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{ XE ""S5-010_A07-30-99" }
Page 1l of 1

Use in ALL projects.
5-1.01 PLANS AND WORKING DRAWINGS

When the specifications require working drawings to be submitted to the Division of
Structure Design, the drawings shall be submitted to: Division of Structure Design, Documents
Unit, Mail Station 9, 1801 30th Street, Sacramento, CA 95816, Telephone 916 227-8252.

Page 12 of 796



Devil's Slide Tunnels - PS&E Submittal (11/18/05), Not For Construction

DISTRICT TO EDIT

{ XE ""S5-250_A06-29-05" }
Page 1l of1l

Use in ALL projects.
5-1. PAYMENTS

Attention is directed to Sections 9-1.06, "Partial Payments,” and 9-1.07, "Payment After
Acceptance,” of the Standard Specifications and these special provisions.

Use Paras 2 & 3 when early completion contract items are included in the
Engineer's Estimate. (See Section 6.10, RTL Guide.) Add additional early
completion contract items as appropriate; e.g. Remove bridge, remove
concrete. Use dollar value shown in Engineer's Estimate.

2.* Use 75% of the dollar value shown in the Engineer's Estimate for items
D and E. Use 50%o0f the dollar value shown in the Engineer's Estimate for
item F.

For the purpose of making partial payments pursuant to Section 9-1.06, "Partial Payments,"
of the Standard Specifications, the amount set forth for the contract items of work hereinafter
listed shall be deemed to be the maximum value of the contract item of work which will be
recognized for progress payment purposes:

Clearing and Grubbing

Develop Water Supply

Roadside Clearing

Prepare Water Pollution Control Program
Prepare Storm Water Pollution Prevention Plan
Progress Schedule (Critical Path Method)

mTmooOw>»
&S P P P P BH

3

After acceptance of the contract pursuant to the provisions in Section 7-1.17, "Acceptance of
Contract," of the Standard Specifications, the amount, if any, payable for a contract item of work
in excess of the maximum value for progress payment purposes hereinabove listed for the item,
will be included for payment in the first estimate made after acceptance of the contract.

##KC (09/17/05)

4. Use when Para 5 is not used.

##KC (09/17/05)

5% Use when project has 90 or more working days, excluding plant
establishment days, AND the Engineer's Estimate exceeds $100,000 AND
there are materials which qualify for partial pay.

In determining the partial payments to be made to the Contractor, only the following listed
materials will be considered for inclusion in the payment as materials furnished but not
incorporated in the work:
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Soil Nail Assembly
Rock Bolt

Bar Reinforcing Steel
Underdrain Pipe
Miscellaneous Metal
Metal Panel

nmo o w >
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DISTRICT TO EDIT

{ XE ""S5-280_A01-28-05" }
Page 1 of 2

Use in ALL projects. (To be inserted by the Districts.)

When no information for the project is available or required for the bidders
to accurately bid the project, use para 1 and para 6.

5-1._ PROJECT INFORMATION

The information in this section has been compiled specifically for this project and is made
available for bidders and Contractors.  Other information referenced in the Standard
Specifications and these special provisions do not appear in this section. The information is
subject to the conditions and limitations set forth in Section 2-1.03, "Examination of Plans,
Specifications, Contract, and Site of Work," and Section 6-2, "Local Materials," of the Standard
Specifications. Bidders and Contractors shall be responsible for knowing the procedures for
obtaining information.

##KC (06/11/05)

2.* Add information that is attached to the Project Plans (e.g., log of test
borings). Create a new subparagraph for each item listed.

Information attached to the project plans is as follows:

A. Log of test borings.

##KC (06/11/05)

3.* Add information for the project that is to be made available as handouts
to prospective bidders (such as water source information, Materials
Information, copies of permits, foundation recommendation reports,
geotechnical reports, etc.) as described under "Information Handout™ in
RTL Guide. Only 216 x 279 mm, single sided, black and white handouts
may be included. For each project, the Information Handout may be limited
to approximately 100 sheets total or a maximum 25 mm thick. Otherwise,
handouts may be made available in the District or provided on CD media. E-
files provided on CD media should be in “read only” .PDF format; design e-
files such as those in .DGN or .DTM format should not be made available.
Create a new subparagraph for each item listed.

Information included in the Information Handout provided to bidders and Contractors is as

follows:
A. Geohydrolic Report
B. Geotechnical Data Report
C. Structural Design Criteria for Devil's Slide Tunnel — Final Lining and Portals
D. Report for Portal and Foundation Design Recommendation
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4.* Add information that is available for inspection at the District Office in
which the work is situated (e.g. cross sections, see Cross Section Guidance).
Create a new subparagraph for each item listed.

Information available for inspection at the District Office is as follows:

A

5. Delete paper or electronic as appropriate. Delete if cross sections are not
available.

Cross sections are available in paper or electronic copy.

6. Use if cross sections are not available. Delete if cross sections are
available.

Cross sections are not available for this project.

7.* Provide the street address of the District Office. Create a new
subparagraph for each item listed.

The District Office in which the work is situated is located at

8.* Add information that is available for inspection at the Transportation
Laboratory (e.g. rock cores). Create a new subparagraph for each item
listed.

Information available for inspection at the Transportation Laboratory is as follows:

A.

9. Paras 9 and 10, use when rock cores are available.

Bidders and Contractors may contact the Transportation Laboratory to request viewing rock
cores via electronic mail at the following address:

Coreroom@dot.ca.gov

10

Request shall be submitted at least 5 working days before the intended date for viewing, and
shall include the District-County-Route, bridge number, contract number, viewing date, and
contact information including telephone number.

11. Use in Districts 1 thru 6 & 10 when bridge as-built plans are available.

Plans of the existing bridges may be requested by fax from the Office of Structure
Maintenance and Investigations, 1801 30th Street, Sacramento, CA, Fax (916) 227-8357.
##KC (06/11/05)

12. Use in Districts 7, 8, 9, 11 & 12 when bridge as-built plans are available.

13. Use when either para 11 or 12 is used.

Plans of the existing bridges available to bidders and Contractors are reproductions of the
original contract plans, with significant changes noted, and working drawings, and do not

Page 16 of 796



Devil's Slide Tunnels - PS&E Submittal (11/18/05), Not For Construction

necessarily show normal construction tolerances and variances. Where dimensions of new
construction required by this contract are dependent on the dimensions of the existing bridges,
the Contractor shall verify the controlling field dimensions and shall be responsible for adjusting

dimensions of the work to fit existing conditions.
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SECTION 6. TUNNEL INITIAL LINING CONSTRUCTION

Tunnel work described herein and as shown on the plans shall conform to the requirements
of these special provisions and Sections 1 through 9 of the Standard Specifications. Sections 10
through 95 of the Standard Specifications shall not apply to the work in this Section 6 except
when specific reference is made thereto.

SECTION 6-1. GENERAL REQUIREMENTS

6-1.01 PART 1- GENERAL

This work shall consist of tunnel initial lining construction in accordance with the details
shown on the plans and these special provisions.

6-1.02 PART 2 - PRODUCT (BLANK)
6-1.03 PART 3 - EXECUTION (BLANK)

6-1.04 PART 4 - MEASUREMENT AND PAYMENT (BLANK)
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SECTION 6-2. GEOTECHNICAL BASELINE REPORT

6-2.01 PART 1-GENERAL

1

A Geotechnical Baseline Report (GBR) is provided to present a baseline of subsurface
conditions anticipated to be encountered during mined tunnel, chamber, and cross passage
constructions and to summarize the geotechnical basis for design of the Devil's Slide Tunnels. It
includes: a summary of the project and descriptions of the portals and mined tunnels;
interpretations of the geological and geotechnical information obtained for the project; a
summary of anticipated ground behavior and groundwater conditions; a summary of how these
anticipated conditions have been reflected in the project design; and discussions of other design
and construction considerations that will impact the work.

2
The GBR shall be applicable only to mined tunnels.
3

The GBR is provided to assist bidders in evaluating the requirements for excavating and
supporting the ground. The baseline conditions presented in the GBR will be used by the
Engineer to evaluate disagreements, disputes, claims, and any differing site condition that may
be submitted during the course of construction.

4

The GBR is the sole source for the interpretation of geological and geotechnical conditions
on this project. Interpretations made in other reference reports shall be considered as part of the
design development process and shall not be included as part of the contract.

5

In the event of conflicts, discrepancies, or inconsistencies with the reports and documents as
listed in Section, “Project Information,” of these special provisions, or any other geotechnical
data available in any way to the Contractor, the GBR shall take precedence.

6

The GBR is not intended to specify ground conditions or ground behavior to the extent that
the Contractor is relieved of any and all responsibility for making its own interpretation of
ground conditions or ground behavior with respect to its proposed means and methods of
construction. Due to the direct relationship between the Contractor's means and methods
associated with construction and the resulting rock and structure interactional behavior, actual
behavior may vary from that presented in this GBR. The Contractor shall evaluate rock and
groundwater conditions as they relate to and interact with the Contractor’s selected method of
construction.

7

The GBR does not address issues relative to potentially contaminated spoils or potentially
contaminated groundwater.

6-2.02 PART 2 - PRODUCT (BLANK)
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6-2.03 PART 3 - EXECUTION (BLANK)

6-2.04 PART 4 - MEASUREMENT AND PAYMENT (BLANK)
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SECTION 6-3. TUNNELING BY SEQUENTIAL EXCAVATION METHOD

6-3.01 PART 1- GENERAL

SCOPE
This section specifies excavation and support of the mined tunnels, utilizing the Sequential
Excavation Method (SEM) to excavate and support the tunnels of both standard and enlarged
Cross sections, cross passages, equipment chambers, access passages, and niches.
1-1
The SEM utilizes New Austrian Tunneling Method (NATM) principles for the construction
of the mined tunnels, modified so as to predetermine the various support measures required,
defined as Support Categories, along different parts of the tunnels.
1-2
The SEM utilizes a set of support measures for each Category, and local, variations in the
support measures if needed by ground conditions as approved by the Engineer, including the

following:
1-3
(Peter to check for completeness)
A. Lattice girders
B. Dewatering
C. Grouted steel pipes (arch canopy)
D. Rock dowels, of different types
E. Spiles
F. Face bolts
G. Reinforced shotcrete
H. Bore holes for probing ahead
l.

Pipe Arch Canopies
1-4
Local support measures, if ordered by the Engineer, will be paid for as extra work as
provided in Section 4-1.03D, "Extra Work," of the Standard Specifications.
1-5
This specification section describes the excavation and support of the mined tunnels in
accordance with the construction sequences shown on the plans. The Contractor is responsible
for safe excavation and construction process, adequacy, and overall performance of the tunnels
during construction.
1-6
The excavation of the mined tunnels will progress through ground varying from competent
rock, weathered rock, highly fractured rock, and earth. Mixed tunnels face conditions are
expected for some locations in the mined tunnel construction.
1-7
Excavation and Support Category Ranges: All stations indicating limits of typical excavation
and support classes and types of final lining referenced herein or as shown on the plans are for
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bid purposes only. During construction, excavation and support classes must be installed
appropriately for the ground conditions as determined by the Contractor, subject to the approval
of the Engineer.

2
REFERENCE STANDARDS
American Society for Testing & Materials (ASTM):

2-1

ASTM A36 Specification for Structural Steel

ASTM A 53 Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated,

Welded and Seamless

C. ASTM AB82 Standard Specification #or Steel Wire, Plain, for Concrete Reinforcement

D. ASTM A185 Standard Specification for Steel Welded Wire Reinforcement, Plain, for
Concrete

E. ASTM A325 Specification for Structural Bolts, Steel, Heat Treated, 12011 05ksi
Minimum Tensile Strength

F. ASTM A501 Specification for Hot-formed Welded and Seamless Carbon Steel Structural
Tubing

G. ASTM A615 Specification for Deformed and Plain Billet-steel Bars for Concrete
Reinforcement

H. ASTM C109 Standard Test Method for Compressive Strength of Hydraulic Cement
Mortars Using 2-inch Cube Specimens

I. ASTM C144 Specification for Aggregate for Masonry Mortar

J. ASTM (3150 Specification for Portland Cement

w >

2-3
American Institute of Steel Construction (AISC):

A. AISC Specifications for Structural Joints Using ASTM A325

2-4
American Concrete Institute (ACI)

A. ACI 506.2 Specification for Shotcrete
B. ACI 506R Guide to Shotcrete
C. ACI 318 Reinforced Concrete

3
DEFINITIONS

A. Excavation Design Line: Design line of excavation inside of which no earth or
surrounding ground shall intrude. The shotcrete lining has been designed to take the load
of the excavated ground, and an anticipated lining deformation has been provided for
each Support Category. The Contractor must add the anticipated compensation for
deformations to the radii of the Design Line after Deformation, both values of which are
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given in the Drawings, plus the lining thickness, to compute the required excavation radii
for different Support Categories.

B. SEM Excavation: Mined excavation in ground, using various predetermined support
measures, defined as Support Categories, along different parts of the tunnels. Excavation
in ground may include the removal of: competent to weathered rock, grout, and shotcrete
and bolts previously installed for face support.

C. Excavation and Support Sequence: Prescribed excavation and support procedure for
sequential stages of tunnel excavation based on ground conditions expected during
excavation. Locally encountered conditions may require local measures of support.

D. Partial Excavation Drift: Large tunnel excavation cross sections split into smaller sections
to reduce excavation cross sectional area and ground disturbance. Partial Excavation
Drifts are for top heading, bench, invert excavation, sidewall drift, and twin sidewall drift.
Top Heading: Upper part of partial excavation of tunnel cross section for the

purpose of reducing cross sectional area and ground disturbance, as shown in the
contract drawings. Bench: Middle portion of partial excavation of tunnel cross section for
the purpose of reducing cross sectional area and ground disturbance, as shown on the
plans. The bench is a berm or block of ground within the outline of the tunnel which is
left after a top heading has been excavated. Invert: Lower part of partial excavation of
tunnel cross section for the purpose of reducing cross sectional area, following the top
heading (in two stage excavations) or bench excavation as shown on the plans.

E. Sidewall Drift: Partial Excavation Drifts located at both tunnel halves with specified
minimum distance between the partial drifts, supported by a temporary shotcrete middle
wall and the shotcrete lining for the full mined tunnel cross section.

F. Twin Sidewall Drift: Two Sidewall Drifts, advanced simultaneously, located on either
side of the tunnel cross section, supported by temporary reinforced shotcrete sidewalls.
One Center Drift located between the sidewall drifts, excavated as last area to complete
the full tunnel cross section.

G. Length of Round: Length of additionally exposed ground opened up during one
excavation increment and immediately followed by the installation of support as shown
on the plans. Maximum unsupported span and length of round shall be as shown in the
plans.

(Peter to revisit.)

H. Over-excavation: Intentional or unintentional excavation of ground beyond the
excavation design line. The Contractor shall design over-excavation to accommodate any
expected construction tolerances, in addition to tunnel lining deformations. Tunnel lining
compensations for deformation expected for different Support Categories shall be as
shown in the plans.

I. Geologic Overbreak: Volume of ground dislocated or excavated beyond the excavation
design line due to ground conditions and behavior. The Contactor must assess ground
conditions to determine how much, if any, overbreak may occur.

J.  Pre-Support: Support elements installed prior to excavation of the ground, including
spiling and face bolts.

(Peter to check temporary middle walls and sidewalls.)

K. Standard Support Measures: Support for SEM tunnels includes those measures required
to maintain the inherent strength of the ground surrounding the tunnel openings,
enhancing the stress redistribution process while preventing unnecessary loosening.
Support measures include lattice girders, shotcrete lining, rock dowels, spiles, face bolts,
and pipe arches canopies.
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L. Local Support Measures: Ground support measures approved by the Engineer, added or
deleted when necessary to the Standard Support Measures.

M. Initial Shotcrete Lining: Shotcrete of thickness and reinforcement as shown on the plans
for the full support of mined tunnels and partial excavation drifts, including temporary
middle and sidewalls and temporary inverts. The shotcrete lining is reinforced with fibers,
lattice girders, welded wire fabric at intersections, and starter bars.

N. In-tunnel Water Control: Collection and removal of groundwater ahead of the tunnel face
or penetrating into the tunnel. Included are temporary construction drainage and gravity
dewatering from within the tunnel. Temporary construction drainage devices includes
drainage mats, PVVC-hoses, or similar materials used to collect and drain off groundwater
from areas at the excavated ground surface before applying shotcrete lining to allow
application of the shotcrete lining and/or for dewatering of seepage through the shotcrete
lining, and pump sumps, pumps and installation, operation and maintenance of required
equipment.

0. Rock Dowel - Cemented or Resin Grouted: This type of Rock Dowel is an untensioned
rod inserted into a drilled hole and grouted along its entire length using cement grout or
resin capsules. The Rock Dowel consists of a high yield steel deformed ribbed bar with
cut or rolled threads at one end, a face plate, shim plates and nut.

P. Rock Dowel — Deformed Tube: Manufactured from a mechanically reshaped steel tube,
inflated by hydraulic pressure into tight contact with the pre-drilled hole into which the
tube is inserted.

Q. Rebar Spiling: Rebars without end drill bits driven into the ground, or with self drilling
bits, or installed and grouted into pre-drilled holes at the tunnel heading ahead of the
tunnel excavation face to pre-support the ground at locations shown on the plans or as
required by ground conditions.

R. Self Drilling and Grouted Dowel: This type of Rock Dowel is equipped with a sacrificial
drill bit and is made from high tensile strength steel tubes. If the required bolt length in
radial direction is longer than the diameter of the tunnels, couplings are used to adjust the
length of the bolts. As spiling, the Dowels are installed at the tunnel heading ahead and
above of the tunnel excavation face and grouted as a means to pre-support the ground.

S. Face Stabilization Wedge or Berm: Unexcavated portion of the heading temporarily left
in place to enhance face stability.

T. Pocket Excavation: Excavation sequence used in ground with very limited standup time.
The excavation face is split into smaller areas (pockets) of excavation. Pocket excavation
is carried out in a series along the tunnel circumference facilitating the installation of
shotcrete support.

U. Face Bolts: Fiberglass bolts installed horizontally in the tunnel face into pre-drilled holes
using epoxy grouts for full bonding between bolt and ground over the full length of the
bolt in order to stabilize the tunnel face in fractured competent soil or rock.

V. Lattice Girder: A lightweight, three-dimensional steel framework or truss made to act as a
unit by connecting all components with lacing bars; used in conjunction with shotcrete
for initial lining reinforcement and to provide cross section control.

W. Pipe Arch Canopy: Solid wall or perforated wall steel pipes, installed at the tunnel’s
heading ahead of the tunnel’s face and grouted as a means to support the ground where
unstable ground is encountered at crown, or where proposed by Contractor and approved
by Engineer.

X. Probe Drilling or Exploratory Drilling: Geologic exploration of ground conditions ahead
of the face by means of probe holes (without core extraction), or by core drilling to
recover rock core samples.

Page 24 of 796



Devil's Slide Tunnels - PS&E Submittal (11/18/05), Not For Construction

Y. Contingency Procedures: Procedures to implement additional measures as required by
ground conditions and approved or directed by the Engineer.

Z. Contingency Plan: A Plan based on a detailed assessment of ground and site conditions
that document contingency procedures to be followed to deal with various potential
conditions that could be anticipated.

4
SUBMITTALS

The Contractor shall submit the following for approval in accordance with the general
requirements and with the additional requirements as specified for each, at least 60 days prior to
start of SEM works or as specified herein:

A. Construction Work Plans:

1. The Contractor shall submit working drawings, detailed descriptions, data and
calculations of proposed materials, facilities, equipment to be used and method of
construction in conformance with Section 5-1.02, “Plans and Working Drawings,” of
the Standard Specifications, including but not limited to the following:

a) Tunnel Construction Work Plans for all SEM tunnels, including:

1) Key excavation plan including proposed excavation and support sequence
and direction of tunneling.

2) Sequence and timing of top heading, and bench or invert excavation and
anticipated advance rates.

3) Methods of construction including shotcrete lining installation details, all
pre-support and support elements including measures for tunnel stoppages,
and measures to maintain safe work spaces.

4) Methods of construction for breakouts of cross passages from tunnels and
chambers.

5) Excavation and support sequences at break-outs.

6) Details on excavation of ground for all materials identified in the GBR.

7) Removal of boulders and other obstructions.

8) Method of controlling line and grade of linings.

9) Details on excavation and removal of all temporary pre-support and
temporary shotcrete.

10) Installation of In-tunnel water control measures, including temporary sumps,
and construction drains.

11) Site traffic management plan and its relationship to tunnel excavation and
material haulage.

12) Have drawings and computations signed and sealed by a Professional
Engineer licensed in the State of California.

b) Equipment:

1) Surveying equipment for SEM tunnel work.
2) Drilling equipment for SEM tunnel operations.
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3) Excavation equipment for all SEM tunnel excavations including make and
model, manufacturer's literature describing equipment dimensions and
capabilities.

4) Haulage equipment for SEM tunnel operations.

5) Shotcrete batching plants.

6) Shotcrete spraying equipment and pump.

7) Hoisting plants.

8)  IHlumination of tunnels.

9) Emergency power supply for In-tunnel operations.

10) In-tunnel water control, including drain pipes, drainage mats, temporary
sumps, construction drains, pumps, procedures to be followed, and standby
power supply.

11) Water treatment plants and settlement tanks for water removed from the
tunnels.

12) Temporary tunnel ventilation system.

13) Grouting pumps for contact grouting, grouted pipe spiling, etc.

14) Rock dowel drills

¢) Materials:

1)  Shotcrete.

2) Material for contact grouting, grouted pipe spiling, rebar spiling grouting.
3) Lattice Girders.

4)  Arch Canopy Pipe.

5) Bolts for Self-Drilled and Grouted Pipe Spiling.

6) Steel fibers, synthetic fibers

7)  Self-drilled steel dowels.

8) Fiberglass face dowels and resin for bonding.

9) Rebars for rebar spiling.

10) Materials for temporary groundwater control and construction drainage.

B. Documentation and Periodic Reports:
1. Air Quality Reports:

a) Have available for inspection by the Engineer reports of test for toxic and
hazardous gases and other atmospheric impurities in the working environment.
Reports to be kept at Contractor's field office.

2. Geologic Report:

a) Submit daily reports describing all SEM related activities. Inspect, determine, and
record the following information, as many as may be appropriate, at the tunnel
face upon completion of excavation of each round, but before installation of
support measures:

1) Location of round identified by station.

2) Type of soil or rock strata at face, and especially at crown.
3) General degree of weathering of rock mass.
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4)  Weathering of joint surfaces.

5) Joint type and joint set orientation.

6) Approximate number of joint sets.

7)  Joint roughness.

8) Spacing of any discontinuities.

9) Joint infillings, if any.

10) Water inflows, if any, estimated by flow rate timed into containers of known
volume.

11) Overbreak.

12) Any other geological structures or features that may be significant.

13) Photographs of the tunnels face to be taken, and identified by station.

b) Face and Tunnel Heading Mapping: Prepare geologic mapping of each tunnel
heading, including photograph, once per shift and documentation of all pre-
support and support measures for each heading. The mapping will be signed each
shift by the Contractor's SEM shift superintendent and the Engineer's SEM
Inspectors.

c) Submit photo documentation and boring logs for all probe and exploratory
drillings within 24 hours of completion of drilling operation.

d) Submit weekly report on all geologic features encountered during the SEM tunnel
construction operations in the relevant period. The geologic report shall include
information such as ground type, ground conditions, groundwater conditions,
obstructions, average tunneling progress, and other relevant observations. Include
complete geologic mapping of all tunnel headings. The geologic report shall also
include a summary of instrument readings and interpretation of results as
specified Section 6-5, “Instrumentation and Monitoring,” related to the tunnels
performance.

e) Prepare final reports on geologic conditions encountered, support and pre-support
measures installed and problems encountered after completion of each tunnel,
latest 30 days after completion of the shotcrete lining of the respective tunnel.

3. Groundwater Discharge Reports:

a) Observe and record average flow rates and time of operation of each dewatering
system used. Provide appropriate devices, such as flow meters, for observing flow
rates. Submit data daily during operating period of each dewatering system on
forms and in format as approved by the Engineer.

C. Survey Control:

1. Survey personnel qualifications. Provide qualified survey personnel in accordance
with General Requirements of the Project.

2. Type and location of horizontal and vertical control monuments to be set. Establish a
secondary survey control system consisting of horizontal and vertical reference points
for constructing the tunnels and placing concrete lining. Install horizontal control
points either as a brass disc or lead and tack. Install vertical control points either as a
brass disc or 12 mm diameter by minimum 75 mm long anchor bolt with nut and
washer
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3. Survey procedures and equipment. Employ survey procedures and equipment that are
in accordance with the FGCC “Standards and Specifications for Geodetic Control
Networks” using Second Order, Class 2 specifications for horizontal control work and
Second Order, Class 2 specifications for vertical control

4. Design and location of theodolite instrument platform mounting bracket, bracing
support hardware, method of attachment to shotcrete lining, brass mounting screw,
and standing platform underneath instrument mounting bracket.

5. Survey data collection equipment and processing software; and traverse reduction and
adjustment software.

a) Provide and maintain all equipment and software necessary to record all
secondary survey control measurement observations. Assemble measurement
observations in digital data collection files and proved data to the Engineer in a
format that is compatible and in accordance with the AASHTO Survey Data
Management System (SDMS) technical specification for survey data.

b) All survey data collection files transmitted to the Engineer shall contain: a time
and date stamp for each observation, original filed measurements and the
correctly computed coordinates/elevations in addition to the survey data tags
necessary to re-compute the file if required.

c) Preserve original data collection files and provide on copy of each file to the
Engineer.

6. Survey equipment certification of adjustment; and calibration results of electronic
distance measuring instruments (EDMI's) and prisms.
7. Tribrach adjustment method and equipment.

D. Tunnel Scanning Survey:

1. Before installation of the shotcrete lining, waterproofing, and permanent concrete
lining, the tunnels’ surfaces shall be surveyed with an automated tunnels scanner. The
scan shall be double checked in areas where physical re-profiling of the tunnels’ cross
section is indicated.

2. The data shall be plotted in graphical form allowing direct comparison between
theoretical and actual geometry.

3. Required results:

a) 24 hours after scanning of the excavated area the contractor shall present
comparison of actual excavation versus designed excavation profile as area plot as
well as cross section

b) 48 hours after application of shotcrete contractor shall present comparison of
actual shotcrete versus designed shotcrete lining as area plot as well as cross
section

c) 48 hours after application of shotcrete contractor shall present comparison of
actual shotcrete thickness of applied shotcrete versus designed shotcrete thickness
as area plot as well as cross section.

d) 14 days prior to installation of the water membrane contractor shall provide area
plots of final shotcrete lining documenting that no under profile exists in the
sections to be sealed.
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e) 14 days prior to installation of the water membrane contractor shall provide area
plots of final shotcrete lining documenting that shotcrete smoothness is according
to specification

4. After completion of final lining contractor shall present comparison of final lining
versus designed profile as area plot as well as cross section. Contractor shall present
comparison of actual thickness of final lining versus designed thickness as area plot
as well as cross section. Contractor shall provide picture documentation of final lining.

E. Qualifications and Experience

1. Qualifications and experience of the Contractor’s Tunnel Engineers at least 60 days
prior to start of SEM works.

2. Qualifications and experience of SEM Tunnel Superintendents at least 60 days prior
to start of SEM works.

F. Contingency Procedures:

1. At least 30 days prior to start of SEM excavation, submit a Contingency Plan that is
based on a detailed assessment of ground and site conditions that may require
additional measures not described herein for the Engineer's approval. Conditions to
be assessed include groundwater, soil and lining conditions as well as equipment,
traffic restrictions, and water control. Risks associated with these conditions, their
likelihood and countermeasures to either avoid or mitigate these situations shall be
described in detail. As a minimum the contingency plan shall include:

a) Name and qualification of personnel responsible for implementing contingency
procedures.

b) Description of conditions considered to require contingency measures.

c) Plans outlining contingency procedures to be employed in the event of:

1) Tunnel deformations beyond specified limits

2) Face instability.

3) Unexpected inflow of groundwater.

4)  Overbreak - minor and significant.

5) Detailed description of response procedure (chain of command) monitoring
values exceed the Alarm Values specified Section 6-5. Instrumentation and
Monitoring.

d) Plans detailing surveillance during stoppages such as weekends and holidays as
well as directed stoppages.

e) Plans detailing measures to be applied for the resumption of tunneling operation
after stoppages.

f) Methods of verification of the successful implementation of contingency
measures.

g) Procedures detailing surveillance during longer stoppages.

h) Plans detailing measures to be applied for the resumption of tunneling operation
after stoppages.
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i) Contingency Plan to be prepared in consultation with Engineer, and is subject to
Engineer approval.

j) Stability of initial shotcrete lining is defined as closure measurements of 0.5
millimeter per day or less for a period of 10 consecutive days.

5
QUALITY CONTROL

A. .The Contractor’s Tunnel Engineer: Contractor's field staff to include the Contractor’s
Tunnel Engineer meeting the following requirements:

1. Education: Graduate civil engineer from accredited college or university, domestic or
foreign.

2. Experience: Minimum 8 years construction experience on site, utilizing SEM
techniques in tunnel with shotcrete support, including 5 years hard ground SEM
experience.

3. Minimum one tunnel project greater than 90 square meter excavated tunnel cross
section using multiple drifts.

4. Proficient in spoken and written English.

C. Do not commence fieldwork until designated the Contractor’s Tunnel Engineer has been
approved in writing by the Engineer.

D. Approved Contractor’s Tunnel Engineer shall report for Work at the site at least six
weeks prior to commencement of tunnel excavation and remain on site for minimum four
weeks after completion of all final concrete and shotcrete lining work. The Contractor’s
Tunnel Engineer shall be involved in all tunneling related planning phases.

E. Duties to include the following:

1. Supervising excavation to ensure the safety and quality of construction. The Tunnel
Engineer should evaluate the need to conduct pre-construction testing and determine
the overall scope of associated testing requirements. Some properties will need to be
monitored on a shift-by-shift basis, others on a daily, weekly, or monthly basis.
Where ground support installation becomes critical during the excavation cycle,
shotcrete placement may become subject to inspection and testing on a shift-by-shift
basis 2. Devising and implementing contingency procedures as required by ground
conditions or directed by the Engineer, coordinating remedial measures when ground
loss at tunnel heading or instability of tunnel occurs, or when they appear likely.

2. Preparing daily written interpretation of instrumentation measurement readings taken
during excavation. Determination of the appropriate support class for each advance of
the heading based on an evaluation of the freshly exposed face and top heading, the
anticipated conditions immediately ahead of the face and in the bench/invert area for
review by the Engineer.

3. Daily assessment of support adequacy at the tunnel face with respect to ground
conditions and corresponding excavation and support requirements and other supports
and keeping written record thereof for review by the Engineer. Hold daily discussions
with the Engineer at the tunnel faces regarding ground conditions and corresponding
excavation and utilization of SEM support items, and keeping written records thereof.
Inspect, determine, and record the following information, as many as may be
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appropriate, at the tunnel face upon completion of excavation of each round, but
before installation of support measures:

a) Location of round identified by station.

b) Type of soil or rock strata at face, and especially at crown.

c) General degree of weathering of rock mass.

d) Weathering of joint surfaces.

e) Joint type and joint set orientation.

f) Approximate number of joint sets.

g) Joint roughness.

1) Spacing of any discontinuities.

J) Joint infillings, if any.

k) Water inflows, if any, estimated by flow rate timed into containers of known
volume.

I) Overbreak.

m) Any other geological structures or features that may be significant.

n) Photographs of the tunnels face to be taken, and identified by station

4. Submitting weekly reports on geologic conditions as encountered during excavation
for The Engineer's use including record of daily discussion. The geologic report shall
include complete geologic mapping of the tunnel headings. The tunnel headings shall
be mapped at least once per shift.

5. Evaluating instrumentation readings and submit monitoring reports as specified
elsewhere.

6. Participating in all pertinent coordination meetings with the Engineer.

7. Prepare final reports on geologic conditions encountered, support and pre- support
measures installed and problems encountered after completion of each tunnel, latest
30 days after completion of the shotcrete lining of the respective tunnel.

8. Be available on site at all times during all SEM related excavation.

F. SEM Tunnel Shift Superintendent: Contractor's field staff to include minimum one SEM
Tunnel Shift Superintendent for each shift meeting the following requirements:

1. Experience: Minimum 10 years construction experience on site, utilizing SEM
techniques in tunnel with shotcrete support, including 5 years hard ground SEM as
superintendent.

2. Minimum one SEM station excavation or similar complex with multiple shafts, adits
and tunnels using SEM techniques.

3. Minimum one tunnel project greater than 90 square meters excavated tunnel cross
section using multiple drifts.

4. Proficient in spoken and written English.

G. Do not commence field work until SEM Tunnel Shift Superintendents have been
approved in writing by the Engineer.

H. Approved SEM Tunnel Superintendents shall report for Work at the site prior to
commencement of SEM excavation and shall be available full time during SEM
excavation and installation of support. Quality control will emphasize inspection of
materials, production processes, and setting of reinforcement. The most frequently
encountered assignments include:
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1. ldentification, examination and acceptance of shotcrete materials. This will include
verification of quality based on certifications and test results from producers and
suppliers, as well as sampling and testing of materials delivered to the job site;

2. Control of proportioning and batching and mixture proportioning and adjustment,
tests for consistency of the shotcrete;

3. Examination of the tunnel heading and all surfaces to receive shotcrete including
structural steel, reinforcing steel and embedded items, surface preparation and other
preparatory work;

4. Inspection of concrete batching, mixing, conveying, placing, finishing, curing and the
protection of shotcrete;

5. Inspection of other support elements, such as lattice girders, rock dowels, etc. that are
an integral part of or affect the installation of the shotcrete lining;

6. Preparation of any required test panels or acquiring in-place shotcrete specimens for
laboratory tests and curing and protection of these specimens;

I. In the event that ground loss at the tunnel heading or instability of tunnel heading occurs
or appears likely, and SEM Tunnel Project Engineer is not physically present at the
tunnel heading, duties of the SEM Tunnel Shift Superintendent to include the following:

1. Supervising excavation to ensure the safety and quality of construction.

2. Implementing contingency procedures as required by ground conditions or directed
by the Engineer, coordinating remedial measures when ground loss at tunnel heading
or instability of tunnel occurs, or when they appear likely.

3. Notifying personnel responsible for performing Contingency Procedures as outlined
in the Contingency Plan and report immediately at tunnel heading.

4. Directing modification in tunneling techniques.

5. Notifying the Engineer of any ground losses at tunnel heading.

6. Notifying personnel responsible for monitoring instruments to increase frequency of
monitoring as specified.

7. Assist SEM Tunnel Project Engineer in his duties as required.

J.  Have necessary equipment in working order present at site at all times for installation of

support, face support, and additional support measures, and other approved measures.

6-3.02 PART 2 - PRODUCTS

6
PRODUCT DELIVERY, AVAILABILITY, STORAGE AND HANDLING

A. The Contractor shall have adequate supply of required materials for Standard Support
Measures and SEM Local Measures available on site ready for application at all times as
follows:

1. Shotcrete: Have sufficient amount of fiber reinforced shotcrete available to be applied
at each excavation face during the entire excavation period for immediate application
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to complete excavation round. No excavation shall be permitted in the absence of
sufficient amount of shotcrete available at the tunnel heading.

2. Reinforcement: Have lattice girders, rebars, welded wire fabric and other reinforcing
materials readily available on site for next excavation round of each heading before
commencing excavation.

3. Regular In-tunnel Water Control: Have sufficient drainage mats, pipes, hoses, well
points, pumps and other materials for installation and operation of regular in- tunnel
water control available on site before commencing excavation.

4. Rebar Spiling: Have 10 percent of the bid quantity for rebar spiles available on site at
all times during SEM excavation (except for final stage).

5. Grouted Pipe Spiling: Have 10 percent of the bid quantity for grouted pipe spiles
available on site at all times during SEM excavation.

6. Rock dowels: Have 10 percent of the bid quantity for metal sheets available on site at
all times during SEM excavation (except for final stage).

7. Face Bolts: Have 20 face bolts available on site at all times during SEM excavation
(except for final stage).

8. Grout: Have sufficient grout and all grouting equipment on site during SEM
excavation to install SEM support measure items, including grouted pipe spiles, rock
dowels, contact grouting.

B. Store all materials in accordance with the suppliers' specification. Maintain materials in a
clean and undamaged condition. Damaged or destroyed materials shall be replaced by the
Contractor at no cost to the Engineer.

;
SHOTCRETE
Shotcrete shall conform to Section 6-6, “Shotcrete,” of these special provisions.

8
INITIAL SHOTCRETE LINING

Shotcrete tunnel lining shall conform to Section 6-4, “Shotcrete Tunnel Lining,” of these
special provisions.

9
TEMPORARY CONSTRUCTION TUNNEL VENTILATION

A. Supply temporary construction ventilation equipment in accordance with health and
safety regulations, specifications and requirements. For requirements refer to OSHA CFR
Title 29, Part 1926, Subpart S - Underground Construction, Caissons, Cofferdams and
Compressed Air, or Caltrans Construction Safety Orders.

10
REBAR SPILING

A. Standard deformed steel reinforcing bars, minimum length as indicated in the plans,
conforming to ASTM A615M, Grade 420, installed in drilled and grouted holes.
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B. Self-drilled and grouted dowels may be used as approved by the Engineer.
C. Use cementitious grout as specified for grouted pipe spiling.

11
GROUTED PIPE SPILING

Grouted pipe spiling shall conform to Section, “Miscellaneous Metal,” of these special
provisions and the following requirements:

A. Pipes:

1. .Diameters and lengths as shown in the drawings
2. Self-drilled and grouted anchors or bolts may be used as approved by the Engineer.

B. Grout Mix Design: Ingredients that are compatible, non-corrosive to steel and free from
calcium chloride.

1. Cement: ASTM C150, Type | or 111. Cement shall be fresh and shall not contain any
lumps or other indication of hydration or "pack set".

2. Sand: ASTM C144, except maximum particle size limited to Size 16 sieve.

3. Early setting grout required: minimum compressive strength of 700 kPa, 4 hours of

installation.

Water: Portable.

Admixtures and additives: Microsilica or other pozzolanic materials, liquefiers,

accelerating, retarding and water reducing agents may be used as approved by the

Engineer.

6. Resin or chemical grout meeting or exceeding the above specified set time and
strength requirements may be used as approved by the Engineer.

SRR

12
WELDED WIRE FABRIC

Welded wire fabric shall conform to the requirements specified in Section 6-6, “Shotcrete,”
of these special provisions.

13
DRAINAGE MATS, DRAIN HOSESAND WELL POINTS

(Peter, here we have the manufacturers’ name again. They need to be
removed and replaced with general performance requirements.)

A. Drainage Mat: system ENKADRAIN, AKWADRAIN, Mira DRAIN, CONTECH C-
Drain or Sarnafil Drainage Panel or approved equal for application on exposed ground
surface.

B. Drain Pipes: Pointed steel drainage pipes of minimum 40 mm diameter to be driven or
drilled into the ground. Steel pipes to be perforated or slotted to allow sufficient
dewatering of perched water in sand/silt lenses or sand/silt layers and minimize migration
of fines. At their proximal end the drain pipes shall be connected to the construction
drainage system.
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14
FACE BOLTS

A. Fiberglass face bolts shall be made from polyester resin, reinforced with glass fibers in
continuous strands. The glass strands shall form 65 percent - 75 percent of the weight of
the bolt with the balance being the resin.

B. Face plates made from fiberglass shall have dimensions as designed by manufacturer to
match dowel or bolt capacity.

C. Resin Grout: Use resin cartridges of fast setting type conforming to manufacturer's
specifications, and compatible to the soils where face bolts are installed and to fiberglass
bolt.

15
GROUTING

A. For permeation and contact grouting use Microfine Portland cement grout or chemical
grout depending on the ground conditions encountered.

16
ROCK DOWELS

A. Refer to Section 6-9 Rock Dowels of these Specifications.

6-3.03 PART 3 - EXECUTION

17
TEMPORARY VENTILATION

A. Provide, operate and maintain for duration of project temporary ventilation system that
will conform to specified health and safety requirements of jurisdictional authorities or
specified by the Engineer.

B. Use equipment that is adequate to maintain sufficient supply of fresh air in underground
work areas.

18
SAFETY REQUIREMENTS

A. Perform Work in a manner that minimizes safety hazards and exposure of personnel and
equipment to hazardous and potentially hazardous conditions in accordance with
specified health and safety requirements.

B. Assess all ground and groundwater conditions, ground movement, and lining
deformations at all times during the construction period and act prudently and react
swiftly to all indicators and conditions.

C. Provide safe work spaces, temporary platforms and stands at all times.
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D. Hluminate all underground spaces sufficiently to carry out inspections at all times during
the construction period.

E. In case of emergency or work stoppage likely to endanger excavation or adjacent
structures, continuously maintain full work force 24 hours per day including weekends
and holidays until emergency or hazardous conditions no longer jeopardize stability and
safety of the structures.

F. Perform SEM tunnel construction in a manner that minimizes ground movement in front
of and surrounding the tunnels.

G. Support ground continuously in a manner that prevents loss of ground, keeps lining
perimeters and maintains stability of tunnel faces, and other underground openings.

H. Provide tunnel and face support for tunneling stoppages as specified.

Comply with all applicable health and safety requirements.

19
SURVEILLANCE OF-HEADINGS

A. Maintain qualified personnel on duty to monitor conditions that might threaten stability
of heading whenever tunnel excavation is suspended or shut down.

B. Have one SEM Tunnel Superintendent on duty at all times to monitor stability of face
and roof during tunneling operations.

20
DETECTION OF MOVEMENT

A. Install and monitor instruments as shown on the plans and in accordance with Section 6-5,
“Tunnel Instrumentation and Monitoring,” of these special provisions.

21
EQUIPMENT

A. General Requirements:

1. Use equipment that can be controlled to desired line and grade, minimize over-
excavation and loss of ground, and capable of excavating the ground materials. In
particular consider requirements for excavation and drilling equipment to cut, drill,
and excavate all materials identified in the GBR.

2. Use equipment and methods that satisfy the requirements of this section while
preserving and protecting the inherent strength of the ground material surrounding the
shafts and tunnels.

B. Grouting Equipment:
1. For pumping grout use approved pump capable of developing specified uniform
pressure at grout hole connection.

2. Provide automatic shut-off control to prevent grouting pressure from exceeding that
specified.
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3. Keep equipment lines clean by constant circulation of grout and by periodic flushing
with water.

4. Use equipment that allows flushing with grout-intake valve closed, water-supply
valve open and grout pump running at full speed.

5. Provide two pressure gauges, one at the pump, the other on manifold hookup at collar
of hole being grouted. Use pressure gauge ranges as necessary for each part of the
grouting program.

6. Furnish accurately calibrated, high precision gauge to periodically check accuracy of
pressure gauge.

7. Provide suitable stop valves at collar of hole to maintain necessary pressure until
grout has set.

8. Provide grouting equipment with means of accurately determining amount of grout
injected.

22
SEM TUNNEL EXCAVATIONAND SUPPORT

A. General Requirements

1. Tunnel excavation will primarily be carried out using mechanized excavation
techniques such as tunnel excavators and road headers, and drilling and blasting
where required by ground conditions.

Expect excavation in all materials identified in the GBR.

3. Use suitable installation equipment and methods to avoid damage to reinforcing bars,
lattice girders, and instrumentation in the vicinity of the tunnel circumference.

4. Provide continuous tunneling operation without stoppages except for scheduled
shutdowns, emergency situations, and as directed by the Engineer.

5. Theoretical excavation lines, grades and dimensions as shown and specified in the
plans do not include tolerances for construction and deformations. To maintain the
theoretical dimensions required, over-excavation, which also contains 30 mm of
space for protection and smoothing layers for the waterproofing system, etc. must be
accounted for by the Contractor. Neither the shotcrete lining nor other support
measures shall intrude into clearances required for the placement of the final lining.

6. Unless otherwise noted on the plans or approved by the Engineer, excavate the next
round only after the complete installation of all support elements of the previous
round. The total unsupported length shall not exceed the maximum round length as
shown on the plans plus a maximum handling space of 0.5 m.

7. Have sufficient amount of fiber reinforced shotcrete available to be applied at each
excavation face during the entire excavation period for immediate application to
complete excavation round. No excavation shall be permitted in the absence of
sufficient amount of shotcrete available at the tunnel heading.

8. Temporary Invert Protection: Protect the initial shotcrete lining in the invert area of
all tunnels and mined openings from damage caused by construction equipment
traffic until placing of the final invert concrete by means of a working slab, gravel
bed, heavy duty plastic work sheet, or other suitable material approved by the
Engineer. Any damage to the initial invert lining must be repaired to the satisfaction
of the Engineer.

9. Dispose of excavated material in accordance with the Contract Documents.

N
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B. Probing and Exploratory Drilling

1. Exploratory drillings without core extraction are probing and confirmatory drillings,
as well as drainage drillings. Probe holes ahead of the excavation face shall use
impact or rotary drilling techniques, and are intended to confirm the predicted
geological situation and to detect voids, groundwater, sand lenses, zones of wet silt
and other potentially unstable soils. The probe holes shall be located as indicated on
the plans or as approved or directed by the Engineer.

2. Drilling will require casings in unstable ground. Minimum diameter shall be as shown
in the Drawing, or as approved by the Engineer. A log shall be kept of the drilling
works indicating drilling progress, loose ground, voids, installation of casing tubes,
observation of drilling water, water ingress and any extraordinary events.

3. Core drilling is applied for additional exploration and probing purposes, the main
objective being to recover cores with a minimum diameter of NWX, NMX. Triple
tube core drilling will be required to provide better recovery in poor ground. During
drilling the drilling pressure shall be adapted to varying ground conditions. Excessive
pressure as well as core compressions must be avoided. Use dry core drilling method
where feasible. Cores shall be extracted over the defined probe length. Cores shall be
placed in foil lined cases and labeled with permanent writing and made available for
inspection immediately after extraction. Color pictures to be taken immediately after
placing of the cleaned cores into the marked casings using a tripod which allows for a
perpendicular shot of the cores. Core cases shall be stored on site to render them
accessible for inspection at all times. An accurate log must be kept from each drilling
operation indicating drilling progress as related to time, installation and removal of
core sample, advancing of casing tube, description of core and all extraordinary
events such as water ingress. The logs shall be submitted to the Engineer within 24
hours after completion of the respective core drilling.

4. Position and number of probe drill holes as shown and specified Standard on the
plans. Alter position of probe drill holes as approved or directed by the Engineer.

5. Where a probe hole indicates significant water inflow apply further investigation by

drilling an additional probe hole approximately 0.6 meter below the water bearing

probe hole. Repeat this procedure until invert level of the heading or the bottom of the
water bearing strata is reached.

Overlap probe holes in longitudinal direction as shown in plans.

The Engineer shall be notified in advance of every probe and exploratory drilling.

8. Interpret cores and discharge of probe holes with regard to soil behavior during
excavation ahead of the tunnel heading.

~No

C. In-tunnel Water Control

=

Drain, collect and lead to construction drainage all infiltrating groundwater.

2. Dispose of groundwater and wastewater from the operation as quickly as possible
without causing damage. Maintain ditches and pump sumps. Dispose of groundwater
in an environmentally approved manner to meet or exceed all code requirements.

3. Provide equipment and material capable of pumping as much flow as necessary to
keep heading workably dry.

4. Prior to application of the shotcrete lining, collect all seeping groundwater or local

groundwater inflow by means of drain hoses and/or drainage mats to prevent build-up
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of hydrostatic pressure behind the shotcrete lining and deterioration or reduction of
the strength properties of the fresh shotcrete. Collect water seepage through shotcrete
and drain away by means of drain hoses.

5. Install and maintain at all times temporary drainage systems to control inflow of
water into the excavation in order to permit all work to be performed in workably dry
conditions.

6. Use exploratory holes, additional holes or drain holes to dewater sand lenses or any
other strata ahead of the tunnel face by gravity.

D. Excavation Sequence and Support Measures

1. The sequence and direction of shaft and tunnel excavation shall be as specified on the
plans or as approved by the Engineer.

2. The Contractor is responsible for the integrity of the tunnel support and the proper
execution of the work, regardless of the actions or inactions of the Engineer.

3. Excavation and support shall be in accordance with the details shown on the plans,
and Contingency Procedures, as required by the ground conditions and developed by
the Contractor and subject to approval by the Engineer, or as directed by the Engineer.

4. SEM support items shall be applied or installed wherever prevailing ground
conditions require the Contractor to do so. Utilization of SEM support items is subject
to approval or direction by the Engineer.

5. Evaluation of the ground conditions, excavation and support sequence, and utilization
of SEM support items shall be made at the tunnel heading upon assessment of the
anticipated subsurface conditions immediately ahead of the top heading and in the
bench and invert area.

6. Face support with minimum 130 mm of fiber reinforced shotcrete is mandatory for
stoppages longer than 24 hours but not exceeding 72 hours. For stoppages longer than
72 hours full face support shall be applied using a minimum 260 mm thick | fiber
reinforced shotcrete layer including the installation of a minimum 260 mm thick fiber
reinforced temporary invert for all tunnels. Curvatures of the tunnel faces as shown
on the plans shall be maintained at all times. Shotcrete has to be punctured by coring,
drilling, installation of drain pipes, or other means on a five foot grid for groundwater
pressurerelief.

Apply and install Standard Support Measures as specified herein.

Apply and install SEM support items as specified herein.

9. Top Heading, Bench, Invert Excavation:

o ~

a) For SEM tunnel structures use top heading, bench, invert excavation sequence
and maximum round lengths as shown and specified on the plans.

E. Standard Support Measures

1. Standard Support Measures including initial shotcrete lining as shown on the plans,
and in- tunnel water control are to be applied or installed regardless of geologic and
groundwater conditions, and are considered to be the minimum support requirements
for a safe tunneling operation.

2. Initial Shotcrete Lining: See Section “Shotcrete Tunnel Lining” of these special
provisions. Install shotcrete lining.

3. In-tunnel Water Control described herein.
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F. Local Support Measures:

1. Determine required SEM support items for each round of each heading based on
interpretation of probe drilling, performance on previous rounds in similar conditions
and any other available information. Utilization of SEM support items as approved or
directed by the Engineer.

2. The Contractor shall be prepared to apply or install each of the SEM support items
during excavation of tunnels.

3. Rebar Spiling: Installed by driving the spites into the ground ahead of the tunnel
excavation face or inserting them into pre-drilled holes in the arrangement shown on
the plans. If rebars will be inserted into pre-drilled holes, the holes shall be filled with
grout prior to rebar insertion Use self-drilled grouted anchors in lieu of rebar spiles as
approved by the Engineer.

4. Grouted Pipe Spiling: install grouted pipe spile by driving or jacking the perforated
steel pipes into the ground ahead of the face or inserting them into pre-drilled holes.
Subsequently, grout the pipes until grout returns. Adjust grouting pressure as required.
Use self-drilled grouted anchors and pipes in lieu of rebar spites as approved or
directed by the Engineer.

5. Face Stabilization Wedge: Leave wedge of unexcavated material in place during
excavation to support the face as shown and specified on the plans as required by
ground conditions or as approved or directed by the Engineer. Utilization and
removal of the face wedge shall be at no additional cost to the Engineer.

6. Face Bolts: Installation of fiberglass bolts and end hardware into pre-drilled holes
ahead of the tunnel heading to increase face stability as shown and specified on the
plans. Face bolts are fully resin grouted over their full length and installed with a
length as shown in plans. The detailed procedures to be adopted for the installation of
the face bolts shall be in accordance with the method statement provided by the
Contractor. Installation of face bolts as approved or directed by the Engineer.

23
FIELD QUALITY CONTROL

A. Shotcrete lining shall not encroach on final lining clearance line as shown on the plans.
Consider inaccuracy of construction, material tolerances, and initial lining deformations
and deflections of actual excavation and all support and pre-support elements.

1. Submit survey protocol and plotted profiles with a maximum spacing of 20 feet no
later than 14 days after excavation.

B. Document stability of SEM tunnels by monitoring as specified. Prove the absence of any
continuing and significant deflection, deformation or increase of stress before installing
the waterproofing system and the final lining.

1. Submit monitoring protocols as part of the weekly geotechnical reports.

C. Allowable Tolerances:
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1. Place initial shotcrete lining to the following tolerances:

a) Deviation of tunnel alignment from theoretical line or grade shown on the plans
as measured from working point of tunnel: One inch.

D. Variation in thickness of lining at any point: Minus zero inch.

24
END OF SHIFT

A. Contractor shall not leave the work site each day until satisfied that all excavated areas
have been supported as specified on the plans. Contractor shall not leave exposed, un-
shotcreted surfaces except where indicated on the plans. The entire structural lining
system (welded wire fabric, lattice girders and shotcrete) shall be installed prior to the
Contractor leaving the work site each day.

25
6-3.04 PART 4 - MEASUREMENT AND PAYMENT

Tunnel excavation and support of categories and locations as listed in the Engineer's Estimate
by tunneling sequential excavation method will be measured by the meter in conformance with
the dimensions shown on the plans.

25-1

The contract prices paid per meter for tunnel excavation and support of categories and
locations as listed in the Engineer's Estimate shall include full compensation for furnishing all
labor, materials, tools, equipment and incidentals and doing all the work involved in initial lining
construction, complete in place, including excavation, rock dowels, spiles, face bolts, grouted
steel pipes, lattice girders, bore holes for probing ahead, and reinforced shotcrete, as shown on
the plans, as specified in the Standard Specifications and these special provisions, and as directed
by the Engineer.

25-2
Enlarged tunnel excavation and support of categories and locations as listed in the Engineer's

Estimate by tunneling sequential method will be measured by the meter in conformance with the
dimensions shown on the plans.
25-3

The contract prices paid per meter for enlarged tunnel excavation and support of categories
and locations as listed in the Engineer's Estimate shall include full compensation for furnishing
all labor, materials, tools, equipment and incidentals and doing all the work involved in initial
lining construction, complete in place, including excavation, rock dowels, spiles, face bolts,
grouted steel pipes, lattice girders, bore holes for probing ahead, and reinforced shotcrete, as
shown on the plans, as specified in the Standard Specifications and these special provisions, and
as directed by the Engineer.

25-4
The contract price paid per meter for bore holes for conduits/vents ducts shall include full

compensation for furnishing all labor, materials, tools, equipment and incidentals and doing all
the work involved in bore holes for conduits/vents, complete in place, as shown on the plans, as
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specified in the Standard Specifications and these special provisions, and as directed by the
Engineer.
25-5
The contract lump sum price paid for shotcrete canopies at south portals shall include full
compensation for furnishing all labor, materials, tools, equipment and incidentals and doing all
the work involved in tunnel excavation and initial lining construction, complete in place,
including rock dowels, lattice girders, and shotcrete, as shown on the plans, as specified in the
Standard Specifications and these special provisions, and as directed by the Engineer.
25-6
The contract price paid per meter for bore holes for probing ahead shall include full
compensation for furnishing all labor, materials, tools, equipment and incidentals and doing all
the work involved in bore holes for probing ahead, complete in place, as shown on the plans, as
specified in the Standard Specifications and these special provisions, and as directed by the
Engineer.
25-7
The contract price paid per meter for bore holes for conduits/vents ducts shall include full
compensation for furnishing all labor, materials, tools, equipment and incidentals and doing all
the work involved in bore holes for conduits/vents, complete in place, as shown on the plans, as
specified in the Standard Specifications and these special provisions, and as directed by the
Engineer.
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SECTION 6-4. SHOTCRETE TUNNEL INITIAL LINING

6-4.01 PART 1- GENERAL

1
DESCRIPTION

This section includes Specifications for the installation of initial shotcrete linings for the
Sequential Excavation Method (SEM) tunnels as shown on the plans.

1-1
The Work of this Section shall conform to the Section, “Tunnel Shotcrete,” of these special
provisions.
2
REFERENCES
2-1
A. American Concrete Institute (ACI)
2-2

ACI 506R Guide to shotcrete
ACI1506.2  Specification for Shotcrete

3
DEFINITIONS
Shotcrete Initial Lining -Shotcrete layers of specified thickness, including final layer, shown
on the plans for the initial support of mined tunnels; the final tunnel support is a reinforced, cast-
in-place concrete lining. The initial lining, except the final layer, is reinforced with either steel
or synthetic fibers, lattice girders, and starter bars. Intersections between tunnels and cross
passages, access passages, and chambers shall be reinforced with welded wire mesh
reinforcement.
3-1
Shotcrete — Portland cement concrete propelled by compressed air and applied by spraying
from a nozzle.
3-2
Lattice Girder - Lightweight, three-dimensional steel frame member, shop-fabricated from
steel bar stock, embedded in the shotcrete lining, and used to provide both supporting strength,
and dimensional guidance by defining the configuration of the inner surface of the Initial Lining.
3-3
Starter Bar - Reinforcing bar installed to provide mechanical connection of shotcrete in the
circumferential direction between heading and bench or invert shotcrete construction joints.
3-4
Spacer Bar - Reinforcing bar installed between two lattice girders to maintain the correct

advance length of one round, and provide lateral bracing before girder is enclosed within
shotcrete.
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3-5
Wet-mix Shotcrete - Shotcrete that is supplied from on-site batch plant or ready-mix concrete
supplier with water already in the mix. Wet mix is specified for all shotcrete, except that dry mix
shotcrete may be used in emergencies when wet mix has not been batched and made ready for
application.

3-6
Smoothing or Regulating Layer — A layer of shotcrete that does not contain fiber reinforcing,
and is used to cover irregularities and smoothen sharp edges protruding from the initial lining

surface. This layer is applied in order to avoid damaging the waterproofing membrane that will
be applied onto the lining surface.

3-7
Welded Wire Mesh- A prefabricated reinforcement consisting of parallel series of high-
strength, cold-drawn wires welded together in square or rectangular grids; required for

reinforcement at intersections of tunnels and cross passages and access ways. See Section 6-3,
“SEM Tunneling,” of these special provisions.

4
SUBMITTALS

A. Samples
1. Submit:
a) One meter long piece of full cross-section and lacing. Two samples.
b) Butt plate splice mock-up.
c) Lap splice mock-up

B. Working Drawings

1. Shotcrete lining working drawings indicating all structural and construction details
and geometry including:

a) Required dimensions and tolerances.
b) Plan and sequence of excavation and lining installation.

2. Lattice girder working drawings, including fabrication details.

C. Product Information: Manufacturer’s certifications for lattice girders.

5
QUALITY CONTROL

A. Shotcrete Lining:

1. Visual Inspection:
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a) Surface Smoothness Criteria: The depth to wavelength ratio measured with a
1.50 meter straight edge at any random location, in any orientation within plus or
minus 15 degrees of the horizontal direction, shall not exceed 1 to 20 or a
maximum wave height of 75 mm. The smoothness criteria required by the
manufacturer of the waterproofing membrane. The more smooth of the criteria of
either of the two above shall govern.

b) Thickness indicators: Install appropriate thickness indicators to indicate lining
thickness while spraying, and confirm afterwards by scanning survey.

c) Lattice girders shall not deviate from the shape defined on the plans by more than
50 mm.

d) The length of a complete lattice girder shall not deviate from the required length
nor from the shape defined on the plans by more than 50 mm.

e) The lattice girders shall be erected within + 150/ -0 mm of the longitudinal
positions shown on the plans unless otherwise approved by the Engineer. The
erected profile shall not deviate by more than 1 % of the internal dimensions.

2. Recording: for every application of shotcrete, record the following information into
the daily shift report:

a) Date, shift, tunnel temperature.

b) Nozzelman name.

c) Test cylinders cast and cores drilled, including name of technician and sample
identification, including time and location of sampling.

d) Results of visual inspection.

e) Locations and volumes of shotcrete applied.

B. Lattice Girders:
1. Test lattice girders prior to the start of construction as follows:

a) One random sample of girders to be installed, selected by the Engineer, shall be
tested either by the fabricator or an independent laboratory.

b) The test piece shall consist of a straight length of lattice girder with a length of 4.5
m restrained by a pinned support at one end, and a pinned roller support at the
other end.

c) A uniformly distributed vertical loading of 520 kgf/m shall be incrementally
applied over the entire length of the girder. At the same time a horizontal
compressive load of 12,700 kgf shall be applied at the roller support.

d) The Contractor shall test to maximum loading, recording load and deflection, to
verify that the girder satisfies specified requirements. The Engineer will witness
all tests.

6
DELIVERY, STORAGE AND HANDLING

A. General:
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1. Load, transport, unload and store all structural materials so that they remain clean and
protected from damage.

2. Store cementitious materials in dry, protected enclosures and in accordance with

manufacturer's recommendation.

Store materials on platforms, skids or other supports above the ground surface.

Damaged materials to be clearly marked and removed from site immediately.

Have shotcrete on hand in adequate quantities and ready for application at the face at

all times.

o~ w

B. LatticeGirders:

1. Bent, scraped, or overstressed members shall be rejected. Inspector may measure
excessive deflection as a basis for rejection.

2. Projecting parts bent or damaged during handling shall be rejected. Inspector may
measure excessive deflection as a basis for rejection.

3. Replace pieces bent or damaged unless repair is reviewed and accepted by the
Engineer.

6-4.02 PART 2 - PRODUCTS

;
MATERIALS

A. Shotcrete: Shotcrete shall be wet-mix, or dry-mix for possible emergency use, as
specified in “Shotcrete,” herein.
B. Lattice Girders:

1. All lattice girders shall consist of three primary reinforcing bars connected by
stiffening elements as shown on the plans or of the manufacturer's design.

2. The lattice girder shall be as shown on the plans or designed to allow shotcrete to
penetrate into and behind the girder without spray shadows.

3. Section properties:

a) As shown on the plans.

b) A minimum of 5 percent of the moment of inertia about the neutral axis shall be
provided by the stiffening elements. This percentage will be calculated as an
average along a repeatable length of the girder.

c) The maximum centerline spacing of stiffening elements shall be less than three
times the height of the girder to ensure stability against buckling, with a tolerance
of plus or minus 25 mm.

4. Material properties:
a) Minimum physical properties of steel:

i.) Tensile Strength: 552 MPa minimum at a minimum elongation of 10%
ii.) Yield Strength: 483 MPa minimum
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b) The connection elements at the end of the girder shall be constructed of structural
angle or plate meeting the minimum properties of ASTM A36.

5. Welding:

a) Welding process to meet the requirements set forth by AWS for gas metal arc
welding (GMAW). All welders shall be certified in accordance with AWS D1.1.

b) All fillet welds of lacing elements shall be 6mm minimum size and run parallel to
the main bars with a minimum length of 25mm.

D. Lattice Girder Accessories

1. Bolts: ASTM A325.
2. Starter Bars: Fabricated from No. 16 reinforcing bar in accordance with Section xxxx,
Concrete Reinforcement of the Standard Specifications.
F. Welded Wire Mesh: ASTM A185, WWR 152x152 — MW52x52, Min yield 517MPa.
G. Reinforcing Steel: Conform to Section “Reinforcement,” of these special provisions.

6-4.03 PART 3 - EXECUTION

8
LATTICE GIRDERS

A. Immediately after excavation place first layers of shotcrete (except for Categories I and I1)
as shown on the plans until required stand-off thickness is in place. Then install girders to
conform to the required configuration of the initial lining cross section. Consider
variability of materials, excavation and erection tolerances and initial lining deformation
to determine actual dimensions. Categories | and Il in bench and cross passages require
installation of rock dowels before shotcreting.

B. Secure lattice girder segments by means of temporary wood blocking or other means
(spacer bars) to maintain position during shotcreting.

C. Locate butt splice plates for lattice girder segment as shown on the plans. Ensure tight
connection of all elements. Install stirrup channels and starter bars at radial construction
joints as shown on the plans.

D. Remove temporary blocking prior to continuing shotcrete lining into bench and invert.

E. Remove all foreign material from splices prior to connection of subsequent lattice girder
segment.

9
SHOTCRETE

A. Apply minimum 50mm layer of steel fiber-reinforced shotcrete immediately after
excavation on all exposed surfaces, except for invert, to seal and protect the ground from
deterioration and initial loosening. Except Categories | and Il in bench and cross
passages require installation of rock dowels before shotcreting.

B. Apply shotcrete as specified in Section “Shotcrete” of these special provisions.
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C. Install shotcrete linings to provide thickness shown on the plans. Use thickness indicators
to ensure design thickness of shotcrete is achieved, and verify with scanner system.

D. Shotcrete not meeting specified quality shall be removed, and fresh shotcrete resprayed.

E. Shotcrete finish shall be created by the smoothing layer sprayed in accordance with these
specifications.

F. Remove all laitance, loose material, and rebound.

10
JOBSITE PRODUCTION AND SAFETY

A. Maintain supply of fibers, reinforcing steel, welded wire mesh, and lattice girders on site
equal to 5 days production on all tunnels under construction, based on a rate of progress
equal to the greater of the average rate achieved or the rate assumed in the Construction
Schedule.

B. Maintain a constant and adequate supply of shotcrete at the tunnel heading during
excavation to permit shotcrete to be applied at any time during the construction.

C. Sufficient shotcrete to support one full excavation round shall be on site at all times
during the excavation period. No excavation is permitted without sufficient shotcrete and
other required support measures on site.

6-4.04 PART 4 - MEASUREMENT AND PAYMENT
11

Full compensation for shotcrete tunnel initial lining shall be considered as included in the
contract prices paid per meter for various tunnel excavation and support of categories and
locations as listed in the Engineer's Estimate and no separate payment will be made therefore.
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SECTION 6-5. TUNNEL INSTRUMENTATION AND MONITORING

6-5.01 PART 1- GENERAL

1
DESCRIPTION

A. This Section specifies furnishing, installing, maintaining and removal of the geotechnical
instrumentation required to observe deflections and pressures of the initial shotcrete
lining during construction of all SEM tunnels. This section also specifies the reading,
collecting, reducing, processing, plotting interpreting and reporting of data from these
instruments.

2
REFERENCES

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.
B. Related Sections include the following:

Section 6-3, "Tunneling by Sequential Excavation Method"
Section 6-4, "Shotcrete Tunnel Lining"

Section 6-6, “Shotcrete"

Section 6-7, "Waterproofing"

HPwnh e

3
DEFINITIONS

A. Subsurface Instrumentation: Instrumentation installed from within the tunnel and shaft
during mining operations.

B. Instrument Monitoring: The reading of installed instruments at defined time intervals,
plotting and calculating data to include: vertical and horizontal displacements, earth
pressure on and stresses induced in the shotcrete lining.

C. Survey Control: Precise field measurements as specified herein, taken by qualified
personnel using approved methods and equipment capable of accurately determining
elevations, distances and coordinates that are essential for the prosecution of this section's
work.

D. Monitoring Bolts: Devices used as targets to measure deformations of the initial shotcrete
lining. Measurements are made by optical survey methods.

E. Roof Leveling Points: Devices used to monitor the vertical displacement at the highest
point of the initial shotcrete lining. Measurements are made by optical survey methods.

F. Shotcrete Stress Cells: Measuring systems used for monitoring the actual circumferential
stress within the initial shotcrete lining during and after the excavation process.

G. Earth Pressure Cells: Measuring systems used for monitoring the actual stress on the
initial shotcrete lining during and after the excavation process.
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H. Monitoring Cross Section: Tunnel cross section defining installation location of
monitoring bolts and roof leveling points, and shotcrete stress cells and earth pressure
cells as shown in the Contract Documents.

4
PURPOSE OF GEOTECHNICAL INSTRUMENTATION PROGRAM

A. Provide early information on the interaction of the construction process and its effect on
ground and structures.

B. Permit timely implementation of proper procedures, such as change in excavation
sequence and additional support measures, as and when required to maintain a stable
tunnel.

C. Document ground movement and lining movement that may occur as a result of
construction operations.

D. SEM is a construction method where the type and amount of tunnel and shaft support
designed is based on the anticipated subsurface conditions. Assumptions have to be
verified by monitoring and in-situ measurements. Information during tunneling about the
interaction of ground and tunnel support help to foresee problems of lining and face
stability and provide basis for adjustment of excavation and support if needed.

1. Displacement measurements and roof leveling provide time-varying observation of
the initial shotcrete lining, and provide, in combination with stress measurements,
information about stability of the installed tunnel support.

2. Measurement of the ground pressure on the initial shotcrete lining and axial stresses
in the shotcrete also provide necessary information about long-term stability of the
shotcrete lining and the verification of the load assumptions used for the design of the
final lining.

E. When in the judgment of the Contractor and the Engineer, the instrumentation data
indicate potentially damaging ground or structure displacements or stresses, the
Contractor shall adjust the excavation and support procedures as approved by the
Engineer, to reduce the ground and structural displacements and pressures and stresses to
lie within monitoring response values.

5
RESPONSIBILITIES OF THE CONTRACTOR

A. Reading of Instruments: Reading of all instruments specified herein shall be performed
by the Contractor.
B. Monitoring Data:

1. The Contractor shall submit monitoring data to the Engineer in the form of files
stored on compact disks (CD's) with a corresponding hard copy (print out) of the data.
The data format shall be approved by the Engineer and shall be compatible with the
Engineer's data analysis software. Each set of data shall clearly indicate the
instrument identification number and location, reference elevation and depth for
readings as appropriate, directions of movement as appropriate, the date and time that
the readings were taken, and names of individuals who performed the measurement.
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2. The Contractor shall submit the monitoring data to the Engineer within the following
time limits:

a) Data from roof leveling and displacement measurements shall be submitted
immediately following reading and plotting, but at the latest 12 hours after the
readings are taken.

b) Data from all other instruments shall be submitted within 24 hours after the
readings are taken.

c) The Contractor shall make his own interpretations of instrument monitoring data
for his own use and make such interpretations available to the Engineer within 48
hours.

3. Mining operations will be stopped when monitoring data is not available within the
specified timeframes, and commenced once data becomes available.

4. Submit reading data of instruments in mined tunnels along with any conversion
procedure, if necessary and including an excavation progress graph showing:

a) Distance between the instrument and the excavation face at the time of the initial
reading.

b) Distance between the instrument and the excavation face at subsequent readings.

c) Station of other headings which may influence the results including bench or
invert heading and any other headings within the tunnel. Other construction
activities in the vicinity which may influence the results.

d) Detailed list of reading results.

e) Names of the monitoring surveyor and the monitoring technician.

f) Ground water inflows conditions if applicable.

g) Include in the report location diagrams and data plots related to the above items,
and descriptive interpretation as necessary.

C. Calculate, record and plot the change in elevation, location, ground water table, stress or
pressure of each individual instrument with respect to the initial reading. Plots shall be
"cumulative change™ data, showing absolute changes versus time. Each plot shall be on
an 8'inch x 11 inch sheet. Furnish hard copy plots when required.

D. Scheduling: Except where otherwise specified, maintain access to all monitoring
instruments and facilities. Temporary stoppage or interruption of certain portions of the
work may be required to monitor and take readings. Minimum instrument monitoring
schedule as specified.

E. Access to Instruments: Provide and facilitate access to instruments for the Engineer.

6

QUALIFICATIONS OF THE CONTRACTOR'S INSTRUMENTATION
PERSONNEL

A. Engage qualified survey personnel with previous experience performing the type of
survey control required. Assign a Registered Land Surveyor licensed in the State of
California, with a minimum of three years experience in the supervision and direction of
survey parties, to be responsible for survey control.
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B. Engage qualified technicians with experience in the installation of the instruments
specified herein. Assign a Professional Engineer or Land Surveyor licensed in the State
of California with three years experience in instrument installations to supervise and be
responsible for the instrument installation.

C. Engage an Engineer, experienced in tunneling, and in the installation of instruments of
the type specified in this section to supervise and direct installation technicians and to be
responsible for instrument installation.

D. Engage a Professional Engineer, experienced in SEM tunneling and in interpretation of
instrument readings of this type, to interpret monitoring results with respect to structural
stability of the shotcrete lining.

-
QUALITY ASSURANCE

A. Codes Regulations, Reference Standards and Specifications:

B. Codes and regulations of jurisdictional authorities.

C. Afinal quality control inspection shall be made for each instrument, at the manufacturer's
facility, prior to shipment. During inspection, a checklist shall be completed to indicate
each inspection and test detail. A completed copy of the checklist shall be supplied with
each instrument.

D. Survey Control:

1. Establish a secondary control system consisting of horizontal and vertical reference
points for constructing the shafts and tunnels and placing the final lining. Install
horizontal control points either as a brass disc or lead and tack. Install vertical control
points either as a brass disc anchor bolt with nut and washer.

a) Employ survey procedures and equipment that are in accordance with the FGCC
"Standards and Specifications for Geodetic Control Networks" using Second
Order Class 2 specifications for horizontal and vertical control work.

b) All tunnel horizontal traverses shall be closed loops and adjusted by the least
squares method. All tunnel vertical traverses shall be closed loops and adjusted by
distributing the error of closure equally through the turning points. Provide the
Engineer with all traverse adjustments results within 24 hours.

c) Advance and verify all underground tunnel control after every 300 feet maximum
of initial tunnel lining placement.

d) Install vertical control points maximum 100 m on center throughout the tunnels.

e) Install inter-visible theodolite instrument platform mounting brackets in the
shotcrete lining at or below spring line at maximum intervals of 100 m on center
throughout the tunnels, for the purpose of maintaining the secondary horizontal
control system. Install additional platform mounting brackets where tunnel
alignment does not allow for line-of-site between instrument locations.

f) Provide each platform mounting bracket with a forced centering hole.

g) Survey Data Collection:

1) Provide and maintain all equipment and software necessary to record all
secondary survey control measurement observations.
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2) All survey data provided to the Engineer shall contain: a time and date stamp
for each observation, original field measurements, and the correctly computed
coordinates and elevations in addition to the survey data tags necessary to re-
compute the data if required.

3) Preserve original unedited data and provide one copy of the data to the
Engineer.

h) Survey Equipment Adjustment and Calibration:

1) Adjust instrument for culmination error every six months or whenever
difference between direct and reverse readings of theodolite depart from 180
degrees by more than 15 seconds. Readjust cross hairs and level bubble
whenever their misadjustments affect instrument reading by amount of least
count.

2) The National Geodetic Survey (NGS) has established specific calibration
baselines for the purpose of comparing survey equipment to known
monumentation to verify correct instrument operation and verification of
compliance with manufacturer's specifications. Service every six months and
check frequently all electronic distance measuring instruments (EDMI's) and
retroreflectors over lines of known distances at an approved NGS baseline.
Re-calibrate any EDMI if physical damage is incurred.

3) Compute calibration results using procedures in NOS NGS-10 "Use of
Calibration Base Lines". Record actual measurements, apply atmospheric
corrections and then adjust by least squares to compute a constant, as well as,
a relative correction factor (scale correction). Calibrate all prisms at the same
facility.

4) Forward results of this calibration to the Engineer. Post correction factors in
Contractor's office for computing area and apply them as required to maintain
specified accuracy.

5) Immediately remove and repair, or replace instruments found to be in
disrepair or misadjustment.

6) Provide a certification of adjustment to the Engineer for all instruments to be
utilized before commencement of any survey work.

7) Provide and maintain the ability in-house to check and adjust all tribrachs for
eccentricity. Perform adjustment checks at least once a week. A record of
adjustments to all tribrachs shall be kept current and made available to the
Engineer monthly or upon request. Number and tag each tribrach with date of
last adjustment.

E. Tolerances:

1. Displacement Measurement: Measure and record the absolute displacements of the
respective monitoring bolts to 0.006 foot.

2. Roof Leveling: Measure and record the elevation of the bolt to 2mm.

3. Shotcrete Stress Cell: Measure and record the confining (axial) stress in the shotcrete
t010.34 kPa.

4. Earth Pressure Cell: Measure and record the radial pressure on the shotcrete to 4.8
kPa.
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8
SUBMITTALS

A. Working Drawings:

1. Survey control layout: Show survey bench marks, and baselines.
2. Instrument layout and installation details: After instrumentation installation is
complete, submit the following:

a) Instrument identification numbers and locations, with initial elevations, stations
and offsets, and coordinates, as applicable for each instruments.

b) As-built installation details of each instrument, including elevations, materials
used, and dimensions of key elements.

c) A separate statement describing the procedure used for the installation of each.

d) Other data pertinent to instrument installation.

B. Submit proposed schedule and procedures for instrumentation installation in accordance
with this section.
C. Submit installation report of instruments in accordance with this section and in addition:

1. Sketch of exact location of instrument at cross section with date and time of
installation and:

a) Geologic and groundwater conditions relevant to installation and reading of
instrument.

b) Thickness of initial shotcrete lining at instrument location. In conjunction with
shotcrete stress cells measure thickness at re-pressurizing tube.

2. Variation in the above schedule requires the approval of the Engineer.

D. Product Data: Manufacturer's catalog cuts, drawings, material specifications, installation
and maintenance instructions, and other data pertinent to manufactured items used in the
work of this Section. Submit information minimum 30 days prior to installation of
instruments or commencement of shaft and tunnel excavation, whatever occurs first.

E. Qualifications: Documentation regarding the qualifications of supervisory personnel and
technicians performing the instrumentation work have to be submitted in accordance with
the requirements of this specifications. Submit information minimum 30 days prior to
installation of instruments or commencement of shaft and tunnel excavation, whatever
occurs first.

F. Certification: Manufacturer's certification that products, materials, and equipment
furnished meet the specified requirements. Submit information minimum 30 days prior to
installation of instruments or commencement of shaft and tunnel excavation, whatever
occurs first.

G. Structure and Instrumentation Damage Reports: Submit three copies of notes on
approved forms to the Engineer immediately after observations have been made. In
addition, report immediately to the Engineer all damaged or otherwise non-functioning
instrumentation.

H. Daily Log: In addition to the requirements specified above submit daily, in an approved
format, a log of construction events and observations to include the following:
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1. Detailed progress of excavation operations each day, location, type and time of
installation of excavation supports.

Construction loading in the vicinity of instrumentation.

Amount and description of water seepage observed in excavation.

Cause and duration of any interruptions or delays to excavation.

Location or elevation of significant soil strata boundaries contacts, discontinuities,
and a brief soil description.

Temperature, rainfall, and other environmental factors that may affect readings or
results.

arwN

o

9
QUALITY CONTROL

A. GENERAL

1. The Standard Specifications specifies the general requirements for the Contractor's
Construction Control Program.

2. The following describes the minimum inspection and testing required in the
Contractor's Quality Control (C.Q.C.) Plan and Program for the work of this section
and is for C.Q.C. only. The implementation of the Contractor Quality Control
Program does not relieve the Contractor from the responsibility to provide the work
in accordance with the Contract Documents, applicable codes, regulations and
governing authorities. The C.Q.C. Plan and Program shall include, but not be limited
to, the following testing and inspection elements. These elements are provided only as
a minimum starting point for the Contractor to use to generate his complete C.Q.C.
Program.

B. QUALITY CONTROL PERSONNEL

1. Employ personnel as specified herein to supervise the following instrumentation
related activities:

a) Submission of instruments for approval.

b) Review of instrumentation layout and location in the field.

c) Supervision of installation and calibration, if necessary, of instruments.

d) Production of as-built drawings.

e) Reading of instruments.

f) Gathering and processing of data.

g) Plotting of tables and graphs.

h) Submission of data to the Engineer.

i) Maintenance of instruments and replacement of damaged instruments or damaged
portions of instruments.

j) Contact and coordination with the Engineer after instrument reading above
threshold value is received.
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6-5.02 PART 2 - PRODUCTS

10
GENERAL

A. Any request from the Contractor for consideration of a substitution shall clearly state the
nature of the deviation from the product specified.

11
MONITORING BOLTS

A. Monitoring Bolt with a fine threaded end (with cap for tread protection) for attachment to
a tape survey target or prism as approved by the Engineer.

12
ROOF LEVELING POINTS

A. Monitoring Bolt with a fine threaded end (with cap for thread protection) for attachment
to a survey target or prism and a suspension plate for positioning of survey rod to allow
backup roof deformation readings as approved by the Engineer.

13
STRESS AND PRESSURE CELLS

A. General: It is important that very flat hydraulic pressure cells are used which minimize
hard or soft inclusion effects and permit the monitoring of radial or tangential stress
directly. Strain gages measuring strain rather than stress will not be accepted.

B. Shotcrete Stress Cell: Provide oil filled pressure cell (hydraulic stress cells) with
repressurizing tube, or vibrating wire type cell.

C. Earth Pressure Cell: Provide oil filled pressure cell (hydraulic stress cells), or vibrating
wire type cell.

14
FACTORY CALIBRATION

A. A factory calibration shall be conducted on all instruments at the manufacturer's facility
prior to shipment. Certification shall be provided to indicate that the test equipment used
for this purpose is calibrated and maintained in accordance with the equipment
manufacturer's calibration requirements and that, where applicable, calibrations are
traceable to the National Institute of Standards and Technology.

6-5.03 PART 3 - EXECUTION
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15
LOCATIONS AND SEQUENCE OF INSTALLATION

A. Install instruments in accordance with the following schedule:
1. Install subsurface instrumentation during mining operations.

a) Monitoring bolts and roof leveling points shall be installed as close as practicable
to the excavation face at locations shown on the Contract Drawings such that
initial reading can be taken no more than 6 hours following excavation.

b) Earth pressure and shotcrete stress cells shall be installed concurrently with the
installation of the initial shotcrete lining.

2. Install elements of the typical Monitoring Cross Section for the safety of structure,
personnel and equipment as shown on the Contract Drawings and wherever indicated
by subsurface conditions, or otherwise directed by the Engineer.

3. Actual point of instrument installations relocated more than three feet from a scaled
location shown on the Contract Drawings or approved Working Drawings shall
require the Engineer's approval.

16
INSTALLATION OF MONITORING BOLTS AND ROOF LEVELING POINTS

A. Install monitoring bolts in the initial shotcrete lining such that the bolts protrude from the
shotcrete horizontally at the side walls and vertically in the roof. Assure sufficient
anchoring of the bolts into the shotcrete to avoid loosening of the bolts over the entire
construction period. Install bolts in predrilled holes in the shotcrete bonded with epoxy
resin.

17
INSTALLATION OF STRESS AND PRESSURE CELLS

A. Install all stress and pressure cells, connection hoses, read out manifold, and oil pump
platform as shown on the Contract Drawings and specified hereafter.

1. Install shotcrete stress cells and earth pressure cells in pairs for measuring stresses
and pressures within and on the initial shotcrete lining and on the shotcrete lining.
Locate the ground load cell directly above the shotcrete stress cell.

2. Install a read out manifold and a platform next to the cell pairs for the hydraulic pump.
Connect read out manifold with pressure gages through previously installed pressure
hoses. These hoses shall be installed within the shotcrete to prevent damage.

3. First reading (zero reading) shall be done before application of initial shotcrete.
Record the location of the pump for this.

4. Apply shotcrete first to completely fill up the areas below the cells. Remove all
rebound from the exposed surface of the shotcrete stress cells, then complete
encapsulation of gages.
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5. Accurately measure the thickness of the shotcrete around the stress cell by either
marking the repressurizing tube of the concrete cell or by installing a marked splice
bar next to the gage prior to shotcrete application. Mark the position of the cell on the
finished shotcrete surface.

18
INSTALLATION OF LATTICE GIRDER STRAIN GAGES

A. Install strain gage arrays at Monitoring Cross Sections indicated on the Contract
Drawings.

B. At each instrumentation location within the monitoring cross section provide the
following:

1. Install strain gage elements on each of the three the lattice girder bars as shown on the
contract drawings.

2. If deformed bars are used for the lattice girders, grind off deformations two inches on

each side of the element location.

Orient the strain gage elements to measure longitudinal strain.

4. Prepare the substrate and fix the strain gage element assemblies to the chord bar with
an approved adhesive.

5. Protect the gage element assemblies in accordance with the Engineer-approved
installation methodology, including wire leads and terminals.

6. Secure terminals to the face of the cured shotcrete.

w

19
SURVEY CONTROL

A. Prior to start of construction, install cased bench marks.
B. Establish the elevation of each cased bench mark by running level circuits started and
closed at the specified existing bench mark.

1. Establish turning points during leveling so that foresight and backsight distances are
approximately equal.

2. Do not exceed sight distances of 60 m.

3. Establish an error of closure less than 0.001m for level circuit closures. If an error of
closure greater than 0.001 m is achieved for any level circuit, resurvey the circuit.

4. Prove the established elevations of cased bench marks by obtaining consistent results
on at least three separate and complete level circuits. If an inconsistent elevation for
any cased bench mark results, resurvey the level circuit until correct and repeatable
elevations are obtained.

20
PROTECTION AND MAINTENANCE

A. Protect from damage due to construction operations, weather, and traffic all survey
reference and control points, instruments and appurtenant fixtures, instrument leads,
connections, and other instrumentation system components.
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B. Protect and maintain all instrument systems. Maintenance shall include draining or
flushing protective terminal boxes, and repairs or replacement of damaged or missing
system components. Damaged or missing instrumentation shall be repaired or replaced by
the Contractor at no expense to the Engineer using approved materials and procedures.
Repair or replace damaged or missing instrumentation components or entire instruments
for shaft and tunnel geotechnical instrumentation as required and practicable within 24
hours.

21
INSTRUMENT MONITORING

A. General

1. As a minimum, perform monitoring of tunnel geotechnical instrumentation, and
follow the minimum schedule as specified herein.

2. When instruments detect sudden changes in deformation or changing ground water
levels, take additional readings in number and frequency as directed by the Engineer.

B. Responsibility for Monitoring:

1. The Contractor shall monitor all existing installed instrumentation specified herein
during construction operations. Instrument monitoring schedules are as specified
herein.

2. The Contractor shall be responsible for providing all necessary assistance in the form
of labor and equipment to also enable the Engineer to access and monitor the
instruments.

C. Initial Readings:

1. Obtain initial readings from all instrumentation.

2. Provide initial readings by conducting three separate and complete sets of readings on
each instrument. Readings will be taken with sufficient accuracy to produce similar
results in each of the three readings.

D. Reading Frequency:
1. Monitoring Bolts and Roof Leveling Bolts:

a) Obtain initial and subsequent readings of convergence bolts and roof leveling
points by use of optical survey methods.

b) Read instrument daily from installation to completion of SEM excavation and
support activities.

c) Continue daily readings after completion of SEM works until movements have
stabilized. Continue reading weekly until the installation of the waterproofing
system.

2. Pressure and Stress Cells:
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a) Obtain initial and subsequent readings on shotcrete stress cells and ground load
cells by use of an appropriate readout unit. Secure the distribution box in a
manner which will allow consistent readings.

b) Read instrument daily from installation to completion of SEM excavation and
support activities.

c) Continue reading instruments after completion of SEM works until movements
have stabilized as approved or directed by the Engineer.

E. Instrumentation Monitoring Response Values:

1. Instrumentation monitoring response values are defined in Table 1 of this Section and
in the plans, Sheet S2.25.

2. The displacement values in Table 1 are expressed as percentages of the excavated
tunnel width. These values are also applied to the side wall drifts with their respective
excavated widths.

Table 1 - Monitoring Response Values

INSTRUMENT INSTRUMENT RESPONSE VALUES
TYPE
THRESHOLD LIMITING
Shotcrete Stress Cells Shotcrete Stress Shotcrete Stress
2400 psi 3250 psi
Ground Pressure Cells None none

3. Implement excavation and support sequence changes and SEM support items as
specified when instrumentation data indicates settlement of ground or movement of
the initial shotcrete lining or stresses in the shotcrete lining or stresses onto the
shotcrete lining beyond the instrument response values specified in Table 1 and/or
sheet S2.25.

F. Exceeding Monitoring Response Values:

1. Threshold Values - Verify measurement and notify the Engineer immediately after
obtaining any measurement that exceeds the Threshold Value for that instrument.
Double the frequency of future monitoring of that instrument and adjacent
instruments until movements have stabilized to the satisfaction of the Engineer.
Implement procedures (e.g. Vary advance rates and initial support or pre-support
measures) in order to limit further movements.

2. Limiting Instrument Response Values - Verify measurement and notify the Engineer
immediately after obtaining any measurement that exceeds the Limiting Value for
that instrument. For all Limiting Instrument Response Values exceeding those
indicated, and depending on conditions, the Engineer may suspend excavation and
associated activities at that location, and require the Contractor to submit alternative
proposals i.e. change of excavation and support sequence and installation of SEM
support items as specified in Section 6-3 or any other measures to stop further
movements. If work is suspended, the Contractor shall obtain approval from the
Engineer prior to restarting excavation at that location, under approved procedures.
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3. Monitor geotechnical instruments continuously until the ground and the structure

have been stabilized. Inform the Engineer of the results of the implemented
procedures.

22
6-5.04 PART 4 - MEASUREMENT AND PAYMENT

The contract lump sum price paid for tunnel monitoring system shall include full
compensation for furnishing all labor, materials, tools, equipment, and incidentals including all
attachments, and for doing all the work involved in tunnel monitoring system, complete in place,
including removal of the monitoring devices after work is completed, as shown on the plans, as

specified in the Standard Specifications and these special provisions, and as directed by the
Engineer.

Page 61 of 796



Devil's Slide Tunnels - PS&E Submittal (11/18/05), Not For Construction

SECTION 6-6. SHOTCRETE

6-6.01 PART 1- GENERAL

1
DESCRIPTION
A. This Section includes specifications for materials, proportioning, and application of
shotcrete used for the tunnel initial lining. Unless indicated otherwise, the requirements
specified apply to both temporary and permanent shotcrete.
B. This Section covers both wet mix and dry mix shotcrete. Dry mix shotcrete may be used
in an emergency where shotcrete is immediately required and wet mix is unavailable.
2
REFERENCE STANDARDS

A. American Concrete Institute (ACI)

ACI 506.1:
ACI 506R:
ACI 506.2:
ACI 506.4R:
ACI C 660:

State-of-the-Art Report on fiber Reinforced Shotcrete

Guide to Shotcrete

Specification for Materials, Proportioning, and Application of Shotcrete
Evaluation of In-Place Shotcrete

Shotcrete Nozzleman Certification

American Society for Testing and Materials (ASTM)

ASTM A185:

ASTM A820:

ASTM C31:
ASTM C42:

ASTM C78:

ASTM C192:

ASTM C94:
ASTM C94:

ASTM C192:

ASTM C288:

ASTM C595:
ASTM C618:

Specifications for Wire Fabric, Plain, Welded Steel for Concrete
Reinforcement.

Specifications for Steel Fibers for Fiber-Reinforced Concrete.

Practice for Making and Curing Concrete Test Specimens in the Field.
Test Methods for Obtaining and Testing Drilled Cores and Sawed Beams
of Concrete

Standard Test Method of Flexural Strength of Concrete.

Standard Method of Making and Curing Concrete Test Specimens in the
Laboratory.

Standard Specification for Ready Mix Concrete.

Standard Specification for Ready Mix Concrete.

Standard Method of Making and Curing Concrete Test Specimens in the
Laboratory.

Standard Test Method for Potential Alkali-Silica Reactivity of Aggregates
(Chemical Method)

Specification for Blended Hydraulic Cements

Specification for Fly Ash and Raw or Calcined Natural Pozzolan for Use
as a Mineral Admixture in Portland Cement Concrete
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ASTM C642: Test Method for Specific Gravity, Absorption, and Voids in Hardened
Concrete

ASTM C685: Specification for Concrete Made by Volumetric Batching and Continuous
Mixing

ASTM C989: Specification for Ground Granulated Blast-Furnace Slag for use in
Concrete and Mortars

ASTM C1018:Test Method for Flexural Toughness and First-Crack Strength of Fiber-
Reinforced Concrete (Using Beam with Third-Point Loading)

ASTM C1074:Standard Practice for Estimating Concrete Strength by the Maturity
Method

ASTM C1116:Specification for Fiber-Reinforced Concrete and Shotcrete

ASTM C1140:Standard Practice for Preparing and Testing Specimens from Shotcrete
Test Panels

ASTM C1141:Standard Specification for Admixtures for Shotcrete

ASTM C1240:Specification for Silica Fume for Use in Hydraulic-Cement Concrete,
Mortars, and Grout

ASTM C1385:Standard Practice for Sampling Materials for Shotcrete

ASTM C1436:Standard Specification for Materials for Shotcrete.

3
DEFINITIONS
3-1
Initial Lining (Shotcrete Lining).-- Shotcrete layer of minimum thickness, including sealing
shotcrete layer as shown on the plans installed for the support of the tunnel, but considered
temporary, sometimes called primary lining. The initial lining is reinforced with steel or
synthetic fibers and lattice girders, starter bars, and spacer bars. A final, permanent lining,

sometimes called secondary lining, of cast-in-place concrete is placed afterwards for the
permanent support of the tunnel.

3-2
Steel Fiber, Synthetic Fiber.-- Discrete, hard drawn, bent steel fibers, or fibers composed of
synthetic (plastic) materials, uniformly distributed in shotcrete to improve the bending capacity,
durability and especially the yield resistance of shotcrete, as measured by the toughness index
property.
3-3
Defective shotcrete.-- Shotcrete that does not meet requirements of specifications or contract
plans, including shotcrete that does not meet strength requirements, or which lacks uniformity,
exhibits segregation, honeycombing, or lamination, shows significant cracking, contains dry
patches or sand pockets, is hollow, or in the Engineer’s opinion does not meet the project
requirements.

3-4
Corrective Shotcrete.-- Shotcrete used to replace defective shotcrete at the Contractor’s own
expense.
3-5

Smoothing or Regulating or shotcrete.-- A minimum 25 mm thick layer of unreinforced
(without fibers) shotcrete applied prior to the installation of waterproofing linings to cover steel
parts and smoothen sharp edges protruding from the initial lining surface. The Waterproofing
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System consists of both Smoothing shotcrete layer and two waterproofing layers. See Section 6-7,
“Tunnel Waterproofing,” of these special provisions.

4
SUBMITTALS

A. Working drawings, material lists, descriptive data, samples and other submittals specified
in these special provisions shall be submitted for approval in accordance with the
provisions in "Working Drawings,” of these special provisions. Submit within 90
working days after contract has been awarded or at the latest 30 days prior to
commencement of shotcrete application, unless otherwise permitted in writing by the
Engineer, the following:

1. Product Data: For each type of manufactured material and product indicated.

2. Samples: Upon request by the Engineer, up to seven specimens from each field test
panel, proposed for use in the work together with relevant data, which demonstrate
conformance with specified requirements shall be tested by request of the Engineer to
verify conformance.

3. Certification: Material Certificates, signed by manufacturers certifying that each of
the following items complies with requirements: Cementitious materials and
aggregates. Steel fibers; Synthetic fibers; Reinforcement bars; Admixtures.

4. Design Mixes: For each shotcrete mix. Submit mix designs for approval by the
Engineer.

5. Personnel: Submit resumes of proposed nozzle men and shotcrete foreman for
approval by the Engineer.

6. Documentation: Prior to making laboratory compatibility tests, submit detailed plan
showing methods and proportions to be used in such tests. The Engineer may inspect
such tests and materials at any time.

7. Material Test Reports: From a qualified testing agency, certified test reports with or
without adjustment for type or size of specimen, in conformance with ASTM or other
applicable testing standards.

8. Proposed type of fiber (steel or synthetic), including fiber characteristics.

B. Submit preconstruction testing results at the latest 30 days prior to commencement of
shotcrete work.

C. Submit resumes for proposed shotcrete nozzlemen and foremen at the latest 90 days prior
to commencement of shotcrete work.

D. Submit details of shotcrete equipment to be used on the Contract, including brand name,
model and capacity of pump and air compressor, and accelerator and fiber dosing devices
at the latest 90 days prior to commencement of shotcrete work.

E. Details of proposed methods for control and disposal of waste materials, including waste
shotcrete, fibers, rebound and overspray.

5
QUALITY CONTROL

A. Shotcrete Crew Qualifications: Shotcrete crew foremen and nozzlemen shall meet the
following requirements.
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1. Furnish proof that each shotcrete crew foreman has at least 4 years experience in
underground shotcrete application on projects of a similar character to this Contract.
References from persons responsible for supervision of these projects may be
accepted by the Engineer in lieu of some experience time. Include name, address and
telephone number for all references.

2. Furnish proof that all nozzlemen are certified to ACI C 660 for application of
shotcrete to vertical and overhead surfaces for both wet- and dry-mix shotcrete.
Alternatively the Engineer may accept a nozzleman’s qualifications upon
demonstration of the nozzleman’s skill in shooting test panels oriented in vertical and
in overhead positions. Furnish proof that nozzlemen have successfully completed
three projects of similar character to this Contract. All nozzlemen must shoot test
panels that fulfill the requirements as specified herein.

B. Preconstruction testing

1. Test Panels: Prepare preconstruction test panels for examination by the Engineer prior
to job shotcrete placement. Preparation and testing shall comply with ASTM C1140,
except as modified below:

a) Test panel size shall be 700mm by 700mm minimum; with a minimum depth of
115 mm. Panels shall be made with sloped sides.

b) Coring and testing shall be in compliance with ASTM C 42, except that minimum
core size shall be 100 mm diameter by 115 mm deep, trimmeds100mm. Apply
ASTM C 42 length-to-diameter correction factors to the compressive strength
results.

c) Cores shall not be taken closer than 200mm from any edge of the panel.

2. Concrete Mix Design and Testing:

a) Develop shotcrete mix by laboratory compatibility tests and field trials as
specified at least 30 days prior to the actual application of shotcreteb). Material
requirements shall satisfy ASTM C 1436, latest revision. Fiber reinforced
concrete shall satisfy the requirements of ASTM C 1116, latest revision.

c) Test admixtures for compatibility with cement in accordance with ASTM C 1141.

d) Confirm design slump for each wet-mix shotcrete mix.

e) Adjust shotcrete mix and repeat laboratory compatibility tests and field trials, in
case testing during construction does indicate a failure in meeting the specified
requirements.

f) To ascertain compatibility of ingredients and optimum proportions, develop
shotcrete mix having strength and characteristics necessary for actual application.

g) Perform compatibility tests to determine cements and additives to be used in field
trial mixes. Determine initial and final set for additive concentrations of varying
percentages of cement content by weight contemplated for use in the tunnel lining.

h) Make laboratory and field trial mixes with ingredients identical to those proposed
for use in the tunnel lining.

i) Proportion shotcrete mixes equivalent to those of concrete mix having between
365 kg and 475 kg of cement per cubic meter of concrete.

J) Accelerating admixture.
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1) Determine time of setting in accordance with ASTM C266 with the following
additional requirements:

I. Use minimum possible time interval to attain proper mixing without
disturbing initial set of paste.

ii. Additional modifications to accommodate quick-set accelerators: As
approved by the Engineer.

2) Use approved accelerating admixture to develop quick set as follows:

i. Time of initial setting: Three minutes maximum.
ii. Time for final setting: Twelve minutes maximum.

3) Sodium silicate admixtures shall not be used.

3. Nozzleman Qualification: Produce test panels for each proposed nozzleman and each
anticipated shooting orientation.

a) Provide test panels with fiber reinforced shotcrete at least two of which shall also
contain WWR fixed to the sides of the panel forms so that the WWR is approx 75
mm in front of the panel form’s base.

b) Test panels shall be shot using the same nozzleman, assistant, and equipment that
will be used under the Contract, and with each of the approved concrete mix
designs and at orientations to be used under the Contract.

c) Shotcrete used shall be within + or — 15 mm of the design slump.

d) Test panels for nozzleman qualification shall not be shot until the shotcrete mix is
approved. Cores from test panels shall be examined by the Engineer for
continuity, absence of voids, delaminations, and rebound, and general quality

e) When the prequalification test panel is rejected, a second panel may be shot.
When the second test panel is rejected, the nozzleman may not be permitted to
shoot on the Contract as determined by the Engineer.

4. Fiber-reinforced shotcrete: Produce test specimens for testing flexural strength and
toughness in accordance with the Specifications.
5. Reference concrete cylinder testing:

a) Choose material and proportions so that three cast cylinders 150mm by 300 mm
made with no additive will achieve average minimum strength at 28 days of 27.6
MPa. Cast cylinders in accordance with ASTM C192 and test in accordance with
ASTM C39. Cast and test three cylinders minimum for each combination of
materials proposed.

6. Field trial:
a) After completion and approval of laboratory tests, make field trials using selected

mixes to accommodate capability of equipment, workmanship and material under
field conditions prior to actual application of shotcrete.
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b) Make field application of each mix selected for field trial on at least three vertical
test panels.

). Shoot test panels into a box of dimensions as specified above.

d). Cure test panels in accordance with ASTM C31.

e). Within 24 hours after applying shotcrete, obtain an appropriate number of full-
depth, 100 mm diameter cores, from each panel.

f). Average three cores from each panel to comprise one test.

g) Perform field trial work in the presence of the Engineer.

h) Achieve progressive compressive strengths as follows:

i) Initial lining shotcrete:

1) Average strength of six tests with the penetration needle on three vertical
panels, at 10 minutes: 275 kPa minimum.

2) Average strength of six tests with the penetration needle on three vertical
panels, at 1 hour: 485 kPa minimum.

3) Average strength of six tests with the bolt driving method on three vertical
panels, at 10 hours: 2.1 MPa minimum.

4) Average strength of six core compressive strength tests on three vertical
panels, at 24 hours: 9.7 MPa minimum.

5) Average strength of six core compressive strength tests on three vertical
panels, at 7 days: 22.1 MPa minimum

6) Awverage strength of six core compressive strength tests on three vertical
panels, at 28 days: 27.6 MPa minimum.

7) No individual strength test falls below the required 28-day strength by more
than 3.5 MPa.

C. Construction testing

1. Produce a material test panel for each mix and every 10 m advance or every 50 cubic
m placed, whichever is less. Test panel shall be kept moist and at 70 degrees F +/- 10
degrees F until moved to test laboratory. Test specimens from test panels in
compliance with ASTM C 1140, except as modified below:

a) Test panel size shall be as in B. Preconstruction testing

b) Test panels shall be shot at the same orientation and in the same manner as the
work.

c) Test panels shall be marked for later identification (mix, location, date,
nozzleman).

2. Test specimens from core drilling of in-place shotcrete:

a) Coring and testing shall be in compliance with ASTM C42, except that minimum
core size shall be 100 mm diameter by at least 100 mm deep, trimmed smooth.
Apply ASTM C42 length-to-diameter correction factors to the compressive
strength results.

b) Perform core sampling and testing at locations determined by the Engineer up to a
maximum of two hundred fifty 3-core sets.
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c) Fill all core holes from in-place t shotcrete with non-shrink grout with a 28-day
compressive strength of 28 MPa minimum. Prepare hole in accordance with grout
manufacturer's instructions and finish flush with the surrounding shotcrete.

d) In-place coring of permanent shotcrete shall not penetrate within a distance of 100
mm from a construction joint.

e) Cores shall be clearly marked for later identification (mix, location, date,
nozzleman).

3. The mean compressive strength of a set of three cores shall equal or exceed 0.85 f'c
with no individual core less than 0.75 f'c.

E. Evaluation of in-place shotcrete

1. Remove and replace shotcrete that is delaminated, exhibits laminations, voids, or sand
pockets exceeding the limits for the specified grade of shotcrete. Remove and replace
shotcrete that does not comply with the specified material properties. Repair core
holes in accordance with Chapter 9 of ACI 301 and 1.04 C.2.c) above. Do not fill
core holes in permanent shotcrete by spraying.

2. If the shotcrete fails to meet the compliance requirements specified herein, the
validity of the test results shall be checked prior to implementing one of the following
courses of action:

a) Confirm the requirements for remedial action by assessing the results of
geotechnical measurements and/or back analysis.

b) Make good deficiencies by the application of additional thickness of shotcrete at
past or future works until the compliance with the requirements is confirmed.

c) Following an approved procedure remove the defective shotcrete and replace by
new shotcrete.

d) Additional rock dowels, or other reinforcement measures, may also be installed
upon approval by the Engineer

3. Shotcrete strength requirements determined by testing during construction

a) Average strength of three tests with the penetration needle from one area, at 10
minutes: 275 kPa minimum.

b) Average strength of three tests with the penetration needle from one area, at 1
hour: 485 kPa minimum.

c) Awverage strength of three core compressive strength tests from one area: 9.7 MPa
when tested at 24 hours after application.

d) Average strength of three cores from one area: 22.1 MPa minimum when tested at
7 days.

e) Average strength of three cores from on area: 27.6 MPa minimum when tested at
28 days.

4. Toughness - Fiber Reinforcement Shotcrete shall have the following flexural strength
and toughness properties:

a) Average first Crack flexural strength at seven days: greater than 4.8 MPa,
determined in accordance with ASTM C1018.
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b) Average energy absorption after 7 days, 1,000 Joules at 25 mm deflection.
c) Energy absorption determined by ASTM C 1550, latest edition.

F. Acceptance

1. The Engineer has the authority to accept or reject shotcrete work. Shotcrete which
does not conform to the Specifications may be rejected either during the shotcrete
application process, or on the basis of tests from either test panels or the completed
work.

2. Deficiencies observed during the shotcrete application process such as, but not
limited to, the following constitute a cause for shotcrete rejection:

a) Failure to properly control and remove build-up of overspray and rebound;

b) Incomplete consolidation of reinforcing steel, mesh and anchors;

c) Incorporation of sand lenses, excessive voids, delaminations, sags or sloughing;
d) Failure to apply shotcrete to the required line and grade and tolerance.

3. Wherever possible perform remedial work to correct deficiencies while shotcrete is
still plastic.

4. Hardened shotcrete will be examined by the Engineer for any evidence of excessive
plastic or drying shrinkage cracking, tears, feather-edging, sloughs or other
deficiencies. Sounding or coring shall be used to check for delaminations.

5. If the results of compliance tests from shotcrete test panels, or assessment of the
plastic or hardened shotcrete indicate non-conformance of the shotcrete, the Engineer
will implement a program of evaluation of the in-place shotcrete. Such evaluation
shall include, but not be limited to:

a) Extraction of cores from in-place shotcrete at locations selected by the Engineer
and testing of such cores for compliance.

b) Checking for delaminations using sounding or other appropriate non-destructive
testing procedures.

c) Bond pull-off testing.

d) Diamond saw cutting or coring to check adequacy of encasement of reinforcing
steel and anchors.

6. Rejected shotcrete shall be removed and the lining rebuilt to the satisfaction of the
Engineer at no cost to the Engineer.

6-6.02 PART 2 - PRODUCTS

6
CEMENT

A. Portland cement: ASTM C 150, Types, I, 11, or Il1.
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-
AGGREGATE

A. Normal weight aggregate: ASTM C 33. Aggregate not meeting ASTM C 33 may be used
provided preconstruction tests demonstrate the shotcrete meets all other specified
requirements.

B. Lightweight aggregate: not permitted.

C. Aggregate size: Uniformly graded and not exhibiting extremes of gradation, in
accordance with ASTM C33, grading size No. 67. Alternative gradation may be used
provided the shotcrete meets strength and toughness requirements. Specific gravity: 2.55
minimum. Maximum aggregate size: 13 mm, or as approved by the Engineer.

D. Additional requirements for permanent shotcrete: Potential reactivity of aggregates: Use
only aggregates classified as innocuous in accordance with ASTM C 289.

8
REINFORCEMENT

A. Deformed steel reinforcement: ASTM A615.

B. Welded wire fabric: ASTM A 185.

C. Fibers: Steel fibers shall conform to ASTM A820, Type I or Il, with an aspect ratio of 45
to 85. Fibers shall have bent or deformed ends. Fibers shall be of a single length ranging
from 20 mm to 40 mm. Fibers shall be of the deformed end type. Straight or
continuously corrugated fibers shall not be used. Synthetic fibers shall conform to ASTM
C-1116, Section 4.1.3 and Note 3. In addition, the following requirements apply:
International Code Council ES, Acceptance Criteria 32, Sec. 3.1.1 and 3.1.2.D. Glass
fibers: Not permitted.

9
WATER

A. Clean and potable.
B. Mixing water for shotcrete shall meet requirements of ASTM C94.

10
ADMIXTURES

Water-reducing and superplasticizer: ASTM C1141.

Retarding: ASTM C 1141.

Accelerating: ASTM C 1141. Admixtures shall be used to provide quick set, high early
strength and improved adhesion.

Air-entraining: ASTM C 1141.

Fly ash and natural pozzolans: ASTM C 618.

Ground granulated blast-furnace slag: ASTM C 989.

Silica fume: ASTM C1240.

Ow»

®mmo
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11
PROPORTIONING

A. Select shotcrete proportions to produce the specified material properties.
B. Minimum slump of wet-mix shotcrete shall be25 mm. Actual value shall be determined
from preconstruction trials C.

12
FIBER-REINFORCED SHOTCRETE (FRS)

A. SFRS to conform to ASTM C1116.
B. Toughness Performance Level Testing:

1. Perform toughness performance level testing in accordance with ASTM C 1550,
latest revision.

13
PRE-BAGGED MATERIALS

A. Pre-bagged materials are allowable with pre-dampening prior to use.

14
DELIVERY, STORAGE, AND HANDLING

A. Deliver, store, and handle materials to prevent contamination, segregation, corrosion, or

damage.

Store shotcrete materials, including steel fibers, in a dry place.

Uae aggregate materials at a temperature of no less than 40 degrees F.

. Store liquid admixtures to prevent evaporation and freezing. Store admixtures at all times
in clearly marked and labeled containers (including admixture name, type, storage
requirements, use-before date, instructions for use, safety precautions, and manufacturer's
recommended dosage range).

oOw

15
EQUIPMENT

A. Use batching equipment that proportions aggregate and cement mixtures on a mass basis
or volume basis.

B. Use an air supply system that delivers air uncontaminated by oil or any other contaminant
and that is capable of maintaining a constant pressure.

C. Shotcrete delivery equipment shall be capable of delivering a steady stream of uniformly
mixed material to the discharge nozzle at the proper velocity and rate of discharge.

D. Use positive displacement pumps equipped with hydraulic or mechanically powered
pistons, with compressed air added at the discharge nozzle, for wet-mix shotcrete
application.

Page 71 of 796



Devil's Slide Tunnels - PS&E Submittal (11/18/05), Not For Construction

E. Monitor air ring at nozzle for signs of blockage of individual air holes. Stop shooting and
clean air ring if non-uniform discharge of shotcrete becomes apparent.

F. Clean shotcrete delivery equipment thoroughly at the end of each shift, Regularly inspect
and clean air ring and nozzle; replace if required.

G. Provide a separate air hose and blow pipe, capable of simultaneous operation with
shotcreting operation, for removal of rebound and dust

H. Equipment will be subject to approval of the Engineer. Maintain equipment in proper
working order. Provide additional test panels and test cores as required by the Engineer to
demonstrate that the equipment is functioning properly during shotcreting operation.

I. Provide standby equipment on site and in good working order at all times during
shotcreting operations.

6-6.03 PART 3 - EXECUTION

16
EXAMINATION

A. Verify that placement and clearance around reinforcement (including wire mesh at tunnel
intersections) is adequate for complete encasement.

B. Verify that surfaces to receive shotcrete have been properly prepared according to the
specifications.

C. Remove rebound and any other foreign material from construction joints prior to
continuing shotcrete installation.

D. Rebound shotcrete shall not be reused or incorporated into the work.

E. Sequence of shotcrete installation shall be as shown on the Contract Drawings. Thickness
indicated is the minimum thickness at any point. Use thickness indicators to control
thickness while spraying, and verify thickness with scanning equipment as required and
directed by the Engineer.

17
BATCHING AND MIXING

A. Weight batching shall comply with the accuracy specified in ASTM C 94.

B. Volume batching shall comply with the accuracy specified in ASTM C 685. Calibrate
batching equipment in accordance with ASTM C 685 at the start of every shift, or every
30 cubic meters batched. Volume batching shall be verified once a week by a weight
batching check.

C. Use batching and mixing equipment capable of proportioning and mixing the required

materials.

D. Use feed systems for all materials that are interconnected such that if one feed stops, all
feeds stop.

E. Shoot dry-mix shotcrete material within 45 minutes after batching or pre-dampening.

F. Shoot wet-mix shotcrete material within 90 minutes after batching.

G. Dosing of admixture by hand is not permitted.

H. Permanent shotcrete delivered to shotcrete pump with a slump that is outside the

confirmed design range will be rejected.
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18
SURFACE PREPARATION

A. Soils - Prepare surfaces to line and grade. Do not apply shotcrete to frozen surface.
Dampen surface immediately prior to shooting.

B. Shotcrete - Remove all deteriorated, loose, unsound material or contaminants that may
inhibit bonding. Chip areas to be repaired to remove offsets causing abrupt changes in
thickness. Surface shall be saturated surface dry (SSD) immediately prior to placing
shotcrete.

C. Structural reinforcement, including wire mesh - The surface shall be free of deleterious
materials that inhibit bonding. Reinforcement shall be secured to prevent movement.

D. Water leaks - Securely fix drainage pipes, channels or similar water control devices prior
and during shotcreting.

19
JOINTS

A. Construction joints -. Form square joints where joints are subject to compression loads.
Surface preparation of joints shall comfort to “FINISHING,” of these special provisions.
Continue reinforcement through construction joint.

20
ALIGNMENT CONTROL

A. Install taut ground wires, lattice girders and other means such as laser controls to
establish thickness and plane of required surface.

21
APPLICATION

A. Shotcrete Placement Technique

1. Provide a platform that permits nozzleman unobstructed access to the receiving
surface. Remove rebound and overspray from previously prepared surfaces prior to
shotcrete placement.

2. Apply shotcrete from the bottom and continue upwards to avoid the inclusion of
rebound in the lining.

3. For invert lining, use separately controlled air blowpipe during spraying to remove
rebound from the lining.

4. Place shotcrete first in corners, recesses, and other areas where rebound or overspray
cannot escape easily. Place shotcrete with nozzle held at approximately 90 degree
angle to the receiving surface. In corners, direct nozzle at approximately 45 degree
angle or bisect the corner angle.

5. Velocity and spraying distance shall be the optimum for maximum shotcrete
adherence and compaction.

6. Apply shotcrete so sags or sloughing do not occur. Where movement of shotcrete has
occurred adjacent to a slough-off, the shotcrete in question shall be removed.
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7. Do not reuse rebound, sprayed fibers, or overspray.

8. Remove laitance and any foreign material from shotcrete surfaces to receive
additional shotcrete layers. Surface preparation after final set shall comply with
Article 3.03 B.

9. Do not apply shotcrete on surfaces with standing water or running water.

10. Remove hardened overspray and rebound from adjacent surfaces, including exposed
reinforcement.

B. Encasement of Reinforcement including spacer bars, and starter bars wire fabric: Place
shotcrete to completely encase reinforcing steel. Encase reinforcement by shooting with
sufficient velocity and plasticity so material flows around and behind the reinforcement.
Front face of reinforcement shall remain clean during encasement. Place shotcrete to
provide the cover over reinforcement required by ACI 301.

22
FINISHING

A. Shotcrete: Spray finish. Shotcrete:  Natural curing is permitted.

23
HOT WEATHER SHOTCRETING

A. Do not place shotcrete when shotcrete material temperature is above 32.2 degrees celsius
for wet mix; 37.8 degrees celsius for dry mix. Lower temperature of reinforcement and
receiving surfaces below 37.8 degrees celsius prior to placing shotcrete.

24
COLD WEATHER SHOTCRETING

A. Placing shotcrete may proceed when ambient temperature is 4.4 degrees celsius and
rising Placing shotcrete shall discontinue when ambient temperature is 4.4 degrees
celcius and falling unless protective measures are taken to protect shotcrete. Shotcrete
material temperature, when placed, shall not be less than 10 degrees celsius. Shotcrete
shall not be placed against frozen surfaces. Applicable procedures used for cold weather
concreting may be used for cold weather shotcreting. Protection against frost shall be
maintained until the shotcrete has developed a compressive strength of 13.8 MPa

25
PROTECTION

A. Protect surfaces not intended for shotcrete placement from deposit of rebound and
overspray or impact from nozzle stream.

B. Remove rebound and hardened overspray from final shotcrete surfaces and from areas
not intended for shotcrete placement.
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6-6.04 PART 4 - PAYMENT

26

Full compensation for shotcrete of tunnel initial lining shall be considered as included in the
contract prices paid per meter for tunnel excavation and support of categories and locations as
listed in the Engineer's Estimate and no separate payment will be made therefore.
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SECTION 6-7. MEMBRANE WATERPROOFING

6-7.01 PART 1- GENERAL

1
DESCRIPTION

This section specifies furnishing and installing the permanent waterproofing system for the
tunnels. The waterproofing system is installed between initial shotcrete and the final lining and
between the excavation support and the structural walls.

2
REFERENCE STANDARDS
American Society for Testing and Materials (ASTM)

A. ASTM D638 Standard Test Method for Tensile Properties of Plastics
B. ASTM D1593 Standard Specification for Nonrigid Vinyl Chloride Plastic Film and

Sheeting

C. ASTM D1621

D. ASTM D1777 Standard Test Method for Thickness of Textile Materials

E. ASTM D1785

F. ASTM D3776 Standard Test Methods for Mass Per Unit Area (Weight) of Fabric

G. ASTM D3786 Standard Test Method for Hydraulic Bursting Strength of Textile Fabric-
Diaphragm Bursting Strength Tester Method
ASTM D4533 Standard Test Method of Trapezoid Tearing Strength of Geotextiles

— I

ASTM D4632 Standard Test Method for Grab Breaking Load and Elongation of
Geotextiles

J. ASTM D4716 Test Method for Determining the (In-plane) Flow Rate per Unit Width and
Hydraulic Transmissivity of a Geosynthetic Using a Constant Head

3
DEFINITIONS

A. Waterproofing: Layered system consisting of synthetic membrane, geotextile or geodrain,
and protective layers to prevent intrusion of groundwater into the interior of the finished
structures.

B. Geotextile: Non-woven fabric providing groundwater drainage channel and protection of
the synthetic membrane from sharp projections of the shotcrete surface or the excavation
support to which the membrane is applied.

C. Geodrain: Composite panel providing a groundwater channel and protection of the
synthetic membrane from sharp projections on the surface to which membrane is applied.

D. Membrane: Synthetic waterproofing membrane specifically formulated for sealing
underground structures against intruding groundwater.

E. Double Weld: Machine welded seams achieved by use of automatic hot-double-wedge
welding equipment.
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. Single Weld: Hand welded seam consisting of a tack weld, a thin continuous weld and a
rolled end weld. Single seams are sealed with liquid PVVC at membrane welds.

. Membrane Protection Layer. A 1.5 mm thick PVC membrane layer specifically designed
to be attached to and completely cover the membrane to protect it from damage during
reinforcement installation, formwork, backfilling (used in conjunction with protective
boards), and other construction activities detrimental to the integrity of the membrane.

. Protective Boards: Rigid material, for example plywood or Styrofoam, used in
conjunction with a membrane protection layer to protect the membrane from damage
during backfilling and other construction activities detrimental to the integrity of the
membrane.

BA Anchor. Rigid PVC shell with an inside thread and PVC membrane flange used to aid
in creating watertight penetrations through the membrane for temporary steel rod
attachment.

4

PERFORMANCE REQUIREMENTS
No water leakage shall be acceptable and the membrane shall be watertight.

5

SUBMITTALS

A. Submit for approval prior to the start of waterproofing installation:

1. Resume of waterproofing installation supervisor.
2. Product Data and Catalogue Cults:

a) Geotextile

b) Geodrain

c) Membrane

d) Membrane protection layer
e) BA Anchor

B. Working drawings shall be submitted a minimum 60 days prior to the start of membrane

waterproofing work for review. Do not proceed with waterproofing installation without
approved working drawings. Submit plans, sections and details of the following:

1. Sequence of waterproofing installation relative to construction sequence.

2. Sheet layout of membrane splice locations and types of welds.

3. Layout of temporary construction drainage in tunnels in connection with temporary
sumps and intended procedures for maintenance during construction.

4. Details of:

a) Waterproofing terminations at the transition tunnels.

b) Waterproofing at penetrations including but not limited to electrical ducts,
mechanical pipes, and sleeves.

c) Waterproofing at corners.

d) Rebar support at reinforced tunnel sections.

e) Attachment assembly.
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C. Waterproofing protection plan and narrative and details describing the intended
procedures to prevent damage during construction operations such as installation of
formwork, reinforcement and embedded items, placement of concrete, application of
shotcrete, backfilling, and grading.

D. Manufacturer's Recommendations and Procedures for:

Storage

Handling

Welding

Attachment

Smooth surfaces

Testing

Installation equipment
Detection of physical damage
Methods of local repair

CoNo~WNE

E. Installer certification showing that the installer is approved for the installation work by
the system supplier.

F. Material and Safety Data Sheets for all products and materials of membrane
waterproofing system.

G. Certification of compliance with the requirements of this specification for geotextiles,
geodrain, and membrane.

H. Material Samples:

1. Geotextile: 500 by 500 mm sample

2. Geodrain:. 500 by 500 mm sample

3. Membrane: 500 by 500 mm sample including double welded seam 500 mm long.
4. Membrane protection layer: One 250 by 500 mm attached to membrane.

6. Attachment assembly: Three each.

7. Silicone paste: Two four ounces jars.

8. Circumferential metal clamp: One each.

9. BA Anchor: One each (including threaded rod).

10. Remedial grout: Two four ounces jars.

I. Field Samples:

1. Double weld samples, one m long, from each double wedge welding machine, prior
to the start of daily shift, two per work week.
2. Prepare and submit field samples daily prior to seam welding.

J.  Reports and Records:

1. Surface Acceptance Form and Waterproofing Installation Acceptance Form

2. Completed and signed Surface Acceptance Form prior to start of installation.

3. Waterproofing Installation Acceptance Form immediately after completion of an
installation testing area.

4. Reports of tests, repairs and retests
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L. Leak Remediation Plan:

1. Submit leak remediation plan with product data and catalogue cuts.
2. Leak rernediation plan shall include, but not be limited to, for repair work outside.

6
QUALITY ASSURANCE

A. Products:

1. Supply and install only products specifically designed and manufactured for this type
of construction.

2. Select manufacturers who are regularly engaged in the production of similar materials
for underground structures.

B. Supervision and Training of Personnel:

1. Have a representative of the waterproofing membrane manufacturer present at the site
to provide installation and testing instructions to the contractor’s personnel during the
time the first 10% of the total membrane lining work is being installed. The
manufacturer’s representative also should provide training to the Contractor’s
personnel prior to beginning installation. This training is only required if the
Contractor intends to do the installation work with his own crew; it will not be
necessary if the work is to be done by specialty subcontractor with trained crew and
experience with this type of work.

2. Execute all installation and testing under the direct supervision of an individual with
minimum five years experience in the installation of waterproofing systems for
underground structures using membrane materials as specified.

3. Provide trained personnel for installation and testing operations. The installer must
have a minimum of five years of experience in the installation of flexible membranes
in underground waterproofing installations. The proficiency of each welder shall be
demonstrated in the field for approval by the Engineer.

-
JOB CONDITIONS

A. Install waterproofing at shotcrete and support of excavation surfaces only after the
surface is in compliance with smoothness criteria shown on the Contract Drawings and
has been accepted by the waterproofing installer and the Engineer in writing.

B. Provide sufficient access to allow for thorough inspection.

C. Prior to waterproofing installation, prove the absence of any continuing and significant
deflection or increase of stress.

D. Provide temporary construction drainage for water collection and discharge during
waterproofing installation.

E. Prior to geotextile installation, place a four foot wide strip of geodrain at low point of
invert to allow water seepage through shotcrete, surface water and construction water to
drain to pump sump.
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F. Collect all seepage through shotcrete with geodrain of required width and connect to
geodrain placed in invert.

G. Prior to installation of waterproofing, install drainage system consisting of perforated
pipe and drainage material at toe of open cut excavation support.

8
WARRANTY

The Contractor shall provide a warranty for the water tightness of the structure up to one year
beyond the final contract completion date.

9
CONTRACTOR QUALITY CONTROL

A. Readiness Review Meeting

1. Before installation of waterproofing and associated work, meet at project site with

installer, membrane manufacturer, installers of related work, and other entities

concerned with waterproofing installation performance, including, where applicable,

test agencies, governing authorities, and the Engineer.

Record discussions and agreements and furnish copy to each participant.

3. Readiness Review Meeting will be scheduled by the Engineer or as otherwise
directed by the Engineer.

N

6-7.02 PART 2 - PRODUCTS

10
GENERAL

A. Geotextile: Non-woven polypropylene geotextile of uniform thickness and surface
texture with the following minimum physical properties and testing methods:

Physical Properties Values Test Method
Thickness 7 mm ASTM D1777
Unit Weight 7.3N/sm. ASTM D3776
Grab Tensile Strength 1.27kN ASTM D4632
Elongation 85 percent ASTM D4632
Trapezoid Tear Strength 61kgf. ASTM D4533
Burst Strength 2.76mPai ASTM D3786
Chemical Resistance pH-value 2 to 13

B. Geodrain: Composite panel consisting of a rigid drain core and filter fabric bonded on
one side with the following minimum physical properties and testing methods:

1. Fabric
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Physical Properties Values Test Method
Unit Weight 0.136kgf/sm ASTM D3776
Grab Tensile Strength 50kgf. ASTM D4632
Elongation 60 percent ASTM D4632
Trapezoid Tear Strength 22.7kef. ASTM D4533
Burst Strength 1480kPa ASTM D3786

2. Core Properties

Physical Properties Values Test Method
Thickness 11mmh ASTM D1777
Compressive Strength 0.72MPa ASTM D1621
Flow Capacity 186]pm/ft. ASTM D4716

C. Membrane: Polyvinyl chloride (PVC), waterproofing membrane or approved equal, of
uniform thickness and surface texture. PVC membrane non-reinforced with the following
minimum physical properties under respective testing methods:

Physical Properties Values Test Method
Thickness 2 mm ASTM D374
Ultimate Tensile Strength 15 MPa ASTM D638
Ultimate Elongation 230 percent ASTM D638
Low Temperature Impact Pass@-29degreesC ASTM D1593
Chemical Resistance pH-value 2 to 13
Flammability Self extinguishing ASTM D568

D. Attachments: Membrane attachment disk manufactured of membrane compatible material
with minimum 75mm diameter with one steel washer embedded in disk. Attachment of
disks with min. 32mm nails.

E. Membrane Protection Layer: 1.5mm thick physical protection membrane, PVC REPRO
PRODUCT #1842 as manufactured by HPG International or approved equal, or C-Drain
15K manufactured by Contech.

F. BA Anchor:

1. Rigid PVC shell with inside thread and 300mm diameter compatible flange for
attachment to waterproofing membrane. Rigid PVC shell minimum 200 mm long
with outside grooves and 16 mm diameter inside thread for application of threaded
steel rod.

2. Epoxy resin to grout PVVC shell and flange in place prior to attachment to membrane.

11
DELIVERY, STORAGE, AND HANDLING

A. Deliver materials and products in labeled packages. Store and handle in strict compliance
with manufacturer's instructions, recommendations, and material safety data sheets. Place
material on smooth surface free of rocks or other protrusions which may damage the
material. Protect from damage from sunlight, weather, excessive temperatures, and
construction operations. Remove damaged material from the site and dispose of in
accordance with applicable regulations.

B. Store all flammable materials in a cool, dry area distant from sparks and open flames.
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6-7.03 PART 3 - EXECUTION

12
PREPARATION OF SURFACE

A. General:

1. Prepare surface according to the criteria specified herein and shown in the Contract
Drawings.
2. All surfaces shall be free of oils, grease, and gasoline.

B. At Shotcrete:

1. Remove all loose shotcrete, and debris.

2. Cut off and patch all projecting portions of dowels, flush with the face of the
shotcrete surface and remove temporary supports and hangers installed in shotcrete
lining for construction purposes. Any protrusions shall be covered with shotcrete,
quick setting grout, or mortar such that no sharp edges are observed.

3. Ensure that all embedded elements of the shotcrete lining are covered by at least 25
mm of fiber-free shotcrete prior to installing geotextile and membrane.

4. Steel fiber reinforced concrete to be covered with plain shotcrete with a minimum
thickness of 25 mm prior to waterproofing installation.

5. For overall smoothness of shotcrete surface apply General Smoothness Criteria as
defined in Specification Section 6-4 Shotcrete Tunnel Initial Lining and as shown in
the Contract Drawings.

6. Repair damaged or spalled surfaces, voids, and cracks having depths greater than 12
mm with shotcrete, quick setting grout, mortar, or equal.

C. Inspection and Testing
1. Surface Inspection and Acceptance:

a) Inspect all surfaces to which waterproofing will be applied to, in the presence of
the waterproofing installer's quality control representative and the Engineer, prior
to waterproofing installation for compliance with the surface preparation criteria
specified.

b) Do not install any element of the waterproofing system until all deficiencies have
been corrected. Re-inspect area after corrective action has been taken.

c) Do not install waterproofing outside an approved area.

d) Use approved Surface Acceptance Forms to release an area for waterproofing
installation. Obtain the waterproofing installer's quality control representative and
the Engineer's signature on the Surface Acceptance Form.

e) Distribute signed Surface Acceptance Forms with the Inspector Daily Reports in
compliance with Specification Section 01452M, Contractor Construction Control
Requirements.
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13
INSTALLATION OF WATERPROOFING

A. Installation Inspection: During installation of any element of the waterproofing system
inspect the following:

Use of specified materials.

Proper storing and handling of material.

Ambient temperature.

Installer qualifications.

Seam direction and layout as per contractor shop drawings.

Verify number of attachments.

Proper overlap of membrane at seams for welding.

Application of welds as specified.

Installation of corner patches.

0. Execution of penetrations and other details as per shop drawings or Contract
Drawings.

11. Installation of protective layer at locations where permanent lining construction joints

will be located.

BOoo~NoOR~WNE

B. Installation of Geotextile, Geodrain, and Membrane:
1. Attachment:

a) Place attachment assemblies in surface depressions to achieve tight fit of
geotextile.

b) Provide attachments at maximum 750 mm centers horizontally and vertically,
except on overhead areas, where attachments should be used as required.

c) Provide additional attachment where necessary to achieve secure support and tight
fit to shotcrete lining in tunnel and to excavation support.

2. Geotextile and Geodrain

a) Place geotextile prior to the installation of waterproofing membrane in mined
structures.

b) Place continuous four foot wide panels of geodrain at the following locations in
the tunnel:

1) At tunnel cross passages, where shown in plans, in invert to allow seepage
water, surface water, and construction water to drain to side drains after
membrane is in place.

3. Membrane:

a) Install membrane with sufficient overlap for welding. Trim overlap if necessary to
achieve tight fit.

b) Use circumferential seams in all typical tunnel cross sections unless otherwise
directed.

c) Use longitudinal seams in tunnel arch-sidewalls splice where required.
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d) Provide double wedge welded seams unless otherwise approved.
e) Test all welds as specified.

14
TESTING OF MEMBRANE WELDS

A. General:

1. Perform tests in the presence of the Engineer.

2. Perform tests as installation progresses. Repair and retest seams that fail before
continuing installation.

3. The Contractor shall maintain and distribute to the Engineer written records of test
results, repairs, and retesting every time an installation section is completed.

B. Double Welds: Perform test by applying internal air pressure between seams as follows:

1. Test Pressure: 200 kPa.
2. Performance requirements: Air pressure loss shall be less than 10 percent after 10
minutes.

C. Single Welds:

1. Including heat welding at water barriers or special fittings.

2. Check all welds for continuity by either of the following inspection methods. Single
welds at membrane splices or patches to be tested prior to the application of liquid
PVC:

a) Run arounded screwdriver along the joint after the weld has cooled.
b) Blow stream of air under high pressure against the weld and observe opening of
the weld. Re-weld and test any discontinuity.

D. Replace or repair sections of the membrane determined to be defective at no additional
cost to the Owner.

E. Use approved Waterproofing Installation Acceptance form and Surface Acceptance form
to release an area for waterproofing installation. Obtain the waterproofing installer's
quality control representative, and the Engineer's signature on the Waterproofing
Installation Acceptance Form.

F Distribute signed Waterproofing Installation Acceptance Forms with the Inspector Daily
Reports in compliance with Specification Section 01452M.

15
PROTECTION OF WATERPROOFING

A. Place membrane protection as soon as possible and prior to any work which might
damage the membrane.

B. Protect waterproofing after completion of waterproofing installation.

D. Where reinforcement is placed, use protective sheet and other approved methods to
achieve required spacing between membrane and rebar.
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E. Check integrity of waterproofing during installation of rebar, formwork, and during
pouring concrete.

F. Check for and relieve, if necessary, water build-up behind membrane with established
methods prior to concrete pours.

G. Do not allow penetration of waterproofing for any other than permanent purposes with
approved methods or temporary purposes authorized by the Engineer.

H. Do not allow construction debris or equipment to accumulate on the waterproofing
membrane.

6-7.04 PART 4 - MEASUREMENT AND PAYMENT

16

The contract price paid per square meter for tunnel waterproofing shall include full
compensation for furnishing all labor, materials, tools, equipment, and incidentals, and for doing
all the work involved in tunnel waterproofing, complete in place, as shown on the plans, as
specified in the Standard Specifications and these special provisions, and as directed by the
Engineer.
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SECTION 6-8. BLASTING

6-8.01 PART 1- GENERAL

1

APPLICATION

This section covers the use of explosives in drill-and-blast operations to excavate portions of
the proposed tunnels at the Devil’s Slide project.

1-1

The work covered in this section includes blast design, blast limitations, and providing all
materials, equipment, labor and supervision for the transportation and storage of explosives,
drilling and loading of blast holes, protection of existing facilities, test blasts, post-blast
inspections and damage repairs.

2
REFERENCES
A. Code of Federal Regulations (CFR)
1. U.S. Department of Labor, Occupational Safety and Health Administration (OSHA),
Construction Standards and Interpretation, 29 CFR Part 1926
B. California Code of Regulations (CCR)
1. Title 8, Chapter 4, Subchapter 20, Tunnel Safety Orders
2. Title 8, General Industry Safety Orders, Subchapter 7, Group 18. Explosives and
Pyrotechnics
C. Bureau of Alcohol Tobacco and Firearms (BATF)
1. Title XI, Regulation of Explosives (18 U.S.C. Chapter 40; 84 Statute 952), of the
Organized Crime Control Act of 1970 (84 Statute 922) and 27 CFR 55.
D. Department Of Transportation (DOT)
1. Title 49 (49 CFR), Parts 106, 107, 171-179, 383 and 390-399
E. United States Bureau of Mines (USBM)

1. Report of Investigation 18507
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3
DEFINITIONS

Smooth-wall Blasting.-- Sometimes referred to as trim or contour blasting. A form of
controlled blasting used in tunnel, shaft, trench and other surface blasting excavations. With this
method, lightly loaded charges are placed in relatively close-spaced holes and fired on
subsequent delays to remove the final berm of rock between the trim holes drilled at the
excavation limits and adjacent blast holes. By shooting with minimum delay between the holes, a
shearing action is obtained which gives smoooth walls with minimum overbreak. This technique
requires free relief of the perimeter and may require advance excavation of the production area to
provide that relief.

3-1

Peak Particle Velocity (ppv).-- The maximum of any one of the three ground vibration
velocities measured in the vertical, longitudinal and transverse directions. Velocity units are
expressed in inches per second (ips).

3-2
Air blast (overpressure).-- The increase in ambient air pressure caused by blasting. Air blast
is expressed in units of psi or decibel, dBL.
3-3
Scaled Distance.-- The distance from a blast measured in meters, divided by the square root
of the charge per delay period measured in kilograms. These “square root” scaled distance
values are used in calculations regarding ground vibration prediction and control. For air blast
calculations, cube root scaling is used whereby distance is divided by the cube root of the
maximum charge per delay.
3-3
Line Drilling.-- A method of controlling overbreak, in which a series of very closely spaced
holes are drilled at the perimeter of the excavation. Line holes are generally not loaded with

explosives; however, in some applications alternating holes may be loaded with light charges
using detonating cord.
3-4

Pre-splitting.-- A blasting technique in which the perimeter charges are detonated first in the
firing sequence or as a separate blast ahead of production blasting. This technique is designed to
generate a fracture in the plane of the pre-split holes drilled along the perimeter of the excavation.
Production Holes.--Blast holes in the main body of the rock mass being removed by drilling and
blasting.

3-5
Stemming.-- Crushed stone, tamped clay or some other inert earth material placed in the

unloaded collar area of blast holes for the purpose of confining explosive charges and limiting
rock movement and air blast.
3-6

Maximum Charge Weight per Delay.-- For purposes of vibration control, any charges firing
within any 8 millisecond time period are considered to have a cumulative effect on vibration and
air blast effects. Therefore, the maximum charge per delay equals the sum of the weight of all
charges firing within any 8-millisecond time period. For instance, if two 4.5 kgm charges fire at
100 ms and one 6.75 kgm charge fires at 105 ms, the maximum charge per delay would be 15.88
kgm
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3-7
Buffer Holes.--Holes with reduced energy charges drilled adjacent to smoothwall, trim or
open line-drilled holes at the perimeter of the excavation. The explosive charge in buffer holes is
generally between 50 and 75% of the charge used in normal production blast holes. Buffer holes
are usually drilled parallel to adjacent holes at the excavation perimeter.

3-8
Primary Initiation.-- The method whereby the blaster initiates the blast(s) from a remote and

safe location. Primary initiation systems use pneumatic tubing or shock-tubes to convey firing
energy from blasters to blast locations.

3-9
Sub-drilling.-- The portion of a blast hole that is drilled below or beyond the desired

excavation depth or limit. Subdrilling is generally required to prevent the occurrence of high or
tight areas of unfractured rock between blast holes.

3-10
Controlled Blasting.-- Controlled blasting is a term that describes all techniques to reduce
vibration, rock movement, air overpressure and damage to unfragmented rock.

4
SYSTEM DESIGN

A. Design Criteria

1. The firing systems for the general blast holes shall be controlled by the use of delay
detonators. Explosives used for a single period of delay shall be the minimum
required.

2. Blast designs shall include measures that prevent all forms of misfires and ensure the
complete detonation of all explosives. Two independent detonator-primer assemblies
shall be used to initiate all charges with lengths exceeding 6 meters. If any products
or methods are causing excessive cutoffs or other forms of misfires, the Engineer can
require the Contractor to suspend the use of problematic products or methods. All
associated costs of redesigned blasts or delays caused by this action will be at the
Contractor’s expense.

3. Underground Blasting (including tunnels, enlarged tunnels, chambers, cross passages,
niches).

a) Excavation to final rock surfaces shall be carried out using smooth-wall blasting
techniques to minimize the damage to the finished rock surface.

b) The perimeter holes for smooth wall blasting shall conform to the following
requirements:

1) Hole spacing shall not exceed 460mm unless a variance is approved by the
Engineer. Justification to increase hole spacing shall be based on results from
the test blasts.

2) Explosives shall be distributed evenly and de-coupled from wall of hole. The
maximum charge weight per unit length of hole (loading factor) shall be
limited to less than or equal to one half the loading factor of production hole
charges.

Page 88 of 796



Devil's Slide Tunnels - PS&E Submittal (11/18/05), Not For Construction

3) Burden: Between 1.2 and 1.4 times the hole spacing.
4) Lookout of perimeter holes: Lookout shall be limited to the minimum
necessary to collar the next round.

c) The maximum drill round lengths in the tunnel shall be such that the excavated
depth does not exceed the advance distances given in the construction plans of the
tunnels. The Engineer may shorten this length if, in his opinion, the integrity of
the excavation is threatened.

B Performance Requirements

1. The Contractor is responsible for acquiring and complying to all codes, regulations,
ordinances and requirements of the Sate of California.

2. The peak particle velocity induced by blasting shall not exceed 50 mm per sec near
any private off-site structures. The peak particle velocity induced by blasting during
the excavation of the tunnels shall be measured by approved seismographic
instruments.

3. The peak particle velocity induced in fresh shotcrete or concrete by blasting shall not
exceed the following limits for concrete at the various ages specified below:

Concrete Age Maximum Peak Particle Velocities
(From The Time of Batching) in./sec (mm/sec)
up to 24 hours 0.50 (13)
from more than 24 hours to 3 days 1.00 (25)
from more than 3 days to 7 days 2.00 (50)
from more than 7 days to 10 days 5.00 (127)
4-1

These limitations may be increased if the Contractor can demonstrate that larger magnitudes
of velocity will not damage the shotcrete such that support capacity is reduced.

5
SUBMITTALS

A. General

1. Refer to S Standard Specifications for submittal procedures.

2. Unless otherwise indicated, make required submittals at least 30 days prior to
conducting any blasting operations, and before any explosives, blasting agents,
primers, or initiators are delivered to the job site.

B. Working Drawings
1. Blasting safety plan: A blasting safety plans shall be prepared for the tunnels.. Plans
simply stating that “all regulations will be followed” shall not be acceptable. Plans

shall include:

a) A complete description of the clearing and guarding procedures that will be
employed to ensure personnel, staff, visitors, and all other persons are at safe
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locations during blasting. This information will include details regarding visible
warning signs or flags, audible warning signals, method of determining blast area
zones, access blocking methods, guard placement and guard release procedures,
primary initiation method, and the system by which the blaster-in-charge will
communicate with site security guards.

b) Detailed description of how explosives will be safely stored, transported and used
at the various project work sites. Plans will explain how storage magazines and
explosive transport vehicles will satisfy all applicable BATF, Cal/OSHA, Federal,
and County of San Mateo regulations. This plan will also indicate how explosives
will be inventoried, secured, and guarded to prevent theft or unauthorized use of
explosives.

c) Include Material Safety Data Sheets (MSDS) and specific details about hazard
communication programs for employees.

d) Equipment that will be used to monitor the approach of lightning storms and in
the event of such, evacuation and site security plans.

e) Contingency plans for handling of misfires caused by cutoffs or other causes.

f) Fire prevention plan details, including, smoking policies, procedures and
limitations for work involving any open flames or sparks, description and location
of all fire fighting equipment, and fire fighting and evacuation plans.

g) Initial and ongoing blasting and fire safety training programs.

h) Description of the personal protective equipment that will be used by Contractor’s
personnel, including but not limited to safety glasses, hard-toe footwear, hard hats,
gloves.

i) Description of blast monitoring equipment and listing of individuals that will
operate such equipment. Submittal shall indicate that all equipment meets the
standards defined in Article 2.02 of these specifications.

2. Obtain copies of all applicable codes, regulations, and ordinances, keep a copy in

project files at all times, and provide the Engineer with a copy.

Copies of any required Cal/OSHA variances.

4. Submit a series of general blasting plans to the Engineer not less than 20 days prior to
commencing test blasting, or at any time the Contractor proposes to change the
drilling and blasting methods. A blasting plan shall be prepared for the Tunnels,
including all parts of the tunnels requiring blasting in the Contractor’s opinion.
Review of the blasting plan by the Engineer shall not relieve the Contractor of his
responsibility for the accuracy and adequacy of the plan when implemented in the
field. Blasting plans shall include:

w

a) Details of controlled blasting techniques. Include plan and vertical section
drawings showing hole locations, spacing, diameter and loading details for typical
blast holes, buffer holes and smooth-wall or perimeter trim holes. Controlled
blasting plans and drawings should specifically cover all types of excavations
including tunnel rounds, and breakthrough rounds or blasts.

b) All blast plan drawings shall indicate explosive types, amounts, priming method,
initiator types, delay periods, and locations, charge firing times, stemming type
and quantities, and charge weights.

c) Plans for coordinating blasting with blast monitoring. Include drawings showing
locations of blast monitoring equipment for each blast.
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d) Methods of drilling, including equipment descriptions, hole alignment techniques
and measures that will be used to prevent excessive blast hole deviation.

e) Hole Charging Methods: Primer make-up, placement of charges and inert
stemming and method of securing detonators until tie-in.

f) Initiation system hook-up methods and method of primary initiation.

g) Methods for preventing spills or losses of explosives, drilling fluids, oil, or any
other pollutants to ground or lake water during all handling and hole charging
operations. Include details of all containment and contingency plans for quickly
and effectively cleaning up any spilled materials.

h) Methods of safe and approved disposal of all explosive packaging materials.

5. Individual blast plans shall be submitted for each blast at least 24 hours prior to
drilling any blast holes. No loading of explosives will be permitted until the
individual blast plan has been approved by the Engineer. Individual blast plans shall
include the following information:

a) Scaled plan-view and cross-section drawings showing the location, orientation,
number, diameter, and length of blast holes relative to specified stations, slopes
and elevations.

b) The amount, type, diameter, weight and linear loading density of explosives in all
blast holes.

c) Maximum weight of explosive per hole or decked charge, total weight of
explosives used, maximum charge weight per delay and powder factor.

d) Drawings or plan text shall clearly show detonator types, delays, quantities and
charge firing times.

e) The proposed date and time of the blast.

f) Proposed location(s) of seismographs and/or instruments for monitoring, sound
level, strain or other parameters.

g) The Contractor shall also submit other information as directed by the Engineer
such as measures to control fly rock, vibration, or other blast effects.

6. An emergency response plan indicating types of explosive materials, storage
locations and quantities shall be submitted to and approved by the Engineer. Upon
approval by the Engineer, the emergency response plan shall be submitted to and
approved by the local emergency response agency before explosives are allowed on
site.

C. Product Data
1. Manufacturer’s product information sheets and Material Safety Data Sheets (MSDS)
for all explosives, blasting agents, primers and initiator products, blasting devices,
lightning detectors, blasting mats, and all other blasting equipment.
D. Quality Control Submittals
1. A detailed description of the education, training, and experience of all proposed
persons that will be immediately in charge of drilling and blasting operations.

Separate qualifications shall be submitted for each supervising blaster-in-charge.. The
Contractors’ submittal shall include names, addresses and telephone numbers of
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persons who can verify such prior successful experience. Copies of valid California
blasting licenses shall also be submitted for all blasting supervisors. Blasting licenses
shall indicate the class of license held by proposed blasting supervisors, i.e. surface,
underground, non-electric systems, etc.

2. The name and qualifications of a recognized blasting consultant(s) whom they plan to
retain to facilitate the development or review of all blasting designs and blast-effect
control measures. The qualifications of the blasting consultant(s) shall meet the
requirements of these specifications. All blasting plans, test-blasting plans, and
revisions to any of these plans shall be reviewed by and covered with a signed review
letter by the blasting consultant(s). The blasting consultant shall not be required to
sign the individual blast plans provided they are signed by an on-site licensed blaster.

3. After each blast, the results from the blast monitoring, including any misfires, shall be
submitted to the Engineer prior to loading any subsequent blast holes.

6
SCHEDULING AND SEQUENCING

Schedule blasting operations to minimize disturbance of the public. Prior to blasting satisfy
all schedule and sequence criteria of Sections 02303, 02304, 02305, 02306, 02400, and 02815.

;
QUALITY ASSURANCE

A. Qualifications

1. The blasting supervisors (blasters-in-charge) shall have a minimum of 10 years of
experience, directly related to the specific types of excavation blasting they will
oversee. All blasting supervisors shall be able to document the completion of at least
three projects of similar scope and complexity.

2. All blasters and supervising shift foremen shall be properly qualified and licensed in
accordance with applicable federal, state, and local government regulations.

3. Retain the services of an experienced blasting consultant with at least 10 years of
experience in monitoring blasting operations (test blasts and production blasts) and
interpreting ground vibration, air overpressure, peak water pressure and impulse
amplitudes for similar construction projects.

4. Retain the services of an experienced blasting consultant(s) with at least 10 years of
experience in preparing controlled blasting designs.

B. Monitor each blast using approved personnel and equipment conforming to the
requirements outlined in Article 6-8.02 as follows:

1. Seismographs to measure ground motion and instruments capable of measuring air
overpressure:

a). In addition to the three required seismographs, an additional seismograph to

measure ground motion and overpressure meeting requirements of subparagraph
2.02A.5 shall be provided for the Engineer.
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8
DELIVERY, STORAGE AND HANDLING

Comply with federal, state, and local regulations, including Riverside County noise
ordinances, applying to the purchase, transportation, storage, handling, and use of explosives,
blasting agents, primers, initiators, and ancillary equipment and materials.

A. Transportation

1. When the amount of transported explosives exceeds 1,000 pounds, the delivering
company shall possess a valid hazardous materials transportation license, endorsed
for explosives, issued by the California Highway Patrol (CCR, Title 13).

2. Where explosives are transported on public roads, the carriage shall be in accordance
with 49 CFR.

3. If explosives are to be transported in interstate or foreign commerce, a license or
users permit shall be secured from the BATF (27 CFR 55).

4. All onsite transportation of explosives shall conform to the most stringent
requirements of CCR, Title 8.

B. On Site Storage

1. The location, access, and construction of explosive storage magazines and day-use
magazines shall meet all requirements outlined in Title 8, General Industry Safety
Orders, Subchapter 7, Group 18 and be in accordance with 27 CFR and all other
applicable regulations.

2. All second class magazines used for day storage shall be located at least 145 meters
from active work areas as required by CCR Title 8, Article 114, Storage of
Explosives

3. Maintain inventory control of all blasting equipment and supplies. Copies of
inventory logs shall be kept as required by CCR Title 8 and be made available for
review at the request of the Engineer.

4. Storage places shall be identified with signs stating clearly and boldly,
DANGEROUS EXPLOSIVES. Signs shall be attached to poles in plain sight. Signs
must not be attached directly to magazines. Signs shall also include the warning
“Never Fight Explosive Fires.”

The aforementioned review of specific regulations shall not relieve the Contractor from
his/her responsibility of knowing about and complying with all applicable regulations.

C. Explosive Losses to Ground or Water
8-1
Use great care to ensure that all possible measures are used to prevent explosive losses to
ground by spillage, misfires or any other cause. If poor handling practices or blasting
malfunctions cause excessive losses of explosives based on the Engineer’s judgment all blasting

in affected excavations shall cease until the Contractor submits a new explosive loss prevention
plan that is approved by the Engineer.
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9
WORKSITE CONDITIONS

This Statement of Concern is expressly written to alert the Contractor (or prospective bidders)
to the fact that ordinary practices that are customarily considered as standard for the blasting
industry will not be acceptable on this project. Extra caution and skills will be required to
accomplish this work in a satisfactory manner. Blasting shall be safely done in proximity to
existing tunnel support as the tunnels are excavated, and open cut rock slopes. Because of these
concerns, the Engineer will exercise his prerogative to examine carefully the qualifications of
any persons whose knowledge and skills may bear on the outcome of the work. In addition, the
Engineer will reject any persons who are deemed unqualified for any tasks that may be required.

6-8.02 PART 2 - PRODUCTS

10
EXPLOSIVE MATERIALS

Only fully non-electric blasting systems shall be used. Cap and fuse method shall not be used.
All explosives used shall be water-resistant and explosives used in underground excavations
shall have a fume class rating of 1 (produce less than 0.16 ft3 of toxic fumes per 200 g). Do not
use ANFO or other flowable explosives for blasting in the tunnel.

10-1
Only explosives designed and manufactured for smooth-wall (trim) blasting shall be used in
perimeter holes for blasting in the tunnel excavations. Such products include detonating cord as

well as cartridge configurations. Loading density of charges in perimeter holes shall not exceed
0.4 kgm per lineal meter unless approved by the Engineer.

10-2
Explosives, blasting agents, primers, initiators, and ancillary blasting materials shall be kept

in original packaging with clearly marked date codes. All explosives and initiating devices used
shall be less than one year old.

10-3
If the Engineer determines that a blasting product appears to be in a damaged or deteriorated
condition, the suspect product shall not be used until its condition can be determined. Products

found to be damaged or in a deteriorated condition shall be immediately returned to the supplier
for safe disposal.

11
BLAST MONITORING EQUIPMENT

Equipment for on-site and off-site particle velocity and air overpressure monitoring shall be
4-channel (1 overpressure and 3 seismic channels) units capable of digitally storing collected
data. Equipment must be capable of printing ground motion time histories and summaries of
peak motion intensities, frequencies and USBM RI8507 ppv frequency plots. Printed report
records must also include date, time of recording, operator name, instrument-number and date of
last calibration.

1. Instruments shall have a flat frequency response between 2 and 250 Hz for particle
velocity and from 2 to 200 Hz for air overpressure.
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2. The digitizing sampling rate for peak particle velocity and air overpressure
measurements shall be least 1,024 samples per second.

3. Seismographs shall be capable of performing a self-test of velocity transducers and
printed event records shall indicate whether or not the sensor test was successful.

4. Seismographs used for on-site monitoring shall be self-triggering, and shall be
capable of recording overpressure from 88 to 148-dB-L, and particle velocity from
0.005 to 10.0 in/sec.

5. Systems shall be capable of providing printed event reports that include all peak
measurements, frequencies and complete waveform plots.

6. Seismographs shall have adequate memory to digitally record the entire duration of
the blast-induced motion.

7. All seismograph/software systems shall be capable of saving back-up copies of all
event files on floppy or Zip disks.

6-8.03 PART 3 - EXECUTION

12
GENERAL

Monitoring and recording of all blast effects, as required by these specifications, shall be
performed by the Contractor. The Contractor shall monitor each blast at specified locations and
other locations determined by the Engineer. If the locations are too far away to self -trigger the
seismograph, the Contractor shall manually start the seismograph to ensure that recordings are
made, when requested by the Engineer. Printed reports of all monitoring results including motion
and overpressure time-histories shall be submitted to the Engineer before subsequent blasting
occurs. The Contractor shall save all digital monitoring record files to at least two separate disk
locations of which one location is either an IBM-compatible 3-1/2 inch floppy disk or a Zip disk,
or other compatible portable storage device. Upon request, the Contractor shall submit copies of
digitally recorded blast monitoring files to the Engineer. The Engineer may or may not perform
blast monitoring.

12-1
The Contractor’s safety manager shall ensure that ongoing blasting work complies with all
applicable regulations.

13
PREPARATION AND PROTECTION

The following warning systems, procedures and protection devices shall be established prior
to blasting.

1. A system of audible signals to warn of impending blasts.

2. Signboards and flags indicating areas where blasting operations are occurring. These
signs shall be clearly visible and legible from all points of access to the tunnel area.
The signs shall clearly describe the audible signal system for warning of impending
blasts. Blast area signs shall clearly indicate the length and nature of audible blast
warning and all clear signals. All warning systems shall comply with the most
stringent requirements of regulating local, state, and federal agencies.
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3. The blaster-in-charge shall determine when to sound the five minute warning signal.
Blasting shall be performed only after ensuring that all people and equipment have
been removed to a safe location. The Engineer may have a representative with the
blaster-in-charge.

4. Blasting shall occur only when a representative of the Engineer is present to witness
each blast.

5. A “tag out" procedure to ensure that all persons are out of the blasting area prior to a
blast.

A. Flyrock Control
13-1
Steel wire rope and/or rubber tire blasting mats shall be placed over faces or breakouts to be
blasted as required to protect instrumentation, utilities, personnel, and equipment from flyrock.

14
BLASTING

Perform blasting operations in a manner to minimize air blast and ground motion near critical
on-site structures. If blast-induced air overpressure (air blast) or particle velocity exceeds the
performance requirements specified herein suspend blasting in the affected excavation(s) until a
re-designed blasting plan is submitted to and approved by the Engineer.

14-1

The Contractor may need to employ special measures to meet the specified air blast limits.
These measures might include, but are not be limited to, the use of: sound reducing enclosures
around work areas, removable shaft covers, clay stemming in horizontal blast holes, extra
crushed stone stemming in vertical blast holes, or other measures deemed necessary by the
Engineer. Use the following controls to limit air blast (air overpressure) and flyrock as necessary
for compliance with the specified air overpressure limits and for protection of both employees
and the public.

1. Clean crushed stone ranging in size from 9 to 12 mm shall be used to stem all
explosive charges in vertical and down-dipping blast holes. Stemming in all blast
holes shall be lightly tamped, while loading, with an approved non-sparking loading
pole to ensure that no gaps occur in the stemming column due to bridging.

2. If deemed necessary by the Engineer, additional measures to control air blast and
flyrock shall include but not be limited to soil, sand, or blasting mat covers.

14-2
Use extreme care to prevent spillage or loss of any explosives, oils or other pollutants to the
ground. If any explosives or other pollutants are spilled, immediately clean up the spilled
explosives and dispose of them by approved means. Spills of any amount must be reported to the
Engineer immediately.
14-3
For all surface and underground blasts, the drill holes shall be collared to within 6 inches of
the locations shown on the Contractors approved blasting plans.

The centerline of drill holes for all surface and underground blasts shall not deviate more
than 5 percent of the vertical depth from the theoretical centerline.
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A. Limitations

1. Blasting shall not be permitted when in the opinion of the Engineer it may be
detrimental to existing installations. The Engineer's decision will be final.

2. Controlled blasting techniques shall be used to prevent overbreak and minimize rock
damage in all underground excavations. Blast patterns shall be designed so that the
explosive energy is not directed into the back and sidewalls of the excavation but,
instead, towards the developed free face.

3. Whenever, in the opinion of the Engineer, proposed blasting may cause harm to
persons, cause damage to structures, or create unacceptable rock instability, cease
blasting immediately and review the blast design. The Contractor can resume
excavation of the rock with an approved re-designed blast plan or by mechanical
means.

4. Explosives shall not be used as a means of transporting material outside the
excavation prism or limits of excavation.

5. If the Contractor’s depth and alignment controls for drilling equipment are not
sufficiently accurate to produce acceptable blast results, at the Engineer’s discretion,
the Contractor may be required to use a drilling template or other applicable control
measures necessary to improve drilling accuracy.

B. Misfires and Dangerous Conditions

1. After a blast has been fired, the blaster-in-charge and one assistant under his or her
direct supervision shall make a careful inspection of the blast area. The Engineer’s
representative may be present for this inspection. Inspections shall determine whether
there are any indications that misfires might have occurred or whether the blast
created any other imminent dangers like unstable ground conditions. If misfires or
other dangerous conditions are found, the blaster-in-charge shall secure the area and
properly correct all hazards before any other work is allowed in the affected area. The
all clear signal, allowing other work to resume in the area, shall not be given until
affected blast sites are clear of all hazards.

15
SUSPENSION OF BLASTING
Blasting operations may be suspended by the Engineer for any of the following reasons:

1. The Contractor’s safety precautions are inadequate.

2. Air blast, ground motion levels exceed specified limits.

3. Existing structural conditions on and off site are aggravated and are damaged by
blasting.

4. Blasting causes instability of slopes or causes damage to rock outside the prescribed
limits of excavation.

5. The results of the blasting, in the opinion of the Engineer, are not satisfactory.

15-1

Blasting operations shall not resume until the Engineer has approved the Contractor's revised
blasting plan with modifications correcting the conditions causing the suspension.
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16
PRE-BLAST/POST-BLAST INSPECTIONS

Prior to blasting, inspections shall be performed on all construction in progress and structures
located on site. Inspections shall be performed by qualified specialists approved by the Engineer.
Notify the Engineer at least 7 days prior to the inspections so a representative of the Engineer
may be present. Inspections shall meet the following conditions:

1. Existing crack damage, other structural problems or defects occurring at the structures
shall be thoroughly documented.

2. Close-up detailed photographs will be taken of all cracks, deterioration or cracks
observed

3. Minimum size of all color photographic prints shall be 5 inches by 7 inches and based
on standard 35 mm negative film format. Digital photography is also acceptable. In
lieu of photographs, the Contractor may provide a HI-8 or equivalent quality video of
the structures and features noted above.

4. Photographs or HI-8 videos shall include imprints of the survey date.

16-1
As construction progresses, re-inspect, as often as necessary or at the intervals prescribed by
the Engineer, to verify that controlled blasting methods are not causing any new damage.

17
DAMAGE REPAIR

When blasting operations damage a portion of the work, or material surrounding or
supporting the work, promptly repair or replace damaged items to the condition that existed prior
to the damage, to the satisfaction of the Engineer.

17-1
Nothing contained herein shall relieve the Contractor of its responsibility for claims arising

from its construction operations. Failure to inspect any structure required by these contract
documents, or inadequacy of the inspections shall not relieve the Contractor of its responsibility.

6-8.04 PART 4 - MEASUREMENT AND PAYMENT

18

Full compensation for blasting shall be considered as included in the contract prices paid per
meter for various tunnel excavation and support of categories and locations as listed in the
Engineer's Estimate and no separate payment will be made therefore.
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SECTION 6-9. ROCK DOWELS

6-9.01 PART 1- GENERAL

1
DEFINITIONS

Rock Dowel.-- Cement or Resin Grouted: This type of rock dowel is an untensioned rod
inserted into a drilled hole and grouted along its entire length using fast-setting cement grout, or
fast-setting resin capsules. The rock dowel consists of either deformed billet-steel bar or high
yield steel, deformed ribbed bar, with cut or rolled threads at one end, a faceplate, shim plates
and nut.

1-1

Rock Dowel.-- Expandable Tube Type: This type of rock dowel is manufactured from a
mechanically reshaped steel tube. High-pressure water (30 MPa ) is injected into the steel tube
after insertion into a drilled hole. This causes the steel tube to expand and to form it to the
irregularities in the drilled hole. A 300 mm long sleeve tube made of steel shall prevent the bolt
from swelling at the borehole mouth, thus protecting the fresh shotcrete from damage. The water
pressure is released after installation and the water allowed to drain out of the expanded steel
tube. The drill hole diameter must b