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Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: This guide specification covers the

requi renents for tunnel excavation for underground
construction by blasting. Tunnel Excavation guide
specifications for excavation using mechanica

nmet hods such as Tunnel Boring Machine (TBM or
roadheader presently do not exist but may be

devel oped in the future. This specification is
currently for use in tunnel excavation in bedrock
conditions equivalent to at |east two tunne

di anmeters below top of rock (i.e., ledge) only. For
nm xed-face or soft ground tunneling conditions
(i.e., soil-like conditions), consider alternate

nmechani cal excavation nmethods to account for
antici pated ground conditions for appropriate
equi prent sel ection and et hods of ground support
and groundwater control. For |ocalized ground
conditions including fault zones or other
speci al i zed ground conditions, revise specification
to account for potentially adverse rock
characterization conditions identified in the
Ceot echni cal Basel i ne Report or other geotechnica
desi gn docurments. This section was originally
devel oped for USACE Civil Wrks projects.

For projects on a naval facility, consult with | oca
NAVFAC of fice, Naval O dinance Safety and Security
Activity (NGOSSA), and NAVSEA on requirenents.
NAVSEA OP5 Amuni tion and Expl osive Safety Ashore
manual dictates many of the requirements and NOSSA
has the final determ nation on blasting on a Navy
installation above or underwater. Reference NAVSEA
OP5 nmanual and contact | ocal Explosives Safety

O ficer and Planner for the base prior to revising
the specification. Overall NOSSA approval process
can take 12-18 nonths depending on the |evel of
approval required.

Adhere to UFC 1-300-02 Unified Facilities Guide
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Speci fications (UFGS) Fornmat Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenents by
addi ng, deleting, or revising text. For bracketed
itens, choose applicable iten(s) or insert
appropriate information.

Renove information and requirenments not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmended changes for
this gui de specification are wel come and shoul d be
submtted as a Criteria Change Request (CCR)

Rk Ik Sk kR IR R R O O Ok e S S R AR Ik R R O o O R O I S bk b R

PART 1 GENERAL

EE R R R S I R R R I R S R R R R R O S R R I R R R R R R R R

NOTE: For USACE: Consult with Subject Matter
Experts (SME) fromthe Geotechnical Engineering,
Structural Engi neering, Engi neering Geol ogy, and
Materials Comunity of Practice or District Ofice
that has nost recently conpleted a simlar type of
under ground construction project, while editing this
section, to be appraised of recent, specific

requi renents, guidance, excavation methods or
under st andi ngs for the subject project.

Consult with or have Specification reviewed by a
Subj ect Matter Experts in Underground Construction
for projects involving Tunnel Excavation as a
primary conponent of a project, or where Underground
Construction issues are particularly chall enging.

There are likely decisions and/or requirenents of

ot her agencies, the Safety Manual, and/or interna

of fices/divisions/ branches, which could have an

i nfl uence upon a project's underground construction
specifications. Sone of these issues may be:
concerns fromfederal, state, and |oca
jurisdictions and agencies; public use of nearhby
federal, state and/or |ocal properties near or

adj acent to the project; evaluations of acceptable
construction vibrations, noise and/or pressures

af fecting individual s or reaching nearby structures;
natural resource inpact reviews, negotiations and/or
requi renents; constraints on the excavation neans
and net hods; pre-construction inspections; special
studies to facilitate | ower cost of the bids or to
encourage nmore bid subm ssions; the acquisition
strategy for the paynment; and, other concerns
specific to the project.

Thi s Tunnel Excavation gui de specification covers

t he construction of underground facilities by neans
of blasting in rock and includes nucking. The
details on excavation are typically covered by a
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separ ate Rock Excavation specification

The foll owi ng m nimumrequirenments for project
information will be indicated on the project
dr awi ngs:

1. Surface elevations, existing and new.

2. Al utilities, whether trenched, buried, at the
surface or overhead to distances well beyond the
project's limts;

3. Spatial location and record of all soil and rock
borings and test pits, instrunentation, and/or
geophysi cal surveys including soil and rock
classifications and the pertinent engineering
properties. For exanple this data may include, but
isnot limted to, weathered rock, materia
strength, bit drops, circulation |oss, voids, ground
wat er observations, SPT, Recovery, RQD, RWVR |ab
testing results, permeability, stratigraphy,

geol ogi c features and structure, and topsoi

t hi ckness encountered in boring (NOTE: This is a
list of exanples of data pertinent to the tunne
design that nay be provided in the project draw ngs
or GBR/ GDR but does not include all possible

engi neering properties or conditions of soil and
rock that characterize a specific site.);

4. Reference to project Geotechnical Data Report
(GDR), GCeotechnical Interpretation Report (AR
and/ or Geotechnical Baseline Report (GBR) for
additional site characterization information not
cont ai ned on the project draw ngs.

5. Location and limts of hard material, whether
rock or concrete, or other building naterials;

6. Excavation or denpolition limts, and clearing,
stripping and grubbing limts, and tol erances of
excavati on;

7. Details of special Iimts that may require |line
drilling, presplitting, reduced subdrilling, and/or
specialty blasting practices;

8. Location of borrow and di sposal area, if |ocated
on Governnent property; or on site (as sone sites
may or nmay not remain governnent property, and

di sposal sites may be under control of project
partners);

9. Hydrol ogical, hydraulic and inpoundnment data,
wher e applicabl e; and,

10. Details of all rights-of-way within the project
boundari es.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S
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NOTE: Typical Measurenment and Paynment | anguage is
to be inserted into the Measurenment and Paynent
specification section. This is typical |anguage
used that will need to be tailored for the project
needs.

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

1 METHOD OF MEASUREMENT

Tunnel support for the various support categories nust be neasu
paid by the individual conmponents conprising each support categ
Rock Bolts, Steel Arch Ribs, Shotcrete), under their respective
specification or special provision section

Tunnel Excavation nust be nmeasured by the[ neter][ cubic neter]

foot][ cubic yard] excavated in accordance with the 'B

red and
ory (e.g.,

[ linear

[ine paynment limt

shown on the Drawi ngs. Tunnel drainage nust be neasured and paid under
Section 01 20 00 PRI CE AND PAYMENT PROCEDURES.

.2 BASI S

OF PAYMENT

The accepted quantities neasured as specified above nmust be pa
the contract unit price for the pay itens |isted bel ow

Pay Item Pay Unit

Tunnel

Excavation[ Meter][ Cubic Meter][ Linear Foot][ Cub

Paynment for Tunnel Excavation must constitute full conpensation
excavation, scaling, scaling reports, support, blasting, blast
renoval , hauling and di sposal of excavated materials, construct
ventilation and illumnation, control of water and groundwater
i ncl udi ng groundwater testing, supply of potable water, and al

necessary for conpletion of the tunne

Docunent s.

d for at

¢ Yard]

for all

ng reports,
i on

i nfl ow

ot her work

in accordance with the Contract

EE R I R R S I R R R I R I R S R R R R I R S I R R I R R R S R O S R R O

NOTE: The coordination with other federal, state,
and | ocal jurisdictions and agencies, the public,
and private entities nmust be completely resol ved
before finalizing the specifications. A project's
excavation and/or foundation requirenents, for

whi ch, dense nmaterials are being renoved, nay

requi re navigation, highway, structural and/or other
regul ati ons and codes to be foll owed. Depending
upon the proximty of public-use areas, private

resi dences or busi nesses, and the project's location
within a county or township, various accombdati ons
will need to be required for the protection of the
public, and the safety of private entities regarding
| ocal |aws, regul ations, and ordi nances. Avoi ding
natural resource inpacts may overlay other measures
and require: seasonal or daily tine Iimtations of
the initiation of the individual blast patterns;
speci al observers for sone or all the underground
construction work; special studies or nonitoring
whi | e bl asting operations is being conducted; and,
ot her potential considerations.
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Agency coordination will vary by project. Be
certain that all governnment stakehol ders have been

i nvol ved with planning of the project and approved
of all requirenments for the specifications. List

t hose i nportant navigation or safety stakehol ders.
When there are navi gabl e waters near the excavation
zone, list in the controlled navigation perineter's
di stance during the warning period of a shot. Wile
the distance is project specific, the mnimm

di stance is typically 300 m 1,000 ft.

It is essential that the agency/service person
usi ng these Quide Specifications to prepare Plans
and Specifications coordinate with the planners and
envi ronnent al conpliance specialists within their
agency/ Service to ensure that all appropriate
restrictions and mitigation neasures for hazards
associ ated with tunnel excavation and underground
construction are incorporated into the Plans and
Specifications. Failure to conply with the

requi renents of applicable Federal or state | aws and
regul ations could result in project delays or

st oppages, as well as the potential for increased
proj ect costs.

EE R R R S I R R I R R I R S R R R I R S I R R I R R R S R R R R

.3 SCOPE

This work must consist of excavation and disposal of all material within
the rock tunnel limts indicated on the plans, in accordance with these
specifications and in conformty to the |ines, grades, stations and

t ol erances shown on the plans or as established in the field by the
Contracting Officer. Some general guidelines to maintain the inherent
strength of the ground surrounding the tunnel opening have been incl uded.
In addition, the work al so includes geotechnical instrunentation for

noni toring rock di splacenment and water nanagenent in the tunnel; including
but not Iimted to, furnishing, installing, and nonitoring of optica
survey targets in the tunnel, collection and interpretation of data and
furnishing all other necessary material, equipnment and | abor incidental to
such work, [furnishing of optical survey targets], including installation
and nonitoring of instruments in accordance with the specifications. The
Contractor must nmonitor all geotechnical instrunentation and interpret the
data obtained fromthem The data nust be nade available to the
Contracting O ficer [upon request][wi thin 24 hours of reading].

The breakage of rock and hard/unyielding materials nmay be conducted by any

neans unl ess otherw se stated herein. |If the contractor elects to use
drilling and blasting for breakage or displacenent of units, this entire
section is applicable and covers activities associated with drilling and

bl asting for rock excavation at the surface for portal and shaft
construction, or underground tunneling operations. Contained herein are
procedures for all activities relating to drilling; blasting and the
transportation, storage and use of explosives; breakage and di spl acenment
of rock. The Contractor's blasting programand nethods are those
necessary to acconplish the excavati on shown on the Contract draw ngs in
accordance with the provisions specified herein. Contractor's blasting
pl an nust address site-specific conditions affecting the control

quantity, and magnitude of explosives fired in all blasting operations to
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prevent

1.4

injuries to persons and avoid danmage to all structures,
properties, governnental and nonprofit entities, comerce and busi nesses,
and natural resources and their habitat.

RELATED WORK SPECI FI ED ELSEVWHERE

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

NOTE: These specifications for rel ated work
specified el sewhere are not all inclusive. Add and
renove specifications as needed for the project.

Li st specifications that are related, such as

Eart hwor k, Excavation, Soil and Rock Anchors,
Tenporary Environnental Controls, Shotcrete, Natural
Resources, are typical specs rel ated dependi ng on

t he project.

The specifications without nunbers |isted bel ow
presently do not have a correspondi ng UFGS CQui de
Specification. The designer will need to wite a
project-specific specification to address those
features of work

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S
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35 26 GOVERNMENT SAFETY REQUI REMENTS
33 00 SUBM TTAL PROCEDURES

32 13 SUBSURFACE DRI LLI NG AND SAMPLI NG
30 00 CAST-I| N-PLACE CONCRETE

00 00 EARTHWORK

23 06. 00 BLASTI NG - SURFACE

68 13 SO L AND ROCK ANCHORS

73 19 TUNNEL AND SHAFT GROUTI NG
GEOTECHNI CAL DATA REPORT
SURVEYI NG AND LAYOUT
GEOTECHNI CAL AND STRUCTURAL | NSTRUMENTATI ON
TUNNEL AND SHAFT DEWATERI NG
GROUNDWATER TREATMENT SYSTEM
TEVPCRARY LI GHT AND POVER
TEMPORARY ELECTRI CAL SYSTEMS
TUNNEL EXCAVATI ON SUPPORT

RRRKKX
RRRERRKX

1.5 REFERENCES

EE R R R S I R I R R I R S R R R R S R R I R R R S R R S R R

NOTE: Add and renove references as needed for the
project. Reference the appropriate state and | oca

| aws, regul ations and ordi nances concerni ng bl asting
where the project is to occur.

This paragraph is used to list the publications
cited in the text of the guide specification. The
publications are referred to in the text by basic
designation only and listed in this paragraph by
organi zati on, designation, date, and title.

Use the Reference Wzard' s Check Reference feature
when you add a Reference ldentifier (RI D) outside of
the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
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1.

use the Reference Wzard's Check Reference feature
to update the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci fication when you choose to reconcile
references in the publish print process.

EE R R R S I R I R I R I R S R R R R O S R R I R R R S R R R R O

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by
t he basic designation only.

ASTM | NTERNATI ONAL (ASTM

ASTM D2487 (2017; E 2020) Standard Practice for
Classification of Soils for Engineering
Pur poses (Unified Soil C assification

System

ASTM D5434 (2012) Field Loggi ng of Subsurface
Expl orati ons of Soil and Rock

ASTM D6032/ D6032M (2017) Standard Test Method for
Det ermi ni ng Rock Quality Designation (RQD)
of Rock Core
U S. ARWY CORPS OF ENG NEERS (USACE)

EM 385-1-1 (2014) Safety -- Safety and Health
Requi r enent s Manual

EM 1110-1-1804 (2001) Engineering and Design --
CGeot echni cal | nvestigations

EM 1110-2-1009 (2018) Engi neering and Design --
Structural Deformation Surveying

EM 1110-2-2901 (1997) Engineering and Design -- Tunnels
and Shafts in Rock

U. S. NATI ONAL ARCHI VES AND RECORDS ADM NI STRATI ON ( NARA)

29 CFR 1910. 109 Expl osi ves and Bl asting Agents
29 CFR 1926- SUBPART U Bl asting and the Use of Expl osives
49 CFR 177 Carriage by Public H ghway

6 RELATED ATTACHVENTS AND SPECI FI CATI ONS

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Ceotechnical Data Report (GDR) and

CGeot echni cal Baseline Report (GBR) | nportance.
Project-specific site data should be presented in
Ceot echni cal Data Report (GDR); design
interpretations of the expected subsurface
conditions and expected behavi or should be presented
in the Geotechnical Baseline Report (GBR). GDR/ GBR
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data nmust be consistent with infornmation presented
in the project specifications and draw ngs without
conflict. Agencies may require different types of
docunents; there may be a Geotechnical Interpretive
Report (G R).

Location and record of all soil and rock borings and
test pits, including soil and rock classifications
and their properties, weathered rock, bit drops and
voi ds, ground water observations, and topsoi

t hi ckness encountered in boring.

Location and limts of hard nmaterial, whether rock

or concrete, or other building materials.
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I

"Ceot echnical Data Report" (GDR) dated | ], prepared by | ].
"CGeot echni cal Baseline Report" (GBR) dated | ], prepared by | ].
"Ceotechnical Interpretive Report" (G R) dated | ], prepared by

[ 1.
1.7 DEFINITIONS

EE R R R S I R R I R R I R S R R R I R S I R R I R R R S R R R R

NOTE: Delete definitions that will not be used in
the specification text for a specific project. A
conplete list of frequently used tunneling terns can
be found in Appendix B of the EM 1110-2-2901

bl asting definitions can be found in the GLOSSARY of
the EM 1110-2-3800, and other references. Reconmend
only including definitions not already referenced in
the EM and definitions to further define the work on
the specific project in the specification. It may
be necessary to add definitions dependi ng on what
the Earthwork and/or Excavation specifications for
the project have terns for Rock, Wathered Rock
Sound Rock, Voids, Sedinent, etc.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

1.7.1 Control | ed Bl asting

EE R R R S I R I R R I R S R R R R S R R I R R R S R R S R R

NOTE: This section may be applicable for the

shaft/portal blasting construction.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

Controlled blasting refers to blasting techni ques used to better

di stribute the expl osive charge to mninize inpacts such as fracturing and
| ooseni ng of the rock beyond the design excavation |line (overbreak) and
[imt vibration effects. This is acconplished by using snall dianeter
decoupl ed charges in closely spaced bl asthol es placed on the perineter of
an excavation. Methods including but not limted to line drilling, and
pre-splitting (pre-shearing) cushion blasting, and buffer zone bl asting.

1.7.2 Al r bl ast

Ai rbl ast are the overpressure waveforns that nove though air as audible
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and sub-audi bl e sound waves. These are also call ed conpressi on waves.
Airblast is one of the three, prinmary adverse inpacts from bl asti ng.

7.3 Vi brati ons

EE R R R S I R R I R I R I I R S R R R O S R R I R I R R R R R R R

NOTE: There are other inpacts that may be rel ated
to blasting that should be considered, such as
ground settlement, disruption to structures or
activities, hazardous environnents.

Rk Ik kR IR Rk O kO e S S R ARk Rk R R R e I O O R SRR I b S R R

Vi brations are the second of the three, primary adverse inmpacts from
blasting. The third primary adverse inpact fromblasting is flyrock

Vi brations are the result of various wave forns emanating fromthe
detonation or deflagration of ignited materials froma shot pattern. Peak
particle velocity (PPV) is defined as the maxi num absol ute val ue anong the
three ground vibration velocities measured in the vertical, |ongitudinal
and transverse directions over the period of a record. Peak, tota
vector-sumparticle velocity is the peak value over the full-tine history
of each time-unit's value of the square-root sum of the squared, conponent
velocities. Velocity units are expressed in centineters per second (cps)
or inches per second (ips).

. 7.4 Initial Support

Install ed at and adjacent to the excavation face follow ng a headi ng
advance to mninze ground movenent and | oosening and to maintain
stability of the opening prior to construction of the permanent I|ining.
Initial support for the rock tunnel generally refers to all el enents of
rock support required to provide a safe, stable rock excavation at al
times during construction. El ements of rock support include, but are not
l[imted to, such itens as steel ribs, tinmber blocking, spiling, rock
dowel s and anchors, steel straps, welded wire fabric or shotcrete.

.7.5 Additional Initial Support

May include rock bolts and dowels, crib and | aggi ng, steel straps,
spot - hol ds, steel sets, steel liner plates, shotcrete and pre-

rei nforcement spiling in addition to the initial support types and
guantities for the support categories as shown on the Contract Draw ngs.
Addi ti onal ground support neasures should be installed in a systematic or
non-systemati ¢ manner, for local stabilization and safety during tunneling
operations

7.6 Fi nal Lining

EE R I R R S R I R I R I R S R R R R R S R I R I R I R R S R S R R R S

NOTE: Tailor this paragraph to the type of fina
lining for the project, this may be a cast-in-place
or precast reinforced concrete liner, steel liner
that is backfilled with contact grout, or |eft
unl i ned, maybe with shotcrete or reinforced (stee
fiber) shotcrete or other.

EE R R R S I R R I R I R S R R R R S I R R I R R R R R R R R

[Cast-in-place reinforced concrete, steel] lining that is installed after
t he tunnel has been excavated and supported with initial support.
Backfill concrete and contact grout are also included in the final |ining.
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7.7 Desi gn (Excavation) Line

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: This nomencl ature shoul d be defined during
t he devel opnent of the plans and specifications as
it will be specific for each project.

EE R R R S I R I R I R I R S R R R R O S R R I R R R S R R R R O

A line within which no unexcavated material nmust remain. Only shotcrete,
structural steel rib supports with Iimted bl ocking, rock dowels,

i ncludi ng bearing plates and nmetal hardware, and tie rods may extend
beyond the design |line as shown on the Drawi ngs. The ninimum concrete
cover over these elenents is shown on the Draw ngs. Enbednents shown on
the Drawi ngs within the design line nmust be placed as shown. The
Contractor may select the size of the excavated opening provi ded that

fini shed m ni mum excavati on tol erances are nmai ntai ned and the design |ine
requi renents and dianeter constraints given in this section are satisfied.

L7.7.1 A-line (Theoretical Excavation Line)

The A-line, shown in the contract drawings is the line within which
unexcavated material must not be pernitted to remain

LT7.7.2 B-1ine (Pay Line)

The B-line shown in the contract drawings is the outside limt to which
nmeasur enent for payment for excavation nust be nmade. Measurenent for
paynment must be made to this line regardl ess of whether the linmts of the
actual excavation are inside or outside of the B-line. Excavations beyond
the B-line perforned by the Contractor for purpose or reason except as
shown on the Drawi ngs or as nmay be ordered in witing by the Contracting
O ficer, nust be at the expense of the Contractor

7.8 Headi ng
A general termused to refer to the advancing (excavation) tunnel face.

7.9 Face

The position of the underground works that has been advanced the furthest
for the respective section of the overall construction sequence adopted
for the large span tunnels. Also referred to as "Wrking Face" or
"Headi ng. "

7.10 Forward Area

Is that area within which the initial ground support is to be installed
behi nd the headi ng (depends on rock nass conditions, stand up tine, and
headi ng advance rate).

7.11 Initial G ound Support

EE R R R S I R R I R I R I R S R R R R S R I R I R I R R S R R S R R R

NOTE: O her common term nol ogy may include wood

I aggi ng and liner plate (gasketed and un-gasketed),
splines, strapping, mesh, steel sets, steel-fiber
rei nforced shotcrete, expandable bolts.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S
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EE R I R R S I R R I R I R I R S R R R R S R I R R R R S R R R R S O

NOTE: In addition, the initial support systens
i ndi cated on the Drawi ngs for additional openings in
the tunnel, must form part of the Permanent Support.

EE R R R S I R R I R I R I I R S R R R O S R R I R I R R R R R R R

The support systeminstalled after an excavati on advance within the tunne
forward area to mnimze ground deformation and | oosening and to maintain
stability and safety of the opening. Initial support measures include,
but may not be limted to, rock bolts and dowels for rock reinforcenent,
shotcrete lining, steel ribs, and pre-reinforcement for the duration of
construction and prior to installation of the pernanent support.

.7.12 Lengt h of Advance Interval

Length of the unsupported span of ground exposed during one excavation
advance i ncrenent (depends on rock mass conditions, stand up tine, and
headi ng advance rate).

.7.13 Line Drilling

Line drilling may be applicable in and around tie-in structures where
preci se ground control is needed. Wthin tunnel blasting operations,
peri meter hol es, back hol es or heading rounds may be line drilled for
overbreak control along the rib, springline and through the crown.
Typically line drilling is applied during shaft or portal construction

.7.14 Excessi ve Over br eak

The amount of ground unintentionally renoved beyond the pay line, or
B-Line. The Contractor should attenpt to mnimze overbreak

.7.15 Over - Excavati on
Excavati on of ground beyond the theoretical excavation line, or A-Line.
.7.16 Probe Hol e

An exploratory hole drilled in advance of an excavation to expl ore ground
conditions or water infiltration conditions. Supplenmental probe holes are
those installed in addition to the probe holes shown on the Draw ngs or
required herein and at the direction or approval of the Contracting
Oficer.

.7.17 Scal i ng

Consi sts of barring, wedging, and picking to renove | oose, shattered, or
unst abl e pieces of rock around the headi ng advance. | ndividual pieces not
in accordance with the specified tolerance nust al so be renmpved during
scal i ng.

.7.18 Shotcrete

Mortar or concrete conveyed through a hose and pneumatically projected at
hi gh velocity onto a surface.
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1.7.19 St aged Excavati on

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Advancing multiple headings is often
performed in poor ground or for larger final tunne
di nrensi ons, where a top (left and/or right) headi ng
i s advanced, supported then the other headi ng or
bench renoved, potentially also renoving the center

support system separating the headi ngs.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

Sequence of excavation by which the final excavation is divided into a
group of smaller drifts, also referred to as slashes and cuts, or top
headi ng and bench.

1.7.20 Support Type

Met hod of excavation and initial support defined in the Draw ngs for use
at a particular |ocation.

1.7.21 Ti ght s or Under break

Projections of rock in a tunnel inside the mninum excavation profile
(A-1ine) that need to be renoved prior to placenent of I|ining.

1.7.22 Wat er Sheet or Panning and Drain Hose

PVC- sheet, PVC-pan and PVC-hose used to collect and drain off ground water
fromareas at either the excavated surface behind the shotcrete Iining or
to collect and drain seepage through the shotcrete Iining.

1.7.23 Snoot h Wal | Bl asting

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Smpoth wall blasting can be used around
openi ngs and sensitive structures.

EE R R R S I R R I R R I R S R R R S R R R S I R I R I R R R R R S R R

Refers to a technique involving perineter holes drilled along the
excavation limts which are lightly | oaded to renove the final burden and
are fired on the |l ast delay of the detonation sequence. The objective is
to obtain snooth walls with mininmumoverbreak and m ni nal damage to the
rock outside the excavation limts.

1.7.24 Hangfire

Qccurs where the explosive in the borehol e begins burning and may
eventual |y detonate when the fire reaches the area of the base charge of
the failed detonator. This detonation may take place a few seconds after
the blasting machine was fired or a few mnutes |ater.

1.8 RESTRI CTI ONS

Tunnel s must be excavated and supported using a continuous or increnental
excavati on- observation-support approach to provide the necessary and
justifiable levels of ground control and pernanent stabilization. The use
of a staged excavation approach with integral, concurrent initial support
and pernmanent stabilization of the tunnel periphery is fundanmental to the
successful execution of the project and recogni zes that tunnel spans of
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di fferent di nensions nust be developed in variable and fractured rock nass
condi tions.

Do not begin underground tunnel blasting excavation operations until the
foll owi ng conditions have been net:

1. Do not begin tunnel excavation until all required subnittals in
par agraph SUBM TTALS have been submitted and the Contracting O ficer
has revi ewed and approved the submttals.

2. Pre-construction inspections near the tunnel excavation have been
conpl eted by the Contracting O ficer and pre-construction docunents
have been provided to Contractor

3. Installation of geotechnical and structural instrunentation for
noni toring surface structures near the tunnel excavation have been
conpleted and initialized by the Contractor.

4. Al issues related to health and safety have been net and al
subm ttal s have been made in accordance with OSHA requirenents,
EM 385-1-1, and other applicable codes and regul ati ons of Federal
State, and | ocal agencies having jurisdiction

5. Required personnel with qualifications specified in paragraphs
BLASTI NG PERSONNEL and TUNNELI NG PERSONNEL are avail able on site to
perform wor k.

6. Tenporary construction power substation has been installed and tested
in accordance with the Division 16 specifications

7. Blasting will not be carried out without the prior approval of the
Contracting Oficer.

8. The Contractor nmust take all necessary precautions to prevent
premat ure detonation of explosive charges.

9. The Contractor must be responsible for safe transportation, storage,
security/guarding and use of explosives, blasting agents, priners,
initiators, and ancillary equi pnent and materials in accordance with
29 CFR 1910. 109, 29 CFR 1926- SUBPART U, and all applicable federal
state, and |ocal Regulations. Al cost associated with the
transportation, storage, security/guarding and use of explosives nust
be considered incidental to the cost of tunnel excavation and included
in their respective unit costs.

10. Vibration nonitoring equi pnent nust be installed, calibrated and
operating before blasting begins.

11. Public notification and neeting hel d.

9 SUBM TTALS

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Review submittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list, and corresponding subnitta

items in the text, to reflect only the submttals
required for the project. The CGuide Specification
techni cal editors have classified those itens that
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requi re Governnent approval, due to their conplexity
or criticality, with a "G" GCenerally, other
submttal items can be reviewed by the Contractor's
Quality Control System Only add a “G to an item
if the submittal is sufficiently inportant or
conplex in context of the project.

For Arny projects, fill in the enpty brackets
following the "G' classification, with a code of up
to three characters to indicate the approving
authority. Codes for Arny projects using the

Resi dent Managenent System (RVS) are: "AE" for
Architect-Engineer; "DO'" for District Ofice

(Engi neering Division or other organization in the
District Ofice); "AO" for Area Ofice; "RO for
Resident Ofice; and "PO' for Project Ofice. Codes
following the "G typically are not used for Navy
and Air Force projects.

The "S" classification indicates subnittals required
as proof of conpliance for sustainability Guiding
Principles Validation or Third Party Certification
and as described in Section 01 33 00 SUBM TTAL
PROCEDURES.

Choose the first bracketed itemfor Navy and Air
Force projects, or choose the second bracketed item
for Arny projects.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Covernment approval is required for submttals with a "G' or "S"
classification. Subnittals not having a "G' or "S" classification are
[for Contractor Quality Control approval.][for information only. Wen
used, a code following the "G' classification identifies the office that
will reviewthe submttal for the Government.] Subnmit the following in
accordance with Section 01 33 00 SUBM TTAL PROCEDURES:

SD-01 Preconstruction Subnmttals

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The followi ng Submittal requirements are for
tunnel excavation using excavati on nethods and
shoul d be included in all project specifications.

Several other considerations include Tunnel and
Confined space rescue teamtraining and setting up
an i ndependent emnergency comuni cation |ines wthin
the tunnel. |If the local fire departnent is not
trained in confined space tunnel or mine rescue,
they may have to be trained in confined space
tunnel / m ne rescue procedures prior to excavation of
tunnel or a private specialty conpany can be hired
for rescue services as required by federal, state,
and | ocal work ordinances.

Haul routes for muck disposal can also be an issue
in densely popul ated areas. Haul routes nay need to
be coordinated with local and state officials as
requi red by | ocal ordinances.
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EE R R S I R R I R I R I R S R R R O S R R I R I R R S R R R R

Tunnel i ng Superintendent and Supervisors; G, [ 1]
Drill and Blast Supervisors; ¢, [ 1]

Ceot echni cal Engi neer or Engineering Geologist; C, [ 1]
Survey Control Plan; C, [ 1]

Dust Suppression System, G, [ 1]

Muck Handling Plan; C[, [ 1]

Ventilation System; C, [__ 1]

Bl asting Consultant's Qualifications; C, [__ 1]

Bl asting Specialist's Qualifications; C, [ 1]

Bl aster-In-Charge's Qualifications; ¢, [ ]

Vi bration Monitoring Specialty Firm, C, [ 1]
Structural |nspection/Evaluation Technician; C[, [ 1]

Bl asting Safety Plan; C, SO
Master Blasting Plan; C SO

Test-Blast Plan; G AO

Pre-Bl ast Surveys; ([, [ 11
Public Notice of Blasting Operations; C, [ 1]
Tunnel Excavation Plan; C[, [ 1]

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The section bel ow shoul d be used when rock
bl asti ng excavation techni ques are required.

EE R R R S R R I R I R I R S R R S R I R S I R I R I R R R R R I R R R

SD- 03 Product Data

Expl osives; ([, [ 11
Li ghtning Detection Device; C, [ 1]
Sei snographs; G, [ 1]

SD- 05 Design Data
I ndi vidual Shot Plan; G, [ 1]
SD- 06 Test Reports

I ndi vi dual Shot Reports; C[, | 11
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1

Post-Bl ast Surveys; C[, [__ 11
Drilling Logs

Dai ly Expl osive Material Consunption
Daily As-built Survey; ¢, [__ 11

SD-07 Certificates

Bl asting Consultant; G, [ 11
Bl asting Specialist; ¢, [ 11
Bl aster-1n-Charge; ¢, [ 11
Magazi ne Keeper; G, [ 11

Structural I|nspection/Evaluation Technician; C[, [
Seismic Specialist; ¢, [ 11

10 COORDI NATI ON

EE R I R R S I R R I R I R I R S R R R R S I R R I R R R S S R S R R

NOTE: The foll owi ng paragraph can be used if

working with nmultiple stakehol ders/owners.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

Under ground construction enploying blasting nethods will be in the
vicinity of the [existing |ock, railroad, and highway, and river barge,
train, hospital highway traffic, utilities and busi nesses] and their
operation will not be inpeded or del ayed beyond that which has been
coordinated with [TVA, U S. Coast Guard, U 'S. Arny Corps of Engineers -

[ ] District, [ ] environmental or natural resources offices,
[ ] Departnent of Transportation, |ocal government entities,] |
[ ] Railroad, regional or local utilities, and/private businesses].

Include a coordination and traffic control sub-plan as part of the
Bl asting Safety Plan, with the appropriate authorities that mtigates
navi gation and traffic delays in the Master Bl asting Pl an

Coordi nate, through the Contracting Oficer, with other Contractors
wor ki ng onsite to mninmze work stoppages during bl asting.

11 LI ABI LI TY

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: This section can be included in the front end
docunents (CGeneral Conditions) instead of here,

consult with Contracting O ficer.
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I

Conpliance with provisions in the contract will not relieve the Contractor
of their responsibility for danages or injuries caused by, related to or
arising out of blasting or associated blasting activities. The Contractor
assunes all liability and hold and save the Governnment, its agents,

of ficers, and enpl oyees harm ess for all claims for personal injuries,
property damage, or other claims arising out of or in connection with the
handl i ng of expl osives or blasting under this contract.
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PART 2 PRODUCTS

2.

2.

2.

1 STORAGE AND USE OF EXPLOSI VES

1.1 Cener al

EE R R R S I R I R I R I R S R R R R O S R R I R R R S R R R R O

NOTE: The specification witer may choose to |i st
reasons the Contracting Oficer may restrict the use
of various tunnel excavation methods such as

bl asting, but not always necessary. Confirm and

foll ow applicable federal, state, and | ocal
regul ati ons and gui dance on the transport, storage
and use of all Explosive nmaterials and conponents.
State and | ocal agencies and/or authorities may not
easily allow the receipt of Explosives in a tinely
manner. State and | ocal agencies and/or authorities
may have specific reporting, certifications, adverse
i mpact concerns, or distance regulations fromthe

bl ast zone to private properties governing the use
of Expl osives. The Agency/ Service my w sh to all ow
storage of Explosives on federal prem ses. The

Wi nni ng contractor should independently assess and
cite in the Master Blasting Plan all applicable
federal, state, and | ocal |aws, regulations,

ordi nances, or authorities that inpact the
transportation and storage of Explosives if

aut horized on the project.

EE R R R S I R R I R I R I R S R R R R S R R I R R R S R R R R R

Store, transport, handl e, use, and ot herw se secure explosives in
accordance with best practices as approved by the Contracting Oficer and
in accordance with all Federal, State and Local |aws and regul ations.
Comply with all special rules, regulations and ordi nances that may be made
by the authorities having jurisdiction, or by the Contracting Oficer
regardi ng construction of, and storage in, nmagazi nes and precautions in
handl i ng and transporting expl osives for blasting. Tinmes and inposed
restrictions concerning the use of explosives nust be conducted in
accordance with Federal State, and |ocal regulations. The Contracting
Oficer reserves the right to establish further restrictions or tine

wi ndows when bl asting will not be allowed beyond the Federal State, and

| ocal requirenents. The Contractor is responsible for all clains for
damages and injuries caused by or arising out of blasting activities.
Performall blasting operations in accordance with the current edition of
EM 385-1-1.

1.2 Bl asti ng Products

EE R I R R S I R R R I R I R S R R R R S R I R I R R R R R R R R

NOTE: This paragraph may need to be adjusted, for
some projects it is not appropriate to allow bul k
expl osi ves, such as in karst conditions because the
bul k expl osives could fill voids if care is not
taken while | oading to nonitor the amount being

added to each hol e.
EE IR I b R S I I I I IR I I I IR I I R S R I I I I R I R I I R R I I I I I I R R I S I S b E b I IR I R I R I S I I b b I b b I b I

Al'l blasting caps used on the project nmust be one year or |ess of age.
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M1 1lisecond delay, [shock tube] initiators, nust be used as the initiation
system To ensure the accuracy of firing tinmes of blasting caps, it is
requi red that each cap period conme fromone [ot nunmber. M xing of |ot
nunbers for one cap period is strictly prohibited. Al explosives used on
the project must be six nonths or |less of age or no ol der than one half
the shelf life shown on the explosives manufacturer's technical data sheet
for that product. Cartridge [and bul k] expl osives may be used in

di fferent sections of the project. Amoniumnitrate and fuel oil (ANFO
is not allowed in wet environnments.

Rk Ik kR IR Rk O kO e S S R ARk Rk R R R e I O O R SRR I b S R R

NOTE: In projects where controlled blasting

techni ques are required to produce final walls which
require presplit blasting, only explosives designed
for this application rmust be allowed. Anmmoni um
nitrate and fuel oil (ANFO is not to be allowed in
wet environnents. Consider requiring cartridge

expl osives within a specified distance from new
structure which requires neat excavation |ines,

i.e., "Bulk explosives such as ANFO or bul k emul sion
or enmul sion blends will not be allowed for
production blasts at the area within 60 neters 200
feet of it or within 15 neters 50 feet of presplit
wal ls."

EE R I R R S I R R I R I R I R S R R R R S I R R I R R R S S R S R R

Expl osi ves that do not neet the manufacturer's specifications nust not be
used. Wien, in the opinion of the Contracting O ficer, blasting product is
ei t her of excessive age or appears to be in a deteriorated condition, al
wor k nmust cease until the products age and quality can be determ ned.

Bl asting products wi thout date and batch codes are / will not be permtted
on site. The Contracting Oficer may require products to be tested by an
i ndependent organi zation to determine its performance as conpared to the

manuf acturer's data sheet. |[If product performance or conposition deviates
by nmore than 10 percent fromthe manufacturer's data sheet, that | ot
nunber will be rejected. The Contractor is responsible for required
testing and no additional conpensation will be made for product testing

directed by the Contracting Oficer

.1.3 Magazi nes

EE R R R S R R I R I R I R S R R S R I R S I R I R I R R R R R I R R R

NOTE: Two paragraph options here first paragraph is
for where expl osives nust be stored off site (off
site magazine). The other covers the storage of

expl osives onsite. The designer will need to ensure
these requirements are fully detailed and the
appropriate regulations are foll owed.

EE R I R R S I R R I R I R I R S R R R O S I R R R R R S R R S R R R

Expl osi ves must be stored offsite. Obtain all necessary Federal and State
magazi ne permts. Magazi nes must be | ocated at safe distances as defined
by the Bureau of Al cohol, Tobacco and Firearns (ATF) in addition to the
State of | ] requirenents. There nmust be no pernanent expl osive
storage or overni ght explosive storage on site. Procure off-site

expl osi ve storage and expect to have daily explosives deliveries to the
site. Secure a permt to transport explosives fromthe | ] Hi ghway
Patrol when the amount of explosives to be transported exceeds 454

kil ograns 1000 pounds, and transport explosives in accordance wth
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49 CFR 177 when carried on public highways.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: |If explosives will be stored in an onsite
magazine, it will be required to follow the
requirenents in EM385-1-1, including a subnittal for
an Explosive Site Safety Plan and the foll ow ng

par agraph can be used.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Expl osives may be stored onsite. Obtain all necessary Federal and State
nmagazi ne permts. Magazi nes nust be | ocated at safe distances as defined
by the Bureau of Al cohol, Tobacco and Firearns (ATF) in addition to the
State of | ] requirenents. Secure a pernit to transport expl osives
fromthe [ ] Hi ghway Patrol when the total weight of explosives to be
transported is | ess than 454 kil ogranms 1001 pounds, and transport

expl osives in accordance with 49 CFR 177 when carried on public highways.

.1.4 Magazi ne Keeper

Each nagazi ne keeper must be experienced and famliar with the |aws and
general practices concerning the handling, care, use, and storage of
expl osi ves and detonators. The magazi ne keeper is responsible for

mai ntai ning a cleared area around each nagazi ne. The magazi ne keeper will
not be required to performduties that interfere with their duties as
nmagazi ne keeper and being physically present at the nagazines for every
entry to the magazi nes for delivery, disbursement, and revi ew of

expl osives at the magazines. |If explosives are delivered and returned
daily fromthe manufacturer or supplier to the project, the driver of the
truck will serve as the nmgazi ne keeper

.2 SAFETY EQUI PMENT

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: This section requires tailoring for the
speci fic project design and geol ogy.

EE R R R S I R R I R R I R S R R R S R R R S I R I R I R R R R R S R R

a. Provide safety equi prment and nonitoring instruments according to
requi renents of Safety and Health Plan in accordance with Section
01 35 26 GOVERNVMENT SAFETY REQUI REMENTS, to be included in the
Materials Handling Plan as required in Section 01 33 00 SUBM TTAL
PROCEDURES.

b. Provide personal protective equi pment for protection against
respirabl e dust, and all other protective neasures that may be deened
necessary for dust control as per Federal Requirenents. Submit the
details of the Dust Suppression Systemr

c. Al rock reinforcenent, including spiling and other ground support in
accordance with the requirements set forth in Section 31 68 13 SO L
AND ROCK ANCHORS and 03 37 13 SHOTCRETE.

d. Lattice girders and shotcrete |lining nust be in accordance with the
requi renents of Section XX XX XX GROUND SUPPORT SYSTEMS, and Section
03 37 13 SHOTCRETE

e. Steel sets nust be in accordance with the requirenments of Section XX
XX XX GROUND SUPPORT SYSTEMS, and Section XX XX XX REI NFORCI NG STEEL.
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f. Shotcrete naterials nust be in accordance with the requirenents of
Section 03 37 13 SHOTCRETE.

g. Water sheet and drain hoses as part of tenmporary construction measures
to drain off local water inflows:

1. PVC sheet, or approved equal by the Contracting O ficer, for
application at exposed ground surface or shotcrete surface.

2. Flexible PVC hose with end couplings as required
2.3 PROBEHCLE DRI LLI NG EQUI PMENT

A continuous probe must be mmintained at | ] nmeters | ] feet, or

| east | ] tunnel dianeters ahead of the tunnel face. |f the probing
results indicate the presence of poor ground requiring the installation of
pre-rei nforcenent, the Contractor nust nake adjustnments as necessary to
achi eve the required excavation profile prior to excavating through the
antici pated poor ground. During the probing operation the Contractor mnust
nmoni tor and measure the amount of in-flow ng water

Probe hole drilling equipment rmust be capable of drilling a minimum
[ ]-inch dianmeter holes through sound and deconposed rock and
concrete. Provide all necessary core hole drilling personnel, equipnent,

and accessori es.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Designer of record to provide input on the
flow pressures for packer tests. Consideration nust
be taken by review ng other data such as other data

(piezoneters, pressure cells, rock nmass features).
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I

The drill rmust be suitable for drilling in wet ground conditions, highly
sheared or fractured zones, and through fault gouge. The drilling
equi pnment must be capabl e of fsetting packers in the hole against a

pressure of | ] kg/cn? [ ] psi.

PART 3 EXECUTI ON

EE R R R S I R R I R I R I R S R R R R S R I R I R R R S R R S R R R

NOTE: Consult with a District Ofice that has nost
recently conpleted a sinlar type of blasting, while
editing this section, to be appraised of recent,
speci fic requirenments, guidance, blasting and

under ground excavati on devel opnents or
under st andi ngs for the subject project.

EE R R R S I R I R I R I R S R R R R R R S R R I R R R R R R R O

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: This specification is for use for tunne
excavation. For mxed face tunneling conditions,
revi se specification to account for anticipated
ground conditions. This specification requires a
Ceot echni cal Baseline Report (GBR) that defines the
ground properties, conditions, and behavior rel ated
to tunnel excavation, support, and constructability
al ong the tunnel alignment, portals, or along
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separate tunnel segnents that is expected. The

Ceot echni cal Data Report (GDR) contains all the
testing, and rock mass characterization data used to
characterize the conditions and behavi or of the
ground al ong the tunnel alignment to establish the
base |ine conditions for the project. The GBR
defines what constitutes a differing site conditions
for claimresolution per the franeworks of the
contract.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

1 GENERAL

EE R R R S I R I R I R I R S R R R R O S R R S R R R R R R R R

NOTE: This paragraph should agree with the

desi gnati ons under paragraph SUBM TTALS, the Master
Blasting Plan will always be for approval. The

I ndi vi dual Shot Plan nay be approved ("G') or
accepted ("FIO.

EE R R R S I R R R I R S R R R R R O S R R I R R R R R R R R

ot ai n approval, or revise for approval, of the subnmitted Master Bl asting
Pl an and | ndi vi dual Shot Plans, acquire all required permts, and conply
with all |aws, regul ations, ordi nances, applicable safety code

requi renents, and regulations relative to the transportation, handling,
storage, and use of explosives and the protection of |ife and property.
Perform vibration and airblast nonitoring at the Contracting Officer's
specified locations to record blast effects. The peak particle velocity
must be limted to the values in Paragraph BLAST EFFECTS MONI TORI NG i n

t hese specifications. Mnimze rock over-break and bl ast damages beyond
t he desi gn excavation line. The Contracting Oficer will, always, have
the authority to prohibit or halt the blasting operations, if it is
apparent that the required lines and grades and stable rock slopes are not
bei ng obtained with the nmet hods bei ng enpl oyed. Adhere to the genera
requi renents as outlined bel ow

a. Care nust be exercised to mninize overbreak, to prevent inmediate or
subsequent rock falls fromw thin the tunnel or fromportal areas and
ot her rock slopes outside the tunnel, and to preserve the integrity of
the rock outside the limts of tunnel excavation

b. Cdean working conditions nust be al ways nai ntai ned inside the tunnel
Al muck, slush, grout spills, and any other naterial not required for
tunneling nmust be renmobved fromthe tunnel in a tinmely manner.

c. Detailed construction sequencing rmust be the responsibility of
Contractor, consistent with the requirements of these Specifications,
and those shown on the Contract Draw ngs.

d. Performwork in a manner that mininzes safety hazards and exposure of
personnel and equi prent to hazardous and potentially hazardous
conditions in accordance with specified safety requirenents and
Contractor's Safety and Health Pl an

e. Mnimze ground novenent at the tunnel face and in the surrounding
excavation, and prevent ground | oss, subsidence, and nmovenent in
surface features, overlying structures, and utilities above and around
the vicinity of the tunnel excavation.
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Provi de additional face and excavation stabilization by neans of
di scretionary ground support wherever ground conditions dictate.

In case of stoppages, mmintain qualified personnel on-duty to nonitor
conditions that may threaten stability of the headi ng.

If nonitoring of ground vibrations and air blast indicate that
vibration levels, or noise |levels are exceedi ng response |evels as
defined under paragraph BLAST EFFECTS MONI TORI NG and Section XX XX XX
TUNNEL | NSTRUMENTATI ON; adj ust procedures for excavation and initia
support installation in accordance with the accepted Conti ngency Pl an
to reduce the levels to within acceptable limts.

Mai ntain sufficient quantities of shotcrete naterials at the tunne
face, ready for inmedi ate application, during the entire excavation
peri od. Excavation will not be permtted without this requirenment
bei ng met or as approved by the Contracting Oficer.

EE R I R R S I R R R I R I R S R R R R I R S I R R I R R R S R O S R R O

NOTE: The need to nmmintain sufficient quantities of
tunnel support material s/equi pnent will vary per
project. Define this quantity during design phase
and incorporate in GBR. The CGovernnment will map the
tunnel according to ASTM D4879.

EE R I R R S I R R I R I R I R S R R R R S I R R I R R R S S R S R R

j-

As the excavation progresses, the Contracting Oficer will perform

i nspecti on, photogrametry, LiDAR scanning, and geol ogi ¢ nmappi hg or

ot her docunentation of the exposed tunnel sections. This mapping wll
be acconplished after excavation and either before or in conjunction
wi th support installation. The Contractor nust provide cleaning of

t he headi ng and conpl eted crown and sidewal | s and a safe neans of
access to these areas to allow this mapping. Mpping of the crown and
sidewal l's will be conducted for docunentation of the actual geol ogic
conditions encountered and assessnent of rock nmass characteristics of
t he heading. The Contractor should assune that this inspection and
mappi ng wi |l be performed once each shift for a period of mininum][20
m nutes] in each heading. Lighting and access will be provided for

cl ose inspection of the face. Were necessary the excavated surfaces
may need to be cleaned by air or water jets to provide surfaces

sui table for mapping, as directed by the Contracting Oficer

provi ded, however, such cleaning will be mninmal in areas where softer
materials can be gouged out to depths greater than three inches. The
Contractor nust cease operations to the extent necessary to permt
such mapping as directed by the Contracting Officer. Such work will
be coordinated by the Contracting Oficer in a manner to avoid undue
di sruption to Contractor's operations.

Est abl i sh and nai ntain surveyed tunnel station narkers throughout both
lined and unlined excavated tunnel. Placed station narkers indicating
the tunnel stationing at 50 feet intervals by spray painting the rock
or shotcrete surface in a color to contrast wth background.
Internediate station nmarkers should be made at 10-foot intervals with
visible paint marks |located at or near tunnel spring-line

Sequence and Direction of Construction

1. Sequence and direction of tunneling to be as shown on the draw ngs
and as reviewed by the Contracting Oficer.
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Tenporary niches or adits, tenporary or future punp sunp pits and
ot her tenporary openings:

1

Excavat e these tenporary openings conformng to excavation and
support criteria of this Specification and as revi ewed by the
Contracting Oficer.

Seal all tenporary openings with [4,000-psi] 28-day strength
concrete in accordance with the requirements of Section 03 30 00
CAST- 1 N- PLACE CONCRETE when no | onger needed, before installation
of the final lining and Contract conpletion and as reviewed by the
Contracting Oficer.

Survey:

1

Contractor is responsible for the devel opnent and inpl ementation
of a surveying program capabl e of satisfying all survey and
accuracy requirenents. This programis subject to the review of
the Contracting Officer prior to the comencenent of the work
The revi ew does not release the Contractor of liabilities

associ ated with or dependent on this part of the work.

Desi gn and i npl ement a functional underground network and
determ ne all required neasurenents and the required accuracy of
each nmeasur enent including horizontal angles, zenith angles,

azi mut h angl es, distances, and height differences. Include

anal ysis of required redundancy and neasure of internal
reliability associated with each pl anned observation

Desi gn and i npl ement a functional surface control network,
stations, positions, measurenents, and accuracies. Measurenents
may i nclude d obal Positioning System (GPS) vectors, horizontal
angl es, zenith angles, azimth angles, distances, and hei ght

di fferences. Include analysis of required redundancy and neasure
of internal reliability associated with each planned observation

ot ain survey information prior to conpleting the last [100] feet
of the tunnel excavation. Adjustnents to line and grade to the
tunnel over the last [100] feet may be necessary to neet project
requi renents. The purpose of conducting the survey is to obtain
the true centerline alignment in 3-dinensions to |ocate the
connections as shown on the Drawings. Vertical and horizonta

al i gnment shoul d be taken along both invert/sidewall construction
joints. The center point on the invert is assuned as the dividing
i ne between both invert/sidewall joints.

otain start point alignment for the survey fromthe surface at

[ ] data for alignnent consisting of at |east 2 benchmarks

wi th known el evati on and geographi c coordi nates enabling tie-in to
[ NGVD29, NAVD88] el evation and the [ ] State Pl ane Coordinate
System respectively.

Performin-tunnel survey to an accuracy of %inch in the

hori zontal and vertical dinensions. Record sufficient survey
points to enable the conplete horizontal and vertical profile of
tunnel alignment to be detailed. Some tunnel alignnent curves may
not necessarily be circular arcs; they nay be based on conpl ex

par abol a or ot her geonetric shape fornmns.
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3.2

7. Assune that station of | ] are as indicated in historica
docunents. All new survey stationing nust reference these
stations.

8. A survey was conpleted on | ]. This information is available
and nust be reviewed by the Contractor, prior to conducting the
tunnel survey.

9. Shaft centerline is the basis of all tunnel stationing up and down
station of the shaft centerline

10. Calibration and data processing:

a. Calibrate all survey instrumentation as required and as
recommended by instrunent nmanufacturer

b. Data reduction nust incorporate calibrations and

net eorol ogi cal correction, and reduction of neasurements to the

el lipsoid and thence to the | ] State Pl ane Coordinate

System Correct distance nmeasurenents by el ectro-optical distance
nmeasurenent instrunent (EODM) for scale, cyclic error, zero
error, and meteorol ogi cal effects. Correct azimuth angles using

t he Lapl ace correction and include the deflection of the vertica
conponents on angl es and azi nuth neasurenents.

c. Data regression processing nust include | east squares
adjustrments, as required. Enploy data outlier detection
Determ ne horizontal and vertical confidence intervals.

TEMPCRARY SYSTEMS

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Revi ew applicable consideration in EM
385-1-1, Ch. 26 and/or consult with a Safety

prof essional with tunneling background. Ensure
groundwat er conditions and overall regine through
rock nass is well understood by tunnel reach and
rock type.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

a.

Provi de, operate, and nmaintain a conplete groundwater control/
treatment systemto collect water fromwi thin the tunnel and shaft and
suitably treat it before discharge in accordance with the requirenents
of Section XX XX XX CONTROL OF WATER

Water entering the tunnel fromall sources must be controll ed,
managed, and di sposed of in a manner to prevent danmage to the tunne
and surroundi ng property and in accordance with all Federal, State,
and | ocal regul ations.

Design, furnish, install, operate, and maintain a tenporary |ighting
systemin all underground and other working areas in strict conpliance
with all applicable Federal, State, and | ocal regul ations.

The system nust provide a mininumlight |evel in accordance with OSHA
requi renents and EM 385-1-1. In case of failure of the lighting
system provide an enmergency lighting systemin all work areas in
strict conpliance with all applicable Federal, State, and |oca
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regul ati ons, and industry standards.

e. Design, furnish, install, operate, and maintain tenporary ventil ation
during all phases of construction conplying with all applicable
Federal, State, local regulations, and industry standards. Operate
and naintain the entire tenporary ventilation system Details of the
Contractor's ventilation systen nmust be presented to the Contracting
Oficer for agreenent at |east 60 days prior to its installation

f. Two battery-operated handl anps of 20-Watts m ni nrum power nust be
provi ded and nmai ntai ned at each working face and portal for
energenci es and i nspection of the work

g. Electric heaters or radiators having exposed coils or el ements nust
not be allowed in the tunnels.

h. Al main electrical cables installed within the tunnels nust comply
with all applicable Federal, State, and Local Requirenents.

EE R R R S I R R R I R S R R R R R O S R R I R R R R R R R R

NOTE: Designer will need to ensure safety
requi renents in specification at a mni mumfoll ow
OsHA/ EMB85/ MSHA,

EE R R R S I R I R I R I R S R R R R S R R I R R R R R S R R O

i. Provide additional floodlighting and ventilation locally as required
at active ground support installation, shotcrete, and other |ocations,
and provide portable floodlighting and ventilation equi pnent, as
needed, for localized construction operations. Equipnent for
short-termuse nmay be battery-operated

j. For Contract requirenments regarding tenporary construction power,
refer to Section XX XX XX TEMPORARY LI GHT AND POVNER and Section XX XX
XX TEMPORARY ELECTRI CAL SYSTEM

k. In all parts of the Underground Wrks, the atnosphere inhaled by those
present must contain not |ess than 19.5 percent and nmaxi mum of 22.0
percent of oxygen and rmust not contain a concentration of contani nates
such as gases, vapors and dusts greater than is safe for the health of
the construction personnel having regard to the effects of exposure
time, tenperature, humidity and the conbined effects of severa
contami nants. The concentration of inflammable contam nants nmust not
exceed 10 percent of the |ower explosive limt (mnimmexplosive
concentration).

. Wet drilling should be used. Were possible, drilling should be
carried out using hollow bits with continuous water feed to reduce
dust. Always wear suitable protective equi pnent.

EE R I R R S I R R R I R I R S R R R R S R I R I R R R R R R R R

NOTE: The potential for contam nants or hazardous
conditions rmust be defined by the project owner (in
the GBR) and assuned by the Contractor. |If the
conditions differ, owner is responsible for

condi tions nore adverse than the baseline for this

condi ti on.
EE IR I b R S I I I I IR I I I IR I I R S R I I I I R I R I I R R I I I I I I R R I S I S b E b I IR I R I R I S I I b b I b b I b I

m The Contractor must be responsible for obtaining all information
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3.

3

necessary to detern ne what concentrations of contam nants are

harm ess, without prejudice to the adopti on of such |ower figures as
may be stated by conpetent authorities or directed by the Contracting
Oficer. The atnosphere inhaled by the workmen and ot her authorized
persons in all parts of the tunnel nmust not contain nore than 5 ppm of
nitrous funes (neasured as NO2) for longer than 10 minutes after each
bl ast, 30 ppm of nitrous funes as an absol ute maxi rum 50 ppm of

car bon nonoxi de as an absol ute maxi mum 5,000 ppm of carbon di oxi de as
an absol ute nmaxi mum or for other contam nants. The Safety

Prof essional nust field calibrate air quality nmonitoring
instrumentation in accordance with manufacturer's reconmendati ons.

In all parts of the Underground Wrks, throughout the period in which
expl osives or other naterials producing contam nants are used, and at
such time as may be necessary to mamintain the standard of purity of
air required in this subsection, clean fresh air must be supplied by
forced ventilation, using an exhaust systemat the face or other

net hod as agreed by the Contracting Oficer, at a rate not |ess than
the greater of the foll ow ng:

1. | ] cubic neters] ] cubic feet per hour per person present
in a tunnel

2. [ ] meters| ] feet per hour per kilowatt of
conbusti on- engi ne generated power operating sinultaneously in the
headi ng.

The Contractor must take special neasures to minimnmze the effect of
particul ar sources of fumes. These neasures mnust include the use of
efficient and properly maintai ned exhaust snoke washers (scrubbers)
for all internal conbustion engines in the tunnel. Gasoline engines
nmust not be permitted in the tunnel

The neans of dealing with blasting funes mnmust include, but not be
l[imted to water sprays on nmuck piles after blasting and ventil ation
of the Underground Works i nmedi ately after blasting for as |ong as
necessary to restore the purity of the atnosphere.

Not wi t hst andi ng requirenents of this subsection the nethod of
ventilation and treatnent of fumes, including blasting fumes, nust be
subj ect to whatever tests may be necessary in the opinion of the
Contracting O ficer. The Contractor must provide, naintain, and use
as directed by the Contracting Oficer, an instrunment approved by the
Contracting O ficer to nmeasure the velocity of air, and an approved
gas detector. Mintenance of the gas detectors nust include the
supply of all detector tubes.

SAFETY PROCEDURES FOR DRI LL AND BLAST UNDERGROUND EXCAVATI ON

EE R I R R S I R R R I R I R S R R R R S R I R I R R R R R R R R

NOTE: Use bel ow for general blasting safety
procedures for drill and blast tunnel construction
Consi der ot her Tunnel H&S issues which are related
to tunnel operations, equipnent, slip-trip-fall
cave-ins.

EE R R R S R R I R R I R S R R R R S R R I R I R R S R R R R O
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3.

3.1 Ceneral Bl asting

Ensure all work conpleted under this Contract is executed safely. Foll ow
the safety procedures outlined in EM 385-1-1. EM 385-1-1 will govern al
activity unless nore stringent safety requirements are specified here and
in other applicable Federal, State, and |l ocal |aws, regulations, and

or di nances.

a. Al blasting work nust be carried out using controlled perinmeter
drilling and snooth wall blasting techniques to control the geonetry
of, and to mininize damage to, the final excavation profile and to
m ni m ze overbreak

b. Only non-electric detonation systenms nust be used for tunnel blasting,
unl ess anot her detonation systemis approved by the Contracting
Oficer. Cap and fuse or safety fuse is prohibited. The Contractor
will be allowed to use one electric blasting cap per round to initiate
the shot. The electric blasting cap nust not be tied into the
blasting circuit until [traffic has been stopped and] the area has
been secured.

c. The Contractor must carry out controlled blasting to achi eve a bl ast
surface that exhibits a regular fracture plane between perineter hol es
with mninmal overbreak. The excavation surface nust be scaled to
renove all | oose and hol |l ow sounding rock to | eave a solid, intact
surface. Special care nust be required with such procedures in highly
fractured rock.

d. If the methods of drilling and blasting do not produce a consistent,
uniformprofile with mniml overbreak within the tol erances
specified, the Contractor must undertake further test blasts until a
nethod is established that results in an excavation profile to the
speci fied tol erances.

e. The blasting technique must be such as to ensure reproducibility of
the blasting pattern, accurate positioning of drillholes and precision
indrilling. It may include the use of a tenplate, or other
techni ques as nay be proposed by the Contractor, all of which mnust
have the prior approval of the Contracting Officer, for setting out
the blasting pattern.

f. During the progress of the excavation, this technique nust be varied
as necessary to suit rock conditions exposed and to obtain the best
practicabl e excavation surface after blasting, to the satisfaction of
the Contracting O ficer.

g. Al blasting rounds rmust incorporate smooth wall blasting techniques.

h. Blasting nust not be carried out within [ ] hours of the
application of shotcrete within | ] nmeters | ] feet of the
face.

i. The shot firing and detonator del ays pattern nust be such that the
peak particle velocity (PPV) nmust not exceed the requirenents of
par agr aph BLAST EFFECTS MONI TORI NG

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The section bel ow shoul d be used when rock
bl asti ng excavation techni ques are required.
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3.

EE R R S I R R I R I R I R S R R R O S R R I R I R R S R R R R

3.2 Public Notice of Blasting Operations

At least thirty cal endar days, and prior to blasting operations, prepare
and subnit to the Contracting O ficer a public government notification
letter of the proposed blasting activities. The Governnment will
distribute copies of this notification letter by certified mail to | aw
enforcenent, |ocal governnents, public utilities, [public users of project
recreational facilities,] and residents and comercial interests |ocated
within 0.8 kilonmeters one half nmile of the blast site. This notification
letter must contain at mnimm

a. Nane, address, tel ephone nunber and e-mail address of the Contractor

b. Plan maps identifying the specific areas in which blasting will take
pl ace, and nmmj or and secondary roads, geographic features and
auxiliary features;

c. Proposed duration of blasting activities, and on which days of the
week and hours of the day that blasts can be expected to occur

d. Vehicular and pedestrian traffic control measures to be taken
e. Mthods to Iimt access to the blasting area; and,

f. Types, patterns and duration of audi ble warning and all clear signals
to be used before and after bl asting.

.3.3 Public Meetings

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Communicate with the project nanager and

st akehol ders about whet her specific requirenents for
a neeting or nmultiple neetings are needed. It may
be necessary to advertise the nmeeting in a | ocal
newspaper and specify the neeting room capacity.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Fifteen cal endar days prior to comenci ng tunneling operations, provide
for the approved Project Manager, Tunneling Superintendent, Seisnic
Speci al i st, Blasting Specialist and Bl asting Consultant (as applicable) to
attend a public infornmation neeting to be conducted on an evening to be
determ ned by the Contracting Officer. This meeting will informthe
public about the anticipated tunneling and underground construction
operations, including the need to use blasting (as applicable). The

Proj ect Manager and Tunnel i ng Superintendent nust nmake a short
presentation on tunneling and underground construction and answer
guestions pertaining to concerns that nay inpact the public. The Blasting
Speci al i st, Blasting Consultant and Seism c Specialist nmust make a short
presentation of blasting operations and answer questions pertaining to
public concerns dealing with the tunneling and bl asting operations, the
magni t ude of ground vibrations, airblast and potential for flyrock that
may i npact the public. Distribute points of contact for the public and
local entities in the event of concerns related to the blasting program
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3.

3.

3.4 Warnings and Signals

Establish a method of warning all enployees on the job site of an

i npendi ng bl ast follow ng the gui dance of the EM 385-1-1. The signal nust
consist of a five-mnute warning signal to notify all in the area that a
blast will be fired in five mnutes. A second warning signal nust be
sounded one ninute before the blast. After the blast is over, sound an
all-clear signal, after the blast site has been inspected for msfires by
the Blaster-In-Charge to provide notification to all personnel in the area
that the blasting operation is finished. No personnel other than the

Bl aster-1n-Charge nust enter the blast area until it has been determ ned
to be all clear.

3.5 Time Restrictions

Rk Ik Sk kR IR R R O O Ok e S S R AR Ik R R O o O R O I S bk b R

NOTE: Research the specific State and | oca

requi renents. This paragraph will need to be
tailored for the specific site conditions, for
exanpl e, avoiding blasting during rush hours in the
norni ng and afternoon. Most | ocations prohibit

bl asting on Sunday but nmay all ow on Saturdays and
some Hol i days.

EE R R R S I R I R I R I R S R R R R S R R I R R R R R S R R O

Bl ast only during daylight hours, one-half hour before sunrise and

one- hal f hour after sunset, and between | ] AM and | ] PM Iloca
time, on weekdays and only during the approved tinme periods each day and
at the sane tinme each day, in concert with the approved closure time for
area roads. No blasting is allowed on Saturdays, Sundays, or officia
hol i days recogni zed by the Federal Governnent or the State of [or
Commonweal th of ][ ] unless consent is granted by the [State Fire
Marshal]. Drilling activities and bl asthole | oading are not tine
restricted, except as noted in Section 01 14 00 WORK RESTRI CTI ONS

3.6 Li ght ni ng Detection Equi prent and Safety

EE R I R R S I R R R I R I R S R R R R I R S I R R I R R R S R O S R R O

NOTE: This section is needed when conducti ng
bl asting at the surface for shaft or portal blasting.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Furni sh, maintain, and operate Lightning Detection Device during the
entire period of blasting operations and during the periods that

expl osives are used at the site. Equipnment nust provide real tine audio
and vi sual al arnifsignal and detection based on conbi ned detection of

el ectromagnetic, electrostatic, |light wave spectral and audio

di sturbances, or a comercial service based on these as a m ni num as
approved. Equi prment nust be capabl e of detecting lightning within 40
kiloneters 25 nmiles, as mninum of the blast area.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: btain technical feedback fromthe rest of
the design team for mninmumlightning detection
di st ance.

EE R R R S R R I R R I R S R R R R S R R I R I R R S R R R R O

VWhen and where the lightning detection device indicates a blasting hazard
potential, immediately evacuate personnel fromall areas where drilling is
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bei ng conducted or explosives are present. Wen a |ightning detector
i ndi cates a bl asting hazard, performthe follow ng:

a. Cear the blasting area of all personnel. Place guards at all access
points to the blast area.

b. Inmediately notify the Contracting O ficer of the potential hazards
and precautions being taken.

c. Ternminate the | oading of holes and secure the unused expl osives to an
approved | ocati on.

d. Wen the hazard dissipates, informthe Contracting Oficer that the
drilling and | oading of holes will continue.

3.7 Check for Msfires

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

NOTE: Federal, or local entities nmay have different
regul ations applicable to the minimumtinme required
before entering blast site after firing the shot.
The nore stringent regul ation nust apply.

If a msfire is declared, then the appropriate
regul ati ons nust be followed for wait tinme and
handling the nmisfire.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

The Bl aster-1n-Charge nust closely inspect the entire blast area foll ow ng
a blast to check for misfires and guard against rock fall or cave-in

bef ore comencing work in the tunnel. It is the responsibility of the

Bl aster-1n-Charge to go into the shot area and check all holes to nake
sure that all explosives have been detonat ed.

.3.8 M sfire Handl i ng Procedures

Shoul d a visual inspection indicate that conplete detonation of al
charges did not occur, only critical personnel involved in the blasting
operation or excavation of the unexploded material are allowed within the
establ i shed blasting area. Restrict access to the blast site until the
Bl aster-1n-Charge and the Blasting Specialist indicate the site is safe.
If the misfire poses problens that cannot be safely corrected by the

Bl aster-1n-Charge or the Blasting Specialist, a consultant, or an
expl osi ves conpany representative skilled in correcting msfires nmust be
brought to site to resolve the problem Conpliance with this or any other
provision in the Contract nust not relieve the Contractor of
responsibility for damages or injuries caused by, related to, or arising
out of blasting or associated blasting activities. Detail the msfire
procedures in the Blasting Safety Plan including the distance of the
restricted area when a misfire is discovered

4 BLASTI NG PERSONNEL

4.1 Bl asti ng Consul t ant

EE R R R S R R I R R I R S R R R R S R R I R I R R S R R R R O

NOTE: Dependi ng on the scope of the project, it may
not be necessary to require a Blasting Consultant.
This will be determ ned during design, an
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Agency/ Service Blasting SME or Governnent Bl asting
Consul tant shoul d be consulted to discuss this.
Projects where sl ope blasting, away from sensitive
structures mnor and lightly used public areas my
be a consideration to not including this
requirenent. One optionis to still require a

bl asting consultant to be engaged but only for
review ng the Master Blasting Plan and engaged on
very serious issues with the blasting (exceedance of
vibration and/or airblast limts, msfires, flyrock,
or excessive backbreak and/or overbreak). Excessive
backbreak will need to be defined prior to issue of
the specifications. This specification is geared
towards IFB (Invitation for Bid) where there is no
mechani smto select contractors prior to award. |If
anot her contract nechanismis used it nmay be
necessary to include the bracketed text requiring a
letter of commitnent fromthe consultant.

EE R I R R S I R R R I R I R S R R R R I R S I R R I R R R S R O S R R O

The Bl asting Consultant, Blasting Specialist, Blaster-In-Charge, and

Vi bration Specialist cannot be the same person, unless a justifiable
request is presented and approved by the Contracting Oficer. Retain a
recogni zed Blasting Consultant to assist in the blast design. The

Bl asti ng Consultant nust be approved by the Contracting Officer prior to
t he subm ssion of the Master Blasting Plan. Subnit the Blasting

Consul tant's Qualifications including resunme, experience, current blasting
licenses, credentials and training and a formal letter of conmmitment from
the consultant verifying their availability on an "as needed" basis for
the duration of the Contract prior to the award of the Contract. The
consul tant rmust be an expert in the field of drilling and underground

bl asti ng who has derived their prinmary source of inconme by providing
speci al i zed underground bl asti ng and under ground bl asti ng consul ting
services. The consultant rmust not be an enpl oyee of the Contractor
expl osi ves manufacturer, or explosives distributor or other
sub-contractor. There nmust be no additional cost to the Governnent for
the Blasting Consultant's duties, even when required by the Governnent.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The paragraph bel ow shoul d be used when
control l ed blasting techniques are required.

EE R R R S R R I R I R I R S R R S R I R S I R I R I R R R R R I R R R

The Contractor's Blasting Consultant with the Blasting Specialist nust
devel op controlled blasting techniques to be utilized in the areas
specified in the drawings during the Test Blasting program The

Bl aster-1n-Charge is responsible for the technical application of the
control l ed blasting nethods specified during and foll owi ng the Test

Bl asting. The Blasting Consultant nmust nodify controlled blasting

net hods, as necessary, to neet safety requirenents, airblast and vibration
limts, and protect rock to be left intact. Proposed controlled blasting
nmet hods must be submitted to the Contracting O ficer for approval.

The Bl asting Consultant nust review the Master Blasting Plan and

I ndi vi dual Shot Reports, attend the public neetings and be available for
consul tation on an "as needed" basis, as deternined by the Contractor
Contracting Officer, or both. The Blasting Consultant is not required to
be on the job site for review of the Master Blasting Plan or I|ndividua
Shot Reports. The Blasting Consultant must submit a short, signed
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Bl asting Consultant's Report each nonth stating that the Bl asting
Consul tant has briefly reviewed the Individual Shot Reports including
bl ast vi deos, and problenms, concerns or errors in the reports were
addressed. This report is due within [ ] days after the end of the
nont h.

.4.1.1 Bl asting Consultant's Qualifications

The consultant must be able to denmponstrate invol venent in at |east [15]
projects with underground blasting. The consultant nust have as a m ni mum
the credentials and experience outlined bel ow

a. The consultant rmust have at |east 20 [ ] years of experience in
general construction blasting within | ] meters | ] feet of
protected structures, [natural resource concerns and environnental ly
sensitive areas], final tunnel periphery, and presplit shaft or walls.

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

NOTE: "Natural resource concerns and
environnental |y sensitive" areas need to be defined
el sewhere in this guide specification. Depending on
the scope of the project and state requirenent the
nunber of short courses, sem nars and conferences
can be adj usted.

EE R I R R S I R R I R I R I R S R R R R S I R R I R R R S S R S R R

b. The consultant nust be able to denpnstrate that he has attended at
| east [15] short courses, sem nars, or conferences on blasting
technol ogy, or university engineering class studies on blast design
during the past [20] years including a conplete understandi ng of
bl asting sei snol ogy with enphasis on vibration frequency,
accel eration, and di splacenent (ground strain).

c. For the past 10 years the consultant nust have derived their primry
source of incone from providing specialized blasting consulting
servi ces.

d. Project list will contain a description of the projects, details of
t he bl ast plans, and nodifications nade during the project.

e. The nanmes and tel ephone nunbers of at |east three project owners with
enough know edge of the projects to verify the submitted information.

f. The Blasting Consultant nust be approved by the Contracting Oficer
prior to the beginning of drilling and blasting work including
subm ssion of the Master Blasting Plan
g. Hands-on experience as a blaster for at |east three years.
.4.1.2 | ssues Requiring the Blasting Consultant
If problems with vibration, airblast, snooth wall blasting, or production
bl asting, or adverse inmpacts on natural resources occur the Contracting
Oficer will require the Contractor to i mediately sumon the approved
Bl asti ng Consultant and have their presence on site within 10 days after
t he probl em devel ops for the foll ow ng:

a. To approve the blasting plans for each individual blast.
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b. To be present to review the blasthole | ayout on the ground before
drilling begins.

c. (Observe bl asthol e | oadi ng.

d. To sign each blasting plan and each Individual Shot Report, at no
additional cost to the Governnment. The Bl asting Consultant nust have
full authority to stop or delay blast they consider unsafe.

e. To submit and sign a witten checklist that all necessary precautions
were reviewed and followed by the drilling and bl asting crews. The
checkl i st rmust be as defined under the section on |ndividual Shot
Reports. The signed checklist nust be attached to each bl asting
report.

f. Submit Blasting Consultant's Reports after each site visit.
. 4.2 Bl asti ng Speci ali st

Submit the Blasting Specialist's Qualifications including resune,

experi ence, education, training, and valid blasting |licenses of the

Bl asting Specialist for approval, at |east 60 days before drilling and

bl asti ng operati ons commence. The Blasting Specialist must be approved
bef ore submi ssion of the Master Blasting Plan. Detail the experience and
training, which qualifies the specialist for work under this Contract.
The duties of the Blasting Specialist are to prepare all necessary
paperwork, to conduct quality control and to coordinate with the
Contracting Officer on all issues dealing with underground blasting. The
Bl asting Specialist nust be an enpl oyee of the Contractor on the job site
each day.

a. The Blasting Specialist nust have at |east 10 years of verifiable
experience utilizing underground controlled blasting techniques.

b. Wthin the last five years, the specialist nust have conpleted at
| east five days of classroomtraining that has fam liarized the

specialist with the nost current drilling and controlled blasting
nmet hods.
c. In the last five years he nust have been responsible for the bl ast

design or execution of |arge underground rock excavati on projects
simlar in scope and conplexity as this project.

EE R R R S I R I R R I R S R R R R S R R I R R R S R R S R R

NOTE: Include this sentence under paragraph a. if
the project requires precision presplitting: [or
projects where at |east 30,500 neters 100, 000 |inear
feet of Precision Presplitting was used].

EE R I R R S I R R I R I R I R S R R R O S I R R R R R S R R S R R R

d. Their credentials nust include a list of the projects, including the
| ocation, duration, scope, description, geologic conditions, and the
chal | enges that devel oped though the course of the projects and how
t he chal |l enges were resol ved.

e. Each project description nmust be acconpani ed with photos which exhibit
the Bl asting Specialist's conpetency and ability to create the
desi gned tunnel periphery and shaft configuration if blasting at
portals or shafts, to the specified tolerances. The list of projects
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nmust al so contain the nanmes and phone nunbers of the project owner or
their representative, Contracting O ficer, or project engineers who
has enough know edge to verify the submitted information. The
Contracting Officer will invalidate project submtted as reference

t hat cannot be verifi ed.

3.4.3 Bl ast er -1 n- Char ge

3.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Some USACE projects may require an Alternate
Bl aster-1n-Charge based on the frequency, size, and
conplexity of the blasting operations. The

Al ternate Bl aster-In-Charge nmust neet the sane
qgualification requirenents as the Bl aster-I|n-Charge.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Submit the Blaster-In-Charge's Qualifications including resune,

experi ence, education, blasting licenses and training of the

Bl aster-1n-Charge for approval, at |least 60 days prior to the comencenent
of drilling and blasting. Also subnmt the Contractor's Federal ATF

Li cense. Detail the experience and training, which qualifies the

Bl aster-1n-Charge for work under this Contract. The Blaster-In-Charge is

responsi ble for preparing the Individual Shot Plans that will be approved
by the Blasting Specialist. The Blaster-In-Charge is responsible for
mar ki ng the blasthole locations for drilling, accounting for the rel evant

geol ogy, | oading the bl asthol es according to the |ndividual Shot Pl ans and
firing the bl ast.

a. The Blaster-In-Charge nmust be a licensed blaster in the State of
[ ] per that State's regulations or issuing agency.

b. The Bl aster-1n-Charge nust have a m ni mum of 10 years of experience.

c. The Blaster-In-Charge credentials nust include a list of the projects,
i ncluding the location, duration, scope, description, geologic
conditions, and the challenges that devel oped t hough the course of the
projects and how the chal |l enges were resol ved. Each project
description nust be acconpanied with photos, which exhibit the
Bl aster-1n-Charge's conpetency and ability to design the blast.]
Create the designed shaft configuration or tunnel periphery to the
specified tolerances.] The list of projects nust also contain the
nanes and phone nunbers of the project owner or their representative
Contracting O ficer, or project engi neers who has enough know edge to
verify the submtted information. The Contracting O ficer wll
i nval i date project submitted as reference that cannot be verified.

4.4 Magazi ne Keeper

Each nagazi ne keeper mnust be experienced and famliar with the |aws and
general practices concerning the handling, care, use, and storage of
expl osi ves and detonators. The magazi ne keeper is responsible for

mai ntai ning a cl eared area around each nagazi ne. The magazi ne keeper will
not be required to performduties that will interfere with their duties as
nmagazi ne keeper. |If explosives are delivered daily fromthe manufacturer
the driver of the truck will serve as the magazi ne keeper.

4.5 Vi bration Monitoring Specialty Firm

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S
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NOTE: This requirenent is a new format from
previous specifications. The firmis submtted for
approval, having the appropriate experience and the
firmmst have on staff the Seism c Specialists and
Sei snograph Technicians, typically a firmis
subcontracted by the Contractor and having nultiple
experi enced peopl e approved allows themto have
flexibility on supporting the site work. The people
comng to the project or responding to the work nust
be within the group approved but does not need to be
a single person anynore.

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

Retain the services of a vibration nmonitoring specialty firmthat
specializes in the prediction, nonitoring and control of ground vibration
and airblasts applicable for tunneling. The firmnust have experience
conducting installation of seisnographs for vibration nonitoring,

conmuni cating vibration and airblast results, and devel opi ng and

mai ntaining a site attenuation curve. The firmnust have on staff at

| east two Seismic Specialists that specialize in vibration nonitoring and
analysis. The firmnnust have on staff at |east four Seisnpgraph
Techni ci ans that have five years or nore experience with seisnograph
installation and vibration nmonitoring. Submit resumes for all personne
and for the firmfor approval citing, in additional to other pertinent
data, experience, training, and education, at |east 60 days prior to the
conmencenent of blasting. The Seisnmograph Technicians nust be persons
capabl e of setting up the seisnographs at designated | ocations,
effectively recording the blast, and appropriately interpreting results.
The Seismc Specialists nust interpret the seisnmograph records to ensure
that the seismc data nust be effectively utilized in the control of the
bl asting operations with respect to the existing structures. The

Sei snograph Techni ci ans must supervi se the pl acenent, operation and

mai nt enance of the seisnbographs. The Seismic Specialists nmust conduct the
airblast and particle velocity regression analysis as described in this
Section. The Contracting Oficer may require the Seisnmic Specialists and
Sei snograph Technicians to be present during the test blast program
producti on bl asting, or both.

.4.6 Structural |nspection/Evaluation Technician

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: This may be required for shaft/porta

bl asti ng/ excavati on. Depending on proximty of the
tunnel it may be needed to document condition of
structures in proximty to the work. Designers will

need to determni ne project requirenents/needs.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

EE R I R R S I R R I R I R I R S R R R O S I R R R R R S R R S R R R

NOTE: Five years should be considered the mininum
experi ence requirenment. Depending on the project it
m ght be necessary to increase the mininumif there
is a special concern (i.e., conplex ground
conditions) or sensitive structures, consult with
USACE SME to hel p determ ne appropriate experience

requi rements.
R R R R R E R R R

Pre and Post Bl ast structural inspections nust be performed by technicians
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with at |east [five] years' experience in pre-blast and post blast surveys
in the State of | ]. Submit a copy of the qualifications and
certificates to the Contracting O ficer

.5 TUNNELI NG PERSONNEL
.5.1 Proj ect Manager

Performthe work under the direct supervision of an experienced project
manager with a m ni mum of 15 years (or as approved by the Contracting
Oficer) in civil and heavy construction of which a mninmumof five years'
experience (or as approved by the Contracting Oficer) is in tunne
construction, including a mninumof two projects, or as directed by the
Contracting Oficer. Substitutions for the project manager during the
Contract period should not be nade without prior witten acceptance by the
Contracting OFficer. Substitute personnel nust have the sane
qualifications specified herein for the position to be held.

.5.2 Tunnel i ng Superi ntendent and Supervisors

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The nonencl ature of tunneling "supervisors”
could vary based on geographic | ocation. Forenman or
Shifters are conmon terns for supervisor

EE R I R R S I R R I R I R I R S R R R R S I R R I R R R S S R S R R

Submit for approval the qualifications. Performthe work under the direct
supervi sion of an experienced tunneling superintendent and tunneling
supervisors with experience requirenents in accordance with Section

[ ], or as directed by the Contracting Oficer. In addition, the
Tunnel i ng Superintendent's experience should include at | east one project
of a conparable size to this Project within the previous ten years (or as
approved by the Contracting Oficer). Duties of the tunneling
superintendent and tunneling supervisors should include the requirenents
set forth in Section | ]. Substitutions for the tunnel superintendent
during the Contract period should not be nmade wi thout prior witten
acceptance by the Contracting Oficer. Substitute personnel nust have the
sanme qualifications specified herein for the position to be held.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Use qualification criteria requirenents for
drill and blast tunnel superintendents and
supervisors as described bel ow.

EE R R R S I R I R R I R S R R R R S R R I R R R S R R S R R

Tunnel i ng superintendents and supervi sors nust have a mni num of 15 years
of comparabl e experience in supervising the excavation and support of
tunnels in simlar ground using the sanme constructi on nmet hods and nust
have all necessary licenses and permits required by |ocal agencies or
others having jurisdiction. Supervisors and superintendents nust have
experience on at least two projects with full face hard rock drill and

bl ast tunnel excavation. Tunneling nust not be perforned unless the
tunnel i ng superintendent, supervisors, drillers and mners neeting the
above experience requirements are on site and in actual supervision of
this portion of the work.

The followi ng duties are also part of the responsibilities of tunneling
supervi sors and superintendents:
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3.

a. Supervising excavation to ensure safety and quality of construction

b. Meeting daily [at the start of each shift] with the Contracting
Oficer at the tunnel face to discuss ground conditions encountered
and correspondi ng excavation and support requirenments including
additional initial support and keeping records thereof.

c. Devising and inplenenting additional initial support neasures as
requi red by ground conditions or as directed by the Contracting
O ficer, coordinating renmedi al neasures when ground | oss at m ned
tunnel heading or instability of m ned tunnel occurs, or appears
likely to occur.

EE R R R S I R I R I R I R S R R R R O S R R S R R R R R R R R

NOTE: It is standard practice to have drill and
bl ast supervisors (in addition to Tunneling
superintendents, Consultants, Blaster) in drill and

bl ast tunnel construction. Nomenclature of these
positions nmay vary dependi ng on geographic area.

EE R R R S I R R R I R S R R R R R O S R R I R R R R R R R R

5.3 Drill and Bl ast Supervisors

Drill and bl ast supervisors nust have a mninumof 10 years of experience
i n designing, supervising, |loading, and firing of blasts for shaft or
tunnel excavations, as applicable, and nmust have all |icenses and pernts

required by state and | ocal agencies and others having jurisdiction
Submit for approval the qualifications

.5.4  Ceotechnical Engineer or Engineering Ceol ogi st

EE R R R I R R R R I R S R R R R O S R R S I R R R R R S R R R R

NOTE: A licensed professional nust be used, that
may vary on the state, since sone do not |icense
Engi neeri ng Ceol ogi sts or Geotechni cal Engi neers.
Tailor this section appropriately for your project
needs.

EE R I R R S I R R R I R I R S R R R R I R S I R R I R R R S R O S R R O

Contractor's Geotechni cal Engi neer or Engineering CGeol ogi st must be a
licensed Civil Engineer, Professional Ceol ogist or Engineering Geol ogi st
in the State of | ] with a mininumof 10 years' experience designing
under ground excavati ons and constructing such excavations, installing

sl ope stabilization support, designing tunnel and underground support,
eval uating rock mass properties, and groundwater conditions for |arge
under ground excavati ons.

The Geot echni cal Engi neer or Engi neering CGeol ogi st nmust have worked on a
m ni mum of two projects with full face hard rock drill and blast tunne
excavation. Tunneling nmust not be perforned unless the Geotechnica

Engi neer or Engi neering Geol ogi st neeting the above experience
requirenents is on site and in actual supervision of this portion of the
wor k. Submit for approval the qualifications.

The Contractor's Geotechni cal Engi neer or Engi neering Geol ogi st to provide
i nspection of excavations and eval uate rock and groundwater conditions
during construction. The Geotechnical Engineer or Engineering Ceol ogi st
must perform pre-construction and periodic site visits throughout
construction to assess site conditions. The Ceotechnical Engineer or
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Engi neeri ng Ceol ogi st nmust update the excavation, dewatering plans,

geol ogi ¢ mappi ng, rock support mapping, and rock nmass characterization as
construction progresses to reflect changing conditions and changes in
contract rock support based on in-situ conditions observed. The

CGeot echni cal Engi neer or Engi neering Ceol ogi st nmust submit a witten
Mont hl y Excavation Status Report that informs the Contractor and
Contracting O ficer of the status of the excavation and provi de an
accounting of the Contractor's adherence to the plans and address present
or potential problems or issues with ongoing construction. The

CGeot echni cal Engi neer or Engi neering Ceol ogi st nmust be available to neet
with the Contracting O ficer and Governnent representatives throughout the
Contract duration.

.6 PRE- CONSTRUCTI ON DOCUMENTS

Rk Ik Sk kR IR R R O O Ok e S S R AR Ik R R O o O R O I S bk b R

NOTE: The section bel ow shoul d be used when rock
bl asti ng excavation techni ques are required.

EE R I R R S I R R R I R I R S R R R R I R S I R R I R R R S R O S R R O

.6.1 Tunnel Excavation Pl an

The foll owi ng docunments nust be subnitted to the Contracting O ficer at
| east 60 days prior to comenci ng excavati on:

a. A drawi ng of proposed tunneling operations. The draw ng rmust include
det ai |l ed worki ng drawi ngs of nobilization, proposed nethods, and
sequence of excavating and di sposing of materials for each portion of
the work, drilling and blasting, ventilation, illumnation
installation of ground support including placing of shotcrete, stee
sets and rock reinforcenent, dinensions for excavation and types of
equi pnment to be used.

b. A method statenent of the proposed tunneling operations. This nethod
statement must include details of the Contractors proposed
tunnel -1 oggi ng system such as the NG "Q' systemor Rock Mass Rating
(RVR) system for determning ground support, as defined in the GBR, in
concert with guidelines provided in Chapter 7 Design of Initia
Support, EM 1110-2-2901. The report nust present details of proposed
nmet hods and sequences of excavating and di sposing of materials for
each portion of the work, probing ahead of the tunnel face,
pre-grouting, drilling, and blasting, ventilation, illumnation
pl aci ng Shotcrete, steel sets and rock reinforcenent, surveying,
noni toring, and construction equi pnent to be used.

c. Catalog cuts of drilling, nmucking and transportation equi pnent to be
used.

d. Contingency Plan for the excavation and support of the tunnels in the
event that monitoring of blasting operations in accordance with

Section | ] and nonitoring of ground deformations in accordance
with Section [ ] TUNNEL | NSTRUVENTATION. Refer to EM 1110-2-1009
for further guidance on instrunentation. Indicate vibrations or

noverment s exceedi ng threshold val ues defined in the draw ngs.

e. The following Optical Survey Target Details nmust be subnmitted to the
Contracting Oficer for approval:

1. Manufacturer's address, phone nunber and nanme of the contact
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person.
2. List and description of special nodifications if there are changes.
3. Description of instrunent's operational principle.
4. Plans or diagrans of instrument.
5.  Mai ntenance requirenents.

6. Readi ng procedures, including sanple data, and data processing
cal cul ati ons.

7. Conplete data on all tests done to calibrate instrunents or verify
accuracy.

f. Wrking Drawings - The followi ng nust be subnmitted in accordance with
t he specifications:

1. Drawings and details of the initial support of all excavations.

2. Procedures for the control [, treatnment ]and di sposal of
groundwat er and water supplied for use during tunneling.

3. Methods and and equi pnent for neasuring and recordi ng groundwat er
i nfl ow. Methods, equipnment, guidelines, and criteria for the use
of fissure grouting nust be proposed by the Contractor in nethod
statement as required in Section 31 73 19 TUNNEL AND SHAFT
GROUTI NG

g. Instruments for nonitoring air quality.

h. The follow ng records of work acconplished nust be submitted to the
Contracting Officer within 24-hours of the installation of
geot echni cal instrumentati on measuring tunnel convergence:

1. Alist of instrunents installed, including instrument
identification nunbers, calibration, elevation, orientation
stationing, offset, and initial coordinates as applicable to each
i nstrunment or installation

2. Drawi ngs showing details of installed instruments. Al dinensions
and materials used rmust be fully identified.

3. A statement describing the procedure used for the installation of
each instrunent.

i. Conplete working drawi ngs and system description of proposed
equi prent, materials, and nethod for handling water within the tunnel
nmeasur enent of punped water, and di sposal nethods.
.6.2 Bl asti ng
.6.2.1 Master Bl asting Pl an
Submit a Master Blasting Plan at |east | ] days prior to comencing
drilling and bl asting operations that includes a section called Blasting

Safety Plan for review and approval. The Master Bl asting Plan nust
contain the full details of the typical drilling and blasting patterns
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[and control for line drilling and for the presplit, buffer and production
blasting, in the situation where controlled blasting is required for the
project]. The Master Blasting Plan nust contain the follow ng

i nformati on, at a mi ni mum

a. Typical plan and section views drawn to scale of proposed dril
patterns including free face, burden, blasthole spacing, relief hole
data, [burn, v, fan] cut design, blasthole dianeters, blasthole
angles, lift height and subdrilling depth, where all owed except for
the blast that will carry the excavation to foundation grade where
subdrilling is restricted as specified in the article SUBDRILLING
Base the typical plan and section views on the geol ogy and excavati on
plan for this project site, it cannot be a blast plan froma previous
proj ect.

b. Typical |oading diagrans for each bl ast design being proposed show ng
type and anount of explosives, primers, boosters, decks, initiators
and | ocation and depth of stenmming in each bl asthole.

c. Typical initiator sequence of blastholes including delay tines and
del ay system

d. Predicted vibration and airblast anplitudes, and the mathematica
equations used to calculate them The Contractor nust nonitor the
results of the test blasts and with the seismc data collected can
determ ne the site-specific ground vibration equations and the site
specific airblast equations for the project. After the first 10
bl asts the I ndividual Shot Plans nust use the site-specific estimtes
at the 95 percent confidence |evel.

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

NOTE: Some states or counties nay have specific
vi bration anplitude and airbl ast equations for

specific | ocations.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

e. Mnufacturer's data sheets, including Safety Data Sheet (SDS), for al
expl osives, priners, and initiators to be enployed. Provide copies of
SDS for all explosives and detonators and define specific details
about hazard conmuni cati on prograns for enployees and specify where
copies of SDS will be kept.

f. The Master Blasting Plan submittal is for quality control and record
keepi ng purposes. Approval of the Master Blasting Plan does not
relieve the Contractor of responsibility for the accuracy and adequacy
of the plan when inplenented in the field. Retain the professiona
services of a Blasting Consultant to assist with the blast designs
i ncluded in the Master Blasting Plan

g. Provide the Test Blast Plan and procedures for test blasting and
nodi fyi ng shot plans during production blasting in the Master Blasting
Plan. Also provide the expected results from each shot including, but
not limted to, the likely maxi num peak particle velocity and airbl ast
I evel s at the nearest inhabited structures.

h. Indicate that the Individual Shot Report design and blast record
docunents must provide all the data of each blast in sufficient detail

i. Include sanples of all conmpleted submttal forms and di agrans
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(Pre-Blast Surveys, Individual Shot Plan, Drilling Logs, Individual
Shot Reports, Individual Shot Vibration Mnitoring Report, Results of
Vi bration and Airblast Mnitoring, and Individual Shot Video).

j. Manufacturer's specifications on equi pment to be used including but

not limted to drills, air conpressors, drill bits, drilling equiprent
specifications, manufacturer's literature of the drill rods, bits,
casi ng.

k. Plans for construction sequencing line drilling, presplitting,

bl asting, and mucki ng operations to conplete the rock excavation
within the imtations of the peak particle velocities. Describe the
change in placenent of the seisnpbgraphs with regards to the
progressi on of blasting and excavation. Provide the names of

i ndi vidual s responsible for the instrunents, data retrieval, and

anal yses.

I. Single Sheet plan view showi ng |ocation of all seisnographs. This
sheet nust be anended and resubmitted whenever sei snographs are noved.

m  Sanpl e checklist that the Contractor will use to ensure that al
required information is included in each blasting plan

n. Survey Control Plan: Establish survey control as approved by the
Contracting O ficer for horizontal and vertical control of all line
drill, presplit and production blasts. Assure that all blast holes
are drilled on the specified pattern and at the |ocation and the
depths as detailed in the blast plan

3.6.2.2 Bl asting Safety Pl an

In addition to the Master Blasting Plan, a Blasting Safety Plan nust al so
be prepared, as specified, and outlined in EM 385-1-1, Section 29. All

bl asti ng work rust be conducted in accordance with the requirenents
specified in EM 385-1-1

EE R R R S I R R I R R I R S R R R S R R R S I R I R I R R R R R S R R

NOTE: M ni mum safe distance from bl ast point will
vary with each project. Federal, state, and | oca
regul ati ons must be taken into consideration

Ensure NEPA, 408 permts, and environmental studies
i ncorporated the blast safety radi us.

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

The required mni mum safe distance for shaft blasting or when blasting at
portal is [ ] meters | ] feet fromthe blast point. Al the
public[, including swimmng and boating recreationists] must be excl uded
fromthe safety zone during blasts, including pre- and post-bl ast
operations. The safety zone nust be marked with an intrusion prevention
barrier and high hazard warnings.[ Patrol by boat before and during

bl asting to prevent the recreational public fromentering the safety zone.]

The Bl asting Safety Plan nmust provide a conplete description of the

cl earing and guardi ng procedures that nust be enployed to ensure
personnel, staff, visitors, and all other persons are at safe |ocations
during blasting. A Blasting Safety Plan sinply stating: "all regulations
will be followed" is not acceptable and will be rejected. This plan mnust
be devel oped and signed by the Contractor's Blasting Specialist with input
fromthe Contractor's Site Safety and Health Oficer (SSHO w th the
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intent to show how the Contractor's procedures and nmethods neet or exceed
applicable rules, regulations and standards established by the Regul atory
Agenci es, codes and professional societies, and specifications listed
herein. This information nust include detail ed descriptions and naps,
when appropriate of traffic control, visible warning signs or flags,
audi bl e warni ng signals, nethod of determ ning blast areas (all areas
affected by potentially harnful blast effects), access bl ocki ng net hods,
guard placerment and guard rel ease procedures, prinary initiation nethod,
and the system by which the Bl aster-1n-Charge nust comunicate with site
security guards or other appropriate site supervisory personnel. The

Bl asting Safety Plan nmust be in accordance with and include itens required
in the EM 385-1-1, Section 29, 29 CFR 1910.109, 29 CFR 1926- SUBPART U

The Bl asting Safety Plan nmust state that explosive distributor will be
delivering expl osives on the day of the planned operation and recovering
unused explosives at the end of the day. 1In the event of |ightning

detected at 16 kilonmeters 10 miles or less fromthe project site

requi renents for ceasing operations nust be described. Provide a plan for
controlling the tenporary onsite storage of explosives or of securing an
area of |oaded holes until the threat has passed.

The Bl asting Safety Plan must contain detailed descriptions of how and
fromwhere explosives will be transported and used at the various project
work areas, and a map of the transportation route. The Blasting Safety

Pl an nust expl ain how expl osive transport vehicles will satisfy al
appl i cabl e ATF, OSHA, Federal, State, and local regulations. The Blasting
Safety Plan nust al so include the follow ng:

a. Specific details about hazard conmuni cati on prograns for enpl oyees.

b. Equiprment that will be used to nonitor the approach of lightning in
such event, the site evacuation and site security plans, and the
criteria for determining if the site is safe to re-occupy.

c. Methods for preventing spills or |osses of explosives, drilling
fluids, oil, or other pollutants onto the ground during handling and
bl ast hol e | oadi ng operations. |Include details of spill contai nment
and contingency plans for quickly and effectively cleaning up spilled
mat eri al s.

d. Method of safe and approved disposal of all explosive packagi ng
materi al s.

e. Detailed contingency plans for detection and di sposal of misfires
resulting fromcutoffs or other causes, hangfires, inadvertent
initiator extraction, or accidental |oss of downlines. A narrative
describing in detail job steps, controls, and hazards associated wth
but not Iimted to hung or bridged powder, overloaded holes, cutoffs
during placenent of blast mats, failure of comunication system during
pre and post blasting protocols, recovery protocols for unexpl oded
obj ects (UXO).

f. Msfire mtigation procedures, including but not Iimted to
restrictions of entry, securing the area prior to investigating and
i nspection, additional safety measures, tinme-sequence of operations,
and mtigation protocols.

g. Fire Prevention Plan details, including tobacco smoking policies,
procedures and limtations for work involving open flanes or sparks,
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description and location of firefighting equi pnent, and firefighting
and evacuation pl ans.

h. Digital copies of a valid [state] blasting |icense for the
Bl aster-1n-Charge, Blasting Specialist and all personnel required to
have one.

i. State required certifications for the Contractor's expl osives
supplier's Federal, ATF Explosives |license or permt.

j. Oher required county or state permts required for explosive
transportation, use and offsite storage.

k. Explosive transporters' comercial driver's licenses with HazMat
endor senent s.

. When a misfire is declared the Blaster-In-Charge rmust wait 1 hour
before inspecting site and provide proper safeguards for excluding
enpl oyees fromthe danger zone except those necessary to do the work

m  Submt updates, nodifications, and additions to the Master Bl asting
Plan in an appropriate and timely manner

n. Conplete project teamorganization with duties, responsibilities and
authorities clearly defined. This organizational outline nust also
i ncl ude nanes, addresses, resunes, responsibilities, and
qualifications of all personnel authorized to sign for, receive and
use expl osives on this Contract.

[ o. Traffic Control Plan

13.6.2.3 Pre-Bl ast Surveys

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: During design consult with the stakehol ders
to determ ne what Pre-Blast Survey needs to be
conduct ed and whet her access is all owed, or special
consi derations are needed. This needs to be
outlined in the specifications for a proper bid to
be made for the scope. It is inportant to include
the entire Project Devel opment Teamin design to
ensure all project features of inmportance are
docunent ed before blasting. Lessons |earned on one
| ock where bl asters caused danmage and it was not
realized until well after the work was conpl et ed.
The Government had no neans to prove the danage
occurred from bl asti ng because there was no
Pre-Bl ast Survey of the structures damaged.

EE R I R R S I R R I R I R I R S R R R O S I R R R R R S R R S R R R

Prior to the comencenent of blasting, conduct a Pre-Blast Survey of any
near by buil dings, structures and utilities within | ] meters | ]
feet fromthe blast area that may potentially be at risk of blasting
danmage to docunent pre-existing conditions. The survey extent and nethod
used nust be acceptable to both the Contractor's insurance conmpany and the
Contracting O ficer. Provide a letter fromthe insurance conpany to the
Contracting Officer certifying that the proposed survey extent and nethods
are acceptable. The Contractor is responsible for damages or injuries
resulting fromblasting. Submt all Pre-Blast Surveys 30 cal endar days
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3.

before the start of blasting. There will be no blasting allowed until the
Pre-Blast Survey is submtted and approved by the Contracting Oficer
Provi de owners of surveyed features a copy of their feature's Pre-Bl ast
Survey results before or with the notice of blasting cormencenent. Notify
owners and occupants of local buildings prior to the commencenent of
blasting. Performthe followi ng when conducting Pre-Bl ast Surveys:

a. Provide nethodol ogy to be used in conducting the Pre-Blast Survey and
listing of structures, determined fromthe survey to be sensitive,
with reasons for these structures being sensitive.

b. Each structure nust be docunented (including high resolution
phot ography and digital video) as to its construction, foundation
type, condition, and closest distance to excavation blasting. The
general condition and all observable defects of each structure nust be
docunented. This includes neasurenents of the defects.

c. The Commodity storage facilities that nmay be inpacted by blasting nust
be addressed by the Contractor for safety and continued operation
during the blasting program

d. Freestanding structures (such as retaining walls) nust be inspected on
the exterior and on the interior as a room All concrete wal ks,
driveways, and structures nust be inspected for cracks, |evel
condi tion, holes, and defects.

e. Industrial structures, silo/elevators and special facilities, and
of fice space nmust be described relative to their present conditions
and tolerance to vibration. Besides the inspection of walls, colums
and stairwells, the Contractor nust survey the work areas and
structures for distress.

f. An inspection of accessible structures nust be nade and a list of al
structures, which could not be surveyed or refused to allow survey,
nmust be conpleted. The dates of possible subsequent surveys and
physi cal constraints prohibiting the survey nust be docunmented. The
requi renent to perform Pre-Blast Surveys is not an indication of
Ri ght-of -Entry by the Contractor. R ght-of-Entry associated with
Pre-Bl ast Surveys, nonitoring during blasting and Post-Bl ast surveys
are the responsibility of the Contractor. In the event a property or
properties identified as significant or intended to be included in the
Surveys and nonitoring are not included because access was deni ed,

i ndicate this occurrence including the points of contact, dates
contacted, and reasons provided for denial of access (if given.)

g. Certify that the survey was prepared prior to the start of blasting
under this Contract. Submit a copy of the Pre-blast survey in
conjunction with the Master Blasting Plan

7 RECORD KEEPI NG

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The paragraph bel ow applies to all excavation
t echni ques.

EE R R R S I R R I R I R S R R R R S I R R I R R R R R R R R

Daily records shoul d be mmintai ned as excavati on progresses and one copy
of such records nmust be submitted to the Contracting O ficer [before 12: 00
PM]of the follow ng workday. Keep such other records as deened
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necessary. The followi ng data nust be included in the daily record for
each tunnel headi ng:

a. Station of tunnel heading faces at start and end of each work shift.

1. Daily As-built Survey: Wile tunnel excavation is in progress,
submit to the Contracting Officer a daily as-built survey record
showi ng line, level, and grade of centerline of tunnel at the
invert relative to the theoretical alignment and profile and
act ual excavated tunnel cross-sections conpared to the theoretical
cross-sections shown on the Contract Draw ngs.

b. Type, quantity, and |l ocation of initial support and additional initial
support installed. Geologic mapping and excavation records that
conply with EM 1110-1-1804 Appendix B and C.

c. Evaluation of in-tunnel nonitoring results.

d. Probe hole records in accordance with paragraph DRI LLING LOGS of this
Sect i on.

e. Number of workers enployed per shift for each workday categorized by
union trade, idle equipnent, active equipnment, and site visitors.

1. Air quality and gas nonitoring data. Line and grade survey reports.

2. Water inflows, if encountered, with | ocations and estinates of
rat es.

3. Overbreak.

4. O her geol ogical and unusual features such as faults, shears,
crushed or soft zones, and raveling areas.

.7.1 | ndi vi dual Shot Pl an

The Bl asting Plan nust be consistent with the general concepts, designs
and | ayouts shown in the approved Master Blasting Plan. The nunber of
rows of blastholes and the nunber of blastholes per row can be changed
from one individual shot plan to the next. Provide reasons and technica
justification for all significant changes fromthe Master Blasting Plan

Submit a Blasting Plan for each blast at |east [24] hours prior to the

pl anned initiation of drilling. The results of the previous blast are to
be jointly evaluated by the Contractor and Contracting O ficer prior to

t he subm ssion of the Individual Shot Plan. The |Individual Shot Plan nust
contain but be not limted to the foll ow ng:

a. Plan view, and at |east two sectional views drawn to scale, of the
shot pattern showi ng bl asthol e |l ocations, inclinations and
desi gnat i ons;

b. Individual blasthole depths, dianeters, blasthole spacings, burden
depth intervals of stemm ng and depth of subdrill;

c. Type of shot, i.e. test, production, pre-split, line drilling or
buf fer and shot nunber;

d. Oientation and el evation of the collar and bottom of all blast hol es;
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Total volune of blasted material in cubic nmeters cubic yards;

Description of type of blast and indication if blast is on fina
sl opes or inverts;

Amount, type, dianeter and depth of explosives, stenming and delay in
each hol e, and anmount, type, and |ocation of boosters and centering
devices and the |ift elevation

Pl an vi ew of blasthole shot pattern showi ng in-hole and surface del ays
and firing tinmes of each blasthole or decked charge;

Anticipated tinme and date of bl ast;

Survey coordinates using State Plane coordi nate systemand, if
appropriate, a local coordinate system

Signi ficant geologic features, and techni ques planned for mtigating
their influence upon results nust be included in plan and section with
appropriate el evations;

Esti mat ed/ anti ci pated peak particle velocities and maxi num peak
airblast predictions at seisnobgraphs |located at protected structures
using site specific data and regression analysis and the accurate

di stances fromthe blast to seisnographs;

Nanme of Contractor;
Nane, signature, and |icense nunber of the Bl aster-In-Charge;

The maxi mum charge wei ght per delay, pattern and sequence of del ays,
and firing times for the bl ast;

Type of detonators, initiation and down hol e |ines;

Powder factors both in charge wei ght per cubic yard of material shot
and in charge weight per neter per foot of total drillhole depth;

An el evation sketch of a typically | oaded hol e depicting each hole
pattern, top of overburden el evation, top of rock elevation, bottom of
hol e el evati on and di ameter of hole, sub-drilling, decking charges,

| ocations of explosives and stenming, and the |ocations of priners,
boost ers.

The | ocation of the blast area on a scale plan map of the project

i ndicating the |location of the shot, and the distance and directiona
rel ati onship between all seismc equipnment and the nearest structure
subj ect to damage using a scal ed di stance neasured in a horizonta
line fromthe blast site to the nearest building, structure, or
facility.

A mni mum of | ] high resolution photos, taken with a canmera with
a resolution of at |east twelve negapi xels, of the entire blast area,
preferably from above, of surface and open face, tunnel working face,
tunnel crown, tunnel periphery, tunnel floor; of the shot and
surroundi ng rock to docunent conditions prior to the shot.

Bl ast hol es nust not be drilled until the Individual Shot Plan for them
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3.

7.

2

i s approved. Evaluate problens or inpedinents of the prior shot and

i mpl enent sol utions for those issues with the next I|ndividual Shot
Plan. Provide the Individual Shot Plan to the Contracting O ficer
electronically. The Contracting O ficer will review the plan and send
comments to the Contractor within 24 hours of receiving the plan if
the plan is subnitted between Monday and not |ater than close of

busi ness Thur sday.

Include a tabular listing by hole in the ascending time order of

del ays by the describing: row and number within the row of the shot
hole, total delay tine, the total charge weight of explosive materials
for the entire hole, top of sound rock el evati on, bottom hol e

el evation, stemr ng el evations, and detonator, prinmer and booster

el evations in the hole, by hole in the ascending total delay tine
order of delays by describing: row and nunmber within the row of the
shot; and for each seismic nonitoring |ocation the closest approach

t he square-root scal ed distance, the cube-root scal ed di stance, and
the estimted PPV and airbl ast overpressure.

Drilling Logs

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: It may be necessary on sites with conplex
geol ogy and blasting is occurring near very critica
structures or rock outside of neat |ines needs
special protection, or neat line tolerances are
especially inportant to consider the blaster or
Contractor to have geol ogist(s) on staff to |og

bl ast holes or assist in |ogging blast holes, and
ai de the blaster in understanding the geol ogy and
for nore accurate drilling logs. For rock
excavation's objective(s); the project truly

requi res the designed tol erances and
quality/stability of the remaining rock, which
cannot be overconme at the Contractor's cost of
dental clean-up, rock bolting, shotcrete or nass
concrete placenent; and, an experienced, agency (or
third-party) geologist will be onsite for Quality
Assurance of the logging & blasting & retained rock
stability or damage. Logging nay need to be in
accordance with ASTM D2488, ASTM D5434, ASTM

D6032/ D6032M i n some i nst ances.

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

The drillers are required to keep precise drilling | ogs on each bl asthole
to show the depth of the geol ogical features. At mnimm each drilling
l og must include:

a.

b

Bl ast number;

Bl ast hol e desi gnation and | ocation station nunmber, bench nunmber and
type of blast (production, presplit, buffer[, and other types]);

Bl ast hol e depth, inclination and dianeter;
El evati on of top of blasthole;

Subdrill depth as permitted in the article SUBDRILLING
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f. Depth(s) of geologic structural features, e.g., voids, gouge or nmud
seans, soft weathered or altered zones, rusty intervals, changes in
rock chip color, and other features encountered in the blasthole
pertinent to | oading the hole;

g. Relative penetration rates;
h. Start and end tines of drilling;
i. List blasthole msalignment; and

j. Soft seanms within the rock and sudden feed pressure changes on the
drill;

k. If qualitative descriptors are used (e.g., soft, noderately hard,
hard, very hard, deconposed, highly weathered, noderately weathered,
slightly weathered, unweathered), ensure consistency between drill
operators in |ogging using these terns. Blasting Specialist and
Bl aster-1n-Charge nust ensure drillers are using consistent
term nol ogy between drillers. [Log soil and rock in accordance with
ASTM D2487, ASTM D5434, ASTM D6032/ D6032N.] Subnit an exanple of the
Drilling Logs with the Master Blasting Plan. Copies, both hard and

el ectronic PDFs, of these drilling | ogs nmust be provided to the
Contracting O ficer at |east 24 hours prior to |oading blastholes.
The drilling logs nmust be used to determine the proper design and

| oadi ng of blastholes and for |locating the depths for use of stemm ng
decks across intersected geol ogical features to protect against
bl owout, flyrock and unusual or hazardous bl asting effects.

EE R R R S I R R I R I R I R S R R R R S R R I R R R S R R R R R

NOTE: The paragraph bel ow may be necessary where
preventing subdrilling and foundation danmage is

critical
EE IR I b R S I I I I IR I I I IR I I R S R I I I I R I R I I R R I I I I I I R R I S I S b E b I IR I R I R I S I I b b I b b I b I

[ Survey the elevation at the collar of each production hole in the fina
bl ast to foundation grade to ensure that the production bl astholes are not
subdrill ed below final foundation grade, except as pernmitted in article
SUBDRI LLI NG  The survey nust be included in the Individual Shot Plan

13.7.3 I ndi vi dual Shot Reports

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

NOTE: The Contractor must plan on multiple tunne
headi ngs so that production can be maintained on
schedul e. The GBR may include recomendati ons as to
how many headi ngs can be expected in the project.

EE R I R R S R I R I R I R S R R R R R S R I R I R I R R S R S R R R S

As a mninmm the Individual Shot Report must be the sane formused in the
I ndi vi dual Shot Plan but provide all "as-built" information required for
the blast plan. Furthernore, the Individual Shot Report mnust better
describe part of the blasting operation that wasn't adequately descri bed
by the Individual Shot Plan including information on msfires, observed
field conditions, and infornmation how the Bl aster-I|n-Charge conpensated
for conpromising field conditions, such as increased stenmi ng anounts, or
stemm ng decks where voids, cracks, spalls or mud seans were identified
and resolved. The Blasting Specialist is responsible for recording al
expl osi ves |l oaded in the blasthole and for accurate docunentation of daily
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bl asting activities. The Individual Shot Reports are for quality control
and record keeping. Review of, and coments on, the blast reports by the
Contracting Officer will not relieve the Contractor of responsibility for
t he accuracy and adequacy of the blast design. Submit the Individual Shot
Report no later than 24 hours after the blast. No additional blast wll
be drilled or loaded in the inrediate area of the conpleted blast unti

the previous day's Individual Shot Report is submitted to the Contracting
Oficer. The report nust include at mininumthe foll ow ng infornmation:

a. Blast nunber (i.e., R L3-PSl);
b. Date and specific time the blast was initiated,;
c. Blasthole designations, |ocations;

d. Amount, type and depth of expl osives, decking, stenm ng, and delay in

each hol e;

e. Plan and section views, drawn to scale, of drill pattern including
free face, burden, blasthole spacing, blasthole dianeters, blasthole
angl es and azi muths, bl asthole nunber, lift height, and subdrill

depth. Show i n-hole and surface delays, as well as actual firing

ti mes of each blasthole or decked charge. Use different synbols to
di stingui sh the production, buffer, presplit and line-drilled

bl ast hol es. Include a north arrow, stationing, and scale on each plan
view. Label the direction of the sections on the sections. Include
section parallel to, and perpendicular to the blasthole rows. Show
final grade and slope lines as appropriate in the sections. Showthe
| ocation of the two video recorders on the plan in relation to the

bl ast .

f. Drilling logs for presplit, line, buffer, and production bl asthol es.
Each drill hole must be | ogged by the driller to provide additiona
information to the Bl aster-1n-Charge during | oadi ng operations.
Drilling Logs rmust contain information pertinent to the rock
characteristics and bl ast operations. At the minimum drill |ogs mnust
contai n geol ogical information on pertinent geol ogic structure, soft
or weat hered zones, voids, penetration rate changes, and driller's
not es.

g. Loading diagram showi ng type, dianeter, anmount and depth interval of
expl osive, prinmers, initiators and |ocation, depth, and type of
stemm ng for each blasthole. Show the charge wei ght of each type of
expl osive and the total explosive |oad per delay or per hole.

h. Diagrans showing the delay systemin the initiation sequence in each
bl asthol e and the location and delay tine of all surface del ays of
each blast. Indicate which blastholes are firing with a delay of |ess
than 8 m|liseconds.

i. Trade nanmes and sizes of all explosives, primers, and initiators to be
enpl oyed.

j. Daily, Wekly, and Mnthly explosives material consunption record.

k. A description of all personal injuries and property danmage caused by
t he bl ast; when the nmeasured maxi mum peak particle velocity or

ai rbl ast exceeded by 10 percent the anticipated values fromthe
Bl asting Plan; and, all problems with the Warni ng System and
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problematic results of the blast, such as overbreak or |arge
fragmentation, or with the shot pattern, such as misfires.

. The vibration and airblast report described in paragraph Vibration and
Ai rblast Monitoring. Include a conparison of predicted and actua
nmeasur ed val ues.

m Signature of the Blasting Specialist specifying that the Blasting
Speci al i st has revi ewed the Individual Shot Report for accuracy and
conpl et eness.

n. Signature of the Bl aster-In-Charge.

0. Note if nats are used [or required by the Contracting O ficer Jthen
list the type of blasting nats or other protective covering used.

p. A brief weather description at or near the tine of the detonation such
as cloudy, clear, partly cloudy, and foggy, wth approxi mate w nd
direction and velocity, and tenperature.

g. Updated or "as-built" Plan drawi ngs depicting the blast hole pattern
and the delay pattern enployed as well as pounds of expl osives
utilized, hazard incidents, and blast holes not | oaded.

r. Copies of drilling records and originals of the blast nonitoring data.

s. A plan view map [of each bench ]showi ng the | ocation of each conpl eted
bl ast .

EE R R R S I R R I R I R I R S R R R R S R R I R R R S R R R R R

NOTE: A pre-blast photograph may be required for
sone project, if so then including themw th the
post - bl ast phot ographs in the shot report may be
required.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

t. Include photos, after the shot, taken fromthe sane |ocations and at
the sane resolution as the blasting plan photos. Include the blasting
pl an photos in the shot report.

u. Include an updated as-built tabular listing by hole in the ascendi ng
time order of delays by the describing: row and nunber within the row
of the shot hole, total delay time, the total charge wei ght of
expl osive materials for the entire hole, top of sound rock el evation
bott om hol e el evation, stenm ng el evati ons, and detonator, prinmer and
booster elevations in the hole, by hole in the ascending total delay
time order of delays by describing: row and nunmber within the row of
the shot; and for each seisnmic nonitoring |ocation the closest
approach, the square-root scal ed di stance, the cube-root scal ed
di stance, and the estimted PPV and airbl ast overpressure.

v. Include two | og-peak particle velocity versus square root scal ed
di stance as per RI 8507 di agrans for each seismograph.[ One diagram
including all shots.][ The second including only data fromthe |ast
10 shots.]

I ncl ude seismc records wi th peak displacenent, velocity, and

accel erations at their respective frequencies. Site curve
nodi fication may be required to ensure that vibration |evel s|
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structure of interest][ are] acceptable.

If a recorded seismc val ue appears anomal ous, the Contracting Oficer
may request that the vibrations nmonitoring specialist interpret al

the collected seismc records fromthe sei snographs for that blast and
provi de an expl anati on of the anonal ous readi ngs. Anonal ous readings
i nclude, but are not limted to, unusually high or |low particle
velocities, failure of a seisnbgraph to trigger, or atypical wave
forms on the paper record. No additional blasting will be all owed
until the issue is resolved to the Contracting Oficer's satisfaction

w. Signatures of the Blasting Specialist and Blaster-In-Charge will be
consi dered as proof that the shot was laid out, drilled, |oaded, and
wired as designed.[ Proof of the Blasting Specialist and Blaster-in
Charge's qualification must include remaining below the allowabl e peak
particle velocities at all structures.][ Inability to remain bel ow
the allowabl e vibration | evels may be cause for dismssal of either or
both parties.]

The Bl asting Specialist nust oversee all |oading operations and coll ect
and keep accurate records of the information required for each Individua
Shot Report. Submit an exanple of an Individual Shot Report to the
Contracting O ficer for approval at |east 30 days before comrencenent of
blasting. Failure to submt satisfactory |ndividual Shot Reports nust

result in suspension of additional drilling and blasting until the
Contractor conplies with this requirement. The Blasting Specialist wll
make sure that the drilling |logs are used by the bl aster when bl ast hol es

are | oaded to prevent overloading in soft or weak rock in the borehole.
The Bl asting Consul tant nust devel op a checklist of tasks that nust be
conpl eted and checked off by the Blasting Specialist for each bl ast.
Conpl ete the tasks in an orderly fashion before a blast is fired. Submt
the draft checklist for approval. Subnmit the conpleted and signed daily
checklist with the Individual Shot Report.

Suppl erent the Individual Shot Reports with the original digital copy of
the printed results of vibration and airblast nonitoring showi ng peak
readi ngs and frequencies for each blast to the Contracting Officer. This
subm ttal nust also include the distance fromthe blast to the sei snograph
in meters feet as well as the maxi mnunm kil ogranms pounds of expl osive per

del ay. The seisnograph |ocations nmust be clearly marked and | ocated on a
map in the blast report. Supplenment the Individual Shot Report with the
original, handwitten, field notes showing field changes on the approved
bl asting pl an.

.7.4 Dai ly Expl osive Material Consunption

Accurate daily records nmust be kept and account for each piece of

expl osi ve, detonator, and equi pnment fromthe tinme of delivery at the site
until its discharge and used. No expl osives nust be accepted until it is
plainly | abel ed and delivered as new stock in sound condition. Dates of
manuf acture and | ot nunmbers nust be recorded for all explosives delivered
to the site. Tenporary containers for expl osives nust be approved in
advance by the Contracting Oficer. Remaining or unused expl osives mnust
be inventoried each day and discrepancies that would indicate a theft or

| oss of explosive naterial nust be reported i nmmediately as specified in
Par agr aph Report of Loss.
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3.

7.5 Report of Loss

Should a loss or theft of explosives occur, all circunmstances and details
of the loss or theft nmust be inmediately reported to the nearest office of
t he Bureau of Al cohol, Tobacco, Firearns and Expl osives and to the | oca

| aw enforcenment authorities and the Contracting Oficer. The Blasting
Speci al i st must prepare a nenorandum descri bi ng and expl ai ni ng problens in
t he accounting of expl osives used.

.7.6 I ndi vi dual Shot Vi deos

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

NOTE: Video size can be a point of discussion
larger files cone out of the new high quality 1080

HD and 4K videos. It may be necessary to require a
franmes/second or use of HD/4K videos. It is likely
technol ogy will change faster than this guide

specification. This paragraph can be updated by
project. The use of sFTP allows for the |arger

files.
EE IR I b R S I I I I IR I I I IR I I R S R I I I I R I R I I R R I I I I I I R R I S I S b E b I IR I R I R I S I I b b I b b I b I

VWhen bl asting at portal (s)[ and shafts], record each blast with high
resol ution digital video caneras fromtwo designated | ocations,

approxi nately perpendi cular to one another, that provide side, front and
rear views of the blast and area above it. The Contractor should
anticipate at | east one designated video canera | ocation when bl asting
underground[ for each shot]. The video i mages nust not contain other text
than the shot nunber, date, and time. |nclude metadata consisting of the
blast I D, date, and time of the blast. |Index the two video recordings to
properly identify each blast. Subnit the proposed |ocations of the two
vi deo recorders on a map with the Individual Shot Plan for approval.
Furni sh electronic file copies of video recordings on the sFTP within 24

hours of a blast. |If the Contracting Oficer requests that a copy of the
vi deo be submitted earlier, then deliver a copy within one hour of the
request. Miintain a digital video library of all blasts. Al drilling

and bl asting activities nmust cease after the 24 hours fromthe previous
blast if the video recordings of the previous blast are not furnished to
the Contracting O ficer.

LT7.7 Post - Bl ast Surveys

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

NOTE: Pre- and Post-Bl ast | nspections and the
Structural |nspection/Evaluation Specialist would
only be required if there are structures or
facilities requiring such inspections. Elimnate

t he paragraphs referencing Pre- and Post - Bl ast

I nspections and the Structural |nspection/Eval uation
Specialist if the project does not have a

requi renent for these inspections.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

Post - bl ast surveys nust be conducted at |ocations, where a reasonable

noti ce of damage from bl asti ng has been provided. Post-blast surveys will
be conducted by, or under the supervision of, the Structural |nspection/
Eval uati on Specialist, who will also sign and date each survey. The
survey extent and method used nmust be acceptable to both the Contractor's
i nsurance conpany and the Contracting Oficer. The post-blast surveys
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nmust be conducted within a week of the notice of damage from bl asti ng.
The Contractor is responsible for damages or injuries resulting from
bl asting. Submit a copy of all post-blast surveys within two business
days of the on-prem ses surveys to both the structure's owner and the
Contracting O ficer.

3.7.8 Probe Hole Drilling

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The design team nust eval uate expected ground
conditions including but not limted to: zones of
intensely jointed rock nass due to faults, shears,
etc., rock types, weathering profiles, groundwater
regi me, other pertinent geological information

avail able fromthe site investigations to determ ne
t he adequate | ength of probing ahead of tunnel.

This information nust be included in the

Ceot echni cal Basel i ne Report as a reconmendati on

Insert gallons per mnute (gpn) based upon results
of packer tests perforned, or other estimates of
water inflow In lieu of avail able project data,
assune nom nal anount of water on the order of 15-20
gpm The inflow information nust be included in the
GBR and/or GDR

The nunber of suppl enmental probe hol es expected for
t he project must be determ ned during design phase
and clearly listed as a reconmendation in the GBR

Typically these probe holes are incidental to the
tunnel excavation pay item (cu.f.or cu.m, designer
shoul d ensure this is stated in the specification or
i nclude a CLIN for payment.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

a. The Contracting Oficer nust be inforned 24 hours prior to probing
activities in the tunnel so that the Governnent may be present during
the probe hole drilling. The results of probing ahead along with
proposed anendnments to excavation profile, sequence or support mnust be
submtted to the Contracting Officer[ imediately upon][ within
[ ] hours of the] conpletion of the probing.

b. Probe holes nmust be drilled to provide advance warni ng of abnormal
i nfl ow of water or degradation in rock quality, which m ght occur
Probe hol e | ocations and extent of hole drilling is shown on the
Drawi ngs and will be nodified as needed in the field as approved by
the Contracting Officer. The Contracting O ficer nmay direct
suppl enental probe holes to be drilled based on ground conditions.
Expl oratory probe holes nmay also be required to explore the nature of
subsurface formations or follow ng grout operations to investigate the
ef fecti veness of the grouting program

c. If the inflow of water fromthe probe hol e exceeds | ] gpm
suppl enental probe holes will be required, at the direction of the
Contracting Oficer, to probe the extent and character of the ground,
and to drain the water, or for use as grout holes. |If directed by the
Contracting Oficer, grout the face of the tunnel heading in
accordance with Section 31 73 19 TUNNEL AND SHAFT GROUTI NG
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d. Probe holes nust be drilled to a mninumof | ] nmeters | ] feet
nmeasured along the drilled hole and will overlap to maintain at |east
one hole a mni num of | ] meters | ] feet ahead of the plane
of the tunnel face at all tinmes. The Contracting O ficer may reduce
the drilling length based on ground conditions.

e. During probe hole drilling, the Contractor should stop at a m ni mum of
each 3 neters 10 feet of hole advance to neasure water flow and water
pressure. The Contracting O ficer waive this requirenent on a
hol e-by-hole basis if little or no water is encountered.

f. Probe hole nust be termnated | ] nmeters | ] feet beyond the
first groutable feature, as determ ned by the Contracting Oficer

g. Probe holes nmust be seal ed by grouting through a packer close to the
first water producing feature to prevent water flows into the tunne
while the tunnel face is advanced.

h. If, in sections of the tunnel excavation, drilling is directed by the
Contracting O ficer for supplenental probe holes, other operations
shoul d be suspended or nodified as nay be necessary to permt such
drilling; and the Contractor will not be entitled to conpensation for
delay nor will the Contractor be entitled to extension of tinme, such
st oppi ng of work being deemed an ordinary delay to be expected during
constructi on operations.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: A conservative estimate for the nunber of
suppl enental probe hol es should be defined in the
GBR  Define how these suppl enental probe holes are
to be paid.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

i. Follow format requirement in paragraph DRI LLI NG LOGS.

. 8 BLAST EFFECTS MONI TORI NG

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The vibration and air blast nonitoring are
covered under Section 31 23 06.00 BLASTI NG -
SURFACE; it nust be included when conducting

bl asti ng worKk.

EE R R R S I R I R R I R S R R R R S R R I R R R S R R S R R

.8.1 Conver gence Mnitoring Construction Requirenents

3.8.1.1 Ceneral Tol erance

The instruments nust be installed as close as practicable to the |ocations
[ shown on the Drawi ngs][or as established in the field by the Contracting
Oficer]. The Contractor must submit to the Contracting Oficer for
consent, all final instrunent |ocations prior to their installation. Were
instrunments are shown on the contract drawings to be installed in
clusters, the Contractor nust install all instruments shown within a

[ ] mr [ ] in. radius
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3.8.1.2 Availability of Data

The Contractor must monitor all instrunments and provide data obtained to
the Contracting Officer within a maxi num of [24 hours] after taking the
readi ngs unl ess otherwi se directed by the Contracting O ficer.

I nstrunment nonitoring data nust not be disclosed to third parties and mnust
not be published without the prior witten approval of the Contracting
O ficer.

3.8.1.3 Instrument Installation Sequence

Optical survey targets nmust be installed followi ng scaling and within
[ ] nmeters | ] feet of the advancing tunnel face.

3.8.1.4 Install ati on Requirenents

The Contractor nust assign an instrunment identification nunber to each
instrument. Each instrunment identification number nmust be permanently
affixed to a suitable material, such as the stanping of a brass tag. The
tag nmust be attached to the instrument or nust be secured at the

i nstrument | ocation

Optical survey targets nust be installed as shown on the draw ngs.
3.8.1.5 Protection of Instrunents

Full responsibility nmust be borne by the Contractor for protecting the
i nstruments from damage caused by construction operations. Danaged

i nstrunments nust be pronptly replaced or repaired, as directed by the
Contracting Oficer, at the expense of the Contractor

The instrunments nust be clearly narked and protected to avoi d being
covered by shotcrete. Access nmust be maintained to pernit reading of
instruments. Shotcrete applied around instruments nmust be renoved

i medi atel y.

3.8.2 Rock Damage Contr ol

The rock formati ons are known to contain geol ogi cal features including
vari abl e weat hering, alteration, fracturing and shearing, voids, weathered
joints, and gouge seans. Rock cores recovered during drilling

i nvestigations disclose the site's geol ogical conditions and are avail able
for review by the Contractor. The Contractor is encouraged to review the
[ Geot echni cal Data Report, Ceotechnical Baseline Report, other reports
provided with bid docunments or nade accessible], the drill core, dril

core phot ographs, cut slopes, and all geotechnical and structura

i nfornati on avail abl e before planning and conducting bl asti ng operati ons.

Use stenm ng decks across weak or open geol ogi cal features to confine the
energy into the hard rock and m ni m ze expl osive gas penetration into
these features. No rock mass damage, uplift or shifting or significant

overbreak will be tolerated. Control drilling accuracy and delay tim ng
to provide proper relief toward the free face away from final rock
sl opes. Blasting danmage or breakage into the excavation walls will be

mtigated at the Contractor's expense. Danmage is defined as the | oosening
of rock beyond the B-1ine, opening of joints in the final wall and rock
bl ock di splacenment in the final wall. |f danage occurs to the final wal
that requires renediation, it nust be the responsibility of the Contractor
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to prove that the blasting nethod enployed did not cause the damage.

3.9 TEST BLASTI NG

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The test blasting may be highly specific for
the project site. The designer nay have a way to
carry out the test blasting to have the Contractor
denonstrate satisfactory results. Typically, the
mai n reason for test blasting is to gain
under st andi ng of how the blasting on the site causes
vi brations/air blast on nonitored structures,
develop a site attenuation curve to design future
blasts with vibration in mind. The other is to
denonstrate results, line drilling and presplitting
that nmeets the specifications and no damage to fina
faces and foundation grade when bl asting at portals
or final tunnel or shaft periphery when bl asting
underground. Typically, the test blasting occurs in
an area where there is roomfor failure, if a test
presplit causes significant back break it won't be
to a finished face and can be renoved

The following is typical test blasting |anguage.

EE R I R R S I R R I R I R I R S R R R R S I R R I R R R S S R S R R

Submit the Test-Blast Plan for review and approval. Approval of the
revised plan will not relieve the Contractor of their responsibility to
produce safe and satisfactory results as set forth by these specifications.

Prior to commencing full-scale blasting operations in a different rock
type, weat hering grade or new bench el evation, denobnstrate the adequacy
and effectiveness of the proposed blasting plan by drilling, blasting, and
excavating short test sections, not exceeding [15.3] neters [50] feet in

l ength, to determ ne which conbination of nmethod, hole spacing, and

expl osi ve | oads produces the proper split. |If nore than one presplit
design is tested in one test blast, each presplit design section nust be
at least [6] neters [20] feet in length along the surface.

The first opening blast starting froma |evel plane that has only vertica
relief (i.e., a sinking cut), rmust not be used as the production test

bl ast. However, its results nust be considered when designing the test

bl asts. The opening blast nust be excavated to full depth if possible
before drilling the blastholes for the test blast. The test blast nust

i ncorporate the planned nmet hods of presplitting and nust be near the
center of the excavation and at least [4.5] nmeters [15] feet away fromthe
final excavation walls [or invert]. The Contracting Oficer has the
option to adjust the location of the test blast areas to optim ze for
geology. Anticipate blasting up to 10 test sections with at |east one
test at each different geol ogic condition and underground bl ast design
The | ocation of the test blast section nmust be approved in advance. The
Contracting OFficer may direct the Contractor to use test section |engths
less than [15.2] nmeters [50] feet if field conditions warrant.

Unl ess otherwi se directed, begin the presplit test blast with presplit
hol es spaced at [61] centineters [24] inches center to center

Requi renents for presplit and production bl asting operations are covered
el sewhere in this specification but apply to test blasts.
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Do not drill ahead of the test shot area until the test section has been
as fully excavated as possible and the results have been eval uated by the
Contracting Officer. |If the results of the test blast(s) are

unsati sfactory, in the opinion of the Contracting Oficer, the
Contractor's Blasting Consultant nust revise the blast design as necessary
to achieve the specified results. Unsatisfactory test blast results

i ncl ude poor fragmentation beyond the indicated |lines and grade, extensive
over break, flyrock, ground vibration, airblast or violation of other

requi renents or these specifications. Al costs incurred by the
Contractor in adopting revised blasting nethods necessary to produce
acceptable test blast results will be borne by the Contractor

If during the progress of the work, the methods of drilling and bl asting
do not produce the desired result of an undamaged rock slope or tunne
desi gn excavation lines within the specified tol erances, perform
additional test sections by drilling, blasting, and excavating short
sections, not exceeding [15.2] nmeters [50] feet in length, until a
technique is devel oped that produces the desired results. No additiona
conpensation will be nade for the additional test sections.

At the conclusion of the test blast program produce a Post-Test Bl ast
Eval uati on Report which examines all reports, surveys, test data, and

ot her pertinent information and conclusions reached. Submit a Test Bl ast
Eval uati on Report prepared by the Blasting Consultant and Bl asting
Specialist after testing blasting is conpl eted.

.10 BLASTHOLE DRI LLI NG - PORTALS AND SHAFTS

Survey the elevation at the collar of each production hole in the final
bl ast to foundati on grade when at the portal excavation or to depth of
advance when blasting in the tunnel to ensure that the production

bl ast hol es are not subdrilled bel ow final foundation grade. The survey
must be included in the Individual Shot Plan and nust not be changed

wi t hout prior approval fromthe Contracting Officer. Drill production
bl ast hol es according to the patterns in the approved | ndividual Shot
Plan. Prior to conmencenent of drilling of production blastholeS, al

hol es nmust be | ocated by survey and clearly narked and nunbered. Drill
t he production blastholes within two bl asthole dianeters of the nmarked
collar location. The blastholes nust have no nore than a plus or m nus

[ ] meter foot horizontal tolerance at the bottom |If holes are
drilled outside of these tol erances, except for geologic reasons, fill the
hol es with crushed stone or neat grout and re-drill them at the approved

| ocation as directed by the Contracting Officer at no additional expense
to the Governnent.

After drilling of blastholes at the portals, place approved, reusable
pl astic blasthole nmarkers in each hole to identify all blasthole |ocations
and keep material fromfalling into the holes. Check, neasure and record

the depth of all blastholes as soon as the drill is retracted fromthe
blasthole. |[If a blasthole has becone plugged or is unable to be fully
| oaded, re-drill or clean out those holes with air prior to conmencenent

of | oadi ng operations. Check and nmeasure the depth of all blastholes in a
shot to ensure each blasthole is open to the original drilled depth prior
to loading of holes. |If a blasthole is found not be open to the drilled
depth, re-drill the blast hole to the proper depth at the Contractor's
expense. |If holes are too deep, fill the holes to the proper depth with
crushed stone. Wen drilling and blasting at the portal areas, blasthole
| oading and drilling may be ongoi ng concurrently in a shot area;
nonet hel ess, drilling nmust be separated from | oaded hol es by a di stance
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equivalent to at |east the depth of the | oaded hole but in no case |ess
than 15.2 neters 50 feet.

VWen bl asting for portal excavation, the Contracting Oficer may require
i nclined boreholes to reduce toe burdens and backbr eak

11 PRCDUCTI ON BLASTI NG

The Contractor must provide a detailed narrative for the proposed sequence
of production blasting for the project in the Master Blasting Plan, to be
eval uated and approved by the Contracting Oficer. The proposed sequence
nmust be tailored primarily towards conducting a safe blasting operation
and overall responsible, prudent, and professional blast design in efforts
to keep overbreak, flyrock, vibration and airblast |levels to a m ni num

If in the opinion of the Contracting O ficer satisfactory results in the
producti on bl asts are not being produced, the Contracting Oficer reserves
the right to require changes in the blast design which could include

vari abl es such as burden, spacing, bench height, timng sequence and

del ays, subdrill depths, explosive |oads, detonators, blast matting and
the use of air decks or stenming in borehole bottons. Such required
revisions will be at no additional cost to the Governnent.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The proposed | anguage bel ow can be used as
gui dance when both presplit, and production blasting
are used in the project. THE PRODUCTI ON BLASTI NG
SECTI ON W LL BE HEAVILY TAlI LORED FOR THE PRQJECT.
THI S | S GENERAL TEXT THAT CAN BE ADJUSTED

The drilling of presplit and production bl asthol es
nmust be done one pattern at a tinme. Advanced
drilling of adjacent presplit or production

bl astholes will not be permitted. The presplit wal
conditions must be evaluated after each bl ast by
both the Contractor and the Contracting O ficer
before the adjacent presplit blasting plan can be
approved or drilled whenever possible.

The sequence of Production and Presplit blasting for
a single blast nmust be as foll ows:

1. Submt an individual shot plan

2. Individual shot plan approved, or revisions
request ed before approval.

3. Conduct drilling and submt Drilling Logs to
Contracting O ficer and Bl aster-In-Charge.

4. Submt Individual Shot Report with Daily Drill
| ogs, video recordings, and vibration and airbl ast
nonitoring results.

5. Conduct rock removal, scaling, and rock

rei nforcement Joint Evaluation of results by
Contractor and Contracting O ficer

6. Subnmit an Individual Shot Plan for the
subsequent blast in that work area

7. Prepare enough planned bl asting areas in advance
to maintain the project schedule.

The presplit wall conditions nust be eval uated by
the Contractor and the Contracting Oficer after the
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Contractor exposes a mininumof [2.4] neters [8] feet

(vertical) of the wall. If [2.4] neters [8] feet
of exposure is not sufficient to determ ne the
condition of the presplit wall, reinforce the

exposed wall as necessary, then expose a ninimum
additional [2.4] neters [8] feet (vertical) of

wal | . Repeat this downward to the toe of the
presplit wall or until the Contracting Oficer can
determine if the presplit wall condition is adequate
bef ore approving the Individual Shot Plan for the
adj acent presplit blast. Evaluate the effects of
each production blast on the presplit and |line
drilled walls before submitting a blasting plan for
t he next bl ast.

The drilling tol erance nmust be evaluated and if
drill tolerance exceeded the all owable tol erance

t hen benches will be reduced in height to where the
drilling tolerance was obtai ned on the subsequent

bl ast s.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

3.12 SUBDRI LLI NG

EE R I R R S I R R I R I R I R S R R R R S I R R I R R R S S R S R R

NOTE: Subdrilling is typically not utilized in
under ground bl asting, however it may be a conponent
requi red for shaft excavations for connecting
surface blasting operations with the underground
environnent. |If Section 31 23 06.00 BLASTI NG -
SURFACE is being used, tailor that specification for

the project or include |anguage here.
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I

[ 1
3.13  PRESPLI TTI NG

EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O
NOTE: Presplitting is typically not utilized in
under ground bl asting, however it may be a conponent
required for shaft or portal excavation for surface
bl asting operations. |f Section 31 23 06.00
BLASTI NG - SURFACE is being used, tailor that
specification for the project or include |anguage
here. Precision presplitting may al so be utilized
in these situations. It is a formof presplitting
with cl oser spaced holes with an even lighter
expl osi ve | oad.

EE R I R R S I R R R I R I R S R R R R S R I R I R R R R R R R R

[ 1
3.14 STEMM NG

EE R R R S R R I R R I R S R R R R S R R I R I R R S R R R R O

NOTE: Stenming may be used in shaft sinking
operations using controlled blasting methods.
Stemming is not typically used in tunnel headi ng
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advance. Dependi ng on the geol ogy of the project
site this paragraph should be tailored to the
project, for exanple in places with karst geol ogic
conditions a nore detailed procedure should be
specified, or contractor required to subnt a
procedure for dealing with |larger voids

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

Variations in rock hardness, structure, and other geol ogical conditions

encountered at depth will require the Contractor to stemthe blast hol es
t hrough soft weak areas, shears, open joints, and voids; therefore, close
attention will be taken to classify the rock while drilling the bl ast

hol es. Were necessary, holes will be stenmed with dry, angul ar,

wel | - graded crushed stone from .3-cmto 1-cm 1/8-inch to 3/8-inches in
di ameter without fines. The Blasting Consultant may submt a witten,

signed request to use drill cuttings for applications such as in presplit
bl ast hol es, must be submitted to the Contracting Oficer for approval.
Wet hol es nmust not be stemmed with drill cuttings. No separate paynent is

made for stenmm ng

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Include tol erance for each proposed structure
fromthe excavation lines. For exanple, "The
tolerance for the perineter walls is mnus 100 cnin
12 inches/foot fromthe design excavation |line."

EE R R R S I R R I R R I R S R R R I R S I R R I R R R S R R R R

.15 REQUI RED MUJCKI NG

Requi red mucki ng operations should adhere to the details of the Mick
Handl i ng Plan. Prior to mucking operations, the Bl aster-In-Charge and
Tunnel i ng Superi ntendent shoul d perform an expl osi ve safety check to
ensure that all explosive materials have been detonated with the | ast
tunnel headi ng advance. Undetonated explosive materials should be

di sposed of in advance of mucking operations in accordance wth

29 CFR 1926- SUBPART U

Muck and scaling follow each shot after firing for inspection of the

headi ng, bottom of the shot lift, or foundation. Drilling and | oading for
t he next shot nust not be all owed before the required mucki ng of the
previous shot. This requirenent may be waived tenporarily when in the

opi nion of the Contracting Officer, the Contractor's blasting is

sati sfactory (i.e., no backbreak, overbreak, vibration cracking,
exceedance of vibration or airblast thresholds).

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The foll owi ng paragraph should be tail ored
for the specific project, the GBR will provide
recomendati on on this distance. The Contracting
O ficer reserves the right to require additiona
ground support beyond that systematically required

in the draw ngs.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

Notwi t hstandi ng this requirenent, the face nmust fully be dug out after
every shot to a distance not |less than | ] nmeters | ] feet prior
to drilling and | oadi ng the next shot to allow inspection and eval uation
of the shot face and allow for adjustnments to the blast design for

adj acent shots. Required mucking after each shot must be reinstated, when
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in the opinion of the Contracting Oficer blasting is unsatisfactory.
Excavati on support deened necessary by the Contractor[ or Contracting

Oficer] for the safety of personnel in the excavation will be installed
as the excavation proceeds. Blasting of the next heading advance or |ift
will not be permitted until the excavation has been accepted by the

Contracting Oficer.

The mucki ng systen(s) nust not restrict other operations including
handl i ng and erecting of initial support system materials.

For rail rmucking systems, a track with ties and ballast or direct fixation
system nust be nmintained for safe operation of trains. The head of the
rails nmust not be submerged in water or covered with tunnel muck or other
debris. Upon conpl etion of excavation of the tunnel, renobve all such
trackwork prior to placenent of final Iining.

Submit for review at least [sixty (60)]] ] days before the start of
tunnel excavation the Muck Handling Plan, the nethods, procedures, and
details of the proposed mucking system Submit for reviewthe
manufacturer's information for the proposed equi pnent including, but not
limted to, specifications, draw ngs, details, maintenance procedures and
requi renents, operating procedures, and such other information as may be
requested by the Contracting Oficer

. 16 SCALI NG

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Typically, a level of scaling is required for
each project to remove | oose, unstable rock prior to
mucki ng operations or prior to required bolting
application or other nethods of stabilization before
carrying out additional excavation operations

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

A program of frequent inspection and scaling nmust be maintained in al

portions of the tunnel. Inmediately after each blast, the roof and walls
of rock excavations nust be inspected by experienced and suitably equipped
scal ers who nmust di sl odge and scal e down all |oose and unstabl e rock

Scal e | oose and unstabl e or unsafe appearing material remaining on the
tunnel periphery or rock slopes at the portal areas as the excavation
proceeds. Performscaling i mediately after each blasting round. The
renoval must be acconplished by conpressed air or water jetting, pry bars,
rock picks, hoe-ranm ng, excavator bucket or other neans as approved by
the Contracting Officer. Drilling of the next blasting round will not be
allowed until the current excavation has been properly scaled and al
initial ground support has been installed as determ ned by the Contracting
Oficer. No separate paynent will be nade for scaling.

.17 GROUTI NG

Conduct pre-excavation and post-construction grouting in accordance with
Section 31 73 19 TUNNEL AND SHAFT CGROUTI NG and as shown on the Contract
Dr awi ngs.

I f groundwat er exceeds | ] liters per minute (I pm gallons per mnute
(gpm during probe hol e advancenent during tunnel construction the
Contractor's Engi neering Geol ogi st or Geotechnical Engineer will submt a
grouting and excavation plan or establish protocols for excavation if
certain inflows exceed threshold | pm gpmr values prior to tunne
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excavation. The Contracting Oficer nust be inforned of the
i mpl enentati on of the aforenentioned grouting plan if groundwater inflows
exceed excavation plan established inflow thresholds.

3.18 I NI TI AL SUPPORT

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

NOTE: A UFGS for TUNNEL EXAVATI ON SUPPORT is being
devel oped. The designer will need to include
Initial Support as listed here and Permanent
support. O ten the contractor will be responsible
for designing their own initial ground support
types, and nmay not be defined in the GBR or specs.
Al ternatively, the GBR may gi ve conceptual initial
support types (spacing, types, lengths, etc...) to
bid on but give multiple support Types that nay be
applied along different alignment stationing
dependi ng on the geologic conditions. Tailor this
section as appropriate.

EE R R R S I R R R I R S R R R R R O S R R I R R R R R R R R

3.18.1 Support O asses and Support C ass Ranges

Al stations indicating limts of typical support classes referenced
herein or as shown on the Contract Drawi ngs are only approxi mate and may
vary due to the geol ogi cal and hydrol ogi cal conditions encountered in the
field. Tunnel excavation support classes, as shown on the Contract

Drawi ngs, are the minimumto be installed and shoul d be adjusted above and
beyond the said m ni num based on the actual ground conditions encountered
and be determined in the field in consultation between Contractor and the
Contracting Oficer.

Each support class defines installation of a specific initial support
system The support elenments are as specified in Section XX XX XX TUNNEL
EXCAVATI ON SUPPORT and as shown on the Contract Draw ngs.

Initial support neasures have been derived based on antici pated ground
conditions and the need to provide stabilization of the tunnel openings
for enlargenents to cavern size openings under this Contract or future
contracts.

Excavati on and support neasures delineated hereafter are typical and
shoul d be suppl enented by additional initial support neasures as required
by ground conditions encountered or as directed by the Contracting
Oficer. To minimze ground novenent; the initial support nust be
installed foll owi ng each headi ng round bl ast and as close to the working
face as practical in accordance with Section XX XX XX TUNNEL EXCAVATI ON
SUPPORT

EE R I R R S I R R R I R I R S R R R R S R I R I R R R R R R R R

NOTE: Verify that a Geotechnical Baseline Report
has been prepared for the project and has been
referenced in Section Related Attachnents and
Speci fications.

EE R R R S I R R I R I R S R R R R S I R R I R R R R R R R R

a. Gound support guidelines for the tunnel excavation are shown on the
Drawi ngs and provided in the GBR In addition to the ground support
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shown on the contract plans, the Contractor must install such ground
support as necessary to always ensure the stability of the excavation
and the safety of the construction personnel. G ound support
installed by the Contractor w thout agreenent or instruction fromthe
Contracting Oficer nust be for the Contractors conveni ence and at the
Contractor's expense.

b. The ground support nust be installed as soon as practicable after
tunnel excavation to mnimze | oosening or noverment of the surrounding
ground. The Contractor must be responsible for providing confirnmation
that the ground support system has produced a stable excavation. The
support |ayouts shown on the contract drawi ngs are a guide only and
nmust be nodified as required on the field during tunnel excavation

c. The approval of the proposed excavation and support sequence by the
Contracting Officer or failure to call attention upon inproper or
i nadequat e application of the related excavati on sequence or tunne
support, pre-support, or face support or to require respective change
nmust not relieve the Contractor of responsibility for the integrity of
the tunnel support or the proper execution of the work.

d. Lengths of excavation rounds shown on the contract draw ngs are
maxi mum val ues and may have to be reduced due to the ground conditions
encount er ed.

e. Pneumatically projected concrete, either fiber reinforced Shotcrete or
plain Shotcrete must conply with provisions set forth in Section
03 37 13 SHOTCRETE.

f. Rock reinforcement for tunnel excavation nust conply with Section
31 68 13 SO L AND ROCK ANCHORS.

g. Steel arch ribs, liner plates and additional ground support elenents
must conply with Section XX XX XX TUNNEL EXCAVATI ON SUPPORT.

.19 EXCAVATI ON SEQUENCE FOR TUNNELS

Tunnel excavation nmust be acconplished in either a full face or top
headi ng and bench format as indicated on the contract draw ngs. All
initial support must be applied or installed prior to drilling subsequent
rounds.

. 20 STABI LI ZATI ON TYPES

[ ] ground support categories have been devel oped for the
stabilization of the main tunnels as defined in Section XX XX XX TUNNEL
EXCAVATI ON SUPPORT.

An estimate has been nade as to the lengths of each of the ground support
categories required to stabilize the tunnel. The estinated |engths are
shown on the contract drawi ngs and presented in the CGeotechnical Baseline
Report (GBR). Actual stabilization requirements nmay vary fromthose
estimated based on the geol ogic conditions encountered. |n accordance
with Section 01 35 26 GOVERNMENTAL SAFETY REQUI REMENTS, the Contractor
nmust be responsible for the safety of the work and for acconplishing the
per manent stabilization of the tunnel opening.
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3.21

EXCAVATI ON FOR TRENCHES AND SUMPS

Excavation for trenches and sunmps nmust conformw th Section 31 00 00
Eart hwork and as shown on the contract draw ngs.

3.22

EXCESS EXCAVATI ON

EE R R R S I R I R I R I R S R R R R O S R R I R R R S R R R R O

NOTE: The type/class of shotcrete used to fill

overbreak areas in the tunnel should be defined by
the designer in early stages of the devel opnent of
the bid docunments. Sinilarly, the type of nateria

used to fill overbreak in the tunnel invert nust
al so be defined during early stages of the project
desi gn.

Rk Ik Sk kR IR R R O O Ok e S S R AR Ik R R O o O R O I S bk b R

Excavati on outside of the B-Line shown on the Drawi ngs nmust be filled with
Cass I,Il, Ill Shotcrete in accordance with Section 03 37 13 SHOTCRETE at
t he expense of the Contractor. Overbreak excavation in the tunnel invert

nmust

3.23

be filled with [conpacted crushed rock, |ean concrete].

TOLERANCES

The tunnel s must be excavated in accordance with the A-line dinensions
shown on the Drawi ngs. No unexcavated rock or other material mnust
protrude within the A-line.

3.24

CONTROL OF WATER

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

NOTE: This section will likely be incorporated into
a future UFGS for Tunnel Dewatering. This section
will need to be heavily tailored for your project

needs. Adhere to the current version of the ETL
1110- 2-586 DEWATERI NG Met hods, Installation, and
Per f or mance Monitori ng.

EE R I R R S I R R R I R I R S R R R R I R S I R R I R R R S R O S R R O

a.

The Contractor is responsible for control of water in the tunne
during construction and rmust take all neans necessary for such
control. Control of water mnust include but not be linmted to,
furnishing, installing, operating, and maintaining punps and ot her
equi prent i ncluding tenporary neasuring devices nust as per (b) bel ow,
constructing tenporary ditches and drains and keepi ng ditches and
drains free to carry all water to sunps or other disposal areas; and
di sposal of all water, tested daily, draining or punped fromthe
tunnel. Disposal of water nust conformto all applicable Federal
State, and |ocal |aws.

Aut omat i c measuring devices rmust be furnished by the Contractor and
nmust be enpl oyed to neasure the flow rate of water coming out of the
tunnel portals. Water piped in for construction operations and water
exiting at the portals nmust be separately nmeasured. The difference
between the total flow rate out of and the total flowrate into the
tunnel nust be considered the rate of groundwater inflow to the
tunnel. This rate of flow nust be neasured and recorded on a [daily
basi s][hourly basis] for information only.
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3.

25

Fi ssure grouting rmust mean grouting carried out in the rock nass
surroundi ng the Underground Works to stemwater flows enanating from
fissures in the rock where if left un-stemmed the inflows could
initiate instability. Pressure grouting nmust be carried out when
instructed by the Contracting O ficer and, where necessary the
Contractor must carry out |lugeon perneability tests to establish the
extent of the fissure to delineate zones that will take grout.

Further requirenents are in SECTION 31 73 19 TUNNEL AND SHAFT GROUTI NG

PERMANENT TUNNEL DRAI NAGE

A drai nage geotextile nmust be installed on the walls and crown of the
excavation agai nst the shotcreted surface at |ocations where actual flows
of water are encountered and at other |ocations as shown on the Draw ngs
or as may be required to the satisfaction of the Contracting Oficer. The
installation nust conprise full coverage for ground support in accordance
with Section XX XX XX TUNNEL EXCAVATI ON SUPPORT

The drai nage nmenbrane nust be fixed and sealed to the approval of the
Contracting O ficer so that the placing of shotcrete does not bl ock or
obstruct the drai nage geotextile.

Ceotextile must be installed in accordance with Section XX XX XX and
Wat er pr oof Menbrane nmust be installed in accordance with Section XX XX XX

-- End of Section --
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