50.1 40 Z8 2.3 255.9

50,6 20 0.8 0.7 255.1

54.3 a0 3.3 23 5.7 BIN Freq. {Freq. (%)

54.5 30 0.2 0.2 251.5 04 (Qlslaring Margin)

£6.9 35 2.4 2.0 248.1 0.9 12 33

57.4 a0 05 0.4 248.6 T4 3 17

57.5 30 0.1 01 248.5

58 25 0.8 0.4 48,0 1.9 2 8

5.6 30 36 3.2 £y 2.4 3 6

53.3 25 17 15 42,7 29 4 il

) 30 0.7 0.6 242.0 34 2 [

4.8 20 0.8 0.7 241.2 3.9 3 3

6.5 10 37 3.6 7375 a4 3 3

74,1 ) 5.6 5.1 2319

79, 30 ) 33 298.5 49 2 6

55 40 6.3 5.2 730.2 5.4 2 i

B7. 30 15 18 2163 59 0 0 J

96.6 4D 0.9 5.9 2074 6.4 i 0 : — . : :

104.2 30 5.8 4.8 201.8 6.9 0 a i @ @ o o o ki 2 Q
105.6 35 14 1.2 200.4 A 5 3 ] = - = - -
108 20 0.4 04 200.0 - Joint Spacing (ft)

706.1 58 0.1 (K] 199.9 7.9 0 0

204 | 40 43 2.1 55.6 8.4 0 0 w00

122.3 80 Y 0.9 83.7 8.9 0 0 ’ ] : j Straét Lavet !
128.9 50 6.8 2.8 77.1 9.4 1 3 ; ; . ;

294 ) 0.5 0.4 176.6 55 0 B 300.0 : : | : | :
129.6 35 0.2 0.2 T6.4 Y 5 5 | : : : i ;
130 75 0.4 0.3 76.0 : 800 | 5 | : : ‘ ;
135 35 5T 43 1.0 109 0 0 : : | ! ' ‘
138.5 40 3.5 2.6 67,5 11.4 a o : : 1 : Yop pf Rock

141.9 35 EY] 2.7 164.1 11.9 7] 0 2200 {-— i ; ;
42,8 40 0.7 0.8 163.4 12.4 1 3 . " :
1434 30 0.8 Q.7 1628 w0 [ " oo 3 i
144.4 30 7.0 0.9 61,6 123 g g g™ : * : !
144.5 EY 0.7 0,1 1615 : % i ; :
4.5 |40 53 02 512 139 0 0 @00 . f :
124.9 35 0.1 0.1 611 | 144 0 0 & | ‘ ;
145 40 0.1 0.1 161.0 14,9 0 0 0.0 . : '
145.4 30 0.4 0.3 160.8 SUM 36 100 ' !
145.5 30 BX] i 60,5 . . ! LI !
148.3 70 58 25 57,7 1808 P ' '
50,7 30 74 2.2 455.4 ‘ ;

1E1.2 25 0.5 0.4 54,8 180.0 :

152.6 20 T4 13 153.4 3 ‘
153 20 0.4 0.4 453.0 - we e BRENRN of Borshote 1
154 15 e 0 152.0 e . -
154.8 20 0.8 0.6 161.2 o ES
155.6 a0 0.8 6.7 150.4 Jolnt Spacing (ft)

FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES APPENDIX A-2
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MA-306, Joint Set 1 Data Continued )
156 20 0.4 0.3 160.0
156.3 5 0.3 ik 140.7
57,7 30 14 73 148.3,
157.8 25 0.1 5.1 148.2
158.3 30 1.5 1.3 146.7
158.5 35 0.2 0.2 146.5
1601 30 0.6 3.5 145,5
160.4 25 0.5 0.3 145.8

FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES

APPENDIX A-2
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MA-312
Joint Set 1
Vertical TRUE Ground EL. {ff} 360
Dapth Al;gla Distance Spacing EL (ft) Top of Rock (it} 340
26.1 0.0 6.0 333.9
265 i 0.4 ) 356 Bottom of Hols {ft) 200
27 a5 0.5 0.4 333.0
36,5 30 9.5 8.7 373.5
48,8 15 123 0.7 3112 BiN Freq. |Freq. (%)
58,1 30 9.3 9.0 3.8 0.5 {Clustering Margin)
58.5 36 0.4 .3 301.5 1.0 3 <Q
62.5 AQ 4.0 3.3 2875 1.5 1 ]
2.6 33 0.9 8.1 247.4 >0 5 3
2.9 20 0.3 0.2 237 4 :
53.95 15 K 1.0 296.1 2.5 3 9
1135 35 49.4 3.0 1 8
115.6 15 2.3 71 2444 3.5 1 5
i17.5 14 18 13 242.5 2.0 0 0
127.5 15 0.0 9.8 232.5 iE D 2
129.6 5 Z. 1 2.0 Z30.4
131.5 20 18 15 228.5 50 0 9
A T 5B 06 5378 55 1 5
1377 20 5E 5.3 7323 8.0 o 9
139.9 20 2.2 2.1 220.3 6.5 0 0
140.8 30 %] [iX: 218.2 7.0 1 5
T42.2 25 1.4 1.2 217.8 7.5 ) )
135.1 5 2.9 3.5 214.9 3.0 T )
8.5 1] 0
9.0 1 3]
5.5 Q 0
10,6 3 G
10.5 Q 0
11.0 1 3
11.5 Q 0
12.0 0 0
12.5 0 0
13.0 9] 0
13.5 8] G
13.0 0 [}
14.5 0 0
15.0 Q 4
SUM 16 100

Elavation {#)

Frequency (%)

MA-312, Joint Set 1

a0

350.0

3300

310.0

290.0

270.0

250.0

230.0

210.0

190.0

4.0

50

6.0

g 2
k- o

10.0

10

120
130
14.0 :
150

Ground Surface

‘Top of Rock

0.5

Jeint Spacing {#t)

FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES

125} -
145 + -

APPENDIX A-2
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MA-313 MA-313, Joint Set 1

Joint Set 1 35

Vertical TRUE Ground EL. {/f) 360,
Dopth | Angle | Ristance Spacing EL (it) Top of Rock {#) 320
§1.28 | 20 0.0 0.0 308.8 Bottom of Hole (R) 199 s0 |
5.8 30 0.6 0.6 308.1
52.4 15 0.5 X 3076
54.6 45 7.3 21 305.4 o5 11
4.8 35 0.3 (X 5.2 BIN Freg. | Freg. (%)
55,25 75 0.5 Y] 304,68 0.5 (Cluslering Margin)
B4 35 ¥ 83 385 5 1.0 [T 32 £ 5
64,7 25 0.3 0.2 265.3 1.5 & 12 z
70.5 15 5.6 B.1 2087 g

bal 55 ki %] 288.0 ig ; 12 g
71.35 3 03 0.3 T80T . 6 g
755 10 %] 34 384.5 3.0 e 0 w
78.5 30 3.3 32 2812 3.5 5 15
0.6 20 1.8 1.6 279.4 4.0 2 8 0T

81 25 0.4 04 278.0 4.5 7 3

82 25 70 0.9 278.0
3.6 5 1.6 15 378.4 gg f g 5
B3 15 2.7 24 27,7 :
£7.55 Bl TG 58 5736 6.0 0 0 I
B85 20 1.3 7.2 2718 6.5 1 3 o , .

90 40 1.5 £.4 270.0 7.0 0 0 @ 2 S 2 2 9 a < a
2.5 20 2.2 18 7870 7.5 ] 0 i = - - - . -
2.9 35 0.8 07 2671 B5 i 0 Joint Spacing (fl)

93 35 0.1 0.1 2670 B.E ’ 3

97 35 4.0 3.3 263.0 55 o o 3700 -

93.4 30 2.4 2.0 260.6 : ! : : 1 Groung Surface :
558 30 0.8 54 2801 8.5 0 0 ! ! i : : : :
118.35 15 8.5 16.0 2417 10.0 0 0 350.0 3 5 | : ;’ ; ;
122.3 15 40 38 PEYA] 10.5 i i : : ! ' 3 : :
12%.85 15 0.5 6.5 337 7 1.0 3 5 3300 : | ; : ! : :
133.9 15 1A 1.0 236.1 178 a 0 : ‘ : : | Top ot Rogk ;
1245 20 0.6 0.8 235.5 : : : ' ! H

25,7 50 0.6 0.8 234.8 120 g g #1009 1o . b N 3 ' : i
12538 L) 0.8 5.8 234,1 12,5 9 0 3 ! i o | ; :
17935 {30 34 34 230.7 13.0 ! 0 g w001 P, b . : | j :

130 20 07 08 230.0 13.5 G 0 5 .20 Lo ' | : | ;

130.8 25 05 08 239.4 14.0 i 0 g o) "ea, | i : ! : :
135.3 25 17 23 224.7 4.5 0 i] é A : i : ' ;
138.8 35 3.5 3.2 2212 TED ] 0 200 i3 i ; :_ !
141.01 15 2.2 T8 218.0 - ; ! : : :
145.9 10 ig 4.8 214.1 Sum 34 100 b+ : . : : ! !
157 10 6.1 6.0 308.0 2200 o i . s ! 3 ; |
156 10 4.0 3.9 204.0 - - : ! ! H !
160.8 15 4.8 45 160.4 2100 ;" ' ; ‘
190.0 ;
2 5 ) 5 g
Joint Spacing (it}
FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES APPENDIX A.2
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MA-314
Joint Set 1
Vertical TRUE Ground EL. {ft) 360.7
Depth | Angle Distance Spacing EL (ft}) Top of Rock (ft} 300
mel s f oo ot Tamel  [goiom ortioie (] 207
72 30 0.5 0.5 288.7
88 40 4.0 131 274.7
91.6 30 5.8 4.3 2691 BiN Freq. [Freq. (%)
92,1 30 0.5 0.4 268.6 0.5 {Glustering Margin}
96,9 75 4.8 43 7648 10 7 75
98.4 30 15 1.4 262.3
119 35 20.6 17.8 2417 1.5 2 1
TR T 7 T4 5300 20 1 ?
127.2 75 33 (] 233.6 2.8 9 0
128 30 0.8 0.7 332.7 3.0 0 0
132.9 30 4.9 4.2 337.6 3.5 1 7
1347 30 1.8 1.6 226.0 3.0 5 7
135.2 75 0.5 0.4 226.5 A5 3 51
138 30 3.8 3.4 221.7 0 3 5
143.4 35 4.4 38 2i7.3
152.8 pi5 85 78 2076 5.5 1 7
154.3 36 1.4 1.0 206.4 €.0 Q Q
155.4 &5 1.1 0.9 205.5 6.5 0 [}
7.0 0 0
1.8 0 [
8.0 1 7
8.5 0 0
9.0 0 0
8.5 4] 0
10.0 0 0
10.5 ] 0
11.0 Q Q
11,5 Q 0
12.0 Q 0
12.5 1 7
13.0 4] ]
13.5 Q 0
14,0 Q0 0
14.5 Q 0
15.0 0 0
SUM 14 100

Flavation (ft}

Frequency (%)

as

30

25 +

IT0.C

350.0

3200

3100

280.0

2700

250.0

2300

2100

180.0

MA-314, Joint Set 1

[X)
=1

o

| ————

|

FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES

=2 ] a 2 = o Q g o o @ Q o
Joint Spacing {ft)

| ' i | |

: ‘ ' ! Ground Surface :

. ! ; | ; '

. | ; | : |

; | ; | ; !

! ! ; | | ;

: | ; | | ;

; | i | | :

H 1 : | ' '

; | H i ,

: 3 : | | :

H ' 3 Tep d‘:l' Rock

H 1 i | . i

o | | ; | ; |
1 i ! i i :

: | ; | : ;

: . i " i

' - : | ' i

' | H | ! j

: | } | |

' | | | j

; . ; | i

1 | ; | |

: | : i !

; i M H i i
e . | | |
5 s : | |

; -t ) ; ! .

- : ; ' Bottgm of Borehota |
E g 3

Joint Spacing (ft)
APPENDIX A-2
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MA-318w MA-318w, Joint Set 1

Joint Set 1

Verieal | TRUE Ground EL. (f) 362 %
Depth Angle 3 Distance Spacing EL {ft) Top of Rock (fi} 340
218 30 0.0 9.9 407 Bottom of Hole () 201.2]
21.7 a0 0.4 53 340.3 25 -
21.8 K (K] 0.1 340.2
7 3% 02 0.2 540.0
7 | 02 02 5368 BIN | Freq. |Freq. (%) 20
224 aan 0.2 0.2 339.6 0.5 (Clustering Margin)
725 3 (X a1 336 1.0 5 26 g
% i 35 30 336.0 TE 3 T &
6.4 45 04 .3 9366 =5 5 T 15
SEE % 6.2 Xl 3564 = - 5 3
6.8 5 0.2 0.2 335.2 : £
8.3 30 5 12 332.7 3.0 0 0 v
78,0 20 0.8 08 332.8 3.5 2 1 1
20.5 30 03 0.3 332.5 4.0 a 0
29.6 30 D4 0.3 332.1 3.5 0 0 |
0.2 30 0.3 0.3 T3%.5 50 3 3 s .
561 il 59 5.1 3259 5% 7 3 |
471 30 1.0 9.5 314.9 : 1
560 r 18.1 15,3 7558 6.9 0 9
56,3 3 X (i 755.7 6.5 1 5 0 4 pe ; -
B8.7 45 24 20 7.3 7.0 i 0 s & 3 & & = 3 3 8 7T § 8 3 38
719 i i3 23 790.1 7.5 0 0 ) .
756 7 37 3.2 2864 50 i i) Joint Spacing (f)
576 15 120 0.8 7744
88.9 35 1.3 0.8 273.1 g'g g 8 370.0
3.4 B0 55 %5 5675 : ; : : ; : i
977 5 3.3 17 364.3 9.5 1 5 ! ! | : Graund Surface !
554 35 7 0.7 7625 10.0 2 i 00 K ! s | [
1611 i 1.7 T4 260.9 10.5 0 i) i . i : ! TP SFFigeK i
107.2 5 8.1 6.0 254,8 11.0 1 5 330.0 i . ‘ " . 1
108.1 15 (o] 03 253.9 TE 5 A : | 5 |
137.9 0 (X 5.5 2431 : : : * : i
T84 |10 55 0.5 436 129 g o oo : : |
128.4 10 0.0 8.5 233.6 12.5 1 5 . : : : : : :
40,5 30 12.4 5.2 T2 13.0 0 g o 900 . : : ! : ; o
158.1 15 173 15.0 203.9 13.5 0 9 t . : ! i
7567 P 08 06 203.3 14.0 0 0 % mof * ; Cd | - |
4.5 ] 0 LTE a— : ; : :
15.0 1 5 woal : ; ' |
SUM 15 o0 5 5 : .
2300 ; : § . |
2100
o T A i
1900 i ;
2 H 2 3
Joint Spacing (ft)
FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES APPENDIX A2
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MA-320 MA-320, Joint Set 1

Joint Set 1

ac
I l\)-:::ca' STRUIE e Ground EL. {ft) 3850
ap ngla nea pacing
37.8 a0 0.0 8.0 2.2 Top of Rock (f) 310
T Er 5 X L5 Bottom of Hole {ft} 209.5
920 35 5.0 43 3071
43.3 30 0.4 0,3 308.7
43.6 25 0.3 0.3 306.4 BIN Freg. |Freq. (%)
#5.9 35 23 2.1 3041 0.8 {Custering Margin) —
17 20 1.1 0.9 303.0 ®
50 30 30 28 300.0 ig ; fg E
50.7 30 0.7 0.8 769.3 :
50,9 5 0.2 0.2 5951 2.0 3 12 g
515 75 0.6 0.5 298.5 25 3 12 g
54 25 2.5 2.3 296.0 3.0 3 12 u
54.3 25 0.3 0.3 285.7 X3 0 o
56.6 5 2.2 2.0 2935 70 B 7
57.6 20 i 11 792.4
57.55 20 0.0 0.0 2924 4.5 ! 4
58, pE; 0.4 0.3 292.0 5.0 0 Lt ;
58.9 Z0 0.8 0.8 2811 5.5 0 0 | [
50.3 15 0.4 0.4 2080.7 6.0 0 0 U U U
56,8 20 0.5 [X] 290.2 8.5 2 8 —r - — e
80,2 20 0.4 0.4 289.&: 7.0 0 0 3 ?’ g ;-3 2 g g =] g g 2 a
0.6 70 0.7 0.7 266.1 7E 5 5 ' ] - - - - - -
641 25 0.2 t.2 368,9 - Jeint Spacing (f)
527 %5 16 15 287.3 .0 0 9
2.8 70 0. 6.1 267.2 8.5 1 4
62.9 ) 0.1 5.1 2871 9.0 0 0 3800 ‘ T ; X
65.4 75 6.5 6.1 260.5 9.5 0 ] ‘ : : GroTTd STt 3
78.3 25 4.9 8.1 a7 10.0 1 4 00} ! [ ; ;
78.2 75 0.9 t.8 270.8 ‘ : :
81.2 55 5.0 TH 386.5 ;‘?g :) g | i | | |
§3.4 70 2.2 2.0 266.8 : aze0 ; i e : : ; \
84.8 5 T4 i3 Z6E2 11.5 0 i | : ; : : 3 |
(1% 5 53 30 2849 12.0 0 0 . . ! . : : : TopUTRECH :
§8.5 P 6.8 5.8 2851 12.5 0 0 3000 . " : P : ! ' 3
59.4 5 0.5 6.5 260,56 13.0 0 ] — N i : : : :
103.2 20 3.8 5.3 246.8 T35 1 ) € wo | : . : E : |
110 40 6.8 6.4 240.0 X : : : : : :
122.8 35 2.8 Y 227.2 1:2 g g § M : i " 3
125.5 15 2.7 2.6 224.5 u 28007 * [ : ! '
28 i5 3.5 54 572.0 15.0 0 0 ‘ : : 1
136.6 10 0.6 0.2 2134 SUM 25 700 | ; : . ;
240.0 1 : .
" : . ‘
2200 " : : : : : :
! H : ' - Bottom of Borehole
2000 ' N :
b a q b i 2 3 g
Joint Spacing (f)
FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES APPENDIX A-2
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MA-321w MA-321w, Joint Set 1

Joint Set 1 '
Vertical | TRUE Ground EL. () 348
Depth Angle Distance Spacing EL (ft} Top of Rock (ﬂ} 300
29,9 35 0.0 0.0 296.1
511 %0 1z 16 354.8 Bottom of Hole (f) 210 30y
525 20 14 e 203.5
5iA 20 18 1.7 291.7 "
555 20 1z K 290.5 BIN Freq. | Freq. (7 [
55,4 20 Y 3.8 2687 0.5 T termg Margny
61.7 15 2.4 2.3 2843 o)
B3.2 5 15 14 T62.6 12 2 3: °§ 20
63.4 g 0.2 53 2826 : 2 g
640 5 0.8 08 3818 2.0 3 10 9
853 15 3.1 i 280.7 2.5 2 7 g 151
67.2 15 1.9 1.8 278.8 3.0 0 1 L
[Z%] 70 5.3 .7 2718 15 5 7
5.5 5 14 14 270.5 10 4
76 5 3.5 05 270.0 j'g 2 ;
76.6 5 0.5 0.6 769.4 :
6.6 19 0.2 0.2 266.9 5.0 1 3 5
77.4 13 0.5 [ 258.6 5.5 Y 0
78 10 0.6 0. 286.0 B.0 i 0
76.5 5 0.5 [ 267.5 BE 0 0 o |
79.1 5 0.6 0.6 266.9 7.0 1 3 3 2 2 g g 9 ] 2 =) =Y
79.3 E 0.2 5.2 766.7 7'5 = 5 2 - " . b 2
78.7 5 0.4 0.4 266.3 - Joint Spacing (ft)
0.3 0 0.8 0.6 3687 8.0 0 4
81,2 0 0.9 0.9 264.8 8.5 1 3 a0
81.5 30 ) 0.3 264.5 9.0 0 i ’ : : :
82 50 0.6 0.5 263, 9.5 0 0 : : : ; : . :
8H9 5 B8 44 257 0.0 o 3 w00 5 ; A ! : Greund Strace ;
50 70 T4 T4 255 : ! : : :
93.5 36 EX) 3.1 7524 195 0 0 ; | : 3 :
9.9 30 33 37 T49.1 110 9 0 2200 : ' : | ;
974 50 0.5 0.4 2386 115 Q 0 : ! : 3 :
56,1 30 0.7 0.2 247.9 12.0 ] 0 000 ; | : j ;
59.9 a0 18 16 Z46.1 125 0 ) i ; 3 : : Tap of Rogk
105.1 20 52 4.5 240.9 13.0 ) ) = -t : . 1 ; ; :
109.5 20 4.4 71 236,5 138 2 i T ot ", " » i H
EED) i 0E 05 336.0 4 . | | e :
Ting | 45 5.5 5.4 75 14.0 g 0 T 5, : | : :
1219 |30 34 Y 2281 14.5 0 @ 2000 . ; o ; 3 | :
126 16 41 38 220.0 18.C 0 o P | | |
SUM 29 100 . : i ! ;
240.0 1 . f- :
2200 § . j‘ Botté:rn of Borehola
206,0 N ‘ 3 :
3 3 ¢ g 3 2 : 3
Joint Spacing (ft}
FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES APPENDIX A2
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MA-322 MA-322, Joint Set 1

Joint Set 1 0
Vertical TRUE Ground EL, (1) 346 .
Dapth | Angle | Distance Spacing EL (f) Top of Rock {ft) 325
28.3 30 0.0 0.0 3177 Bottom of Hole {ft) 206
28.9 20 0.6 0.5 3171
30,1 20 12 [N 3159
30.9 13 0.8 0.8 315,1 — -
14 15 05 35 a8 BIN | Freq. |Freq. (%)
332 8 0.8 0.8 313.8 0.5 {Clustering Margin}
3.2 15 70 1.0 3128 1.0 21 45 7
34,7 75 15 1.4 311.3 15 ) 19 5
357 [ ) 10 316.3 55 5 T g
36.6 30 0.9 0.8 300.4
36.8 30 6.3 0.3 09,4 25 2 4 E .....
T 7 T 70 06.0 3.0 5 i
38,8 30 0.8 0.5 307.2 3.5 1 2
41 45 2.2 1.8 305.0 4.0 0 o
425 30 15 A 303.5 4.5 0 [}
43,5 75 1.0 0.9 302.5 50 5 5
26.4 25 2.9 26 755.6
48.8 20 0.4 0.4 269.2 5.5 ? g
375 55 6.7 0.7 266.5 6.0 R . »
354 30 0.9 65 267.6 6.5 8 g - =
493 15 0.8 0.8 256.7 7.0 ¢ 0 E 3 2 2 F 3 3 2 g 3 g a
52.3 25 3.0 P} 285.7 7.5 3 2 Joim Spacing (m
53.3 35 1.0 0.9 292.7 B.0 0 0
55.4 40 PRI .7 290.6 55 3 0
571 3 1.7 1.3 266.9 55 T 3 0.0 . E ,
58 30 0.8 o7 288.0 : ; : : . Groundl Surface !
56.8 20 0.9 (X 87,1 -85 0 0 : ; : : ‘ : 3
50.5 35 16 1.5 285.5 10.9 0 0 0.0 : i : ‘ ; :
61.3 85 0.8 G.7 284.7 10.5 0 1] H i ! Top of Rock '
G820 78 3.2 2772 11.0 0 0 woolty e b . E ! L %
9.6 20 0.8 0.8 276.4 TTE 1 5 A : ! : 3 : :
7.2 25 1.6 75 274.8 .t . : ‘ :
718 25 0.4 0.4 274.4 :gg g g woo| e . . - : ; : | :
72.1 38 05 0.5 373.9 : L S ; ; :
72.6 25 0.5 0.4 7734 13.0 0 9 " . N : : ! : :
73 Fi] 0.4 0.4 273.0 135 9 0 € g . : : : ; :
733 20 53 0.3 5757 4.0 ) i gL o . : ; : ! :
754 2 i) 0.1 7758 14.5 i 0 3 .t i ! ! ] |
76.2. 15 28 FX] 269.8 50 ) ) #os L ; P ;
77.3 45 (X 1, 268.7 - : ; : : :
514 30 Xl 2. 264.8 SuM a 100 2100 be 1 i 3 :
842 0 2.8 2.4 261.5 | | | : : :
85 50 a8 0.6 2610 : ! : Cw b
85.9 60 0.9 i 0.5 260.1 2100 . e o Lo VoL
88.5 30 26 13 257.5 e LA S e RS B BiiPahel
80 Pl 15 13 256.0 : ! : : : :
91 30 1.0 . 0.8 255.0 190.0 . : 1 } :
54 5 30 26 2550 3 & 3 2 3 g a 3
1019 20 7.9 7.2 244.1 Joint Spacing (It
FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES APPENDIX A2
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MA-322, Jolnt Set 1 Data Continued

103 20 11 1.0 243.0
104.2 30 1.2 1.1 241.8
104.8 18 0.8 0.5 241.2
1055 G 0,7 0.7 240,5

115 36 8.5 8.9 231.0
128.8 40 13.8 1.3 217.2
131.5 20 2.7 21 214.5
137.7 Y 6.2 5.8 208.3
139.6 40 1.8 1.8 206.4

FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES

APPENDIX A-2
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MA-325w MA-325w, Joint Set 1
Joint Set 1 25
Vertical TRUE Ground EL, {#) 345
Depth | Angle | Distance Spacing EL {ft} Top of Rock (ft) 330
7.8 30 0.0 0.0 323.2 Bottom of Hale (f) 184
33 30 0.2 0.2 323.0 20l
737 35 0.7 0.6 5223
A 35 17 1.4 320.6
740 ES o5 04 3204 BIN Freq. [Freq. (%)
6.1 3 12 10 FE5 6.5 (Clustaring Margin) —
274 35 13 11 3176 1.0 8 17 ® BT
7.8 30 0.4 0.3 317.2 1.5 8 23 &
7.8 25 01 0.1 3173 5.0 5 14 §
291 35 iz 14 316.9
30.4 40 1,3 1.2 314.6 gg ? g §1m-
3 35 78 2.0 3120 :
8.4 35 5.4 33 T06.6 3.5 2 &
a0 30 16 13 306.0 4.0 0 o
0.5 75 0.5 0.4 304.5 4.5 3 g 51
50.4 25 9,9 X 294.8 5.0 1 3
512 75 X 0.7 703.8 55 o B i
59.1 30 7.8 7.2 285.% 6.0 1 3 i i
%9.3 30 02 0.2 285.7 5% 3 2 u
8.0 30 76 Z3 283.1 . 04 " T T
534 3% 15 73 18 ; g : g = & g 2 3 & % 8
[ 75 7.6 2.4 776, )
£68.8 i) 0.8 0.7 27 g 8.0 [ 0 Joint Spacing (ft)
7.5 5 0.7 06 277.5 8.5 [} 0
75 25 7.5 g.8 210.0 0.0 [ 0 360.0 T T i - T -
76.8 30 1.8 15 268.2 6.5 B A ; ; ; | ; : 5
76.5 35 77 15 Z66.5 5.6 3 3 3400 ; j ; ! ’ Ground SUrace T
35,4 35 4.3 4.0 6.8 d : : : : : : :
B5.5 % X 5 358.5 10.5 0 9 _ : ! : 55 STRGHH !
9.6 ) X ) 259.4 11.0 0 0 2001wy * i : : | : : :
91.7 25 0.1 %} 263.9 11.5 [i 0 .t o H ! : :
92,3 35 0.6 0.5 252.7 12,0 0 0 3000 ; 4 ! : : :
95.3 25 38 25 249.7 12.5 0 0 . : : H : * : ' ;
95 671 35 0.2 C.2 249.5 . . ; P ; i i ;
97.3 3 (X 5 24,7 132 (1) g g e . 5 ; : 5 | :
98.65 35 24 1.9 2454 : ] - : P ‘ : : :
w7 i) 3 ad TAES 149 g 0 200 . . : : i : i
103 50 i3 28 92,0 14.5 0 0 S : R : i : E
03,1 30 GA [ 241.9 15.0 1 3 2400 . * 4 : ; ! ! :
103.6 35 &5 0.4 2414 SUM 36 100 ; L : : : : :
705.5 35 02 18 3308.2 ; * : : ; ' ; :
106 35 0.2 (¥ 238.0 2200 ; oy B ; ; e !
111,9 E 5.9 4.8 2331 : . : : : : :
116.1 20 4.2 3.4 228.9 2008 : : i H ; : :
116.5 25 0.4 0.4 2285 i H i ; Bolta::m of Borshole 1 ®
130.8 35 14.3 13.0 214.2 1agg L b Lo s e e R —— . -
134.9 35 4.1 3.4 210.1 a a @ 2 @ ) i 3
153 70 X 14,8 192.0 = = ¥
1575 15 15 %] 187.5 Joint Spacing (ft)
FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES APPENDIX A.2
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MD-Y

Joint Set 1
Vortical TRUE Ground EL., {ft) 356.2!
Dapth Angle Distance Spacing * {.. EL it} Top of Rock (fl) 345
16.6 15 0.0 0.0 2388 ;
74 it i 5F o Bottom of Hole (ft) 190
18.4 20 2.0 1.8 336.8
200 20 0.6 0.6 336.2
0.8 20 58 (X 5.5 BIN Freq. |Freq. (%)
217 20 0.9 0.9 334.5 0.5 {Clustaring Margin}
236 a0 4.8 1,7 332.7 1.0 31 38
24.8 30 1.3 1.4 33%.4 15 33 a8
26.1 30 13 IR 330.1
276 40 15 1.3 328.7 gg 12 154
29.0 30 15 i1 327.2 .
3.4 35 Y] 38 EPPRY 30 2 2
34.6 35 12 0.8 321.6 3.3 1 1
35.9 25 1.3 4.4 320.3 4.0 1 1
373 75 14 1.3 318.5 4.5 B 0
384 20 1.1 1.0 317.8 B0 Z 7
40.9 30 2.6 34 315.3-
43,4 25 2.2 1.9 313.2 gg g g
343 20 13 T3 311.8 -
353 55 o 5.8 3.0 6.5 a 0
6.8 20 18 75 300.5 7.0 a 0
48,1 0 1.4 T3 308.1 7.5 0 0
50.5 30 2.4 2.4 305.7 8.0 0 i
52.3 10 1.8 1.6 303.9 8.5 0 0
535 10 1.2 1.2 302.7
55.0 25 15 1.5 301.2 g'g g g
60.7 30 8.1 4.6 295.1 .
58 % (] o7 785.3 10.0 9 o
2.2 50 T3 13 264.0 10.5 a o
84.2 20 Z.0 17 262.0 11.0 0 7
65.5 70 [ 1,2 290.7 11.5 ] [
65,4 20 4.9 C.8 269.8 12.0 0 )
87.9 75 [ 0.8 768.9
60.4 30 (X1 10 87,8 gg g g
64.9 30 15 1.3 286.3 -
13 PT3 T3 2 385.0 13.5 0 0
73§ 75 75 1.5 83,4 14.0 0 o
X 25 13 T3 T62.2 14.5 9 0
78.1 50 2.0 1.8 280.2 15.0 1 1
77.8 35 1.8 1.1 278.4 SUM a8 100
79.9 20 2.1 1.7 278.3
84.7 45 4.8 a5 271.5
86,8 20 2.1 14 269.5
8.1 15 1.3 .3 268.1
103.5 20 15.4 14.9 762.7
105.0 20 1.5 1.4 251.2
106.3 75 1.3 1.2 249.9
107.0 15 (%] 0.7 249.2

FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES

40

36 |
ao

25 1|8

Frequency (%}
N
(=]

3500

340.0

3200

300.0

280.0

2600

Elavation {ft)

240.0

2200

2000

1800

MD-7, Joint Set 1
R
|
|
i
:
i
!
:
l ]
i
1
a Q 2 =] ] g o -] ] <
& = & & & £ & @ 3 @
Joint Spacing (ft)
! ! . | Groung Surface |
-. . i E : 15 Top of;ﬂmk E
* i s | | : :
. ! : ! ! : :
v e " | : J : 2 ‘:
Se 5 i 3 : ; :
et " ; ! % ; :
£, i ; : | | 3
to. | ; : : ; :
. b : : ! : :
e i | | | | x
s % a | a | s
. ! : : ! : : :
L i a : : : =
AN i s ? i s :
... : : H : :
e BOUS
3 3 3 . 8 a g
Joint Spacing (fty
APPENDIX A-2
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MC-7, Joint Sat 1 Data sontinusd
187.0 15 0.7 0.7 249.2
107.6 10 0.8 0.8 248.4
109.0 10 1.2 1.2 2472
109.6 20 [iX:] 0.8 246.6
110.2 20 0.6 0.8 248.0
113,3 15 3.1 2.9 242.9
115.1 15 1.8 1.7 241.2
18,7 10 0.7 0.6 240.5
116.8 10 1.1 1.1 238.4
118.2 18 1.4 1.4 238.0
118.7 15 1.5 1.4 236.5
126.4 10 0.8 0.6 2359
124.6 15 1.3 1.2 234.6
123.4 20 1.8 1.7 232.9
125,1 20 1.8 1.5 2311
125.5 15 0.4 0.3 230.8
127.8 20 2.3 2.2 228,5
128.9 15 1.2 1.1 227.3
130,7 40 1.8 1.7 225.5

FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES

APPENDIX A-2
SHEET 25



MG-201 MG-201, Joint Set 1

Joint Set 1

— 30
Vertical TRUE Ground EL. {ft} 3148
Degpth Angle Distance Spacing EL {ft} Top of Rock (ft) 3079
17.8] 40 0.0 .0 297.1 -
506 55 5 AT 5043 Bottom of Hole {ft) 4895
233 35 2.7 2.5 791.6
23,75 0 0.4 G4 294.2
262 &0 25 2.1 88,7 BIN Freq. [Freq. (%)
26.4) 40 0.2 0.1 268.5 0.6 {Qlustering Margin) -
28,2 40 1.8 1.4 286.7 1.0 1 7 ®
2871 20 0.5 0.4 286.2 P
30.8] 40 1.9 1.8 284.3 15 3 20 g
38 15 532 %} 275, 2.0 3 20 Fl
378 25 2.1 20 7.0 2.5 4 27 2
08| 26 2.9 78 2741 3.0 2 13 W
54_.3' 40 4.1 12,8 260.0 3.5 1) 0
58 40 3.1 2.4 256.9 4.0 1 7
70| 45 12.0 9.2 244.8
70.2 45 0.2 [X] 244,7 4.5 o g
Tl 40 X 0.4 T4t 1 5.0 C 9
T8 28 1.0 0.5 2431 5.5 o e
72.2{ 35 9.4 0.4 242.7 6.0 Y [1]
7450 35 2.3 1.8 240.4 6.5 0 0 —
76.31 35 1.8 1.5 236.6 70 i) i o o o o o @ =) o g o
Tl 4G T8 TE 33658 =g 5 5 v ~ ® 8 °© ¢ ER -
80.51 3¢ 2.4 1.8 234.4 B: 5 5 5 Jaint Spacing {ft}
8.5 ¢ ¢ 200 -
9.0 0 1] . : . . .
5E 7 7 . ' 1 H ; Top of GCT Lower Lewel !
10.0 0 0 3000 : | 7op of Rock
105 0 0 ' : i | | i
11.0 0 4 * L.t : i : 3 3 ;
11.5 0 i 200 . L : : | ! :
12.0 o c * E : : | ;
12.5 0 i sens : : ! : : 3 ;
13.6 1 7 = o : : e
135 0 g c E E | 5 ; | i
140 1 0 g Saef® o 3 e ! : |
14.5 i ] & . ; : : : |
15.0 0 ¢ ; : ; : : :
SUM 15 100 2200 : :
200.0 ! ; !
i Both‘:’m of Borehola
1B0.0 ' i ;
g K] E P < 2 a b
Jolnt Spacing (ft)
FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES APPENDIX A-2
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MG-202

Joint Set 1

Dapth

Angle

Vartical
Distance

TRUE
Spacing

EL {ft}

Ground EL. {ft) 316.14

Top of Rock (ft) 309

38.7

45

0.0

2764

53

20

3.3

9.4

283.1

Bottom of Hole (ft) 188.1

65.7

35

iryd

11.9

250.4

65,9

40

0.2

0.2

250.2

66.3

55

0.4

0.3

249.8

BIN Freq. |Freq. (%)

79.6

35

13.3

7.6

238.5

.5 {Clustering Margin)

81

50

1.4

1.4

90.7

30

o7

8.2

2254

PRI 5

0

95.7

35

8.0

4.3

220.4

17

ojlo|o|d|o|ojojala

Y
-~

ojoja|o|g{o]o|g|olo

e
-~

]
th
M ojojo|o|o{o] 2 |ojojo|o] ool ool o|ojo 2| o| oo o= |2

ofo|ojoejoloio

-
[==]

Elavation (ft)

Frequency (%)

330.0

316.9

29¢.0

270.0

250.0

230.0

210.0

170.0

MG-202, Joint Set 1

Q ] )

FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES

Q = a 2 "o o 9 S 2
ke A a © ~ @ o = = e I a
Joint Spacing (R)
; ' : T ; Yop of Z(‘?CT Lower Le»elj
i E a 1 j Top nfRock :
| i P | | % |
| i s : | . |
| : E . 3 i |
g 1 g g 3 3 5 4
Joint Spacing (ft)
APPENDIX A-2
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MG-204 MG-204, Joint Set 1

Joint Set 1

Vertdcal TRUE Ground EL. (ft) 3115 ®
Depth | Angle | Distance Spacing EL {ft) Top of Rock (ft) 308.5
6.8 26 o0 0.0 2047 Bottom of Hole (ft} 192.7
i35 i@ 7.4 6.4 267.6
4.2 3 5.3 0.2 %7.3
45.5 30 13 K] 266.0
6.2 30 0.7 0.5 285.3 BIN Freq. |Freg. (%)
51.9 40 57 4.9 250.6 0.5 {Qustering Margin) _
6.0 45 6.0 7.7 249.6 1.0 1 14 E
T10.8 20 8.9 345 200.7 TE 1 ' 7
170.9 25 6.1 0.1 200.6 20 1 Yy §
114 75 5.2 6.2 2004 5E 5 3 g
1112 70 o1 i] 200.3
56 55 18 15 98.7 3.0 g 4 -
112.9 25 T G.1 198.6 3.5 1 14
116.4 ) 35 332 156.1 4.0 Q 0
4.5 [3 Y
5.0 1 14
5.5 0 C
6.0 [} [
6.5 4 14 .
7.0 0 0 a s = 2 & & 2 3§ 2 3 g
7.6 9 ¢ Joint Spacing (f)
8.0 4 14
8.5 1] [H
9.0 3] ¢ zoe i i : Tap of GCT Lower Level |
9.5 4] 4 . b " + :
0.0 i) o w00l E . o ‘: ' Tab of Rock :
6.8 ) o 1 j ! ; ; E |
11,0 [ C | | 3 ! ' : :
1.6 i b 200 } SRS | | ; 4 :
130 ) & | | ; ; : i
12.5 0 0 b 1 g i : ; :
130 0 0 z = ; P | ; ;
13,5 0 0 5 : ' . ' :
14.0 0 o B 2400 : : : :
45 [ 0 8 : ; i '
15.0 0 0 ' : : 1 : : '
SUM 7 400 220.0 : . E - E . E . :, ‘:
200.0 - I
L i
180.0 } i
g g 3
Joint Spacing {f)
FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES APPENDIX A2
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MG-207 MG-207, Joint Set 1

Joint Set 1 a5
Vertlcal TRUE Ground EL. {ft) 311
Dapth Angle Distance Spacing EL (/) Top of Rock (Rt} 304
19.3 25 0.0 0.0 201.7
0E 3G 13 o E Bottom of Hole (ft} 191 30
251 30 16 1.4 288.9 |
25.7 25 18 14 267.3 P
24.2 20 0.5 0.5 265.8 BIN Freq. |Freq. (%) :
24.6 30 05 0.6 285,2 0.5 TChustaring Marginy .
3EA 30 6.6 i} 385.7 1.0 5 32 Bl
25.7 30 04 0.3 285.3
6.4 0 % 0.6 T04.6 15 7 % §'
57 ) 56 0.5 284.0 2.0 3 i E
324 25 54 47 378.6 2.5 o 9 By
33.5 20 1.1 1.0 2775 3.0 2 7 w
34 25 2.5 0.5 277.0 3.5 0 0
34.3 35 9.3 0.3 276.7 a0 0 p] 10
347 25 0.4 0.8 378.3 Y 5 3
355 30 0.8 0.7 275.5 is : 5
i3 20 7.7 6.7 267.8 : 5 4 e e R : :
435 75 0.3 0.3 675 55 1 4
43.8 25 0.4 0.4 267.1 6.0 0 0 M M
45,2 15 1.3 2 2858 6.5 0 0 o . S ——
47.8 30 26 2.5 263.2 7.0 1 4 3 3 2 2 2 7 3 2 3 a s 2
48,3 15 0.5 0.4 262.7 75 1 3 " - v T v .
T84 15 0.1 0.1 762.6 56 3 2 Jaint Spacing (ft)
49.5 5 K] 1 261.5
%0.2 20 0.7 0.7 260.8 5.5 Y 9 5200 .
5.9 i5 9.7 9.1 251,1 8.0 1 4 : : : : ;
58,3 10 6.2 7.6 243.9 8.5 1 4 . : : : : :
AT = Y oy o E 5% 3 5 : i : i Top ufF-‘:CT Lower Level :
9.3 15 0.8 9.7 41,7 10.5 0 0 stea : | : j “fop afRock :
[ 30 2.7 12.3 29.0 7o B g . : | 5 | | ;
90.6 20 5.6 7.4 350.4 H : : : ‘ : :
02.2 35 16 15 718.8 1.5 0 0 p : : 1 H 1 :
9.3 20 2.0 1.8 Z16,8 120 a 0 el : L | i | i i
59.6 20 54 5 2114 12,5 1 4 ! : | 5 3 | ;
100 70 [ ) 2150 13.0 i} 0 = . : | ' : i 3
100.3 ES 0.3 0.3 210.7 135 ) 0 S snle * 1 ! : : : ;
100.4 25 [iX] X 2106 14.0 o 0 % : : ; : : 3 :
161 30 0.8 .5 216.0 | ' L. ; : '
13 |30 X 5.4 Z08 123 ¢ 0 ) | E . | | ;
T61.5 35 5.1 01 208, - 0 0 200 ® } E : } i :
048 i) 33 X3 208.2 suM 28 100 | : ' | !
105.6 25 0.4 0.6 505.4 : : .
05,7 20 0.1 0.1 205.3 : i : : 3 : :
143 |9 5.2 8.6 196.1 a0 W . B i ; ! 5
116 30 X 1.0 195.0 : - : : : : :
117.6 20 1.6 1.4 193.4 r . - : : : : Bottgm of Borehole
119.7 30 2.4 Z0 191.3 2000 ; ; H ; i ;
8 Q 2 | g 3 3 g
Joint Spacing (ft}
FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES APPENDIX A2
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TT-9w
Joint Set 1
Vertical TRUE Ground EL. {ft) 306
Dapth Angle | Distance Spacing EL (ft) Top of Rock (ft) 300
17.4 50 288.8 Rottom of Hole (fi) 204.3
23.1 a0 5.7 a0 282.8
25.3 40 2.2 1.7 280.7
28.5 55 3.2 2.2 2775
25,6 %0 3 L P BIN Freq. | Freq. (%)
0.3 % 07 T8 775.7 0.5 (Quslering Mergn)
32.6 50 2.3 17 273.4 1.C 8 29
55,4 10 22.8 19.7 2506 1.5 Q 0
55,9 15 0.5 0.5 250.1 2.0 3 19
63 40 7.1 6.3 243.0 25 3 14
64 50 1.0 0.7 242.0
66.6 25 2.8 2.3 239.4 30 9 0
87.4 35 0.8 0.7 236.6 35 e 0
T 75 0.6 0.5 738.0 40 e 0
68.2 30 0.2 0.2 Z37.8 4.5 2 10
70.3 15 2.1 1.9 2357 5.0 1 5
71 40 0.7 0.6 235.0 55 1 5
76.6 35 5.6 4.4 725.4 5.0 0 0
50.8 40 14.2 11.3 215.2 55 7 5
123.2 25 32.4 27,8 182.8 70 7 5
129.1 20 59 [ 176.9 :
123.3 3 4.2 1.3 162.7 1.5 0 9
153.3 40 10.0 6.6 152.7 8.0 0 g
153,8 45 6.6 49 1381 8.5 0 [i]
162.7 25 28 23 143.3 9.0 0 0
163 35 0.3 0.3 1430 95 0 0
168.9 40 25.9 20.5 1171 100 5 5
790.9 35 2.0 18 115.1 0% 5 5
11.0 0 0
11.5 2 10
12.9 0 Q
12.5 Q 0
13.0 0 0
13.5 0 0
14.0 0 a
14,5 0 4]
15.0 0 ¢
SUM 21 100

FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES

Elavation {ff)

Frequency (%)

35

220.0

280.0

280.0

240.0

20.0

TT-9w, Joint Set 1

<
w~

=) = = & < ] = ] = 2 2 2 =) g
Joint Spacing (ft)
: E : : : !
i E H Top of Subway Platform
' f ’ ! Fon ot ook '
: . : : : i
. : . v : : ; :
e » . H : : : :
. : ! ! : : :
; i ; i i :
: 5 a i 5
. . : ‘ : ;
M . S H | 1 H
; ; ;
:

25

4.5

6.5

85
105 }-
125
145

Joint Spacing (ft)

APPENDIX A-2
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TT-10
Joint Set 1
Vertical TRUE Ground EL. (f) 306

Depth Angle Distance Spacing EL ém Top of Rock (ft) 280
31 25 275.0 Bottom of Hole (ft) 16
31.3 35 0.3 6.3 747

31.35 40 0.1 0.0 2747

314 40 0.0 G.0 46

31.45 45 0.3 0.0 274.6 BIN Freq |Freq. (%
32 40 0.6 ¥ 274.0 0.5 {Glustaring Margin}
32.8 a0 0.8 C.7 273.2 1.0 14 30
33.3 10 0.5 0.5 272.7 15 ] 19
34.2 40 0.8 C.8 271.8

34.4 30 0.2 .2 2718 gg ﬁ 1;
34.5 30 0.5 G 271.5 -

347 3 0.2 6.2 3713 3.0 3 8
35 35 0.4 5.3 371.0 3.5 2 4
41.3 30 6.3 5.3 264.7 4.0 1 2
12 a0 0.7 .6 264.0 35 ) )
351 40 [iX] X 783.9

44,65 Ei) 2.6 1.8 2614 gg ; 3
A4.7 55 0.3 G.0 261.3 :

349 [ 0.z X 261.1 6.0 1 2
46.2 45 13 10 259.8 6.5 0 e
§3.7 45 7.5 5.3 252.3 1.0 [t} g
4.7 15 1.0 T.7 261.3 75 ] ¢
56,7 i5 ) T4 249.3 30 o o
57.1 45 0.4 o3 248,9 55 3 7
57,6 45 0.5 T.4 24B.4 -

563 5 05 T4 3478 9.0 0 ¢
58,3 £ 13 5.8 346.8 9.5 0 0
5.1 75 19 18 244.9 10.0 0 ]
52 40 0.6 C.8 244.0 10.5 o i
6.8 30 1.6 1.3 242.4 1.0 ] [
3.9 a0 0.3 5.3 2423 TE g 5
65.1 35 12 1.0 340,8 :

756 gy 16.5 5.3 530.4 12.0 1 2
75.7 5 0.1 &1 230.3 12.5 0 0
76.2 30 0.5 5.4 535.8 13.0 1 2

76.55 55 0.3 0.3 220.5 13.5 0 [y
T6.7 %0 ¥ 15 227.3 140 i} )
81.9 50 3.2 2.3 224.1 14.5 0 i]
83 35 11 0.8 223,0

98,1 20 13.1 1.6 2009 15.0 0 0
793 o 33 23 6.7 Sum 47 100
+06.1 35 [} 5.7 199.9

107.2 15 11 0.8 1986.8

110.9 50 3.7 2.5 195.1

1.2 25 0.3 0.2 184.8

111.35 20 04 0.1 64,7

1146 45 3.3 7oA 1514

14,9 35 0.3 0.2 161.1

Etavation (f)

Frequency (%)

35

3.0

2900

700

25040

220.0

210.0

180.¢

170.0

TT-10, Joint Set 1

o Q o Q ) 9 9 Q @
= = hd 2 F o 2 = 2
Joint Spacing (f)
i suaai Leval H
:, E 3 4 Top afme:k E
- | i | ! | %
o Y i | | !
. L. : | | 3
. ' 1 | i '
b ' i i : i
: : . | 5
- . H it i .
z : s . |
. : . i | |
' ’ Bnttém of Borghole
3 ] 2 3 3 ] g
Joint Spacing {ft)
APPENDIX A-2

FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES
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TT-10, Joint Set 1 Data Continusd
1454 5% .5 2.7 160.6
151 25 5.6 4.4 155.0
152,9 i 1.8 5.8 153.1
154.5 25 i.8 1.5 151.5
156 3o 1.5 3.3 150.0
160.9 40 4.9 4.9 145.1
181.7 40 0.8 0.6 144.3
178,53 40 16,8 12.9 127.5
179.1 40 0.6 0.5 126.9
180.9 a5 1.8 1.4 128.1
181.1 20 0.2 0.2 124.9
181.6 40 0.5 0.4 124.4
184 40 2.4 1.8 122.0
184.3 45 0.3 0.2 121.7
185, 1 45 0.8 0.8 120.8
187.9 45 2.8 2.0 118.4
192.2 40 4.3 3 113.8
193.7 30 1.5 1.2 1123

FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES

APPENDIX A-2
SHEET 32



TT- 11w
Joint Set 1
Vertlcal TRUE Ground EL. {f) 306

Depih Angle Distance Spacing ElL (/) Top of Rock (f) 3001
16.4 45 2896 Bottom of Hols {ft) 204.3
16.6 45 0.4 0.3 269.2

7.6 ) 1.0 0.8 268.2

16.3 40 0.5 [X] 387.7

85 a5 06 o4 77 BIN Freq. | Freq. (%)
20.8 B0 1.8 1.2 285.2 0.5 {Custering Margin)
21.8 0 10 0.5 782 1.0 3 13
7.1 5 0.3 0.2 283.9 13 3 17
73.2 &0 11 0.6 262.8

235 75 0.3 0.1 282.5 20 4 13
5.6 &6 0.3 .8 5524 25 g 17
25.5 a5 1.9 119 280.5 0 2 7
28.25 30 2.8 F¥) 277.8 .5 0 0
3.1 45 4.8 7.0 268.9 4.0 1 3
376 £ 6.8 0.4 768.4

335 30 58 B0 262.5 g'g ; ?
51.6 45 8.1 6.4 254.4 :

5.4 55 38 2.4 250.6 8.5 2 7
58.1 45 2.7 17 247.3 8.0 1 3
55.1 30 7.0 5.6 240.9 5.5 1 3
6.4 20 13 12 2306 70 1 3
72.2 85 5.3 1.3 733.8

74 40 1.8 11 232.0 gg 3 g
74,7 50 0.7 0.5 231.3 -

74.3 35 3.1 0.1 2812 8.5 2 0

75 40 0.2 0.2 231.0 5.0 0 0
78.1 45 31 2.3 227.8 9.5 0 [}
40,3 35 2.2 1.7 225.7 10.0 i} G
80.6 35 0.3 0,2 236.4

B2 55 1.4 1.0 224.0 10:5 9 8
521 56 ] 0. FFEE 11.0 0 ¢
B2.2 45 X [ 223.8 | 11.5 0 G
82.4 50 0.2 9. 223.6 12.¢ o] C
B2.5 55 0.2 0.1 223.4 155 1 3
B2.7 55 0.1 X 2235 30 i 5
B6.1 L EY] 54 719.9

8.3 45 2.2 4.7 247.7 13.5 0 0
855 25 0.3 5.3 7.4 14.0 9 0
.0 [ 5.4 3] Z08.0 14.5 0 0
101.4 30 3.4 2.8 204.8 15.0 0 0
106.8 30 54 47 159.2 SUM 30 100
711,4 30 7.6 3.0 84,5

111.6 5 0.2 0.2 194.4

117 35 0.3 0.1 164.3

1127 i0 7.0 0.8 193.3

112.8 a0 (K] 03 193.2

113.2 35 0.4 0.3 192.8

116.4 £ 3.2 2.6 189.6

122.6 35 6,2 5.1 183.4

Elavation {fty

20.0

3000

2800

2800

2400

220.0

2000

TT-11w, Joint Set 1

Joint Spacing (ft)

10.0

11.0

120
13.0
14.0

150

Top of: Subway Flatforrr(:

i
'
f

Top of: Hock

Bolh:::m of Borehola

I
'
'
!
'
'

[+E]

254 e

a5

v
]

L]
u}
Jeint Spacing {ft)

FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES

05§ -

125 § -

APPENDIX A-2
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TT-11w, Joint Set 1 Data Continued

128.7 75 6.1 5.3 177.3
175.0 20 36,3 428 5.0
175.4 D) 0.4 0.4 130.6
190.2 35 14.8 12.5 15.8
1972.8 40 2.6 2.1 113.2
194.2 40 1.4 1.1 111.8
196.4 30 2.2 1.8 109.6
196.5 30 0.1 X 109.5
196.9 36 0.4 0.3 108.1

FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES

APPENDIX A-2
SHEET 34



TT+42

Joint Set 1

Do pth

Angla

Vartical
Distance

TRUE
Spacing

EL (1)

Ground EL. (it}

306

25

30

281.0

Top of Rock {f)

280

Botiom of Hole (R}

70

40.5

31.8

231.5

110

74.5
75

75

0.5

0.2

231.0

52|

86

1.0

1.2

224.0

86.9|

3.9

0.2

220.1

116.7]

%
43|

30.8

ilB

189.3

BIN Freq. | Freq. (%)

0.5 {Cuuslaring Margin)

127.8]

50

11.1

1.5

178.2

1707}

15]

42,5

36.2

135.3

0

33

Hloojo|e|o]o|o|oldlo]o|cluio|o]o]o|olo|c

[+
[=]
wojolojo|o|o]=|o|ojo]|Oj0]O|O|O| Ao | OO O | OO O|Olo|C] 2o

o o{oiolo|olo

-
[o=]

Elavaion (ft}

35

TT«12, Joint Set 1

30 4

25 3

(5]
a

[

Frequency (%)

] "y T e o g o < < - o ]
Ll o wi o ~ -] ™ E hasd Q 3 E
Jolnt Bpacing (ff)

310.0 -
: | H Stree} Level H
| 1 H H
: | ; :
2908 : . . l
: ! ! Top ofiRock '
I i ; H 1 H
200 : : | e e e
: : | | : e
. : : e | E
. . ' 1 | '
: H ' | : H
: | ; , H ;
; . | , i '
230.0 : e H H H
: : i i | |
. ! ! H ! ! .
: ; i ; | !
! H H ! | |
d ! H H | !
. j ! j | ]
200 . ' - i i -
. : ! | | :
. | 1 i | |
! : j ! | |
; | | ' | |
, | | | | |
190.0 ; i - i . : :
: | ! | ! !
: | : . | Bottém of Sorahole |
06 1 ) | | ! |
) w ) L] v ) v 9
o ™ - -] o ?_ ‘(‘_4 =

Joint Spacing (#)

APPENDIX A-2
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TT-13w TT-13w, Joint Set 1

Joint Set 1 20

Vertical TRUE Ground EL. {ft} 306
Depth | Angle | Distance Spacing EL (ft) Top of Rock (f) 300

51 45 2585.0
L e s 5 == Bottom of Hole () 204.3 sl

50.4 45 7.1 5.4 246.6
70.2 30 10.8 8.6 235.8

74.7 45 4.5 3.6 231.3 BiN Freq. | Freg. (%)
189.7 53 115.0 7.7 16,3 0.5 {Clustering Margin)

29

20 4

[=]

5t

Frequency (%)

aofojolo

10

[
(411

ajlo
@

N
h

20
a0
4.0
50

60
7
L]
9,
100
110
120
130
14.0
15.0

Joint Specing (fi)

326.0

r2
NBlelelo|olo|w

Top of Subway PEam:rrn:

3080 ; ‘

TE5 8FRGEK i

280.0

280.0

Elavation (ft)

2400 . H e

ol
n
slo|ojajolcio|ojolo{ojolal=ieio|o|olo|o]+jo|olrjo|o|o|jojo] =

o|o|c|cio|cio|ojoia|{a]|alo

-

220.0

=
L 3

200.0
wr

L&
s b e
45

Joint Spacing (ft)

FREQUENCY HISTOGRAMS OF FOLIATION FRACTURES APPENDIX A.2
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TT-14
Joint Set 1
Vertical TRUE Ground EL. (ft} 306
Dapth Angle Distance Spaging El. (R} Top of Rock (/) 300
217 40 284.3 Bottom of Hole (f) 204.3
1.8 50 0.9 %] 284.2
22 40 0.2 0.1 284.0
22.2 50 0.2 0.1 263.8
231 35 0.9 0.6 782.9 BIN Freq. | Freq. (%)
25.7 50 3.8 24 279.3 0.5 {Glustaring Margin)
28.5 50 T8 1.0 277.5 1.0 7 26
30.3 50 1.8 1.0 275.7 1.5 5 22
35 a5 a7 3.2 271.0
35.5 50 0.5 0.3 270.5 2.0 0 9
357 r ¥ X 7703 25 2 7
36.4 55 0.7 0.4 769.6 3.0 i 4
a8 a5 12.6 8.1 257.0 3.5 2 7
43.9 a0 0.9 a.7 256.1 4.0 ) 7
50.6 i35 0.7 0.6 285 4 A5 i il
52.2 40 16 T4 2538
53 30 0.8 9.7 253.0 5.0 S 9
56.4 50 34 58 5A5.5 5.5 4 0
62.6 50 6.2 40 244 8.0 1 4
54.5 45 2.0 1.4 241.4 8.5 1 4
65,15 50 0.6 0.4 240.5 70 1 3
74.1 30 8.9 6.9 231.9 75 5} 0
75.1 30 70 0.9 2309
76.8 30 17 1§ 228.2 8.9 0 0
79.5 30 2.5 23 226.7 8.5 ! 4
86 35 5.7 5.7 220.0 9.0 0 0
50.3 35 4.3 3.5 215.7 9.5 1 4
94.4 30 4.1 3.5 2118 10.0 B 0
94.9 30 0.5 0.4 2%1.1 0.5 0 0
105.15 25 10.3 5.1 200.9
105.2 25 0.0 0.0 200.6 11.0 0 g
1154 0 4.2 12.0 186.6 11.8 1 4
120.8 a5 14 1.0 1652 12.0 1 4
121.4 45 0.6 0.4 184.6 12.5 0 ¢
135.3 £ 13.9 1.0 170.7 15.0 0 )
136.3 30 1.0 0.8 169.7 13.5 0 i)
157.4 20 211 7.3 148.6 T80 ) 5
167.3 &0 9.9 6.4 V38,7
14,5 0 0
166.4 30 [ 0.8 137.6 55 5 5
SUM 27 10

TT-14, Joint Set 1

0

Frequency (%)

1

= =] e =2 = = a = =2 2 2
w @ ~ = o = z o b 2 b
Joint Spacing {ft)

2200 -
| i : : : | :
: : H : Tep ofiSubway Platfor,
200.0 i i : ; Top ufiﬂcck '
. | j s ! a E 4
280.0 - ’ ' N ' H |
] ‘ ! : : ! : :
. z : | s : |
g ! ! ; ! : :
808 L ! ! : ! |
T a : . a s |
. 1 ! ! H i
. z : E 1
200 * R - : : :
. : ’ L. i ; :
hd H | j i :
2208 : . i : i
. ' : | H
. : : : ; !
i ! ! Batiom of Borshole |
2000 i T . i | |
g “ 4 3 P! g 4 7

Joint Spacing (ft)
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APPENDIX A-3

EQUAL ANGLE, LOWER HEMISPHERE
STEREOGRAPHIC POLE PLOTS OF
DISCONTINUITY DATA




MA-107

JOINT TYPE

s Foliation Joint [12]
. Joint [22]

Equal Angle
Lower Hemisphere
34 Poies
34 Entries

EQUAL ANGLE, LOWER HEMISPHERE STEREOGRAPHIC
POLE PLOTS OF DISCONTINUITY DATA APPENDIX A-3 |

SHEET 1




MA-109

JOINT TYPE

» Foliation Joint [10]
. Joint [6]

Equal Angle
Lower Hemisphere
16 Poles
16 Entries

EQUAL ANGLE, LOWER HEMISPHERE STEREOGRAPHIC
POLE PLOTS OF DISCONTINUITY DATA APPENDIX A-3

SHEET 2




MA-208

JOINT TYPE
" Foliation Joint [16]
. Joint {20]
Equal Angle
Lower Hemisphere
36 Polas
36 Entries
EQUAL ANGLE, LOWER HEMISPHERE STEREOGRAPHIC | |
POLE PLOTS OF DISCONTINUITY DATA APPENDIX A-3

SHEET 3




MA-209w

JOINT TYPE

. Foliation Joint [20]
. Joint [85]

Equal Angle
Lower Hemisphere
108 Poles
105 Entries

EQUAL ANGLE, LOWER HEMISPHERE STEREOGRAPHIC

POLE PLOTS OF DISCONTINUITY DATA | APPENDIX A3

SHEET 4



MA-211w

JOINT TYPE

s Foliation Joint [17]
. Joint [55]

Equai Angle
Lower Hemisphere
72 Poles
72 Entries

EQUAL ANGLE, LOWER HEMISPHERE STEREOGRAPHIC
POLE PLOTS OF DISCONTINUITY DATA L APPENDIX A3 |

SHEET 5




MA-301

JOINT TYPE

N Foliation Joint [33]
o Joint [12]

Equal Angle
Lower Hemisphere
45 Poles
45 Entries

EQUAL ANGLE, LOWER HEMISPHERE STEREOGRAPHIC
POLE PLOTS OF DISCONTINUITY DATA APPENDIX A-3

SHEET &




MA-302

JOINT TYPE

» Foliation Joint [27]
. Joint [11}

Equal Angle
Lower Hemisphere
38 Poles
38 Entries

EQUAL ANGLE, LOWER HEMISPHERE STEREOGRAPHIC

POLE PLOTS OF DISCONTINUITY DATA | APPENDIX A'3

SHEET 7



MA-303

JOINT TYPE
. Foliation Joint [23]
* Joint [14]
Equal Angle
Lower Hemisphere
37 Poles
37 Eniries
EQUAL ANGLE, LOWER HEMISPHERE STEREOGRAPHIC
POLE PLOTS OF DISCONTINUITY DATA APPENDIX A-3

SHEET 8




MA-306

JOINT TYPE

F-J [21]
J [26]

Equal Angle
Lower Hemisphere
47 Poles
47 Entries

EQUAL ANGLE, LOWER HEMISPHERE STEREOGRAPHIC
POLE PLOTS OF DISCONTINUITY DATA

APPENDIX A-3

SHEET 8




MA-312

JOINT TYPE

N Foliation Joint {1}
» Joint [4]

Equal Angle
Lower Hemisphere
5 Poles
5 Entries

EQUAL ANGLE, LOWER HEMISPHERE STEREOGRAPHIC r |
POLE PLOTS OF DISCONTINUITY DATA APPENDIX A-3

SHEET 10




MA-313

JOINT TYPE

. Foliation Joint [18]
. Joint [26]

Equal Angle
L.ower Hemisphere
44 Poles
44 Entries

EQUAL ANGLE, LOWER HEMISPHERE STEREOGRAPHIC

POLE PLOTS OF DISCONTINUITY DATA [LAPPENDIX A-3

SHEET 1%



MA-314

JOINT TYPE
. Foliation Joint [§)
. Joint [13]
Equal Angle
Lower Hemisphere
18 Poles
18 Entries
EQUAL ANGLE, LOWER HEMISPHERE STEREOGRAPHIC | |
POLE PLOTS OF DISCONTINUITY DATA APPENDIX A-3

SHEET 12




MA-318w

JOINT TYPE

. Foliation Joint {3]
, Joint [13]

Equal Angle
Lower Hemisphere
16 Poles
16 Entries

EQUAL ANGLE, LOWER HEMISPHERE STEREOGRAPHIC
POLE PLOTS OF DISCONTINUITY DATA APPENDIX A3 |

SHEET 13




MA-320

JOINT TYPE

A Foliation Joints [34
. Joint [7]

Equal Angle
Lower Hemisphere
41 Poles
41 Entries

EQUAL ANGLE, LOWER HEMISPHERE STEREOGRAPHIC
POLE PLOTS OF DISCONTINUITY DATA L APPENDIX A3 |

SHEET 14




MA-321w

JOINT TYPE

Foliation Joint [10]

(40]

Joint

Equal Angle
Lower Hemisphere

50 Poles
50 Entries

EQUAL ANGLE, LOWER HEMISPHERE STEREOGRAPHIC

POLE PLOTS OF DISCONTINUITY DATA

{ APPENDIX A-3 |

SHEET 15



MA-322

JOINT TYPE

. Foliation Joint [10]
. Joint [19]

Equal Angle
Lower Hemisphere
29 Poles
29 Entries

EQUAL ANGLE, LOWER HEMISPHERE STEREOGRAPHIC ]
POLE PLOTS OF DISCONTINUITY DATA APPENDIX A-3

SHEET 16




MA-326w

JOINT TYPE

s Foliation Jeint [35)
. Joint 23]

Equal Angle
Lower Hemisphere
58 Poles
58 Entries

EQUAL ANGLE, LOWER HEMISPHERE STEREOGRAPHIC |
POLE PLOTS OF DISCONTINUITY DATA APPENDIX A-3

SHEET 17




MD-7

JOINT TYPE

s Foliation Joint [77]
. Joint [48]

Equal Angle
Lower Hemisphere
123 Poles
123 Entries

EQUAL ANGLE, LOWER HEMISPHERE STEREOGRAPHIC |
POLE PLOTS OF DISCONTINUITY DATA APPENDIX A-3

SHEET 18




MG-201

JOINT TYPE

Foliation Joint [23]

Joint [20]

Equal Angle
Lower Hemisphere

43 Poles

43 Entries

EQUAL ANGLE, LOWER HEMISPHERE STEREOGRAPHIC
POLE PLOTS OF DISCONTINUITY DATA

APPENDIX A-3

SHEET 19




MG-202

JOINT TYPE
s Foliation Joint [9]
. Joint [7]
Equal Angle
Lower Hemisphere
16 Poles
18 Entries
EQUAL ANGLE, LOWER HEMISPHERE STEREOGRAPHIC
POLE PLOTS OF DISCONTINUITY DATA L APPENDIX A3 |

SHEET 20




MG-204

JOINT TYPE

a Foliation Joint [14]
. Joint [4]

Equal Angle
Lower Hemisphere
18 Poles
18 Entries

EQUAL ANGLE, LOWER HEMISPHERE STEREOGRAPHIC
POLE PLOTS OF DISCONTINUITY DATA L APPENDIX A-3 |

SHEET 21




MG-207

JOINT TYPE

a Foliation Joint {47]
. Joint [33]

Equal Angle
Lower Hemisphere
80 Poles
80 Eniries

EQUAL ANGLE, LOWER HEMISPHERE STEREOGRAPHIC
POLE PLOTS OF DISCONTINUITY DATA L APPENDIX A-3 |

SHEET 22




TT-w

JOINT TYPE

A Foliation Joint [21]
‘ Joint {28]

Equal Angle
Lower Hemisphere
49 Poles
49 Entries

EQUAL ANGLE, LOWER HEMISPHERE STEREOGRAPHIC

POLE PLOTS OF DISCONTINUITY DATA APPENDIX A-3

SHEET 23



TT-10
JOINT TYPE

. Foliation Joint [31)
. Joint {7]

Equal Angle
Lower Hemisphere
38 Poles
38 Entries

EQUAL ANGLE, LOWER HEMISPHERE STEREOGRAPHIC l
POLE PLOTS OF DISCONTINUITY DATA APPENDIX A3 |

SHEET 24




TT-11w

JOINT TYPE

. Foliation Joint [43]
. Joint [28]

Equal Angle
Lower Hemisphere
71 Poles
71 Entries

EQUAL ANGLE, LOWER HEMISPHERE STEREOGRAPHIC |
POLE PLOTS OF DISCONTINUITY DATA APPENDIX A-3

SHEET 25




TT-12

JOINT TYPE
4 Foliation Joint [7]
' Joint [37]
Equal Angle
Lower Hemisphere
44 Poles
44 Entries
EQUAL ANGLE, LOWER HEMISPHERE STEREOGRAPHIC
POLE PLOTS OF DISCONTINUITY DATA APPENDIX A-3

SHEET 26



TT-13w

JOINT TYPE

. Foliation Joint [4]
. Joint [10]

Equal Angle
Lower Hemisphere
14 Poles
14 Entries

EQUAL ANGLE, LOWER HEMISPHERE STEREOGRAPHIC
POLE PLOTS OF DISCONTINUITY DATA L APPENDIX A-3 |

SHEET 27




T7-14

JOINT TYPE

. Foliation Joint [16]
. Joint [4]

Equal Angle
Lower Hemisphere
20 Poles
20 Entries

EQUAL ANGLE, LOWER HEMISPHERE STEREOGRAPHIC |
POLE PLOTS OF DISCONTINUITY DATA APPENDIX A-3

SHEET 28




APPENDIX B

FREQUENCY HISTOGRAMS OF
ROCK CORE LABORATORY TEST DATA




Density Frequency
Percent Frequency for Density Test Data
Minimum 158.30 20%
Maximum 184.00 °
Bin Frequency| Percent B A ————— e
158.00 0 0%
160.00 1] 1% 16% “
162.00 1 1%] .- _ 14%
164.00 0 0% *
166.00 9 7% g 12%
168.00 10 8% g 10%
170.00 19 15% £
172.00 23 18% B 8%
174.00 22 17% g 6%
176.00 14 11% e
178.00 13 10% 4% -—
180.00 10 8% 20 -
182.00 4 3% °
184.00 1 1% 0%
socol o ow 38 8 2 888 & E 8 8 3 8
188.00 0 0% Density (pct)
190.00 0 0%
More 0 0%
Total 127
FREQUENCY HISTOGRAMS OF ROCK CORE
LABORATORY TEST DATA APPENDIX B

SHEET 1



Structural UCS Frequency

[ Non-Structural UCS Frequency

Minimum 2751.0 IMinimure 2303.0 Percent Frequency of Unconfined Compressive
Maxbmum 19686.0 iMaximum 28177.0 Strength Test Data
Bin Frequency | Percent Bin Frequency | Percent
2000 0 0% 2000 0 0% 20% -
3000 2 2% 3000 1 2%
4000 4 5% 4000 a 0% 18% e s e e e =
5000 5 6% 5000 0 0%
6000 13 16% 6000 0 0% 16% . - )
7000 13 16% 7000 2 4% i
8000 13 16% 8000 1 2% 14% : _ ) i
9000 13 16% 8000 7 6% B oo 3 o
10000 9 11% 10000 8 18% ] E {
11000 2 2% 11000 7 16% % 10% E o B
12000 2 2% 12000 3 7% € E d
13000 0 0% 13000 0 0% g- 8% : - I
14000 2 2% 14000 8 13% W 4 4
15000 1 1% 15000 1 2% 6% E'“ ! f
16000 1 1% 16000/ 2 4% ! ! L
17000 0 0% 17000 3 7% 4% E— : 5—:
18000 0 0% 18000 1 2% 4 { 1}
19000 0 0% 18000/ 1 2% 2% — = ‘ , " :
20000 1 1% 20000 Y 0% ﬁj; b E i I 4
21000 0 0% 21000 0 0% 0% i AR A A
22000 0 0% 22000 1 2% % é % % g g ‘g g ;% § % % % §
22000 g o% 23000 o 0%} . Unconfined Compressive Strength (psk)
24000 o 0% 24000 0 0%
28000 C 0% 25000 0 0% [ M Structursl Failure A Non-Structural Fallure ;
26000 4 0% 26000 0 0%
27000 o 0% 27000 0 0% NOTES:
28000 o 0% 28000 0 0%l - 1) The uniaxial compressivae strength (UCS) test data are separated to account for the effects
25000 o % 29000 ] " of metamorphic fqbric on dltimate str'ength. Test vaILies that have been influenced .by
More o % e 5 P metamorphlf: fabric, mica concentrations, msner:al veins or other features are glassmad as
structural failures and do not represent the maximum value for the rock material. Test values
Jota! 2l | Total 45 that have not been influenced by such features are classified as non-structural failure.

FREQUENCY HISTOGRAMS OF ROCK CORE
LABORATORY TEST DATA APPENDIX B

SHEET 2



Structural BTS Frequency Non-Structural BTS Frequency
Mintmum 490,00 Minimuen 357.00
Maximum 1763.61 Maximum 2550.00
Bin Frequency | Percent Bin Frequency | Percent
300 0 0% 300 0 0%
400 0 0% 400 2 2%
500 1 3% 500 0 0%
800 2 5% 600 1 1%
700 1 3% 700 0 0%
800 i 3% 800 2 2%
900 2 5% 900 5 8%
1000 5 13% 1000 3 3%
1100 5 13% 1100 8 7%
1200 1 3% 1200 12 14%
1300 8 21% 1300 7 8%
1400 3 8% 1400 10 12%
1500 3 8% 1500 1 1%
1600 1 3% 1600 8 9%
1700 2 5%! 1700 4 5%
1800 3 B% 1800 B 7%
1900 0 0% 1900 4 5%
2000 0 0% 2000 3 3%
2100 0 0% 2100 4 5%
2200 0 0% 2200 5 6%
2300 0 0% 2300 Q 0%
2400 0 0% 2400 2 2%
2500 0 0% 2500 [y 0%
2600 0 0% 2600 1 1%
Moare 0 0%] [[More 0 0%
Total 38 [Total 86

Percent Frequency for Brazilian Tensile Strength (BTS) Test
Data
25%
20%
£
B 15% ¢
c
D
B
o
£ 10% A
€Q
g
4
5%
0% -
g 8 8 g 8 g 8 8 &8 &8 g 8
2] Ts] ™~ =3 - o P~ D = o ['x]
— - - — — o~ o o~
Brazillan TensHe Strength (psi)
|l Structural Failure @ Non-Structural Failure I
NOTES:

1) The Brazilian Tensile Strength (BTS) test data are separated to account for the
effects of metamorphic fabric on ultimate strength. Test values that have been
influenced by metamorphic fabric, mica concentrations, mineral veins or other features
arae classified as structural failures and do not represent the maximum vaiue for the
rock material. Test values that have not been influsnced by such features are classified
as nonr-structural failure.

FREQUENCY HISTOGRAMS OF ROCK CORE
LABORATORY TEST DATA APPENDIX B

SHEET 3



Structural PLS Frequency |[|. {Non-Structural PLS Frequency .
TR 71.00] IVimimur .00 Percent Frequency for Point Load Strength (PLS) Tests
Maximum 1242.00 Maximum 1261.00 35%
Bin Frequency |Perceny Bin Frequency |Percent
50 ol 0% 50 o 0% o o

150 1| 16% 150 4 9%

250 8l 9% 250 3 8% _

350 21] 30% 350 i 2% 2w ; T

450 13| 19%|: 450 8l  17% £ :

550 o] 13u|- 550 12]  26% g 2%

650 6 9% 650 3| 6% g

750] 2| 3% 750 6 13% % 15% | e

850} . ol 0% 850 3 6% 5 B

950 0 0%} 950 2 4% 10% 4 : :: -

1050 0l 0%| 1050 1 2% 3 3

1150 ol 0% 1150 2 4% o Lo i 3om

1250 i 1% 1250 1 2% : 3 B

1350 ol o%|" 1350 1 2% oo | E 3! | ; . Ei H Eﬁl H
More 0 0% More 0 0% 2 13_ § § 5 @ § E § § § @ § ﬁ
Total 69 Total a7 Paoint Load Strength (psi) " i " i
NOTES: . ilStmclural Failure & Nor-Stnuciural Failure |

1) The point load strength (PLS) test data are separated to account for
the effects of metamorphic fabiric on uitimate strength. Test values that
have besn influenced by matamorphic fabric, mica concentrations,
mineral veins or other features are classifled as structural failures and
do not rapresent the maximum value for the rock material. Test values
that have not baen influenced by such features are classified as non-
structural failure,

FREQUENCY HISTOGRAMS OF ROCK CORE

APPENDIX B
LABORATORY TEST DATA SHEET 4



Static Elastic Constant Frequency

Minimum

1567.00]

Maximusm

14626,00

Biry

Freguency

Percent

1400

0%

1900

1%

2400

1%

2900

2%

3400

2%

3900

3%|

4400

5%

4900

6%

5400

7%

5900

pry

12%

5400

6%

65800

Riw|@lo|Njajeinin | ] ]o

7%

7400

pry
o

9%

7900

2
o

15%

8400

5%

8900

4%

9400

5%

9900

5%

10400

1%

10900

1%

11400

1%

11900

1%

12400

0%

12900

0%

Percert Frequency (Y3

16%

14%

12%

10%

8%

6%

4%

2%

0%

Percent Frequency for Static Elastic Constant

{Young's Modulus) Test Data

1400

5§ 8 8 § 8

Static Elastic Constant (ksi)

: 8 g

11400

13400

0%

13eC0

0%

14400

. 0%

14900

1%

More

olajololo]o]olola|=|=|lalo|sia

0%

Total

e
g
[=]

FREQUENCY HISTOGRAMS OF ROCK CORE

LLABORATORY TEST DATA

APPENDIX B
SHEET 5



Dynamic Elastic Constant Frequency

8%} -

Minimum 3037.00
Maximum 10059.00 .
Bin Frequency | ° Percent

3000 o 0%
3500 1 1%
4000 1] 1%
4500 4. 4%
5000 2 2%
5500 2 2%
6000 6
6500 14 13%
7000 16 15%)
7500 12 - 11%]|
8000 12f 11%
8500 19 18%
3000 8 7%
9500 6 6%
10000 3 3%
10500 1. 1%

More ol - 0%

Total 107

Percent Frequency for Dynamic Elastic Constant (Young's
Modulus) Test Data

20%

18%

16%

14%

12%

10%

8%

Percent Frecuiency (79

6%

4%

2%

0%

Dynamic Elastic Constant (ksi)

FREQUENCY HISTOGRAMS OF ROCK CORE
LABORATORY TEST DATA

APPENDIX B
SHEET &



P-Wave Velocity Frequency o
Percent Frequency of Acoustic Velocity for P-Wave Test Data
Minimum 9811.00
Maximum -18270.00 25%
Bin - | Frequency- | Percent
9000 0 0%
10000 X 1% 20%
11000 2 2% -
12000 6 6% g
13000 4 4% g 19% )
14000 21 20% &
15000 2] 21% £
16000 19 18% E 10% o
17000 20| 19% o
18000 10 9%
19000 1 1% 5% '
More 0 0% I I
Total 107 — e - . | | | | | | -
' : 2 S 3 S s a 3 S S S S
& ] = & R g B 3 2 3 S
P-Wave Velocity (ft/sec}

FREQUENCY HISTOGRAMS OF ROCK CORE

APPENDIX B
LABORATORY TEST DATA SHEET 7



S-Wave Velocity Frequency

Minimum 5886.00
Maximum 10400.00
Bin Frequency | Percent
5500 o 0%
6000 1 1%
6500 4 1%
7000 1 1%
7500 4 4%
8000 6 6%
8500 15 14%
9000 2 21%] .
- 9500 29 27%
10000 17 16%
10500 Bk 10%] -
More 0 0%|
Total 107

Percent Frequency of Acoustic Velocity for 8-Wave Test Data

30%

Y1 A P - E——
L 20% _
oy
g

15% :
£
t
8 109
&

5% I

0% _ . | | I . . . ‘ ,

2 g 8 3 g 3 8 8
: § % 8 B &8 8 8 § § ¢
S-Wave Velocity (ft/sec)
FREQUENCY HISTOGRAMS OF ROCK CORE
APPENDIX B

LABORATORY TEST DATA

SHEET 8



Quartz Content Frequency

Minimum 4
Maximum 95
Bin Frequency |Percent

0% - 0 0%

5% 2 2%

10% 4 3%

15% 3 2%

20% 9 7%

25% 11 8%

30% 13 10%

35% 17 13%

40% 28 21%

45% 16 12%

50% 12 9%

55% 5 4%

60% 5 4%

65% 3 2%

70% 2 2%

75% 0 0%

80% 1 1%

85% 0 0%

0% 0 0%

95% 1 1%

100% 0 0%
More o
Total 132

Percent Frequency of Quartz Content within Petrological Test
Data
25%
20%
=
2]
§ 15%
=
o
g
i
e
() Q, S -
% 10%
o.
5%
0“/6' T F.I T r-'|
2o R 82 R 2R R R R S R E R s8R
SR oL R359%38388keR3B8%8E
Determined Percentage of Quartz in Selected Rock Samples
FREQUENCY HISTOGRAMS OF ROCK CORE
LABORATORY TEST DATA APPENDIX B

SHEET 9



Parcent Froquency of

Garnet/Almandine
Minimum 0
Maximum 17|
Bin Fraquency| Percent
0% 48 36%
1% 25 19%
2% 12 9%
3% 8 6%
4% 8 5%
5% 7 5%
6% 6 5%| -
7% 4 3%
8% 3 2%
9% 2 2%
10% 4 3%
11% 4] 0%
12% 4 3%
13% C 0%
14% ] 0%
15% 2 2%
16% 0 0%
17% 1 1%
18% 0 0%
19% 0 0%
20% 0 0%
More g
Total 132

Percent Frequency of Garnet/Almandine within Petrological Test Data

I'-
-k .
RRLEEXIFFE R

Determined Percentage of Garnet/Almandine in Selected Rock Samples

FREQUENCY HISTOGRAMS OF ROCK CORE

APPENDIX B
LABORATORY TEST DATA SHEET 10



Hard Mineral Content Frequency T
Percent Frequency of Hard Minerals within Petrological Test Data
Minumum 1
Maximum 30 80%
Bin Frequency |- Percent
0% 0 0% 70% - —
2% 29 1%
4% ] 15% 60% e . —
6% 2 5%
8% 1 2% &
50%
0% o 0% g
12% of 0% g
14% 0 0% s 0% - — e
16% 1 2% €
6% o 0% g 30% .
20% 1 2% o
22% 0 0% 20%
24% 0 0%
26% 0 0% .
27% o 0% 0% —
30% 1 2%
MOI‘E 0 0%} O% _ “t T T T - T T - T T T -_
Determined Percentage of Hard Minerals in Selected Rock Samples
NOTES:

1) Andalusite, Sillimanite, Staurclite, Tourmaline and
Kyanite all have a Moh's Hardness of 7 or greater
and were used to compiste this Hard Mineral
frequency histogram, Quartz and Garnst/Almandine
percentage determinations are presenied in separate
histcgrams.

FREQUENCY HISTOGRAMS OF ROCK CORE

APPENDIX B
LABORATORY TEST DATA SHEET 11



Cerchar Abrasivity Frequency

Minimum 1.7
Maximum 5.2
Bin Frequencyi Percent

1.5 4] 0%
1.7 ] 0%
1.9 2 2%
2.1 2 2%
2.3 2 2%
2.5 2 2%
2.7 4 3%
2.9 7 5%
3.1 5 4%
3.3 12 8%
3.3 16 12%
3.7 18 14%
3.9 11 8%
4.1 12 9%
4.3 5 4%
4.5 11 8%
4.7 8 6%
4.9 11 8%
5.1 8 5%
5.3 1 1%
5.5 0 0%

More O 0%

Total 136

16%

Percent Frequency for Cerchar Abrasivity index Test Data

14%

12% hae

10%

8% -~

6% ——

Percent Frequency (%)

49, NN N __

2% 20 0B RBRR —

0% -

Cerchar Abrasivity Index

1.7 19 214 23 25 27 29 31 33 35 37 38 41 43 45 47 49 51 53 55

FREQUENCY HISTOGRAMS OF ROCK CORE
LABORATORY TEST DATA

APPENDIX B
SHEET 12



APPENDIX C

ROCK MASS CLASSIFICATION
BY THE Q AND RMR SYSTEMS




. RGED Ja Jr Ja T SRF Q RMR
::r::gr Cara Hun No. F(rf‘:;11 (Tfr) Typical Tomical Typieal Topieal Typicar Typical Typleal H5tog G+ 56 NOTES
Min Ma.x range Woan | Min | hax range Mean; Min| Max range Mean | Min ; Max range Mean | Min | Max ::‘ge Mean | Min | Max range Maan | Min| Max range Mean o
T4 12.0 { 830 | 459516595} 77 [30]|90]40(00 6B 05! 1.6] 161160 13 |10]501 50! 50| 18 |66 0.66|0.68 4667 066 [ 10510110110} 1.0 |03 Jid4 14| 47 54 810
530 { end | 95|95 | 96590 85 |20140]30[40¢ 33 15015} %6] 18 110|207 20:20]| 1.7 [066{066/C.65/9.66] 066|401 1.0/ 1.071.0] 1.0 [11.8] 470 [11.8] 157 | 168 684
112 1201 320 | 75| 85| 75|85 80 |d40je0f{4c|00: 85 15015, 484 1.5 120140;:20140] 3.0 [066;0.68]256]066] 066 |26 28] pal25] 25 {08) 42 08! 4.2 1.6 5§32
320 | end | 85|65 851 95 93 [20/60{30]60! 36§16 146[15] 5] 15 [10]20}1.0120] 1.4 |066{1.00]066]1.00, .70 [1.01 1.0, 10 1.0) 10 | 78] 713 | 70 45 | 179 58.8
TT-3 85195185195, 86 |10,90140[90f 50 ¢16{15|15} 18] 16 [1.0130] 101 20| 1.8 |0A6! 1.00[ 066 1.00] 00 [ 101 0] 101101 10 | 24| 1425 L 47| %55 | 87 648
TT4 220 { ond 195105105196} 95 | 90/40140]140! 33 E10116] 551 +5] 1.4 [40]60] 101 301 28 |066; 1.60] 1.00] 1.00; 0.5 | 5.0 401 48] .01 10 251 1425 1119 356 | 130 66.7
115 680 1 020 {45} 75¢65) 75| 62 |i0j90fo0]|oc! 73 F10]10[10]+0] to [T0i30]1.01 30| 20 |0.68 1.00[0.68]0.661 6.70 100160107101 101491) 750 F16] 55 3.0 57.%
onils861092] 320 | end | 45| 95| 85| 95| 86 | 20|60 3066} 30 {05130(05}30] 14 [10]20}1.0110] 13 |100{150]1.00]500] 100|100 10l10] 1010 W25 171 950 1 237 706
176 200 1 660 | 9595|9595 65 |40}90[40]40]) 53 101 15| 55] L6 14 |26/ 40 20(40] 2.8 |0661.00 1.00{3.00; 083 |01 1.0110/1.0) 1.0 ] 17| 78 [ 89] 178 | 81 63.8
960 | end {957/ 95) 951 65) o5 190301030} 18 [10715]10] 5] 13 (o8iz20]10]20] 1.4 [1.00; 1,00 1.00] 1,00} t00 | 101 1.6 - 1.01 1.0 1.0 1158] 186.0 T15.6] 1428 480 754
7 186 § 51.0 {8595/ 85|85 88 |30/6.0]/90[90} 75 1571515 45| 15 201601 201 20| 3.0 |0.66; 1.00/5.56]0.66} 0.70 | 1.0 ¢ 1.0 101101 10 |55 238 [47; 47 4.1 59.2
P10 1 end { 8519595/ 65} 64 165}40105]40f 17 f05{40|05[40] 16 [08:30]081 20| 16 |1.00,1.00]1.00] 1.00] t.60 [ 1.0 1.0 1.0 10| 1.0 | 3.5] 10133} 58| 10133| 553 16.1
TT-8 951951985 /85, 85 10,40 10|40 26 [10730]15/30] 1.6 (08120108 200 15 (100 1.00]1.00]3.00 100 | <00 401 18] 18 1.0 §11.8| 3600 147.8| 380.0 | 46.3 75.0
TT-9W 463 | end 1851961985/ 95] 94 105)40/20 407 32} 15740) 45|30 18 (08 201 1.0]20] 1.4 [1.00]1.00] 150] 500 1001 10 101101 1.0¢ 1.0 §15.9]1013.3[17.8] 1425 | 33.8 740
TT-%0 omxl:31§!) o 155 | 1985 5 | 85| 85| 95| 92 [ 40(60(10)| 407 26 [osla0| 10| 15| 14 |10 307 10| 20| 1.5 |oes|1.00l06s|t00) 100 10010710010 10 ]01| 2850707 1425| 330 728
12200 13001 251 451 251 45| 35 130403040 ] 35 [16{156]15]15( 15 (101401 1.0]140| 2.5 | 066 1.00]0.60) 100! 0.86 | 5.0 1 66 5.0 50 50 103} 45 103] 45 1.0 487
TT-41W 616 | ond 18595195/ 65] 94 105/001401807 43[06]{46]40[30] 17087407107 20( 17 |066]1.00/0,66]1.00; 0.80] 1.0 1.0] 1.0 10| 1.0 | 0.8 | 10133 361 713 | 175 B86
TT-42 5518518505} 64 |10140]10/30% 21 }10]15[10|45] 14 [10674071.0720] 1.7 [0.66] 1.00[0.66]1.00) 1.00 | 1.0 161 1.0] 1.0] 1.0 | 23| 1425 941 1425 369 735
TT-43w 250 | end { 65166 G5} 65] 95 {65/40(05/40 24 [10(40]i85(¢5] 18 08 20]10{20] 12 [T.00{ r.00]1.00]5.00] 100 | 101 101 1.0] 1.0 1.0 |11.0]1012.3} 78] 2850 | 594 766
T7-44 15 95185195} 83 {05/60110]40] 29 [ 10{40]|101 5] 14 [08140710130] 20 |066; 1.00[066[1.00] 100 [ 10 1.07 10101 1.0 | 04 [ 10133 47| 1425 | 200 695
T745 190 | end ;85,95 95,95, 63 | i0}{h0]10]40f 320513015 16 18 [10oianltolan] 18 [1.00{1.00]1.00]1.00] 1.00 [<0F 6] 18] 101 1.0 | 241 2850 117.8] 1425 | %58 704
TT-47 220 | end | 75 95/8595| 82 105/ 9 [16]30] 24 F10{40]50[15] 21 [08160]08]20] 22 |0.66/1.00| 1001100} 093] 10 1. 011.0) 1.0 |09 [1013.3:158; 180.0 | 34.0 730
MD-8A 00 | 365 | 65|95/ 70/ 90| 77 §40] 9 40801 & 15] 40718 10 10:1.01197F 1.0 [0686]1.00[066]45.00; 0.85 [ 1.0 1. B(10) 1061481 356 [ 541 225 | 113 85
650 | end [ 9519585/ 85) 95 120 4 120}407] 34 15040 40 41 110: 105 18710} 1.0 [068}1.00] 1.00[ 100} 100 [ 40} 1 A110) 1.0 1157 713 $238] 475 | 307 72,
MD-18 10 M0 f 75|76 75751 75 1801 8 ) 8, Al1611615] 45 |20:20:20[20} 20 |068;056[066]0.66; 066 101 18]19) 101 10141 435 [ 4 44 4.1 8.
10 | end | 85|95/ 85 /951 94 {05 8 401 28 1051151051 15[ 42 [0B8:40120]40] 26 [066{1,00/1,00[100; 090V 107 10110 1.0 1.0 {05 3500 | 3.0 1425 | 138 672
. Omil runs C3 and C4 dus to drifling damage.
MG-24A |OmitCIKCH] 400 | end [ 65| 95| 85| 95| 05 §30|40(30j40] 38 [ 1515} 48] 15| 15 |10/ 401 10] 40 26 [0.68{1.00/1.00 %060 1005161101 18110 1.0 | 58] 475 [ B9 475 | 144 674 Two laint sals cormmen clay fil
MG-127 $571951 951 95] 66 §40]140(10 4071 28 | 10[30]s5(30( 19 [+00140] 1040 26 |1.00] 1.00] 1.00[1.00} 1001 4.0 .0 10| 10] 1.0 | 59 2850 59128501 248 108
MG-128 08 110504 75|85 85/ 95) BB §20,00(200401 41 |10]30/15]730] 18 [2c0ia0]20(40] 35 |0.66]1.00/0.66[066] 0701 6L 101 1.0[ 101 101071 713 [ 53] 470 | 83 837
105011900 951 95195 S5} 95 110130720720 20 |06]3030730] 2.1 (2000401 20|70 24 [068] 1.00{C.56] 100 080 | 1.0L 161 10101 1.0 ) 56| 1425 [47.0] 7i3 333 728
MG-130 C4 370 | 470 [ 781 76|78/ 78) 76 160]60(60 607 60 [1.0[1.0)10]707] 70 (108} 1.0] 1.0 1.0] 1.0 |066]0.68]0.6610.86! 0.8 ] 1.6] 104 1.0] 10] 10 86) 86 [B6] 85 | &6 840
Omit C4 951951951051 95 120140(20:40] 34 |10]95}1.0740] 1.0 [1.00] 207 10| TH] 11 {0.66[1.00] .00 100! 6801 1.0 1.0] 10] 10} 18 178 713 238) 475 | 729 704
Mot | O7ECZE 95 95(65) 5] 95 | 0] 20|20 40] 32 [05(15) 4515 14 {r00i50] 10| 20| 22 |100| 100100100 10} 10 0] 10| 10| 10 | 20| a5 el 113 | we| s
MG-133 751685165/ 565] 93 jro{Bol10i40] 22 [15[a0fe5]{ 5] 17 [ronf40] 1 2 1 24 |066/1.00(1.00)100; 090 ] 16110110110} 1.0 131 2850 F17.8] 1425 | 308 723
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1} N, Barten, The Influence of joint properfias in modaling jointed rock messes,
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67.0 | 105.0 | 65 | 65 | 65| 65| 65 [6.0] 601606/ 50; 60 [15] 5] 1515, 15 [300130] 3 [ 31 3 [cs0lc50|osciom ozt 10, o il 0] 10| 27 | 27 | 27 | 27 | 27 65
Clher BE | 05 185 [ 95| 00 [20[ 601201 40] 37 [18[45] 121561 15 [100120] 1| 1 | 1.3 |0650661066 055 066] 101 101401101 10 | 70 | 470 | 210 | 476 | W5 "sa0
BATIT 1006 | 147.0 | 25 | 75| 65| 76 | 55 | 00 (200: 261 6.0 137 | G6] 5] 1 [ 151 12 (1001 80] 4 | 8 | 7.5 [0.50]0.56] 0. 050] 080 | 78|75 76 78] 78 1 00 1 14 | 01 1 08 [ 60 387 | Inchined bering lovward 300 dag. Bzl
MG 366 | 685 [ 10|35 [ 10 [ 0] 11 |366|206 200]200) 186 10] +0] 1.0] 107 1.0 F400|16.0; 100/ 16.6] 8.5 [0.56] 106,060 0a8] 066 | 25| 25| 25251 25 [ 00 1 61 | 0o [ 00 ooz | 239
Wobracoa B 75|45 es| s |40[96]9.0190] 78 | 05| 101051101 0B [200 40 40| 40| 3.5 [066]100] 056 068l 070 | 251 261251 25] 28 38 | 6z | 63 | 05| 452
o 10 (75 | 10| 45| a4 |eo|0.0] 9.0 200 135 | 65] 30|06 1,0] 08 {200,100, 4.0 160] 60 [6.56] 100|066, 085] 0701 251 25 25| 251 25 38 1 00 | 03 |64 55
RERTY 10 [ 457|725 | 47|50 [16.6]20.0, 15.0]15.0] 164 | 05| 10105101 0B §400 60 [ 40 60] 50 [066] 100|006 0.66] 670 f 251 551 25 | 25] 251 00 | 05 | co | 02 o %,
MG-10 857|755 (o5 [ o5 | o5 |ap|es|30]40]| 37 [10] 65 10( 000 1.4 1500] 40 20| 40] 34 |G56]1.06[0.56,086) 680 | 1o 10 10]s6] 10 [ 39 | &5 35 | 70 |68 £l
Ma-502 g5 |05 [as (o5 o1 |20 8ol a{a0] 64 [15] 65| 15[ 15! 15 1100160 10801 27 |058] 056G 056] 066 10| 1.0, 10] 501 101 16 | 4101 66 | 55| 62 Bl
MG-508 55| 85 (75| 85| 77 |40|90|40]90] 69 [05] 005|051 05 14001 6,0]6.0] 60| 55 |0.56]0.66[0.601068) fbe L 16110, 101 101 101 03 1 35 | 05 1 17 | 0d 283
Me20r_[omil Gi-63 B5 |95 | 65 | 05| 86 | 20( 80|20 60] 47 [10]30] 1 | 15] 15 1200040] 2 | 4 | 37 |056|C6[056]056) 06 L 101 1.0, 10] 101 161 12 1 4701 23 | 561 50 | 503
Mea4 | Cis olw| | o |oo|ee|onisol 0o |15|15] 15| 15| 15 {eoisn s | 6| 6 |oesioss|oee]oss ces]zsiosies|as| 25 o1 | ot | oi | 61 | 04 72 ;gf;'ﬁﬁ‘;‘::ﬂ toward 225 deg. Admulr. 50%
G CI8 75 | G5 | 085165 @ |s0lo0|ag | 90] 45 | 06[15] 15 15| 12 |Lmle0] 7 | 4 | 58 |o66|0ce|omm om, ol o 0 el io] wl os [ mel o | ir v &
s 65165 [ #5195 [ B0 [20) 00|61 w0t 42 o is]os]es] 15 (100401 2 |5 [ 23 [0gs/1.00[06s[a6e] 070|167 16 10]19] 10 | 08 | 719 | 23 [ 25 | 77 i 633 |incined bonng Ioward 55 desl Azl
MG-308 | CZI5CIG[ 7.0 | 590 | 45| 65 | 45| 65| 565120 90] 60180 6 1051 15] 1 | 15[ 1 [300 407 4 1 4 | & |06 100|050 006] 0.8 | 1011611016 10| 04 | B3 o8 18 T 15 £25  [omiun Gl
Ctioctz) 520 | 2% | 65| 65| ss| 95| 95 |20{30|30|20] 30§05 05i05|0s| 05 |a00{40| 3 | 4| 35 |100|r00] 100 100] 100 [ 10| 10] 10l 10| 10| a0 | 53 | 40 | 53 | es 535
BORINGS ROCK MASS CLASSIFICATION Yabia Q2
Nots: MA: 1, 144-153, 31 Q-SYSTEM Statlon 34400 1o 1052 +00
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Botng : Core Run| Fram ;| Jo Rab dn . . e SRF 8 15|RM§+ 50 N
Numberg  No. {ft} {it) Typical Typical Typleal Typleal Typical Typlea! Typlcal ugm OTES
Mk | Max ranga Mean | Min Max range Meaz| Min | Max renge Maan| Min | Max rangs Mean | Min | Mex range Maan) Min Max rangs Mean| Min| Max fange fhean
MA-3 430 | 540 (45 (48] 45 ) 451 48 | 009090} 90| S0 {05]05]05]08] 05 |600|580) 60| 60| 60 |0.66|066i085/ 065 065 | 25| 25] 25] 28| 25 (04 {0t {out| att]an 356 Waatherad rock, slickensides, loss of drilf Bush
B5.6 § 1351 | 85| 951 95195] 93 |30(40:30;40] 28 [05]30] 05457 T4 100 4.0] 30] 401 3.2 [0.66] 1.00, 04 086, D66 | 25)25)25(25] 25 [07] 3801076 418] 316 575 Sligkensidas
Othar 5575175175 ] 68 [10]ocigei30] 7.8 [0 S110]151 11 120004014040 35 [066[3.00]CERICE6] 066 | 25| 28] 25] 25| 26 | 0.2] 225611650 083 | 072 473
hA-140 B5)195195/95] 95 [05]40;30]40[ 25 [1.071567 1 [ 11 14 [1.00] 2 1 1 J0.68(1.00;100:1.00] 100|251 25} 25] 25| 25 [ 287114.0{9.50] 1267} 1672 £8.3
MA-142 75|951 85|95 | B8 [40(9040{60] 53 [15715]¢6] 151 15 [1.00{ 8. 4 6 [0.50)1.00;050/100] DP0| 2612525725 25 | 04] 1431106 14.25] 258 364
MA-143 730 | 36[ 551 35[ 55| 47 [40]|00740780) 70 [15] 15[ 18] 15} 15 [2.00] 4 4 3 (0.5010.50;0.50/0.50) 50| 25| 25)25125] 25 |63 24 1029 206 | 061 468
730 j end | 65( 961095 96| 95 [2.0|60}20]60; 40 [15]15] 18] 151 15 [1.00] 3.0 .3 |0.501 0501050650 0507 25] 251 251256] 25 | 11 143 1,% 14251 3.10 57.4
MA-207 | Faull 730 | B3Q 101 101101 10] 10 [200/200/200/20 0101107111 1 §4.000 40, 4 1 4 4 |0.66]0.66/0.66{0.86] 0.66; 25! 7.5] 501 75] 6.0 [0.01] 003 0.01] 0.02] 001 223
Ormit fault 851165 53 |60loolacionl oo [10730ss] 3+ 2 f1o0f100] 4714 | 45 1G50[ 1.00[ 050 006] GS0 | 251 75 560] 75| 70 | 00 i7.6 (0.48] 8.72] 0.1 N Inglined boring
Nota: [BORINGS ROCK MASS CLASSIFICATION STATION 1052 to 1054 Table Q4
1) N. Barton, Tha influence of jeint properties in modaling jointed rock mazsss, MA 3, 140, 142, 143, 207 Q-SYSTEM Statien 1052+00 to 1054+00
Keynote | acture, Bth Congress of ISRM, Tokya, vol.3, Rolterdem: Balkema, 1985,
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Soring | CoraRun | Fram | To R da dr Ja w SRF a 5 E:;M(; 5 OTES
Number No, f ) i
W | Tipiea | aan| i ax T;'f::' Mo Min| Max] Tmce! | Moan| Min | thax T;'::::’ Mo Min| Max| Toce | Hoan Nin Max| e | Moan | in| e il I
Wad 9 | 620 | 25| 6| 5[ 55| 46 | 60120/ 90 0] w0y 15 (5] 15] (5| 15 |700:100] 20]104; 68 |065|100]0.66] 056 056 | 10| 107 10] 10] 10 | 62| 8z [Ge1] 30| 57 %77
620 "ond {75 85| 751755 80 [an| 40|40 400 an Lasl 5] 15[ 51 =5 (400,101 100 10| 10 160|100l 106100, 100 {101 10 10 18| 10 2.1 218 |78 Bsl 08| 722
WA 8 | 65 | 95 ea | o3 [ 20150 20( a0 43 {181 1515 1o %o [076[70 081 20| 12 [065| 160 106[1.00{ 0.20 [ 10T 10T 10| 18] 10 | 47 | 850 | 1781 8507 245] Toa
L e e |95 (95|96 9 |05|4an]20|a0) 24 §10]40| 10|30 19 [e7s|40] 10]30| 18 |oss 100 10c[100) voo| 1o tafral o 1o (35| t0ta] 792 fsezsl soa ] w2 JCt210CH8 B problems
WAT 8 | o5 | 95 [ 65| 92 [10[50( 10 A% 38 {15 o[ 15| 15] 15 [100] 30 101 28| 17 |@66| 160|106 100 080 | 10} 161 10] 1o | 10 | 51| 1475] TA7 es| 63| @08
WA 85| o | 955 94 [ 05|40 05[] 200 ts]40]15]49] 23 |075120 081 10| 16 [1o0jtool 106100 106|101 101 10110 4o [188] 013 ] A 03 s0B1, _E0S
WA 1 8 | o5 |05 [ 65| S% |08 40 o0 ar] 95 {161 0151 151 17 (075 161 101 1] 10 |1060[ 100100100 .06 | 16| 167 18] 10] %0 |52, 1013 [ 356317125, 5161 757
WA | omit 1926 | 240 | 270 | 75 {8175 es| 0 | 4a]40]40]ec| & {151 16(15] ws] 16 [200[a0] 207 30] 25 |0.6,065 066[056] 066 | 101 161 10 10] 10 [62]105] 6.9 |Be2i 761 35
 ar0 | end [ 951957 G5 5[ 65 [oa|1o] 6] (0] 07 [16]40 48] 40| 23 [075[ 20 06 GA] 10 [1060[105]150]100] 500 ] 40| 18] 101 101 10 [733] Toia susr] r0aa4rs] eas
AT 75 (o5 [Bi s o0 [os| 40/ 40]a0] 34 [0t 61010 11 or5[100] 20 40| 53 |0ebi: 00| 0ee|06e| 06| 16| 16 101 107 10 | 12300 351 [ 7841 36 | 584
A2 850 | 1130 [ 65 ] 6565 (65| &5 [c0leo o00c] 0 [461 0] + [ 11 1 [100[10] 1 1 { 1 {066 065 066066 066 | 101101101101 10 [ 48] 48 [ 477 [477] ¢8| coz
omiL B 112 85195 95| ol o3 | ro|aalofen| an 10 15] v |18 12 |0l zo) 1 1] e [oss 00| teoi o] 100 | 10| 10| 0] 10] 10| 70| teze|2ars|wasl dea| w3
W% 20 “erd [SE1 851 957 95| 55 (o540 t0| 40| 21| T0i40] 1 | 1| T3 [0/s| 30| 1 | 7 ¢ 14 |0661109]100]100] 100 | 10| 0| 10 L0 G0 | 57| 013 | 1588 95n | 426 | T3
WA 2T 450 | end [ 06 (05795 951 06 [ 0504010520 14 [ 10440 s | ¢ | 25 [055[8C[075] 2 | 2 [0es|100[406]100] 106 40| 401161 101 10 | 26| t0ta [ 3a75] 033 8es| 788
MA128y | C1ioC2 | 70 | 7.0 [ 65 [ 65156 55| &0 |40 60| 49(60] 60 (151 156] £5118] 15 |500[ 3030 |30 30 [0.65{1.00]066|150] 0801 10| 10 |10 67 10 [ 307 &1 [ 303 8.3 | 48 | 602
C3iaCo | 170 | 1529 [ o5 95 o5 o5 |06( 20 0] 0] %1 [ 15140 5] ¢ | 24 [075] 39 |og5: 3 | 10 [1.00[1.00/ 100106 100 to] 10| 107 10} 10 [ 14.2] 101 |47.50] 1913 | TEEA] 8.1 |oing insudedin Zone 1654 lo 1063, dus o
gacd-exceltent quality of the rock,
C2810C28| 1320 {152end| &5 ] 85§ 65| 85| 70 | 20|60}30|30) a5 |1sf15] 15[ 15| 15 [100]a0| 1] 3| 23 [roo]100{100{100{ 100| 12| 10| 10| 107 10 | 54| ass | tese| s25) 0| ees
T 300 | end |05 05| 95195 S5 [08140| 191 40] 21 [ To{an} 1 ] 15] 4 |07 28] 11 1 11 {1001 500|100 10| 100 | 10| 10| 10} 10} 10 |118) 03| 7375] 145] 58] Ted
MAAY 8| end | 65195 957 o5 94 | 0614010 a6 24 [ 10l a0t 1 [15] 16 Jo7s[a6] 1 | 1 |12 fossltealrbo]too] 100] 0] 10100197 10 | 47 | 1013|2375 1425l 51| 781
MA32 450 | od [ 8595 85105 91 {20140 20]40] 29 [ 101 t6{ 18] 14 |100{ 0] 1 % | 7 Jos6]L00]066]t60] 090 | £0] 10| 6] 10| 10| 361 785|201 [Tr.e5] wa] 6o
NAA33 340 [ ed [ 85195 9595 95 {06140 05/ 40] 27 | 15le0 16115 7 |075] 4G 075 2 i 16 105611.00] 100100 1001 0] 0] £0 1101 10 |63 612|171 61]800] 435 ] 746
MAA3 250 | end | 95 95 9 951 9 |40100]40]40] 47 [10]15 151 18] 15 [100 26| 1 1.1 {0661 100/ 06 0.6 b6 | 6] 19| L0110 351365 (735151 159 09
MAL35 85105 [ 651 03 @ 120 601 40| 40] 40| 1o 18] 1{ 1 | 11 |300[40] & [ 4 | 41 ]0s81100[0e6 06| coe] 10| Lol e] 10 237238 20 [am | 4o | Eod
MA-115A B3| 9185 95| B {40150/ 40| 40] 6|30 115] 1 1| 1.1 [200( 0] 7 | 3 3.3 Jaserio]0ee]086] 0] 0] 16| LO[ 101 10 {187 176 468 ] 764 | 42 | 504
MA138 4|55 185 051 1 {05150 101801 35 [ 16| 151757 15] 15 [100140] 2 | 3| 24 [0en 100]c85]088] 088 | 10| 161 10 10| 1.0 | 12]2650] 468 [4703] 8.5 | 637
AT B5 | 65795 051 o5 (08160051607 26 [ 16(T8] 17 ] 14 [100[ 200 1 | 2 | 13 {066l 190]cal 100 58| 10| 18] e 10| 10 | 47 2650] 623 [1800] 268 710
WAL 165705 05 58 {10{00( 201 a0] a9 [05[ 15105 16 1 |00/ 80] 2 | 4 | 35 |056 200]086]0.66; 066 ] 50| 10| Lo 10| 10 | 631 1425] 1.06 |Z351] a6 | 56y
MAD 85 | 95195 051 % 1051401301 40] 26 [1G[T51 1 1 [ 1.1 100[ 20 111 [0, 1,000 100] 100} 106 | 10| 0] 10 10] 10 | 70 |2850|Za7a ste7| 48| 74,
MA208 35 | 95 ;95 | 951 95 1081407 05]40] 21 | 164015, [5] 21 |05/ 40 (075 4 174 [5.007 10011001100 100 | 16| 6] L6 10 10 | 891 62| 851 [300] 35| 7k
MA301 5195 | 65| 65 79 130700 30780 62 1101151 1 (15| 13 (500 40] & | 4 | 38 {56, 106[066]065| 0.0 | 10| 10| 10|10 16| 17| 6] 176 6| 38| b
WAz 360 | 1230 |68 95 |85 {657 B6 {40790 40| 50| 63 {10|i5] 1 (15| L3 [200[30] 7 | 3 | 23 |0sa| 066 065|006 05| 2612525126 ] 25 {061 47 | 083 | 470] 20 | 545
1980 [ od {951 55| 55 35| 3 |a0.6120.0(200/ 70,0 200 05 0506 06] 65 [200120] 2|2 | 2 |0.60/0.50]050]080] 0.50 | 25| 25] 25 25| 25 {01 01 | 005 Co8| 0.1 | 941 |Broken peunalis s solal
WA £60 | Tond {45 | 95 [ 8510 | 89 4101600 30(40] 35 | 10[167 1 {15 114|200/ 42] 2 | 3125710000 100] 160 1o6 | 10| 10| Le| (0] 10 [ 191 70e] 7.08 |28 78] 03] B62
WA 39 |Tend J 75195 9505 90 {08780( 101 40] 29 (15 a0l 16115 10 (0761401 2 | 4 | 76 [050):00/ 066|400 060 | 0] 10| 40| 10| 16 |28 1613|668 |71 5] 213|650 |nimedowing
1935 | a5 | 45 45 4545 46 |90fe0 90]90] 90| 15| ts|16{ 18| 15 [4c0{40] 4 | 4 | 4 |oso|osojosoosol vse| 0] 10 to{10] tofoa) oo oos{oas| 68|  4mE |Say partites s deintsgratod rock an joines
BORINGS ROCK MASS CLASSIFICATION Table G5
Hote: MA 47,8, 1113 Q-SYSTEM Statlon 1054+00 to 1083400

1} N.Barlen, The influanes of jint properties in modaling jointed rock masses,

Keynole Leclure, Bth Congress of iSRM, Tokyo, val.d, Retlerdam:

124,126, 127, 128-138, 146
208, 301, 302, 305, 310
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Boring Number |CoraRun No,| F0M [ TO R o i - il il e 151 RMCT +50 NOTES
oring Number |Core Run No. og
i ® Win | Max: Trf::;:I Mear:| Min; Max ?;ii;:i Maan] Min | Max T;}:‘lé;:l Mean | Min | Max T;'[r}II;::I Mear| Min | Max T[&;I;';:] Mean| Min | Max Tgl:l;:l feen | Min ; Max Tr:?ll;:l Maan "
MA-15W 45 | 95;45: 65| 64 [901120/90(+20! 88 105110/ C5[06] 08 [26]60 201 201 20 (050 1.00{0.50]0.50] 06,50 | 5.0 150 [ 501 60| 58 | 00] 141 01102] 0.2 394 Brecdated Sehist
MA-118 70 )| 950 k75 95) B85 9 88 |70]180120/40] 43 110715]15]35] 14 |20[40; 40|40] 36 [0665(1,0010.66]1.00] 086 | 50|50 50 60| 50 [03]| 7.0] 1.11356] 1.3 :
950 | i10F 45} 851 657 9 73 1801980/ 50{8.0] 30140115110 t0{ 11| 0[40i40]407 33 [050]/0.66,050]0.50] 0.50 | 5.0 60 601 60] 60 [ 01211 02] 03] 03 41
MA-1234 830 | 118.0¢F 95 | 951 85 1 9 95 |40)40/40(40( 40 {151 15(15] 6] 1.6 [365[35{36[36] 35 {0.66/0.66 0.66]C.66] 0.66 | 65.0] 50  50[ 501 60 | 13| 13133145 13 .
Omit 83-118 AS [ 751 45 750 64 140190100190 B4 110016110} 45] +3 2040 40]40] 38 0.50]0.66/0.50/0.66) 0.60 | 50|50 501 50] 60 |oi]18f0d}o4] 03 424
MAa-125 360  end [ 851951651 75| 76 140]/90/50100] 831101150 11457 +3|20[861 2 [ 3 1 37 |0.50] 065, 0.66]0.66] 0.60 | 501 501 501 601 60 | 011 24103168] 04 438
MA-Z09W 650 { end § 35785155, 65 58 |140,2001120/120i 120]10720] 1 115] 43| 30801 3| 8 1 5 1050/ 050i050(550] 050 | 5050 501 50] 50 | 0.0] 141011 041 04 38.5 Rook al 42" sheared and faclured
MA-304 470 | end O 193] 25176 50 [30]|s0j60({06] 76 J05F10(05] 1 8 (20060, 2} 4 36 [966/{100/066/1.00]080|50]|50850780] &0 [ool31100513] 0.2 405
WA-322 46.0 45 1 95, 451 85| 71 |o0(60]80]90]| 9010st16i08]%5] 11 [20]601 2 1 4 | 39 105a]050 056]0.50] 0.50 | 5.0 501501 50 50 | 00| 08|01 07 02 402
MA-325W 250 [ 650 £ 05951 05195] 65 |80]/90[50700] 88 10 15015} 8] 13 [26[ 60} 4 | 4 | 53 {0.66]1.00;0.65/0.68] 0.70 | 5.0 ) 5.0 | 501501 50 | 0.2 24 1651 05] 04 442
650 | 1520} 5 ; 751857751 65 |eol120l00i{o0} 93 [16f16{16]45( 14 |30[60] 3 | 7 | 44 [080[0.6610.50]0.50] 0.50 | 5.0 50| 5.01 501 60 | 0.0] 06| 04104 0.2 40.2
BORINGS ROCK MASS CLASSIFICATION Tahte Q5
Note: MA 15w Q-5YSTEM Station 1063+00 to 1086+00
1} N. Barlon, The influsncs of joint proparties In madeling jalned rock massss, 119, 1234, 125
Keynola Leclure, 8th Cangress of ISRM, Tukys, vol.d, Rollerdam: 209W, 304, 322, 325W
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Boring | Core | From | To RaD o o - w S8 g 15 luF;MEl?* 50 NOTES
Number |RunNoj (#) | (K] Typical Typlcal Typical Typical I foal
¢ , Min | Max r‘ﬁgn Maan: Min ] Max r)::!:: Wean i Mhs | Max ri';:: Maan | Min | Max, :;i;: Mean | Min | Max Tﬁ':: Mean| Min | Max. ?;i;: Maani Min} Max T');fl[;:l Mean o
MA-105W 760 | B9 [ B3 [ 7b 761 V5 £20190(901901 76 [1.5(16;15715] 1.5 [20[40]20] 40 37 | 066 C.50] 0,65 0.66] 060 | 10| 101 L0110 101181 158] 211 41| 28 56.7 Altesation on open joints with chlorite
760 [ tB60E 95 . 95 1 95 : 95, 95 1201407208401 331151458 1.0/40{101201 2.1 066 1.00;0.66]100; 0.90 | 1.0} 1.0{16]10) 10 |58} 7i.3[118] 713 ] 185 69.0 Chlotite on foints
WA-10T 55:05 /65 (85| 78 130:90160]/90] 711045 20160120140} 37 |050/1.00/0.50]086] DEC) 10| 01010 10 o5l 23] 00] 7.0 24 54.8
MA-108 55183555 ¥R 68 190/90](90/90] 80 102034071 S| 10180 10|40} 38 (0501066 085]066; 0.60] 90110 .0/101 10 [o4t1251100 831 15 52.7
MA-108 75095 75105 B7 140790140760} 701 10(15115715] 15|20/ 60[20[6067 38 [050/1.00/050{068] 0.60 | 4,01 10| L0 10] 1.0 |07 17.8] 101 118] 28 57.0
MA-112A S50 ) end [ 85195 {95195, 95 §110120i1.01201 14 [10[16710(45] 1.2 [10]30]10(307 207[GE6[1.60[1.00] 100} 0.90 | 1.0 10| 0| 1.0 1.0 §10.5] 142.6] 15.8] 142.5] 6.6 735
MA-113 450 | end [ 8505/ 95:95) 03 {20140]/20]40) 3310715010115 13|10/ 60(16]60]) 33 [os0l1.00/cs0] 00 070 |10} 1.0 90 100 10 [181 7130207131 18 634
MA-114 100 | end {05 95 95 95 05 105140{30|40] 39 |15[40]15] 15} 20 [08]40({ 08407 20 050 1.00[050]300] 080 | 101 10 1.0 1.61 10 | 451 1013| 45| 3.3 262 713
MA-118 200 | end £85: 95195, 65; 93 {40(40140/40] 40115115/ 16: 167 1.5 [20730{ 201307 24 (066 086 06804, 066 | 10| 10| 10 [ 10| 40 | 701 1181 78] 118 85 84.7
MA-116 851 95:95:85! 94 120,90130160]| 68 110115(16}15 20120120120} 20 |1.00/1.00{1.0014.00;100]40]t0[10]|10} 10471 356178]738] 60 643
WA-117 00 | 500 §65;695§085 /95 85 [10:60{10/60] 35 1¢6[20(15}15 201401401401 37 [066/1.00;066]066) 080 | 10110101010 l277os0]38]335] 68 625
00 end §565! 75 | 551 75! 65 190:90190190) 60|10/ 1.0]16 1.0] 1.0 [40[4040]40] 40 (086056 C56/066; 06610} 10| t0[ 10| 0 [16] 44 [1.0] 14 ] 1.2 51.1
MA-211W 260 | 650 45185145 | 55| 60 140:090{90]00) 78 {0s8]40[ 1 117 09[40[60] &4 6|5 (050050 050050, 0.50 | 751 7.5] 76110 7.5 |00 0.4 | 0.4 04 | 04 U5
650 | end {651 95|85 95) 87 140/90540|40) 45 {46]15(15/16] 15[1.0[40] 1 | 4 | 29 [0.668]+.00 C.66]1.00] D.A0 | 5.0 50| 601 10| 50 [04] 7.0 1 53] 741 18 528
N Slickensided, brecsiated pagmalita, intanssly
MA-312 645 | BOO |77 | 77| 77| 77| 77 [90) 0090 90| g0 |to{10]| 1|1 1128|202 2| 2 |066,066,086/0685] 066(10(10)+0] 0] 10|28 28 28| 28| 28 6.8 folded, healsd Tacliss
MA-313 12101 1310 | 53|53 [ 63|63 f &1 190(90100i60| 90 |48] 45/ 15]167 15[30[30] 3 [ 3 { 3 [0.50]050 0.50/0.50) 050 [ 1.0 1.0] t0] 10] 10 | 15| 15 1151 15| 15 §2.5
MA320 60.0 Bo |85 95195) 63 |40]00,d40;00] 6815|4561 15]15; 16 [10730] 2] 322 |cee|ces|pe 6,66 066] 1011.0] 101 10] 10 (31238 351 118] 6.2 61.8
05 ) 948 [ 7575 75 [ 75| 75 [150150[18.0{150) 150 |15 15] 15[ 151 1560160 6 | 6| 6 [050{050 050050 0501 10110]10]10] 10 06| 06 {06] 06| 08 45.9 Alteration effscls. Haaled Joinls, silly deposils
MAIIW 520 56195/75[095( 78 [20fa0i401900] 74 [10}30]15|157 16 F207 207 2] 21 2 |050[066050:056] 060; 10110 10 t0] t0 | 18] 4701 311 118] 53 60.8
CS_;‘ 430 ) 520 (15[ 500 15[ 60| 30 [40(90 40{90) 65 |15 18] 18(15; 1520130 2} 3] 25 050 050{050i050] 050110110 10] 1.0] 10 [0d4| 47 [od] 47| 14 2.4 Rock migsing hesled fractures
$-3o . N Slickensided, breceialed pegmalils, healed
C3 | RO 1380 46| 07 [65)95) B0 | 201200 30,40 59 | 15[ 15| 15[ 15] 15 | 20|40f 2 | 3| 25 |050]0.65/0.50/088] 057 (1.0 10| 16| 10| 10 07| M0} 181157 48 60.0 fracturas. nonsoflaning infiling malerials
hiA-322 46.0 45/ 95(45([@85| 71 180]80:90i80] 90 |o5i15]05]151 1.1 [28[860 4.1 39 |0.50{0.50;050:050] 9507 25125/35(1.01 25 |01 18 {031 14 | 04 447
BORINGS ROCK MASS CLASSIFICATION Table G7
Note: MA 105w, 107-108, 112A-117  Q-SYSTEM Station 1066+00 1o 1076+50
1) N. Barton, The influsnice of oint properlies in modaling isinted rock masses, 211w

Keynote Leciure, 8th Congreas of ISRM, Tokyo, val.3, Rollerdam: Balkerma, 1905,

312, 313, 320.322
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Boring CoreRun | Frem | Te ROD dn .l da W i a 15 xng(? +50 NOTES
Number No. it ft Typical Typlcal {cal = icat
® ® Min{ Max: ::1:: Maan| Min | Max Tg';:] Mean | Min | Max r):;;: Mean| Min | Max Tr“;?‘:: Maan; Min | Max T'i':’:: Mean | Mix | Max T.i'::::' Mean| Min| Max Tg:: Mean #
AL 75095055 o] @ |10]00|10]40| 36 |10]40]10]30] 20 [100] 40| 10] 40 22 aes]r0008si100] 230 | 15| 10| 10) 101 10 | e ]s000] 30| meof 25| ey | Recomposed ook i3fUASH and T4
MA-102 210 1 780 | 75 E5 [ 75 {951 70 |30 4040140 38 | 15,30 15| 30] 24 {1.00] 30|10} 30| 20 {0561 1.00, 065, 0.66] 560 | 0] 10| 10, 401 10 187! 60| 6.2]470] 700 9.5
750 | eobh | 95| 95| 95 | 951 95 [ 2014020 40] 26 | 15|15 16 1.6] 1.5 [1.00] 40401 20 19 1066 100 1.00;1.00] 1.00 ] 0] 1.0 [ 1.0 10] 10 £ 58] 743 |17.8| 713] 258 7.2
MA-109W 850 {1000 § 63 | 63} 63 | 63| 53 00010060 00] 80 |10]40) 10 10] 101300 3.0]30] 30 30 10.66]0.56]0.66)0.66] 0:66 | 15| 0] 161 10| 10 f16] 15 | 35] %61 16 538 |Pegmatie
OmiL85-105] 650 | end § 95 ) 95 |95 fos} 95 d10i40|10[40] 25 [1e|20i10] 15| 14 100} a0 1010} 14 |ro0l100]100] rool 100] ol 1o 10| 10] 10 § 53] 00| 23.8] 1425] 3.0 73T
HA-104 420 [ 530 |44 [ 44| 4 | 44| 44 {40 40{40(40] 40 | *6[ 15[ 16{ 16| 15 [A00] 30| 40) 30| 30 |0.60, 050 0.50(050) 050 | 1.0 10| 10116 10 | 28 38 | 35| 28 | 28 5656 |Joni dusier
O"‘;g;.“' B5| 05 ( 95|95 93 |05/60]40(60] 34 [40|40( 10515 17 |075{30] 10|30 21 |cs0l100ivs0]100] 0so| 10| 10] 10 10] 10 |24} 03| 28] 38| 117 887
MA-31Z 355 B3| B8\ Ss [ o5 | 95 [ 10140 10]|30] 23 { 10| (5|15 151 15 [100]40] 2 [ 2 | 34 |06 1,00/ 1.00 100 050 | 10| 01 10| 101 10 |36 | 1426204] 713 7 X
a5 go0 [mim|rr|7e| 77 [oc]o0ien|eo] o] so)o]| 1 i1 1 [200[20) 2] 2| 2 |os6jossiossoes] 0ss)10] 0] o] 10| 10 |28) 28128 281 28 558 ﬂl’;::“:f::&?;::f::“;:dpsgmm"”'m"’y
ded hoaod ravlures |
1545 | end | 051051 051 65| 95 | 10|40 101 30| 23 | 10| t6| 45|18} 16 [200[ 201 7 | 2 | 7 |066|0460:6 066, ORE| 101 10| 10| 16| 10 | 78] 470 157 470 | 204 507
WA313 610 | end | 75|95 95| 95| 63 [3.0| 90/ 40160 &3 [ 10| 46| {5167 14 [200(30] 2 | 3 | 2.3 |0.50|0:66]0.56 0.06] 060 ] 104 10| 10| +0| 10 | 14| 157 [ 521 115] 64 62,1
1210 [ 131.0 | &5 | 53 53 | 53| 53 | 00|90 100100 6.0 |15 t5] 5[ 15} 15 $200{30] 3 | 3 | 3 [050]050]0.50/050] 0505 4.6 10, i0] 10| 10 |15 15 1 46] 15[ 15 525
T 370 | end | 25 05] 75| 65| B4 | 3060 3060 44 [ 1016 1 [ 16} 12 {1,001 30] 2 | 3 | 25 |0.66]1.00,1.00/ 1.00] 100} 1.0 50 1.0 10| 1.6 | 0.1 | 475 43 36| 66 [ 673
MA-S1EW 450 | end | 85|05 (95 05] 04 | 106010607 37 | 151301 15| 3 | 16 L0751 401 ¢ | 2 | 1.7 10.66]100(0.66 100 0607 161 101 1.0] 10| 1.0 | 3.5 3800} 7.8 95.0 ] 256 714
[BORINGS ROCK MASS CLASSIFICATION Tabic Q8
Nota: MA 18 Q-SYSTEM Statlon 1076+50 to 1084+00
1} N Barlen, The influsnca of feint proparliss in modsling jeinled rock masses, 102-104
Kevnols Leclurs, Bth Congrass of ISRM, Tokyo, vol.3, Rotlerdam: Balkama, 1985, 312, 313, 314, 31BW
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